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Abstract: Pollution of microplastics and heavy metals in aquatic eco-environment is attracting more and more attention. In the pres-
ent study, in order to explore the bioaccumulation characteristics of microplastics and heavy metals in organisms, we selected eight
dominant freshwater fish species in the Lake Poyang and Raohe River as the research materials. The concentrations of heavy metals
(i.e. Cu, Cd, Pb, Zn and Cr) and microplastics in the fishes were measured and analyzed. The results indicated that the abun-

dance of microplastics in water environment ranged from 10 to 64 items/L, with an average of 38.56 items/L. The abundance of mi-
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croplastics in the digestive tract of the eight fish species ranged from 1.21 to 9.11 items/g, with an average of 5.40 items/g, while
the abundance of microplastics in gills of fish varied between 0.61 and 5.00 items/g, with a mean of 2.87 items/g. There were four
types of microplastics in fishes including debris, fibers, films and pellets. The polymer components were mainly polyethylene
(PE), low-density polyethylene (LDPE) , polypropylene (PP) and polystyrene (PS) that were mainly transparent and colorful.
The particle size of microplastics ranged from 0.01 to 9.50 mm, and 79.07% of the microplastics had particle size>0.5 mm. The a-
bundance characteristics (i.e. types, particle size, color and polymer composition) of microplastics in fishes were similar as those
in water environment. The averaged bioaccumulation coefficient of microplastics in fishes was 178.29. The bioaccumulation ability
of microplastics in fishes was ordered as follows: Channa argus, Pelteobagrus fulvidraco > Hemicculter leuciclus, Ctenopharyngodon
idellus , Silurus asotus > Cyprinus carpio, Coilia ectenes, Carassius auratus. The contents of heavy metals including Cu, Cd, Pb,
Zn and Cr in the muscle tissues of fishes were 4.27 mg/kg, 0.13 mg/kg, 0.28 mg/kg, 11.73 mg/kg and 0.53 mg/kg, respective-
ly, which meet the requirements of pollution-free aquatic products and are lower than the health standards for human consumption.
The enrichment ability of the fishes to the five heavy metals was ordered as follows: Zn>Cu>Cd>Pb>Cr. Different fish species
showed different ability on the accumulation of a specific type of heavy metals, which is closely related to their feeding habits. The
five heavy metals were detected on the surface of various microplastics by using Scanning Electron Microscopy (SEM) and Energy
Dispersive Spectroscopy ( EDS) methods, suggesting that microplastics may be the attachment carrier of heavy metal pollutants.
Correlation analyses showed that the concentration of microplastics in fishes were significantly correlated with that of Cu, Cd and
Pb, probably because that the presence of microplastics enhances the cumulative effects of Cu, Cd and Ph, and lead to the com-
pound pollution effects.
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Fig.1 Location of the sampling sites

1.2 &R S5 FAE
AL RIS 3, SR AP T LR, 2 LR R AT I 4 4% iR A 1 5 BB ALl (L35 0

AL ) BRI AREE T T O 5 S AT, BUDLIA ZE 2 AR 49 0 B3 ) JH T 4R &

B BT RE T —20°C JKA T8 AT

1.3 KRMENsBES%RE

130 KRB R 8 H R 31 ORRE AR 1 EL BN A 10% KOH LU A HLR " 7615 IR IR % 48

(65°C) FIFIFHR T 1 /K RE B . (0 025 il 88 8 ( GM-0.33A) EAF 4 , UE B R ) 50 mmx5 wm £

il e — 2T 24k 2, 155 0 0 £ 20 I BT 5 7 L e 3 7

1.3.2 & RBOE R 2 B KR BRI IS T A6 5 6845 58 T 250 mL ST b, AR BRI 1:30

(W/V) BN A 30% H,0,165% HNO,( LA 13 BR A ) EAT AR ™, 70 16 IR IR % 46 (65~ 95°C ) FH



360 J. Lake Sci. (#ia#%) ,2020,32(2)

i 16 h. SR FHPTA 4385 15 (NaCl-Nal HURINE) HEATIR 64085 . 0 50, 30 0 -2 I AR - TR B W) 1 LU 91 7
HEFEI A I AN NaCl J2 38, FFLL 350 r/min #5847 5 min J5 5% E 8045 L4 4000 1/min B0 3 min,
VR P s Tk B R TR, ZE s A AR P 60~ 95°C Y FR IS MR AR (T b BB RR AN R ) wh
VeAS I 0 A A0 B kL. LR, PR L 2 (TR AT AR TR AR ) BY B ) L — 2B AR i A Nal 7R 2
(1.6 g/cm’) | B0 Al T [0 L. 465-Foh 208 P 0 P F30 A BB 355 5% L v (A7, 3 i R R R (R R R 22 J
BT Y, TS g0 rh 1 A8 v IR
133 ey e AR HEIE Y BAEE T (XD-202) WA BT AR AE (B RLAR R /N (26
#1) , 5K H Nano Measuer 1.2 JRPAGETT4 R SMOBARHY B E (items/g, IR, RiFR WW) | Sl kbR L
Bk — AR B AR KN Hk, xR B IR SR AR /N T 500 wm AGTHEEEL, £ B BS54 S-3400N
G BT B —REIG{X (SEM-EDS, H A< H 57 #1F) ifF — 25 W8 S 0 RT3 % H: 3% T ) 35 400 2 Al
43 BCRASEL 5~ 30000 £, s e A 15 kV, BHEAETER 2 640x480. S5, HLas ZE AU 1930 43 OB B (n =
122, B R R A R Y I OB RL S e B AT 10 AS) S HR AW A, 5 60°C N EL28 T4 100 mg 8
LIRS E B HHR RS | K B B T H028 Nicolet 6700 [1£T AN YGTE (SN 2 B S LT AN . vk
BO32 WA 4 em™ | AT ] 400~ 4000 em ™ ;38 135 550008 FE P IR A WG BOIE He A, 5B E AR LT Y
P51
14 HRELESENUE
L4l AKELBAENE FERERDRAKEEL IS wm JEREHIE, JERER N HNO,(1 mol/L) FR{LE
pH < 2, FI B R & S EEI (725-E8) e 4 @ e . spT i B o A B R bR AR ( GSB04-1742—
2004) SPATRE 28 AR T T AR, SRS TTER 19 DGR AE 90% ~ 102% , AHXS AR i f 22 25/ F 12% .
142 s hEA B4 RN R  MWEAPEEESE TSR TIRER, A SRR P AR 0.5 o fEFE T
THAFFES N 8 mL HNO, .2 mL H,0, /&5 , R FHSIE TS A A A T I . TH 25 oK 0 T AR TR %2 50 mL 450
i, I F Sl K Ve E 2 E 50 mL. RS E R LSO E B4 BT R, S hd, RHBRE R
(AR ) SAPATRUREEA TSt ], G mP A T OURE (ARG i 22 B /N T 15% , BRI 5 (B2 1K 31 fe i i
2. N B TR IR IR 7E 10% HNOLEW IR 48 h L T B BE A 480= 30 24 b, B 4lik wp ik
Je B, AT T FH ARS8 A I 4, LT B ol Ak B 0 5 R o T B A BRI .
1.5 £ R B IEHr

SRHAY R R E(BAF, Bioaccumulation Factor) P4/ Az #9515 Je ) 1) BRANEK N , BAF JZ48 1E 9 (A ) 5
s YL BE 5 A B R BE 1S SHR BE(E 2 HE, BB R PRAN A Wy Xk A1 L BRB mp E75 e W) 1) A 0 A 35 ) 7
J 2 BAF T

BAF = C,,,./Cy (1)

o, YA R R ORI, C, 2 A P BRLRLE BE (items/g, W.W.) |, Cy J& 1 A 17K IR b5 o 1
SRR (items/g, KB L) 1.02 ¢/em’ i) P 24 RN T HE SR, C,,, RN TSR & (mg/
kg, W.W.) , Cy At 7K BRI h T 43 R 2 5 (mg/ kg AKBFBELL 1.02 g/em’ ) 2.
1.6 #iFAbIE

K FH SPSS 20.0 # X ARTEAS R B R 4 R & i SRR E AT G, IR AT IR R O B R
(One-way ANOVA) MM TNISR F Pearson KrB0vk. FrA B 45 76 8 F HKF P=0.05 Lt 7K 56
FFLA Origin 9.0 R 2 4.

2 R

2.1 BENESERR AT

8 FLIIRAK ML S S L BRE R | fin. R EW, AR EHRZEC R EEMAEtE,
EEKBERZRHRZSH P T R K FEY 13.11~47.56 om (KSR R 32.34~1344.27 g. Fifo F1 S 68 {4
K R B3 E T HAIR K .25 (P<0.05).



F AL AR AR T O N B SR K B R BA R TR B T e R AR 361

# 1 LSS R

Tab.1 Morphological parameters and feeding characteristics of fishes
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Fig.2 Characteristics of microplastics abundance in digestive tract and gill of fishes
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Fig.3 Characteristics of microplastics in fishes and water

23 BXBELENSSHE

5 FhE A BT RAE 8 ORI IRK AR A K, K il 0 98.40% , e 25 R L3R 2. 45K, Cu,
Cd Pb Zn Cr (5 S 405 1.10~7.24 mg/kg(SEHI{H 4.27 mg/kg) .0.02~0.31 mg/kg( F-3{E 0.13 mg/
kg) .0.07~0.75 mg/kg(“FH41E 0.28 mg/kg) \4.02~18.32 mg/kg(“F-HMH 11.73 mg/kg) .0.08 ~0.98 mg/kg( F
{8 0.53 mg/kg) ,5 Five 43 )& & 5 (10 T BE ARG LT A : Zn>Cu>Cr>Pb>Cd.

— BB 38 A ALY 41 8P A TR A A B ORI A 28 Ak T AR AR AR
I R M3 % A AT AR HECNY 5073 —2006 T2 £l K7 S A B4 F R ) 2,5 R 4 A
AR T AR I BREARUE , 756 TC A KT il 1K 5 225 ORI [ 58 TLAE RN B2 22 IF 5 B e 2 i S 1 A
R B AR P 0 S T 4R AR AE(E ™, 5 R 4 & BRI T RIS 2% TR b, 8 4 4 P L.
2.4 ERNNENESEL BN RRME
2.4.1 & X TBER N BN MRIE 8 AL RWR A 0 AR A SR TR (S T A ) Bk A g
B BRI A 2 X R A ) BRUR AL, 25 SR N E 4 TR OB BAUREGA S 77.80~285.27 (CFHIE



A LA FE AR RBAR T A D N B R E AR B M BH AR ELE T LM AR ER 363
2 AANESE F i (mg/kg, WW) *
Tab.2 Contents of heavy metals in fishes
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Fig.4 Bioaccumulation factors

of microplastics in fishes
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Tab.3 Bioaccumulation factors of heavy metals in fishes

a2k Cu Cd Pb Zn Cr
fifn 704.68+16" 22.11£6° 25.46+6" 718.34=111° 17.31£4%
il e 122.81+8° 9.83+2¢ 20.06+4" 251.77+45° 21.30+5°
Ly i 491.23+23" 63.88+8" 11.57+2¢ 577.14£78" 23.97£2°
fifi £y 317.74+28"™ 24.575+6° 39.35+10° 301.46+78" 14.98+4%
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