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a b s t r a c t

Microplastic ingestion by the farmed sea cucumber is undocumented. Microplastics were isolated from
the sea cucumber Apostichopus japonicus that was collected from eight farms along the Bohai Sea and the
Yellow Sea in China. To examine microplastic ingestion, the intestines were isolated, digested and then
subjected to the floatation test. The microplastic abundance in the sediment ranged from 20 to 1040
particles kg�1 of dry sediment, while the ingested microplastics ranged from 0 to 30 particles intestine�1.
After filtering the coelomic fluid, the extracted microplastics from the coelomic fluid ranged from 0 to 19
particles animal�1. Thus, we speculated that microplastics may transfer to the coelomic fluid of sea
cucumber. The ingested microplastics did not correlate with the animal body weight but was site
dependent, suggesting that sea cucumber may serve as sentinel for microplastic pollution monitoring in
the sediment. The microplastics were identified by Fourier transform infrared micro spectroscopy, and
the polymer types were mainly cellophane, polyester, and polyethylene terephthalate. This study
revealed that, microplastics widely existed in sea cucumber farms, and that sea cucumbers ingest
microplastics as suitable with their mouth open. Moreover, the microplastics might transfer to the
coelomic fluid of the sea cucumber. Further investigations are needed to assess the chronic effect of the
microplastics on the growth and physiological status of the sea cucumber.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Microplastics (MPs), which are usually defined as plastic parti-
cles smaller than 5mm in diameter (Arthur et al., 2009), are derived
mainly from large plastics (Costa et al., 2010; Andrady, 2011) or
enter the environment, with a microscopic size, frommany sources
such as cosmetics products (Fendall and Sewell, 2009) or from
washing clothes (Browne et al., 2011). MP waste has become a
e by Maria Cristina Fossi.
Ecology and Environmental
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global issue that exists in water and sediment (reviewed by Cole
et al., 2011; Van Cauwenberghe et al., 2015a). The components of
some MPs are considered hazardous, such as the monomer of
polyvinyl chloride (Lithner et al., 2011). Nevertheless, MPs are
observed to adsorb organic (Graham and Thompson, 2009) or
inorganic contaminants (Ashton et al., 2010) from the surround-
ings. Such MPs can be consumed, causing physical harm (Wright
et al., 2013a) by, for instance, blocking or harming the gut. Addi-
tionally, some ingested MPs reduce the feeding ability (Wright
et al., 2013b), the growth rate (Besseling et al., 2014), fecundity
(Lee et al., 2013; Sussarellu et al., 2016) and disturb the immune
system (VonMoos et al., 2012; Avio et al., 2015) in many species. On
the other hand, some ingested MPs do not affect the growth or the
survival of Gammarus pulex (Weber et al., 2018) or the physiology of
the mussels Perna perna (Santana et al., 2018).

mailto:hshyang@ms.qdio.ac.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envpol.2018.11.083&domain=pdf
www.sciencedirect.com/science/journal/02697491
http://www.elsevier.com/locate/envpol
https://doi.org/10.1016/j.envpol.2018.11.083
https://doi.org/10.1016/j.envpol.2018.11.083
https://doi.org/10.1016/j.envpol.2018.11.083


Fig. 1. Sampling location of the farms in the Bohai Sea and the Yellow Sea. Site number
(S1eS8).
(S1: Panshan, Panjin, Liaoning), (S2: Lvshunkou, Dalian), (S3: Rongcheng, Weihai), (S4:
Haiyang, Yantai), (S5: Chengyang, Qingdao), (S6: Qianshan Island, Rizhao), (S7: Tang-
shan), (S8: Laizhou, Yantai).
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The sea cucumber Apostichopus japonicus (A. japonicus), one of
the most preferred sea foods in Asia (Choo, 2008), is known around
the world, especially in China, for its nutritional and pharmaceu-
tical values (Yang et al., 2015b). Additionally, sea cucumber plays a
crucial role in the marine ecosystem through feeding and bio-
turbation. Sea cucumbers decrease the organic matter content and
algal bloom (Michio et al., 2002), buffer the effect of ocean acidi-
fication on coral reef (Schneider et al., 2015) and regenerate nu-
trients in the marine ecosystem (MacTavish et al., 2012).

A. japonicus sea cucumbers are non-selective feeders that ingest
the sediment to extract organic matter and microorganisms (Xu
et al., 2015), and thus, they are easily exposed to MPs in the sedi-
ment due to their feeding behaviour. Understanding MP uptake
from the habitat is essential to evaluate the impact of MPs on such
an important taxon. Up to now, few studies have paid attention to
MP uptake in sea cucumbers. In the laboratory, the ingestion of MPs
by some sea cucumber species, including Holothuria grisea, Cucu-
maria frondosa, Holothuria floridana, and Thyonella gemmate is re-
ported (Graham and Thompson, 2009). Although microfibre
ingestion is reported in the sea cucumber collected from the deep
sea (Taylor et al., 2016), the characterization of MP ingestion by sea
cucumber in the wild is not well studied, including the MP number
and size. To our knowledge, this is the first field study character-
izing MP ingestion by sea cucumber in shallow water.

The aims of the current study were as follows: 1) Characterize
MP ingestion by the sea cucumber A. japonicus 2) Examine the size
selection of theMPs by the sea cucumber, 3) Observe the possibility
of MP transfer in the sea cucumber; and 4) Investigate the rela-
tionship between theMP concentration in the sediment and theMP
uptake by sea cucumber. Additionally, the correlation between the
number of MPs ingested and body weight of sea cucumber was
analysed to assess the effect of the MP on the growth of the sea
cucumber.

2. Materials and methods

2.1. Sediment and sea cucumber sampling

Samples were collected during 30/November/2017 to 29/May/
2018, with the exception of the winter months (DecembereFeb-
ruary), from eight sites, representing the major farming sites of sea
cucumber in China, and of which, four sites were located in the
Yellow Sea, and the other four sites were located in the Bohai Sea
(Fig. 1) (Table S1).

The sediment samples and sea cucumber animals were collected
randomly from each site, with five replicates. Most of the samples
were taken from the cultured ponds, with the exception of two sites
(Tangshan and Rizhao), which were marine ranching sites. Marine
ranching is farming in a suitable area in the open ocean. The
sediment was collected using a Van Veen grab and was transferred
in aluminium bags to the freezer at �20 �C. The sea cucumber an-
imals (n¼ 5) were collected by divers andwere dissected directly at
each site to separate the intestines and coelomic fluid. The tissues
were stored in 250mL clean glass bottles andwere then transferred
to the lab in an ice box (Fig. S1).

2.2. MP extraction from the sediment

The sediment from each sitewas carefully homogenized under a
clean hood and was dried at 60 �C for 72 h, resulting in a constant
weight. Two hundred and 50 g of dried sediment was separated
into five replicates, and the flotation method was conducted
(Thompson et al., 2004), with little modifications. Two hundred
millilitres of a saturated NaCl solution (r¼ 1.20 gmL�1) was stirred
with each 50 g of sediment for 1min. After about 5min of
settlement, the supernatant was transferred to a clean glass beaker,
paying attention to the adhesion of any particles to the walls of the
beakers. The saturated solution was added to the sediment, and it
was transferred three times to recover more MPs from the sedi-
ment. To degrade the organic matter and calcium floats, 5mL of
H2O2 (30%) was added, reaching a concentration of 0.73% of the
supernatant. After 24 h of sedimentation, the clean supernatant
was filtered through 8 mm glass microfibre filter paper under vac-
uum filtration, and then, the filter paper was placed in a new petri
dish for later inspection by a microscope. Three identical blanks
were set up, using the floatation test, for background correction.

2.3. MP extraction from the intestines of the sea cucumbers

The isolated intestines from the animals were transferred to a
clean glass beaker, and 20mL of KOH (10%) was added for digesting
the tissue (Karami et al., 2017). We also assessed whether of KOH
(10%) affected the morphological characteristics of the MPs (SI).
After 24 h of digestion at 40 �C, the digestion solution was carefully
transferred and was filtered through an 8 mm glass microfibre filter.
A separation test was done using the residue, as described above,
without adding H2O2 (30%) this time, and it was repeated three
times to increase the recovery. Three identical blanks were set up,
using the floatation test or KOH digestion, for background
correction.

2.4. MP extraction from the coelomic fluid of the sea cucumbers

The coelomic fluid was extracted by making an opening on the
posterior side of the sea cucumber that let the fluid flow freely into
the bottle. Three bottles of ultrapure water were left open during
the experiment, as controls, in each site to detect any airborne
contamination. Once the samples reached the lab, the coelomic
fluid and the ultrapure water from the blanks in the glass bottles
were directly filtered under a clean hood through an 8 mm glass
microfibre filter paper with vacuum filtration, and then, the filter
paper was placed in a new petri dish.

2.5. Prevent contamination by airborne MPs

To prevent contamination during dissection, the animals were
washed carefully with filtered water together with the dissection



Fig. 2. Average MP abundances in the sediments (MP per 50 g sediment), the in-
testines and the coelomic fluid from different farms of the sea cucumber.
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tools, and the nitrile-coated gloves were rubbed and washed with
filtered water after each dissection. Moreover, all the procedures
were conducted under a clean hood with air flow including the
preparation of the sediment, the filtration, the preparation of the
intestines for digestion. Every piece of glass equipment (including
the 250mL bottles and the glass beakers) was washed twice with
filtered water and with ultra-pure water before using it directly. All
the chemical solutions were filtered first through 8 mm glass
microfibre filters before use. Coats made of cottons and nitrile-
coated gloves were worn during all the experimental procedures.

2.6. MPs inspection by microscopy

A dissecting microscope was used to examine the 8 mm glass
filter paper. The filter was examined horizontally and vertically, and
the observedMPswere isolated to a new filter in groups, depending
on colour and shape. The MPs were identified according to colour
homogeneity, by how they could not be cracked by tweezers or
needles, and by how they did not have any tissue structure
(Hidalgo-Ruz et al., 2012). After isolating theMPs under a dissecting
microscope, a fluorescence microscope (OLYMPUS IX51) was used
to image the microplastics. The size of each microplastic particle
was calculated later using Digimizer software (MedCalc Software
bvba, Ostend, Belgium).

2.7. Identification of the polymer type

The MPs isolated from each section (sediment, intestines, and
coelomic fluid) at each site were identified separately. In general,
the total amount of the microplastics was analysed at each site.
However, if the total amount exceeded a considerable number
(>75), at least 25% of the total amount was selected randomly in
each site (Table S2). A Nicolet™ iN10 infrared microscope (Thermo
Fisher Scientific, USA) was used to distinguish the polymer type of
1261 microplastics particles from the sediment, intestines and
coelomic fluid. The apparatus was supplied with a mercury cad-
mium telluride (MCT) sensor and an ultra-fast motorized phase.
The MCT sensor was cooled using liquid nitrogen, in which the MPs
were identified. The spectrum of the particle was within
650e4000 cm�1. The aperture was adjusted using knife-edges to
150� 150 mm. The recorded spectra were examined using the
OMNIC library, and only matches over 70% were accepted, which
resulted in a total of 126 particles that were not identified as MPs.

2.8. Statistical analysis

SPSS Statistics 20.0 statistical software (SPSS Inc, Chicago, IL)
was employed to conduct the Kruskal-Wallis H test to compare the
MP abundance in the sediment, intestines, and coelomic fluid be-
tween the sites. When a significant difference was found, the Mann
eWhitney test was employed for comparisons with a significance
level of 0.05. Additionally, Pearson correlation coefficient was used
to investigate the relationships between the variables.

3. Results

3.1. MPs abundance in the sediments of the sea cucumber farms

No MPs were detected in the blank replicates. A total of 687
particles was isolated from all the sites in the range of 1e52MP per
50 g of the sediment. The mean abundance of the MPs in the
eight sites was sequenced as follows: S8 (46.8± 4.81) > S5
(38.8± 7.72) > S4 (23± 7) > S3 (8.4± 1.14) > S6 (7.6± 3.13) > S1
(5.8± 3.96) > S7 (4.2± 2.16) > S2 (2.8± 1.30) per 50 g (Fig. 2). The
MPs in the sediment showed a significantly higher abundance at
S8 and S5 than the other sites (P < 0.05) (Fig. S3).
Microfibres were the most abundant shape in the sediment

from all the sites (97%) followed by fragments and films (3%). The
MPs were mainly blue in colour, accounting for 48% of the total,
followed by transparent at 27%, black at 14%, red at 5%, purple at 5%
and brown at 1%. Small MPs (SMPs� 1mm) were the most abun-
dant, at 82%, while large MPs (LMPs:1e5mm) only made up 18% of
the total (Fig. 3). The width of the isolated microplastics had a
maximum value of 281 mm. Several types of polymers were iden-
tified from a total of 300 randomly selected particles, and of which
30 particles were not identified as MPs. Their frequencies were
arranged as follows: cellophane > polyester > polyethylene
terephthalate > polyethylene > polypropylene > polyamide >
polyvinyl acetate > polyacrylonitrile (Fig. 4).
3.2. MP ingestion by sea cucumbers

The digestion method had no effect on the shape or the colour
of the homemade MPs with a diameter of ca. 80 mm (Fig. S6).
The average sea cucumber body weight ranged from 53 g to 144 g.
A total of 2030 particles were extracted from 200 sea cucumber
animals without detecting MPs in the blank replicates from
the digestion or the isolation processes. The mean ingestion
numbers from the animals from each site were sequenced as
follows: S8 (24.2± 5.90) > S5 (24.08± 2.57) > S4 (15.24± 2.60) > S3
(6.28± 1.20) > S6 (6.08± 1.54) > S1 (4.6± 0.97) > S2
(1.68± 0.64) > S7 (1.56± 0.96) intestines�1 (Fig. 2) which is
nearly the same sequence of the MPs abundance in the sediment. A
high MP abundance was observed at S8 and S5, which were
significantly higher than of the other sites (P < 0.05) (Fig. S4). As the
number of MPs in the sediment increased, the MPs from the in-
testines increased correspondingly (Pearson: r¼ 0.767). Micro-
fibres were the major shape of the extracted MPs, with a
percentage of 91% followed by fragments (8%) with a maximum
width of 55 mm. SMPs were the most abundant (81%), while
LMPs constituted only 19% (Fig. 5). A blue colour constituted 59% of
the total followed by transparent at 24%, black at 6%, red at 5%,
purple at 4%, brown at 1%, and green at 1%. The polymer types were
reported from 668 randomly selected particles, and of which
72 particles were not identified as MPs. Polymer types were
sequenced as follows: cellophane > polyester > polyethylene
terephthalate > polyethylene > polypropylene > polyvinyl
acetate > polyacrylonitrile (Fig. 6).
3.3. MPs isolated from the coelomic fluid of the sea cucumbers

A total of 620 particles was extracted from the coelomic fluid of



Fig. 4. MP type composition observed from the sediment.

Fig. 5. Length distribution of the total MP observed from the intestines.

Fig. 6. MP type composition observed from the intestines.

Fig. 3. Length distribution of the total MP observed from the sediment.
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Fig. 8. MP type composition observed from the coelomic fluid.
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the sea cucumbers, and their means were sequenced as follows: S5
(9.88± 6.81) > S6 (6.72± 1.79), S3 (6.72± 1.50) > S4
(2.28± 0.78) > S8 (1.72± 0.58) > S7 (0.48± 0.27) > S1 (0.4± 0.31),
S2 (0.4± 0.37) animal�1 (Fig. 2), which did not follow the exact
order of the MP concentration in the sediment or in the intestines.
The sites S1, S2, and S7 had significantly lower MPs abundances in
the coelomic fluid than in those of the other sites (P < 0.05)
(Fig. S5). The extracted MPs were only microfibres, with a
maximum width of 20 mm. SMPs were the dominant size and
accounted for 84% of the total, while the LMPs accounted for 16%
(Fig. 7). The most abundant colour was blue at 67% followed by
transparent at 13%, red at 7%, purple at 6%, black at 5% and brown
at 2%. The polymer type composition was examined from
293 randomly selected particles, and of which 24 particles were
not identified as MPs. The types had the following order:
cellophane > polyethylene terephthalate > polyester >
polyacrylonitrile > polypropylene (Fig. 8). The extracted MPs
from the coelomic fluid showed a moderate relationship with
the isolated MPs from the intestines (Pearson: r¼ 0.476).

4. Discussion

4.1. MP abundance in the sediments of sea cucumber farms

The sea cucumber A. japonicus in ponds or marine ranching
feeds on the sediment. The sediments were collected from sea
cucumber farms located in the Bohai Sea and the Yellow Sea in
China. A high MP abundance was noticed at S8 in the Bohai Sea,
which had intensive farming activities, such as stock enhancement
and fishery production management. In addition, the high amount
of the microplastics in S8 may refer to the high pollution in the
Laizhou Bay. Laizhou Bay, which accounts for 10% of the Bohai Sea,
receives discharging from more than 23 rivers, including the sec-
ond longest river (Yellow River) in China. These rivers receive
wastewater from industrial, agriculture and urban activities, which
discharge, in turn, into the Laizhou Bay (Zhang et al., 2012).
Nevertheless, industrial zones located along the Laizhou Bay,
together with urban sprawl, discharge wastewater to the Laizhou
Bay (Wang et al., 2007). In the Yellow Sea, S5 had the highest MP
abundance, which may refer to the pollution in the water supply
from the Jiaozhou Bay in Qingdao. Qingdao is known for its high
population density, reaching to approximately 9 million people,
whose activities are reported to contaminate the Jiaozhou Bay
together with the input from polluted rivers (Shen, 2001; Zhang
et al., 2006; Deng et al., 2010).
Fig. 7. Length distribution of the total M
MPs were found in the sediment of all the sea cucumber farms,
with a range of 20e1040MP kg�1 and an average of 343.6MP kg�1

and were mainly in the form of microfibres. Similarly, microfibres
were the dominant shape in the habitat of some sea cucumber
species in the eastern coast of USA (Graham and Thompson, 2009).
The MP abundance in this study is comparable with those observed
in the habitat of the worm Tubifex tubifex in Irwell river in the
United Kingdom (56e2543MP kg�1) (Hurley et al., 2017) and was
less than the habitat of mussels and worms in Halifax Harbor in
Canada (average 2000e8000MP kg�1) (Mathalon and Hill, 2014).
However, the abundance was higher than that of the worm Areni-
cola marina habitat along the Dutch, Belgian, and French shorelines
(6MP kg�1), which are mainly a microfiber shape (Van
Cauwenberghe et al., 2015b) and higher than that of the mussle
habitat in the North Sea coast with an average of 48MP kg�1

(Karlsson et al., 2017). The abundance of the MPs detected in this
study was also higher than those observed in the Northern Yellow
Sea, the Southern Yellow Sea and the Bohai Sea (123.6 and 72,
171.8MP kg�1 respectively) (Zhao et al., 2018) and in the Chang-
jiang Estuary (121MP kg�1) in China (Peng et al., 2017). Neverthe-
less, theMP abundance in our studywas less than those observed at
a sand beach in the south coastal line of China (6923MP kg�1) (Qiu
P observed from the coelomic fluid.
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et al., 2015). Our study sites were located in the coastal areas, which
are easily affected by land-based pollution and aquaculture activity,
and thus, they are more polluted than the offshore areas and some
less disturbed shorelines. However, the MP pollution level in the
sea cucumber habitats was less than those of the reported harbours
and sand beaches, which are affected by frequent shipping or
tourism activities. Moreover, the extraction method used in our
study might underestimate the MP abundances in the sediments if
there were some dense polymers, such as PVC or Polytetrafluor-
ethylene (PTFE) (Coppock et al., 2017). Thus, a different extraction
method used in another study might also contribute to the
observed differences between different sites.
4.2. MPs ingestion by sea cucumbers

The ingestion of MPs by the farmed sea cucumber was not
surprising, as other sea cucumber species ingest them in lab ex-
periments. Sea cucumber A. japonicus ingested more microfibre in
the field than of the sea cucumber Cucumaria frondosa and Thyo-
nella gemmate in the lab experiment. However, A. japonicus inges-
ted less microfiber than Holothuria floridana and Holothuria grisea.
Furthermore, Sea cucumber A. japonicus ingested less fragments
than other sea cucumber species and no MP pellets were detected
in sea cucumber A. japonicus (Graham and Thompson, 2009)
(Table 1). Additionally, MP ingestion is reported for many bottom
feeders such as Arenicola marina (Besseling et al., 2012), Perinereis
aibuhitensis (Leung and Chan, 2017),Marenzelleria spp (Set€al€a et al.,
2016) and Nephrops norvegicus (Murray and Cowie, 2011).

The amount of the sediment in the intestines of the sea cu-
cumber correlates positively with the weight of the animals (Xu
et al., 2015). In the current study, there was a high correlation be-
tween the amount of the MPs in the intestines and the amount of
the MPs in the sediment (Pearson: r¼ 0.767). However, there was
no correlation between sea cucumber body weight and the number
of the ingested MPs (Pearson, r¼ 0.135). Furthermore, the length of
the MP in the current study was almost in a same percentage be-
tween the intestines of the sea cucumber and the sediment. This
indicates that once the MPs exist in the sediment, sea cucumber
will ingest them. Indeed, the sea cucumber A. japonisus would
rather select the organic-rich sediment, since the organic matter in
their intestines is higher than of the sediments (Xu et al., 2015). The
MP ingestion rate was site dependent, which was similarly to other
experiments. From the coast line of China, wild and farmedmussels
contain MPs, with an average of 4 MP animals�1 (Li et al., 2016).
While in Germany and France, the MP ingestion by themussels was
an average of 0.36MP g�1 (Van Cauwenberghe and Janssen, 2014).
In Nova Scotia, Canada, the farmed and wild mussels ingest MP
with an average of 178e126 MP animal�1 respectively (Mathalon
and Hill, 2014). Additionally, MP concentration varies among fish
species collected from different locations. Fish contain 1.90MP
animals�1 in southwest Plymouth of United Kingdom (Lusher et al.,
2013), while only 1.0MP animals�1 is found in fish from the North
Sea (Foekema et al., 2013).
Table 1
Comparison of the ingested MPs by different sea cucumber species.

Microplastics Laboratory study a

Holothuria floridana Holothuria grisea Cu

fibers 0e517 0e200 0e
fragments 0e77 0e134 0e
pellets 0 0e34 0e

a (Graham and Thompson, 2009). Direct counting the defecated MPs under microscop
b Current study. Counting MPs after digesting the intestines and density separation.
The sea cucumber A. japonicus is a deposit feeder that exploits
its tentacles to bring the sediment into its mouth. The sea cucumber
A. japonicus shows preference of grain size that ranges from 1 mm to
80 mm (Zhao and Yang, 2010). Additionally, sea cucumber shows a
significant low growth, since the sand or mud size increases from
8 mm to 0.5mm (Shi et al., 2015). In the current study, the sea cu-
cumber A. japonicus showed a particle ingestion preference for the
MPs based on the width. The extracted MPs from the intestines had
a maximum width of 55 mm, indicating that, for ingestion, it was a
suitable diameter for the mouth. While the MPs from the sediment
had a maximum width of 281 mm (Fig. S7). Similarly, other sea
cucumber species select the size of the ingestedMPs as long as MPs
were fit into their mouth or the tentacles were able to grasp them.
The sea cucumbers in the laboratory ingest particles that are less
than 0.5mm more than larger size categories (Graham and
Thompson, 2009). Microplastic ingestion is also size dependent in
other species of deposit feeders such as Tubifex worms which show
a size selectivity of less than 63 mm (Hurley et al., 2017). In addition,
zooplankton ingest MPs that are the size of their prey (Desforges
et al., 2015).

4.3. MPs isolated from the coelomic fluid of sea cucumber

The coelomic fluid in the sea cucumbers serves as a nutrient,
waste, and gas transporter. MPs were isolated from the coelomic
fluid, without observing pollution in the control treatment in any
site. Thus, we speculated that MPs may be transferred to the
coelomic fluid of the sea cucumber (Fig. S8). One possible scenario
is the uptake of the MPs by the gastrointestinal epithelium. The
translocation of MPs (3 and 9.6 mm) is observed from the gut to the
circular system of the invertebrate Mytilus edulis (Browne et al.,
2008). Moreover, the translocation of substances across the gut is
observed in humans with a particle size of 0.16e150 mm, in rabbits
(0.1e10 mm), in rats (0.03e40 mm) and in dogs (3e100 mm) (Hussain
et al., 2001). However, the isolated MPs from the coelomic fluid
were generally larger than 20 mm, which were not easily trans-
ferred from the intestine. Thus, the MPs might be transferred from
the respiratory tree epithelium to the coelomic fluid. It is shown
that the sea water enters from the anus to the respiratory trees
allowing the gas exchange by diffusion (Gao et al., 2015). Addi-
tionally, the respiratory tree of sea cucumbers is wide enough to
include particles from the surrounding water. For example, the crab
Pinnotheres haling, with a carapace width of less than 6mm, were
found inside the respiratory tree of the sea cucumber Holothuria
scabra, at the same time the width of the respiratory tree was
increased three to five times for the host. Furthermore, the fish
Encheliophis gracilis was found in the coelomic fluid of the sea cu-
cumber (Hamel et al., 1999). However, this hypothesis needs further
confirmation.

4.4. Polymer types identification of the MPs

In the current study, the saturated NaCl (density¼ 1.2 g cm�3)
Field study b

cumaria frondosa Thyonella gemmata Apostichopus japonicus

22 0e26 0e30
27 0e8 0e3
2 0 0

e.



M. Mohsen et al. / Environmental Pollution 245 (2019) 1071e1078 1077
extraction method was used to separate the different polymers.
This method has its limitations compared with the ZnCl2 or NaI
extraction, because some dense polymers, such as PVC and PTFE,
cannot be recovered effectively (Coppock et al., 2017). However, the
dense polymer PET (density¼ 1.39e1.44 g cm�3) was identified in
our study; although, its density was larger than saturated NaCl.
Similar results are also found in several studies by using the
method of NaCl extraction (Qiu et al., 2015; Zhao et al., 2018; Peng
et al., 2017; Graca et al., 2017).

Our study demonstrated that, cellophane was the most abun-
dant polymer in all the farms from the intestines, coelomic fluid,
and sediment. Cellophane is widely used in packaging that is
combined with some polymers and in cigarette wrappings. The
identified cellophane may originate from degrading cellophane
films in the environment or fibreglass products. Cellophane is
considered an MP in previous studies and is among the most
common MP that is identified from the sea salts in China (Woodall
et al., 2014; Yang et al., 2015a). Only polyamidewas not identified in
the intestines but was identified in the sediment which cannot
conclude the polymer type selection for sea cucumber. Because MP
ingestion may be linked to the MP abundance in the selected food
by sea cucumbers. The coelomic fluid contained limited types of
polymers, which may indicate another supposed pathway of the
MPs. An example of each identified polymer is given in (Fig. S9).

In conclusion, MPs were widely detected in the habitat, the in-
testines and coelomic fluid of the sea cucumber A. japonicus. A high
correlation between the number of MPs in the sea cucumbers and
the number of MPs in the sediment of their habitat suggested that
the sea cucumber might be used as a bioindicator of microplastic
pollution in the sediment. Although only the body wall of the sea
cucumber is consumed by humans, the potential health risk by
consuming sea cucumber needs further investigation, because the
pollutants might transfer with the MPs. Moreover, further research
is needed to evaluate the chronic effect of MP pollution on the sea
cucumber, due to their ecological and economical values.
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