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Figure 1 The morphological photos on surfaces of different types of microplastics from the estuarine beaches, plastic debris and commercial plastic
products. (al) Commercial pellet surface; (a2), (a3) pellet surface from the estuarine beaches; (bl) commercial foam surface; (b2) large debris surface
of foam plastic in the estuarine beaches; (b3) foam surface in the estuarine beaches; (c1), (c1’) commercial fiber surface; (c2), (c2’) large debris surface
from fishing line in the estuarine beaches; (c3), (c¢3’) fiber surface in the estuarine beaches; (d1) commercial fragment (soft plastic woven bags) surface;
(d2) large debris surface from soft plastic woven bags in the estuarine beaches; (d3) fragment surface in the estuarine beaches; (el), (e1’) commercial
film surface; (e2), (e2’) large debris surface from film in the estuarine beaches; (e3), (¢3”) film surface in the estuarine beaches
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Figure 2 ATR-FT-IR spectra of different types of microplastics from the estuarine beaches and their comparison with the standard spectra. (a) Gran-
ules (pellet); (b) foams (white styrofoam plastic); (c) fibers (green fishing line); (d) fragments (fragments from soft plastic woven bags); (e) films

TANEE R R 9 (11 3), K B PR B v R i RN 2
AR R 55 000 0 1) B35 v K S AR B R S R
(21 A3 6T e, PR 8 H GO0 R R R 9 R R B 7R
1700 cm™ BFHIT H B0, F5 A7 76 30 35 B BE A GR TR
P . FREkERS). LR A I nT Be 5 K BRAR ST . #4
Ak BRI A S5 721000 em” BT Y
BT Z 4R, AE1EC-0% (1000~1200 cm™),
RE MBI . D5 FIRSEYI L. M SLHED, R8s rh s
b ol Y k) 3% A A A A R B B T AR Sk W .
T FEEREE R A B R (T 3(al) (b 1)) AR I A 38 )
PEHR R 21 A0 18] (18 3(a2) Fil(b2)), AT UL R T XL
ERREE T . XS iR, REE T R AR R B iy & Ak mT
RE S = AR S Y ) ) B LA R U R A T 3 M R
IR AR AR ST Bl Vg ) ot A 488 1 o O Bib P, AT A W)
TG AR IRE | R Jerd . AW Kok sh 114
IR, S X B AR KA | TE SR S m oy AR
7= Az TR Z ) 5%

(i) KATIER R 2 fi 7y AR R G %
R T — 0B O RHR A W LY, TE ATR-FT-

218

IR %7 () i b, i — 20 R FHpyr-GC-MS 73 #71 T %
e A 1 S TR A% B o3 B R0 7 ), 45 PPk
SRR B P A E 4T s NEIRT UL, AR IR SOk Y
REWHEAN R OIE(KElaa); RIBBUR N RIK W
(El4(b)); HERm LA R 7 AL IS A R R SR & W0 R
P, (BAETE S AR = A LW 7S ke 5L R
(trichloroacetic acid, hexadecyl ester), SR & BN
I (Flad)Fl(e)); WAL BB T (s K 5 e 7 Fni
BRI ARARL, A7 AE SR (%) SR TN I R4 = 4 2,4- —
-1-BE#5 (2,4-dimethyl-1-heptene)'”, Al H: B -5 9 i
RV, (B Z 2L B TR R FAR, 2
WA= S E4@P R OENH—2, BIFEAT
RO 20, Jait, v DA R B il 2 R
LIS RWIENILRY, HEASEY .

(i) KALTIE R i) R Z 5 N ER Y L 22
5. IE AT E ATR-FT-IRZMHT 45 S iR, G 98 R o
AL G R ETE S5 kAR e, BT — &AW
AHALE Y. BT O R, B R A
Ja R MMER L, R RO XA S RS K



(a1) ) | I Aﬂ/\ki

[ (a2) 1
e Al | N N

[ @3) Al (b3)
L o M 1} "

4000 35I00 30.00 25.00 20I00 15I00 1000
FK (em™)
B3 M R X AR IR SRR il SR ZLAD GG FEIXT L. (al) EME TR AR IR IRL; (a2) WME R R A A
FRHEHL: (a3) B M AIEISURL (b1) WIREDRE 2 RO R GRS, (02) WINEECR I RS IEER, (b3) T MR L14%
Figure 3 ATR-FT-IR spectra of the microplastics and lager debris from the estuarine beaches and of the commercial plastic products. (al) Foam
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Figure 4 Total ion chromatogram from pyr-GC-MS for different types of microplastics. (a) Granules (pellet); (b) foams (white styrofoam plastic); (c)
fibers (fishing line); (d) fragments (fragments from soft plastic woven bags); (e) films
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Surface weathering and changes in components of microplastics
from estuarine beaches
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* Corresponding author, E-mail: ymluo@yic.ac.cn

Microplastics are a type of emerging environmental pollutant that has been the subject of increasing concern worldwide.
The surface morphology, composition and changes in the distribution of microplastics in the environment are poorly under-
stood. The corresponding research methodology is also at the exploratory stage. Here, we examine typical estuarine sediments
from Shandong Province, east China, that are influenced by intensive human activity. The microplastics are separated from the
sediments using an apparatus of continuous flow and floating separation. The microplastics samples are processed to determine
the types, morphology and changing composition of microplastics present using a range of advanced microscopic and micro-
analytical methods. The aim is to understand the weathering and subsequent surface changes in the microplastics under the en-
vironmental conditions of estuarine sediments.

Optical microscope and scanning electron microscope-energy spectrum (SEM-EDS) analysis shows that foams and pellets,
together with fragments, fibers and films, are present in the estuarine sediments. The five shape types of microplastics had dif-
ferent weathering surface morphologies compared to the corresponding large plastic debris from the same sampling sites and to
the corresponding commercial plastic products. The surfaces of the commercial products are smooth. The surfaces of plastic
debris appear to be slightly broken and aged while the surface of microplastics from the same sites show many more micro-
holes, cracks or protuberances. This indicates that the surfaces of microplastics on the estuarine beaches have been strongly
weathered. Scratches, creases, microholes, cracks, either concave or convex and of various shapes and sizes were found on the
surfaces of microplastics from the coastal environment, possibly due to mechanical friction, chemical oxidation and/or biologi-
cal attack.

Attenuated total reflection Fourier transform infrared spectroscopy (ATR-FT-IR) was used to find oxygen-containing func-
tional groups such as carboxylic acids, aldehydes and esters or ketones on the microplastic surfaces from the tidal flats on the
basis of polymer component analysis. The two selected shape types, namely foams and fragments from soft plastic woven bags,
had different infrared spectra than their corresponding large plastic debris from the same sampling sites and to the original
commercial plastic products. The surfaces of these two microplastics had more complicated infrared spectra near the fingerprint
area. This implies that the aging process of large plastic debris may be an important source of microplastics in the environment.
A polymer blend of both polyethylene and polypropylene was identified in the fibers using pyrolysis gas chromatography-mass
spectrometry (pyr-GC-MS). The pyr-GC-MS analysis also indicates that the pyrolysis products were much common on the
aged surfaces of foams from the beach than on the inner part of foams after removal of the aged surfaces, including mainly
compounds containing oxygen or nitrogen such as oleanitrile, trans-13-docosenamide, o-n-normethadol; 1,1-diphenyl-spiro[2,3]
hexane-5-carboxylic acid, methyl ester, hexadecanoic acid, octadecyl ester and hexadecanoic acid, hexadecyl ester. The surfi-
cial morphology, composition and possible properties of microplastics from the estuarine beaches were clearly different from
those of the original commercial plastic products. We suggest that surface weathering can cause changes in the surface compo-
nents of microplastics under the actual conditions prevailing on coastal beaches. By observation of the weathering of micro-
plastic surfaces it is difficult, using a single identification method, to distinguish between finer polymer components, particu-
larly in samples of blends or copolymers. This study shows that pyr-GC-MS can be used directly to obtain and verify the spe-
cific weathering products of microplastics and the ATR-FT-IR may be used as an ancillary tool for recognition of microplastics
in the environment. Much effort needs to be devoted in the future to understanding the changes in surface processes, ecological
and environmental effects, and methods of identification of microplastic particles in coastal and oceanic environments.

microplastics, estuarine beaches, methodology, surface weathering, component change
doi: 10.1360/N972017-00911
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