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Plastics are present in all marine waters around the globe, often at high abundances and they are potentially
harmful to marine organisms. In this study, we investigated the regional distribution, composition, and abun-
dance of plastic items on the floor of the East China Sea based on 43 bottom trawl samples collected during
2019. Considerable geographical variation was detected. Polyethylene was the most abundant polymer type
where it accounted for 42.83% by weight. The surface areas and lengths of the plastic items ranged from 3.43
to 2842 cm? and from 1.3 cm to 14.23 cm, respectively. The plastic density was 18.94 kg/km? in Sanmen Bay

but it was significantly lower at 2.24 kg/km? in Wenzhou Bay. Fishing gear represented 23.87% of the plastic
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items. The plastic items found on the coastal sea bed were probably transported and moved during upwelling
and downwelling processes, and finally deposited on the seafloor due to the effect of biofouling. The accumula-
tion of macro- and mesoplastics could have detrimental impacts on seafloor ecosystems.
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1. Introduction

The global production of plastics increased from 1.5 million tons in
1950 to 348 million tons in 2018 (Lebreton et al., 2018; Europe, 2016;
Aisbl, 2018). Plastic litter (including microplastic) is a new addition to
the list of global threats, which includes climate change, ocean acidifica-
tion, and ozone depletion (Amaral-Zettler et al., 2015; UNEP, 2015).
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Plastics are convenient but they pose a significant environmental threat
to marine systems and they have become an issue of public concern.
There are gaps in our knowledge regarding the spatial patterns, weights,
and types of marine litter in the China Sea, thereby requiring the devel-
opment of a coordinated regional monitoring program in these waters.
Eriksen et al. (2014) estimated that a minimum of 2.25 trillion plastic
particles weighing 268,940 tons are floating at sea. Plastic debris de-
rived from sea-borne sources (fishing activity) and land-borne sources
has accumulated in the open sea (Cozar et al., 2014) and oceanic gyres
(Eriksen et al., 2013; Law and Peacock, 2010; Moore et al., 2001), as
well as in the deep sea (Peng et al., 2020), terrestrial environments
(Duis and Coors, 2016), and freshwater environments (Eerkes-
Medrano et al., 2015). The distribution of this plastic debris is influenced
by the buoyancy of plastics and their slow biodegradation rate
(Sudhakar et al., 2007). Data acquired by continuous plankton recorders
have demonstrated that fisheries are major sources of plastic pollution
(Ostle et al., 2019). A large zone where buoyant plastic accumulates
was observed between California and Hawaii, and it is known as the
“great Pacific garbage patch” (Boerger et al., 2010; Lebreton et al., 2018).

Plastic pollution is hazardous to sea turtles (Wilcox et al., 2013), sea
birds (Tanaka et al., 2013), marine mammals (Besseling et al., 2015),
and fish (Jabeen et al., 2017; Zhang et al., 2019a, 2019b), where these haz-
ards include physical threats (entanglement in loops or plastic bags) and
physiological damage (ingestion of small plastic debris). Entangled ani-
mals lose their ability to catch food or avoid predators, and they can be-
come impaired or suffocated. Ingested plastic may block the digestive
tract, damage the stomach lining, or cause poisoning due to toxic
chemicals or microorganisms leaking from the plastic debris (Jiang
et al,, 2018; Mato et al.,, 2001). The local environment can also be threat-
ened because of invasions by marine life carried on lightweight plastic de-
bris. These animal-plastic combinations may be transported by ocean
currents and winds, and transfer organisms to non-native habitats,
thereby posing a threat to the biodiversity in coastal environments. Colo-
nization by alien species is a major threat to global biodiversity. Barnes
David (2002) reported that many types of animals use marine debris as
a mobile home, but particularly bryozoans, barnacles, polychaete
worms, hydroids, and mollusks. Jiang et al. (2018) demonstrated that mi-
crobial communities could colonize the surfaces of microplastic particles
in intertidal environments around the Yangtze River estuary.

In contrast to floating litter, the litter on the seafloor tends to become
trapped in areas with high accumulations of sediment. Plastics that reach
the seabed may have been transported there over a considerable distance
(Galgani et al., 2000; Keller et al., 2010; Pham et al,, 2013; Ramirez-Llodra
et al,, 2013; Watters et al.,, 2010). The densities, fouling processes, sizes,
and shapes have important effects on the transport distance and sedi-
mentation rate for plastic materials (Buhl-Mortensen and Buhl-
Mortensen, 2017; Woodall et al., 2015). Some studies have determined
the degree of plastic pollution in the East China Sea. In particular, the
Communique of the State of Marine Ecology and Environment in China
(2018) noted that the average number of litter pieces on the seabed
was 1031 pieces/km?. Plastic was the largest contributor to the litter
where it accounted for 88.2% of the total, and the litter density decreased
from 127 kg/km? in 2012 to 18 kg/km? in 2018. Lee et al. (2006) surveyed
the marine litter on the seabed in the East China Sea using a bottom
trawler during 1996-2005. Recent research has focused on pollution
with microplastics in the East China Sea (particles <5 mm in size) because
of their prevalence in the ocean and potential ecological effects. The first
step required to understand and alleviate the problem of marine plastic
debris involves quantifying the existing amounts. Thus, the aim of the
present study was to determine the composition and spatial distribution
of plastic on the seabed, and to conduct a risk assessment for the seafloor
environment in the East China Sea. Identifying the sources of marine plas-
tic pollution is essential for establishing methods to reduce marine plastic
litter. The information obtained in this study will hopefully improve ma-
rine governance, awareness, and ecosystem health. Therefore, determin-
ing where plastic accumulates and its availability for incorporation into

the food chain is fundamental for understanding threats to deep seafloor
ecosystems around the world (Thurber et al., 2014).

2. Materials and methods
2.1. Study area and data collection

Data obtained from five study areas comprising the Zhoushan Islands
(ZS), Xiangshan Bay (XS), Sanmen Bay (SM), Taizhou Bay (TZ), and Wen-
zhou Bay (WZ) were used to identify the characteristic distributions of
plastic debris deposits on the seafloor (Figs. 1 and 2). Five surveys were
conducted by the common fishing ship No. 04126 Zhepuyu from May to
September during 2019 in the East China Sea (Figs. 1 and 2; details of sur-
veys are shown in Table S1). Bottom trawl nets were used to collect ma-
rine plastic from the seabed. The survey method was conducted in
accordance with the Specifications for Oceanographic Survey (GB12736-
2007). The bottom trawl employed a 32 m-long net with a mesh that be-
came progressively smaller, ranging from 18.0 to 2.2 cm, which is an ef-
fective method for the large-scale evaluation and monitoring of seafloor
litter due to the control of the mesh size and opening width of the trawl
(Galgani et al.,, 2013; Goldberg, 1994). During sampling, the fishing boat
maintained a speed of about 3.0 knots/h. Information about the cruises
and trawling station is provided in Fig. 1 and Table S1.

All plastic items were retained, labeled with station information, and
frozen, apart from three large items comprising a buoyant ball and two
crab traps, which were examined on board the ship.

2.2. Laboratory analysis and quality control

The collected plastic debris was processed to remove adhesive impu-
rities. Samples were washed with dishwashing liquid, followed by Milli-Q
water, and then dried in an electric thermostatic drying oven (DGG-
9070A, China) for 2 h at 60 °C. Before recording their weights (g), the sam-
ples were wiped again with delicate task wipers (KIMTECH34155, USA)
to remove any sediments. The surface area and length of each plastic
item were measured with Vernier calipers (Mitutoyo, Japan). The chemi-
cal composition of the plastic debris was identified by Fourier transform-
infrared (FT-IR) spectroscopy in the attenuated total reflection mode
(Thermo Fisher Nicolet iS5). The mid-infrared wavelength range
(4000-675 cm™!) was used to co-scan each sample 64 times at a resolu-
tion of 8 cm ™. Calibration was conducted based on the ambient carbon
dioxide and water vapor levels before analysis to correct for background
interference. The spectra were then analyzed using the OMNIC 9 software
package and evaluated with the OMNIC spectra library. Plastic items with
a high level of certainty (matching degree with reference spectra higher
than 80) were accepted. The litter categories were defined according to
a previously described approach (Cheshire et al., 2009; Galgani et al.,
2013) that considers the specificity of the seafloor.

2.3. Data treatment: mapping, composition, and analysis

Records of plastic litter obtained from bottom trawls were used to
prepare geographic information system maps of the litter distribution
in the East China Sea. Fig. 2 was prepared using land maps from Google
Earth with ArcGIS 10.2. The plastic density (De) was plotted to indicate
the areas of occurrence and distribution. The area (A) of each sampling
transect was obtained by multiplying the transect length (L) calculated
based on the starting position and end position of trawling by the width
(W) of the trawl net according to the following equation.

A= Lati(kmz) (1)

The plastic density was calculated as the ratio between the weight of
plastic debris (M) relative to the sampling area (A) using the following
equation.



F. Zhang et al. / Science of the Total Environment 742 (2020) 140525 3

Qia'ntang} Riv

¥

!

30°N
o
29°N
28°N 20, -
Wz5
Wz6
119°E 120°E 121°E

Ocean Data View

1 00 000 000 ik i

122°E 124°E

Fig. 1. Five study areas in the East China Sea comprising the Zhoushan Islands (ZS), Xiangshan Bay (XS), Sanmen Bay (SM), Taizhou Bay (TZ), and Wenzhou Bay (WZ).
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Fig. 2. Density of plastic pieces on the floor of the East China Sea (unit: kg/km?).

De = % (kg/km2> 2)

We modeled the upwelling regions during the months when sam-
pling was conducted and the detailed modeling method is provided in
the Supporting information.

Statistical tests were conducted using the IBM SPSS® software plat-
form (version 22.0) and R 3.4.3. Significant differences between regions
were calculated using the t-test for independent samples. Analysis of
variance (ANOVA, generalized linear model) was employed to examine
differences in density among regions. Linear correlation analysis was
conducted to examine the relationships between the plastic density
and distance from the coast for the sampling points (using Spearman's
correlation coefficients). An « level of 0.05 was used in all tests. Unless
indicated otherwise, data are reported as the mean + standard
deviation.

3. Results
3.1. Spatial distribution and composition of plastic debris

In total, 222 items and 6.04 kg of marine litter were collected in 43
monitoring hauls from part of the study area measuring 0.58 km?. Plas-
tic debris was found in 95.35% of all the bottom trawl nets, where fishing
gear comprised 56.06% of all the pieces by weight and film accounted for
31.53% of the items (Table 1). The highest concentrations of total plastic
pieces were recorded at sites ZS10 and SM5 (Fig. 2), and the
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Table 1
Compositions and proportions of plastics by categories.a

Category/subcategory ~ Weight Percentage of total Items Percentage of total

(g) amount plastics

Fishing gear

Fishing line 337.87 5.60 24 10.81

Fishing net 1773.55 29.38 13 5.86

Crab trap 635.13 10.52 2 0.90

Other fishing related  637.34 10.56 5 2.25
Bottle 16197 2.68 9 4.05
Bag 879.07 14.56 8 3.60
Cable tie 6.77 0.11 3 1.35
Container 2478 041 2 0.90
Lid 416 0.07 4 1.80
Sheet 1243.82 20.61 40 18.02
Food wrapper 208.54 345 23 10.36
Wrapper 8532 141 18 8.11
Other (unclassified)

Film 3537 059 70 31.53

Foam® 240 0.04 1 0.45

2 Foam plastic was packaged in a plastic bag.

concentration decreased toward the south. The mean density of plastic
litter in the entire area was 375.44 items/km? (9.64 kg/km?).

The densities of marine litter differed significantly among regions
(ANOVA, p < 0.05). The maximum mean plastic litter densities over all
of the cruises listed in Fig. 2 were found at SM5 (2333.41 items/km?
and 54.55 kg/km?), followed by SM4 and ZS3 (1316.35 items/km? and
39.59 kg/km?, and 1309.73 items/km? and 50.23 kg/km?, respectively).
The lowest mean litter densities were detected at ZS14 and ZS12 (71.26
items/km? and 0.02 kg/km?, and 79.16 items/km? and 0.02 kg/km?, re-
spectively). However, there were no significant differences in the plastic
densities and the distances from the coast for the sampling points
(p > 0.05). There were no significant differences in the depth ranges
for any of the types of plastic debris (p > 0.05).

3.2. Sources and characteristics of marine plastic litter

Plastic items were identified and assigned to the 10 categories
presented in Table 1. Fig. 3 shows the rankings of all the plastic lit-
ter collected from the seafloor in the East China Sea. These rankings
are based on the percentages of each particular category among the

A

Fishing net

Sheet

2~20.61% (2~18.02%)

Bag

Other fishing related
Crab trap
Fishing line
Food wrapper
Bottle
Wrapper

Film
Container
Cable tie

Lid

Foam

0

4~10.56% (9~2.25%)
5~10.52% (13~0.90%)
6~5.60% (3~10.81%)

7~3.45% (4~10.36%)

8~2.68% (7~4.05%)

9~1.41% (5~10.36%)

10~0.59% (1~31.53%)

11~0.41% (12~0.90%)

12~0.11% (11~1.35%)

13~0.07% (10~1.80%)

14~0.04% (14~0.45%)

3~14.56% (8~3.60%)

total plastic debris, where the percentages of plastic litter were
evaluated in terms of the number of items and weight. Analyzing
the specific sources of litter can indicate the differences between
land-based and marine-based plastic, and this was reflected in
the definitions of the categories. Fishing gear was the dominant
type of debris in the five sea areas sampled, where the weight of
this litter type comprised >50% of the total, followed by sheets
(up to 20%) and bags (14.56%) (Fig. 3, Table 1). The litter items in
the “other” category were present at small percentages by weight
and their uses could not be recognized (Fig. STA). Lost nets and
lines were the most common items within the “fishing gear” cate-
gory (Table 1, Fig. S1A). Two crab traps and one buoyant ball
were collected from ZS13 and ZS17, and TZ2, respectively. The
buoyant ball and other components of crab traps were classified
into the “other fishing related” subcategory. The largest variety of
plastic items was found at SM5 (Fig. 2) and the highest proportion
of fishing gear at SM4 (Fig. 2).

Fishery related plastic litter was ranked as follows in terms of weight
and the number of items (in brackets): 1 (six), fishing net; 4 (nine),
other fishing related; 5 (13), crab trap; and 6 (three), fishing line. Plastic
fishing net was the largest subcategory of fishery related litter and it
was the sixth most abundant in terms of the number of items (Fig. 3).

The surface area calculations for plastic bags, packing debris, and
fishing nets showed that medium sized items measuring <100 cm?
comprised 50% of the total and the items measuring between 100 cm?
and 1000 cm? accounted for 40.63%. The calculated lengths of fishing
lines and other synthetic ropes ranged from 1.3 cm to 14.23 cm.

3.3. Identification of plastics using FT-IR

The chemical composition of each piece of plastic debris was identi-
fied using FT-IR spectroscopy and compared with OMNIC libraries. In
total, 10 polymer types were identified as polyethylene (PE), polycar-
bonate (PC), polyethylene terephthalate (PET), polypropylene (PP),
polystyrene (PS), polyvinyl chloride (PVC), and three copolymers com-
prising acrylonitrile butadiene styrene copolymers (ABS), PE/PC copoly-
mers, and PP/PE copolymers. The FT-IR spectra obtained for the most
prevalent polymer types are shown in Fig. 4. PE was the most abundant
polymer type where it accounted for 42.83% by weight (27.93% in terms
of items). The proportions of PVC, PET, and ABS decreased in order by
weight (Fig. 5).

1~29.38% (6~5.86%)

. Fishery related litter
. Non-fishery litter

B 100%

75%
50%
25%

0%

weight(9)  number of items

5 10 15 20

25 30 35

Fig. 3. Rankings of the plastic litter categories (A) in terms of weight and the number of items (in brackets). Proportions of fishery-derived litter in marine plastic litter in terms of the
number of items and weight (B).
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4. Discussion
4.1. Categories, spatial distribution, and sources of plastic litter

In this study, we conducted the first systematic survey of plastic lit-
ter on the seafloor in the East China Sea. Large numbers of plastic
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Fig. 5. Weights and numbers of different plastic polymers collected from the seafloor in
the East China Sea.

particles have been found in seabed environments in previous studies
(Gresvik et al., 2018; loakeimidis et al., 2014; Koutsodendris et al.,
2008; Olguner et al., 2018; Pham et al., 2014). The plastic pollution
along the coastline of east China was at an intermediate level
(Table 2). The densities of marine plastic litter found in the present
study were significantly lower than those found on the seafloor in the
Gulf of Alicante (Spanish Mediterranean) using bottom trawls (Garcia-
Rivera et al., 2017), where the average density was 34 + 4 kg/km?
and the maximum density was 171 + 36 kg/km?. Our results corrobo-
rate the results obtained by Lee et al. (2006) who found that the abun-
dance of plastic litter was higher in the north East China Sea one decade
ago (30.6 kg/km?). The reduction in marine plastic litter from the land
to the ocean may be attributed to the enforcement of policies and regu-
lations related to the management of plastic in China. Similarly, a signif-
icant decreasing trend was observed in the coastal waters of the
Wadden Sea in the southern North Sea, possibly due to the recent de-
cline in coastal fisheries in the North Sea (Schulz et al., 2015). However,
in some areas around Greece, the abundance of litter at depth on the
seafloor increased over a period of 8 years (Koutsodendris et al.,
2008). Neves et al. (2015) demonstrated that the highest plastic litter
density (178.9 + 64.0 items/km?) was found at the mouth of the
Tagus River due to the high population density in the Lisbon metropol-
itan area and inputs from the large river basin. It has been reported that
Mediterranean Sea is among the areas throughout the world impacted
most by all types of marine litter (Table 2; Spedicato et al., 2019).
These variations in previously reported plastic litter densities are prob-
ably due to differences in parameters such as the location, collection
method, coastal population, marine traffic, and fishing activity
(Kammann et al., 2018). Trawl fisheries are likely to underestimate
the number of litter items because small particles are not caught by
the net, which has a mesh size of 20 mm at the cod-end. Stony areas
that are not accessible to trawling might offer more insights and they
could be explored using alternative methods (e.g., remotely operated
vehicles or divers). Data regarding small litter particles collected from
the seafloor, images obtained by divers or remotely operated vehicles,
and the litter consumed by marine organisms should ideally be com-
bined (Tubau et al., 2015). Furthermore, comparing studies is difficult
due to the inconsistent units employed (Table 2).

In the present study, the most polluted areas were ZS and SM, which
are popular tourist attractions. Deng et al. (2018) stated that the annual
volume of fishery related plastic (1.09 x 10 t/a) that entered the sea
was much higher than that derived from beach tourism (1.17 x 10° t/a).

Based on the annual amount of 0.13 to 640,000 tons of commercial
fishing gear discarded worldwide, the contribution of discarded fishing
nets to marine plastic garbage cannot be ignored (Assessing potential
ocean pollutants: a report of the Study Panel on Assessing Potential
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Table 2
Densities of plastic and fishing gear among benthic marine litter worldwide.
No. Study area litter density Fishing gear Plastic Sampling method Reference
1 Adriatic Sea 85 + 267 30.6" 34 £ 4° Rapido trawl Strafella et al., 2015
2 Antalya Bay, Mediterranean 18.5-2186" - 93.27-2239.98%, Conventional bottom trawl Guven et al., 2013
115-2762° 15.00-1772.85"
3 Baltic Sea 5.07° 0.3*" 3.35% Trawl Kammann et al., 2018
North Sea 16.8% 5.57*" 13.94%
4 Barents Sea, Norway 230? 102-149? 9-12¢ Tethered video platform Buhl-Mortensen and
174° “Chimera” Buhl-Mortensen, 2017
Norwegian Sea, Norway 678 120-200? 21-179%
601"
5 Barents Sea, Norway 772¢ - 2.9° Campelen 1800 shrimp trawl Grosvik et al., 2018
6 Coast of Portugal 17.3 + 12.8 to - 495 4 9.3¢ Bottom trawl Neves et al., 2015
78.7 + 47.7%
7 ICES subdivisions™* 1.01¢ 0.02-0.06¢ 0.35¢ Large standard trawl Zablotski and Kraak, 2019
2.87¢ 0.06-0.16° 1.00¢
8 Leeward Dutch Caribbean 2700° 432° 972° Johnson Sea Link II Debrot et al., 2014
9 Mediterranean 0.02-3265" - 0.02-2612" Otter-trawl Maireta system and  Ramirez-Llodra et al., 2013
Agassiz trawl
10 Mediterranean 0.01-5.85¢ 0.0007-0.41¢ 0.0073-4.27¢ Trawl Eryasar et al,, 2014
11 Mediterranean 97 + 78° - 45.59% IFREMER GOC 73 otter trawl MIFSUD et al., 2013
12 Mediterranean and Black Sea 24-1211° - 10.85-1150.45° Trawl loakeimidis et al., 2014
13 Mediterranean 1559-15057° 263.47-2544.63" 1125.60-10,871.15" Remotely operated vehicle Tubau et al., 2015
14 Mediterranean, French, the 0.27-7.60* 0.08-2.24* 0.07-1.98* Bottom trawl Gerigny et al,, 2019
canyon
Mediterranean, French, the 29.32-459.75° 1.17-27.59? 19.94-335. 62°
continental shelf
15 Mediterranean, Spanish 22.50° 6.56" 17.08" Bottom trawl Garcia-Rivera et al.,, 2017
16 Mediterranean, Antalya Bay, 13.3-651.17 - 9.59-569.44* Conventional bottom trawl Olguner et al., 2018
Turkey 0.02-559°
17 Mediterranean, Greece 72-437° 6.48-39.33% 40.32-244.72% Trawl Koutsodendris et al., 2008
6.7-47.4° 0.60-4.27° 3.375-26.54"
18 Mediterranean, Spanish 9.8 + 429° - 2.87° Bottom trawl Garcia-Rivera et al., 2018
19 Northwest Pacific, Ryukyu 1200-71007%, - - ORE-type beam trawl™*"* Shimanaga and Yanagi, 2016
Trench 7.5-121.4°
20 Southern Baltic 0-2.23¢ 0-0.14¢ 0-1.27¢ Trawl Urban-Malinga et al., 2018
0.20 4+ 0.30°
Present  East China Sea - 210.47° 375.44° Bottom trawl
study 5.40° 9.64"
2 Jtems/km?.
b kg/km?.
¢ g/haul.
4 kg/haul.

€ Items/haul.
* Fishing gear classified as plastic.
*** 1CES means International Council for the Exploration of the Sea.

**% ORE beam trawl are common research sampling gears for deep-sea biodiversity (Tsai et al., 2009).

Ocean Pollutants to the Ocean Affairs Board, Commission on Natural
Resources, National Research Council, 1975; Merrell, 1980; Martin
et al, 2016). The main component of the marine plastic litter collected
in the present study was fishing gear, which is consistent with other
studies (van den Beld et al., 2017). In the present study, the proportion
of fishery related litter in terms of the number of items caught was small
in the different sea areas, but the proportion was high in terms of
weight. The weight of fishing gear comprised 90% of the total in the TZ
area where we collected a lost crab trap. A wide range of fishery related
litter proportions have been reported around the world (Kammann
et al., 2018; Urban-Malinga et al., 2018; Vieira et al., 2015). Most of
the plastics that cause entanglement appear to be monofilament lines,
ropes, and other types of fishing related gear that enter the water near
coastal cities and due to commercial fishery activities (Laist, 1997).
Kammann et al. (2018) collected plastic litter via bottom trawls and re-
ported that fishing line, synthetic rope, and sheets were the most com-
mon types on the seafloor in the North Sea and Baltic Sea. In the present
study, the number of land-based plastic litter items (non-fishery litter)
exceeded 80% of the total plastic litter but only 43% of the plastics by
weight (Fig. 3). Most of the non-fishery litter items were general
waste that could not be readily assigned to land- or ship-based sources,
including domestic, agricultural, and industrial activities. In our survey,
we collected disposable plastic items (land-based) that mainly com-
prised sheets, bags, food wrappers, and other containers. Whiting

(1998) suggested that glass bottles could be attributed to merchant
ships, commercial vessels, and recreational boats, thereby indicating
that they have marine-based sources. Marine litter is a major problem
and it should be strictly prevented by limiting land-based pollutants,
supporting recycling, and implementing improved waste management
before it reaches a marine environment. However, further research is
required to determine the amount of fishery litter that originates from
recreational fisheries and the proportions of different litter categories
discarded by these sources.

4.2. Chemical composition and transport of plastic litter

PE was the most frequent plastic type in our study because it has a
wide range of uses (Table S2), including fishery related (fishing lines,
fishing nets, etc.) and non-fishery related (food wrapper, bags, etc.) ap-
plications. A buoyant ball collected from ZS13 was identified as ABS and
it weighed 637.34 g. ZS is one of the largest fishing areas in China and
fishing activity is frequent. The buoyant ball may have been abandoned,
lost, or otherwise discarded. Comparing the polymer types determined
in this study and other investigations was difficult because there is no
single and widely accepted litter categorization protocol, and no previ-
ous studies have demonstrated how to identify the chemical composi-
tion of plastic litter.
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However, the differences between the chemical compositions of plas-
tics and microplastics are significant. Zhang et al. (2019b) collected sedi-
ment samples from the East China Sea off the coast of China and showed
that the dominant chemical component of the microplastics was PET.
Peng et al. (2017) examined estuarine sediment samples from the
Changjiang River Estuary and found that 97% of the microplastics were
major components of clothes, such as rayon and polyester.

In the present study, most of the plastics detected had lower densi-
ties than seawater, such as PC, PE, PET, PP, and PS. Intuitively, it is ex-
pected that polymers such as PS with a greater density than seawater
will occur on the seabed, but lower density polymers such as PE and
PVC were also present. The densities of the plastic items detected are
listed in Table S2. Physical (oceanographic zones and wind mixing)
and biological (biofouling) processes can explain why the light plastics
lost their buoyancy and ultimately settled on the seafloor.

Many strong surface currents occur along the coastline of the East
China Sea, as shown in Fig. 6A. Upwelling and downwelling also occur
in the largest fishing area (ZS) (Fig. 6B). We propose that plastic debris
is often transported horizontally by the wind and then transported ver-
tically via downwelling processes in a physical manner. We modeled
the upwelling region during the sampling period (Method in supporting
information). There was a significant monthly change in the upwelling
along the Zhejiang coast, which was affected mainly by the monsoon
(Hu and Wang, 2016) in May, before strengthening in June, peaking in
July and August, and then decreasing until it disappeared in late Sep-
tember, as shown in Fig. 6A. The upwelling is mainly distributed in the
coastal waters near ZS. The upwelling occurs in the form of a
north-south band, and the areas other than the upwelling are
downwelling, which could possibly transport plastic from the sea sur-
face to the seabed. Biofouling can cause large plastic objects to sink dur-
ing their transport. The surfaces of floating plastic debris can be
colonized by microbes, thereby making the debris sink (Hadfield et al.,
2014; Mincer et al., 2016; Oberbeckmann et al., 2014). Biofouling is de-
fined as the accumulation of organisms on submerged surfaces, and it
affects the hydrophobicity and buoyancy of plastic (Carpenter and
Smith, 1972; Zettler et al., 2013). Ye and Andrady (1991) demonstrated
that most plastics undergo fouling, which makes them negatively buoy-
ant and they eventually sink in seawater. However, biofouling is a com-
plex phenomenon (Callow and Callow, 2002) that is influenced by the
season, geographic location (proximity to propagule sources), water
temperature, nutrient levels, substrate type, and the velocity and turbu-
lence of the surrounding water flow (Fazey and Ryan, 2016). Simulation
experiments will be conducted in a future study to determine the settle-
ment rate and related factors for different types of plastic litter.

5. Conclusion

Considerable amounts of plastic litter are present on the seafloor.
The mean density of plastic litter on the floor of the East China Sea
was 375.44 items/km? (or 9.64 kg/km?). We determined the spatial dis-
tributions and sources of plastic debris on the floor of the East China Sea.
FT-IR spectroscopy was applied for the first time to identify the chemical
compositions of the plastic items collected. PE was the most prevalent
plastic type by weight, followed by PVC, PET, and PP. These results are
consistent with the widespread usage of PE in fishery and non-fishery
related activities. The surface areas and lengths of the plastic items
ranged from 3.43 to 2842 cm? and from 1.3 cm to 14.23 cm,
respectively.

Fishing activity is a notable source of pollution in the East China Sea
and land-based plastics (sheets and bags) are also transported before
settling on the seafloor. Long-term monitoring of marine litter on the
seafloor is essential for understanding the trends in the plastic litter
density over time and for assessing the effectiveness of litter reduction
measures. Furthermore, determining the transport and fate of plastic lit-
ter, including microplastic, on the deep seafloor requires more in-depth
and detailed research.
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