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Abstract Microplastics, small plastic pieces less than 5 mm in size, are one of the most con-
cerning pollutants that can be harmful to the environment and its biota today. Because of their
high abundance and small particle size, microplastics are known to be easily ingested by micro-
organisms and affect many organisms as they move through the food chain. In addition, there is
concern that microplastics can be vectors of hazardous substances as they are known to adsorb
persistent organic pollutants (POPs) in the environment. However, an efficient treatment meth-
od for removing microplastics in wastewater has yet to be established. In recent years, research
on introducing photocatalytic oxidative degradation systems into wastewater treatment plants
(WWTPs) was reported for the potential removal of microplastics from wastewater. Neverthe-
less, previous reports only focused on developing and evaluating photocatalysts suitable for
microplastic degradation, and the examination of the effects of the types of plastic and photocat-
alyst concentration on microplastic degradation remains limited. The aim of this study is to eval-
uate the effect of plastic type and photocatalyst concentration on the degradation of plastic. We
used four types of plastic films in the experiment: low-density polyethylene (LDPE), high-den-
sity polyethylene (HDPE), polypropylene (PP) and polyethylene terephthalate (PET), where the
degradation of the plastic was measured by weight. The most used and commercially available
TiO, (P25) was used as a photocatalyst with different concentrations from 0.001 to 1.0 g L. The
plastic degradation experiment used 3.30 cm squares films with 25 to 30 pgm thickness under
ultraviolet light irradiation using nine black-light fluorescent lamps (6 W; wavelength: 340—400
nm). The degradation and surface morphology of the plastic film was evaluated by measuring
weight loss, carbonyl index, and scanning electron microscopy. The result showed the LDPE had
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the highest weight loss compared to other plastic types, which could be due to its simple struc-

ture consisting solely of C—H single bonds. Additionally, the highest degradation rate was ob-

served when the photocatalyst concentration was 0.01 g L. The reason for the degradation rate

decrease at concentrations above 0.01 g L' was probably due to the self-light shielding effect of

TiO,. The low degradation rate at a lower concentration of less than 0.01 g L' could be due to

insufficient catalyst concentration. In the future, it will be important to analyze the degradation

pathways by measuring intermediates during the degrading process for each plastic type.
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Table 1. Plastic films used as degradation objects.

. . thickness
Type abbreviation Manufacturer variety
(um)
Low-density polyethylene LDPE Japax Corporation  Transparent 25
High-density polyethylene HDPE Asahi Jushi Kogyo White 30
Polypropylene PP Taiyo Kogyo Transparent 25
Toray Industries,
Polyethylene terephthalate PET Transparent 25

Inc.
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Fig. 1. Reactor diagram for plastic film degra-
dation.
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Fig. 2. (a) Change over time in mass loss of each
plastic film and (b) Degradation rate of each
plastic film.
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Fig. 3. FT-IR spectra of LDPE film before and
after degradation.
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each photocatalyst concentration and (b) Re-
lationship between photocatalyst concentra-
tion and LDPE film degradation rate.
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Table 2. LDPE degradation rate and mass loss after 30 days at each photocata-

lyst concentration

Photocatalyst concentration (g L")
Mass Loss (%)
Degradation rate (% day ')

0.001 0.01 0.1 1
4.20 3346  30.80 5.86
0.140 1.115 1.027  0.195
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Fig. 5. SEM images of LDPE film 30 days
after the start of degradation for each photo-
catalyst concentration (a) 0.001 g L™ (b) 0.01
gL' (©)01gL"@d1glL"
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