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▪ How long for plastics to decompose in the deep sea?
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Abstract
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The deep sea floor is recognised as one of the most important final destinations for
plastic debris. It is not clear whether the plastic debris in the deep sea could be
degraded. Likewise, little is known about how long plastics might last at the deep
sea floor. A total of 103 plastic debris were recovered using the manned submersible
“Shenhaiyongshi” on the deep sea floor (746–3997 m) of the South China Sea (SCS).
We found that abundant corrosion structures were present on the surface of polyethylene (PE), which was the dominant type of plastic sample (80 %). The rod-like,
filamentous and peanut-like morphologies of the corrosion structures are well in line
with those of microorganisms, suggesting that they were derived from biodegradation. The calculation of volume loss of corroded PE showed that about 1.08–13.72 %
PE were degraded. Assuming that the most degraded plastic reached the deep sea floor 40 years ago, these plastics will require
about 292 years to be totally degraded. Our results provide unique insights into the fate of deep sea plastics and answer the
unsolved question about how long plastics may persist in deep sea.
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Introduction
Marine plastic pollution is a major environmental problem affecting human health and ocean ecosystems (Lebreton et al., 2017). It
has been estimated that around 15 million metric tons of plastic
debris reach the oceans annually (Jambeck et al., 2015), of which
70 % will sink to seafloor (Thompson et al., 2004) and are eventually transported to the deep sea floor (Bergmann et al., 2017;
Zhong and Peng, 2021). Complexity and high costs of sampling
in the deep sea environments lead to limited recognition of deep
sea plastics and restrict understanding of their final fate, although
a few studies show that plastic might be ubiquitous at the deep
sea floor (Peng et al., 2018, 2019; Nakajima et al., 2021).
It is generally considered that most plastics are quite recalcitrant to degradation and may persist several hundred years or
even longer (Chamas et al., 2020), although so far there is no
available data on the actual retention times of plastics in various
natural environments (Ter Halle et al., 2017; Turner et al., 2020).
The degradation of plastic litter in ocean surfaces and beaches,
including photo-oxidative, thermal, mechanical, and biodegradation are well recorded (Corcoran et al., 2009; Masry et al.,
2021), but it has never been reported in the deep sea where
the environment differs from that of the shallow water because
of the relatively low temperature, absence of UV light and
depleted oxygen (Chamas et al., 2021). Those factors in deep
sea environments can inhibit the thermal and photo-oxidative
degradation of plastic litter (Nakajima et al., 2021). Consequently, biodegradation might be the most important form of
plastic degradation in deep sea. Previous studies showed that
the surface of deep sea plastics could supply additional habitats
and relevant sources of carbon for colonisation of microbes,

along with potentially evolving microorganisms that can degrade
plastics (Wright et al., 2020; Wang et al., 2021). However, it still
remains unknown whether the deep sea plastics could be
degraded by microbes and how long the plastics can persist in
deep sea.

Characterisation of Plastics in the
Deep Sea
A total of 103 pieces of plastics (Fig. S-1) were recovered from the
deep sea floor (746–3997 m) of the northern South China Sea
(SCS) using manipulators during 22 dives with the manned submersible Shenhaiyongshi (Table S-1, Fig. 1). According to the
Raman spectrum (Fig. S-2), the most abundant samples were
identified as PE (80 %) and PP (14 %), followed by polyethylene
terephthalate (PET, 2 %), polyvinyl chloride (PVC, 2 %), polystyrene (PS, 1 %) and polyesters (Pe, 1 %). Detailed information of
plastic samples is listed in Table S-2. Different compositions of
plastic samples were observed to have different morphological
features on their surfaces. Most of the PE samples showed characteristics of degradation including crumples, grooves, scratches,
flakes, cracks, and irregular pits (Fig. S-3). The degradation of the
plastic samples was confirmed on the basis of the occurrence of
C=O (1659 cm−1), C-O (1032 cm−1) and O-H (3300-3500 cm−1)
bonds by Fourier Transform Infrared (FTIR) analysis (Fig. S-3g)
(Bhagwat et al., 2021). In the case of PP (Fig. S-4), surface cracking
was apparent in most items from the deep sea, also typically
observed in the PP collected from the coastal and offshore environment (Rizzo et al., 2021). Degradation via crack formation is
considered the common degraded pattern of PP, which is possibly
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Figure 1 (a) Sampling sites of plastic litter in the northern South China Sea (Table S-1 lists detailed information of sampling locations; red
triangles refer to the sampling sites). (b) Plastic bags, woven bags, and packing bags accumulated on the seafloor of site S06. (c) Various types
of plastics with different colours accumulated on the seafloor of site S14. PE: polyethylene, PP: polypropylene, scale bar = 10 cm.

caused by photo-oxidation when they were in shallow water
(Song et al., 2017; Tang et al., 2019). While other plastics, such
as PET, PS, PVC and Pe (Fig. S-5), exhibited rather smooth surfaces with only visible physical scratches.

Degradation on the Surface of PE
Especially intriguing were numerous corrosion pits found on the
surface of eighteen PE debris (Fig. 2a–g). The plastic surface
showed a high degree of degradation, which was pockmarked
with abundant pits linked to each other (Fig. 2a,b). Two structures of corrosion pits, including short rod-like and peanut-like
structures, were distributed and overlapped on the surface of
plastics (Fig. 2c,d). In addition, other forms of pits were also
observed on PE surfaces, such as worm-like and filamentous
structures (Fig. 2e–g). All pits are 1-2 μm in length and their morphologies just coincide with those of some bacteria.
The three dimensional morphology by photo-induced
force microscopy (PiFM) showed the typical worm-like structures (Fig. 3a,b). The Ra (Roughness Average) value is usually
used to indicate surface roughness. It is evident that the more
heavily degraded plastic exhibits higher roughness. PiFM can
be used to probe the micron scale topography of pits to higher
accuracy and precision in the vertical dimension compared to

the Scanning Electron Microscope (SEM). Through the cross sectional analysis of PiFM images, the worm-like pits are approximately 0.9 μm in width (0.45 × 2 μm) and 144.3–289.8 nm in
depth in the relatively early stages of degradation (Fig. 3c). As
degradation progresses, the pit depths become deeper, up to
about 572.2–663.2 nm deep (Fig. 3d).
A peak at 1035 cm−1 in PiFM spectrum was distinctly identified on the surface of pits, attributed to -C-O- bond stretching
characteristic of ethers, carboxylic acids and esters (Andrady et al.,
2022). This feature of spectra was consistent with those from laboratory experiments of microbial degradation (Puglisi et al., 2019;
Khandare et al., 2021). In addition, the corrosion pits found
in this study highly resemble those from previous laboratory
experiments which show similar corrosion pits are produced
by microbes during biodegradation of plastics (Yoshida et al.,
2016; Puglisi et al., 2019), further suggesting a biological origin.
Furthermore, surfaces of PE stained using SYBR green I showed
that rod-like cells were densely present on the surface of pits
(Fig. S-7a,b), together with the objects with microbial morphologies observed by SEM (Fig. 2h), also corroborating evidence
suggesting that the formation of corrosion pits is potentially
caused by microbial degradation.
Only a few studies on the surface characteristics of plastics
sinking into the deep sea naturally have been performed due to
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Figure 2 Typical examples of SEM images of PE samples with corrosion pits. (a) SEM photomicrographs of partial surface of P102. (b)
Enlarged image of the yellow line marked area in a. (c, d) Enlarged image of the yellow line marked area in b. (e, f, g) SEM images of different
corrosion pits observed on the surface of P27, P19 and P18. (h) Objects with microbial morphologies on the surface of pits of P103.

sampling difficulties. Krause et al. (2020) found only two bulk
plastic bags of PE at a water depth of 4150 m during the ROV
dives. Nevertheless, the two items showed no apparent sign
of biological degradation, possibly due to the short residence
time after they reached the seafloor. While in our study, the
unique pits suggestive of a biodegradation activity were found
for the first time on the surface of plastics on the deep sea floor.
This suggests that microbial degradation could happen more
easily than chemical degradation in extreme conditions of the
deep ocean that is characterised by lower temperatures, absence
of UV light and lower oxygen concentration than in the shallow
sea, although the biodegradation speed of plastics in deep sea is
relatively low. Currently, the roles of enzymes in plastic biodegradation have been highlighted in several studies, including
microbial depolymerases, hydrolases, lipases, and peroxidases
(Roohi et al., 2017; Amobonye et al., 2021). Widely present
pits on the surface of PE may also suggest that cold-adapted

enzymes produced by barophilic/tolerant microorganisms and
psychrophiles possibly play important roles in degrading plastics
in the deep sea (Urbanek et al., 2018; Atanasova et al., 2021).

Quantification of Degradation of PE
We used the volume loss to quantify the degradation of PE plastics
at the deep sea floor. According to SEM images of cross sections
(Fig. 4a–d), the thicknesses of the eighteen PE samples with corrosion pits in our study ranged from 13.236–28.467 μm. The pit
density and the depth, mouth area, volume of individual pits were
analysed from the PiFM images. The statistical results are tabulated
in Table S-3. As shown in Figures 4e and S-6, all the pits at least
1 μm wide and 0.1 μm deep on the surface of P102 were counted
and the depths of these pits were analysed by SurfaceWorks
(Molecular Vista, Inc.). The statistical results showed that the
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Figure 3 Typical examples of PiFM images, spectra, and sectional analysis of PE with corrosion pits. (a, b) 3D images of worm-like structures.
Ra represents roughness average. (c, d) 2D images and the cross sectional analysis along the line. (e) PiFM images and spectra corresponding
to inside of corrosion pits (spectra 3, 4) and outside of pits (spectra 1, 2).

depth, mouth area, and volume of corrosion pits on the surface of
plastic (P102) are 1.733 μm, 24.11 μm2, 35.67 μm3 respectively
(Fig. 4f–h). Using the calculated volume ratio of corroded pits
and plastics, we could estimate that about 1.08–13.72 % of a piece
of polyethylene plastic on the deep sea floor might be degraded.
So far, there are no appropriate ways to date large plastics
that are deposited into the oceans because these materials have
only been manufactured over a relatively short period of time
(several decades) and there is a lack of sedimentary sequences
(Turner et al., 2020). Some studies about plastic persistence
and deposition ages of plastic show they are, according to the
outer packing, from a distinct temporal source (Ioakeimidis et al.,

2016; Krause et al., 2020). However, there is no information
available on the date of manufacture of our plastic samples. In
order to constrain the deposition ages of plastics, we use the dating data of microplastic pollution in the same research area of the
South China Sea, which show microplastic pollution in this area
commenced in the 1980s and has a forty year pollution history
(Chen et al., 2020). Assuming that the most degraded plastics
in our samples have already been at the deep sea floor for
40 years, it would take about 292 years for these plastics to be
fully degraded. This result provides the upper limitation for
the degradation time of PE in deep sea and represents the maximum degradation time for these deep sea plastics.
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Figure 4 (a, b, c, d) Examples of SEM images of thickness of PE samples with corrosion pits. (e) PiFM image of P102. The circles in red were pits
at least 1 μm wide and 0.1 μm deep. (f, g, h) Histogram of the depth, area and volume of corrosion pits of P102 measured by PiFM.

Conclusions and Implications
The fate of plastics in marine environments is a matter that is still
in debate. Some have argued that all the conventional plastics
entering oceans have never been degraded and still remain
either as whole items or as fragments to date (Barnes et al.,
2009). This study provides the first evidence that plastics in
the deep sea can be degraded, and estimates that the maximum
residence time of PE is about 292 years, although there exist
some uncertainties regarding the dating of plastics. In addition,
the mere presence of corrosion pits on PE suggests other types of
plastics, such as PP, PET, PVC and PS, will persist on the deep
sea floor for a far longer period of time, and could have more

profound and lasting threats to the deep sea ecosystem. Strict
control measures should be taken to prevent these refractory
plastics from entering the oceans.
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Additional Information
Supplementary Information accompanies this letter at https://
www.geochemicalperspectivesletters.org/article2222.
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