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If human history has thus far been divided into the Stone Age, Bronze Age, and Iron Age,
then modern times can be considered the Plastic Age [1]. Without plastics, it would be impossible to
manufacture the innovative products created by modern civilization. The word “plastic” originates
from the Greek word plastikos and the Latin word plasticus, meaning “formable or moldable in a
cast”. It is often used interchangeably with the term resin. Plastics are organic polymer materials or
compounds that can be shaped by heat or pressure. Plastics, considered a miracle gift in the 20th
century, have been part of humans’ lives for more than 150 years; daily lives inevitably involve using
plastics in some form. Plastic use has soared worldwide since the 1960s; more than 335 million tons of
plastics were produced in 2016 [2–4]. Plastics, which do not decompose and thus harm the ecosystem,
are recognized as among the main contributors to environmental pollution worldwide. Furthermore,
vast amounts of synthetic plastic remain non degradable and natural decomposition takes a long
time [5,6].
The situation in South Korea is bad. According to the 2016 National Statistical Office survey,
South Korea’s annual plastic consumption per capita was 98.2 kg in 2016, the highest in the world [7,8].
International discussions regarding the regulation of plastic use are being conducted to address this
situation [9]. At the 4th United Nations Environment Assembly in 2019, an environmental policy
resolution was adopted that includes a significant reduction in the use of disposable plastics by
2030 [10]. A policy to ban all or some disposable plastics was also announced in South Korea [11].
MP (microplastic) is defined as plastic particles >100 nm and <5 mm in size [9,12]. Plastic that is
intentionally produced with a microscopic size are called primary MPs. Such plastics are generally
used in cosmetics, cleansers, shampoos, and fabric softeners. Secondary MPs are small plastic pieces
that are generated from clothes, bags, wrapping paper, cups, bottles, and plastic products for industrial
and fishery uses when they are crushed or decomposed by physical, chemical, and biological processes
over time [10]. In addition, MPs released into the environment can adsorb toxic pollutants, thereby
increasing the risk of exposure to pollutants [13–15]. Considering these serious problems posed by
MPs, research on MPs has been actively focused on the marine environment in South Korea and
other countries [11]. A few recent studies have been conducted on freshwater environments in other
countries and the presence of MPs in wastewater treatment facilities and streams has been reported [12].
However, because there are no case studies on the research methods and occurrences of MPs in surface
water and groundwater environments in South Korea, investigations on MPs in these environments
have to be accorded a high priority. MPs are a new type of pollutant in the groundwater environment.
They have been found in many parts of the world and are drawing great public attention [16].
They became a major concern mainly after the discovery of the North Pacific Central gyre garbage
patch by C.J Moore [17], and The Guardian revealed that MPs were detected in 83% of tap water in
14 countries in 2017 and in 93% of 260 drinking water sources in 11 countries in 2018 [18]. There has
been an increasing interest in MP contamination in recent years. MPs are difficult to decompose due
to their physicochemical properties [19]. Contaminants can easily spread into the environmental
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Figure 1. Fate of microplastics in aquatic and terrestrial environments and their link to hyporheic zones.
Figure 1. Fate of microplastics in aquatic and terrestrial environments and their link to hyporheic
zones.

The U.S. National Oceanic and Atmospheric Administration supports a variety of studies related
to MPs through collaborations with research institutes [23]. Recently, an Illinois University research
team studied MPs that were discovered in a karst aquifer [24]. In addition, the Technologies for
the Risk Assessment of MicroPlastics (TRAMP) research project was conducted in the Netherlands
from 2015 to 2019, in which relevant ministries, research institutes, and universities participated.
In this project, nanoplastic and MP detection technologies as well as technologies to evaluate the
transport, risk, and impact of plastics were developed; further, the present and future risks of plastics in
freshwater environments were predicted. In addition, the University of Bayreuth in Germany operates
the Collaborative Research Center 1357 Microplastics Research Group (speaker: Prof. Dr. Christian
Laforsch) with funding from the German Research Foundation (Deutsche Forschungsgemeinschaft).
They have been studying the transport of MPs through ecosystems, biological impacts of MPs,
and natural reduction of MPs for many years. In particular, the European Union is preparing
institutional strategies for monitoring MPs in drinking water including spring water [25]. They are also
considering diverse countermeasures such as the development of recycling technologies for plastics in
a circular economy package, development of biodegradable plastics, technology development for the
identification of harmful substances in plastics, and marine waste prevention [26–29].
In South Korea, ongoing studies focus on the biological effects and toxicity; environmental
hazards; human hazards; analysis methods; and the current status, transport, movement mechanism,
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treatment, and reduction of MPs in the ocean, freshwater (surface water), soil, and wastewater treatment
facilities [14]. However, thus far, research has mainly focused on the marine environment in South
Korea and studies regarding the surface water and soil are very limited [30]. In particular, there is
no research on the occurrence, fate, and transport of MPs in groundwater. Figure 1 conceptualizes
the transport of MPs generated on the ground in the groundwater system and in the hyporheic zone
(HZ), which contains a mixture of groundwater and surface water. The issues of marine pollution
and bioaccumulation of MPs are of great concern and, hence, research interest worldwide. It has
been estimated that 1.15 to 2.41 million tons of plastics flow through streams and rivers into the
sea annually worldwide [31,32]. Because the majority of MPs in the ocean originate from land [21],
the number of studies on MPs targeting marine ecosystems and freshwater, particularly surface water,
has increased. In addition, because MPs have been recently detected in groundwater, technologies
that can be used to measure MPs in groundwater and evaluate their transport must be developed.
Groundwater contamination by MPs is of particular concern because the HZ, waterfront areas near
wastewater treatment facilities, and karst areas have highly vulnerable hydrogeological properties
for maintaining and managing groundwater resources (Figure 1). Therefore, the expansion of MPs
research from marine ecosystems to underground environments, such as terrestrial groundwater,
will have great social and academic value.
Currently, the exact status of groundwater contamination by MPs in Korea is unknown,
and research related to groundwater is seldom carried out. Thus, as research on MPs progresses,
our understanding of MPs will be enhanced through the accumulation of more reliable data. It is
not clear as to exactly how MPs affect the human body. However, there is no doubt that MPs are
increasing in the human environment. Therefore, efforts should be made to establish a basis for MPs
detection systems for groundwater. It is also necessary to conduct MPs detection surveys frequently in
groundwater, rivers, soil, drinking water, etc., in consideration of the consumption patterns in Korea,
whose per capita plastic consumption is the highest in the world, and also to mitigate the hazards of
MPs. However, domestic research on MPs remains very basic. In the future, various studies should
be conducted to prepare the scientific basis. These studies should include investigating the sources
and pollution status of MPs on land, identifying the behavior of MPs that have entered groundwater,
determining the harmfulness of groundwater contaminated by MPs, and establishing the degree of
infiltration of pollutants into groundwater.
Author Contributions: Conceptualization, H.K. and J.-Y.L.; resources, H.K.; data curation, H.K.; writing—original
draft preparation, H.K. and J.-Y.L.; writing—review and editing, H.K. and J.-Y.L.; visualization, H.K.; supervision,
J.-Y.L.; funding acquisition, H.K. and J.-Y.L. All authors have read and agreed to the published version of
the manuscript.
Funding: This research was funded by the National Research Foundation (grant numbers 2019R1I1A2A01057002
and 2019R1A6A1A03033167).
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.

3.
4.
5.

Thompson, R.C.; Swan, S.H.; Moore, C.J.; vom Saal, F.S. Our plastic age. Philos. Trans. R. Soc. Lond. B Biol.
Sci. 2009, 364, 1973–1976. [CrossRef] [PubMed]
Plastics Europe. Plastics—The Facts 2017 an Analysis of European Plastics Production, Demand and Waste
Data. 2017. Available online: https://www.plasticseurope.org/application/files/5715/1717/4180/Plastics_the_
facts_2017_FINAL_for_website_one_page.pdf (accessed on 25 June 2020).
Jambeck, J.R.; Geyer, R.; Wilcox, C.; Siegler, T.R.; Perryman, M.; Andrady, A.; Law, K.L. Plastic waste inputs
from land into the ocean. Science 2015, 347, 768–771. [CrossRef] [PubMed]
BBC: Earth Is Becoming ‘Planet Plastic’. Available online: http://www.bbc.com/news/science-environment40654915 (accessed on 19 April 2020).
Zettler, E.R.; Mincer, T.J.; Amaral-Zettler, L.A. Life in the “plastisphere”: Microbial communities on plastic
marine debris. Environ. Sci. Technol. Lett. 2013, 47, 7137–7146. [CrossRef] [PubMed]

Sustainability 2020, 12, 5275

6.
7.

8.

9.
10.
11.

12.
13.
14.

15.
16.
17.

18.

19.

20.
21.
22.

23.
24.
25.
26.
27.

4 of 5

Alshehrei, F. Biodegradation of synthetic and natural plastic by microorganisms. Appl. Environ. Microbiol.
2017, 5, 8–19.
Korea Environment Institute (KEI). The Study Onlong-Term Strategy for Transition of Resource Recycling
Society. Available online: https://www.kei.re.kr/board.es?mid=a20402010000&bid=0029&list_no=24681&
act=view (accessed on 19 April 2020).
Plastics Korea: Recycling Trends of Waste Plastics in Korea, Japan, and Taiwan. Available online:
http://www.plasticskorea.co.kr/sub.asp?maincode=521&sub_sequence=&sub_sub_sequence=&exec=list&
strBoardID=kui_522 (accessed on 20 April 2020).
Cho, Y.; Shim, W.J.; Jang, M.; Han, G.M.; Hong, S.H. Abundance and characteristics of microplastics in
market bivalves from South Korea. Environ. Pollut. 2019, 245, 1107–1116. [CrossRef]
Li, C.; Busquets, R.; Campos, L.C. Assessment of microplastics in freshwater systems: A review. Sci. Tot.
Environ. 2020, 707, 135578. [CrossRef]
Jeong, D.H.; Ju, B.; Lee, W.; Hung, H.; Park, J.; Kim, C. A mini-review on discharge characteristics and
management of microplastics in sewage treatment plants. J. Korean Soc. Water Wastewater 2018, 32, 337–348.
[CrossRef]
Frias, J.P.G.L.; Sobral, P.; Ferreira, A.M. Organic pollutants in microplastics from two beaches of the Portuguese
coast. Mar. Pollut. Bull. 2010, 60, 1988–1992. [CrossRef]
Wang, F.; Wong, C.S.; Chen, D.; Lu, X.; Wang, F.; Zeng, E.Y. Interaction of toxic chemicals with microplastics:
A critical review. Water Res. 2018, 139, 208–219. [CrossRef]
Ma, Y.; Huang, A.; Cao, S.; Sun, F.; Wang, L.; Guo, H.; Ji, R. Effects of nanoplastics and microplastics on
toxicity, bioaccumulation, and environmental fate of phenanthrene in fresh water. Environ. Pollut. 2016,
219, 166–173. [CrossRef]
Xu, P.; Peng, G.; Su, L.; Gao, Y.; Gao, L.; Li, D. Microplastic risk assessment in surface waters: A case study in
the Changjiang Estuary, China. Mar. Pollut. Bull. 2018, 133, 647–654. [CrossRef] [PubMed]
Thompson, R.C.; Olsen, Y.; Mitchell, R.P.; Davis, A.; Rowland, S.J.; John, A.W.G.; McGonigle, D.; Russel, A.E.
Lost at sea: Where is all the plastic? Science 2004, 304, 838. [CrossRef] [PubMed]
Moore, C.J.; Lattin, G.L.; Zellers, A.F. Density of plastic particles found in zooplankton trawls from coastal
waters of California to the North Pacific Central Gyre. In Proceedings of the Plastic Debris, Rivers to Sea
Conference, Redondo Beach, CA, USA, 7–9 September 2005.
The Guadian:
Government ‘Dragging Its Feet’ over Plastic Bottle Scheme, Say MPs.
Available online: https://www.theguardian.com/environment/2018/feb/26/government-dragging-its-feetover-plastic-bottle-scheme-say-mps (accessed on 20 April 2020).
Luo, H.; Zhao, Y.; Li, Y.; Xiang, Y.; He, D.; Pan, X. Aging of microplastics affects their surface properties,
thermal decomposition, additives leaching and interactions in simulated fluids. Sci. Tot. Environ. 2020,
714, 136862. [CrossRef] [PubMed]
Welden, N.A.; Lusher, A. Microplastics: From origin to impacts. In Plastic Waste and Recycling; Academic Press:
Cambridge, MA, USA, 2020; pp. 223–249.
Lebreton, L.; van der Zwet, J.; Damsteeg, J.-W.; Slat, B.; Andrady, A.; Reisser, J. River plastic emissions to the
world’s oceans. Nat. Commun. 2017, 8, 15611. [CrossRef]
Ministry of Environment, Republic of Korea. Presenting Survey Results on Micro-Plastic Content in
Tap Water (Korean Press Releases). Available online: http://www.me.go.kr/home/file/readDownloadFile.
do;jsessionid=twZ7kimOUiz1Ochz1zER2EEQMQYbV7QuA7fraaTJqDPUSy1fMwHAm1aavMYa192B.
meweb2vhost_servlet_engine1?fileId=151005&fileSeq=1 (accessed on 20 April 2020).
Baldwin, A.K.; Spanjer, A.R.; Rosen, M.R.; Thom, T. Microplastics in Lake Mead National Recreation Area,
USA: Occurrence and biological uptake. PLoS ONE 2020, 15, e0228896. [CrossRef]
Panno, S.V.; Kelly, W.R.; Scott, J.; Zheng, W.; McNeish, R.E.; Holm, N.; Hoellein, T.J.; Baranski, E.L. Microplastic
contamination in karst groundwater systems. Groundwater 2019, 57, 189–196. [CrossRef]
Frei, S.; Piehl, S.; Gilfedder, B.S.; Loeder, M.G.J.; Krutzke, J.; Wilhelm, L.; Laforsch, C. Occurrence of
microplastics in the hyporheic zone of rivers. Sci. Rep. 2019, 9, 15256. [CrossRef]
Miranda, M.N.; Silva, A.M.; Pereira, M.F.R. Microplastics in the environment: A DPSIR analysis with focus
on the responses. Sci. Tot. Environ. 2020, 718, 134968. [CrossRef]
Meng, Y.; Kelly, F.J.; Wright, S.L. Advances and challenges of microplastic pollution in freshwater ecosystems:
A UK perspective. Environ. Poll. 2020, 256, 113445. [CrossRef]

Sustainability 2020, 12, 5275

28.

29.
30.
31.
32.

5 of 5

Uurasjärvi, E.; Hartikainen, S.; Setälä, O.; Lehtiniemi, M.; Koistinen, A. Microplastic concentrations, size
distribution, and polymer types in the surface waters of a northern European lake. Water Environ. Res. 2020,
92, 149–156. [CrossRef]
Prata, J.C.; da Costa, J.P.; Lopes, I.; Duarte, A.C.; Rocha-Santos, T. Environmental exposure to microplastics:
An overview on possible human health effects. Sci. Tot. Environ. 2020, 702, 134455. [CrossRef] [PubMed]
Browne, M.A.; Galloway, T.; Thompson, R. Microplastic an emerging contaminant of potential concern?
Integr. Environ. Assess. 2007, 3, 559–561. [CrossRef] [PubMed]
Browne, M.A.; Galloway, T.S.; Thompson, R.C. Spatial patterns of plastic debris along estuarine shorelines.
Environ. Sci. Technol. 2010, 44, 3404–3409. [CrossRef] [PubMed]
Browne, M.A.; Crump, P.; Niven, S.J.; Teuten, E.; Tonkin, A.; Galloway, T.; Thompson, R. Accumulation
of microplastic on shorelines worldwide: Sources and sinks. Environ. Sci. Technol. 2011, 45, 9175–9179.
[CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

