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Microplastics (MPs) pose serious threats to various marine organisms, including
many threatened apex predators such as cetaceans. However, information on
microplastic contamination in cetaceans from Asian waters is limited. Based on the
analysis of Fourier transform infrared spectroscopy (FTIR), we reported MPs from
finless porpoise intestinal samples and from their habitats along the Fujian coast of
the East China Sea. MPs proved to be ubiquitous in both intestinal and habitat
water samples. Most intestinal MPs were fibers (86.90%), transparent (51.19%),
small sizes (<1.0 mm, 77.38%), and composed of polyamide (41.67%) or
polyethylene terephthalate (45.24%). Seawater MPs were predominantly fibers
(90.25%), transparent (82.45%), < 1.0 mm (83.76%) and composed of
polypropylene (67.32%). Concentrations of MPs in coastal waters were greater
than those in offshore waters. The concentration and composition of fibrous MPs
indicate a likely textile industry origin. A recommendation is made to further assess
the risks of MPs consumption in threatened species and develop scientific
protection and management strategies.
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Introduction

Plastics are cheap and durable, and widely used in industry, agriculture, and daily life
(Browne et al,, 2011). They are also mass produced, with production nearing ~370 x 10° t
in 2019 (Plastics Europe, 2019). Sadly, > 150 x 10° t of plastic waste may already exist in
the ocean (Kosior and Mitchell, 2020). Plastic debris fragments into small particles
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through physical, chemical, and biological processes (Thompson
et al., 2004; Cozar et al, 2014). Consequently, concerns
regarding microplastics (MPs), plastic particles < 5 mm
dimension (Arthur et al.,, 2009), have attracted increased
public attention. MPs are distributed globally, especially in
marine environments, where they occur in coastal (Zhu et al.,
2020) to pelagic waters, the surface sea (Lorenz et al., 2019) to
the deep-sea (Woodall et al., 2014; Monteiro et al., 2018), marine
sediments (Zhao et al., 2018; Zhang et al., 2020), and even in the
polar regions (Lusher et al., 2015a; Mishra et al., 2021). Coastal
areas of China are known to have levels of microplastic pollution
(Zhao et al., 2014; Cheung et al., 2016; Fok et al., 2017; Zhang
et al., 2020; Wang et al., 2021a).

MPs have been reported from a variety of aquatic animals,
such as bivalves (Van Cauwenberghe and Janssen, 2014; Sendra
et al.,, 2021), fish (Vendel et al,, 2017; Ma et al., 2020), turtles
(Caron et al., 2018; Duncan et al., 2019) and cetaceans (Battaglia
et al., 2020; Novillo et al., 2020; Zantis et al., 2021). Their sources
have been attributed to direct ingestion or trophic transfer
(Nelms et al.,, 2018; Waring et al., 2018). For low trophic level
aquatic animals, ingestion of MPs can reduce energy reserves,
feeding capacity, and reproductive outputs, and damage
physiological and immune systems (Nabi et al., 2022). For the
aquatic mammals in the apex position of the trophic web,
although MPs do not cause physical obstacles through
entanglement, they can act as carriers of pollutants and toxins,
which, combined with biomagnification and bioaccumulation,
negatively affect health (Holmes et al., 2012; Avio et al,, 2015).
Bioaccumulated chemical pollutants transferred by MPs (e.g.,
heavy metals, pesticides, biocides) can also cause endocrinal
gland cancer in aquatic mammals, and MPs-linked pathogens
also increase the risk of infectious diseases and mortality
(Lauretta et al., 2019; Nabi et al., 2022). Otherwise, micro or
nano-plastics are also likely to cross the cell membranes and
enter the circulatory system, and then accumulate in organs
(such as brain, liver, kidney, placenta) with other pollutants
(Prietl et al., 2014; Banerjee and Shelver, 2021; Nabi et al., 2022).
Therefore, exposure to MPs and associated toxicants and
pathogens in the aquatic environment pose both a serious
actual and potential threat to aquatic mammals.

Because cetaceans are apex predators, they are appropriate
sentinel species, and study of them can provide insights into or
early warning signs of existing or emerging health hazards in the
marine environment (Schwacke et al., 2013; Fossi et al., 2018).
The European Union Marine Strategy Framework Directive
even recommends that cetaceans be used as indicator species
for marine plastic debris and other organic pollutants (Galgani
etal., 2014; Gui et al,, 2016; Jepson et al., 2016). Finless porpoises
(genus Neophocaena) include two species according to their
morphological characteristics (dorsal ridge, dorsal grooves, and
tubercled patch), wide-ridged or Indo-Pacific finless porpoise
(Neophocaena phocaenoides) and the narrow-ridged finless
porpoise (N. asiaeorientalis), with two subspecies (Yangtze
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finless porpoise, N. a. asiaeorientalis, and East Asian finless
porpoise, N. a. sunameri) (Jefferson and Wang, 2011). They have
been listed as vulnerable or endangered species by the
International Union for Conservation of Nature (IUCN)
(Wang and Reeves, 2017a; Wang and Reeves, 2017b).
Although these species and subspecies are protected in China,
because they are small and coastal, they are particularly
susceptible to anthropogenic disturbance. While MPs have
been reported from the intestinal tracts of Yellow and Bohai
sea finless porpoises (possibly ingested unintentionally) (Xiong
et al, 2018), no comprehensive survey has simultaneously
examined microplastic pollution in these porpoises and
their habitats.

The hydrography of the Fujian coast in the southern East
China Sea and western Taiwan Strait, is influenced by the
Kuroshio Current Water, and Zhejiang-Fujian coast current
(Wu, 1982; Wu, 1991), and many upwelling regions in the
Taiwan Strait (Fu, 1984; Li and Lu, 2008). These hydrological
dynamics bring water with high nutrient contents to the surface
and create five major fishing grounds. Five major fishing
grounds are rich in fishery resources that cover an area of
213,237 km? occur here (Dai, 2005). And the frequent fishing
activities and the increase in the use of plastic fishing gear have
introduced MPs into the marine environment (Nelms et al.,
2021). The Taiwan Strait is an important habitat for finless
porpoises, and the only known zone where both the N.
asiaeorientalis and N. phocaenoides co-exist (Jefferson and
Wang, 2011). We investigate microplastic pollution in finless
porpoises and their habitats along the Fujian coast of the East
China Sea. Two objectives are to 1) identify the concentrations
and characteristics of MPs (including size, color, shape, and
polymer type) in finless porpoises and their habitats; and 2)
discuss the potential sources and occurrence of MPs. This
investigation provides baseline data on MPs in both surface
seawater and cetaceans in China.

Materials and methods

Finless porpoises and surface
seawater collection

Five stranded finless porpoises were collected from April
2019 to January 2020, and the stranded locations were shown in
Figure 1. Samples management and dissection were performed
in compliance with the introductory guide for the anatomy of
marine mammalian necropsy (Pugliares et al., 2007). Among the
five stranded finless porpoises, there were one N. phocaenoides
and four N. a. sunameri. The states of finless porpoises ranged
from fresh carcass (code 2) to moderate decomposition (code 3),
as described by Geraci and Lounsbury (2005). After the
necropsy, the entire intestines were taken for the MPs’
investigation. To prevent air pollution, the intestines were
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Locations of the stranded finless porpoises and surface seawater sampling sites. The finless porpoises were marked with red stars, the collection
number was represented by 'n’, and the seawater sampling sites were labeled with black circles

wrapped with tinfoil, which were stored at -20°C before further
analysis. The stranding site, time, and biological information of
the finless porpoises were recorded (Table 1). The study was
approved by the local fishery administration for autopsy and
sampling, and these procedures were systematically conducted
following all ethical codes and legal requirements in China.
The surface seawater was collected for MPs analysis from June
22 to August 29 2020 by trawl in the fishing boat “Minping Yu
6333 (Figure 1). The length and width of the trawl opening were 60
cm and 30 cm, respectively. To avoid those small size MPs lost
caused by large pore size nets (Norén, 2007), the horizontal tow
behind the boat was performed using the manta net with 70 pm.
The mechanical and electronic digital flowmeter (Model 2030R,

TABLE 1 Basic information of the stranded finless porpoises.

Names Date Place Gender Species Decomposition
state
1 3/4/  Ningde Male N. a. 111
2019 sunameri
FJ2 8/7/  Fuzhou Female N. 11
2019 phocaenoides
FJ3 11/7/  Ningde Male N. a. I
2019 sunameri
FJ4 9/11/  Pingtan Female N. a. I
2019 sunameri
FJ5 1/1/  Pingtan Male N. a. I
2020 sunameri

General Oceanics, Florida, U.S.A) was mounted in the middle of the
manta net mouth and kept submerged underwater. The trawling
time and speed at each sampling site were about 15 min and 2-2.5
knots, respectively. A station with a distance of fewer than 15 km
from the coastline is defined as a nearshore station, otherwise, it is
called an offshore station. And the sampling volume of seawater was
calculated according to the formula provided by the flowmeter (Pan
et al, 2021). Finally, the net was washed repeatedly with the
seawater from the outside, and the samples were collected into
the glass bottle and stored at 4 °C before laboratory processing. The
basic physical parameters (temperature, salinity, and depth) were
measured by the multiparameter digital water quality meter (YSI
ProDSS, America).

Body Intestine MPs items
length  weight length weight items/ items/m
(m) (kg) (m) (g) individual (intestine)
1.38 59.0 11.35 1702.8 17 127
1.54 47.5 12.98 2081.2 19 1.58
1.26 25.0 11.32 9133 23 1.92
113 18.1 8.15 625.4 15 L11
1.40 219 7.74 6712 10 151

*Decomposition state II stands for the corpse is in good condition, while state III represents the decomposition state but the organs are basically intact.
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Isolation of MPs from finless porpoises
and seawater

The MPs in the intestines were isolated according to the
previous protocol (Lusher et al., 2015b) with some
modifications. Briefly, the entire intestine was rinsed with
filtered Milli-Q water to prevent contamination from the
external environment, and then was placed and stretched
neatly on the operating table. The entire intestine was divided
into 1-m units to facilitate sample processing and collection.
Each segment of the intestine was placed in a set of nested
stainless-steel sieves (5 mm, 4 mm, 1 mm, 0.5 mm, 0.1 mm), and
cut open by steel scissors. The folded structure between the
intestinal walls was carefully rinsed with flowing Milli-Q water
to prevent microplastic residue, and the contents of each 3-m
intestines were collected and rinsed into the clean glass beakers.
Subsequently, the glass beakers were covered with aluminum foil
and baked at 90°C for 24h to evaporate the excess water in an
oven. The water in the beaker should be careful not to
completely dry to avoid MPs breaking. 200-mL filtered 10%
KOH solution was added to digest organic matter for 12 h at 60°
C and 150 rpm in an oscillation incubator until the biological
material was completely digested.

The organic matter in seawater was digested according to the
wet peroxide oxidation (WPO) provided by NOAA (Masura
et al, 2015) with some modifications. Briefly, the surface
seawater was filtered through a set of mesh sieves (5 mm,
0.054 mm), and the retentate on the 5-mm mesh screen were
discarded. The retentate on the sieve (0.054 mm) was rinsed into
a 1-L clean and dry beaker with filtered Milli-Q water. The
beaker covered with aluminum foil to minimize contamination
was placed in a drying oven at 90°C for 24 h. Then, 30-50 mL of
30% hydrogen peroxide and an equal volume of 0.05 M FeSO,
solution were added to the beaker, which was heated at 60°C for
12 hours in a water bath. The digestion should be repeated until
the organic matter was completely digested. The digestion
solution was then passed through a set of sieves (5 mm, 4
mm, 1 mm, 0.5 mm, 0.1 mm, and 0.054 mm), and the retentate
on each layer of the sieve was washed into the funnel separately
for flotation.

Identification and analysis of MPs

The digestion solution was transferred to the flotation device.
The Nal solution (1.8 g/cm3) was added with an equal volume for
density separation (Saliu et al,, 2018), and the funnel was covered
with aluminum foil to prevent MPs pollution from the air. The latex
tube was squeezed several times in succession to make the solution
evenly mixed and then standing still. After 12 h flotation, the
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supernatant of the digestion solution was decanted and filtered
through a GF/A Whatman filter (diameter =47 mm, pore size =1.6
pm) by using a vacuum filter pump (Jin Teng GM-0.33A), and the
filter was collected by using stainless steel tweezers to ensure that all
samples were transferred to a glass petri dish, over which lids were
placed, for microplastic examination.

Finally, all the suspected MPs on the filters were observed
by the Leica stereomicroscope (M205C), and the photographs
of MPs with different scales were taken by a Leica DFC425
charge-coupled device (CCD) camera. The abundance, shape,
size, and color of suspect MPs were recorded, and the
categories of MPs were classified according to a standardized
protocol (Frias et al., 2018). The suspected MPs were picked
out to make further chemical composition verification with the
Fourier transform infrared microscope (Micro-FTIR, Nicolet
iN10, Thermo Fisher, USA) (Su et al., 2016). The parameters
were set to 16 scans with a resolution of 4 cm™, the spectral
wavenumber range was from 4000-400 cm ™', and the collection
time was 3 seconds (Li et al., 2020). By comparing the standard
spectra of polymers with the Bruker FTIR library, the
composition of the microplastic polymer was accepted if the
spectra matching degree was > 70%.

Quality assurance and control

To reduce air pollution during the experiment, the doors and
windows were closed and the operating table was covered with
aluminum foil. All glassware and scissors were rinsed with the
Milli-Q water more than 3 times. The liquid solution must be
filtered through GF/A Whatman filters before it was used.
Besides, the operator should wear a cotton lab coat and dust-
free nitrile gloves during the entire experiment. The procedure
blanks were performed simultaneously to monitor airborne
contamination. The subsequent digestion, separation steps,
and microscopic examination were the same as the sample
processing steps. Only 0.33 + 0.19 items/filter (mean + SD)
were detected in procedure blanks, and final data were corrected
by subtracting the blank contamination value.

Statistical analysis

Statistical analysis was performed by IBM SPSS statistics
software (version 24.0). The Mann-Whitney-U test was used to
compare the difference in MPs abundance between the
nearshore and offshore stations. P < 0.05 was considered to
indicate statistical significance. Linear relationships between
MPs abundance and the physical parameters of seawater
(temperature, salinity) were analyzed by spearman correlation.
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Results
Abundance of MPs in finless porpoises

Of 398 suspected microplastic particles sorted visually from
intestinal samples of 3 male and 2 female porpoises examined by
Micro-FTIR individually, 21.11% were confirmed to be MPs.
The main basic information of five finless porpoises (body length
1.13-1.54 m, mean=1.34 + 0.15m) was recorded in Table 1. And
the abundance ranged from 10-23 items/individual, with an
average abundance of 16.80 + 2.24 items/individual (1.63 + 0.14
items/m intestines) (Figure 2).

Characteristics of MPs in
finless porpoises

Various shapes and colors of MPs with different compositions
were found in five finless porpoises (Figure 3). Some MPs were
transparent, while others were yellow, red, blue, or black
(Figure 3A). Transparent fibers accounted for the largest
proportion of all finless porpoises” intestines. Most (86.90%) MPs
were fibers, but fragments and films also occurred (Figure 3B).

A Bruker spectral search identified microplastic composition
to comprise polyethylene terephthalate (PET), polyamide (PA),
and polypropylene (PP), of which PET polymers dominated
(45.24%) and PP were the least frequent (13.10%) (Figure 3C).

25 -

The total abundance of MPs (items/individual)

FJl

FJ2

FIGURE 2
The abundance distribution of MPs in each finless porpoise.

FI3

10.3389/fmars.2022.1050957

However, PET was not found in specimen FJ5, and PP was not
found in the specimens FJ3 and FJ4.

Macro-plastics with a diameter > 5.0 mm were not found in
finless porpoises. MPs size ranges were 0.1 mm-0.5 mm, 0.5
mm-1.0 mm, 1.0 mm-4.0 mm and 4.0 mm-5.0 mm. While the
range in microplastic size varied among individuals, those of 0.1
mm-0.5 mm were prevalent, comprising 40.00%-78.95% of all
samples. Intestines of three (FJ1, FJ2, FJ3) of five contained the
large size MPs in the range of 4.0 mm-5.0 mm (Figure 3D).

Abundance and spatial distribution of
MPs in surface seawater

The sampling information of seawater at each station was
recorded (Supplementary Table 1). Surface seawater samples
contained 14,856 potential microplastic particles. Of 3255
particles analyzed by Micro-FTIR, 2303 (70.66%) were
identified as MPs. It was shown that MPs existed spatial
differences and the concentration of MPs in seawater varied by
ranging from 1.79-18.48 items/m’, and the average was 10.08 +
1.19 items/m’ (Figure 4). The mean abundance of MPs in coastal
surface seawater (12.30 + 1.10 items/m>) exceeded that of
offshore stations (5.96 + 2.02 items/m>), Mann-Whitney-U
test, P < 0.05 (Figure 5). There were no correlations between
water temperature or salinity and the concentration of MPs
(P=0.348, P=0.216, respectively).

[ items/individual
[ Jitems/m intestine

The average abundance of MPs (items/m intestine)

Fl4 FI5 Total

Frontiers in Marine Science

05

frontiersin.org


https://doi.org/10.3389/fmars.2022.1050957
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Wang et al.

[ vellow

Total

[ ITransparent B

o
[*)
S

10.3389/fmars.2022.1050957

[_JFiber
[ Fragment
[ JFilm

[

20 40 60 80

0 100
[C_J0.1mm-0.5mm
c Colors ~ [_JPolyamide D Shapes 0.5l omm
[T_T]Polypropylene 2 1.0mm-4.0mm
(Y] y [ 4.0mm-5.0mm
Fll ] I ] FJl |
FI2 | ‘ ] F12
FI3 | ‘ FI3
4 | } Fl4 ‘
| [ |
Total | | ] Total |
0 20 40 60 80 100 0 20 40 60 80 100

Polymer types

FIGURE 3

Sizes

Various MPs were found in finless porpoises. (A) The colors composition; (B) The shapes composition; (C) The polymer types; (D) The sizes

composition and distribution

Characteristics of MPs in surface
seawater

MPs collected in seawater were transparent, or colored yellow,
red, blue, black, white, or green (Figure 6, Figure 7A). In general,
transparent was the most abundant (82.45%), followed by black
(7.94%); yellow (0.86%) was the least abundant. Most seawater MPs
were fibers (90.25% of samples), but fragments, lines, foam, films,
and pellets also occurred (Figure 7B).

Micro-Fourier transforms infrared spectroscopy analysis of
seawater microplastic samples revealed that rayon, polyethylene
(PE), polyethylene terephthalate (PET), polypropylene (PP),
polystyrene (PS), and polyamide (PA) were the common
polymers (Figure 7C; Supplementary Figure 1). Other different
materials of MPs also occurred, including polyester fiber and
polyester resin, which were classified as ‘others’. Of polymer
materials, PP was generally the most abundant (67.32% of
samples), followed by PET and others (polyester); rayon was the
least abundant.

MPs from seawater were categorized by size ranges:
0.07mm-0.1 mm, 0.1 mm-0.5 mm, 0.5 mm-1.0 mm, 1.0 mm-
4.0 mm, and 4.0 mm-5.0 mm. Multiple microplastic size-class
occurred at each sampling station (Figure 7D). On the whole,
MPs with a diameter < 1.0 mm had the largest proportion,
accounting for 83.76%. Compared to other sizes, MPs within the
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range of 4.0-5.0 mm were less frequent (5.41%) and did not
occur at all sampling stations.

Discussion
Analysis of MPs in finless porpoises

Finless porpoises (genus Neophocaena) are vulnerable to both
human activities and to aquatic pollution because they occur in
shallow coastal waters, estuaries, and within the Yangtze River.
Because cetaceans share coastal environments with humans and
consume similar foods, they can function as indicators of public
health issues, and the health of the marine ecosystem (Bossart,
2011). We reported microplastic contamination in finless porpoises
along the Fujian coast of the East China Sea, and provide baseline
data on microplastic pollution.

Recently, MPs have been frequently reported from the
intestines or stomachs of cetaceans, including toothed whales
such as true beaked whales (Mesoplodon mirus), beluga whales
(Delphinapterus leucas), pygmy sperm whales (Kogia breviceps),
striped dolphins (Stenella coeruleoalba), Indo-Pacific humpback
dolphins (Sousa chinensis), and baleen whales such as humpback
whales (Megaptera novaeangliae) (Besseling et al., 2015; Lusher
et al., 2015b; Lusher et al., 2018; Nelms et al., 2019; Moore et al.,
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FIGURE 4

The abundance of MPs in the surface seawater along the Fujian coast of the East China Sea.

2020; Zhang et al., 2021). However, inter-study variations (types
of specimens sampled and habitats) preclude us from comparing
previous results with those presented here. We found a slightly
lower abundance of MPs in the finless porpoises (16.80 + 2.24
items/individual) in our study, compared with the finless
porpoise from the Yellow and Bohai Sea (19.1 + 7.2 items/
individual) and the Indo-Pacific humpback dolphins from the
adjacent Beibu Gulf (25.67 + 12.60 items/individual), this may be
attributed to the differences in habitats and dietary that affect the
intake of MPs by cetaceans, and differences in the length and
structure of the dolphin intestines (Xiong et al., 2018; Zhu
et al., 2019).

The shapes, colors, and polymer types of MPs we retrieved
from the intestines of finless porpoises may be used to identify
their potential sources (Xiong et al., 2018). Consistent with
earlier observations on marine mammals (Hernandez-
Gonzalez et al., 2018; Zhang et al., 2019; Battaglia et al., 2020),
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fibers were more common than fragments or films in Fujian
finless porpoises. And the retention of fibers might be also
related to the wrinkled structure of the cetacean small
intestine. As for most studies on large marine mammals, black
and blue MPs were common in the five finless porpoises we
examined (Lusher et al., 2018; Duncan et al., 2019; Nelms et al.,
2019), although transparent was the most abundant color type in
the intestinal MPs in this study. Zhang et al. (2019) also found
transparent/white MPs to dominate in the stomach of Sousa
chinensis from the Pearl River Estuary. A high proportion of
transparent MPs may be a function of weathering from long-
distance transportation and immersion, and/or bleaching
(whitening and yellowing) caused by physical and chemical
processes in the environment (Li et al.,, 2022). Blue MPs were
predominant (> 35%) in finless porpoises from the Yellow and
Bohai seas, possibly because of differences in habitat and indirect
effects of prey contaminated by MPs (Xiong et al., 2018).
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boxes represent the 95% inference intervals.

PP, PA, and PET polymers from Fujian finless porpoise
intestines have been commonly reported from gastrointestinal
tracts of other cetaceans (Lusher et al., 2015b; Lusher et al., 2018;
Moore et al., 2020). Whereas PP was a main component of MPs
in finless porpoises from the Yellow and Bohai Seas (Xiong et al.,
2018), PET and PA were dominant in our study. This may be
related to differences in the habitat environment, because many
aquaculture zones (Huang and Zuo, 2020) and textile industries
occur along the Fujian coast (Huang, 2020). While PA is also
often used in automotive, transportation and textile industries
and packaging (Queiroz et al., 2022). Its prevalence in finless
porpoises may be attributed to its widespread use in aquaculture
practices (Do et al., 2022), such as in fishing gear and ropes, as
fishing is a main economic activity in this area. And PET is also
commonly used in the production of clothing and textiles, or
plastic packaging and containers (Lusher et al., 2017; Borges-
Ramirez et al., 2020; Wang et al., 2021b).

Most MPs that we retrieved from finless porpoises were
small, ranging from 0.1 mm to 1.0 mm. Although small size MPs
would not cause physical obstacles to cetaceans through
entanglement or swallowing like large plastic fragments, they
could embed within tissue and induce local gastrointestinal tract
damage (Moore et al., 2020), and even small size MPs may have
higher potential for toxic effects (Gomes et al., 2022).
Additionally, MPs remaining in the intestines of cetaceans
could also act as carriers of toxic substances, such as heavy
metals and persistent organic pollutants, which were
bioaccumulated in top predators (Bradney et al, 2019; Gao
et al., 2019) and could be deleterious to health (Noél et al., 2014;
Chen et al., 2019).
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Analysis of MPs in surface seawater

We reported MPs from all stations sampled along the Fujian
coast of the East China Sea, although their distribution varied
(Figure 4). MPs concentrations at the nearshore stations mostly
exceeded the average concentration throughout the survey area
(10.08 * 1.19 items/m®). For example, microplastic concentrations
at stations L1- L4 were extremely high. The region (L1-L4), located
in shallow of Changle, influences by mid-subtropical maritime
monsoon climate and has rich fishery grounds. Discarding
aquaculture tools and the plastic waste generated during fishery
activities contribute to serious microplastic pollution. The Minjiang
river enters the sea here, and the Minjiang Estuary is seriously
polluted with MPs (Zhao et al., 2015), which could be transported
to waters off Changle in currents.

The average concentration of MPs at nearshore stations was
significantly higher than those in offshore stations (Mann-
Whitney-U test, P < 0.05, Figure 5). A great number of MPs
are transferred to the nearshore environment by washing sewage
and other human activities (Andrady, 2011; Browne et al., 2011).
The many textile factories along the coast of Fujian province
(Fang et al.,, 2019) also release clothing fibers in wastewater that
is transported to nearshore in river runoff (Browne et al., 2011).
The high microplastic concentrations in nearshore are also
closely related to fishing and human activities (Xiong
et al., 2022).

The average abundance of MPs in our study (10.08 + 1.19
items/m?) was higher than that reported from adjacent the East
China Sea waters (0.31 piece/m3) (Liu et al, 2018) and the
Taiwan Strait (0.026 items/m>) (Wu et al., 2021). This may be
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FIGURE 6
Microscopic images of representative MPs of different shapes collected from the surface seawater. (A) Line; (B) Film; (C) Foam; (D) Fiber; (E)
Fragment; (F) Pellet.

because our sampling sites were closer to coastal areas affected by
human activities and terrestrial inputs, while sites in previous
research were all further offshore (Liu et al., 2018; Wu et al.,
2021). Additionally, the mesh that we used (70 um) to sieve
water was finer than that used in previous studies (500 pm, 300
um), reducing retention of smaller MPs and lowering estimates
of microplastic abundance (Norén, 2007). A much higher
abundance of MPs (514.3 + 520.0 particles/m>) in the adjacent
sea area in the surface seawater of Xiamen Bay (Tang et al., 2018)
may be because of the greater urbanization and population
density of Xiamen city than of Fuzhou and Ningde cities
(Fujian Statistical Bureau, 2020; Fuzhou Statistical Bureau,
2020; Ningde Statistical Bureau, 2020). Furthermore, Xiamen
is also a tourist destination, and the discharge of domestic
sewage is likely to be higher and include more MPs.
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MPs of different shapes and colors were widely distributed
on the surface seawater. Some colors may cause marine
organisms to mistake them for prey, with ingestion leading to
bioaccumulation or food-chain transfer of these particles
(Browne et al., 2008). Consistent with previous findings, most
of our MPs were transparent fibers (Zhu et al., 2018; Mu et al.,
2019; Jiang et al., 2020b). Fibers, especially synthetic fibers, are
the main type of microplastic pollution in waters and sediments
(Li et al, 2023). Replacement and discarding of fishing gear
during the fishing process and human activities on the land
(Deng et al, 2020a; Chen et al, 2020), such as laundry
wastewater, would produce a large number of fibrous MPs
(Kole et al,, 2017; Zhang et al., 2019). More importantly, fibers
are also widely used primary raw materials in the textile
industry, and microplastic fibers are shed during the process
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of synthetic textiles, mainly during their washing (Pinlova et al.,
2022). Atmospheric deposition is also a non-negligible vector for
the transportation of terrestrial fibers to the ocean (Dris et al.,
2016). Because of the prevalence of micro-fibers, small size MPs
with a diameter < 1.0 mm were predominant (> 83% of all MPs)
in surface seawater. It has been reported that the size range of
MPs in textile wastewater was 165-1000 um (Deng et al., 2020a;
De Falco et al., 2020), consistent with the major size ranges of
MPs fibers in our study.

Like previous studies along Chinese coasts, we reported PET
and PP were the main polymer types in surface seawater (Tan
et al,, 2019; Zheng et al,, 2019). PET fibers are important to
textile industry, which was estimated that more than 80% PET
from 42 x 10° t of synthetic fibers being produced annually (Xu
etal., 2022; Pinlova et al., 2022). Most of our PET polymers were
fibers, further supporting the possibility of microplastic
contamination in the survey area being primarily from textile
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wastewater. PP, widely used in many fibrous materials such as
clothes and rope, also commonly occurs in marine debris and is
probably sourced to wastewater from washing clothes and
fishing activity (Liao et al., 2021). Polyester fibers, usually used
to produce clothing and various textile products (Jiang et al.,
2020a), were also common in our seawater samples. While low
in abundance, rayon, a regenerated fiber, is routinely used in the
clothing industry (Li et al., 2023). Therefore, we further speculate
that textile manufacturing activities maybe the important
sources of microplastic pollution along the Fujian coast in the
East China Sea.

The occurrence, distribution, transport, and fate of MPs in
marine environments are affected by human activities,
hydrology (e.g., ocean currents, hydrodynamic conditions,
tides, salinity), meteorological conditions, and physical,
chemical, and biological processes (Fazey and Ryan, 2016;
Kanhai et al., 2018; Khatmullina and Chubarenko, 2020;
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Wang et al., 2021c). The coast we surveyed is located on the west
side of the Taiwan Strait, which is a transitional subtropical
monsoon climate zone between the East China Sea and the
South China Sea. Affected by the monsoon, the Zhejiang-Fujian
coast current would descend into the sea area southward along
the East China Sea, and during the process, the Oujiang River,
Minjiang River, Jinjiang River, and other sea runoffs may
provide potential origins of MPs into Fujian coast of the East
China Sea (Lin et al., 2012; Zhao et al., 2015; Deng et al., 2020b).
Moreover, the Taiwan Strait owns other complex water masses
that interact with each other, such as the extension of the Taiwan
Warm Current and the invasion of the Kuroshio Current Water,
which would cause ocean currents to move northward (Chen
and Sheu, 2006; Lee and Takeshi, 2007). Combined with the
monsoons (Zhang et al., 2005), these represent a complex
potential mechanisms to disperse MPs to the Fujian coast of
the East China Sea. However, because of the complex nature of
interactions between these hydrographic features, predicting
how MPs will be transported to or through this environment
is difficult.

MPs in finless porpoises and their
habitats

The abundance of MPs in the Yellow and the Bohai Sea
finless porpoises (19.1 + 7.2 items/individual and 1.72 + 0.30
items/m intestines) (Xiong et al., 2018) was greater than our
samples collected along the Fujian Coast of the East China Sea
(16.80 + 2.24 items/individual and 1.63 + 0.14 items/m
intestines). The abundance of MPs (545 + 282 items/m’) in
surface seawater close to where finless porpoises previously
stranded in the Yellow Sea (Zhu et al., 2018) was also higher
than that in our study (10.08 + 1.19 items/m?). Geographical
differences could contribute to differences in microplastic
pollution levels between habitats.

We reported transparent to be the most common color, and
fibers to be the most common microplastic shape in both surface
seawater and from finless porpoise intestines. The polymer types
(PA, PET, PP) that we reported from finless porpoise intestines
were also common polymers in surface seawater samples.
Unintentional uptake of MPs by ingestion from the habitat
has been reported for dolphin neonates (Xiong et al., 2018;
Zhu et al., 2019). Therefore, direct ingestion and trophic transfer
are the two main pathways for MPs to bioaccumulate in higher
trophic level organisms (Boerger et al., 2010; Wright et al., 2013;
Setili et al., 2014; Bessa et al., 2018).

Conclusion

We present the first comprehensive published, simultaneous
report of microplastic pollution in finless porpoises and their
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habitat, and we determine MPs to be widespread in both finless
porpoise intestinal samples and throughout their habitats along
the Fujian coast of the East China Sea. Fiber, transparent, small
sizes with a diameter < 1.0 mm were the most common MPs.
These data both contribute to our understanding of microplastic
pollution in cetaceans and Chinese coastal surface seawaters, and
reveal the increased threat of microplastic pollution to top
marine predators. Future research should investigate MPs
composition in finless porpoise prey to determine mechanisms
of transfer and accumulation in apex predators.
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