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Research Objectives and Overview

Under the “Act on Promoting the Treatment of Debris that Drift Ashore Concerning the Conservation of Good Coastal
Landscapes and Environments as well as Marine Environments to Protect the Beautiful and Abundant Natural Environment”
established in July 2009 (Law No. 82 of 2009), the survey was conducted on the status of beach debris, floating marine debris,
and marine debris on the seafloor in coastal areas. Measures for the prevention and control of beach debris were implemented.

From 2014, to understand the origin of debris drifting to the coast, which was considered one of the sources of offshore areas,
visual surveys of floating debris using ships, collection surveys of microplastics floating on the sea surface, and marine debris
on the seafloor using bottom trawls were initiated. These surveys have revealed the following:

* Floating marine debris around Japan may originate from countries located in the upstream area of the Kuroshio Current
(international cooperation is necessary).

» The waters around Japan are a hotspot for microplastics.

* A significant amount of plastic waste is also present on the seabed offshore, with some dating back more than 30 years still
retaining their original form.

As marine plastic waste becomes a new environmental issue, surveys are being conducted worldwide, and the reality is
becoming clearer. In response, policies on plastic management are being implemented globally. Going forward, not only the
capture of the current state but also continuous surveys will be necessary to verify the effectiveness of these policies. Therefore,
the following activities were carried out in the 2023 fiscal year:

1. Visual surveys of floating marine debris in offshore areas and estimation of existing amounts.

2. Surveys related to microplastics floating on the sea surface and estimation of the distribution density of microplastics.

3. Surveys of seabed trash in offshore areas and estimation of existing amounts of marine debris on the seafloor.

4. Examination of knowledge contributing to the advancement of survey methods for microplastics floating on the sea surface.
5. Examination of knowledge contributing to the understanding and recovery of characteristics of drifting and marine debris on
the seafloor, including microplastics, in offshore areas.



Survey Vessels and Overview of Observational Methods

List of survey and observation vessels

TUMT 7 TUMASAT kaldo University Nagasaki University Kagosia UniverS|ty

Umitaka Maru (93m, 1886t) Shinyo Maru (65m, 986t) Oshoro Maru (78m, 1598t) Nagasaki Maru (67m, 1131t) Kagoshima Maru (67m, 935t)
Visual survey of Microplastics survey by Marine debris on the seafloor survey
- floating marine debris Neuston net using bottom trawls

The size of fishing gear and towing time
for each vessel varied in the seafloor
debris survey, but the distribution
.. _density was estimated using the same
method for all. The towing distance was

‘Pbs arvation situation
A .
A

o e S —==measured from when the net hit the

I The Neuston net U_SQ had at bottom until it was lifted Off, and the

floating plastic bottle (PBO) ; i | frame of 75cm x 75cm, a total length towing area was calculated by

% @ @ emw = The survey is carried out in groups v | of 3m, and a mesh size of 350um. multiplying the towing distance by the
= wim 2 of two or more people operating || &7 . y 'The buoyancy of the net was § Width of the net opening for each vessel.
ww i wwws  fromthe bridge. y ~ X adjusted so that half of the mouth / After the net was hauled up, artificial
#=u@ww=amE|f floating debris is discovered, the \ _ " was submerged, and the trawl was . : s and naturally occurring litter was picked
“i .. . type, size, closest distance, number, carried out for 20 minutes at a ship out from the catch and allowed to dry
“wwwme s s wews and color are recorded. il B speed of approximately 2 knots. A naturally before being weighed and
. ..w= Thesurvey area is calculated from water flow meter was attached to the measured. The distribution density per 1

- — —— the sailing distance during the km?2 was calculated from the number and

“““““““““““ observation and the effective search
width for each type of floating
debris, and the distribution density
in the survey area is determined.

mouth of the net, and the amount of

filtered water was calculated based
on this value. Samples were fixed in W calculated towing area. From those with

formalin and brought back to written information, the source and time
Kyushu University for analysis. of generation were estimated.

Tablet for data recording MEHERFT-IR,




@ Visual survey of drifting litter in offshore waters and estimation of the current amount

Spatial distribution of floating debris by type and leg in the seas around Japan
In previous years, major plastic products such as other plastics, food packaging materials, plastic bags, expanded polystyrene, and plastic bottles tended to be distributed in high density from the East China Sea west of
Kyushu to the Sea of Japan and the eastern side of the Tsugaru Strait, but this year the distribution density in the East China Sea was low and the Sea of Japan side tended to be high (Fig.1). Looking at the percentage of
the number of observation points where plastic waste was observed, other plastic products were found in 86.5% of the sea areas, and expanded polystyrene was found in 81.4% of the sea areas (Table 1). In addition,
other plastic products include sheet-like plastic pieces that could not be determined to be food packaging materials or plastic bags. Looking at the average distribution density, other plastic products were 34.1 pieces/kmz,
while food packaging materials and plastic bags were about 10% of that, suggesting that many of the floating macroplastics have deteriorated and lost their original shape. Furthermore, since other plastic products, food
packaging materials, plastic bags, expanded polystyrene, and plastic bottles were not found at about 3% of the total observation points, plastic waste is distributed throughout the entire survey area. Microplastics are
known to be distributed throughout almost the entire ocean, but the macro plastic litter was also thought to be distributed throughout almost all ocean areas within the observation range. From the plot of distribution
density at each measurement point, it can be seen that plastic litter is more prevalent near the coast, which suggests that most of these plastic products come from land areas, and because there are many high-density
measurement points in the ocean areas from Kyushu to western Japan, it is speculated that some of these products originate from the upper reaches of the Kuroshio Current or the continent.

_Table 1
Category Other plastics Food Plastic Expanded Plastic bottle
1 | packaging bag Polystyrene
The percentage of
observed (%) 86.5 45.2 45.9 81.4 54.3
Average distribution
density (items/km?) 34.1 3.1 3.8 12.4 2.3
Max distribution
density (items/km?) 347.8 37.0 65.7 137.1 2715

Changes in the average distribution density of floating marine debris

over time and future issues

The average distribution density (items/km2) of plastic products (other plastics, food
packaging materials, plastic bags, expanded polystyrene, and PET bottles) from 2014 to
2023 in the East China Sea, Kanto-Tokai, and Northern Japan Sea regions is shown
below (Fig.2, 3). In all sea regions, the number of plastic products has been increasing
every year since 2020. In the short term, the amount of plastic in the sea may have
increased as social activities gradually return from 2020, when human social activities
were halted due to the effects of COVID-19. In addition, the values were generally low
in 2014, immediately after the survey began, but there were sudden high
values recorded for all plastic products after that. However, looking at the period since
2016, the amount of plastic waste in the ocean has generally been decreasing. Since the
adoption of the Sustainable Development Goals at the United Nations Summit in
September 2015, efforts to reduce marine plastic waste have been actively carried out
in Japan and other countries around the world. Looking only at the results from 2016
onwards, it is possible that the results of these efforts are beginning to appear, but it is
possible that the increase or decrease has been influenced by upgrades such as
improvements to some of the analysis methods for visual observation data that have
been made since the survey began in 2014. Regarding this point, it is necessary to
analyze all data using the same analytical method and compare and verify it.
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@ Survey on microplastics floating on the ocean surface and
estimation of microplastic density distribution

0.04

o fragment
expanded polystyrene
o fiber

Size composition

The size composition of the collected microplastics (MPs) showed the same trend as in previous years, increasing to a
maximum Feret diameter of about 1 mm, but then decreasing. On the other hand, when we looked at expanded
polystyrene, the number of pieces was generally smaller than the previous year (less than half), and no peak was observed.
Changes in average distribution density over time

Looking at the changes over time in the floating density of microplastics, expanded polystyrene, and lint averaged over

sizes below a maximum ferret diameter of 5 mm, the floating density of microplastics showed a downward trend from

2014 to 2017, then increased again in 2018, and then showed a downward trend again. After recording 0.27 (items/m3) in

the 2020 survey, it has been trending flat at 0.5-0.7 (items/m3). In addition, the number of polystyrene foam and lint has

decreased compared to the previous year's survey, but compared to plastic pieces, it has remained at a low level since the

start of the survey. The increase in 2018 was not only seen in microplastics, but also in visual observations, and a similar

trend was seen in the northern part of the Sea of Japan. In addition, since both macro-plastics and microplastics showed a

downward trend in 2020 but then showed a slight increase, there may be a common reason for the increase and decrease

in both. The 10-year average of 1.633 items/m? is an order of magnitude larger than the buoyant density obtained in other

ocean areas, such as the northern Pacific Ocean. This 10-year continuous survey confirmed that the amount of floating

plastic in the waters near Japan is significantly higher than the average value in the Pacific Ocean (<1 item/m?3).
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Spatial distribution of microplastics

Last year, the distribution of microplastics was concentrated in the western Kyushu
Sea area, but this year, similar to the results of visual observations, the number of
high-density measurement points for plastic fragments is increasing northward
from the coast of Hyogo Prefecture on the Sea of Japan side. In the future, by
examining the relationship between micro and macro distribution, it may be
possible to estimate the source of the generation.
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® Survey of marine debris on the seafloor in offshore waters and estimate of the current amount

Characteristics of marine debris on the seafloor by area
In the East China Sea, plastic bags, strings, sheets, fishing gear, and debris account for 70% of the total number, but fishing gear accounts for over 70% of the total weight. Although the
numerical percentages differ, fishing gear tends to account for a larger percentage of the total weight, which is a characteristic of the East China Sea that has been seen in previous surveys.
This is because the fishing gear collected was mostly large.

Off the off Hidaka, fishing gear accounted for a small percentage of the total weight at 28%, while bags, strings, sheets, and debris accounted for a larger percentage. Plastic bags, which
accounted for 9% of the total number, accounted for 17% of the total weight. This was due to the presence of many large sandbag-like items. As in the past, the strings, sheets, and debris
were mostly found to be from industry, not from ordinary households. Comparing the distribution density of plastics by ocean area, in the East China Sea it was 53.76 pieces/km2 and 3.80
kg/km2 (2022: 26.2 pieces/km2 and 7.55 kg/km2, 2021: 16.6 pieces/km2 and 2.95 kg/km2), and off the off Hidaka it was 1,609 pieces/km2 and 39.9 kg/km2 (2022: 1,355 pieces/km2 and
86.6 kg/km2, 2021: 5,259 pieces/km2 and 26.3 kg/km2). Although there were fluctuations in both ocean areas, as with previous survey results, the number of pieces and weight were two
orders of magnitude higher off the off Hidaka. . fragment 1%
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Plastic Classification ) Plastic Classification  weight(kg) Plastic Classification . ) Plastic Classification — weight(kg) 5
debris (n/km?) (kg/km?) debris (n/km?) (kg/km?)
1. plastic bags 21 7.10 1. plastic bags 0.23 0.08 1. plastic bags 66 181.5 1. plastic bags 1.31 3.60
2. plastic bottole 1 0.34 2. plastic bottole 0.04 0.01 2. plastic bottole 2 5.5 2. plastic bottole 0.01 0.03
3. containers 6 2.03 3. containers 0.41 0.14 3. containers 2 5.5 3. containers 0.02 0.06
4. strings, sheets 21 7.10 4. strings, sheets 0.11 0.04 4. strings, sheets 79 217.3 4. strings, sheets 2.86 7.86
5. sundries 2 0.68 5. sundries 1.34 0.45 5. sundries 1 28 5. sundries 0.02 0.08
6. fishing gear 34 11.50 . fishing gear 6.77 2.29 6. fishing gear 7 18.3 6. fishing gear 5.20 14.29
7. fragment 32 10.82 7. fragment 0.08 0.03 7. fragment 418 1149.7 7. fragment 3.75 10.31
8. other 5 1.69 8. other 0.01 0.00 8 other ° 248 8 other 134 310
area n* Withtext  Japaneas  Hangul China Vietnam  Philippines  English Off the off Hidaka, Japanese products accounted for the highest proportion at 87%. Last year,
: many products made in South Korea and China were also found, but this year only 11% were
off Hidaka 585 45 39(87) 0 5(11) 0 0 1) made in China. Meanwhile, in the East China Sea, which connects China with South Korea,
ECS 159 22 2(9) 1(45) 16(73) 1(45) 1(4.5) 1(4.5) Taiwan, and Southeast Asia, Chinese-made plastic waste accounted for the highest proportion at

*n: total number of plastic products 73%. As in previous years, Chinese products were found most frequently in the East China Sea.



@ Studying knowledge that will contribute to improving (and streamlining) methods for
investigating microplastics floating on the sea surface

Automating the hue analysis of microplastics

This year, we attempted to automatically analyze the hue of microplastics as a study of knowledge that contributes to the sophistication of microplastic
analysis. Using a system that combines ImageJ Macro and Python, we classified the samples into 12 colors in accordance with the 12-hue wheel: red,
reddish-orange, yellowish orange, yellow, yellow-green, green, blue-green, greenish blue, blue, blue-purple, purple, and red-purple. We then classified the
samples into achromatic colors (black and white) based on saturation and brightness. As a result of comparing the chromatic samples with the hues of the
12-hue wheel, it was confirmed that they were properly classified. On the other hand, since some of the achromatic colors were judged to be chromatic, it
will be necessary to review the classification conditions in the future. For achromatic colors, if we can grasp their tendency and use machine learning, it may
be possible to handle not only white and black samples but also gray samples. Although we have not yet reached the point of practical application, the
possibility of quantitatively evaluating the classification of MPs by hue was demonstrated. If objective evaluation can be automated using optimized
parameters, it will be possible to prevent subjective human factors from being introduced into the evaluation of samples, unlike classification based on the
judgment of analysts, and it is believed that this will dramatically improve the efficiency and accuracy of future research. By utilizing video and machine
learning, it may be possible to conduct automated and quantitative surveys not only in the field of MPs, but also in surveys of marine drifting garbage. If an
automated system is introduced to the survey of marine plastic garbage, it is expected that wide-area surveys and monitoring will be possible with less effort.
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® Study on the distribution characteristics of drifting and seafloor litter, including drifting
microplastics, in offshore waters and findings that will contribute to their collection.

Macro-sized floating marine debris

We have been conducting surveys since 2014, and so far, we have found that there are several spots in offshore areas where more than several hundred pieces
of plastic waste are distributed per km2, and that different types of plastic waste are distributed at different densities in different sea areas. Styrofoam is found
in abundance from the East China Sea to Western Japan, especially on the Sea of Japan side. This trend is also common to coastal floating marine debris.
However, since expanded polystyrene itself was found at more than 80% of the observation points this year, it remains widely distributed. Plastic bags, which
began to be charged in 2020, have a negative correlation (R2 = 0.52) when focusing on the Kanto and Tokai regions since 2014, so it is thought that the effect
Is being seen in some sea areas. However, plastic bags are still observed at 45% of the observation points, and it is clear that they are distributed over a wide
area. It will be necessary to compare and examine the composition of coastal drifting waste in order to estimate the source of drifting waste.

Floating microplastics

The amount of microplastics, both plastic and expanded polystyrene pieces, has been decreasing since the survey began. However, this trend may also be
influenced by the expansion of the survey area, so it is difficult to say that the amount is decreasing in general. On the other hand, the number of microbeads
found has dropped from double digits to single digits since the survey began. Regarding beads, it is possible that the restrictions on their use have had a certain
effect. In recent years, microplastics derived from coated fertilizers have become a problem, and measures have been taken, but the effectiveness of these
efforts needs to be verified through continued surveys.

Marine debris on the seafloor

Comparing the current amount of marine debris on the seafloor, the amount recorded off the off Hidaka has always been one digit higher. This difference in
distribution density is thought to be due to the influence of topography and ocean currents. Because the off Hidaka is an ocean basin, it is thought that when
floating debris that has passed through the Tsugaru Strait is taken in by the Tsugaru Warm Water Eddy that forms in the same area, it is an environment where
it is easy for it to accumulate. The area where the Oshoro Maru is conducting its survey is an extremely deep area that is not normally used by fishermen,
which indicates that once plastic waste becomes trapped in such areas, it is difficult to remove. This year's survey also found items with manufacturing and
expiration dates of 2022 and 2023, so it is believed that plastic waste continues to flow into the area. Compared to off the off Hidaka, the East China Sea is
passed by the Kuroshio Current and has a flat continental shelf, making it an environment in which waste is less likely to accumulate on the seabed. Therefore,
it is believed that waste that flows into the East China Sea is carried by the Kuroshio Current and the Tsushima Current and is often seen along the coast of
Japan, mainly in western Japan. For these reasons, it can be said that international cooperation is essential to take measures against plastic waste.
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