Microplastics pathway in sea cucumbers: A perspective
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Plastics have become a major component of our life, mainly
due to their durability (Thompson et al. 2009). Plastic
production increased rapidly from the 1950s onward, with
global production reaching about 368 million metric tons
in 2019 (Shanmugam et al. 2020). The mismanagement of
plastic waste has resulted in the accumulation of plastics in
the ocean (Eriksen et al. 2014). Plastics degrade over time,
resulting in the formation of tiny plastic particles called
microplastics (5 mm-1pm) and nanoplastics (less than

1 um) (Wayman and Niemann 2021). Microplastics can also
be purposefully manufactured, such as microbeads, which
are used for personal care products, and have been named as
primary microplastics (Rochman 2018).

Marine microplastics are distributed throughout the ocean,
from the Arctic to the Antarctic (Rochman 2018). These
microplastics can have a significant ecological impact not
only because of their original structure but also because of
the chemicals applied to their final product, such as dibutyl
phthalate and phthalates (Zimmermann et al. 2020). Fur-
thermore, microplastics have raised concern because of the
adsorbed chemicals and colonised microbes on their surface
in the ocean (Barboza et al. 2018). The transport of micro-
plastics in the ocean is dependent on their properties, among
which the density, shape and size are considered to be major
factors (Khatmullina and Chubarenko 2019). Microplas-
tics may be ingested by marine organisms intentionally or
unintentionally, according to an organism’s feeding habits
(Egbeocha et al. 2018).
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Sea cucumbers are exposed to microplastics in water and
sediment according to their behaviour. Deposit- and suspen-
sion-feeding sea cucumbers can ingest microplastics through
the mouth (Graham and Thompson 2009). Sea cucumbers
likely ingest microplastics unintentionally when they brush
the surfaces to collect particles into their mouth. Microplas-
tics with shapes that the tentacles can trap are likely to have
the highest proportion of being ingested by sea cucumbers.
It has been shown that dietary-ingested microplastics can be
excreted from sea cucumbers through their facces without
evidence of transferring these microplastics through the
intestinal epithelium (Fig. 1), as has been shown in the sea
cucumber Apostichopus japonicus (Mohsen et al. 2020b).
However, nanoplastics have been observed to cross the intes-
tinal barrier in fish (Clark et al. 2022; Vagner et al. 2022),
which is worthy of investigation in sea cucumbers (Fig. 1).

Microplastics are ubiquitous in seawater, and fresh water
sea cucumbers can uptake microplastics during suspen-

sion feeding (Iwalaye et al. 2020; Mohsen et al. 2020a) or
respiration (Mohsen et al. 2022b, 2020b). Microplastics in
inhaled water can reach the perivisceral coelomic fluid of
sea cucumbers and even breach the tissues of the respiratory
tree (Mohsen et al. 2020b). However, these microplastics
are excreted again by sea cucumbers when they are placed in
clean seawater (i.e. sand-filtered seawater) (Fig. 1) (Mohsen
et al. 2023). It is worth investigating whether these micro-
plastics can be a vector for pollutants (e.g. heavy metals) or
pathogens, and passed on to sea cucumbers (Fig. 1) because
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Figure 1. Microplastics pathway in sea cucumbers. Microplastics are taken up by sea cucumbers during
feeding and respiration. These microplastics decrease in abundance when the sea cucumbers are transferred
to clean seawater (i.c. filtered seawater). Polluted microplastics moving inside sea cucumbers can be vectors

for transferring heavy metals (HM) or pathogens, which is worth future investigation. Also, the possibility of
nanoplastics being transferred through the intestinal epithelium is worth investigating.
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microplastics adsorb a wide range of heavy metals (Mohsen
etal. 2019) and potential pathogens (Mohsen et al. 2022a).
Furthermore, microplastic transfer during the respiration
of sea cucumbers can disturb their growth. Mohsen et al.
(2023) showed in laboratory experiments that sea cucum-
bers exposed to microplastics two times and three times per
week (thus had microplastics transferred in their coelomic
fluid), had significantly affected growth rates over 60 days. It
has been suggested that sea cucumbers should be farmed in
areas where microplastic concentrations are low (Mohsen et
al. 2023). Accordingly, microplastic abundance in the water
should be added to water quality parameters for the healthy
farming of high-quality sea cucumbers.

Although the microplastic pathway has been revealed in
adult sea cucumbers, research on the microplastics and
nanoplastics pathway in the larvae of sea cucumbers has not
gained much attention. The uptake of 20-um nanoplastics
by larvae of the sea cucumber Parastichopus californicus has
been demonstrated, and the uptake rate has been calculated
(Hart 1991). However, the uptake and toxicity mechanism
of nanoplastics is still not well understood, including the
effect of different nanoplastic characteristics and their
adsorbed pollutants or attached biofilm. Because sea cucum-
ber larvae are useful in ecotoxicology and environmental risk
assessment (Rakaj et al. 2021), microplastics and nanoplas-
tics uptake and toxicology research on larvae is of potential
value. The uptake and pathway research of microplastics and
nanoplastics in sea cucumbers not only can clarify the fate
and effects of emerging contaminants on these endangered
species and echinoderms, but can also provide useful infor-
mation about the physiology of sea cucumbers. For instance,
when the deposit-feeding sea cucumber Apostichopus
Jjaponicus is exposed to microplastics in the water, it exhibits
suspension-feeding behaviour (Mohsen et al. 2020a).
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