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TRV PR vh OB R D 28 T B R 24 (Polye-
thylene, PE). R N/ii(Polypropylene, PP), R LI
(Polystyrene, PS) . & % & /& (Polyvinyl chloride,
PVC). HEEME(Nylon, PA)FIER 4 — H ik £ — Tk
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Bl 7 A Y TIORGOS G 1 R R,
b X 7S YN TOAR ) b 0 OB R A e B, Gk
BB 5 R Th A PET 21 4 F1 DN I R i
(acrylic)ZF4E 1) LB AR, . — 144 AR A YR PR A& vT LA ™=
AR 1900 S RUIBBL AR 4, FEHEHE S T R B R
TR R AT BBk A T URA IR K™, 5 1o
B P ACGHE 3T AKGE HEZK R GEHEATTECG KA R
Gilm, HARTE KA B ZR GE X TR A — 1
R, BB A RO R R 25 1 il RS
el K SR AL 2 1 OB R AR, SRA i R
BE e SRR S . AR . K SR
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Tab.1 Microplastic pollution in seawater in some areas

(AR 19 TR e 8 P 2 5 BOK A 3R B
OB A R4 0

2 BEHEFERE MR

2.1 EKF A

OBRE RSB OK . R )P A&k
“Baws” , e IE AR BB R 2Z AR Bl
A A, VR R R R AR T, i bR O R B
RN FERVE Z —, IR IR BE A by 2 i b A Vg
PR R Z A A 92 i B ) 0 Rk ot
FMATRATRL, AR5 AMEPERREEI A rh [
TS VAR IS, YAV P ) B e R 5 T T R Y A 0 e
FRIDCHLEEAR &, AR KT R VD ik B S i X,
RSB B = B AR T A R, T I A 2 T T )
B IR WK P A SO R X B 25 Bk, TR
VEHL, WOBRHERE TR+ 2 F L iHE k&
PR, A 4 BRAS IR PR A 5 3R G AT A S R R A
ORNE Y, A ARIE . Btk . ROPTE L BREETE . K
PEIESE(ILER 1),

REWFE/ 27

, H"\ o ALl N
i, FE S 2E o) REWH, SCk

PET. PP, PE. PA.
55 25 = A ~
H R ¥ RJ=IGAK 20~120 R . 2 J% 1 (polyvinyl acetate, PVAC)% 12l
‘ 5 HJ2: 0.3440.31; PET. PA. PE. W/HiRHE(acrylate).

W FC/R AR R ; 1
RRREASRES D o [13]

PVC. £F4EZ (cellulose)ds

PE. PP. R (Polyethersulfone, PES). RIU LK

P AR N 2 it R K 0.17+0.34 (Poly tetra fluoroethylene, PTFE), 3 H JL 79 45 ik F fig [14]
(polymethyl methacrylate, PMMA)., PA

ZRALKPE FTIZMK  2.46+2.43 - [15]
PO FEMAK  0.02~0.10 PP, PE, PES. PMMA ., #% Ml (phenoxy resin, PR)  [16]
RENEEH FKZHFK  027+0.19 PP, PET. PE. PTFE. B/ (polyacrylonitrile, PAN)% [17]
PR ROV 5 E SR E R 2K 0.28 PS. PE. PP, PEVA % [20]
Hh [ R i 1Y FKZ MK 0.26~0.84 PE. PP, PET. PS % [21]
o E AR FZWK  112.8451.1 PE. PP. PA. PET. PS, PU % [22]

V- FoRcE R AR

Lusher %55y J0 AR X K PRGBS Y 1
DLHEAT A, T AU O A S A B3, 4
TR R T REAN 2ok F T A6 T 3l ek
A A AR o, A VAR, DR A e b ok

AT YRR Al TS ST K 78 r Al % Wi 3
Ji FIVIAR 2 BRI A T 7K Pt & B T R RS g,
B 0.003 2 2 1.18 4Av/m?, FARELIEIE R, 474
0 FEAR IR TETE 4% RE b 2 B0 T fopl, 3t
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B 2 315 ANFI0RL, 89% AR K BE /N 5 mm Ay
TR, R ERL R R 2.46 ~/mt Liu 200k
F PG T b Rl (R 2K A T T B, P
KPR R ARG R 32 8(0.02~0.10 4/m’)IE T
= B T 355(0.05~0.26 ~/m®), J§43Lh PP, PE K.
[IREAY, Li SR T - FTED B B RS A st o
RHG YL B2 B, MR HLIX (2.53+1.83 4Y/m?)Fiz
PE(0.270.19 A/m?) i S BRL 43 A 470 B T B LA I
R A5 [0 25 Sk o T8 X P 22 5 i) 3 i PR Tk
AR Bt R A A A, DRI, SR AT R 3 B
T, D8/ Bl b SRR SR B A o AR IO AR
P AE R, HE A28 (B o A i R 3 57 Tl
T Y YR R ST VA 3R DA % 25 5 T SR T 15 G X 11 A
F 35 DA ) T S5 (A v v )R 5 B i ™ A RS
el Gz A3 A e AN TR X AT 3R
G B, 4 1 28 0 i S S PR A ) Sl it
AR BE B IBRE, HE A I BB R, 25 % A BRI A=
DRGM R HE, Wit — LR T AR
NZEHE A7 BB
2.2 AR T R

KR IR AR 2 GURRAE I B DU o, 1

®2 RO BEUIRYMERSRER

Tab.2 Microplastic pollution in sediments in some areas

JEESE 215 P i 2 IE P Haflit, BirAe Bk
TR R RSO 29 R 9.3 2 23.6 JT N, X EEHTFAL
P —4F P M i dE AEEPE B BRI 1%~3%24
U, KZH MR AT 6E T 400 21K DT
H, B TR 1.02 g/em®) R RIEREY),
W PACHE: 1.13 glem’) 2> AR N UL IR BE i 08,
W PECEE: 091 glem?), & st FAYIERE
BT T — Bk AR, SORE 23 38 2 AN 2R )
(1 A= W e 3 M7 T TR A DB

MEE SR AT R0 E (WL 2),
Adams S POV U i g K AU AR 38 P A4 U R TR
Yy iy N SO R AT 43 B, UURR A B N TR
FREH 0.6~4.7 /g, o AL 4G R £F 2 (82%) FI
TR RHBURL (15%) 1% 3 BE i 1T B i SRS L U5
T M X Rl SR, & R AR AR e X AT BB 2 & E AR
THCARE A AR b o R AR AN [R) R BE A ORI A A b s
R T RKEMOHEER, AR RL EFER.
X FE PR GOORL S BE RO SR R T, — BT R B
iz % B FE A PR T AR AR MmO RHAR T R
2 Bk TR 7E R A S BB, X e A A A PR B o ™
)52 ]

Hb FE 2 REW TR REWAA 22 SCHk
3334115~
N7 I3 B3NS $ e R _
PO R ROT-7 5 R B BT 1 LR 33 30047 300 kg [20]
PVC. BN ELIE(Polyacrylamide, PAM),
bR g R AL i b X TR 0.6~4.7 1~/ 26
g PS. B & (polyurethane, PU), PE [26]
PE. PP. PA. PS. PVC. PU, RZJHHEE
MRE W RRROE LS DURY) 5~1 705 4~/m? (polyvinyl alcohol, PVA) ., Z, N4 i (Ethylene  [27]
propylene rubber, RPR)
. o g |0 ke 236 ke, SHE . PE. PET 28
o - 72.0 4~ /kg oo [28]
X , PP. k% ¥ PE. &% ¥ PE. FIOR L M5-T00f
[ 7 R 49-279 1>/kg s T T T [29]
JI& (Styrene-acrylonitrile copolymer, SAN)
72424 ~
e I e Ni=2 R . .
D v hf i 1 5124187 ke PET. PP, PE [31]
W FoRscE R BRI

W T ARG S N, PR ARSI EoRAER
TR N 2017 4E19 19 167+5 085 4N /kg, 7F 2018 4F
HARF T 33 300+£7 300 N/kg, X524 Hb A A FH A3
I YIRE, AR SRR M DX, T I LA

Jiti PO 5 R AT 25 b U R B SRS R TS
FEEPO o E A . OGRS SO X A 8
BRI RS BIRATI T 1718, 123.6 1 72.0 4 /kgY,
A AR ALK SO R TS Yt — R, TR E
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i, TERER)2015 4F 11 ARk, X EFRMIBE
(10 = BE TN oA vl RE 22 Z i g K, Sy
FE () SR AR L, T M B 0 Ak %) e 28 o AR R B
EPETIREE AR B, 3 ZER A 5 AR RS RN
1o 23 B W R R R SR /N e,
VLR LA T XA RS T AT AT
I e O L B ) T AR AR AR 22 . (AR
VEE YR, VR L GOB R B R0 A B R A AR R AN
FRFPER . RN K R Z P,
2.3 HHEAY T KB

TR A P e 22, TR R SRAS ]
BRBF YR ELE 3), 5PN
B DIUUBU RN R oA B 22 B2 A B2 B P,
TEERAETE R RS . B SAN DL P
YIS AP RS AR R, ik
WERA OB R AR . TR sh S bk a2 M

e )Z Y, EATE R RO R R ST RN
HEE . 7E TR VG R A N 33T 11 AT 6 /K 57 Ui s
Yk, BEASARSEEEAT 0.104 A8 R} 2F 2 ali i
F ORI sh Y RS E R M R ERR,
FEAT DL 8 7 U 3 0 BB i O AR Bt
I3 i B W A i R AR R AR R T, 5
VA S A OB R R A 58 22, Wang S5 P8 N i ifE
SRAET 29 AN R4 1 > PR E 3R K7 1 R £ 28 3
IR AT o 20 85.4% ta R N & T kL, F
WHEEER 214 Ak, 5HAMAFFEAE L, B2
() Tl SRR T G R B AR O A 7 o R Y 98 VS R A o
RO AR N B T R Pl B AR PET RE W4
B OB R 2T 4 o Vg AR A AR ) AR 3 R G
s, R B EERZTFME ., Feng ZFPH
T (18 ¥ L R () B S R ARG H SRR B 89.52%, ST A Ml sk
Y B EORE = BE I 2.201.5 4N //MAF] 10.04+8.46 1/
ARG

*3 MABELEDEBERTEIER
Tab.3 Microplastic pollution of marine organisms
APk AR FRE/ AT JEAR 2% 3k
T - B iR &S
TRl sh W) . 0.104 Y. WA 36
2] I TS 1361
BB (Pampus argenteus) 0.89+0.77
P (Konosirus punctatus) 3.71+£3.39
0k fify £ (Pneumatophorus japonicus) 1.15+1.49
fifi(Platycephalus indicus) 1.80+1.19 24E(93.3%) . BEA
o BB & i jE 111 (Synechogobius hasta) s 2.01+1.67 (3.6%). WiKi(2.0%). [38]
F 4 fi(Argyrosomus argentatus) 2.11£2.36 HEBE(1.1%)
H K= (Enedrias fangi) 1.14+1.23
Hh iR B (Thryssa mystax) 1.65+1.39
= HR B (Cleisthenes herzensteini) 0.32+0.39
o~ H 5 (Delphinapterus leucas) T AR 18~147 N Y [40]
<521 T IR 2% 2 4E(85%) . WEA
LB s WS (Halichoerus grypus KR 27.92 41
( grapis) AT (14%) . M (1%) [41]
- E[J BF (4 ¥R (Fenneropenaeus indicus) — E[J FEWE R 11 F 0.39+0.6 21 45(83%) . HiAh(17%) [42]
<
N P 2R R R Y FYE93%) . A
i Y& (Ocypod drat 1~158 43
Jr B (Ocypode quadrata) Grussai 1l @4%). Wk 7%
i W§ 2 (Echinodermata: Holothuroidea) % HikEES) >1 Y8 WER [44]
e F4(92.91%) . TEH
i WEIA(Echinoid 1t 2.20+1.50~10.04+8.46 39
Hel(Echinoidea) AL 4.96%). Wi @13%) D)
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T AT R AT DRIV Wi 7L 3 0 )l S Ak R S R R
FIBIF 5T A8 TG N, Moore 25 UONEAth fiTHURE A9 A (H
figi A PN & B T I 8B B AEFE . Hernandez-Milian
QST B R L R R A 13 ORI S 18 N Y L
AR AT SY, AR K IR SR
ESE5E 363 AT i (85% M 2T 4k, 14%TH Jr,
1% 5 o V8 25 0 R P A 0 81 %) o R R 40 T
R 274, TR AT AR R T AR R 5 A AR T
BRI HB /NIRRT FORCAR SR LA & B, 5
FEOIIORG %5 A RN B AR T Bk SEA TR . 3k S T 4%
B WA T BE R A KR R, (R R 20K
FETH AL G B HE Y, ok S UK ol o e i [l A
BT X SRR A B AR R T AR TR R AR
55, AER VR B AR 0 7% B8 W A S F DR T
P — B

g Jm a] DLl BRSO IE Sk AR, &
SR A 2ERUE YR FIASWTLE A SR BRIV iR
MR W E GRS OR HIERUKAE LSRG,
i A A A 1 ARG B T O R A B At R
AR, SO BRI 4 A TS e
PIVEFEEAR(ILER 4). TR L & )8 R IR 247
PN, He— R TR AR 7 01 6] 8 46 ) S OHAL S Yt
NI EEERok B E SR RE, AR L BEE AR
RO, A5 SBRL (14 55 53 51 R i5 1% 10%1
A RIS E S B RRE, LA TR
i), PR K 22 84 T Ak G 1 2 LARAR U in 1) 99 6}
h, ARMEREC R . BRI, S EATH T AR B
e, AR N RS ARAS I, B4 B A W] BR U B W JE A
JE R AS SO R R 1 T, T RO RS
FEl 0 PR 58 v I B — s Wk B I L 4 T, 7E H AR ERSR
THCER R Ok UE S0 7K R v 1% 4 B AT A 1 2R
1, TATAT DA H g B A BT o B 4 m Y A
Carbery FEWIHRFFE o LB, ORI 2 15 L% B 5
& B i R OCHR, RUIOIER S AN RS
e B W= R R . Ok a8 KT
FHE AT e S T AR 10 Tl 2 R B IX 4 R A
I INGE B, MR R T R OB R R R
) —NEEFEE, 5Ea A, A Tl 5k
LRI E A9 Se. Cd, Cu. Ba, Zn il Mn 7K i
FHIE, RUIGOREL 0y 4 )8 0 2 e s e 1Y
by - b R 0 D5 SR AL o [RIRE, A e 7 s e DX 1) )

R, P HLIX R EAY NiL Fe. Mn 1 Cu
W B S v T AR M X, U B R Tl X BRVTAR
Al RSO RL L 4R A EEORIEPY 7R R
BRI, RRARAEE T & Sy i X, o8k
Xof 4z Je P R B A T R i

WFFER W, TR 1 2R 40 AT DAAE R 3 4
& 1 2R A A R AT R R P, T AR M i 0
B A R BE S RO R B 46 8 AL 6 W) N AE P i 5%
BRaet b, AR BRI 0 DA B
B LT A Y AR BY, mT B X SR 85 R AR A
LTS TE UM o R, X GO0 ARk % ) P-4 1 A 37 7
X T R L R T e W ) AH B AR FH B B 3 1 L 1Y
i gE BL A kAT
4 BERNELBHREATH

AR L E AR MR R R R 2 (L& 5),
BRI BRI 50 R 3 AR, G R A Ok R
MY R MOBRHLBNE S B WY R B
JaE TETE AV AR o R PR 1 S 5 EL AT B
PP EEE SC, AT DA R SR R R . X TR E
OIS, W B S5 U R Bl g 2 A5 AR e R A4 S
B FVRH 5 W B ek R R A AL o B A T W B
i N il B SR 2R BL AR Langmuir BN
Freundlich #8, ‘B & R REH LRI TH
T o HT IR T 43 E W BRI  a R
W o6 5510 3 T P I BEPERE AT S o R T RN ARGtk
W ER S . fE R ZHE M T, Langmuir A5 Al
Freundlich #AUARGF 45 T 8 4 8 708k F Y
iz BT

W B 3l 2wz T AR AT R B R, AT
W B PERE, ST AR BT AILEE . AR Y Bl 2
2 J& M — 9 (pseudo-first-order, PFO)FEAY | ¥ — 2%
(pseudo-second-order, PSO)BE AL, T35 28 % H T4 ik
BV AT BB 2 A, AR T BRI 4
W R v R B 00 s B B ) SR A, W SRR R AR 2
FETEIE VRO 5 o Ja B AT T W B 390 00 s vk 3 eI R
W B B e B B 1R 254, LA B W B 50 B =F o R s
7 5 o R (d ] PFO B PSO BL7 F Elovich
TSRS AR K D FE A B AT Ol o RO R
TR AR X B 4 W B S Z R HLERI (I 1), dE
VSRRt . 2SR . SRR . RS -n SRR ELAE
FHAE o 0 4 1% 32 2L W BEAIL T B o s 1 S5 ) A
ENTENGIERS
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Tab.4 Adsorption of heavy metals on microplastics in some areas

trg PO RS AT WS T S S B v -
3 SCHR
, EF(39.29%)
NN PE(64.29%) . %ﬁ*ﬁi% 43(;; Se(12.74 ng/kg). As(89.58 pg/kg). Cd(94.73 ug/kg).
e N . 0)
b RS PR PP(28.57%). HTR10.71%) Cr(165.38 pg/kg) . Cu(1.16 mg/kg) . Ba(22.35 mg/kg). [49]
N . 0)~
IR PS(7.14%) Pb(0.24 mg/kg). Zn(15.12 mg/kg). Mn(1.25 mg/kg)

HoAth(3.57%)
R (76.12%) .

PE(56.72%) . .
( ) WiRL(11.94%) . Se(6.14 pg/kg). As(204.85 pg/kg). Cd(24.33 pg/kg).

WARFE PP(31.34%). o
- ALY PS( @ 481y;) HLIK(4.48%) .  Cr(208.27 pg/kg). Cu(0.28 mg/kg). Ba(5.23 mg/kg). [49]
ZL KB . N .
° 2 4E(1.49%).  Pb(0.57 mg/kg). Zn(2.27 mg/kg). Mn(0.54 mg/kg)
HH(7.46%)
HAt1(5.97%)
PE(42.2%). PP(23.3%). . .
L R A4
i o PS(19.5%). PET ZF4 ok Cu(0.89+0.89 mg/kg). Fe(302+224 mg/kg). “
DL (R7 NN N i
otk (6.1%). PVC(3.3%). v Mn(18.6+12.7 mg/kg) . Ni(0.15+0.13 mg/kg). [50]
EUp ) Zn(19.6+11.4 mg/kg)
PA(1.1%). HAth(4.5%)
A I Cd(2.90 ng/g). Cr(0.21 pg/g). Cu(0.21 pg/g).
WS DL - Wikr Fe(40.3 pg/g). Mn(1.78 pug/g). Ni(0.14 pg/g). [51]
BV i Pb(0.26 ng/g). Zn(2.08 pg/g)
Al(144.80+5.10 pg/g). As(220.69+10.95 ng/g).
N . Cd(5.71£0.41 ng/g). Co(159.11£6.98 ng/g). Cr(0.73+
P B T A W 0 1(5 /g). C ((g) f;io 01( /g). F (133%527 03( /g)
N N . . N u(V. . N+ . . N
L Uiy PE. PA, PET WokL . £F4E Hee ne's ne'e [52]
Wrpeik - Hg(97.54£139.77 ng/g) . Mn(6.92+0.32 ug/g).
Ni(0.40+0.01 pg/g). Pb(178.11+11.01 ng/g).
Ti(3.37+0.36 pg/g). Zn(0.23+0.03 pg/g)
Hpg s PR PE. PP, PS. PVC Wikr . WA Cd. Pb [53]
T =7 R CE AR BRI T
#5 WMEHNNESERMINNEIEREED
Tab.5 Adsorption isotherms and Kkinetic models of heavy metals on microplastics
EEE % B Z%
T ek e L NS SIPIE2 ) SR LR '
(e RS Ak TR R R o Bl )2 EAITEE 4 ik
i Zn**, Cu*” 1x1 mm RV - Langmuir £ %! [63]
Ak PET W
&4k PS Juik: cd** 400 nm Atk W R B )2 Henry B! [64]
i PS ik
N Zn, Cu  0.7~0.9 mm. 1.6x0.8 mm /K  HE—Fh Sy Fpm - 54
Ak PVC i [54]
PS. PVC, PA. e 2 3 ) A
Cu®", Cd** 150~550 #B 4l ’ Freundlich i %! 55
PET Wik " hm B Erovich B " [>31
1~ ~ L Langmuir #5584 |
PS As® O-I=Dpm . I=100me o piohe o — gt 30 oy 2ptiny g bt [59]
10~100 pm Freundlich 15 7%
Langmuir, Freundlich f& %Y
PVC. PE. PS Pb 75~106 w T3 125 . 65
wm S ki (PVC). BET 4IPS, PE) O]
PS As(Ill)  0.1~1,1~10, 10~100 pm #B4E7K HE_Z3h J12#A]  Langmuir. Freundlich ## [66]
T -7 FRT R ORAMIE .

160 TEFEERL 1 2022 4F /5 46 4 1 55 8 1Y)



R gk @
EVIEWS

HHL R .-

............ popprge:
ISP
A% B8 -l 1
AN )b+

A
AL SR

1 OB R R AL
Fig. 1 Mechanism of microplastic adsorption of heavy
metals

O RL X i 4 T (1% W B R 32 2 TR R 0 R i
TR RP IS | R/NF AL AR B S5 R AE A AN (] A
4 I W BT ML A A7 7R 22 S BT AS [l A 288 1) il 0 ek 3
T &5 K6 VR AN ], DRI o A ) 2 4 s EL AT AN TR A
W B2 R S — gk U, ORI R AR RN, R
T FRUR B A, TR RS A 50N T RS e ) el
2P A, BORFIE R, NSHRBE R R
TR RFa5E, 70 nm A PS k7 6 J8 5 Al AZE IR 7K
FRAER 199£176 nm R EGY, TEIKHHREMN

x6 WERBREXNEVMTHEHZ

361465 nm KA, BRI, RLAR XA B g
TR 2 RIS A AT SR A L R RN Bk E . Ak
Tl SRR 14 SR G AN Bl B 25 S B, 5 SR AT N T
TR R TR | SRR PEFTHL Ay, 30 L 3 AR
S5 AR, AT B R R T R
X T 4z S 1A A 0

5 RENEELEREEFLEYN
MK R

5.1 HMEHFHRAESAEHGH R

TROEB R Ry 24 B IR TS ey, A T S A4S i Y
WBHASRETERAE. HTEMEB/N, 5k
A, W Sl M R B B 2R
arE o BBl O TROE R PR FH AL A i E R W
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Tab. 6 Toxic effects of microplastic exposure on organisms
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o 10 pm
(Oryzias melastigma) UKL " 200 pg/L
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Fig. 2 Toxic effects of microplastics and the combined toxicity of microplastics with heavy metals
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Abstract: Oceanic microplastic pollution has received widespread attention, but the potential ecological risks
caused by the interaction of microplastics with heavy metals still need further study. This article mainly reviews the
sources of microplastics in the ocean and the presence of microplastics in seawater, sediments, and organisms. It
also summarizes the enrichment of heavy metals on microplastics in some areas and introduces the adsorption
model of heavy metals on microplastics. Finally, the toxic effects of microplastics alone and in synergy with heavy
metals on marine organisms are summarized and analyzed. The results show many uncertainties in the interaction
between microplastics and heavy metals. Determining whether the toxic effect on organisms is synergistic, antago-
nistic, or involves other interactions requires more experimental studies. This article aims to provide a theoretical

summary of the interaction between microplastics and heavy metals and references for future related research.
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