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Millions of metric tons of plastics are produced annually and transported from
land to the oceans. Finding the fate of the plastic debris will help define the
impacts of plastic pollution in the ocean. Here, we report the abundances of
microplastic in the deepest part of the world’s ocean. We found that microplastic
abundances in hadal bottom waters range from 2.06 to 13.51 pieces per litre,
several times higher than those in open ocean subsurface water. Moreover, micro-
plastic abundances in hadal sediments of the Mariana Trench vary from 200 to
2200 pieces per litre, distinctly higher than those in most deep sea sediments.
These results suggest that manmade plastics have contaminated the most remote
and deepest places on the planet. The hadal zone is likely one of the largest sinks
for microplastic debris on Earth, with unknown but potentially damaging impacts
on this fragile ecosystem.
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Plastics are worldwide marine pollutants, accumulating in
seawater and sediments (Hammer et al., 2012; Cézar et al., 2014;
Ivar do Sul and Costa, 2014). It was estimated that between
4.8 and 12.7 million metric tons of plastic waste entered the
ocean in 2010 and this mass could increase by one order of
magnitude by 2025 (Jambeck et al., 2015; Geyer et al., 2017).
Besides the ocean surface (Thompson et al., 2004; Barnes et al.,
2009; Van Sebille et al., 2015; Chae and An, 2017), potential
sinks for plastics include deep sea biota (Oliveira et al., 2012),
the water column (Courtene-Jones et al.,, 2017, Kanhai et al.,
2018) and sediments (Bergmann et al., 2017), where broken
plastics exist as microplastics (<5 mm in size) (Arthur et al.,
2009; Hidalgo-Ruz et al., 2012). So far, however, microplastics
in the deepest ocean remain largely unexplored.

The hadal zone, which is the deepest region (6000-11000
m) of the oceans lying within trenches, represents 1-2 % of
the global benthic area (Jamieson et al., 2010). Although it was
reported that toxic anthropogenic pollutants (e.g., persistent
organic pollutants) have reached the deepest ocean on Earth
(Jamieson et al., 2017; Dasgupta et al., 2018), little is known
about the nature of anthropogenic microplastics in this deep
and remote environment. To evaluate the abundance, distribu-
tion, and fate of microplastics in the hadal zone, we collected
bottom water samples and sediment samples at depths of

2500-11000 m and 5500-11000 m, respectively, from the
southern Mariana Trench, where the Challenger Deep, the
deepest point on Earth, is situated (Fujioka et al., 2002) (Fig. 1).

Identification by optical microscope and Raman spec-
trometer confirmed that microplastics are abundant in hadal
bottom water (Fig. S-1). The microplastics are fibrous, rod-like,
and roundish in shape, and mostly blue, red, white, green,
and purple in colour. Plastic microfibres dominate in all the
microplastics and are commonly 1-3 mm in length in seawater
samples and mostly 0.1-0.5 mm in sediment samples (Table
S-4). The microplastic abundances in bottom waters range
from 2.06 to 13.51 pieces per litre and become more concen-
trated with depth (Fig. 2) with one exception at depth of 6802
m, reaching 13.51 pieces per litre. At 10903 m, the microplastic
abundance reaches 11.43 pieces per litre, which is four times
higher than that reported in the subsurface water of open seas,
including the NE Pacific Ocean (Desforges et al., 2014), South
Pacific subtropical gyre (Eriksen et al., 2013), North Pacific Gyre
(Goldstein, 2012), North Atlantic Ocean (Courtene-Jones et al.,
2017), and the Arctic Ocean (Bergmann et al., 2017, Kanhai
et al., 2018) (Table 1). The high abundance of microplastics
in hadal bottom water is also comparable to that reported in
coastal waters, for example, in the Yangtze River and the Strait
of Georgia, which are regarded as heavily polluted by micro-
plastics (Desforges et al., 2014; Zhao et al., 2014).
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Figure 1 Sampling location map of Mariana Trench seawater (in red triangles) and sediments (in yellow circles). Please see Tables
S-1 and S-2 for sampling details.
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Figure 2  Profile of microplastic abundances and compositions in water samples from Mariana Trench. Pie charts represent the
microplastic compositions and numbers in the bracket are the microplastic abundances with units of pieces per litre. PVC-polyvinyl
chloride, PA-polyamide, Ra-rayon, ABS-acrylonitrile butadiene styrene, PP-polypropylene, PE-polyethylene, PS-polystyrene, aPA-
aromatic polyamide, PET-polyethylene terephthalate, Pe-polyester, PU-polyurethane. The X-axis corresponds to the crossline from
point A (12 °N, 142.5 °E) to point B (9.8 °N, 141.43 °E) in Figure 1.
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Figure 3  Profile of microplastic abundances and compositions in sediment samples from Mariana Trench. Pie charts represent the

microplastic compositions and numbers in the bracket are the microplastic abundances with units of pieces per litre. PVC-polyvinyl
chloride, PA-polyamide, Ra-rayon, ABS-acrylonitrile butadiene styrene, PP-polypropylene, PE-polyethylene, PS-polystyrene, aPA-aro-
matic polyamide, PET-polyethylene terephthalate, Pe-polyester, PU-polyurethane. The X-axis corresponds to the crossline from point
C (12 °N, 141.9 °E) to point D (10.5 °N, 141.3 °E) in Figure 1.

Table 1 Abundance of microplastics in seawater and sediments
in open oceans worldwide.
S?;‘;Pe le Depth (m) | p (pieces)/L | Study area References
seawater | 2673-10908 | 2.06-13.51 | MarianaTrench |  This study
. .| Desforges et al.
seawater 450 3.20+0.60  |Strait of Georgia (2014)
seawater 1 4144246 | Yangtze estuary |Zhao et al. (2014)
South Pacific Eriksen et al.
2
seawater 1 0.02 (p/m>) subtropical gyre (2013)
seawater 4.50 0.28+0.18 [NE Pacific Ocean| Desforges et al
: cotl: (2014)
scawater | 2227 007 | Rockall Trough | COurtene-jones
’ et al. (2017)
Arctic Central | Kanhai et al.
seawater 50-4369 0.02-0.38 Basin (2018)
200-2200
sediment | 5108-10908 | (0.27-6.20 | MarianaTrench |  This study
plg)
44-3463.71 |HAUSGARTEN Beremann ef al
sediment | 2783-5570 | (0.04-659 | observatoryin | - 38317) :
plg) the Arctic

. SW Indian Woodall et al.
sediment 900-1000 28-80 Ocean (2014)

. . Woodall et al.
sediment | 1400-2200 120-800 NE Atlantic (2014)
sediment 300-1300 200-700 | Mediterranean Woodall et al

(2014)
Van
sediment | 2419-4881 0-40 Polar Front of the Cauwenberghe
Southern Ocean
etal. (2013)
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The colourful microplastics were also widely identified
in hadal sediments (Fig. 3). Like the bottom water, microfi-
bres were abundant in the sediments (Table S-4). Microplastic
abundances in hadal sediments ranged from 200 to 2200
pieces per litre. Higher abundances were commonly found in
deeper hadal sediments, especially at depths of 7000-11000
m. The maximum value reached 2200 pieces per litre at the
depth of 7180 m, followed by 2000 pieces per litre at 9373 m.
We compared the microplastic abundances of our sediment
samples with that in deep sea sediments reported from other
studies (Van Cauwenberghe et al., 2013; Woodall et al., 2014;
Bergmann et al., 2017) (Table 1). The maximum abundance of
microplastics detected in the Mariana sediments is twice as
high as that reported in deep sea sediments from the Atlantic
Ocean and the Mediterranean Sea (70-800 pieces per litre,
Woodall et al., 2014), and twenty times more than that in deep
sea sediments from the SW Indian Ocean and the Southern
Atlantic (Van Cauwenberghe et al., 2013; Woodall et al., 2014).
However, it is comparable to Arctic deep sea sediments, where
the highest abundance of microplastics recorded was 3463.71
pieces per litre, at a depth of 2783 m (Bergmann et al., 2017).

Eleven different polymers, including polyvinyl chlo-
ride, polyamide, rayon, acrylonitrile butadiene styrene, poly-
propylene, polyethylene, polystyrene, aromatic polyamide,
polyethylene terephthalate, polyester, and polyurethane were
identified from the Mariana samples (Fig. 2). Polyethylene
terephthalate accounted for the largest proportion (19 %) in
hadal bottom waters, followed by polyamide (14 %), poly-
vinyl chloride (13 %), polyurethane (12 %), polyester (11 %),
polystyrene (11 %), and rayon (9 %) (Fig. 2). In the sediments,
polyester accounted for the largest proportion (19 %), followed
by polypropylene (15 %), polyurethane (14 %), polyamide (12
%), polyamide (12 %), polyvinyl chloride (10 %), rayon (10
%), and polyethylene (9 %) (Fig. 3). Microplastic compositions
from our study are different from those previously reported
in other deep sea environments. For example, polypropylene
and polyethylene are most abundant in the water column of
the North Pacific Ocean (Rios et al., 2007). Polyester, followed
by acrylic fibres dominate in sediments from the deep NE
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Atlantic, Mediterranean, and SW Indian Ocean (Woodall
et al., 2014), while chlorinated polyethylene, polyamide and
polypropylene account for 76 % in Arctic sediments (Berg-
mann et al., 2017). Such compositional differences probably
reflect the differences in the source of microplastics in various
deep sea areas, and/or the difference in the vertical transport
processes among various microplastics. Although polymer
type in this study does not unequivocally establish the source
of plastic particles, it could provide useful information. All the
synthetic polymers found in this study could be derived from
textiles, ropes, fishing gear (nets, lines efc.), plastic beverage
bottles, and packaging materials (Andrady, 2011; Claessens
et al., 2011; Napper and Thompson, 2016), while rayon may
also be used in personal hygiene products and cigarette filters
(Woodall et al., 2014).

The high abundance of microplastics in Mariana bottom
water and sediments may be derived from industrialised
regions in the Northwest Pacific (Jamieson et al.,, 2017) and
the North Pacific Subtropical Gyre, so called “Great Pacific
Garbage Patch” (Kaiser, 2010), where the Pacific surface circu-
lation, i.e. the Eastern Subtropical Mode Water and Subtropical
Mode Water, may lead to long distance transport of microplas-
tics to Mariana trench, respectively (Tseng et al., 2016). Except
for polypropylene and polyethylene, all the polymer types
recorded in this study are negatively buoyant (Andrady, 2011)
and would eventually sink. Colonisation by organisms, adher-
ence to phytoplankton, and aggregation with organic debris
and small organic particles will eventually enhance settling
(Zarfl and Matthies, 2010; Katija et al., 2017). It was reported
that the vertical transportation rate of surface-derived mate-
rial can be up to 64-78 m per day in the Japan Trench (Oguri,
2013). A relatively rapid deposition of sediments has also been
reported in the hadal zone of Mariana Trench (Glud et al.,
2013), probably due to erratic downslope sediment transport
triggered by occasional earthquakes and/or repeated resus-
pension and deposition of material (Itou et al., 2000), which
could result in increased accumulation of microplastics in the
hadal zone. In addition, the narrow V-shaped topography of
the trench may also enhance the downslope flux of microplas-
tics into the hadal zone (Nunoura et al., 2015). Bottom currents,
together with propagating internal tides, may further enhance
the downwelling of particles and foster the accumulation of
microplastics in the Mariana Trench (Taira et al., 2004; Turne-
witsch et al., 2014).

Our results confirm the presence of microplastics
throughout the bottom water and sediments of the Southern
Mariana Trench. We suggest that a part of the ‘missing’ micro-
plastics in the ocean could have been transferred to the deep
ocean. Given the vastness of the hadal zone and the high
abundance of microplastics in all of the bottom water and sedi-
ments, the hadal zone could be one of the largest microplastic
sinks on Earth. It has been demonstrated that microplastics
could be available to every level of the food web (Cedervall et
al., 2012; Rillig, 2012; Mattsson ef al., 2014; Avio et al., 2017).
Ingestion of microplastics may result in adverse health effects,
such as internal blockage and endocrine dysfunction (Wright
et al., 2013, Kershaw et al., 2015). Recently, microplastics were
reported to be found in crustaceans from the deep trenches
(A]. Jamieson in The Guardian newspaper report by Taylor,
2017). Further work to evaluate the impacts of microplastics
on fragile hadal ecosystems is urgently needed in the future.
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Sampling Locations

Table S-1 Details on sampling stations of Mariana Trench water, including sample collection method and volume.

Sample number Longitude Latitude Depth (m) Volume (L) Filter membrane
CTDO05 141.50 9.90 2673 180 0.22 pma
CTDO03 141.50 11.60 4590 140 0.30 pum®
CTD09 141.50 11.40 6001 60 0.22 pma
CTDO08 141.50 10.90 6010 70 0.22 pma
CTD12 141.84 11.21 6802 35 0.22 yma
DGE02 141.55 11.27 7869 62 0.30 pm®
DGE08 141.82 11.09 7985 80 0.22 pma
DGE05 142.19 11.33 10900 80 0.30 pum®
DGE07 142.20 11.33 10903 80 0.30 pmP

Note: a. 142 mm, Merck Millipore, polyether sulfone resins; b. 142 mm, GF/C, Whatman, glass microfibre.

Table S-2 Details on sampling stations of Mariana Trench sediments, including sample collection method.

Sample number Longitude Latitude Depth (m) cgﬁlerzl:il:n Sampl/t;:rl(‘) Ln Wet weight/g Dry weight/g
GCo3 142.06 10.79 5423 Gravity 5 7.36 2.60
column
GC02 141.98 11.78 5455 Gravity 5 6.89 1.82
column
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Methods

Study area

The Mariana Trench, where the deepest point Challenger Deep is located, lies in the western Pacific Ocean (Fujioka ef al., 2002). It is
approximately 2500 km offshore from large land masses. The seawater and sediment samples analysed during this study were
taken from Mariana Trench during DY38-III Cruise carried out via R/V XYHO09 in April, 2017 and TS01 and TS03 Hadal Trench
Cruise carried out via R/V TANSUOYIHAO in June, 2016 and in February, 2017, respectively. In total, 9 seawater samples and 25
sediment samples were collected.

Contamination protection

To avoid potential contamination, all apparatus used were made of glass or stainless steel and thoroughly rinsed with Milli-Q
water prior to use. All chemicals (e.g., NaCl, Nal) solutions were filtered through polycarbonate filters (0.22 um pore size,
polyethersulfone, Merck Millipore) to remove particulate contaminants before usage (Bergmann et al., 2017). All polymer-based
items, which could not be replaced by alternative glass items including bottle caps and filter holders, are listed in Table S-3. Their
compositions are also shown. Sample preparation was conducted within a sterile super clean bench. To demonstrate the efficacy of
our preventive measures, two procedural blanks and every air blank control group were run when counting to check for
contamination.

Water sampling

Seawater samples were collected using lander system or conductivity-temperature-depth sensor suite (CTD, Sea-Bird SBE 911
PLUS Water Sampler) and passed through 0.30 pm Whatman glass microfibre filter membrane (GF/C, 142 mm) or 0.22 um
polyether sulfone resins membrane (142 mm, Merck Millipore). When filtered, the filter units were rinsed with deionised water for
at least three times. Then the membrane was removed. Each filter paper was placed into a clean Falcon tube, covered and stored in
a freezer (-20 °C) until returned to the laboratory.

Sediment sampling and extraction

Sediment samples were collected by the gravity core, box-core, multicore or pushcore (operated by manipulator of Jiaolong). After
recovery, sediment samples were stored at -20 °C until further analysis.

In the laboratory, the top 6 cm layer of frozen sediments from all the cores and boxes were defrosted, pooled and
homogenised. Three subsamples were weighed before and after drying at 60 “C (Bergmann ef al., 2017). The sediment extraction
was performed according to Nuelle ef al. (2014) and Masura et al. (2015), with minor modifications. First, the saturated sodium
chloride solution (density: 1.2 g/cm? at 25 °C) was added to separate microplastics from dried sediment and left to stand for three
days during which samples were shaken for 10 minutes every 8 hours. Then all samples were centrifuged at 3000 r/s and the
supernatant was transferred and filtered over the Whatman glass fibre filter (GF/F, 47 mm). After filtration, the filter units were
rinsed at least three times using deionised water. Second, the remaining solids were resuspended in concentrated sodium iodide
solution (density: 1.74 g/cm3 at 25 °C) and the extraction procedure was the same as above. To reduce contamination, the glass fibre
filters were burnt at 550 °C for 4 hours to remove organic matter before use.

Visual identification and enumeration of microplastics

All samples were examined under an optical microscope (Leica stereoscope, LED5000 SLI). Microplastics were identified according
to morphological characteristics and physical response features (e.g., bendable or soft) described by Hidalgo-Ruz et al. (2012).
Unnatural colour and/or shininess were used as indicators of potential microplastics (Martin ef al., 2017). White and transparent
coloured pieces were counted only when the suspicious pieces are long fibres. Microplastic data obtained from each sample was
combined to better categorize the particles by size. Size categories were based on length measurements of the longest dimension of
each particle: <100 pm (20-100 pum), 100-500 pm, 500-1000 pm, or >1000 pum (1000-5000 pum) (Desforges et al., 2014). Then these
picked pieces were purified with 20 mL of aqueous 0.05 M Fe(II) solution along with 20 mL of 30 % hydrogen peroxide for at least
15 minutes (Nuelle et al.,2014; Masura et al., 2015). After purification, these potential microplastics were transferred to a clean filter
paper in a labelled petri dish (Kanhai et al., 2017).
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Analyses by Raman spectroscopy

Both water and sediment samples were analysed using a LamRAM HR800 (JY/Horiba) Raman spectrometer. The wavelength of the
excitation laser was 532.06 nm. The spectral resolution of the Raman spectrometer was ~1.0 cm~'. Samples were tested using 50 X
objective. All spectra were acquired for 5-20 s with two to three accumulations per spectrum. A Raman range of 200-3600 cm™' was
used for measurements. Besides, the energy of the spectrum was below 10 %, usually at 3.2 % avoiding high energy damage to
samples.

Data analysis

The abundance, type and polymer structure of microplastics were investigated. Particle counts were converted to number of
particles per litre of seawater samples. Since sediment quantities were sampled from different sites, the data were qualified by
particles per litre and were converted to particles per gram (wet/dry weight) (Bergmann et al., 2017). Microplastics were identified
by non-commercial spectral database (Spectral Database for Organic Compounds SDBS http://sdbs.db.aist.go.jp/sdbs/cgi-
bin/direct_frame_top.cgi). In addition, these libraries were supplemented with high-quality reference spectra of defined polymers
being available at IPF Dresden (Kédppler ef al., 2016), as well as the documentary Library constructed by Kappler et al. (2016),
Crawford and Quinn (2017), Larkin (2011), Cho (2007) and Lenz et al. (2015). All the spectra were corrected to remove the
fluorescence using a curve or linear baseline. The spectra were normalized using Labspec v.5.4 program (HORIBA Scientific inc.)

Supplementary Tables

Table S-3 The polymer items used in the sampling and laboratory and their composition.

Items Application Composition
Seabird CTD Niskin bottle seawater sampler grey polyvinyl chloride (PVC)
Longer pump hose Transport water silica gel
0.22 um membrane water samples filtration on board polycarbonate (PC)

47 mm sartolabcacuum

filtration units sediment samples filter polyether sulfone resins (PES)
lab coats, clothing Lab clothing cotton
gloves Lab clothing Latex
Falcon tubes caps sample containers phthalocyanine (CuPc) dyea
Falcon tubes sample containers polystyrene (PS)2

a. Zhao et al., 2017.

Table S-4 Microplastic abundance and size distribution in seawater samples and sediment samples collected from Mariana trench (p represents pieces).

Abundance (p/L)
Sample number

>1mm 0.5-1mm 0.1-0.5mm <0.1mm total

CTDO05 0.17 0.27 0.52 1.09 2.06
CTDO03 0.85 0.60 0.42 0.31 217
CTD09 0.84 0.62 0.15 0.48 2.09
CTDO08 1.74 1.79 0.86 211 6.50
CTD12 4.09 2.51 0.66 6.26 13.51
DGE02 294 3.08 3.02 0.92 9.96
DGE08 1.59 1.61 3.20 0.67 7.07
DGE05 5.24 2.84 2.52 0.82 11.43
DGE07 4.14 2.36 2.81 0.90 10.20
S:ﬁi?:j;‘fel)es 200 208 416 200 1024
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Table S-5 Microplastic abundance (mean value + SD, p represents pieces) in sediment samples collected from Mariana trench.

GCo3
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MCO1
MC02
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JL115
JL121
GCo1
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JL116
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JL118
B02
B06
BO5
B09
BO8
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GT013
GT02
L10
L11

1.54
0.55
0.99
2.25
1.12+1.15
1.10
0.58
0.27
0.61
0.29
0.44
0.68
0.65
0.67
1.12+1.04
1.51+1.10
0.69+0.28
1.24+0.66
3.73+1.51
3.90
1.17+0.50
6.20
2.49
2.78
3.37

0.54
0.15
0.39
0.61
0.43+0.16
0.39
0.15
0.13
0.31
0.13
0.13
0.25
0.14
0.27
0.32+0.30
0.44+0.33
0.23+0.09
0.36+0.19
0.51+0.17
1.51
0.36+0.15
1.67
1.19
0.98
0.73
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200
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Table S-6 Quality control checks associated with CTD sampling and sediment procedure

sediment
sediment
sediment
seawater
seawater

seawater

air control (average)
method control 1
method control 2

air control (average)

method control 2

method control b

o O O o o

1

polyethylene terephthalate (red, 0.1-0.5 mm, fibre)

Note: a. 142 mm, Merck Millipore, polyether sulfone resins; b. 142 mm, Whatman, glass microfibre.
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Supplementary Figures
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Figure S-1 The correlation diagram of microplastics abundance and depth. Seawater-red triangles; Sediment-yellow circles. In both seawater and sediment
samples, the microplastics abundances have non-significant positive correlation with depth.

Figure S-2  The representative morphologies of microplastics in seawater samples. A-l: scale bar 400 um; J-L: scale bar 50 um.

Geochem. Persp. Let. (2018) 9, 1-5 | doi: 10.7185/geochemlet.1829 SI-6



Geochemical Perspectives Letters — Supplementary Information

Figure S-3 The representative morphologies of microplastics in sediment samples. A-G: scale bar 200 um; H-L: scale bar 50 um.
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Figure S-4 The representative Raman spectrum of microplastics. PVC-polyvinyl chloride, PA-polyamide, Ra-rayon, ABS-acrylonitrile butadiene styrene, PP-
polypropylene, PE-polyethylene, PS-polystyrene, aPA-aromatic polyamide, PET-polyethylene terephthalate, Pe-polyester, PU-polyurethane.
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