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Abstract 

The emergence of microplastics (MP) as a pollutant in natural environments including aquatics has been increasingly 

recognized worldwide. This review focuses on the status of MP pollution research in Sri Lanka, and MP risk 

mitigation solutions, as lessons from a global MP policy context. The methodology involves a comprehensive 

literature review divided into three main sections: 1) a simple understanding of the plastic cycle and risk factors, 

2) a comprehensive review of MP pollution research trends in Sri Lanka, 3) a comprehension of global trends of MP 

regulation policies and adaptable solutions for national scale. There was less attention given to MP research in Sri 

Lanka, until the recent X-Press Pearl disastrous incident. In addition to that, we highlight the less attention paid to 

MP pollution in inland waters and lands compared to marine. Considering the widespread MP issue, the paper 

highlights the importance of a policy approach for MP pollution control. Finally, the paper discusses the future 

directions for MP pollution research in Sri Lanka and emphasizes the need for more detailed quantitative data for 

effective policy formulation. The overall study presents a sound case for understanding a national context in MP 

pollution and suggesting necessary policy instruments in pollution regulation. 

Keywords: emerging contaminant, microplastic, microplastic impact, mitigation, policy 

Introduction 

 

Microplastics (MP) have been identified as emerging contaminants because they are pervasive, harmful, 

and persistent. Worldwide plastic production remarkably rose 216 times, from 1.7 million tons in 1950 to 

368 million tons in 2019 [1]. According to a report published by the United Nations Environment 

Programme (UNEP), Asia is the largest producer of plastic in the world, accounting for approximately 
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60% of global production [2]. China alone produces over a quarter of the world's plastic [3]. MP are 

defined as any synthetic solid particle or polymeric matrix, with regular or irregular shape and with size 

ranging from 1 μm to 5 mm, of either primary or secondary manufacturing origin, which is insoluble in 

water [4]. The MP are formulated by the degradation of other plastic forms, i.e. meso (5-25 mm), and 

macro (>25 mm) plastics [5].  

 

Microplastic pollution has recently received increasing global attention due to its vast volume, 

pervasiveness in the environment, and toxic impacts. MP pollution is evident in different environments 

including marine ecosystems [6], terrestrial environments [7], riverine ecosystems [8], mountains [9], and 

surprisingly in typical cryospheric regions of the earth [10]. Novel entities including MP have exceeded 

the safe planetary boundaries to date [11]. MP inclusion in food webs and bioaccumulation are already 

evident demonstrating the depth of the issue [12]. Researchers widely discussed negative impacts of MP 

on the environment and human health. However, the precise effects of MP on the biosphere are not well 

understood scientifically yet [13], probably due to several challenges such as; inconsistency of physical 

and chemical properties of MP, multiple sources of origin, multiple pollution pathways, insufficient 

availability of detection, and other laboratory methods [14, 15]. The fundamentals in data collection 

standards, quality control, data storage, data sharing, and reporting ought to be improved to compare 

and merge MP related data from all over the world [16]. 

 

According to the literature there are several scientifically gray areas regarding MP [17], scholarly 

attention has been given to some extent mostly focusing on MP occurrence, environmental distribution, 

fate, transport, bioaccumulation, the effects on ecosystems, and MP analytical strategies. Can-Güven, 

(2021) reviewed research conducted in 87 countries and noticed an increasing trend in MP research, from 

2006 to 2020 [18]. Certain countries, particularly Canada and the USA, have marked the detection, and 

characterization of MP as a priority section for research funding to avoid further environmental damage 

by accelerating the policy implementation process [19]. Additionally, the contradictions in access to our 

current state of understanding of marine litter to the general public and stakeholders have been 

decreased by generating guidelines for sampling and reporting as well as by homogenizing the available 

data [20]. Moreover, considering optimizing the research funding outcomes for policymaking, it is 

recognized and highlighted the importance of findability, accessibility, interoperability, and reusability 

(FAIR) of data [19]. 

 

Sri Lanka, an island in the Indian Ocean, has a local plastic processing industry with a current capacity of 

close to 140,000 MT per year [21]. Ministry of Environment, Sri Lanka stated that Sri Lanka produced 

938.42 MT of plastic waste per day in 2020 and 68% of that falls under uncollected plastics (e.g.: direct 

discard to water, illegal dumping, etc.) [22]. However, MP control has been the major focus in Sri Lanka. 

There has been attention given to MP pollution and its effect by the National Aquatic Resources 

Development Agency (NARA) and the Ministry of Health in Sri Lanka, even though the MP pollution 

was widely discussed after the X-Press Pearl accident followed by the massive disaster in May 2021 [23, 

24]. The X-Press Pearl cargo ship in May 2021 on the west coast of Sri Lanka spilled nearly 1680 tons of 
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MP and nurdles, drawing the attention of authorities and researchers to investigate more about MP 

pollution [25]. Considering the ubiquitousness of MP across different landforms and sources, and the 

multifaceted nature of the problem, it needs a national or regional level policy intervention for risk 

mitigation. Because, properly formulated public policies, policy instruments targeted on the correct 

stakeholders can steer stakeholder behavior towards a targeted outcome, i.e. MP risk reduction [26]. 

Considering the importance of mitigating the MP risk on humans, the environment, and water, this paper 

focuses on 1) comprehending MP distribution and potential risk in the Sri Lankan context; 2) evaluating 

the current status of MP research carried out in Sri Lanka, and 3) suggest policy solutions to manage MP 

risk in Sri Lanka with the lessons learned from Globe. 

 

Materials and Methods 
 

The methodology typically consists of a literature review, that includes mainly three sections; 1) a simple 

review to understand the plastic cycle and risk factors, major MP pollution incidents as well as the MP 

risk on fauna and flora species, 2) a systematic review on MP pollution research in Sri Lanka, and 3) 

review global and national trends of MP regulation policies.  

 

Method Followed for the Systematic Literature Review for MP Pollution Research in Sri Lanka 

 

The methodology for conducting a systematic literature review on MP pollution research directions in Sri 

Lanka involved several key steps (Figure 1). Firstly, the Scopus database was selected as the primary 

source for the literature search, covering the period from 2018 up to 2023. The search was conducted 

using the keywords “microplastics” and “Sri Lanka” (n=20). Then the identified papers were further 

screened based on the type of paper where only the peer-reviewed journals were considered for further 

analysis (n=11). Then the identified papers were coded based on a few criteria i.e. year, objective, 

sampling duration and location, target system, sources of MP, sink/pathway, shape, size, color, polymer, 

reported concentration, policy recommendations, data availability statement details, journal; to develop a 

comprehensive understanding of the current state of knowledge on MP pollution in Sri Lanka. 

 

Understanding MP Policies and Potential Policy Solutions with Relevance to Sri Lanka 

 

At the stage of full-text coding, all the potential policy solutions for the Sri Lankan MP sector were coded. 

In addition to that, all the plastic pollution regulation laws in Sri Lanka were reviewed. At the same, we 

referred to the available major MP policy directives worldwide to understand global trends and strategies 

in MP risk regulation. With the understanding of available plastic policies in Sri Lanka, MP potential 

policy solutions to Sri Lanka, and the global MP regulation trends, a policy guideline for MP pollution 

risk regulation and mitigation in Sri Lanka was formulated. 
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Figure 1. Schematic diagram of literature review for MP pollution research directions in Sri Lanka 

 

Results and Discussion 

 
Microplastic Pollution 
 
Typical Life Cycle of Plastics and Fate 
 

The refined crude oils are used to produce a range of petrochemicals that would act as the building 

blocks for plastic production [27]. Among the myriad of plastics of various compositions, commonly used 

plastics are polyethylene (PE), polyethylene terephthalate (PET), polypropylene (PP), nylons, polystyrene 

(PS), polyurethane (PU), and polyvinyl chloride (PVC) [28]. Among different types of MP, microbeads in 

personal care and cosmetic products (PCCPs), synthetic textiles (polyester, nylon, and modacrylic), plastic 

packaging materials, single-use items such as bags, food containers, domestic laundry, unsustainable 

coastal fisheries, harbor operations, and fishing gears are the major types of MP associated with high 

pollution risks [29]. Despite their convenience and numerous uses, plastics, including personal protective 

equipment like masks, gloves, and face covers, have become a significant source of MP during the 

COVID-19 pandemic, as they are often discarded, incinerated, or recycled through inefficient and 

unsustainable methods [30]. 

 

Over time, plastics can also degrade due to exposure to light, heat, and other environmental factors such 
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as weathering and erosion [31], leading to MP formation [32]. However, once MP are formed, they can be 

released into the environment through a range of pathways such as; the shedding of microfibers from 

apparel textiles during washing, i.e., textiles made out of PET, nylons, and PU, or abrasion of plastic 

materials during the manufacturing process [33]. In this regard, by considering the mode of their origin, 

MP can also be categorized as primary MP and secondary MP. Primary MP are initially introduced into 

cleansers, cosmetics, and medical drugs as abrasives [34], while secondary MP are created through 

external forces such as physical, chemical, and biological processes when larger plastic fragments are 

broken down [35]. Once added to the environment, the aging of MP in the environment is a complicated 

process, leading to physical changes such as protrusions and cracks on their surface and changes in their 

physicochemical properties. Consequently, these changes can facilitate the absorption and further release 

of pollutants (e.g. heavy metals) and additives from the environment [36]. The MP can get circulated 

through the environment by wind, water currents, and the movement of organisms. This can lead to their 

distribution in various ecological habitats such as oceans, rivers, lakes, and soil [37]. Once released, MP 

can accumulate in multiple ways, such as forming sediment or being ingested by organisms [38]. These 

tiny pieces of plastic pose an immense environmental and economic threat to coastal and marine 

ecosystems around the world [39]. Biofilms use MP as an artificial adhesion surface, thus potentially 

changing certain properties of the MP. These biofilms are unique and form a distinct ecological niche due 

to the dynamic and highly regulated process that distinguishes them from the natural environment [40]. 

Wu et al., (2022) discovered that biofilms enhance the adsorption of heavy metals onto MP, and the size 

of the MP is a critical factor in biofilm colonization [41]. The MP have been found to absorb numerous 

contaminants such as polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), 

dioxin-like chemicals, polybrominated diphenyl ethers (PBDEs), toxic metals, pharmaceuticals, pesticides, 

and herbicides [42]. 

 

Microplastics can be found in ocean water, sea beds, and beach sediment, as well as in the stomachs of 

aquatic organisms, leading to a variety of health and ecological issues. They will include affecting the 

feeding behavior of aquatic organisms, altering the nutrient cycling of ecosystems [43], and increasing the 

toxicity of pollutants [44]. MP that enter marine environments pose a significant risk to marine organisms 

due to their potential bioavailability and/or bioaccumulation. As MP interact with plankton and sediment 

particles, both suspension and deposit feeders may be at risk of accidentally or deliberately ingesting the 

debris. The ingestion of MP by organisms can result in smothering, blockage of the digestive tract, or the 

uptake of associated toxins (Figure 2). Furthermore, MP can be ingested by marine animals, eventually 

entering the food chain. These characteristics of aged MP can have significant implications on the health 

of marine wildlife and humans [1]. Not only in marine ecosystems, but also soil ecosystems have been 

severely affected by MP. Plastic waste built up in agricultural areas is found to possess significant 

environmental issues that can have direct impacts on food sources and indirect impacts on organisms in 

various levels of the food chain [45]. Exposure to MP through contaminated food or water sources, as well 

as inhalation of airborne particles, presents a potential risk to human health [46]. Additionally, the 

presence of MP in the environment may lead to the introduction of non-native species, as well as altered 

microbial communities and increased disease transmission [47]. 
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Figure 2. Fate and impacts of MP 

 

Toxic Consequences of MP 

 

As summarized in Table 1, MP are a major environmental concern due to their potential to cause toxic 

effects on humans, animals, and ecosystems. They are capable of absorbing and carrying persistent 

organic pollutants, such as pesticides, flame retardants, and heavy metals, which can be ingested by 

humans and animals and cause a range of health problems [48]. Importantly, MP can be used as a vector 

for the spread of invasive species, allowing them to be transported to new environments where they can 

outcompete native species [43]. MP may cause human conditions such as early-stage inflammation, breast 

cancer, blood infection, and early-onset puberty [48, 49]. Accumulation of MP in animals can lead to 

various adverse effects, including bleeding, obstruction of the gastrointestinal tract, starvation, decreased 

body mass, a decrease in hatching rate, and elevated malondialdehyde levels in the liver, brain, intestine, 

and gizzard [50-52]. 
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Table 1. Toxic consequences of MP on humans, animals, and the ecological environment 

Impact 

group 
Impact MP type 

Toxic 

concentration 

Geographical 

location 
Reference 

Human Early-stage inflammation PS 500 μg/mL Korea [53] 

Human 

The immune system was 

stimulated, and potential 

hypersensitivity to PP 

particles was enhanced by an 

increase in cytokine and 

histamine levels in Human 

peripheral blood 

mononuclear cells (PBMCs), 

Raw 264.7, and HMC-1 cells. 

PP N/A Korea [48] 

Human 

Breast cancer, blood infection, 

and early onset puberty and 

genital defects 

Additives such 

as Phthalates, 

Bisphenol A, 

and Bisphenol S 
 

- [49] 

Human 

Cytotoxicity, immunotoxicity, 

reproductive toxicity, 

carcinogenicity, and 

developmental toxicity. 

PE, PP, 

Polyamide (PA), 

PVC, PS, 

Rubber, and 

PET 

N/A - [46] 

Migratory 

birds 

The lower digestive tracts of 

all bird species contained 

fiber, fragments, and beads. 

PE, PET, nylon, 

and PVC 
N/A USA [54] 

Aquatic 

birds 

Bleeding, blockage of the 

digestive tract, ulcers, or 

perforations of the gut. a false 

feeling of being full, leading 

the bird to not eat and, 

therefore, starve. 

N/A N/A Portugal [50] 
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Terrestrial 

bird 

Decrease in body biomass, 

increase in malondialdehyde 

production in the liver, brain, 

intestine, and gizzard. In 

addition, hepatic nitric oxide 

production and superoxide 

dismutase activity were 

suppressed in both the liver 

and intestine. 

PS N/A Brazil [52] 

Zebrafish 

larvae 

Decrease in hatching rates, an 

increase in malformation 

rates, and a decrease in 

calcified vertebrae. 

MP + Butylated 

hydroxyanisole 

(BHA) 

N/A China [51] 

Rotifers 

species 

Exposed to Cr (VI) coupled 

with MP, the survival rate of 

water fleas was significantly 

reduced while the burrowing 

ability of polychaetes was 

inhibited. 

PS 
100 particles 

L−1 
Korea [55] 

Oysters 

(Crassostrea 

gigas ) 

MP exposure induced 

metabolic changes in oysters, 

including alterations in 

energy metabolism and 

inflammatory responses. 

PE/PET 
10 and 1000 

μg L−1 
China [56] 

Nile Tilapia 

(Oreochrom

is niloticus) 

Anemia, and perturbations 

may lead to mortality. 
N/A 100 mg/L Egypt [57] 

Freshwater 

algae 

Detrimentally affected by 

chlorophyll concentrations 
PP/PVC >250 mg/L China [58] 
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Plants 

Humans are consuming an 

estimated 80 g/day of MP 

through the ingestion of fruits 

and vegetables that 

accumulate MP through 

uptake from polluted soil. 

N/A N/A 
 

[59] 

Soil 

The addition of MP to the soil 

increased the bioavailability 

of metals (Cu2+ and Ni2+), 

resulting in greater toxic 

effects on earthworms. 

PE N/A China [60] 

PS = polystyrene; PP = polypropylene; PE = polyethylene; PA = polyamide; PVC = polyvinyl chloride; PET 

polyethylene terephthalate 

 

MP Pollution in Sri Lanka 

 

The amount of plastic consumed in Sri Lanka each year is increasing by 16%, with a currently estimated 

amount of 265,000 tons [61]. It is estimated that 69,427 tons of plastic are being washed into the sea 

annually, resulting in a per capita contribution of 3.3 kg [61]. Few studies have been conducted to identify 

MP pollution in coastal Sri Lanka. For example, Pitipana Beach in Negombo, an area on the western shore, 

was surveyed by Athawuda et al. (2020), who discovered MP in the beach sand and 36 items/m3. They 

also conducted 91 km of further coastal surveys in the south, and tested surface water samples for MP. 

They discovered that every single water sample included at least one form of plastic [62]. Koongolla and 

research team found that Ambanalthota and Dondra Harbors had high MP counts and aggregate weights, 

particularly in the water; 15 and 29 items/m3, respectively [63]. Polystyrene foam particles were dominant 

in 60%. Local fishermen use bait boxes, fish storage boxes, and buoys made of PS, which is likely why 

these harbors have high MP counts. Nawalage and Bellanthudawa conducted a study that uncovered 

several environmental concerns that have arisen from the addition of MP to personal care and cosmetic 

products (PCCPs). Toothpaste was the most widely used product (95.8%), followed by face cleansers 

(21.8%). In Sri Lanka, the four PCCPs; shampoo, face cream, toothpaste, and face cleanser products are 

responsible for releasing a total of 21.4 trillion MP particles into the environment on an annual basis [64]. 

 

The X-Press Pearl incident released over 1680 tons of plastic nurdles, one of the biggest nurdle pollution 

events in the Indian Ocean near the Sri Lankan coastline [25]. Here, several phenomena influenced the 

dispersed distribution of MP over the coast of Sri Lanka, such as; monsoons, tidal, wind, wave, 

thermohaline gradients, and an upwelling pattern in the southern sea and activities of Hambantota and 

Godawaya harbors [1]. In addition, the intensity of wave and current interactions with rocky and sandy 

surfaces near-shore areas may amplify the process of secondary MP generation [65]. 
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Moreover, in another study, it was found that the concentrations of airborne MP were higher indoors 

(0.13–0.93 particles/m3) than outdoors (0.00–0.23 particles/m3) [66]. This was attributed to the types of 

indoor MP being generated from indoor sources and the lifestyle of the occupants. The highest outdoor 

MP abundance was found near an industrial zone, followed by urban and inland locations in high-

density areas. 

MP Pollution Research Directions in Sri Lanka 

Yearly Distribution of Research on MP in Sri Lanka 

 

According to literature the world-focused research on MP started five decades back [67], all peer-

reviewed articles have been published within the last 6 years in Sri Lanka. In each of the years 2018, 2020, 

and 2021, three research papers were published, while eight papers were published in the year 2022. The 

X-Press Pearl incident in 2021 has highlighted the need for more research on the effects of MP on the 

environment in Sri Lanka. Not only that, it also sheds a red light on the need for strong MP policies in Sri 

Lanka. It is also raises the concern that this heightened attention might have influenced the publication of 

more studies on the topic, potentially leading to a bias where the severity of the incident could have 

caused an overrepresentation of studies focusing on its aftermath. The focus on the immediate effects of 

the incident might have skewed the research landscape, leading to an imbalance in the types of studies 

being conducted and published. However, a closer examination of the research objectives of studies 

published after 2021 reveals that only three publications directly address the objectives related to the X-

Press Pearl accident. 

 

Target Journals, Research Institutions, and Objectives of Reviewed Research Studies 

 

Due to the scarcity of research papers on pollution among Sri Lankan MP, whether approached 

qualitatively or quantitatively, it is noteworthy that a majority of these articles, specifically 64%, have 

been published in the Marine Pollution Bulletin journal. Articles were with the objectives of identifying 

available MP from widely used personal care products and investigating the level of awareness of MP 

[64], analyzing and quantifying the MP contamination in salts in Sri Lanka [29], generating MP baseline 

data to investigate the extent of contamination, and guide further research on the ecological impact of MP 

contamination [68], and monitor the environmental pollution along the coastline of Sri Lanka [25, 63, 65, 

69]. Environment Pollution, Science of Total Environment, and Journal of Hazardous Materials are the 

journals where the rest of the research papers were published with the objectives of, quantitative and 

qualitative analysis of MP in beach sediments, investigating the effect of X-Press Pearl incident, analysis 

of potentially toxic elements using sampling, identify the fate of MP in the deep sea and the factors 

influencing and investigate occurrence of MP in commercial marine dried fish in Asian countries [1, 39, 

47, 69]. Furthermore, research keywords identified include MP, maritime accidents, potentially toxic 

elements, pellet pollution index, coastal pollution, the Eastern Indian Ocean, sediments, sources, grain 

size, plastic debris,  heavy metals, marine pollution, toxic contamination, the Indian Ocean, and polluted 

sand. 
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Among peer-reviewed articles, when considering the institute that carried out the research, it is evident 

that seven (07) Sri Lankan universities and three (03) Sri Lankan government institutes have paid 

attention to MP pollution in Sri Lanka, while the most actively engaged institutions are the University of 

Uva Wellassa and University of Ruhuna. Out of the eleven (11) research papers studied, five (05) 

publications had foreign collaborations with the USA, India, China, and Taiwan. Seven (07) studies have 

conducted laboratory research in Sri Lankan laboratories while three (03) studies have done their 

laboratory research in India, China, and Taiwan research institutes. For all the laboratory analyses, 

researchers collected samples from fields while sample separation and MP identification were carried out 

in major laboratories. Out of the total studied, only two (02) studies have studied species in risk [39, 47]. 

This finding emphasizes the need for more research studying the effect of MP on species in future 

studies. 

 

Target Systems and Sample Types Investigated in Studies 

 

Among the articles studied for this review, 73% of articles investigated the presence of MP in the 

marine/coastal environment while the rest 27% of articles were concerned with MP pollution with 

products as illustrated in Figure 3a. As shown in Figure 3b, out of the studied 73% of the studies analyzed 

MP in sample types such as water, sand, product, soil, and sediments, 27% of the papers analyzed MP in 

products (cosmetics and food) such as saltern samples from Puththalam, Hambanthota, and Elephant pass; 

dried fish, toothpaste, soap, shampoo, handwash, and face cream. 

 

Out of the total products reviewed, it is evident that the highest levels of MP were recorded in salt 

samples and salt samples from Hambantota saltern recorded the highest value as 3345.7±311.4 items/kg. 

Also when it comes to personal care products it is estimated that 21.4 trillion MP are released into water 

bodies each year from four different products; shampoo, face cream, toothpaste, and face cleanser 

products. Shampoo is the largest contributor, with 10.6 trillion MP particles, while face cream comes in 

second with 7.1 trillion MP particles [64]. Although in the Sri Lankan context, the sample that was 

collected was narrowed to the types shown in Figure 3b, concerning the Asian context it is evident that 

biota and organisms such as fish, crustaceans, and insects were also taken into consideration [8]. This will 

allow the identification of new research approaches to investigate in the Sri Lankan context.  

 

Types, Shapes, and Colors of MP Identified in Sri Lanka 

 

MP types and shapes are significantly important because they directly influence the distribution of MP, 

removal, and interactions between other organisms and contaminants [31]. Also, as a morphological 

characteristic, color provides a general idea about the source of MP. The research articles that assessed 

MP have conducted morphology analysis and identified shape, color, and polymer types that can be 

found commonly among the different MP. Figure 3c depicts the shapes of MP found in many of the 

studies. Fragments and filaments were found to be more common (19%) among these studies, followed 

by fibers (17%) and foam (14%). The other important attribute when assessing the occurrence of MP in 
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any environment is their variety of colors. Under the Sri Lankan context, 91% of the studies have 

analyzed the color of the MP found in their analyzed samples, and out of them, 55% of them are 

differentiated into six (06) colors or more, as shown in Figure 3d.       

 

Data Sharing Trend in Review Articles 

 

Out of all the reviewed articles under the Sri Lankan context, 73% of the articles contained data sharing 

statements as shown in Figure 3e. All the articles published in 2021, and all except one in 2022 included 

data sharing statements. Further evaluation of the reviewed articles (Figure 3f) showed that 37% of the 

researchers most commonly shared their data associated with studies in the form of supplementary 

materials, and 18% of authors stated that data would be made available on request. In comparison, 9% of 

available data were either present in, the repository or both supplementary and in the article. 

Accordingly, more than two thirds of the published research indicates data sharing statements, which is a 

positive trend for understanding the MP pollution phenomenon and finding risk mitigation solutions. 

 

However, there is still a significant proportion of research that is not fairly sharing their data. This is a 

concerning issue, as unshared data not only hinders scientific progress but also results in public and other 

funds being wasted. Without access to the underlying data, verifying research findings or conducting 

further analyses is difficult, which limits the potential impact of the research. Furthermore, the lack of 

quantitative data is also a hindrance to data-driven policy recommendations. Policymakers rely on 

reliable and robust data to make informed decisions, and without access to data, it is challenging to make 

evidence-based policy recommendations. This highlights the importance of data sharing and the need for 

researchers to make their data accessible and transparent to facilitate data-driven policymaking. 

 

In summary, while there is a positive trend in data sharing within the reviewed articles under the Sri 

Lankan context, the issue of unshared data remains prevalent. This not only hinders scientific progress 

but also has implications for policymaking. It is important for researchers to make their data available 

and accessible to ensure transparency, reproducibility, and informed decision making. Policymakers and 

funders can also play a role in incentivizing data sharing by recommending researchers share their data 

as a condition for funding or publication. 
 

Regulating MP Pollution in Sri Lanka 
 

Research Recommendations in the Sri Lankan Context 

 

As presented below in Figure 3, there are limited studies (11) published and hence there are limited 

recommendations available to reduce MP pollution or pollution risk specifically for Sri Lanka. Among 

published research papers focusing on Sri Lanka, only five (05) presented recommendations for MP 

pollution mitigation [39, 47, 64, 68, 69]. All the recommended aspects can be categorized into four: 

bridging research gaps, establishing needed infrastructure, knowledge dissimilation among the general 

public, and enhanced policy backing. 
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Figure 3. Simple statistics of MP research carried out in Sri Lanka; (a) Percentage of the studied system; (b) Percentage of field 

samples under investigation (Wa=Water, Sa=Sand, Pro=Product, Se=Sediments, So=Soil); (c) Percentage of shapes of detected MP; (d) 

Percentage of the color of detected MP; (e) Data availability of research studies; (f) Status of available data (NE=no evident, Sup=In 

supplementary materials, Res=Respiratory, Arti=available within the article, Req= Data will be made available on request) 

 

Highlighted general research needs are an in-depth understanding of the chemical properties of MP, their 

weathering mechanisms, contaminant interactions with MP, microbial interactions and biofilm formation, 

ecotoxicological effects, MP transport in food webs, and technologically innovative remediation. In 

addition, two researchers recommended facility establishments such as sewage treatment facilities 

improvement and long term monitoring processes of plastic pollution in marine environments [62, 64]. 

The same publications have suggested awareness raising programs among the general public regarding 

MP pollution. Though the above recommendations can be considered as suggested policy instruments, 

these publications thoroughly discuss them through a political science lens. 

 

Three (03) publications stated the importance of enforced policy support in their recommendations for 

MP risk reduction [39, 64, 70]. They suggested strengthening current policies and introducing new 

(a) (b) 

(c) (d) 

(e) (f) 
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policies as a necessity in several aspects: adopting producer responsibility policies, limiting plastic waste 

and other plastic management policies at multi scales considering different stakeholders, and 

implementing environmental best management practices. However, a realistic public policy framework is 

needed to address all the major stakeholders (policy actors) through proper policy instruments to reach 

the policy goal of MP risk mitigation beyond the simple recommendations. 

 

Current Sri Lankan Policies Relevant to Plastic Pollution  

 

Sri Lankan policies still have not paid much attention to MP pollution. However, Sri Lanka has paid 

attention to macro plastic pollution. Even though MP and macro plastics are different, macro plastics 

could get converted into MP through decaying processes [71]. Accordingly, we consider the importance 

of macro plastic pollution regulation here.  

 

Pollution by macro plastic and polythene materials has been under the consideration of national policies 

since 2006. After a few policy changes, in 2017, the Sri Lankan government took a prominent policy action 

to ban the manufacture, sale, offer for sale, offer free of charge, exhibition, or in-country use of prescribed 

items and actions to ensure the environmental safeguard from plastic pollution through several 

command and control policy instruments. The banned items include polythene or any polythene product 

of twenty (20) microns or below in thickness except prescribed uses (Gazette No: 2034/33); food wrappers 

(locally called lunch sheets) from polythene as a raw material (Gazette No: 2034/34); any bag of high 

density polyethylene (locally called sili sili bags) except garbage and textiles with prescribed dimensions 

(Gazette No: 2034/35); and food containers (locally called lunch boxes), plates, cups and spoons from 

expanded PS for in-country use (Gazette No: 2034/38). The prohibited items can be identified as the most 

common and widely used single-use plastics which are easily subjected to break. The prohibited actions 

are open burning of refuse or other combustible matters, including plastics (Gazette No: 2034/36) and 

event decorations from prescribed plastic materials (Gazette No: 2034/37). The plastic item ban was 

extended (Gazette No: 2211/51) to prohibit PET or PVC material for packing agrochemicals used for any 

process, trade, or industry; and any plastic item such as prescribed sachets, inflatable toys, and cotton 

buds with plastic stems in trade or industry. In addition to all these command and control instruments, 

Sri Lankan environmental policies imposed a communication and diffusion instrument; any 

manufactured plastic item shall be marked clearly by the Plastic Material Identification Standards 

specified in the schedule (Gazette no. 2211/50).  

 

All these policy instruments are imposed on the broader policy objective of the national environmental 

act; protection and management of the environment [72]. However, the ability of these policy instruments 

to reach the policy objective and the extent of successful implementation are still not scientifically 

investigated. On the other hand, policy instruments other than command and control instruments are not 

defined to control macro plastic pollution. More effective market-based policy instruments are capable of 

reaching short-term plastic regulation, while knowledge-based policy instruments are capable of long-

term plastic regulation and the national system is lacking from both types. Though the macro plastics 
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regulation is beneficial for the MP regulation, particular attention to MP was not paid to environmental 

policies in Sri Lanka, possibly due to a lack of scientific evidence regarding MP pollution or their toxic 

impacts at the national scale. As the described in above sections, there is limited MP research carried out 

in Sri Lanka, and research also concentrated on the X-press pearl disaster.  

 

Microplastic Regulation Lessons; from the Globe 

 

Plastic regulation is challenging worldwide as it conflicts with national economic growth goals [73]. 

Despite that fact, many countries of the world are making policy efforts to reduce plastics considering the 

social and environmental threats of plastics. Policies can be identified as an effective tool in MP regulation 

and Hossain et al. (2023) predicted potential MP reduction in an extensive mariculture zone of China 

through policy interventions [74]. 

 

The European Union has had plastic regulation concerns for a longer time, such as single-use plastic and 

plastic carrier bags. For example, Germany has been trying to regulate plastic pollution through market-

based policy instruments, i.e. tax, since the 1990s [75]. However, MP have been getting policy concerns 

recently, probably with growing scientific evidence of MP pollution and their negative impacts as well as 

pressure from environmental NGOs [76]. The Ministry of Environment and Climate Change of Canada 

declared MP below 5 mm as a toxic substance and, hence are regulating under the Canadian 

Environmental Protection Act of 1999. Though Canada did not completely ban MP, in 2018, they have 

banned MP in certain products; toiletries that contain microbeads. The United States passed an act in 2015 

called the Microbeads Free Water Act targeting plastic microbeads in the manufacturing of certain 

personal care products. China also took steps to regulate MP with their ban on household chemical 

products containing plastic microbeads in 2022. Several countries in the African region imposed many 

policy instruments to regulate MP, mainly command and control. They include; production volume 

restrictions, restricting single-use plastics, promotion of compostable and biodegradable bags, tax breaks 

for producers who recycle or manufacture, reusable bags, and cleaning concepts such as “National 

Cleanup Day”. The African policy instruments are mostly targeting the prevention of waste generation, 

however, product designing and waste management are also not completely ignored [77]. Rwanda has 

effective plastic regulation policies among other African countries and they have diverse policy 

instruments such as; raising social awareness, developing an ecofriendly alternative to plastic materials, 

and imposing fines for illegally bringing in plastic materials [78]. The Philippines also focused on 

reducing plastic waste by regulating single-use plastic bags, however, the effectiveness of the policy 

instruments is questionable [79]. 

 

The most popular policy instrument among all the countries is restricting single-use plastic bags which 

can be decayed into MP. However, Nielsen et al., (2020) and Convery et al. (2007) pointed out the 

insufficient stakeholder consultation before applying that policy instrument demonstrating potential 

ineffectiveness in implementation [80, 81]. Most countries' plastic bans have not been effective because of 

the financial clout of plastic producers and other stakeholders; a lack of policy implementation; a short 
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window of time between the announcement of the ban and its effective date; and a lack of alignment 

between national policies [78, 82] . Li (2022) pointed out the famous ban on microbeads, mostly in PCCPs 

by many countries regardless of the other types of MP [71]. However, in some countries, such as Japan, 

the major producers voluntarily agreed to avoid microbead usage in PCCPs.  

  

Galarpe et al., (2021) highlighted the importance of research for source apportionment in MP pollution 

policy formulation under the context of the Philippines [79]. In contrast, more developed nations have 

already moved with source identification and imposing policies on the cosmetics industry. The MP in 

cosmetic products are in the spotlight and several environmental organizations are making voices against 

it. Therefore, many countries have imposed policy instruments on non-biodegradable or non-water 

soluble MP in cosmetics and hygienic products. The state of Illinois was the first country who ban MP in 

cosmetics [83]. There are two major policy instruments visible in cosmetic MP regulation and they are MP 

ban and phaseout agreements; Canada, China, France, Ireland, Italy, New Zealand, South Korea, Sweden, 

Taiwan, and the USA banned while Australia, Belgium, and South Africa are regulating through phase 

out agreements. Some countries are in the process of banning MP in cosmetics, such as Brazil, Denmark, 

Finland, Iceland, India, and Norway. However, still, only 7% of the UN countries and 15% of the EU 

countries moved forward to regulate MP pollution by cosmetics [76]. In addition to the above mentioned 

policy instruments, some other knowledge based instruments have been proposed to regulate cosmetic 

MP such as introducing natural and synthetic alternatives such as polyhydroxyalkanoate, cellulose, silica, 

and walnut powder [84],  sometimes low cost alternatives compared to MP beads [85]. Anagnosti et al. 

(2021) explained the potential of voluntary agreements in cosmetic MP reduction which leads production 

companies and sales chains to voluntarily reduce the use of MP [76]. 

 

The microbeads, the MP in PCCPs can be considered as primary MP. Secondary MP are more widespread 

in the environment and create more disastrous effects that have lesser regulation attention [71, 86]. In 

addition to the MP pollution regulation, their decaying and secondary MP also should be regulated 

through strong policies. 

 

In the context of human contamination of MP, the attention is growing further in the global context. The 

recent focus on food and agricultural lands related MP contaminations focus on food related impacts 

mitigations. With the reporting of MP transferring from wastewater to wastewater treatment plant 

sludge, the management of wastewater treatment plant sludge received the attention of policymakers in 

certain geographic regions. In particular, practices such as open dumping, added as a soil improvement 

and used as a crop fertilizer, lead to recontamination by MP and associated toxins [87]. The land 

application of sewage sludge is regulated and institutionalized in several European Union (EU) countries, 

where these management practices indirectly restrict soil recontamination [88]. 

 

There are many policies to regulate MP from many sources in many countries, indicating a positive 

global trend to reduce MP pollution and relevant negative impacts. The majority of the policies do not 

address all the stages of the plastics value chain or all the major stakeholders. Nielsen et al. (2020) 
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observed a global trend of MP policies imposed on the later end of the plastic cycle [80]. Furthermore, 

Usman et al. (2022) highlighted several challenges in implementing MP regulation policies across several 

countries such as; poor acceptance by stakeholders, monitoring challenges, especially in rural areas, 

reluctance to adopt by profit oriented private sector industries, high cost of plastic alternatives, and poor 

public awareness [89]. OECD (2021) highlighted that tires and textiles are significant sources of MP 

pollution that are typically left out of regulations due to assessment difficulties [17]. On the other hand, 

there are several policy frameworks suggested by organizations like UNEP (UNEP, 2019a; UNEP, 2019b; 

UNEP, 2019c), WHO (WHO, 2023), and IUCN (UNEP and IUCN, 2022) to support overcoming these 

challenges [90-94]. After three decades of dedicated research and successful policy approach in the 

removal of heavy metals from wastewater through diverse methods, it becomes evident that a similarly 

intensive and comprehensive approach is essential for addressing MP pollution [95-100]. This 

underscores the need for concerted actions and parallel policy strategies to effectively mitigate the impact 

of MP on our environment. 

 

 Microplastic Risk Mitigation; Policy Solutions for Sri Lanka 

 

Considering the widespread nature of the negative externalities created by the MP on both humans and 

the environment, there is a need for a national level intervention for risk mitigation through policies. The 

major challenge of addressing MP pollution is knowledge gaps of the pollutant risk factors, pollutant 

behaviors, pollution pathways, pollution sources, and sinks. Moreover, misaligned financial and human 

resources as well as gaps in policy instrument definitions most likely have intensified the challenge. Even 

with current knowledge, policy solutions are suggested, drafted, and implemented by different countries 

of the Globe to mitigate MP risk reduction. However, many of these countries do not focus on the full life 

cycle of plastics on the full life cycle of plastics. 

 

Considering all these facts, we would like to suggest potential policy solutions to manage the risk of MP 

in Sri Lanka as presented in Table 2. However, all these are potential policy options and need stakeholder 

consultation and policy effectiveness assessment before implementation.  
 

Table 2. Potential policy solutions to regulate MP risk in Sri Lanka 

The targeted event in 

the plastic cycle 

Policy recommendation or 

suggested policy instrument 
Regulation aims 

Full life cycle 

information (Plastic 

related data 

availability) 

Policies targeting data 

management systems and data 

sharing platforms. 

Make detailed import, export, and production data 

available for stakeholders (i.e. recyclers and users 

know what constituents in plastic products, 

including additives etc.). This will ultimately be 

supportive of sound end of life management. 

Introduce research outcome data 

sharing recommendations and 

infrastructure development 

policy instruments. 

Promote FAIR data availability, for decision making 

and further research on plastic pollution. 
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Design and 

production regulation 

(target group: 

prescribed industries 

that use plastic in 

their production) 

Financial incentives/voluntary 

agreements for product 

designs/productions with plastic 

alternatives 

Reduce plastics within the chain and promote 

alternatives 

Tax/ban/partially ban microbeads 

in cosmetic and personal care 

products 

Prevent MP contamination of the environment 

Maintain mandatory production 

and raw material standards (ex: 

Certifications) 

Reduce plastic waste due to low quality materials 

and processes 

Knowledge and technology 

transfer to plastic waste 

reduction in production 

processes 

Reduce plastic wastes from the production processes 

and waste contamination with the environment 

Incentives (ex: subsidy or tax 

relief) for recycling within 

production plants 

Reduce new plastic product formation and waste 

generation 

Incentives  (ex: subsidy or tax 

relief) for establishing recycling 

of used plastics 

Reduce new plastic product formation, waste 

generation, and waste contamination in the 

environment 

Financial penalty (fine) for 

improper plastic waste 

management 

Reduce plastic waste generation and contamination 

of the environment 

Packaging and 

distribution 

regulation: all the 

product packaging 

and distribution 

above prescribed 

weight/volume 

(target group: 

manufacturers and 

distributors 

Regulate plastic packages for 

prescribed products (ex: tax, 

labeling) 

Reduce plastic waste generation and contamination 

of the environment 

Subsidizing plastic alternative 

packages for prescribed products 

Promote alternatives for plastics and reduce plastic 

waste 

Incentives for recycling plastic 

packages 

Promote alternatives for plastics and reduce plastic 

waste 

Financial penalty (fine) for 

improper plastic waste 

management 

Reduce plastic contamination in the environment 
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Use regulations. 

(target group: general 

plastic users) 

Tax for cosmetic and personal 

care products containing 

microbeads 

Prevent MP contamination of the environment 

Regulate single-use plastic bags 

(ex: prohibit the use of plastic 

bags on dry goods, regulate its 

use on wet goods) 

Reduce plastic waste quantity and prevent 

contamination of the environment 

Taxing single-use plastics, i.e. 

plastic drinking straws, plastic 

cups, plastic plates, plastic 

spoons, and forks 

Reduce plastic waste quantity and prevent 

contamination of the environment 

Incentives for recycling (ex: 

financial incentive for used pens 

when buying a new pen) 

Reduce new plastic product formation, waste 

generation, and waste contamination in the 

environment 

Other strategies 

Encourage research for plastic 

alternatives and their 

implications 

Reduce plastic quantity 

Incentives for commercializing 

the research findings to regulate 

plastics 

Reduce plastic quantity 

Awareness rising, knowledge 

sharing, and technology transfer 

at different levels; school 

children, the general public, 

retailers, manufacturers, etc. 

Behavioral changes for plastic use reduction and 

plastic reuse 

Consider plastic reduction efforts 

as a necessity in registering new 

prescribed industries/businesses, 

i.e. restaurants, shops, and fast 

food chains 

Behavioral changes for plastic use reduction and 

plastic reuse 

Monitoring and financial 

resource mobilization strategies 

for effective implementation 

Ensure implementation of the plastic reduction 

policies 

Declare MP as a toxic substance 

and define threshold 

limits/standards to be presence in 

the environment/portable 

water/food 

Establish plastic thresholds for risk regulations 
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Conclusion  

 

It is imperative for Sri Lanka to address the growing problem of MP pollution through evidence-based 

policies and effective management strategies. The recent X-Press Pearl incident has underscored the 

urgent need for action in Sri Lanka, where MP are prevalent in multiple land and water systems. 

However, there is a lack of comprehensive research and data on MP in the Sri Lankan context, hindering 

the formulation of effective policies and measures. Our study highlights the importance of data collection 

and research to inform policy-making and management efforts. By utilizing FAIR data on MP, 

policymakers can develop evidence-based policies that address the full life cycle of plastics, including 

production, use, and disposal. Furthermore, our policy suggestions offer a roadmap for addressing MP 

pollution at different stages of the plastic cycle, emphasizing the need for collaboration among 

stakeholders and the incorporation of local context into policy formulation. Looking ahead, future 

research should aim to replicate and expand upon our study by incorporating data from other countries 

and regions. By incorporating data from a broader geographical scope, researchers can gain a more 

comprehensive understanding of MP pollution and identify best practices for mitigation and 

management. Additionally, leveraging government research and data from other sources can further 

enhance the robustness and applicability of research findings. In summary, addressing MP pollution 

requires a multi-faceted approach that integrates scientific research, data collection, and policy 

development. By working together at the local, national, and global levels, we can mitigate the 

environmental and human health impacts of MP pollution and safeguard our planet for future 

generations. 

 

Conflicts of Interest  

There is no conflict of interest between authors.   

 

References 

[1] H. Qi, Li, H., Meng, X., Peng, L., Zheng, H., Wang, L., Wang, W., Chen, K., Zhang, J., Zhang, H., and Cai, M., Fate 

of microplastics in deep-sea sediments and its influencing factors: Evidence from the Eastern Indian Ocean. Sci Total 

Environ, 2022. 828,154266.DOI: 10.1016/j.scitotenv.2022.154266. 

[2] UNEP. Single-Use Plastics: A Roadmap for Sustainability. . 2018  Mar,2023]; Available from: 

https://www.unep.org/resources/report/single-use-plastics-roadmap-sustainability. 

[3] X. Jiang, Wang, T., Jiang, M., Xu, M., Yu, Y., Guo, B., Chen, D., Hu, S., Jiang, J., Zhang, Y., and Zhu, B., Assessment 

of Plastic Stocks and Flows in China: 1978-2017. Resources, Conservation and Recycling, 2020. 161,104969.DOI: 

10.1016/j.resconrec.2020.104969. 

[4] J. Frias and Nash, R., Microplastics: Finding a consensus on the definition. Mar Pollut Bull, 2019. 138,145-147.DOI: 

10.1016/j.marpolbul.2018.11.022. 

[5] J.R. Bermudez and Swarzenski, P.W., A microplastic size classification scheme aligned with universal plankton 

survey methods. MethodsX, 2021. 8,101516.DOI: 10.1016/j.mex.2021.101516. 

https://www.unep.org/resources/report/single-use-plastics-roadmap-sustainability


Adv. Technol. 2024, 3(2), 97-123 

 

117 

 

[6] Y. Jiang, Yang, F., Hassan Kazmi, S.S.U., Zhao, Y., Chen, M., and Wang, J., A review of microplastic pollution in 

seawater, sediments and organisms of the Chinese coastal and marginal seas. Chemosphere, 2022. 286(Pt 

1),131677.DOI: 10.1016/j.chemosphere.2021.131677. 

[7] X. Chang, Fang, Y., Wang, Y., Wang, F., Shang, L., and Zhong, R., Microplastic pollution in soils, plants, and 

animals: A review of distributions, effects and potential mechanisms. Sci Total Environ, 2022. 850,157857.DOI: 

10.1016/j.scitotenv.2022.157857. 

[8.] P. Kumar, Inamura, Y., Bao, P.N., Abeynayaka, A., Dasgupta, R., and Abeynayaka, H.D.L., Microplastics in 

Freshwater Environment in Asia: A Systematic Scientific Review. Water, 2022. 14(11),1737.DOI: 10.3390/w14111737. 

[9] S. Padha, Kumar, R., Dhar, A., and Sharma, P., Microplastic pollution in mountain terrains and foothills: A review 

on source, extraction, and distribution of microplastics in remote areas. Environ Res, 2022. 207,112232.DOI: 

10.1016/j.envres.2021.112232. 

[10] Y. Zhang, Gao, T., Kang, S., Shi, H., Mai, L., Allen, D., and Allen, S., Current status and future perspectives of 

microplastic pollution in typical cryospheric regions. Earth-Science Reviews, 2022. 226,103924.DOI: 

10.1016/j.earscirev.2022.103924. 

[11] L. Persson, Carney Almroth, B.M., Collins, C.D., Cornell, S., de Wit, C.A., Diamond, M.L., Fantke, P., Hassellov, 

M., MacLeod, M., Ryberg, M.W., Sogaard Jorgensen, P., Villarrubia-Gomez, P., Wang, Z., and Hauschild, M.Z., 

Outside the Safe Operating Space of the Planetary Boundary for Novel Entities. Environ Sci Technol, 2022. 56(3),1510-

1521.DOI: 10.1021/acs.est.1c04158. 

[12] K. Cverenkarova, Valachovicova, M., Mackulak, T., Zemlicka, L., and Birosova, L., Microplastics in the Food 

Chain. Life (Basel), 2021. 11(12),1349.DOI: 10.3390/life11121349. 

[13] J.C. Prata, da Costa, J.P., Lopes, I., Andrady, A.L., Duarte, A.C., and Rocha-Santos, T., A One Health perspective 

of the impacts of microplastics on animal, human and environmental health. Sci Total Environ, 2021. 777,146094.DOI: 

10.1016/j.scitotenv.2021.146094. 

[14] C.M. Rochman, Brookson, C., Bikker, J., Djuric, N., Earn, A., Bucci, K., Athey, S., Huntington, A., McIlwraith, H., 

Munno, K., De Frond, H., Kolomijeca, A., Erdle, L., Grbic, J., Bayoumi, M., Borrelle, S.B., Wu, T., Santoro, S., 

Werbowski, L.M., Zhu, X., Giles, R.K., Hamilton, B.M., Thaysen, C., Kaura, A., Klasios, N., Ead, L., Kim, J., Sherlock, 

C., Ho, A., and Hung, C., Rethinking microplastics as a diverse contaminant suite. Environ Toxicol Chem, 2019. 

38(4),703-711.DOI: 10.1002/etc.4371. 

[15] A. Abeynayaka, Werellagama, I., Ngoc-Bao, P., Hengesbaugh, M., Gajanayake, P., Nallaperuma, B., Karkour, S., 

Bui, X.-T., and Itsubo, N.(s), Book Microplastics in wastewater treatment plants, Elsevier Location, Elsevier, 2022, pp. 

Page  

[16] GESAMP. Reports and Studies Guidelines for the Monitoring and Assessment of Plastic Litter in the Ocean. 2019  [cited 

Mar,2023.; Available from: http://www.gesamp.org/publications/guidelines-for-the-monitoring-and-assessment-of-

plastic-litter-in-the-ocean. 

[17] OECD. Policy Highlights: Policies to Reduce Microplastics Pollution in Water – Focus on Textiles and Tyres. 2021  

Mar,2023.]; Available from: , https://www.oecd.org/environment/waste/policy-highlights-policies-to-reduce-

microplastics-pollution-in-water-focus-textiles-and-tyres.pdf. 

[18] E. Can-Güven, Microplastics as emerging atmospheric pollutants: a review and bibliometric analysis. Air Quality, 

Atmosphere & Health, 2020. 14(2),203-215.DOI: 10.1007/s11869-020-00926-3. 

http://www.gesamp.org/publications/guidelines-for-the-monitoring-and-assessment-of-plastic-litter-in-the-ocean
http://www.gesamp.org/publications/guidelines-for-the-monitoring-and-assessment-of-plastic-litter-in-the-ocean
https://www.oecd.org/environment/waste/policy-highlights-policies-to-reduce-microplastics-pollution-in-water-focus-textiles-and-tyres.pdf
https://www.oecd.org/environment/waste/policy-highlights-policies-to-reduce-microplastics-pollution-in-water-focus-textiles-and-tyres.pdf


Adv. Technol. 2024, 3(2), 97-123 

 

118 

 

[19] T. Jenkins, Persaud, B.D., Cowger, W., Szigeti, K., Roche, D.G., Clary, E., Slowinski, S., Lei, B., Abeynayaka, A., 

Nyadjro, E.S., Maes, T., Thornton Hampton, L., Bergmann, M., Aherne, J., Mason, S.A., Honek, J.F., Rezanezhad, F., 

Lusher, A.L., Booth, A.M., Smith, R.D.L., and Van Cappellen, P., Current State of Microplastic Pollution Research 

Data: Trends in Availability and Sources of Open Data. Frontiers in Environmental Science, 2022. 10.DOI: 

10.3389/fenvs.2022.912107. 

[20] M. Bergmann, Tekman, M.B., and Gutow, L.(s), Book LITTERBASE: An Online Portal for Marine Litter and 

Microplastics and Their Implications for Marine Life, Elsevier Location, Elsevier, 2017, pp. Page  

[21] SLEDB. Plastic and plastic product industry.  Apr, 2023]; Available from: 

https://www.srilankabusiness.com/plastic/overview.html 

[22] MOE. National Action Plan on Plastic Waste Management 2021-2030.  Mar, 2023]; Available from: 

https://ccet.jp/sites/default/files/2021-08/srilanka_report_web_fin_pw.pdf. 

[23] NARA. NARA Scientific Sessions 2019, Book of Abstracts: Aquatic Research to Nature the Nation. 2019  [cited 

Mar,2023; Available from: http://www.nara.ac.lk/wp-content/uploads/2017/09/E-Abstract-2019-1.pdf. 

[24] MOH. Microplastics and You. Ministry of Environment and Sri Lanka Medical Association. 2020  [cited Mar, 2023.; 

Available from: https://slma.lk/wp-content/uploads/2023/02/Final-English_compressed.pdf. 

[25] U. Perera, Subasinghe, H.C.S., Ratnayake, A.S., Weerasingha, W., and Wijewardhana, T.D.U., Maritime pollution 

in the Indian Ocean after the MV X-Press Pearl accident. Mar Pollut Bull, 2022. 185(Pt A),114301.DOI: 

10.1016/j.marpolbul.2022.114301. 

[26] K. Olejniczak, Śliwowski, P., and Leeuw, F., Comparing Behavioral Assumptions of Policy Tools: Framework for 

Policy Designers. Journal of Comparative Policy Analysis: Research and Practice, 2020. 22(6),498-520.DOI: 

10.1080/13876988.2020.1808465. 

[27] N. Singh, Ogunseitan, O.A., Wong, M.H., and Tang, Y., Sustainable materials alternative to petrochemical plastics 

pollution: A review analysis. Sustainable Horizons, 2022. 2,100016.DOI: 10.1016/j.horiz.2022.100016. 

[28] N. Li, Han, Z., Guo, N., Zhou, Z., Liu, Y., and Tang, Q., Microplastics spatiotemporal distribution and plastic-

degrading bacteria identification in the sanitary and non-sanitary municipal solid waste landfills. J Hazard Mater, 

2022. 438,129452.DOI: 10.1016/j.jhazmat.2022.129452. 

[29] R. Kapukotuwa, Jayasena, N., Weerakoon, K.C., Abayasekara, C.L., and Rajakaruna, R.S., High levels of 

microplastics in commercial salt and industrial salterns in Sri Lanka. Mar Pollut Bull, 2022. 174,113239.DOI: 

10.1016/j.marpolbul.2021.113239. 

[30] K.L. Wasewar, Kumar, S., Pal, D., and Uslu, H.(s), Book Life Cycle Assessment (LCA) of Plastics, Wiley Location, 

Wiley, 2022, pp. Page  

[31] K. Zhang, Hamidian, A.H., Tubic, A., Zhang, Y., Fang, J.K.H., Wu, C., and Lam, P.K.S., Understanding plastic 

degradation and microplastic formation in the environment: A review. Environ Pollut, 2021. 274,116554.DOI: 

10.1016/j.envpol.2021.116554. 

[32] Y. Loganathan, M.P.J. Kizhakedathil, A Review on Microplastics – An Indelible Ubiquitous Pollutant. Biointerface 

Research in Applied Chemistry, 2022. 13(2),126.DOI: 10.33263/briac132.126. 

[33] E. Vassilenko, Watkins, M., Chastain, S., Mertens, J., Posacka, A.M., Patankar, S., and Ross, P.S., Domestic 

https://www.srilankabusiness.com/plastic/overview.html
https://ccet.jp/sites/default/files/2021-08/srilanka_report_web_fin_pw.pdf
http://www.nara.ac.lk/wp-content/uploads/2017/09/E-Abstract-2019-1.pdf
https://slma.lk/wp-content/uploads/2023/02/Final-English_compressed.pdf


Adv. Technol. 2024, 3(2), 97-123 

 

119 

 

laundry and microfiber pollution: Exploring fiber shedding from consumer apparel textiles. PLoS One, 2021. 

16(7),e0250346.DOI: 10.1371/journal.pone.0250346. 

[34] S. Sangkham, Faikhaw, O., Munkong, N., Sakunkoo, P., Arunlertaree, C., Chavali, M., Mousazadeh, M., and 

Tiwari, A., A review on microplastics and nanoplastics in the environment: Their occurrence, exposure routes, toxic 

studies, and potential effects on human health. Mar Pollut Bull, 2022. 181,113832.DOI: 

10.1016/j.marpolbul.2022.113832. 

[35] H. Cui and Xu, C., Study on the Relationship between Textile Microplastics Shedding and Fabric Structure. 

Polymers (Basel), 2022. 14(23),5309.DOI: 10.3390/polym14235309. 

[36] R. Bao, Fu, D., Fan, Z., Peng, X., and Peng, L., Aging of microplastics and their role as vector for copper in 

aqueous solution. Gondwana Research, 2022. 108,81-90.DOI: 10.1016/j.gr.2021.12.002. 

[37] N. Ajith, Arumugam, S., Parthasarathy, S., Manupoori, S., and Janakiraman, S., Global distribution of 

microplastics and its impact on marine environment-a review. Environ Sci Pollut Res Int, 2020. 27(21),25970-

25986.DOI: 10.1007/s11356-020-09015-5. 

[38] R.C. Hale, Seeley, M.E., La Guardia, M.J., Mai, L., and Zeng, E.Y., A Global Perspective on Microplastics. Journal 

of Geophysical Research: Oceans, 2020. 125(1).DOI: 10.1029/2018jc014719. 

[39] R. Karthik, Robin, R.S., Purvaja, R., Karthikeyan, V., Subbareddy, B., Balachandar, K., Hariharan, G., Ganguly, D., 

Samuel, V.D., Jinoj, T.P.S., and Ramesh, R., Microplastic pollution in fragile coastal ecosystems with special reference 

to the X-Press Pearl maritime disaster, southeast coast of India. Environ Pollut, 2022. 305,119297.DOI: 

10.1016/j.envpol.2022.119297. 

[40] S. He, Tong, J., Xiong, W., Xiang, Y., Peng, H., Wang, W., Yang, Y., Ye, Y., Hu, M., Yang, Z., and Zeng, G., 

Microplastics influence the fate of antibiotics in freshwater environments: Biofilm formation and its effect on 

adsorption behavior. J Hazard Mater, 2023. 442,130078.DOI: 10.1016/j.jhazmat.2022.130078. 

[41] C. Wu, Tanaka, K., Tani, Y., Bi, X., Liu, J., and Yu, Q., Effect of particle size on the colonization of biofilms and the 

potential of biofilm-covered microplastics as metal carriers. Sci Total Environ, 2022. 821,153265.DOI: 

10.1016/j.scitotenv.2022.153265. 

[42] S.D. Martinho, Fernandes, V.C., Figueiredo, S.A., and Delerue-Matos, C., Microplastic Pollution Focused on 

Sources, Distribution, Contaminant Interactions, Analytical Methods, and Wastewater Removal Strategies: A Review. 

Int J Environ Res Public Health, 2022. 19(9),5610.DOI: 10.3390/ijerph19095610. 

[43] C.M. Gerstenbacher, Finzi, A.C., Rotjan, R.D., and Novak, A.B., A review of microplastic impacts on seagrasses, 

epiphytes, and associated sediment communities. Environ Pollut, 2022. 303,119108.DOI: 10.1016/j.envpol.2022.119108. 

[44] Y. Xiang, Jiang, L., Zhou, Y., Luo, Z., Zhi, D., Yang, J., and Lam, S.S., Microplastics and environmental pollutants: 

Key interaction and toxicology in aquatic and soil environments. J Hazard Mater, 2022. 422,126843.DOI: 

10.1016/j.jhazmat.2021.126843. 

[45] T. Jin, Tang, J., Lyu, H., Wang, L., Gillmore, A.B., and Schaeffer, S.M., Activities of Microplastics (MPs) in 

Agricultural Soil: A Review of MPs Pollution from the Perspective of Agricultural Ecosystems. J Agric Food Chem, 

2022. 70(14),4182-4201.DOI: 10.1021/acs.jafc.1c07849. 

[46] Z. Yuan, Nag, R., and Cummins, E., Human health concerns regarding microplastics in the aquatic environment - 

From marine to food systems. Sci Total Environ, 2022. 823,153730.DOI: 10.1016/j.scitotenv.2022.153730. 



Adv. Technol. 2024, 3(2), 97-123 

 

120 

 

[47] N. Piyawardhana, Weerathunga, V., Chen, H.S., Guo, L., Huang, P.J., Ranatunga, R., and Hung, C.C., Occurrence 

of microplastics in commercial marine dried fish in Asian countries. J Hazard Mater, 2022. 423(Pt B),127093.DOI: 

10.1016/j.jhazmat.2021.127093. 

[48] J. Hwang, Choi, D., Han, S., Choi, J., and Hong, J., An assessment of the toxicity of polypropylene microplastics 

in human derived cells. Sci Total Environ, 2019. 684,657-669.DOI: 10.1016/j.scitotenv.2019.05.071. 

[49] K. Senathirajah, Attwood, S., Bhagwat, G., Carbery, M., Wilson, S., and Palanisami, T., Estimation of the mass of 

microplastics ingested - A pivotal first step towards human health risk assessment. J Hazard Mater, 2021. 404(Pt 

B),124004.DOI: 10.1016/j.jhazmat.2020.124004. 

[50] M.N. Basto, Nicastro, K.R., Tavares, A.I., McQuaid, C.D., Casero, M., Azevedo, F., and Zardi, G.I., Plastic 

ingestion in aquatic birds in Portugal. Mar Pollut Bull, 2019. 138,19-24.DOI: 10.1016/j.marpolbul.2018.11.024. 

[51] H.J. Zhao, Xu, J.K., Yan, Z.H., Ren, H.Q., and Zhang, Y., Microplastics enhance the developmental toxicity of 

synthetic phenolic antioxidants by disturbing the thyroid function and metabolism in developing zebrafish. Environ 

Int, 2020. 140,105750.DOI: 10.1016/j.envint.2020.105750. 

[52] S.S. de Souza, Freitas, I.N., Goncalves, S.O., Luz, T.M.D., Araujo, A., Rajagopal, R., Balasubramani, G., Rahman, 

M.M., and Malafaia, G., Toxicity induced via ingestion of naturally-aged polystyrene microplastics by a small-sized 

terrestrial bird and its potential role as vectors for the dispersion of these pollutants. J Hazard Mater, 2022. 

434,128814.DOI: 10.1016/j.jhazmat.2022.128814. 

[53] J. Hwang, Choi, D., Han, S., Jung, S.Y., Choi, J., and Hong, J., Potential toxicity of polystyrene microplastic 

particles. Sci Rep, 2020. 10(1),7391.DOI: 10.1038/s41598-020-64464-9. 

[54] T.C. Hoang and Mitten, S., Microplastic accumulation in the gastrointestinal tracts of nestling and adult 

migratory birds. Sci Total Environ, 2022. 838(Pt 1),155827.DOI: 10.1016/j.scitotenv.2022.155827. 

[55] J. Kim, Haque, M.N., Lee, S., Lee, D.H., and Rhee, J.S., Exposure to Environmentally Relevant Concentrations of 

Polystyrene Microplastics Increases Hexavalent Chromium Toxicity in Aquatic Animals. Toxics, 2022. 10(10),563.DOI: 

10.3390/toxics10100563. 

[56] J. Teng, Zhao, J., Zhu, X., Shan, E., Zhang, C., Zhang, W., and Wang, Q., Toxic effects of exposure to microplastics 

with environmentally relevant shapes and concentrations: Accumulation, energy metabolism and tissue damage in 

oyster Crassostrea gigas. Environ Pollut, 2021. 269,116169.DOI: 10.1016/j.envpol.2020.116169. 

[57] M. Hamed, Soliman, H.A.M., Osman, A.G.M., and Sayed, A.E.H., Assessment the effect of exposure to 

microplastics in Nile Tilapia (Oreochromis niloticus) early juvenile: I. blood biomarkers. Chemosphere, 2019. 228,345-

350.DOI: 10.1016/j.chemosphere.2019.04.153. 

[58] Y. Wu, Guo, P., Zhang, X., Zhang, Y., Xie, S., and Deng, J., Effect of microplastics exposure on the photosynthesis 

system of freshwater algae. J Hazard Mater, 2019. 374,219-227.DOI: 10.1016/j.jhazmat.2019.04.039. 

[59] C.E. Enyoh, Verla, A.W., Verla, E.N., Ibe, F.C., and Amaobi, C.E., Airborne microplastics: a review study on 

method for analysis, occurrence, movement and risks. Environ Monit Assess, 2019. 191(11),668.DOI: 10.1007/s10661-

019-7842-0. 

[60] M. Li, Liu, Y., Xu, G., Wang, Y., and Yu, Y., Impacts of polyethylene microplastics on bioavailability and toxicity 

of metals in soil. Sci Total Environ, 2021. 760,144037.DOI: 10.1016/j.scitotenv.2020.144037. 



Adv. Technol. 2024, 3(2), 97-123 

 

121 

 

[61] K. Samarasinghe, Pawan Kumar, S., and Visvanathan, C., Evaluation of circular economy potential of plastic 

waste in Sri Lanka. Environmental Quality Management, 2021. 31(1),99-107.DOI: 10.1002/tqem.21732. 

[62] A. Athawuda, Jayasiri, H.B., Thushari, G.G.N., and Guruge, K., Quantification and morphological 

characterization of plastic litter (0.30-100 mm) in surface waters of off Colombo, west coast of Sri Lanka. Environ 

Monit Assess, 2020. 192(8),509.DOI: 10.1007/s10661-020-08472-2. 

[63] J. Bimali Koongolla, Andrady, A.L., Terney Pradeep Kumara, P.B., and Gangabadage, C.S., Evidence of 

microplastics pollution in coastal beaches and waters in southern Sri Lanka. Mar Pollut Bull, 2018. 137,277-284.DOI: 

10.1016/j.marpolbul.2018.10.031. 

[64] N.S.K. Nawalage and Bellanthudawa, B.K.A., Synthetic polymers in personal care and cosmetics products 

(PCCPs) as a source of microplastic (MP) pollution. Mar Pollut Bull, 2022. 182,113927.DOI: 

10.1016/j.marpolbul.2022.113927. 

[65] A. Athapaththu, Thushari, G.G.N., Dias, P.C.B., Abeygunawardena, A.P., Egodauyana, K., Liyanage, N.P.P., 

Pitawala, H., and Senevirathna, J.D.M., Plastics in surface water of southern coastal belt of Sri Lanka (Northern Indian 

Ocean): Distribution and characterization by FTIR. Mar Pollut Bull, 2020. 161(Pt A),111750.DOI: 

10.1016/j.marpolbul.2020.111750. 

[66] K. Perera, Ziajahromi, S., Bengtson Nash, S., Manage, P.M., and Leusch, F.D.L., Airborne Microplastics in Indoor 

and Outdoor Environments of a Developing Country in South Asia: Abundance, Distribution, Morphology, and 

Possible Sources. Environ Sci Technol, 2022. 56(23),16676-16685.DOI: 10.1021/acs.est.2c05885. 

[67] E.J. Carpenter and Smith, K.L., Jr., Plastics on the Sargasso sea surface. Science, 1972. 175(4027),1240-1241.DOI: 

10.1126/science.175.4027.1240. 

[68] W.L.S. Sevwandi Dharmadasa, Andrady, A.L., Kumara, P., Maes, T., and Gangabadage, C.S., Microplastic 

pollution in Marine Protected Areas of Southern Sri Lanka. Mar Pollut Bull, 2021. 168,112462.DOI: 

10.1016/j.marpolbul.2021.112462. 

[69] M. Sewwandi, Amarathunga, A.A.D., Wijesekara, H., Mahatantila, K., and Vithanage, M., Contamination and 

distribution of buried microplastics in Sarakkuwa beach ensuing the MV X-Press Pearl maritime disaster in Sri 

Lankan sea. Mar Pollut Bull, 2022. 184,114074.DOI: 10.1016/j.marpolbul.2022.114074. 

[70] A. de Vos, Aluwihare, L., Youngs, S., DiBenedetto, M.H., Ward, C.P., Michel, A.P.M., Colson, B.C., Mazzotta, 

M.G., Walsh, A.N., Nelson, R.K., Reddy, C.M., and James, B.D., The M/V X-Press Pearl Nurdle Spill: Contamination 

of Burnt Plastic and Unburnt Nurdles along Sri Lanka's Beaches. ACS Environ Au, 2022. 2(2),128-135.DOI: 

10.1021/acsenvironau.1c00031. 

[71] Y. Li, Legislation and Policy on Pollution Prevention and the Control of Marine Microplastics. Water, 2022. 

14(18),2790.DOI: 10.3390/w14182790. 

[72] S. Kamalakkannan, Abeynayaka, A., Kulatunga, A.K., Singh, R.K., Tatsuno, M., and Gamaralalage, P.J.D., Life 

Cycle Assessment of Selected Single-Use Plastic Products towards Evidence-Based Policy Recommendations in Sri 

Lanka. Sustainability, 2022. 14(21),14170.DOI: 10.3390/su142114170. 

[73] A.C.E. Mensah, Tax elasticity of demand for plastic: the cause of plastic pollution in Ghana. Journal of 

Environmental Economics and Policy, 2020. 10(1),28-42.DOI: 10.1080/21606544.2020.1765882. 

[74] K.B. Hossain, Lin, Y., Chen, K., Zhang, M., Liu, M., Zhao, W., Ke, H., Liu, F., Wang, C., and Cai, M., Policy impact 



Adv. Technol. 2024, 3(2), 97-123 

 

122 

 

on microplastic reduction in China: Observation and prediction using statistical model in an intensive mariculture 

bay. Sci Total Environ, 2023. 858(Pt 3),160075.DOI: 10.1016/j.scitotenv.2022.160075. 

[75] D. Xanthos and Walker, T.R., International policies to reduce plastic marine pollution from single-use plastics 

(plastic bags and microbeads): A review. Mar Pollut Bull, 2017. 118(1-2),17-26.DOI: 10.1016/j.marpolbul.2017.02.048. 

[76] L. Anagnosti, Varvaresou, A., Pavlou, P., Protopapa, E., and Carayanni, V., Worldwide actions against plastic 

pollution from microbeads and microplastics in cosmetics focusing on European policies. Has the issue been handled 

effectively? Mar Pollut Bull, 2021. 162,111883.DOI: 10.1016/j.marpolbul.2020.111883. 

[77] G.G. Deme, Ewusi-Mensah, D., Olagbaju, O.A., Okeke, E.S., Okoye, C.O., Odii, E.C., Ejeromedoghene, O., Igun, 

E., Onyekwere, J.O., Oderinde, O.K., and Sanganyado, E., Macro problems from microplastics: Toward a sustainable 

policy framework for managing microplastic waste in Africa. Sci Total Environ, 2022. 804,150170.DOI: 

10.1016/j.scitotenv.2021.150170. 

[78] P. Behuria, Ban the (plastic) bag? Explaining variation in the implementation of plastic bag bans in Rwanda, 

Kenya and Uganda. Environment and Planning C: Politics and Space, 2021. 39(8),1791-1808.DOI: 

10.1177/2399654421994836. 

[79] V. Galarpe, Jaraula, C.M.B., and Paler, M.K.O., The nexus of macroplastic and microplastic research and plastic 

regulation policies in the Philippines marine coastal environments. Mar Pollut Bull, 2021. 167,112343.DOI: 

10.1016/j.marpolbul.2021.112343. 

[80] T.D. Nielsen, Hasselbalch, J., Holmberg, K., and Stripple, J., Politics and the plastic crisis: A review throughout 

the plastic life cycle. WIREs Energy and Environment, 2019. 9(1).DOI: 10.1002/wene.360. 

[81] F. Convery, McDonnell, S., and Ferreira, S., The most popular tax in Europe? Lessons from the Irish plastic bags 

levy. Environmental and Resource Economics, 2007. 38(1),1-11.DOI: 10.1007/s10640-006-9059-2. 

[82] I. Adam, Walker, T.R., Bezerra, J.C., and Clayton, A., Policies to reduce single-use plastic marine pollution in 

West Africa. Marine Policy, 2020. 116,103928.DOI: 10.1016/j.marpol.2020.103928. 

[83] C.M. Rochman, Kross, S.M., Armstrong, J.B., Bogan, M.T., Darling, E.S., Green, S.J., Smyth, A.R., and Verissimo, 

D., Scientific Evidence Supports a Ban on Microbeads. Environ Sci Technol, 2015. 49(18),10759-10761.DOI: 

10.1021/acs.est.5b03909. 

[84] X. Xia, Optimizing Phage Translation Initiation. OBM Genetics, 2019. 3(4),1-1.DOI: 10.21926/obm.genet.1904097. 

[85] T. Stoll, P. Stoett, J. Vince, and B.D. Hardesty, Governance and measures for the prevention of marine debris, In 

Handbook of Microplastics in the Environment, 1-23. https://doi.org/10.1007/978-3-030-10618-8_26-1. 

[86] K. Duis and Coors, A., Microplastics in the aquatic and terrestrial environment: sources (with a specific focus on 

personal care products), fate and effects. Environ Sci Eur, 2016. 28(1),2.DOI: 10.1186/s12302-015-0069-y. 

[87] A.D. Igalavithana, Mahagamage, M.G.Y.L., Gajanayake, P., Abeynayaka, A., Gamaralalage, P.J.D., Ohgaki, M., 

Takenaka, M., Fukai, T., and Itsubo, N., Microplastics and Potentially Toxic Elements: Potential Human Exposure 

Pathways through Agricultural Lands and Policy Based Countermeasures. Microplastics, 2022. 1(1),102-120.DOI: 

10.3390/microplastics1010007. 

[88] N. Milojevic and Cydzik-Kwiatkowska, A., Agricultural Use of Sewage Sludge as a Threat of Microplastic (MP) 

Spread in the Environment and the Role of Governance. Energies, 2021. 14(19),6293.DOI: 10.3390/en14196293. 



Adv. Technol. 2024, 3(2), 97-123 

 

123 

 

[89] S. Usman, Abdull Razis, A.F., Shaari, K., Azmai, M.N.A., Saad, M.Z., Mat Isa, N., and Nazarudin, M.F., The 

Burden of Microplastics Pollution and Contending Policies and Regulations. Int J Environ Res Public Health, 2022. 

19(11),6773.DOI: 10.3390/ijerph19116773. 

[90] UNEP. United Nations Environment Assembly 2019, Innovative pathways to achieve sustainable consumption 

and production[cited Mar, 2023.; Available from: https://leap.unep.org/content/unea-resolution/innovative-pathways-

achieve-sustainable-consumption-and-productio . 

[91] UNEP, Resolution adopted by the United Nations Environment Assembly on 15th March 2019, United Nations 

Environment Assembly of the United Nations Environment Programme. [cited Mar, 2023.; Available from: 

https://wedocs.unep.org/bitstream/handle/20.500.11822/28340/K1901091%20-%20UNEP-EA-4-Res-6%20-

%20Advance.pdf?sequence=3&isAllowed=y. 

[92] UNEP, United Nations Environment Programme. Waste Management in Developing Countries. [cited Mar, 

2023.; Available from:  https://wedocs.unep.org/handle/20.500.11822/28473. 

[93] WHO, World Health Organization. WHO calls for more research into microplastics and a crackdown on plastic 

pollution. 2023. [cited Mar, 2023.; Available from: https://www.who.int/news/item/22-08-2019-who-calls-for-more-

research-into-microplastics-and-a-crackdown-on-plastic-pollution. 

[94] UNEP, National Guidance for Plastic Pollution Hotspotting and Shaping Action. [cited Mar, 2023.; Available 

from: https://www.unep.org/resources/report/national-guidance-plastic-pollution-hotspotting-and-shaping-action. 

[95] G.M.P. Kumara and Kawamoto, K., Use of Natural Zeolite and Its Mixtures to Refine High-Concentrated Heavy 

Metal-Contaminated Wastewater: an Investigation of Simultaneous Removal of Cd (II) and Pb (II) by Batch 

Adsorption Method. Water, Air, & Soil Pollution, 2021. 232(11).DOI: 10.1007/s11270-021-05420-9. 

[96] G.M.P. Kumara and Kawamoto, K., Steel Slag and Autoclaved Aerated Concrete Grains as Low-Cost Adsorbents 

to Remove Cd2+ and Pb2+ in Wastewater: Effects of Mixing Proportions of Grains and Liquid-to-Solid Ratio. 

Sustainability, 2021. 13(18),10321.DOI: 10.3390/su131810321. 

[97] A.B. Priyadarshani Bandara, Examination of Crushed Laterite Brick for Removal of Chromium and Arsenic from 

Wastewater. International Journal of GEOMATE, 2020. 19(74),22-30.DOI: 10.21660/2020.74.9176. 

[98] G.M.P. Kumara, Kawamoto, K., Saito, T., Hamamoto, S., and Asamoto, S., Evaluation of Autoclaved Aerated 

Concrete Fines for Removal of Cd(II) and Pb(II) from Wastewater. Journal of Environmental Engineering, 2019. 

145(11).DOI: 10.1061/(asce)ee.1943-7870.0001597. 

[99] G.M.P. Kumara, Applicability of crushed clay brick and municipal solid waste slag as low-cost adsorbents to 

refine high concentrate cd (ii) and PB (ii) contaminated wastewater. International Journal of GEOMATE, 2019. 

17(63).DOI: 10.21660/2019.63.26726. 

[100] G.M.P. Kumara, Reviews on the Applicability of Construction and Demolition Waste as Low-Cost Adsorbents 

to Remove-Heavy Metals in Wastewater. International Journal of GEOMATE, 2018. 14(42).DOI: 10.21660/2018.42.7148. 

 

https://leap.unep.org/content/unea-resolution/innovative-pathways-achieve-sustainable-consumption-and-productio
https://leap.unep.org/content/unea-resolution/innovative-pathways-achieve-sustainable-consumption-and-productio
https://wedocs.unep.org/bitstream/handle/20.500.11822/28340/K1901091%20-%20UNEP-EA-4-Res-6%20-%20Advance.pdf?sequence=3&isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/28340/K1901091%20-%20UNEP-EA-4-Res-6%20-%20Advance.pdf?sequence=3&isAllowed=y
https://wedocs.unep.org/handle/20.500.11822/28473
https://www.who.int/news/item/22-08-2019-who-calls-for-more-research-into-microplastics-and-a-crackdown-on-plastic-pollution
https://www.who.int/news/item/22-08-2019-who-calls-for-more-research-into-microplastics-and-a-crackdown-on-plastic-pollution
https://www.unep.org/resources/report/national-guidance-plastic-pollution-hotspotting-and-shaping-action

