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Table 1 Information and exposure time of in-situ exposure sites in the Yellow River Estuary salt marsh wetland and the Beibu Bay mangrove wetland
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Figure 1 (Color online) Dynamic changes in the surface morphology of foams (PS) with exposure time at above-ground and underground soil
environment in the Yellow River Estuary saltmarsh wetland (a)—(h) and the Beibu Bay (i)—(p) mangrove wetland
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Figure 2 (Color online) Dynamic changes in the surface morphology of films (PE) with exposure time at above-ground and underground soil
environment in the Yellow River Estuary saltmarsh wetland (a)—(h) and the Beibu Bay (a)—(h) mangrove wetland
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Figure 3 Surface image of the polyethylene film after 0 (a) and 24 months (b) of exposure in the above-ground environment in the Beibu Bay

mangrove wetland
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Figure 4 Minerals attached to the surfaces of microplastics in the underground soil environment from both experimental areas. (al) Image of a silicon-
aluminum mineral; (a2) the energy spectrum of a silicon-aluminum mineral; (a3) the elemental composition of the silicon-aluminum mineral; (bl) the
image of a pyrite mineral; (b2) the energy spectrum of a pyrite mineral; (b3) the elemental composition of the pyrite mineral; (c) the scratches caused by
the attached particles on the surface of the microplastic; (d) the attached particles in the micropores on the surface of the microplastics
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Table 2 Specific surface areas of microplastics in the Yellow River Estuary saltmarsh wetland and the Beibu Bay mangrove wetland after 24 months
of exposure (m2 gﬁl)

& TR JELhR X} A i R T RRE
H O poalil 1.01+0.00° 3.50+0.70% € 4.15+0.74°
b 1.94+0.00 ® 13.50+0.45" 13.14+2.18"
JLH yoali) 1.0120.00° 2.97£0.05% P 3.2240.30% €
T 1.94+0.00% ° 13.58+0.57" 12.01+1.34"

a) FHA-DIRFR R FMZE T KT, METREORZRARE, AR TR 25 B3, P=0.05

F 3 HWOHBRBAAI D LR T R FBIRE H BREFE24MA FHILES A

Table 3 Pore size distribution of microplastics in the underground soil environment of the Yellow River Estuary saltmarsh wetland and the Beibu Bay
mangrove wetland after 24 months of exposure

{7 ENES KAL(>50 nm) (IR LL%) AFL(2~50 nm)(EFR H.%) TAL(<2 nm)(IRFR 1L %)
LG X R 1.0 91.3 8.7 0.0
T 64.9 82.2 17.8 0.0
B A 489 87.0 13.0 0.0
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Bl 5 (RIZ8 R () ] 1 SR T M AL AR S LU MO IO R T R R AR SE AR BB (A5 1k, (@) Rfd, B LR TH IR bHb 1 54 5R;
(b) A3, BT FERVRIR L T 28R (c) WERK, BT VA IR AR R, (d) W, S ORI T RRER, (o) AL, JLARE LRI AR
% (0 KL, AL RAMGBHHL T 252, (g) WK, LIS LMAIR I b AER; (h) WERE, JLAE LRI T 2 5R

Figure 5 (Color online) Dynamic changes in carbonyl index on the surfaces of the microplastics (foams and films) with exposure time in the Yellow
River Estuary saltmarsh wetland and the Beibu Bay mangrove wetland. (a) Foams exposed above-ground in the Yellow River Estuary saltmarsh
wetland; (b) foams exposed underground in the Yellow River Estuary saltmarsh wetland; (c) films exposed above-ground in the Yellow River Estuary
saltmarsh wetland; (d) films exposed underground in the Yellow River Estuary saltmarsh wetland; (e) foams exposed above-ground in the Beibu Bay
mangrove wetland; (f) foams exposed underground in the Beibu Bay mangrove wetland; (g) films exposed above-ground in the Beibu Bay mangrove
wetland; (h) films exposed underground in the Beibu Bay mangrove wetland
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Figure 6 Dynamic changes in hydrophobicity on the surface of the microplastics (films) with exposure time in the Yellow River Estuary saltmarsh
wetland and the Beibu Bay mangrove wetland. (a) Films exposed above-ground in the Yellow River Estuary saltmarsh wetland; (b) films exposed
underground in the Yellow River Estuary saltmarsh wetland; (c) films exposed above-ground in the Beibu Bay mangrove wetland; (d) films exposed
underground in the Beibu Bay mangrove wetland
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Coastal wetlands are key areas of accumulation of microplastics. However, until now only a few studies have focused on
the surface properties and morphological changes in microplastics in the real coastal wetland environment. Here, two
typical biogeographic coastal soils, the Yellow River Estuary salt marsh wetland in the temperate zone and the Beibu Bay
mangrove wetland in the subtropical zone, were selected for study. Polystyrene foams and polyethylene films were used
and exposed within two coastal wetlands sites through in sifu soil burial (underground exposure) and surface placement
(above-ground exposure). The samples were sampled after 6, 12, 18 and 24 months of exposure to reveal the characteristics
of the surface properties and morphological changes in microplastics in typical wetlands from the southern and northern
biogeographic coastal zones. The surface morphology, microstructures and attached materials were observed using
scanning electron microscopy using an energy dispersive spectrometer. Surface properties of the microplastics, i.e. the
surface roughness, specific surface area, pore size distribution, functional groups and hydrophobicity, were analyzed by
using atomic force microscopy, a surface area analyzer, a mercury porosimeter, Fourier transform infrared spectrometry
and a contact angle meter. The surface morphology of the polystyrene foams in the Beibu Bay mangrove wetland exhibited
more pits and holes than those in the Yellow River Estuary salt marsh wetland. The polystyrene foams exposed above-
ground in the Beibu Bay mangrove wetland showed embrittlement and exfoliation after 18 months, while those exposed
underground did not show such features. The specific surface areas of the polystyrene foams and the polyethylene films in
the Yellow River Estuary salt marsh wetland were higher than those in the Beibu Bay mangrove wetland. The pore
distributions on the surfaces of the two microplastic types mainly comprised macropores and mesopores. However, the
porosity of the polyethylene film in the Yellow River Estuary salt marsh wetland was slightly higher than in the Beibu Bay
mangrove wetland. The porosities in both regions were higher than in the original control samples. In terms of carbonyl
index, rates of change in the Yellow River Estuary salt marsh wetland were higher than those in the Beibu Bay mangrove
wetland. The surface hydrophobicity of the polyethylene film in the two regions declined with increasing exposure time.
The changes in surface morphology of the polystyrene foams were more rapid than those in the polyethylene films, but the
degree of change in specific surface area of the polyethylene films was greater than in the case of the polystyrene foams. It
can be concluded that the surface properties and changes in morphology of microplastics in the coastal soil environment are
related to multiple factors including the types and conditions of the wetlands, types of microplastics, exposure mode and
exposure time. However, the specific mechanisms of these surface changes require further study. In summary, this study
provides a scientific basis for research on the chemical processes of the micro-interfaces on the microplastic surfaces and
environmental behavior and risk assessment of microplastics in the Chinese coastal zone.

microplastics, salt marsh, mangrove, coastal wetland, in situ experiment, surface changes
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