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Abstract : Due to the negative impacts of microplastics (MPs) on the ecosystem, the investigation of its occurrence and its
treatment from sewage and wastewater treatment plants (WWTPs) have received a lot of attention in the recent years. Most MPs
are precipitated and removed with the sludge during the treatment process. Proper sludge management is immensely necessary to
avoid MP exposure in the environment. However, the domestic research on this aspect is limited. This study reviews appropriate
sludge management approaches to decrease environmental MP exposure. This can be achieved through investigating sludge
generation and treatment, regulation laws and government policy trends with an emphasis on WWTPs. The ratio of sludge in
sewage treatment plants has been observed to be highest in recycling followed by incineration and landfills. Recycling is the
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highest in fuel followed by construction materials and composting. For WWTPs, the highest ratio is in recycling followed by
fuel and landfills, and recycling is confirmed in the following order: incineration > after composting > after solidification >
earthworm breeding. Treatment approaches that can increase the exposure of MPs to the ecosystem are considered to be used in
landfills and agricultural fields. However, this method is not appropriate given the insufficient capacity of domestic landfills and

the sufficient supply of existing chemical and animal manure fertilizers. Instead, it would be rational in terms of environmental
preservation to expand the use of fuel and energy in connection with the new and renewable energy policy, and to actively seek
the use of sub-materials for construction materials. In order to secure the basic data for the effectiveness of future planning and
revision of related laws, it is required to perform an in-depth investigation of the sludge supply and demand status along with the

environmental and economic effects.

Keywords : Microplastic, Point source pollution, Wastewater treatment plant, Sludge management
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Table 1. Occurrence status of microplastics in sludge

Microplastics, . Type of Size of Removal rate of
Source of data particles g’ In.ﬂ uent o Detection micro-plastics microplastics | microplastics by | References
dry weight (particles L) | methods (%) (mm) WWTP (%)

WWTP in China 240 + 31 79.9+93 a*, b* PA, PE, PP, PVC, PC 0.02~5 64.4 [26]
WWTP in China 1.6 ~56.4 - c*, d* PE, PO, AF, PA 0.037~5 - [27]
WWTP in Italian 113 £57 2.0+03 a*, d* PE, AB, PA etc. 0.01~5 84 [28]
WWTP in Spain 133+ 59 - a*, d* PE, PP, AF 0.025~5 93.7 [17]
WWTP in Finland 171 £28.7 57.6+£12.4 | a* b* d* PET, PE, PA 0.25~5 99.4 [29]
WWTP in Spain 47143 - b* PE, PP, PET 031~2.1 - [18]
WWTP in China 13.7~374 - c*, d* PA, PP, PVC, PS 0.037~5 - [8]
WWTP in Ireland 42~153 - c*, d* PE, PET, PP, PA 025~4 - [30]
WWTP in Germany 1~24 - a*, d* PE, PP, PA,PVCetc. | 0.05~7.2 93 ~98 [31]
WWTP in Canada >20.1 31+6.7 a*, d* PE, PP, PVC 02~5 >97~99 [32]
WWTP in Korea 132~14.9 13.8~29.8 a*, d* - 0.1~5 98 [33]

a* Microscope; b* Raman spectroscopy; ¢* Scanning electron microscopy; d* Fourier transform infrared spectrometer; e* AB (acrylonitrile-
butadiene), AF (acrylic fibers), PA (polyamide), PC (polycarbonate), PE (polyethylene), PET (polyethylene terephthalate), PO (plolyolefin), PP

(polypropylene), PVC (polyvinyl chloride), PS (polystyrene)
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Figure 1. Images of microplastics in sludge collected from STP.
(A): Microbead; (B): Pellet; (C): Fragment; (D): Film;
(E-F): Microfiber [35].
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Table 2. Generation and treatment status of sewage sludge in South Korea
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Total sewage Ratio by type of treatment method
Year | sludge generation | Tota] Recycle
3 -l Incineration | Dryin, Landfill Etc.
(m” year™) (%) e Fuel Composting | Construction material
2015 3,842,282 100 18.7 8.6 13.7 2.0 20.6 11.1 253
2016 3,580,832.5 100 14.7 7.0 8.5 1.5 20.4 30.7 17.2
2017 4,194,215 99.8 19 6.1 153 1.8 23.8 10.8 22.1
Table 3. Generation and treatment status of wastewater sludge in South Korea
Ratio by type of treatment method
Total wastewater
Year | sludge generation | Total Landfill Fuel Recycle
(%n3gyear'l) (%) After After After After After After Compostin Earthworm
drying | solidification | incineration | drying | solidification | incineration b & breeding
2018 401,897.5 100 12.8 3.0 6.6 35.9 10.1 16.0 11.2 4.4
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Table 4. Current regulations related to sludge treatment in South Korea [23,25]
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Classification of sludge

Treatment method

Treatment condition

Related regulations

Municipal solid

Moisture : < 85%

Wastes control act-enforcement

Landfill . .
waste-sludge andfi Pre-treatment (dewatering, drying) decree, attached table #5
Incineration Incineration facility regulations Wastes control act-enforcement
yreg decree, attached table #5
5 . . . . . Wastes control act-enforcement
Solidification Solidification facility regulations decree, attached table #5
Moisture : < 85%
Pre-treatme.n t (dewa'termg, drying) Wastes control act-enforcement
Landfill % Exception:

Industrial general
waste-organic sludge
(VS/TS > 40%, DM)

Landfill using landfill gas recovery:

<75%

decree, attached table #5

Solid waste compost / earthworm
breeding / soil covering / soil
conditioner

MoE Notification No. 2020-71

Wastes control act-enforcement
decree, attached table #5

Raw material of recycle product
(aggregate manufacturing)

Solidification

Industrial standardization act

Raw material of recycle product
(fertilizer)

MAFRA, Fertilizer control act

Wastes control act-enforcement
decree, attached table #5

Raw material of recycle product
(landfill cover material)

Solidification

Wastes control act-enforcement
decree, attached table #5

Industrial general
waste-inorganic sludge
(VS/TS <40%, DM)

Incineration

Incineration facility regulations

Wastes control act-enforcement
decree, attached table #5

Landfill

Moisture : < 85%
Pre-treatment (dewatering, drying)

Wastes control act-enforcement
decree, attached table #5

Embanking material,
sub-base layer material
landfill cover material etc.

Moisture : < 70%
Soils mix : <50%

Wastes control act-enforcement
decree, attached table #5

Specified waste-sludge

Wastes control act-enforcement

Inci i -
neineration decree, attached table #5
Solidification Wastes control act-enforcement
decree, attached table #5
e . Wastes control act-enforcement
Stabilizat Moisture : < 85%
abiiization oisture ¢ decree, attached table #5
Landfill Moisture : < 85% Wastes control act-enforcement
. 0o

decree, attached table #5
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