X 75 (12 5%, 45 31 :B4%)
(#%X 7 B) (Format No.7) 1 Az

¥ LW X E R

(Summary of the Doctoral Dissertation)

Microplastic pollution in the marine and riverine environments
in Yamaguchi: Abundances and distributions, sources—to—sinks,
i SCRE and ecological risks

(Dissertation Title)
WEOWFEEWINERERET O~ A 7 a7 AF v 7548 & & 534, i
HIEFR, Af.Y 27

K 4 Name) KABIR A. H. M. ENAMUL

Microplastic pollution is a growing concern for planetary health. Japan, one of the mega economies of the world, has
recognized the microplastic pollution as the paramount problem. The Japanese Seto Inland Sea (SIS) and Sea of Japan
(SJ) are regarded as microplastic pollution hotspots. Out of the 47 prefectures of the country, Yamaguchi prefecture is
surrounded by both the SIS and SJ, which was my study area. In the year of 2018, Ministry of the Environment of Japan
reported largest amount of marine litter in the Yamaguchi prefectural coasts among all other prefectures. However,
microplastic pollution information were unknown so far in the prefectural marine environmental contexts. For the
first-time, microplastic pollution along the SIS and SJ coastal areas in the prefecture were explored in my research.
High-level pollution was found in comparison to other marine environments worldwide. The microplastic types
(shapes-sizes-colors-polymers) were different both in environmental matrices (marine water and sediments) and spatial
scales (SIS and SJ areas). Small microplastic fragment particles (<1000 um) dominated sediment and large
microplastic fibers (1000-5000 uym) were major in water along with the diverse polymers. Sediments were more polluted
than water which might be due to complex biophysical reasons. According to the field survey, it was likely that the Japan
land-sources might affect the SIS while the regional territory might affect the SJ through transboundary fluxes of
(micro-)plastics alongside the domestic sources. Overall, microplastic pollution assessment results indicated threats to
these marine ecosystems. Thus, this study opened the ways for further studies towards the pathways of microplastic

pollution sources-to-sinks.

While studying source-to-sink pathways, we discovered that small-scale Japanese rivers were highly polluted with
microplastics compared to reported larger rivers around the world. This appeared to be the first study filling the literature
gaps about small-scale river microplastic pollution. Microplastics characterization revealed that particles <1000 pm in
size, fibers and fragments, and diverse polymers were dominant in river surface water. A new dominant polymer
‘Vinylon’ was identified. This polymer was invented in Japan and is being commonly used in industries, agricultures,
fisheries etc. We were first to identify and report it. Apart from this, the small-scale rivers acted as the key transportation
pathways responsible for SIS and SJ marine pollution emitting billions and tons microplastics sourced from Japan lands.
Though the river basins were small at size, they were highly significant in generating microplastics and influencing
marine pollution. In contrast, rivers were not the linear pathways to release them in the marine realm. We addressed

Knowledge gaps regarding the retained microplastics in river sediments. Large particles (>1000 ym), fragments and

films, high-density polymers dominated in sediments which were different from surface water compartmental
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microplastics. We observed that river microplastics underwent weathering processes and contained metal contaminants|

onto microplastics particle surface which could pose synergistic hazards. This study filled preliminary knowledge gaps

within river and marine microplastic pollution, fate and transportation with global relevance.

What's more, the questions— what risks and ecotoxicological threats of the pollution were applicable to freshwater and
marine ecosystems including human populations. Despite the microplastic abundances reported widely, knowledge of
ecological risks remained unknown. To address ecological risks and contribute to methodological challenge, we
developed risks assessment formulae. Using the formulae, we empirically derived that, ‘the higher were the
abundances of microplastics and toxic polymers, the higher were the pollution levels and risks’ at any particular
ecosystem. Deploying our risks assessment models, the ecological risks of microplastic pollution were found variably
low to high. Downstream areas of the rivers ranked high risk compared to the upstream. Human exposures to
microplastics were speculated unavoidable through various ecosystem pathways— drinking water supplies, food

commodities, fishery, agriculture etc.

Overall, this Doctoral research developed new insights— i. addressed knowledge gaps in microplastic pollution
occurrences within marine and freshwater systems; ii. filled the knowledge gap about small-scale rivers; iii. identified a
new abundant polymer in Japan; iv. investigated prominent source-to-sink pathways in Japan; v. developed ecological
risk assessment formulae. This dissertation will contribute to develop microplastic pollution control and management

strategies for Japan and beyond in light of the popular philosophy “thinking globally and acting locally”.
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