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FHIE 15 28 BL 0k (Barnes et al, 2009; Salvador Cesa
etal, 2017), JAARHT, MOPRIC L A 2 EROR [F) i
W, POESHFRA R PM2.5” (Amelia et al,
2021; [4%T, 2018; XA 4%, 2021; Peng et al, 2018). fif
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Mo TEPERO R R BRI TR AUIRE L R A L U
VI . MBS L ol AR g 3h A G AE, 2019).
Horr W R TURRA) SR A I rp R Y Y (Xue
et al, 2020), VLRI ALK A HLT (A R4,
2022), iR JEIK EREE R 2 BTG e 1 ) 2R AR (B L4
2022), fHEBRMITRE BT A2 2K J) 5 SR 52
Wi 2> FRR A 5 (Kumar et al, 2021; J& 35 0%, 2023),
TSV R RIBCN Z 4, AR R . B e
MDA W KB, TR VD . 0 TR SR
Y UURAY) PP 38 A7 A A ) B AR R BRI e o ST T
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F SR O AR b B R 1 95 e BOR A o0 A R AE AT AR
W, WA
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s, I M LKA o 3 S A 2R A s
X, Hi, 1 SEEESOIREERIX, 2 5 RhT5KE 8
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Fig.1 Distribution of sampling sites
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14 HEBREE

PR R RE S CE TR R
(Olympus BX-51, HA)FWE, Bkik H BE LU 8 K
ORI e S s . RGE D TR B 55 B s
BRSP4k <0.5 mm, 0.5~1 mm. 1~2 mm. 2~3 mm.
3~4 mm 1 4~5 mm; JEAR I3 R BORLAR | £ iR A2
W B hEWE, Ba, AemE e, 6@
e B i A% 1 21 A1 1 1085 (micro-FTIR, Thermo Fisher
Nicolet iN10, 3% )48 & eI B b= R A& W2k
B IR AE A B AR T A OB R AR, HARERE T
%2 Zhu 55(2018) . HR15 OGS E 5 OMNIC 7
WIS EIEAT HeXS, i TR R G 25, DLE
FEBEBEE N 7T0%, BI{CHUCELRE & F 70%H0F, A7k
FEBEUIBEL IR (Yang et al, 2015).

15 HiELES5ERLT

TERL = B R OR S B T o T EE O h i sk
I8 (ind./kg) o 1 ] Arcgis 10.8 {22l 6 e b A3 (8],
i1 Origin 2022 {4 T8 ge 5B S IR 21 .

1.6 REEH
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PRAT T8, B ik N BUE S, o KR M /b 2 75 5 o
TE IS PR R AT i AR v, 2 B A AR, BT
FEMAAG R, R R R g

2 ZER5TE

2.1 WEPEE

WE 2 frs, 7 STl e 8 A b {7 15
NP b R B R, ORI Y 9.06~
34.48 ind./kg, “F-H4F R 4(21.9748.32) ind./kg. THIBEL
JE A% IR i KRB NEFARIR R 2 546437 (34.48 ind./kg)>
6 5 {7 (28.41 ind./kg)>1 F 34 (27.70 ind./kg)>5 =
V7 (25.72 ind./kg)>4 ‘5 ¥4 17 (22.01 ind./kg)>8 i
37 (17.54 ind./kg)>3 “5 3517 (10.87 ind./kg)>7 = ¥l {i
(9.06 ind./kg). 1. 2 T uli{i#RAO; T2 B /N4 By N Tl
BT, 1B 2 Sl iR E R s T 1S ubfr, i
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B, 2 Al (67 T SR DU ARy v fol BB = B A 0 G Al
PRI, X AT RE T Fh O U o s b R 98 1 U
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Fig.2 Abundance of microplastics in sediments

T 5 T 07 L3 R Ve SRR T O R R S
AN IR L L3R 1. 55 5 6 MifEKIA
SRRy i T 25 S 2 [(17.8845.18) ind./kg]
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2018) . B &1 (Zhao et al, 2018) &)™ 75 45 & 3/T ¥ (Chen
et al, 2023)5FAH LY, 7 5 i85 1L 3 2 v TR B vh Y
TS ORE = B AL T AT RRAROK Y. 5 E AR IR 22 T i
(Mendes et al, 2021) A1 & 1) (Zobkov et al, 2017)T
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BEALF AR AR K, S5k E L # T  (Doyen et al,
2019) F13r P4 >~ 31T 76F (Clunies-Ross et al, 2016)3LA 4k
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Tab.1 Abundance of microplastics in sediments from some regions in China and abroad

N e e =
5% BF I < enile (U0 2% ik
Membrane
Country Study area / abundance Reference
wm /(ind./kg)
China kM 7% Jiaozhou Ba . . en
HhE JgE ¥ Jiaozhou Bay 50 25.0023.10  Zheng %:(2020)
Jb#576 Northen Yellow Sea 30 37.10#42.70  Zhu %(2018)
RS B Southern Yellow Sea 1 72.00 Zhao %:(2018)
135K %3 Qingdao bathing beach 50 17.8845.18  Gao %:(2021)
IR AR T vhE: shore eastern Guangdong 1.20 93.10#+12.50 [FRiSF
IR AR FHRIT I Offsh Guangd 945 (2023)
Z /R 2% Ireland F K 2£ T Ireland coastal waters 32 42.00~60.00 Mendes %(2021)
W % (i Baltic 175 34.00+10.00  Zobkov % (2017)
#:E French 5 E L Northern France 1000 69.30430.60 Doyen %(2019)
BPE2% New Zealand #7754 223 New Zealand offshore 32 21.20#16.50 Clunies-Ross 45(2016)
= L e N ju s,
' China 5L A Coastal areas of Laoshan, £3 21974832 AHI5E This study

Qingdao

T HLEE G T R TR R ' R RV K SR A T R
ORI XS . I, 5 FRIKEA L, 5
AT 5 TR B 0 RR A Hh O RS G oK S AR AL TR 4
K

22 WEBEISRIE

221 WEBABERRFIE il 3 Fros , AR U A iy
LT 7 Vi 0 RS U R ) v = kAR /N T 0.5 mm )
faRl, Hob AR (76%); HkJERIAELE 0.5~1 mm
Z I ORL 5 TR 14%, A YRR A R A 1Y 3~
4 mm F1 4~5 mm KL AR REARE, K A IO R R K
Wifeh 2~3 mm, (HHEH A GRS, fE 3. 75
Sl PSR G HH A SRR A2 457N F 0.5 mm,
XSS LRI, I DU P /IR AR ) R ) =
W 5 TR AR Y RO RL, Z 4 5 Tang 55(2018)
P IE 45 R — 30 WFFTRM, WV OB R LIV
R E B, KEENT G e IV P S
O RPRL AR E AT 0.5 mm LUR (B R AE,
2022; Zhao et al, 2018) . {H5Z RAE Ty i At g 244 & L
FEARRED,  H AT H AR B — e kife 2z _E AR
Bian, AfFGE A 53 pm FLER A UERE, HaBlsE
JEA HORLAR KT 53 pm MTEB R, PRLI, ¥ 3 rh SEBR
AETE Y R 1 /N7 A% T 9 ) 28 09 oK R 11 75 YR 250
AT BERE I AR , AT H A A5G ff ina (Cai et al,
2018). WFFEEM, ML T IR MIERE, RN
(I THOIB R 2R ) 2 i3 W B I, BB I VR A A8 222
YR B ASTRV ALY, W T 3 A 40 i B 7™ B A 2
PERLN (Li et al, 2021; sk EIHESE, 2024), KL, T
TR PRV Y A B G S R A AR S KRS

PEAT VAL I, 75 e 75 B BE T A /N RLAS TR
X IR AR AR ER BT BV A KBS, T — 2P i /R AR
ARV 2 2 SRR SR | 0 B R N AR BT 2

7] <05mm 5] 0.5~1 mm BRY 1~2 mm
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100 ] ; Il %
S g0 % <
g § % 7
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Fig.3 Particle size distribution of microplastics
in sediments at different sites
222 WAMBRAAE  WE 4 PR, AR A

LT 8 VA 3500 G T R P RS U S 1 e 5 R IR L
Rk L SR gRRATE R 3, Hodh, RS R,
di b 53%, H. 8 AR A i (34 A 5 vk R URR
di Lt 33%, BR 4 S uifish, HA 7 AR
FIAHRIR, G 14%, A 5 Uik . w14
SRAE— i Ry BRI S5 A RN P 2R, , T A Y 0 AR 1 1
TR R URLIR | 2R R 2R 3 FOR B E
AR, HEE LR, T 0L A X ki e U b i
TR R R AE R . Browne 4§ (2011) A 5% &
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Fig.4 Shape distribution of microplastics in sediments

at different sites (A) and characterization of different
shapes of microplastics (B)

223 WBARERIE WK 5 FR , AR A
R LB F, i 66%; HkJERE,
ik 229%, A A OB R LD, AR
7% 5% 5 VA Al o7 4 3 B e R ok, 7R
7 Sk g W OB RL LR R (100%) . BR 7 Sl
o, A Bk T R AR AR IS R
FEARGFAE AT A& B, 82 X Sk O Al i 0 ) 2
AL . I, A X IR IO Hh R B
PLE W 32, W] RE A SRHFE I e o0 i 5 1k A o
RHIUREL P a8 32 O S 45 5 e 35020 VR 6, I B
FAb, T RE 5 AR MR A KA A B i
BE, B A B SR 1] T RR W T R e s A
Ko i, fAeefat)Em T e s, EERBEE

DG SRR 0] 1) (Wright et al, 2013), AL, 4%
IR s R PSR AT O o 2R BANRR
E B 1) Tl 28 R 2 B 4 B O 47 4 (Okamoto et all,
2022), JUAE AN [ U A 20T 0 1 B Bl R B A
TE2E 5, (BRI B BE 1Y 158 8} (Chenet et al,
2021; Morgan et al, 2021; Renzi et al, 2019), A it, /K
b B 0 TR AT BE O 2R SRR AE IR
S BOH [ AR W AR DR

EED & {4 Transparent 245 Black
E HiAth 2 4, Other color
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Fig.5 Color distribution of microplastics in
sediments at different sites

2.3 WERMS

K 6 FE 7 pos, AR AR 4 FEREY
KRR, f045 R (polypropylene, PP) . K
2% (polystyrene, PS). £F 4k % (cellulose) Fl1 5 2 ¥
(polyethylene, PE), i, FZR2EPM, ik 45%;
HWRNERRKO K, HEb 22%, HER 3 Suifish A
ui LR R OR QAR TOB R, HRgEit, HETA A
Fhsg R bR, HpRom ., BWE. REA LK
(polyvinyl chloride, PVC), R L& ME X — H iR
4 T [E (polyethylene terephthalate, PET) ¥kl 972
R, 24905 MR 90% (Andrady, 2011) ., SRR
FHRHEA Y A o R e e, PRI BUARAIR i T
RN Z T4 (R BEE, 2023). WK g
LRI IR A2 (MR AE, 2023)% . 1EZ 518 Ryt 0
TS B A0 3l 67 Y IS DL AR R YA T SR N A TR R B
AR, NIEAETE T5 K SOk T e 7 A R A
TOBRL R FER I . R BEAE (2021) 78 22 B B i v 5
rRR I 21 (4 TCDRL A3 R RE B RN . R O
R A T HRIVE R i de . Ao i A |
PR T 90 UK AR RN f8 28 45 9 ORL 77 i (Fahrenfeld et al,
2019), M7 A% 88 S Vb1 11 BRF A o A0 A H RO
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Fig.6 Polymer composition ratio of microplastics in
sediment at different sites
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Fig.7 Micro-Fourier infrared spectroscopy of
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Distribution Characteristics of Microplastic Pollution in the Surface
Sediments of the Laoshan Coastal Area of Qingdao

ZHANG Ying'?, ZHAO Xinguo?3, SUI Qi23”, SUN Xuemei??,

ZHU Lin?3, XIA Bin?3, QU Keming?

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. State Key Laboratory of
Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071, China; 3. Marine Ecology and Environmental Science Laboratory, Qingdao 266237, China)

Abstract Owing to the extensive production and utilization of plastic products, a substantial volume
of plastic waste is inevitably generated, comprising plastic particles <5 mm in size, which are categorized
as microplastics. Microplastics emanating from diverse sources can be classified as primary and secondary.
Primary microplastics encompass plastic particles with a diameter <5 mm that are synthetically produced
in industrial processes, such as plastic microbeads found in exfoliating scrubs, toothpaste, and facial
cleansers. Secondary microplastics result from mechanical abrasion, ultraviolet radiation, biological
fragmentation, and other processes acting on larger plastic items. Surveys have revealed the global
distribution of microplastics, aptly termed the "PM2.5 of the ocean." Microplastics are a prominent
environmental issue, paralleling challenges posed by climate change, ozone depletion, and ocean
acidification as an emerging global concern. Consequently, their pollution characteristics and associated
ecological and environmental risks have become focal points of global research. Marine microplastics
originate predominantly from atmospheric deposition, land-based inputs, coastal tourism, maritime
shipping, and fishery production. Seabed sediments serve as a significant reservoir or "sink™ for
microplastics in oceans. Disparities in microplastic abundance are evident in nearshore beaches, offshore
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sediments, and deep ocean sediments. The pollution status of microplastics in sediments may be
exacerbated in urban nearshore areas owing to intense human activities. However, the status and
distribution characteristics of microplastics in urban nearshore sediments remain unclear. Qingdao is a
typical coastal and marine city. In this study, we investigated the abundance, morphology, polymer types,
and color of microplastics in the surface sediments of the Laoshan coastal area of Qingdao. Microplastics
were isolated from surface sediment samples and examined under a stereomicroscope equipped with a
camera. Fourier-transform infrared spectroscopy was employed to identify the polymer types of
microplastics. The results revealed that the abundance of microplastics in the surface sediments of the Laoshan
coastal area of Qingdao ranged from 9.06-34.48 ind./kg with an average of (21.9748.32) ind./kg.
Microplastics with particle sizes <0.5 mm constituted 76% of the total microplastic count. Fiber, granule,
and film shapes were predominant, accounting for 53%, 33%, and 14%, respectively. Transparent
microplastics were more prevalent than other colors, accounting for 66% of the total. Four polymer types
of microplastics were identified: Polypropylene (PP), polystyrene (PS), cellulose, and polyethylene. PP
was the dominant polymer type, representing 45%, followed by PS (22%). The microplastic pollution
levels in the surface sediments of the Laoshan coastal area of Qingdao were found to be comparatively
lower than those in other domestic sea sediments. Considering the heightened human activity in coastal
cities, further investigation of the microplastic pollution status and distribution characteristics in coastal
areas is warranted. These findings contribute to an enhanced understanding of the environmental risks
posed by microplastics to marine ecosystems and provide a scientific foundation for the assessment and
management of microplastic pollution in coastal regions.

Key words Microplastics; Pollution characteristics; Qingdao Laoshan coastal areas; Sediment



