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T MR FEERTE T, BAFEREE. SUBRMNELR, TaE*
P KRR, AEEEEMEANNR, RATHRTALNERE> 4 B HHRKF
HARFZEFALTHERBIREERELE MAD (AKfRE). EEREERN X Fo
ARARRE2018E 1—3 AFEHAFHEHTHERARERREN0RATF AL 6
K, MAFITFEAESHE T E, TEEHLPHENPRERH#TTIAR. 2L
T, 0 RMEMAF, 16 B E ALY LI I8N HE K. BBEHFEEN 034N,
T ERE 0.6 NE; KEH 0332~4337 mm, FHKE 1.252 mm, H & 72% B 408 RN
F 1.000 mm. £ # 6 E EH E (38.9%). & (33.3%). I (22.2%) Frk (5.6%), M A E
A8 (44.5%). B4 (33.3%) Fn A%k £ (22.3%) 4l k. XM EH, KTPEEE
BEHLHMENNECEEEE. BREALEE XY, E5HRK. AEFMERELET
Mk, HHEERK. RERMBRWETE . HAREW, KTFFEEEZEFARTHER
WM EKTZEHE L, XRAELAHEHNBANEATHEE. AFHR A K
RERE LR EBER BRI LR RERER T L HERBESE,

REEE: KPR LE; FAL, MR, Al REEE, K&

FESHES: X 171; S917.4

K- VERE Z 4 (Todarodes pacificus) &k J& 20
(Cephalopoda) 4 JE H (Teuthida) Z& 4 £l (Ommas-
trephidae) £ ZZ )& (Todarodes), %4345 1E K-
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EEE LTk BRI, MOBR R EA/NT
5 mm PYEURHE R, HARHEE e )T B
fiff R AR U R AR A Y, X AR DL et
B SR AR ) AN b R R Sl A
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0 X R E RN R AR I A R,
TRV ORI 5T © B Bk R T i RS . (B
KT RS T3k 2 28 A 52w LSSk J 22 41
OB BHE IR B TR 8D, B T TR RS- R
F AN B ORI 5 08 A LRI
ARSI AR 2018 4F 1—3 7 76T AR AL MK
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1 MRS IE

1.1 KA aFE

FEACRAERTE D 2018 451 H 13 H—3 H 27 H,
KW N 24°09'~29°44'N | 122°28'~127°07'E,
RAE BN 62 4>
1.2 E£¥E N BHARKE

A SRAFE AT PR 22 #9440
W20 BAENAEA, X HFH (mantle length, ML)
AT (body weight, BW)., 51| F1 5 14 18 B 25 il
AEYEE I T R A e, KR 2
I mm, WHERHHZEO.1g, PERAEL TSIk
PR LA A AR UHEDY, SR SE SR 5 Kb
R AN A AR RS A 1840
B, TEFEAREFESRE PN . KN SRR
[B] 55 R R G0 5 7% B AE N, e IO 3 o 4% R
ANHOREAS R i T A IBORE B ] I S 2
TEHX 30 B AT VA SR 0 REAHEA TR R, o T 42T
W FRE ST DB R RO E, RS
SLARIN A S, B ER R 0.1 g0 SCERad
TR ERAE N G AR ST S50 S YA DCAR L

1.3 WEERNE

KPR 2 10 A U0 B I e A4
THAF . OB . FRE TR DB S Pk A
SR, 2% P 17 FH Micro-FTIR
(Nicolet iN 10, Thermo Fisher, 3% [E) X faf 48 4} 3 47
YooE, VLECHRUEAVCHECRE 70% DL 1o 285 1Tl
IRHE AR AR T 2Rl ok, JRId B0,
BB E 52 U5 . FIH Imagel (x64) & F A #E 4K
PEHEAT RO RS BE A I
14 St o

RGN AR R,
ATFBE AR 2R 0 E L i
PRSI AT SE T A

BR AR KA BRI S BT
(£ 0.01 251, XUR) B9 1 42U b il 2R R
AR/ I ARE), HEY, B EAEE
SFGRZIE] AR

SRR A FRHME HEASMET
R RN ROREAR AT 704, IR R T A A
7 14 R AR - (Y

mAbZREDE FMRNTHREMEH
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AR R 5K . SE R E IR H
W 1) e R

HEA B Lk BN BT ) 4R 53 0 #E Microsoft
Office Excel 2016 £ SPSS 20 # {4 Hiik47 .

2 ZEip

21 EYFER

30 R FHRE R AR . hE ., HEMEE
LRELYFERBIENE 1. HEEHR 04
e 5 AN GG AT R 4B, ROF PR R I K
87~208 mm, “FHJHiK 159.6 mm; {AH 16~188 g,
SEHAE 91.6g; HE 0.1~73 g, FHHEE0.71 g;

F1 XPFFREFEBHAMBRHBENER

Tab.1 Ingestion of microplastics in stomach of T. pacificus

mae  HE O don goon

B R mm (R %9 R4 Kmm

‘S mantle body  stomach

No. length weight weight feoti'¥  MiCToPlasic micropfte
1 182 146 0.5 1 0

2 208 188 1.5 1 3 0.470~4.037
3 162 89 0.6 1 0

4 149 165 0.7 1 1 2.817
5 192 144 0.5 1 2 0.332~0.857
6 172 92 0.9 1 1 0.469
7 180 111 0.6 1 1 0.433
8 155 56 0.2 1 0

9 182 129 0.8 1 2 0.461~4.337
10 176 109 0.4 1 0

11 180 97 0.1 1 0

12 171 103 1.0 1 1 0.495
13 161 75 0.3 1 0

14 185 136 1.1 1 1 0.511
15 158 88 73 3 0

16 179 124 0.4 1 1 1313
17 177 119 0.2 1 0

18 174 103 0.4 1 0

19 176 106 0.7 1 1 0.971
20 162 82 0.5 1 0

21 172 113 0.3 1 0

22 164 86 0.8 1 1 0.430
23 162 72 0.1 1 0

24 146 57 0.6 1 0

25 117 31 0.3 1 0

26 136 37 0.4 1 1 1.964
27 121 32 0.2 1 0

28 92 16 0.1 1 0

29 87 16 0.2 1 1 0.444
30 111 25 0.9 3 1 0.478
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PEFEHIEH 1~3, KZH 19 (93.9%).
2.2 BLEAGIBRIA S IS

ZiRBR, S0RKFHERMEMABHLNDH
16 & (53.3%) K3 T8 kt, (A 1 RBEHAL
T IR, 2BEA 2R, HARY
RS, BERH ORI 18 . IR
JER 034, FHFEER 06 MR R D, K
JE R 0.332~4.337 mm, F K A 1.252 mm,
Horr 72% MR RSE/N T 1T mm, AR RSHY
H1~5 mm (& 1-a), SRR IE &35 0 27 4R 4R
imB, {5, KA, BEehRe
(38.9%), Mt (33.3%). Wfh (22.2%) K2, K
(5.6%) Fe/b (K 1-b). &%, WOBRIM R EE N
M. RERLF 4 M NG 22, 7ty ol ok 44.5%.
33.3% F1 22.2% (&l 1-¢),

23 BHATREBNEEEFTENFERFRC
[BHY X &

AHSEPE BRI, [ 0.01 5] (BUR) K2 /R
RSP N 1, KOPVER R B A B0 R S
5 EE (0.043), HESFH (—0.035) NFEERH
HXPE (2, &3).

2.4 BHEAHMIEHEESEKIEEZ EBRXH

FSEME T, 7E 0.01 L5 CWUE) Kz /R b
FHRELMT, KPR 6 B 8B R & &
5 MR AFAE 1 3 AR OGP (0.376) (R 4). BT HHA
SUP R SR 03 N, HHA a4, IF
TR TFHREK ., &84, kS eS57Y
JRH Fe i A HZME T FE R (K] 2-a),

1=0.049 3x—7.2202 (R>=0.9399)

KA,y MRS R, x K.

AT R, [ 12 0.01 L0 (BUR) K2 /R
HAHDCHE SRR T T, KOV VERA 8 f0 B L U kLS
5 R A AR A G (0.486) (% 5). [FIEE
WO RIS B Y 4 41, AR E
S, WORRL A ST R Rl A
HFEFRR (K 2-b)s

3=0.025 5x—1.6692 (R*=0.945 4)

KA,y NEOBRS R, x N FHRE,
25 BHAHRENESESHRZEINXR

AHEEI TR, 7E 0.01 205 (WUE) Kz /R i#h
PRSI, RO 30 B A S8UOB R & &
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1 FEFREXEFEZEBEAPMEER S HEHE
(a) X~F, 1.<l mm, 2.1~2 mm, 3.2~3 mm, 4.3~4 mm, 5.4~5
mm; (b) Fifh, 1M, 2060, 3056, 4KE; (o) Mk, 1,
2 RERAT 4, 3 NG,

Fig. 1 Proportional distribution of microplastics in the

stomach tissue of T. pacificus from East China Sea

(a) size, 1. <l mm, 2. 1~2 mm, 3. 2~3 mm, 4. 3~4 mm, 5. 4~5 mm; (b)
color, 1. black, 2. white, 3. blue, 4. gray; (c) texture of material, 1. cot-

ton, 2. polyester, 3. rayon.
5 HIEEA BEANSNE (R 6) [RIFHLREER &
KHG R4 A, IHEBHATHHEE., &G, M
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T2 APFREREBEARAPHENSESBEENEXMY

Tab.2 Correlation between the content of microplastics in stomach tissue samples of T. pacificus and stomach weight

T H HE BHL PR S &
items stomach weight content of microplastic in stomach tissue
B R IRHAMEASEYE  Pearson correlation 1 0.043
stomach weight
Sig.(AE)  Sig. (two tailed) 0.820
ANEH cases 30 30
SR AL ¢ E s J7REMAHIEPE  Pearson correlation 0.043 1
content of microplastic in stomach tissue
Sig.(WE) Sig. (two tailed) 0.820
AN cases 30 30

x3I KFPFEXRESE

HARADHBRN S ESBRFRIBRM

Tab.3 Correlation between the content of microplastics in stomach tissue samples of T. pacificus and feeding grade

TiH TS HAZ PR S &
items feeding grade content of microplastic in stomach tissue
HEER FeR M Pearson correlation 1 -0.035
feeding grade . . .
Sig.(XWJE) Sig. (two tailed) 0.853
MNEE cases 30 30
BRI b Ny s ReJRi M Pearson correlation -0.035 1
content of microplastic in stomach tissue
Sig. (W) Sig. (two tailed) 0.853
NEH cases 30 30

T4 ATFRFEBEARKRPHENSESHEKMEXNY

Tab.4 Correlation between the content of microplastics in stomach tissue samples of T. pacificus and mantle length

gE| GRS [EE A € eh Nats =
items mantle length content of microplastic in stomach tissue
IERS FeRHASEME Pearson correlation 1 0.376"
mantle length
Sig.(XWE) Sig. (two tailed) 0.040
NREL cases 30 30
B R PR FRMAHIEHE  Pearson correlation 0.376" 1
content of microplastic in stomach tissue
Sig. (M JZ) Sig. (two tailed) 0.040
NEH cases 30 30

% AE 0.05 200 (W), FHRMERZE .
Notes: *. at 0.05 level (two-tailed test), the correlation is significant.
HURLS = 5O H R Bl A My BN
(%1 3), Hrh Hig@ L A,

y=0.042 1x—6.2177 (R*=0.886 1)
[, y NEIBRS R, x PR HE,

3 e

31 BHEARADHENISR

FEAR Y E 1) 30 BB RT-PedE e farp, Jbf
16 e B AL N LI THRUEEE, SR 53.3%,
R & 0.6 1N/ X5 Zhang %07 X} [E
RO RL G (57.5%) FISEE & 077 4
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/) I FE 25 RIEEA — 3, ABFIT K B L —2f
PR (72%) /N T I mm, FERB . [, .
JK A FhEI(E, X 5T 45 RAR Y (% 7).
UEAh, BRI S R R, RO R E 4
ZUrp IR B (44.4%) . RERLT4E (33.3%). Ak
22 (22.2%) 3 A IR R (] 1-¢), X L AR SC B
FEHSVRI, AT AR A BT S A s e, B
PR PRA T R AR

32 BHELAHHEBENSESEEMNERFRE
X &
AWM, KFHERE R0 B AR A iy
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4.0 o i mantle length 4.0 ro fRE body weight
— « 3.5 Le FH¥HIK  average mantle length 3.5 Le THMEHE average body weight
® S50} ®5 50!
| . ) = :
2825- @825-
MIEH g 2.0 ofo ]IIBH 8 2.0
1 8 4T 3
zT e 1.5+ z = 1.5 +
2 5 e 5
Eﬁﬂ § 1.0 + oo o o ed/oooo %‘1 § 1.0 b oo0
= g 05 € g 0.5 +
0 o . -eco—and . : g 0 : 0 : : : :
60 90 120 150 180 210 240 270 50 100 150 200 250 300
Hii 4 /mm IR /g
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(a) (b)

2 KPFRZEBAATHENSESHEK (2 MEE b) ZEKXHR
Fig.2 Relationship among mantle length (a), body weight (b) and microplastic content in

stomach tissue samples of T. pacificus

x5 ATFRFEBEALAHATHENSESHENEXMY

Tab.5 Correlation between the content of microplastics in stomach tissue samples of T. pacificus and body weight

TiH A B AR R 2
items body weight content of microplastic in stomach tissue
(AN 7 /REAHAIENE  Pearson correlation 1 0.486"
body weight . . .
Sig. (W) Sig. (two tailed) 0.007
ANEE cases 30 30
EERALI T b Ny s Fe RSN Pearson correlation 0.486™ 1
content of microplastic in stomach tissue . . .
Sig.(WE)  Sig. (two tailed) 0.007
NEE cases 30 30

e FFAE 0.01 ) W), MHEMERE, T

Notes: **. at 0.01 level (two-tailed test), the correlation is significant, the same below.

*o6 ATFRFREBEAHAPHENSESHRMMAEXM

Tab. 6 Correlation between the content of microplastics in stomach tissue samples of T. pacificus and age

TH kit B PR &
items age content of microplastic in stomach tissue
H R /RIS Pearson correlation 1 0.603"
age
& Sig.(WJE) Sig. (two tailed) 0.000
MEE cases 30 30
AL R R R /RIMHSME  Pearson correlation 0.603" 1
content of microplastic in stomach tissue . . .
Sig. (WE) Sig. (two tailed) 0.000
AN cases 30 30

R EHEESEE., BRI R EHL SRR T 2 0 28 B L SN R G
Ve WAL STBRILIL, B B (Sthe- 3 3 gy mssn & BERK, KER B
noteuthis oualaniensis) & AP HIRR &5 E T Bl B

PR R AR A, SRS EE RAHL

BT EERMT 5oL, ey 5w ARFFREY], KPR 0 A2 et
TYURREE, REMERMATEERRAaE Sy NEESHKAA REEMK. Huang 5 65
FEP, ARG RER, KVEHFEREEAE AN BRI, BEITLLRIR AR Y O RS i SR K
AT EES E S & I BAHE SR IEA I, SRR LA, AR
P, HILTEESU R, AR E R WRH, KOF-VFERE 22 fa E SR AR OB B & &
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Fig. 3 Scatter plot of age, average age and microplastic

average age
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BHAR AT

content in stomach tissue of T. pacificus
SRE A A BE W IEACE, X5 Su Y iE
I X YR R S 3k i A M ER B UL (Gambusia hol-
brooki) It R A5 1A T OC R MBFFR A RABL, AT

FB RN, KR RAaEHLP R SRS
H B A B3 EARSCE . SR, R HAT, £
XSk 2 H 5 AL UROER B TS R L AR
B, EREARSES R RN, Sk A2 A
PRTE S H I Z A B R IE A OGP, AN T
SCHE T ARG AT HENE

fRE

AWFTEERY, KPR A B HUh RO R
MELSEE, BESREURMeE, H5H
Koo MRHE AN H %A R IEARSCHE, BIBEHE IR
RE A H BRI, B AZP RO R &l b
ZHETI . EIE R B BRI BUR (A
f>HE AR MR, AR BRI A (A
R=0), MEH R —E PRI R AR
WA Sh A (A =HFI ), FRT A
Beoh, ENEEMETL ERZ —, KFHEREE

34

®7 ERINEFINE X MEBERFEIEXAR

Tab.7 Related studies on microplastics ingestion of wild fish at home and abroad

<1 mmfi ¥k}
SEAA A B AN % R
SR 1 BOBKHR  BOBRIBARGEILY  BOBRIRE oRkbgtw oot L0
sampling site materials shape (proportion) colour proportion g . . reference
content microplastics
proportion
LA T i PE. PAL PP, FEF(>50%) 4.07 [43]
North Sea and PS
Baltic Sea
B g Uk Ni#2. PA. PE. £-4E(68%). WEH 36.5 0.69 32 [41]
English Channel ~ PS. LDPE. A (16%). H#H(12%)
IR 4t
WSRO Y, WA HIRA(T1.1%) TSk 100 16.7 86.5 [40]
Musa Estuary, (12.33%) Ko
Persian Gulf (8.34%). EWHE
(6.89%)
(1.33%)
EER s PP. PE. FEMRW £14E(65.8%) WEH 19.8 0.27 [44]
Portuguese coast R NifiZz, B (34.2)
o IR Y
e 2R3 F4E(63%) ST F(51%). BB 96.9 5.4 90 [14]
estuarine areas of (27%)~ HIE(7%)~ (18%). FHH(17%)~
Guangdong, China /INER(3%) TEE(8%) 4%t (3%).
21 {4(3%)
R E AT PE. PES. PP.  #F4. B, i 75.4 55 [38]
Hangzhou Bay, i
China
p [ AR PE. PET. PP.  £[4E(59.6%) il With. B, 4t 57.5 0.77 78.7 [39]
East China Sea PS. PVC. B, (38%). TH[H(9.3%).
PRIRA L. 3E 1IKQ23%). K
. =%k (1.7%)
o[ VR R WFILL. PE. Y. R MR A, BE. e 55.9~92.3 [42]
coastal and fresh PET R
waters of China
PEFERALEE PET. JBJE. PP £F4E(96%) BEH EW(83%). Wt 49.1 0.228 [40]

Beibu Gulf, South  PE. PERRLT4E
China Sea

(2%)~ THIEQ2%)

(11%). 205 (4%)-
SH0,(2%)
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Accumulation of microplastics in stomach tissues of
Japanese common squid (Todarodes pacificus)

LU Huajie "**, SUN Tianzi', LIUKai', OU Yuzhe', ZHAO Maolin'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Marine Ecological Monitoring and Restoration Technologies, Ministry of Nature Resources,
Shanghai Ocean University, Shanghai 201306, China,
3. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract: As a new type of marine environmental pollutant, microplastics are chemically stable and difficult to
degrade, and can accumulate in the marine environment for a long time and be deposited in marine organisms,
which may eventually pose a threat to human health, and therefore, are of concern to scholars from all areas. To
investigate the microplastics uptake characteristics in stomach tissues of Todarodes pacificus (T. pacificus) and its
relationship with individual size (mantle length and body weight), stomach tissue weight and feeding grade. In this
study, a total of 30 samples of 7. pacificus were collected in the East China Sea from January to March 2018 with
Chinese production survey vessels. The accumulation characteristics of microplastics in their stomach tissues were
investigated using statistical and correlation analysis. The study results showed that the mantle length of 7. paci-
ficus ranged from 87-208 mm, with an average mantle length of 159.6 mm; body weight ranged from 16-188 g,
with an average weight of 91.6 g; stomach weight ranged from 0.1-7.3 g, with an average stomach weight of 0.71
g. The presence of microplastics was found in the stomach tissues of 16 samples of 7. pacific, with a detection rate
of 53.3%. In this study, 18 microplastic particles were found, and the abundance of microplastic ranged from 0 to 3
items/individual, with an average abundance of 0.6 items/individual; the size of particles ranged from 0.332 to
4.337 mm, with an average particle size of 1.252 mm, with 72% of the microplastic particles smaller than 1 mm.
The colors of microplastics were mainly black (38.9%), white (33.3%), blue (22.2%) and gray (5.6%), and they
consisted of cotton, polyester and rayon, accounting for 44.5%, 33.3% and 22.3% of the total, respectively. The
correlation analysis showed that the content of microplastics in the stomach tissues of 7. pacificus was not signific-
antly correlated with its stomach tissues weight and feeding grade, but was significantly and positively correlated
with mantle length, body weight and age. [Conclusion] The content of microplastics in the stomach tissues of 7.
pacificus increased gradually with the increase of mantle length, body weight and age. The deposition of micro-
plastics in the stomach tissues of 7. pacificus gradually increased with their individual growth, which indicated that
their intake of microplastics was greater than its excretion. Whether this accumulation phenomenon continus
unceasingly or the dynamic balance of intake and excretion is maintained when a certain amount is reached
requires further study.

Key words: Todarodes pacificus; stomach tissue; microplastics; correlation; accumulation characteristics; East
China Sea
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