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Marine sediments have been considered to be a major sink for microplastics, yet 
the pollution history of microplastics recorded in these sediments remains poorly 
understood. Using a combination of 210Pb chronology and quantification of 
microplastics in undisturbed sediment cores, here we established the forty-year 
pollution history of microplastics in the northern South China Sea (SCS), the 
largest marginal sea of the western Pacific. We found that the pollution of micro-
plastics in the northern SCS commenced in the 1980s. A dramatic increase of 
microplastic abundance in about 1998 marked an important breakpoint for micro-
plastic contamination. Since then, microplastic abundances in the sediments have 
continued to increase and reached the highest level in 2018. This was well in line 
with the increasing trend of plastic output in the local industries. Reconstructing 
regional pollution history further revealed the shift of microplastic depocentres 
in the northern SCS over the past forty years. We estimated that the microplastic 
abundances in the sediments at nearshore stations will double by 2028. Our 
results provide the first example of the reconstruction of microplastic pollution 
history in marine sediments and new insights into how microplastics contami-
nated the marginal sea.
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Letter

Plastics are widely used today because they are unmatched by 
any competing materials used in packaging or construction 
(Andrady and Neal, 2009). The global annual production of 
plastics rapidly increased from about 2 million tonnes (MT) 
in 1950 to 420 MT in 2017 (Geyer et al., 2017; Plastics Europe, 
2018). It is estimated that plastic waste could increase to 155-265 
MT per year by 2060, the majority of which would eventually 
enter the ocean (Lebreton and Andrady, 2019). Plastic debris 
has been reported from the sea surface, water column, seabed 
and marine biota (Galgani et al., 1996; Kukulka et al., 2012; Law 
et al., 2010; Goldstein et al., 2012; Gall and Thomson, 2015). 
Under the influence of light, mechanical abrasion, waves, 
temperature fluctuations, and possible biodegradation, plas-
tics fragment into smaller particles with sizes less than 5 mm, 
termed as microplastic (Singh and Sharma, 2008; Arthur et 
al., 2009). Most microplastics may eventually sink into the 
seafloor (Thompson et al., 2004; Claessens et al., 2011; Woodall 
et al., 2014; Bergmann et al., 2017; Peng et al., 2018) and accu-
mulate over time in the sedimentary sequence (Matsuguma 
et al., 2017; Martin et al., 2017). Yet, the pollution history of 
microplastics documented in these sediments is still poorly 

understood. So far little is known about when and how micro-
plastics accumulated in marine sediments in the past, creating 
a hiatus in the evaluation, prevention, and control of plastic 
pollutions.

The South China Sea (SCS) is the largest marginal sea 
of the western Pacific where active land-sea interaction exists. 
The continental shelf of the northern SCS with a water depth of 
less than 500 m is the convergence point of several big rivers in 
south China, such as Xijiang, Dongjiang, Zhujiang, Hanjiang, 
Moyangjiang, and Jianjiang. The first four fall within the 
twenty most polluting rivers, as predicted by the global river 
plastic input model (Lebreton et al., 2017). The Xisha Trough 
of the northern SCS extends east-west and deepens eastwards 
from 1500 to 3400 m (Qiu et al., 2001). In the western flank of 
the trough, there is a series of 19 tributary submarine canyons 
named Xisha Canyon. All the submarine canyons in the 
northern SCS slope extend from NE- and NW-trending direc-
tions (Hui et al., 2019). Large plastics dumps were found to 
occur in these submarine canyons (Peng et al., 2019). However, 
the distribution, source, migration, and pollution history of 
microplastics in the sediments of the northern SCS are still 
poorly understood.
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210Pb dating has been employed in a variety of studies in 
marine sediments to study environmental changes during the 
last 100 years (Li, 1988; Chung et al., 2004; Sanchez-Cabeza 
and Ruiz-Fernández, 2012). Using a manned submersible Shen-
haiyongshi and a box sampler, we recovered undisturbed sedi-
ment cores for 210Pb dating from six stations in the northern 
SCS (Fig. 1 and Fig. S-1). The ages of five more stations were 
also evaluated according to Li (1988) (Table S-2). The sediment 
cores SY83 from the Xisha Trough were dated back to 1980 at 

4 to 6 cm, while the cores S03 and S04 from the nearshore 
stations dated back to 1980 at depth of 16 to 18 cm owing 
to their high sedimentation rates (Fig. 1 and Table S-3). The 
highest microplastic abundance commonly occurred at the 
surface sediments at all stations. Sedimentary profiles were 
clearly characterised by a general declining trend of micro-
plastic abundance with an increase of depths and ages. 
Regression analysis was employed to estimate the pollution 
situation at nearshore stations over the next ten years. The 

Figure 1  The profiles of excess 210Pb, microplastic abundance and microplastic composition of sediment cores at S03, S04, and 
SY83 stations (the profiles of sediment cores at SY81, SY87, and SQW43 stations are shown in Fig. S-1). (a) Excess 210Pb profile. The 
sediment rates were calculated according to the gradient of the excess 210Pb as a function of the depth. (b) Microplastic abundance 
(pieces per kg dry weight). (c) Microplastic composition. PE-polyethylene, PP-polypropylene, PS-polystyrene, PVC-polyvinyl chloride, 
PET-polyethylene terephthalate, PUR-polyurethane, PP&A includes polyester, polyamide, rayon and acrylic.



Geochemical Perspectives Letters Letter

 
Geochem. Persp. Let. (2020) 13, 42-47 | doi: 10.7185/geochemlet.2012 44

results estimated that the microplastic abundances would 
reach 848 pieces/kg and 3054 pieces/kg by 2028 at stations S03 
and S04, nearly two times as much as those in 2018 (Fig. S-2).

Statistical analysis of the stations in Xisha Trough and 
the continental shelf also showed microplastic abundances 
dramatically increased from 1980 to 2018 (Fig. 2). In addition, 
the abundance of different types of microplastic exhibited an 
increasing trend from 1980 to 2018 as well. Intriguingly, a 
strong increase of microplastic abundance occurred in about 
1998, representing an important breakpoint for plastic produc-
tion and consumption (Fig. 2a,b). In the Guangdong prov-
ince of China, plastic production growth began in the 1980s. 
Consequently, the output of plastic increased every year and 
reached 7.49 MT in 2017, which was hundreds of times higher 
than 0.02 MT in 1980. The rising output of plastic in local 
industries is well in line with the increasing microplastic 
abundance in sediment cores over time. In addition to micro-
plastic abundance, the microplastic composition varies in the 

sedimentary profiles at some stations (Fig. 1c), which may indi-
cate a change in the usage of primary polymer type during  
different periods.

210Pb dating data were used to reconstruct the regional 
pollution history of microplastics in the northern SCS (Fig. 3). 
The results showed the variability of the contamination 
situation in different areas and the movement of the micro-
plastic depocentre in different periods. During 1980-1992, 
microplastic abundances ranged from 0 to 169 pieces/kg dry 
weight, with a mean abundance of 34 pieces/kg dry weight. 
The depocentre was identified at the shelf station S04 close 
to the Zhujiang Delta region, at station SQW31 in the upper 
reaches of the Xisha Trough, and at station SY82 in the Xisha 
Canyon (Fig. 3b). From 1992 to 2005, microplastic abundance 
rose to some extent, with an average of 76 pieces/kg dry 
weight. Although S04 still remained an active depocentre, new 
depocentres, SQW32 and SQW38, emerged in the middle reach 
of the Xisha Trough (Fig. 3c). During 2005-2018, microplastics 

Figure 2  Microplastic abundance and composition in the northern SCS and the primary plastic output of Guangdong plastic indus-
tries. (a) Microplastic abundance and composition in Xisha Trough during 1980-2018. (b) Microplastic abundance and composition in 
the continental shelf during 1980-2018. (c) Output and composition of primary plastic during 1980-2017. The output data origin from 
the National Bureau of Statics of China, Annual Data of Guangdong Province (http://data.stats.gov.cn/easyquery.htm?cn=C01). The 
composition of primary plastic was calculated according to Geyer et al. (2017). PE-polyethylene, PP-polypropylene, PS-polystyrene, 
PVC-polyvinyl chloride, PET-polyethylene terephthalate, PUR-polyurethane, PP&A includes polyester, polyamide, rayon and acrylic.

file:///CLIENTS%20G5/Geochemical-Belgique/3442%20GPL%202001%20et%20%2b/%20Fichiers%20a%cc%80%20corriger/javascript:void(0);
file:///CLIENTS%20G5/Geochemical-Belgique/3442%20GPL%202001%20et%20%2b/%20Fichiers%20a%cc%80%20corriger/javascript:void(0);
http://data.stats.gov.cn/easyquery.htm?cn=C01
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in the sediments increased dramatically, reaching a mean 
abundance of 224 pieces/kg dry weight, which was about six 
times that in the 1980s. While S04 and SQW32 still remained 
as active depocentres, SY85 at the lower reach of the Xisha 
Trough appeared as a new depocentre (Fig. 3d). The shift of 
the microplastic depocentres with time, from the continental 
shelf to the Xisha canyon, and then to Xisha Trough, can be 
identified. These results provided valuable information on how 
the microplastic contaminated marginal sea migrated stage by 
stage in the past 40 years.

Since the 1980s, the nearshore station S04 in the 
northern SCS has continued to be a microplastic depocentre. 
The reason for this is that it receives a large amount of plastic 
debris discharge from several big rivers, such as Dongjiang, 
Xijiang, and Zhujiang (Cai et al., 2018). Wastewater discharge, 

stormwater runoff and industrial activities were possible 
sources of microplastics into the rivers in this area (Zhang 
et al., 2018). The other reason is attributed to heavy commercial 
fishing and shipping activities discharging a large number 
of plastic wastes (Peng et al., 2019; Zhang et al., 2019). Once 
entering the coast, a part of microplastics (in particular those 
with low specific density such as polypropylene and poly-
ethylene that have been commonly identified in the whole 
region in this study), could be delivered by marine currents for 
example, the Guangdong coastal current and the winter surface 
current of the northern SCS, to the continental shelf. With 
time, these microplastics eventually settled on the seafloor of 
the shelf due to colonisation by organisms and the aggregation 
with organic debris and particles (Zarfl and Matthies, 2010; 
Katija et al., 2017). Once microplastics reached the seabed, they 
may be swept off the continental shelf by littoral drift (Paull 

Figure 3  Contour maps of microplastic abundance (pieces/kg) in the sediments of the northern SCS. (a) The sample location of the 
study area (details in Table S-1). (b) Microplastic abundance in 1980-1992. (c) Microplastic abundance in 1992-2005. (d) Microplastic 
abundance in 2005-2018. The red rectangle in (a) shows the position of a large dump of plastics found by Peng et al. (2019). The black 
arrows indicate the Yuedong coastal current, while red arrows are for winter surface circulation pathways of the northern SCS that 
may potentially influence the transportation of microplastics in the water column of the continental shelf (Fang et al., 1998).
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et al., 2010) or bottom currents into the Xisha Canyon where 
a new depocentre formed. However, unlike most of the large 
plastic items which can be trapped in the canyon (Peng et al., 
2019), microplastics might continue to be transported by the 
bottom current along the seabed and arrive in the low upper 
reach of the Xisha Trough, leading to the formation of a new 
depocentre in the last ten years. These results suggested that 
submarine canyons and troughs acted as important pathways 
for the transportation of microplastics from the continental 
shelf to the deep sea (Pham et al., 2014).

The marginal sea is an important convergence point 
of land-based and marine-based microplastics (Zhang et al., 
2019), making it an ideal area to study the history of microplas-
tics. Our results showed that the sediments of the marginal 
sea, especially the nearshore sediments, could preserve a 
complete record of microplastic contamination history. Pb 
isotope chronology may serve as a useful tool for recon-
structing the microplastic pollution history in marginal sea 
sediments worldwide. In this study, we provided the first full 
view of the spatial and temporal variation of microplastic 
abundances and highlighted the situation of microplastic 
pollution in the northern SCS. The microplastic abundance in 
the SCS sediments has reached its highest level in 2018 and 
will likely continue to increase dramatically during the next 
decades if no control measures are taken. More strict laws 
and regulations for the usage and production of plastics are 
needed to be implemented to avoid further harmful microplas-
tics entering the oceans.
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Study Area 
 

The study area is located in the northern South China Sea (SCS), which includes the northern continental shelf of SCS, the Xisha 

Canyon and the Xisha Trough. The depth of the continental shelf of SCS is shallower than 500 m, while the Xisha Trough lies near 

18°N, trends EW and deepens eastwards from 1500 to 3400 m (Qiu et al., 2001), with horst-and-graben structures developed in the 

basement (Shi et al., 2002). The surface circulation of the SCS is mainly driven by the monsoon and has significant seasonal 

variations (Liu et al., 2008). There is a large cyclonic gyre in winter and a weak anticyclonic gyre remains in summer in the northern 

SCS (Liu et al., 2008). Figure 3a in the main text was produced in GMT version 5.4 (Wessel et al., 2013). Bathymetric data were 

downloaded from the NOAA national centers for environmental information (https://maps.ngdc.noaa.gov/viewers/wcs-client/. 

 

Sampling and Analytical Methods 
 

Sediment samples from the Xisha Canyon and the Xisha Trough were recovered using the pushcore sampler by manipulators 

during the TS-07 Cruise carried out via R/V TANSUOYIHAO with manned submersible Shenhaiyongshi from May to June 2018. 

Sediment samples from the continental shelf of SCS were collected using the box sampler during the cruise of R/V Zhanke 10 in 

November, 2018. Pushcores that were used to collect sediments were made of transparent PVC. We did not detect transparent PVC 

in sediment samples in this study, showing these pushcores had no contaminations for sampling. After recovery, sediment samples 

were subsampled at 2 cm intervals and stored at -20 °C until further analysis. In the laboratory, frozen sediments from all the cores 

were defrosted, pooled and homogenised. Three subsamples were weighed before and after freeze-drying. The sediment extraction, 

purification, and identification were performed according to Peng et al. (2018). In brief, the saturated sodium chloride solution was 

added to separate microplastics from dried sediment. Then the samples were centrifuged and the supernatant was transferred and 

filtered over the Whatman glass fibre filter (GF/F, 47 mm). After filtration, the filter units were rinsed three times using deionised 

water. The remaining solids were resuspended in concentrated sodium iodide solution and the extraction procedure described 
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above was repeated. The filters were examined with an optical microscope (Leica stereoscope, LED5000 SLI) for the quantification 

of microplastics at the Institution of Deep-sea Science and Engineering, CAS. A LamRAM HR800 (JY/Horiba) Raman spectrometer 

were used to identify the type of microplastics at the Institution of Deep-sea Science and Engineering, CAS. In order to avoid high 

energy damage to samples, the energy of the spectrum was set up to below 10 %. The wavelength of the excitation laser and the 

spectral resolution of the Raman spectrometer was 532 nm and ~1.0 cm-1, respectively. A Raman range of 200-3600 cm−1 was chosen 

for measurements. All spectra were acquired for 5-20 s with two to three accumulations per spectrum. 

The activities of 137Cs, 210Pb, and 226Ra in sediment samples were measured at the State Key Laboratory of Estuarine and 

Coastal Research at East China Normal University. The samples were freeze-dried and homogeneously pulverised, weighed, and 

then sealed in a plastic box (70 mm diameter x 70 mm height) for 3 weeks for radionuclide analysis. The activities of 210Pbex and 
137Cs in sediment samples were measured following the method described by Du et al. (2008, 2010) and Wang et al. (2016). 

Radioactivity of the above nuclides was measured using an HPGe c ray detector with a relative counting efficiency of 35 % and an 

energy resolution of 1.8 keV (at 1332 keV) in multi-layer shielding of 15 cm Pb, 1 mm Cd, 1 mm Cu and 5 mm Plexiglas. The 

measuring times were between 4 and 24 h. The detector has multilayer shielding (ultralow cryostat and no peak background in the 

isotopes of interest). The activities of 137Cs were determined from the c ray peak at 661.6 keV (85 %). The activity of 210Pbex was 

calculated from the activity of a total 210Pb (46.5 keV, 4.25 %) minus the activity of 226Ra, determined using the c lines at 351.9 keV 

(37.6 %) for 214Pb and 609.3 keV (46.1 %) for 214Bi. To measure the activity of 226Ra, the samples were sealed for at least 3 weeks to 

establish a secular equilibrium between 226Ra and the daughter products of 222Rn. The efficiency calibration of the detector systems 

was conducted using both the Laboratory Sourceless Calibration Software (LabSOCS) with efficiency uncertainties of 5–10 % 

(Baronson, 2003) and standard samples (GBW04127) to ensure the reliability of the QA/QC method. The deposition rates were 

calculated by CFCS model. 

To avoid potential contamination, all alternative apparatus used were made of glass or stainless steel and thoroughly rinsed 

with Milli-Q water prior to use, all the polymer items possibly used in the processing were the same as Peng et al., (2018, Table S-3). 

All chemical solutions were filtered through polycarbonate filters (0.22 μm pore size, polyethersulfone, Merck Millipore) to remove 

particulate contaminants before use (Bergmann et al., 2017). Sample preparation was conducted within a super clean bench. To 

demonstrate the efficacy of our preventive measures, six procedural blanks and every air blank control group were run when 

counting to check for contamination (Hendrickson et al., 2018). 
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Supplementary Tables 

 

Table S-1 Detailed information of sample stations. 

 

Sample  Depth (m) Longitude (°E) Latitude (°N) Type 

SQW61 -1151 114.35 19.27 Pushcore 

SQW38 -1182 112.01 17.75 Pushcore 

SY81 -1366 110.40 16.69 Pushcore 

SY79 -1377 110.41 16.73 Pushcore 

SQW54 -1394 110.47 16.73 Pushcore 

SQW44 -1445 110.53 17.30 Pushcore 

SQW40 -1503 111.00 17.99 Pushcore 

SY82 -1732 111.99 18.44 Pushcore 

SQW43 -1741 111.03 17.60 Pushcore 

SQW39 -1897 111.29 17.90 Pushcore 

SY87 -2200 111.94 18.20 Pushcore 

SY83 -2807 112.96 18.18 Pushcore 

SY86 -3103 113.42 18.24 Pushcore 

SY85 -3233 113.74 18.26 Pushcore 

SY84 -3408 114.08 18.05 Pushcore 

SQW31 -1581 110.97 17.10 Pushcore 

SQW32 -1549 111.25 17.45 Pushcore 

S00 -30 111.04 20.22 box 

S01 -87 111.28 19.59 box 

S02 -87 112.21 20.26 box 

S03 -44 111.94 20.95 box 

S04 -24 112.67 21.47 box 

S05 -73 112.93 20.78 box 

S11 -75 109.71 18.07 box 
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Table S-2 Dating results for sediment cores using 210Pb dating method (ages in brackets were calculated valued according to the deposition rates). 

 
Station  Deposition rate 

cm/yr 
Years at the depth of cores Source 

2 cm 4 cm 6 cm 8 cm 10 cm 12 cm 14 cm 16 cm 18 cm 

S00 0.47 2014 2009 2005 2001 1997 1992 1988 1984 1980 Li, 1988 

S01 0.47 2014 2009 2005 2001 1997 1992 1988 1984 1980 Li, 1988 

S02 0.36 2012 2005 

(2007) 

2001 1996 1992 

(1990) 

1985 1980 

(1979) 

1974 1968 Li, 1988 

S03 0.50 2014 2010 2005 

(2006) 

2002 1998 1992 

(1994) 

1990 1986 1980 

(1982) 

This study 

S04 0.49 2014 2010 2005 

(2006) 

2002 1998 1992 

(1993) 

1989 1985 1980 

(1981) 

This study 

S05 0.36 2012 2005 

(2007) 

2001 1996 1992 

(1990) 

1985 1980 

(1979) 

1974 1968 Li, 1988 

S11 0.47 2014 2009 2005 2001 1997 1992 1988 1984 1980 Li, 1988 

SY83 0.15 2005 1992 

(1991) 

1980 

(1977) 

1963      This study 

SY81 0.09 1992 

(1995) 

1980 

(1971) 

1948 1925      This study 

SQW43 0.15 2005 1992 1980 

(1979) 

1966      This study 

SY87 0.15 2005 1992 

(1991) 

1980 

(1978) 

1965      This study 
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Table S-3 210Pb dating results of S03, S04, SY83, SY81, SQW43 and SY87, stations. 

 
Sample  Depth (cm) Pb-210ex error Ra-226 error Cs-137 error 

S03 0-2 112.06 9.61 26.41 2.28 <LLD  

S03 3-4 102.63 5.52 27.04 1.34 <LLD  

S03 5-6 111.58 7.06 27.24 1.69 <LLD  

S03 7-8 105.81 5.70 24.90 1.34 0.72 0.39 

S03 9-10 101.65 7.02 24.94 1.71 <LLD  

S03 11-12 73.41 5.23 26.05 1.31 1.06 0.36 

S03 13-14 63.23 5.00 25.22 1.29 1.38 0.36 

S03 15-16 56.73 5.51 29.82 1.46 <LLD  

S04 0-2 46.42 4.37 37.05 1.27 1.44 0.24 

S04 3-4 54.55 3.93 34.58 1.11 0.96 0.28 

S04 5-6 61.82 3.76 31.27 1.03 1.28 0.28 

S04 7-8 63.87 5.17 34.98 1.43 2 0.38 

S04 9-10 69.14 4.52 35.48 1.24 2.08 0.33 

S04 11-12 72.01 4.21 35.8 1.17 0.71 0.31 

S04 13-14 58.62 4.68 35.9 1.32 2.65 0.35 

S04 15-16 40.23 4.16 34.93 1.18 1.69 0.31 

S04 17-18 62.29 4.43 32.45 1.26 1.64 0.27 

S04 19-20 48.72 4.41 37.11 1.26 2.18 0.35 

S04 21-22 50.6 5.34 37.85 1.53 1.62 0.43 

S04 23-24 39.76 4.52 35.57 1.29 1.33 0.35 

SY83 0-2 191.98 12.71 75.58 3.56 <LLD  

SY83 3-4 67.28 10.98 72.22 3.63 <LLD  

SY83 5-6 98.91 11.75 82.09 3.75 <LLD  

SY83 7-8 72.59 5.82 85.51 1.91 <LLD  

SY83 9-10 76.74 9.70 116.37 3.33 <LLD  

SY83 13-14 38.25 8.58 74.82 3.06 <LLD  

SY83 17-18 6.22 8.16 74.81 2.92 <LLD  

SY81 0-2 318.99 10.60 45.38 2.73 <LLD  

SY81 3-4 202.21 11.48 48.86 3.04 <LLD  

SY81 5-6 75.90 9.66 45.11 3.22 <LLD  

SY81 9-10 9.76 5.18 34.91 1.64 <LLD  

SY81 11-12 9.25 5.46 32.83 1.73 <LLD  

SY81 13-14 8.23 6.08 34.63 1.88 <LLD  

SQW43 3-4 106.06 9.77 84.87 3.49 <LLD  

SQW43 5-6 191.92 8.91 98.39 3.00 <LLD  

SQW43 7-8 62.58 11.99 115.38 4.69 <LLD  

SQW43 9-10 54.40 9.22 68.40 3.31 <LLD  

SQW43 11-12 65.08 9.71 81.48 3.50 <LLD  

SQW43 13-14 30.97 11.80 91.99 4.49 <LLD  

SQW43 17-18 34.25 13.76 119.41 5.21 <LLD  

SY87 0-2 262.15 19.51 127.89 6.46 <LLD  

SY87 3-4 63.47 13.24 94.50 4.81 <LLD  

SY87 5-6 92.97 11.14 123.03 4.09 <LLD  

SY87 7-8 75.52 15.00 109.51 5.55 <LLD  

SY87 13-14 71.97 7.64 74.08 2.60 <LLD  

SY87 17-18 9.90 7.95 70.76 2.87 <LLD  

SY87 23-24 21.23 10.47 70.80 3.70 <LLD  
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Supplementary Figures 

 

 

Figure S-1 The profiles of excess 210Pb of sediment cores at SY81, SY87, and SQW43 stations. The sediment rates were calculated according to the gradient of 
the excess 210Pb and the depth. 

 

 

 

 

Figure S-2 Estimation based on the polynomial regression method shows that the microplastic abundance of microplastics in the surface sediments of S03 
station and S04 station in 2028 (red arrows) will increase nearly two times as much as those in 2018. 
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