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TV 5 A 1 %) A B st 7= A s i (05 4%, 2019;
Sun et al, 2019; Zhu et al, 2019)., # A 4= YA 4 B 808
R HEE T . S REW A, R R B ROR R
ik, BB =, ARKIRRE RS, 2 i H R
4 & AR AE A HLT5 e ) (POPs) il 25 % AE ) 1) 35
PEVEA, 2 SECEY NAIET (Derraik et al, 2002;
INBERZSE, 2016; X5, 2017; BOEE, 2019), FHE
A BRVTAR 5 1 A 9 A PN B0 R 1 ¥ e R R O T i
S PR 2R 2 TR A A TR A el A 25 XU P Stk o AT 9%
PL, BT OB R 5 Yl oKV 5 0 R AR W 0 A 9
3 AT 2 A5 2 X I R A M N B L R
SO, ANAERRYL T, s i N SO kL 3 5 AR TR K
PRI p GO R 3 B B 3 IE A G (L et al, 2018); 767 2
W, A SR Y OB R R R R T L2k
(Zhu et al, 2018), WAh, HHGX A IR R
RRZERTHE MBI, R, V5 PER A KRS
B, FEf SR 22 [ RE R BL T IO R B3 77 (Jabeen
etal, 2017; Huang et al, 2019),

G T WA 2RI, S Al A
FEUYy . B M E BRI K IR X 2 K il
A PR T ARG SR, 20K 8 SO RS Y )
FL RS (S #14, 2012; X7k #8455, 2016; Chen et al,
2018), MFFT R BN, Tl¥RBHE 2K R 22 )2 R 7K Fn
JZUURW) P B34 3 B 43 A ) 9 A4y /m® Bl 74 N /kg,

TEFR [T 7K AL T 452 5 7K SF-(Chen et al, 2018; Wu
etal, 2019), FXTF UK PR R REERIIBFSE, H
X 20 3l A A ) P R I AR A 2 o AR SCATESE
TG LS AR AP DLV R AR R N TR A
B RS S R R, DU AR 2RI K
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Fig.1

Sampling sites of the biological samples in Xiangshan Bay



TOAE QL WU AR R N R E B L TR SRR LR 3

®1 RUEIOMEMEAREGAREABRHNMENELRER

Tab.1 Basic information of the biological speciemen (10 species) collected from Xiangshan Bay
and the microplastics identified in the tissues
THOBRMA%L WBRPRAE
Wi AL K NGy Number of microplastics Particle size /um %
Species No.of  Body B_ody Wi SRV IATE] S S 1y e Detective
samples length/cm*  weight/g NI o srointestinal S B ek rate (%)**
Muscle Gill tract Total Range Average  Range
B 10 248426 742445 0 9 12 21 0~4 1213£1106 110~4715  90.0
Konosirus punctatus
Kigta 10 259+40.7 329.6+21.1 O 8 20 28  0~5 129141113 223~4796  90.0
Pseudosciaena crocea
fiffi 71 5 12.540.5  68.3+7.2 0 1 7 8 0~3 1419+1273 189~4418  80.0
Mugil cephalus
S TRAR fr 10 10440.6 41.5+8.0 0 1 1 2 0~1 1074609 465~1683  20.0
Gerreslucidus
B R et 10 12.1+0.7 23.243.8 0 2 3 5 0~2 953772 190~2274  30.0
Acanthogobius ommaturus
L5t 15 6.0£0.3 9.5£1.9 27 0~5 1273£1400 185~4759  80.0
Snonovacula congtricta
BRI 15 5.5+0.7 5.6+1.2 25 0~5 1383+846 224~3448  66.7
Ostrea denselamellosa
WA 10 3.840.2 0.7£0.1 3 0~1 626+552 150~1977  30.0
Lysmata vittata
EEN 10 6.3+0.7  28.843.1 18 0~6 1358+1262 105~4119  80.0
Charybdisjaponica
S 10 6.1£0.7  55.2+17.0 4 0~1 1487+829 357~2673  40.0

Octopus ocellatus

RN, MK SRR, K B2, KR Nk, ek
* Fish and shrimp, body length; Siphonopods, mantle length; Crab, carapace length; Shellfish, shell length
o A NG AR A B A SR A B T 0 L

** The number of microplastics detected in the organism as a percentage of the total samples tested
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YRR EE IR TR OR . Ve W TR T AR
2311 i sy T S B = N SR 7 N S Sy 3 4 ]
KGR, B MR Sk P vE S ik, I
KWK, oM. v ol E . K (kE 5
BAERAE 0.1 cm. 0.1 g

i A AR A, U AR AR 2L (SR I . B
BRI, BRZE . DR AsT R a4, &
FICK B FR R S, Sk R SISk HRH 4L R IH A T8 ) i
T, RSN S I Bessa S5 (2018) 1k,
AL E T 500 mL BT, fA 200 mL 10% KOH %
W, BRI PR, HUE T 60 CHEFRH 48 h,
HEAYHLOA R A IR SSOE AT Y (GF/F,
L2 0.7 um; HAE 47 mm)id g, FZEE KPR

IEREE N BE 3 U, (REah AR BB IR o HUT 8
WG, BT AHBEERRIL A, IR FE T 60°C
HEAR R HET

13 WERRESKERIEE

TER S 2 7B (SteREO Discovery V8 Zeiss, Carl
Zeiss Microimaging GmbH, 75 [E) 2% 51  FR UM 4%
e R I RAMAIHAIB(OPLENIC €33, £[H), il
IR EANARRRIAE(ZEN Lite, Carl Zeiss Microimaging
GmbH, f#[F), % Hidalgo-Ruz Z£(2012)1975 1=, ¥
Ao 21 ) SAB R AR 4 LR RUEURL 3 R AR, I
H, SRR B 2R, NS RORLAY ) | e
SELOIRTIIRARL 5 18 7R A S BN B Jd AR B R 5
PR ASKILIU] fr /NSRRI A1) PR AR EEL 2 o I8 fl 21 o1
HeiE{Y (u-FTIR)(Nicolet iN10, Thermo Fisher Scientific,
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5 FE)XHEE APk H B BE RGO RN AR AT Ak 2 B4 o
Mo £ 50x50~150x150 pm YGRE . 8 e 73 FERHI
R B P X R 6l 64 YK, 7E 4000~
650 cm™' I I YA T AT i G RE . BT
IR S5 A VLR A YIS ST AT, BIERAY)
KR (VEBLRE KT 70%MA Ry %2R,

FREEH

R i B A BRI A A i A R R 3 S
X B, ARG 36 S 06 i v B T ARk T G tR B . 2R
25 P IR P s ok R BRAORL B A7 . PE Bl (EI K
VR VR B A5 WA s ) [ S 88 S B 45 AR B (] AR Dy
95.3%. MPRUELE SR AMERTE, 7E8ABUREFN o Hrad
FE PSSR U T Bl i5 Yt . BN, SCRRT T A SE 5 H
it 25 AL I 9 25 B K YE 3 Ik, SEd R TR
VWA A FH R 2 3 55 4T 4k D (GE/F, $L4% 0.7 pm;
BEAE 47 mm)id g, A OASY RS HAE S, K
B A5 I35 A SR 5 45 o RE I A AT B, XA
R | o O o I BT A T A A S AN Y
WEUE AR UE 152 2 A M
15 #HESW

B - 35 (8 45 fE 2 (Mean+SD) £ 7% . |
Kruskal-Wallis 772k 56 AN [7) A5 90 ) Fh ol S HE B8 A1)
TR RE Y =F B 0] 25 5(R 3.5.3 B1MF), RHAFAE S & 2 5%
B2 R 4T 2 1 HE 0K 56 (Dunn test), 255 I 3 MK
SE4 P<0.05,
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PR P R R IR AR B A o AR T AR R AR R A
131 AR, AW R NIRRT 3 R
(L.3£1.5)1 o A=A IR A SF- 34 = B 7 A 1)
THAE B 3% 25 5 (Kruskal-Wallis #356, P<0.05), K#fh
[(2.8+1.5) N TN BE ML [(2.1+1. 1) 1K 4 14 F ) =F 5 5
%7 T BE R RO R A [(0.5+0.8) ] . S M5 [(0.4+0.5)
AN HEBEER[(0.30.5) A 1N AR 7 (0.20.4) M 11A
9 F- 24 = (K] 2A)(Dunn test, P<0.05).

AN S AW MR N OB R
(0.3£0.5) MK ) E (1.8 1.7 CE ) Z 8], {HAY)
TR Y 22 5 1 25 (Kruskal-Wallis K346, P>0.05).
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Fig.2 The individual mean abundance of microplastics identified in the tissues of the samples in terms of
species (A) and biological caterlogue (B)

ARIF AR R 255 B 3%, Kruskal-Wallis #5545, Dunn test, P<0.05
Different letters represent significant difference among species, Kruskal-Wallis test, Dunn test, P<0.05



OB RIRIARTE RN 110~4,796 pum, FHPRE N
(1,246:1,119) pm, Hrf1, <1,000 wm i8R & 1
% 55(55.2%), 1,001~2,000 pm BB RIR 2(27.3%),
2,001~5,000 pm AR & L 17.5%(18 3).

DI B3 2R 4, A= AR A LR B TR
9 FhEAY, A5 N\ 22 (rayon, RY; 74.0%) . X}
FF 2 2. ik (polyethylene terephthalate, PET; 14.5%) .
R # (polypropylene, PP; 3.8%) . Fl(polyamide, PA;
3.1%) . F & J& (polyethylene, PE; 1.5%) . 2 Wk ik fig
(polycarbonate, PC; 0.8%) . P/l (polyacrylnitrile, PAN;
0.8%). Kl (polyvinyl alcohol, PVA; 0.8%)F1 2 it
1R 2 3L 3 W) (ethylene/vinyl acetate, EVA; 0.8%; £ 4),
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Fig.3 The percentage distribution of the size of
microplastics identified in the tissues of the samples
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Fig.4 The percentage distribution of the chemical type of microplastics identified in the tissues of the samples
in terms of species (A) and biological catalogue (B)
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FIBE#E (14.3%) K4 5 PE 4 BL7E 45 8 (3.7%) i £
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JESKIRBEOKAR . TURRY) 55 ) rh S8R V5 S K P-4
oK, T AT TA) 45 K2 S Y 5 G K7 (Pellini et al,
2018), fln, HHENL T, X TREREGAEY),
WG 2 AE 52 NS0 2l 52 i gl Z0 %) 3 v 0 TAE T 7K ki) A
YIHE A SRR 7 SR I 42 BB {2 (Moore et al,
2001; Jabeen et al, 2017),

LTS 10 FhA: PR N R AT S8 2
1.3+1.5 4, S5+HHITHE[1.8 4, KVGHEHH(Sparus
aurata) 28 i 1124 (Giiven et al, 2017)F13% 7 F1) 1 g
[1.9 4>, ¥j(Zeus faber)%s 10 Flifi25](Lusher et al,
2013) AR N A OB R KA Y . X —FEEE R T
FERE[0.4 >, /N fa(Larimichthys polyactis)&§ 19 Fif
1. 25](Sun et al, 2019) K #2443 2 /K 38[0.3 4>, Lk
11 (Argyrosomus regius)%s 26 FiiffiZ](Neves et al, 2015)
YRR IR, IR T ARE0E 23 4, HA
fi(Engraulis japonicus)](Tanaka et al, 2016). #1115
W #5115 [2.3~7.3 4>, 68 (Muraenesox cinereus)
45 9 2] (Zhang et al, 2019) . VEEITLT ARG HI[2.8
A, IR 5 7 BE A (Epinephelus akaara) % 32 b fn
Z#](Huang et al, 2019)., FEIE[H 2.0 1, B 1.814, H

43 7 fifi (Synagrops japonicus)Z 13 ff#.2](Zhu et al,

2019) . P ([3.7~17.7 4, 011 ~F 12 (Cerithidea
cingulata)% 5 FhE AR sh 491 (Naji et al, 2018)F1AEH
[13.5~22.2 4>, 7% &4 i (Thryssa kammalensis)%: 6 Fi
125] (Feng et al, 2019)E WK N TR K- o T
RTS8 RS G KT R T 2 5 B4 0T 58 K 8
AR OB R B 7 A 25 55 (Abidli et al, 2019), il
W, FERFNTE A2 3% 00 0 DX o b A P %) i 98
RE B B L T At K s G AN A PG BB R K
(Feng et al, 2019); FEHHFrg S, A AL PR P 134
AR E B 5 R E TR i kL R OE A O
(Wang et al, 2018),

T A 0 B A T et 2 5 i AR P R R Y
F Ko BRI 2 DR & 0 1 YR e & R AE 1)
I, RG22 32 1 08 et 23 ot 45 A 4 s R TR
SRS, DATATHG I FCAP A 4 B8 AT} XU (Zhang
etal, 2019), AR, Fo AP A& N 85
SRR B T b 2 A R ) BB R R
(Jabeen et al, 2017), AL 678 e v v 1 DL 20 phy sl
FEIN B = KT R BB B B (Abidlli et al, 2019). i
A ) B R S 5 e LR N OB B O — A
B[N & (Jabeen et al, 2017), — ki &, 7E[F—/K
R 32 IR o B A GO R N
PEAEY I B RN S | NEIER AT DL 2, KA
BH R T MG AT P | 87K S5 T B AR o BRI

THEBREAL , 38T DL o R A & A R R A
Pyt O Z2 B Ok, S BOHLR RGO R
JKF-TH7E5 (Zhang et al, 2019), {HAH £ & S ERF 1) 5 £
P S AR E A W A P i B I ) 1 22 S5 25 R BIOR ]
IR GO B R N OB R B Y 25 5% (Giiven et al,
2017; Abidli et al, 2019), 7EARMFH, NFEZEHEAY
RN OB RN R E R R ML E Mg itr s, 4
WA N R B AKOF i A ) 22 S 5 LB 1 2 1 1
AH AN BH I8 35 43 Tl ol 355 %) A 4 4R PR Tl M 3
FE K- s 2L AY 25 5 (Chan et al, 2019), E4T,
AHIEFE Hh Jo TR s R f R S5 /NS R A A P
BhF R IR T REAR R R B 0 A RAMAA ), X R
BR T A RS e SR A, At PR 3R (A B b e o
BEERE AW AR /NG ) AT e b 2 5 e AR ) AR N
TR = B KT

WFFE 7 15 14 25 53 A1 2 6 2 W R o8 ol 98 ) = 5 11
G 2% SR 5 B ] o AN AR AR 9 v A 28 0 S 25 SR BT
7N, BT S ) R R E K B AR R TR A
TORRE, FE P FIgE KA T, Sz h— b A7
T — 58 B A R o A BE i 5T - T A e Y
TR, S RN A 2RI N R OB K o it
A, WFGE A A ST AR R R Y 25 R
23 F O YR N TR R 3 A 45 R ) i 25 (R R
4, 2017) flln, VERFRIHARIL KT PA SERUERLE AL
P, A A AR G R vk Fh S R ) YR R T A
W, FECLAI B R fh (Claessens et al, 2013),
A ST R R R B 3 58 5 T A SR A ) e
TH R 2R Z A 2V N OB R T TR, kst T
e U 7/LEN AR 22 Y SR a9

32 AWk AREE R A RHE

AT, G 10 FeE AR ARSI T
ZRAEIR . TR ROIRFEREIR 3 FRIEARZE Y B kL, LA
LT AR AN G A X H(95.4%), 5% TR Y
H b FEH R (94.7%) A i (Wu et al, 2019) . £F 4 & 16
PEIRBE AR R WL RSB RDE IR, AT 1 45
55 [ P A H: Al K 35 1) AR 6 BF 5T 45 SR AH W) & (Lusher
etal, 2013; Feng et al, 2019), il 40, 7EigINTE | Ak
Uy 5 ¥ 5 K | A A RN VG B BT A, A
LR YRRBIBEA R 5 b L 98.0% . 84.0% . 83.5%.
65.8%#1 71.0% (Neves €t al, 2015; Bellas et al, 2016;
Chan et al, 2019; Feng et al, 2019; Zhang et al, 2019),
TR T 158 v 0 R ) £ A IR 0 ) 3 B R L BRI
SR HE B g e A YR AR B, BN, ik
THALIE PN A ZEtR 28} 3 0 38 A i 0B R B B
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67.0%, IMUTEY) H2F 4RIR TR LR 93.9%(Zhao
et al, 2018; Sun et al, 2019); FF LRI b 51 5 B 3T
V38 1) A7 25 T AR T P £F 4R SR A HE RO R B
W1 83.5%, AR h £F 4R8BS
kv 70.0%701 92.0% (Zhang et al, 2019)., #H4b, R4k
Tl ) T 25 I i e e A= W ) B HL R AT ARGE R AN
e FEUE YR N AR R B B,
WS8R AT 38 53 B % (Carcinus maenas) it I o B iE A
iz, JREAE N B (Watts et al, 2014); 1ERELE
FHF(Nephrops norvegicus) ', £F 4R 138 8] 5 s 88
R FTERT A WA RE B 76 2, FEUHILIE N AL
S8R} 2 B TF 5 (Murray et al, 2011),

TR B RN AR 9 PR 9 B B AG H B B R o
BAFp, FZLIRY. PE. PP, PS fll PET % 5 s
B F L LT 10 B WA R A T 9 A
fWIBEL, DL RY(74.0%)F1 PET(14.5%) 4 ¥, PP(3.8%)
I PAG.1%) R, HAfLHf PE. PC, PAN, PVA fi
EVA %5(4.7%), X 512K WA th 2 )2 TR Y sk
(9 1L A3 A B R BW) & (RY, 60.0%~88.0%; PP,
8.0%~28.0%)(Wu et al, 2019), L4557 HAb B 5%
WA I (Neves et al, 2015), Q113 75 ) v ok FF 3 96 35
10 Fh SR PR H I O B AR 23 LA RY(57.8%)°0 32,
PA(35.6%)F1 PE(5.1%)%5 K Z (Lusher et al, 2013);i
Phr B ACER 2 Fob iR A4 P B A Y SO ORL A3 R
PA(68.4%)F1 RY(31.6%)(Hossain et al, 2019), % JLFH
FERRBEA YN B H AT RN R BT R L
AERHME &P RY 385 B HEA N A LG 2R
M— K H &K 238 1900 A>3 RL £ 4
(Browne et al, 2011), XELYHRIE4E T plT5 /KA B 5
B K HEAHEVE T PE. PP A PET 78 H % 2k 1% s
o)A A, plan, UT4Ek, BN PE. PP
1 PET 4F )= SR ™ 819 50% LA I (Plastics
Europe, 2019), Kim F G RHE A 7= FE 3 i v 2
b AT e A IR s T, o E
1) 4 R U T 0B A T Y RN BR A T AR AR Y 1R B
SRR A

SRR OB R 5 R R S B
it A A% 38 T =F B2 /N Y #(Wang et al, 2018; Mu
etal, 2019; Wu et al, 2019), #lan, 7&JmiRisE, FEis
2 KN OIERE0.02~0.3 mm) 2 ok B 1 k)
(0.3~5 mm)F ) 100 f5 LA I(Cai et al, 2018); TEH
TFE AU F, <1 mm AR L E A 81.0%
(Wang et al, 2018). FHR HE, ARy H B /N
AR IR ) 3 B 5 i o T KORLAR TOI R  E E
TEEE AU Y, 0~1 mm. 1~2 mm Ml 2~5 mm

AR ORL Y 35 . 81% . 12%F1 7%, A21% Ti%
VIR RS2 AR, 3 ok AR A SR U 4 1) o L
61.4%. 20.4%F/1 18.2%(Wang et al, 2018); 7EF} 1111
WY 5 5 51) B 32 )2 W KRR L <1 mm (54008 53
B EE 78.3%F1 86.5%, RIS Tz /KA fa ik N,
<1 mm PR S FE 77.3%, 5% 2K MUY R
oA a3 —%(Zhang et al, 2019), 1L 10 FE
DA 9 B O RS AR R AR R 0.11~4.80 mm,
PI<0.5 mm (30.0%)F1 0.5~1.0 mm (25.2%) A4 /N {5
BHEZ, 5iZoKIIAEE R LN RN 32
—3(Chen et al, 2018). i H., & KkifR AR E F
HELTE R SR A A IRIR Y . — 5T, A
DALl S ) ) A 2 R T BB 5 BB Hh B 0 R R AR A K
A X(Lima et al, 2014); 5 —Jrm, LYK/
BB 20 Pk Al 2 5 e A A TR 9 R Y kL AR 4
(Boerger et al, 2010), /NUPFEFE Y — OB 18R F
B MOK AR v — 2o /NI R i R A 4 (unfa
NSk JE 2 D) T 25 ) 1ok 8 K N B S T SN IR B
SR PR AE KRR B OB R, S BOAN R R el A~
AT /IN B9 A2 40 TR 5 L) ol M B A A R ™ A 25 5

33 FEIEEN R LEEMERBER B

AHIFFEAE A WA PN oA B0 3 ) | o 208 S 2B IR T 3R
B VT B A A I S P Y ORI R o B A BT L
7, PE PP il PS 55551 1 it & A SR S Al /0
FE DU ORI E F B SR XIS ) 6 R )2 f 28k
A & BT 2B SR B3 A R 1 (Feng et al, 2014;
ZAESE, 2020), R N BSO8R PT RE S 97 5 1 il
FEA I RL 5 R /N o v DX R e 4 S A Y SR AL
SRR F R, AN G R S SR,
FEIETE bR S5 7= A I O TIOB B AR, R B IF
TE 27K o 78 G 1L TS ER TR ) vp o [R) R oK 2 Bt
TR PS A B S8 kB (Wu et al, 2019) ., ABFFE LUK
ZYFhAE, I, FREE ST HAR SRR 5 nT

RER/IN

ASBIEEIE X G 10 Rl AR M0 IR N i 1508
G YRR IR A B, OB A A N 5 3l A7
TE AR YT o 20 18 ) LA 7 AR R N3 228 =, DA
AN OB RN A TS 2, F RSB S iAo
SEARF, FRIAVIHES AR 10 T A= PR N OB RL
SN o AE D22 F0 i B b SR T e A
BL, MIAENLA PR & RO RHS G, RUIBOE R 2
o I o R AR e B R A A A
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Abundance, Shape, and Chemical Composition of Microplastics within
Ten Common Marine Speciesin Xiangshan Bay

YU Xiang'?, XU Lili"*?, LIU Qiang®, HUANG Wei’, CAO Liang', DOU Shuozeng'*"

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Center for Ocean Mega-Science,
Chinese Academy of Sciences, Qingdao, Shandong, 266071, China; 2. Key Laboratory of Marine Ecosystem Dynamics, Second
Institute of Oceanography, Ministry of Natural Resources, Hangzhou, Zhejiang, 310012, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Marine microplastic pollution has become a global environmental problem. Understanding
the status of microplastic pollution in living organisms is fundamental for assessing the biological effects
on ecosystems. This study investigates the microplastic pollution status in tissues (digestive tract, gill and
muscle) of ten common species in Xiangshan Bay. The results show that microplastics are widely present
in all ten species. A total of 131 microplastics were detected in 61.0% of the organisms, with an average
abundance of 1.3 £ 1.5 items/individual. A total of nine microplastic types were detected. The majority of
the plastics were rayon (RY; 74.0%), polyethylene terephthalate (PET; 14.5%), polypropylene (PP; 3.8%)
and polyamide (PA; 3.1%). Fiber, fragment, and granule microplastic shapes were detected, accounting
for 95.4%, 3.1%, and 1.5% of the total microplastics, respectively. Rayon and fiber were present in all
species investigated. The size of the microplastics ranged from 110 pm to 4796 um (mean value:
1246£1119 pm), with the size of <1000 um accounting for 55.2% of the microplastics. PE, PP, and PS
microplastics, as well as the typical foamed microplastics produced by breeding facilities, are detected
less frequently and in a lower abundance in living organisms. Our findings provide the knowledge and
data to improve our understanding of the status of microplastic pollution in marine organisms and assists
in evaluating their biological effects in coastal ecosystems.

Key words Microplastic; Size, Shape and chemical composition; Marine organisms; Xiangshan Bay
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