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Table 1 Characteristics of microplastic leachate under different experimental conditions
; TR} R A A Biiwmsis R
SIS 5% 1y 'S id . ‘ ;
%Bﬁmﬁ: OB Degree of 1= H s [a) Type of Concentration &% 3CHk
Equipment Abundance of . . . .
.. . . microplastic Leaching time leachate of leached References
condition microplastics . . .
degradation material material
NLH#EK 1225~1 446 pg/L;
‘k b
Artificial seawater 100 mg/L AP 48 h Zn,Pb 1.3 pg/L [21]
N PR
f\iﬁfﬁfﬁi&fﬁﬁ@dmm 1.67 g/L 1200 W/m’ S8 96 h Pb. Cr 11.9 pg/e; [22]
. o ’ ’ SREE T EAL 4 F ’ 2.9 pg/g
chloride solution)
R
REKTEK 1g/L KW 12 & PAEs 120~139 ng/g  [23]
Natural seawater
FIRUFIK - 113 W/m* $e5hiik .
O 0.5 g/L BT £ 60 5 60 d PAEs 4.22~13.07 pg/g  [24]
6.94 pg/L;
Hak Cd,Fe, 28.21 pg/L;
Ultrapure water 100 g/1. AFERR 24h Cr,Mg 1.24 pg/L; [25]
428.63 pg/L
ZEIBK - - 18 p.g/L;
Distilled water 250 g/L ARFESiE sd Sn, Cu 4.3 pg/L [26]
s o ke e
i\rtiﬁiﬁijf;fs%i‘fiﬁgdl 1.67 g/1 1 200 W/m® JeH 96 h Pb. Cr 16.1 pe/e; [22]
: IO ) : M 2 4 A ’ 12.1 pg/g
um bicarbonate solution)
N TIRAK R S BA V8D
Artificial fresh water (Sodi- 5g/L ECNSI SN 7d VAT MLAR 0.37 mg/L [27]
um bicarbonate solution)
RS 11 mW/em® St 8 W A .
Ultrapure water 25 /L SR T 4k 960 /N 960 h BPA 369.6 pg/g [28]
JER7 3 492 " " )
Artificial seawater number/L K EfE 30d T AT HLAR 2.8~6.3 pg/cm [29]
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BPA )& Rl W R E T RGNS ER L . BPA fig

MBI it R HAT R 0 A A HE B A
HRAESY s A LM (Polystyrene, PS) [ H EUE )
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PR E R,
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RO B R U I ] ) 3R A FDA HEHEVE R % 4
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AR T 190 LA SO AR AE B3R I8 AN TR
FRAHEETE /N T 17, 2 mg/ L, FE7KRE R iR 9 B2
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P30T A0 AN B 7 S BB A A1 1 Bl 28 1 2 B
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RN B R S5 S ez B . SR AR
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ZFf BFRs AN . /AP 2Kk oy oK
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B TR S SR ARARL Y B A 235 44 15 B AT 0 B A e o 5 1%
4t BFR 260l HA Bk e RN M 4% R M S 8 e 1)
FRE KRB PR h W RE R Y . BT
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ethylene, PE) FIER ¥ (Polypropylene, PP) i 1k
FITT R RBRTT R 602650 H WA P A AL
WFETHEEB (NP) | T JE 5 3 i 77 ik (BHA) L2, 4- 4L
TN (2,4-DTBP) ,3-(3, 5- U T S-4- B 5L 30
IR IE 1 /\BEELE (Irganox 1076) .2, 6- 4 T FL X} H
By (BHT) F#ER = (2., 4-—HUT 7K FL) g (Irgafos 168)
U Hop TR Z AT A PET ME & ER
2.} (High Density Polyethylene, HDPE), #43 PVC
HRAHLA VIO e A A N 28 i R 5 B WS 5 Trgan-
ox 1076 FERMHE T IR FEBLAR. — /N T 100,455
ME APz 0 fE kL h R 4y Trganox 23 fif =
A BHT Fl 2,4-DTBP, BHT 78 A F ¥R RS8R
AR 2,4-DTBP Xt# A K RORK A A4 B 7
PERN. » HR B A= W R fig o705
L14 s HRERENHTHIER AW SE L
A GEH PVC R R O AR IR Y 5 R
BT IR R 7 BRI 2E AT A
A AR BER R 700 43 oy JE IR ) Al Bl AR ) B
HNRGREN . ERFEN FE AT E R A
HULA Y, R A &R ANB LS YL &Y,
Tl B AR E RN A WL » G4 o AT AL BER g, 26
LAY B0 R SR I VR
FES RN, Hh &8 e R & @A
HORME . BF9E 2. PVC M B A T2 M B B3R i
PEAESEVEVIL B RS ER. RS
(1 446£78) pg/L-# 2™ PS I3 O 3 4585 4 L EE
kA4 )R PE FI PP i 4% VBT B BE S 4R PE
W Ca®t il Mg*" & B35k 6 823 F1 429 pg/L, Cd**
N 6.9 pg/L, A HE BRE R 1.7 £5207, Ak
PET AR &8 8 8 R 5 2 TR AR, i W)
SRR X IR B R B S % W AR R E
XIKAEAEYEAFERNIF S5 4 &2 IEHEE A
IFil 45 J& 2 [R13R B 7= A Ui IR/ I lE— b s g
SR A WK S A e 7 CIRISGRD , T DL 37
SPRHE A 0 TR el 2o R P 37 SR AR AR S A0
SR AR (o AR L % T T 245 (], A K SRR A 1
FFdr. HIMRAE R BRI S A DL )
JRFRTEC 5 R SR AN B T LA L R AR 0 45 T
PTGl B S5 SET, J5 3 E 2 R
R B R R & A 52 B OE R E R A Tinu-
vin622 . Tinuvin765 F1 Chimasorb944 £& . FE3f = mh 4
AhEa £ 57 (Benzotriazole UV Stabilizers, BUVSS) M H:
A ELA 58 MR GRS RO S = FAE A B
PP .PE S5 9UkL ] i e i I — R ML S E Rl 2
— FEATEF JKEAN R, BUVSS B4 %
ZAME FEANE E E BRI W TR AN

ACHE SR 5 B 60 5 TN P A% 45 H 8l 0 S0 k)
il R FEOKAR TR A2 RS T A
K th . 7R R R AR O R R G
H UV-326.UV-328,UV-327 .BP-12 25 4 SR fa e 7
IR 1130 pg/g™ .

L15 FtemmAl B RESTRT L IRE Y
BEIIE AR BRAR IR A 0 0 EE 45 R 50 B 35 0 FORS 2
“HFH B 1 700G e T ER IR B 1D R e 4 Je Al I R &
I Qi R TG I I R IR M R g P e S0, Wkt
il it mORS: A e P T R R O S BERR (BR AR ER) AN
TR H Y = FREE . N TR RN ER . - T EE. 2O
FEBEEE A\ B e | 4-H BEOR B It e . 175 o i L 28
iz WL (2- 2,35 O 3 TR A5 o 7RG H R IR

FEEFEE R Ak =0+ R RE . B BEAE,
T T 11 500 G foft 9 el vy 2 1 AL B AR B[R] PR K, &)
TR IO MR A AL D7), EEON K
N W BRI » n v 18 5 e v I Ik e 55 5 e i Pl 711 i
A R KRR IRl I P e e P T TR B P B
L2 B RANFEHNEERE

TR I 3508 2 B AW B Bk (iR &
YIM S5 o Tl IR RGP o 2 AR B 45 L VR I 7
PR CANRR S 38 n i 56O RN ER8E IR 28 Cndh B LR
pH AU R A 152 M0 705 [] — 54y ) B 1 AS [
SRRL] it 352 W PT BE 7 AR AN [ ) B PR ROV
L2.1 RemER  REWITHRZ X CER XM
A4 b X CTE 2 TE X)) ZH i - 45 i X T8 B A W sk A5
HEHHESLE S A& v i 23 1 80 R B ARG S X O
HLHEST ) 535 S B0 — A B 254 o PN R 45 4 ok B
BEARBAR IR . BASTR IR 4T 78 B A 9 N A
TR A E v B A R G Y R Ah R 2
o AR AR R ] AN 2 5 R SR W o [
ZEEE AL B S W RE S 45 4 T £ 05K A LIS gL
W, YIRS BAT = 4k S AL TN e
HArFRIBR /NG5 B N0 CAn 3R A B R
BRI BB S N3 (B B vp i s 5 40 [ R /I DE
FLAITR IR WA ZE 5 W RGP i - SRR &Y
FETT R AV K o D 2 il 3R 5 WD A A A o 5[] 7 BEL Ok /)
PEFER AT . REWRTN RIS R AY)
PP L E548 A 18] B R A AR B LT R R AR L 5 B
%,

AR R AW HE 15 VR 8 e A A% L R T
TR A . AFRREWA AR
Feffizte . PE il PP S5 5B B 2R 10 SR G W) o) 2Ot Ak
FERE AL RZ MR L 38 5 R A il T R R A, 20
I IERNI, EBE LA AR TR & 5 52K
A RS2, 0 PELPET FAR 77 A= & A Ak I 2k 1
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FARF R G YU M & TR ILIER S Y
LDPE (144 fift 3 B 00P5S  PS 12 9 % g A HILRK
(Dissolved Organic Carbon, DOC) ¥ £ & PVC & i}
WA  HENZ B T PS T 2R IR S5 10 78 25 S RIS
TR H 3, 2 DOC B W & F k6378 B e Al
WA VAR R)Z SO, IR R L
I (EPS) SR ik 32 5 HoAhob BT A S8R HAH B Cln PED
BRSO, PVC B RO . E 4R & & b PP,
HDPE F4 58 207 %6 W 4 6 /9 52 i K T HDPE 32
Y PP PS.PE 12 H 0% K 80 728 R 9 114 25 1 K
PR

TR AL B )RR, 735 0 70 ) 32 % fig ) B L 1
SRR HE YR PR R A X A 4 198 R e T
Ak PE TORHR U % R0 00 R ik B2 2y et
SRHE 3 £ 32 R A R IR 2~4 57 B R
BE 0 AR AR R LR AR
AT AT RS, HR i 3 T AR B AR R AR
M PVC th¥) PAHs F1 PAEs 32 M4 % [ 15 8] 4 5% 1 184
ety geah, TR ALY R R T RS
PRI 1 PRI 3R 2 R W 1 e i A 5 O )
BBy BEAR O 3R 2 R A M A5 sl fb 7 AR fh 2
SEAS AR

BB T AR LA F 9% B 55 W BEPE 5T 0, 52 ) JHC
BT R AT LR B2 RO R BRI 2T
AR HECR AT AR 55, FORLAR 8/ | Ll 35 1 FH B
K5 7K B8 2 fi ) T RRURE AR 22 (A5 L s AR
PR QAT 4R Tl R B 32 1 R KT R0 R AR Ak 2
NN 11L& 2 R Iy B R TR L 8 B N T
TOEBRE LL /IR AR (8 Rk IR H 8 98 i 700 7 e 2 4
I Fh 28 X AT B2 T/ NRLAR O R E A G L 7
PRSI A O o T e R 2 T KRR R s
FIBES IR ATAE SR rp A7 SE IR A iR iR TR
JEL AR AR I TR AR BE A 2 TR R A
M) FEAE AR g 7 L AR5 B2 R &9 an PP Al PE %2
ST AERIZ K BRI R A PS.PVC NIFE
AR ISk 7 32 1A DR M fOE ) 2 A2 1 e g AR TR
HB T e R A mAE",
L2.2 Ameflb i AEEI RS e R
S B5OMH R R A5 1 25 o i) o P AS [ SR it 7 A AN [ 7
B AT AR ERN P SRR IR A 4 F R K 2
TE 200~2 000 g/mol Z [H], 43~ FAAFER /N By 75
Ry FRES NREGY RS, Flan g ALk, &
a5 T IRk & BPA . DEHP 2578 5 B Pk i
FEIRE S A F e B R A HLES I 390 ) 5 26 4 1 3
JRIZE AR AR Sy SRR B p R i, i PE,
PVC 2R R 8 5 20 0. 1% ~ 27 % 3R Ak &

W) A WG 43T T /N U A A R 5 A
X T REHOR I PAEs i g K P A e 1) 0 1S
REHAHERMPTILRRE I s PVC i TR & &
T PSR O g L LA — S AT R
IGRAALRE % S} Hh IR 1 o g L R LA s e kA
E27I50 SER7/B S I G

FECTIFIREE UL RGP A . SR 1 fiE
BN PVC AL » 30 0 2R Sl LM B =2 ) 7= A I 5
J1. 300 PVC BN R 08D A il B (7R s A
Gyl IR I s A 4 R R e A Cn e AL Bk
AR AR 1A A2 B fife 5 050 BE 0% 308 1 -5 4L S I 4 2
ROWRETTA R . ARG YL BRI 7
R R A SF E REL L RS W R K L A
SR L R P A R R R
L23 R R A& ZFIREERER e R B
I pH &) 2l A WA 1 FUR AR B . 5 R
SRRH] i B B R A AL L 2 A S B TR UKL 2 1HT
PR REAE L 5 K PR S5 1) 2 ik 1 AR R S BUROIE R
WL 23 [ AL I/ RGP B 254 58
REPERIR I 2 5 B 10 R T R A W N Y R
2k 1) 0 AR IT A IR R T A A R Y R
%[57.99] .

SO BE I 5 R TR I ik 2 A Y B 2 2 it
ESIil 5 P G SE 7/ VRS R IIPA R i PR
W B W SR » 22 THT L PSR, B ER N B G
TIOBRA R T AR s 011 AR DUARARE P B 25
s SR 77 A R 5 4 BE AT R AR L R
ASTINFAITE K AR 0 3R 5 1 5 Jo 18] 14 73 E 28 80 38 s ok
P AR R W AT 0T 0 g R S R )
JRAE KA A 3 R BE A2 AL il 22 5 R RS W R I3 i
PR IR . YK IR T R, PVC B
R E RIS PVC PP PE . PS S5 i RHR K
i PAEs & A1 S IEAH G

AT TR pHL A AL IR DOC, [k ) 4
PRI 28 57 - AN [l K AR v 32 1 i B i R A [l .
SIS TC A PV TR EE » R AR KR R 9B TS I w1 3%
AR AR R A PR R RO LR K1 A
TR, R Bk BB R L 4 A B, 1T 5 e 2R
PR EAARES IR ER BE L . PE 32 b
PR R B R 2 . pH RERE S BOERHE 3 e
FIREPERLN - 75 pH BRI 2 F T ORHR i3 i
a5 R AR AT A pH BRI ZRAE R S SR 2 B
O A S D0 X TS Qe R RE D . i pHL D 3
i} PE 32 b i g K F pH o 7 iR H &
il pH 2y 10 W AAG I B A5 5 pH Sy 5 B AR L T
pH 2y 7~9 B, PVC H g ) i3 o 35 3 K
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VK S A S AR IR K T A AL R N BB B 1
5 SR I % T A P CUnER S48 B0 D L BRAIRR B 4
XPEE 7K 5 G W) 0 2R R T, S BUAk 2R R AR 3
B2 00880 DOC i 2 5 ) ol 58 R I3 ) B R
R, BIRE DOC 1444 . DOC 2 W [ 38 43 A 7% 1
IR PR A i A RO R
RN e gE L1050 il 4n, DOC A] RN b S8 A i rp
BPA R 5T v L R AR 1) E ) s
B e R A A R i R R
17 BEAURE ST 2R )21 7K AT 1 000 m FIZK CRIE 0. 1 Al
10 MPa) #7K F 7 N8R s IR i a7 L 45 2R 3%
B i 45 R 40 1 R L B K M i A A ML 59 1149
R A 2R )2 T K AR SR S i ) A IR
KU BRAh, A A BE A5 5 MR AR RL IS N5 432
T T R A YRR B AR 1 ¥R PAEs, OPEs #l
BPS (R A W AF e & PVC SR I £
PAEsH7

2 THERHR R Y B E A I T vk

FRRHR] S AR A P SRR TS I T KR TR P
B s KBS N P T 288 5 e B 0 R RN 38 TG
PAERRARAR T 2B R B AR S B I i R
T2 HH VR I S 43 A I 2658 Ay TR A7 A 43 BT 14 400 oA 4 T
Sl v RIS TR o PR A5 Tn) 1T B 02 1 W B
PERARAS . HETE A AN C TR W o T 5
TR Z  AE IV A 90 A A 000 28 1458 L YR 4 1) 6] o s ]
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FHEN R R AR a0 R &R AR B -8 v 6 F
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T O A 8 S 4 T 22 50D B IR A7 4R I, R
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oot o SR IE GBI PVC e ZFp 8l i i
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FHAEJZ AT I BRS04 BR34BT 0 53 2
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14 FROERHS R IE O e I 520 FF e b I 12 B

2 E K P A ML R TR . PAEs FUWE 2
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[ AHAE B, F B B PC R, LR SR TR
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A4, PET 2 i it 5 RIR S A 1 R A R R
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Table 2 Analytical methods for common components of microplastic leachate

WL B I ik T A SR
Common substances Testing method Method advantages References
?A I . =9 (T\‘TII/XA H .
Polymer matrix LY
REWED. S EHELGY . A IEK
% N SEPERGIU S 4T sk
Polymer substrates, aromatic com- A Ra 15 AL G T 45K 4% [38,92]
pounds, titanium dioxide, etc.
BV VBLILIR BRI SR
T LB 5 5 R S
Chromium, zinc, lead, barium, cop- T R TR E I B4R U (;5 1’17] |
per, cadmium, iron, strontium, man- YT o

ganese and other metal ions

PAEs $UA A o 7 R e 2 4 ik

BPA 4 P
PAEs, antioxidants, stabilizers, acid a-
mines, BPA, etc.

REWRAR ARRY A 7= R
W) P AR 46

Polymer monomers, oligomers, degra- A O
dation products. UV absorbers, antiox-

idants, etc.

SIS RN T B [24-25,40,64,

(AT HLIE 2 AR A ) m“ﬂgnl
BRI PORTR E K FA [28,87,91,
v 109,111]

3 MWERRR RO K AT KoK AR A R 5

3.1 A RHR W X K AR B ER B 52 i

W R G HLk (Dissolved Organic Carbon,
DOC) By Al 3 A 45 KA 4 At S fili U5 A HLA
B\ HEEVE PR A R G A VE AR AR ) B R T
HEE UKL W) 155 0 55 5 7% BR R A2 1 B4 T 5 3R AR W 1%
OGRS ORI B4 PR DOC R B i 7K
TRB A WL Y DL KA b A il s A O

TOERRR AL & K DOCH K [F] R A 1=
H ) DOC Eri A, 724 DOC By R fsh it f
Z 5. ARG 1 3h )2 2 A 2 A4 Y R
th o DOC, BG4 T EPS, PP, PE 43 JI1E 0. 3.

0.3.0. 5 AP EEAL A DOCT . Fifdiit, 2RI
SRMEAE T B DOC 3 2. 36 7t fE 28 P S2 86, PP
M PE 2 1) DOC 78 5 K N 8 40 B il A H T
60 %60 HARTCHE ik A= M0 A FH 1) DOC, g 78 g 7 o
KA IR R AR MR RE A A= 7 1) DOC i &
i ) K AR DOC /B4 ] fig 4 5 R &8 DOC
WL W2E DOC KR o A Fi b2 28, T3k A4
A= W R TR 110 3% S R 2L A G o TS 52 8 A
RIS AL L I B30 A 5o A 2 0 o AR s
OB RHILBE LI B 2R 855 7 ) DOC, 5391 H DOC
TE e e IR KR BAIE FRad 20, T RhR T
I RERS U TR K BB Y pH (. FEAHTF %) 46 pH
MR .PSIRE R pH R A 7 247 HDPE (1§ pH
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/AINF T, PVC IR M pH ¥ 7E 7.5 DLk, 0 f T
PVC Hfsin 1 R i B R 55 7 Dy TEURE . B Tl iR 56 )
BB AE B0 pH THE .

PR - PR TP i 1 22 1) 20O AT RE 2 X T e 0
A L REPE A 0 AR 7 2L A LA e 2 R S A
SO R AERZ I K AR AR S RN AS ) S IIRE CILIET D

BT ROBRHE RO AR 25 R LR

Fig.1 Effects of microplastic leachate on marine ecosystem

3.2 BRI W R K A A M B R
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ganox1010, 2, 4-DTBP, BHT %) Fil £ 4p 4% £a & 7
(UV320,UV326,UV327,UV328 Z¢)L#82:60650 - [H iy,
PE 2 i i) DOC BA & otk . Ge 98 3 il i k)
A LR T AR AR BB BB TE K IR B h AR AN E
(1 DOC 4343 AT REMUAE 7K A A W (R RV 21 B

PE i ¥ 7 E2 00 PAEs %4y & DIBP #l DnBP,
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A R R TR ) B0 AP R AR W e i A T PVC
R PAEs, FHEHEHZ 1,

4 Ry

FRHI RS AR 7= S BOA 58 1 R B A
SE R H O A2 KRB AR R XK AR AR
BRGNS A SCERR T IOIEARHE R
PG AR N 2R ARG I 7 9 B LR AR BRI R K Az A
IR . H RTFA X RO R R AR A7 —
E ZERE UEARHR R BOR IR L By 2 PR 3R BB R X 3
BERIR AL 22 T 22 B AT B0 38 A AR A6 I
o WL ARATHE LT JLIT 15 5T R -

(D7 OB RN R A 50 T L E A
itk WEBRHR MOE— N EARZHRRGY, &
RE LS IFUEW] T LA 87 77 45 A D (EATE 2R
BEA — Pl 28 PR AR AR HER 3BT Tk . HRD
A RN RS2 BCE B D X RUERHR
TR BUR AT IE A GE . o Tk = PRI BE 1 7 1 %
Fie ARMEPIAN 2R 2R 25 AR G0 v I RHIR YRS P B
AT U AR 2SR

(2) RTE B RHR H B8 A6 AN [R5 37 G ) 1 &
Wyt KA e S . H BT RO RHE B RO AT R
ZAF AR RN AR A B RN b AR A R N
MEFTEE Y EE WM 1L M s A THRTE

(TR BE L 1 (R 2B IR T 3 B 2R A R 52
B EYR RSO . H AR ZEBE TR T R
LIS 1] 1 25 S AT 5 Bl B R YO0 K A 2R ) Bk
BRSO, - D fE R BE 2 B 26 1T B R 2 1 S B R
o (HSEBRIREE AN AE R o v B ) ORHR L
JEY it B PR P OB R TS S i BUIR AT
PRI B ) 2% B S 2 — 2P 4 X O AR A
KR

COTonaie 2R o B9 2 7 B SRR A A
FEAT A BRSO B R AL B R . S A 7= i fii
25 N IRARIR A SR T AR R B R o L ply g O 9 28 L
Jeln) ity B At 2 I 22 ff B 3K [ 35 3 7 18 9 ik sl
Peo BT BUFIL G A SGEOR A 7 i 2 0 58 % 28
S it BRI R WA 38 205 2 SR R i 1 A 7 R
P FF B SRR AU T R LR IR RS W) o 2
Fil 149 R A= O R ik TP RS 0] B S ik AN SR 2
TR AU GE R R BB SE AR R

A B g Xk SRS e M ER R SR E AL SRR AT
CEREAETET R BRI AT £ ST R [m]
Wo o 5 = ORI RLS e A B B BT 2 B XA
[F] S RE 7K I8 AR 25 ZR G0t A RN X Sl S e e 1
BHAEARTT .

SE k-

[1] Domenech J, Marcos R. Pathways of human exposure to micro-
plastics, and estimation of the total burden[ ] |. Current Opinion in
Food Science, 2021, 39: 144-151.

[2] Borrelle S, Ringma J, Law K, et al. Predicted growth in plastic
waste exceeds efforts to mitigate plastic pollution[]]. Science,
2020, 369(6510): 1515-1518.

[3] Thompson R, Olsen Y, Mitchell R, et al. Lost at sea: where is all
the plastic? [J]. Science, 2004, 304(5672); 838-838.

[4] Amélineau F, Bonnet D, Heitz O, et al. Microplastic pollution in
the Greenland Sea: Background levels and selective contamination
of planktivorous diving seabirds [ ] ]. Environmental Pollution,
2016, 219 1131-1139.

[5] Halsband C, Herzke D, Plastic litter in the European Arctic; What
do we know? []J]. Emerging Contaminants, 2019, 5; 308-318.

[6] Meng Y, Kelly F, Wright S. Advances and challenges of micro-
plastic pollution in freshwater ecosystems: A UK perspective[ ] .
Environmental Pollution, 2020, 256 113445.

[7] Rochman C, Kurobe T, Flores I, et al. Early warning signs of en-
docrine disruption in adult fish from the ingestion of polyethylene
with and without sorbed chemical pollutants from the marine envi-
ronment[ J]. Science of the Total Environment, 2014, 493: 656-
661.

[8] Eerkes-Medrano D, Thompson R, Aldridge D. Microplastics in
freshwater systems: A review of the emerging threats, identifica-
tion of knowledge gaps and prioritisation of research needs[]].
Water Research, 2015, 75: 63-82.

[9] Prata], Costa], Lopes I, et al. Environmental exposure to micro-
plastics: An overview on possible human health effects[J]. Science
of the Total Environment, 2020, 702. 134455.

[10] Hermabessiere L, Dehaut A, Paul-Pont I, et al. Occurrence and
effects of plastic additives on marine environments and organisms:
A review[ ] ]. Chemosphere, 2017, 182 781-793.

(111 3. PVC ARG b 487 — B BRI 1 R A T A 5T LD
BUM  WIVL Tl KA 2 TR 2 e . 2020,

Ye X. The Release Behavior of Phthalates Form PVC Pipe Micro-
plastics[ D]. Hangzhou: College of Chemical Engineering, Zhe-
jiang University of Technology. 2020.

(12]  EJEHE. MREWGR, SpoT, 5. AR B2 5 20 T E v I R Ik M 1
A R R 1oy 2 R A IE RS L) 1. PRI SRL, 2018, 32(4): 118~
124.

Wang Y, Lin Q, Zhong H, et al. Detection of erucamide in low-
density polyethylene films and its migration to simulant foods[]J].
China Plastics, 2018, 32(4). 118-124.

[13] Lithner D, Damberg J, Dave G, et al. Leachates from plastic con-
sumer products-screening for toxicity with Daphnia magna[]].
Chemosphere, 2009, 74(9): 1195-1200.

[14] Bejgarn S, MaclLeod M, Bogdal C, et al. Toxicity of leachate



1o ST P 2022 %
from weathering plastics: An exploratory screening study with [30] Lau O, Wong S. Contamination in food from packaging material

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Nitocra Spinipes[J]. Chemosphere, 2015, 132; 114-119.

Luo H, Zhao Y, Li Y, et al. Aging of microplastics affects their
surface properties, thermal decomposition, additives leaching and
interactions in simulated fluids[ J]. Science of the Total Environ-
ment, 2020, 714, 136862.

Capolupo M, Sgrensen L, Jayasena K, et al. Chemical composi-
tion and ecotoxicity of plastic and car tire rubber leachates to a-
quatic organisms| ] |. Water Research, 2020, 169: 115270.
Vandermeersch G, Lourenco H, Alvarez-Munoz D, et al. Envi-
ronmental contaminants of emerging concern in seafood-European
database on contaminant levels [ J ]. Environmental Research,
2015, 143. 29-45.

Schmidt N, Castro-Jiménez J, Fauvelle V, et al. Occurrence of
organic plastic additives in surface waters of the Rhone River
(France)[]]. Environmental Pollution, 2020, 257: 113637.
Faure F, Demars C, Wieser O, et al. Plastic pollution in Swiss
surface waters: nature and concentrations, interaction with pollu-
tants[ ] ]. Environmental Chemistry, 2015, 12(5): 582-591.
Zhang H, Zhou Q, Xie Z, et al. Occurrences of organophospho-
rus esters and phthalates in the microplastics from the coastal
beaches in north China[]]. Science of the Total Environment,
2018, 616-617: 1505-1512.

Oliviero M, Tato T, Schiavo S, et al. Leachates of micronized
plastic toys provoke embryotoxic effects upon sea urchin Paracen-
trotus lividus[J]. Environmental Pollution, 2019, 247 706-715.
Luo H, Li Y, Zhao Y, et al. Effects of accelerated aging on char-
acteristics. leaching, and toxicity of commercial lead chromate
pigmented microplastics [ J ]. Environmental Pollution, 2020,
257 113475,

Paluselli A, Fauvelle V, Galgani F, et al. Phthalate release from
plastic fragments and degradation in seawater[ J]. Environmental
Science and Technology, 2019, 53(1); 166-175.

Wang X, Zheng H, Zhao J. et al. Photodegradation elevated the
toxicity of polystyrene microplastics to grouper (Epinephelus
moara) through disrupting hepatic lipid homeostasis[ ] |. Environ-
mental Science and Technology, 2020, 54(10): 6202-6212.
Schiavo S, Oliviero M, Chiavarini S, et al. Adverse effects of oxo-
degradable plastic leachates in freshwater environment[ ] ]. Envi-
ronmental Science and Pollution Research, 2020, 27. 8586-8595.
Lithner D, Nordensvan I, Dave G. Comparative acute toxicity of
leachates from plastic products made of polypropylene, polyethy-
lene, PVC, acrylonitrile-butadiene-styrene, and epoxy to Daph-
nia magna [ ] . Environmental Science and Pollution Research,
2012, 19. 1763-1772.

Lee Y, Murphy K, Hur J. Fluorescence signatures of dissolved
organic matter leached from microplastics: Polymers and additives
[J]. Environmental Science and Technology, 2020, 54 (19):
11905-11914.

Shi Y, Liu P, Wu X, et al. Insight into chain scission and release
profiles from photodegradation of polycarbonate microplastics[J].
Water Research, 2021, 195. 116980.

Romera-Castillo C, Pinto M, Langer T, et al. Dissolved organic
carbon leaching from plastics stimulates microbial activity in the

ocean[ J ]. Nature Communications, 2018, 9. 1430.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[J]. Journal of Chromatography A, 2000, 882(1-2): 255-270.
Kuvwabo c, Kosarac I, Stewart B, et al. Migration of Bisphenol
A from plastic baby bottles, baby bottle liners and reusable poly-
carbonate drinking bottles[ J ]. Food Additives and Contaminants:;
Part A. 2009, 26(6). 928-937.

Arvanitoyannis I, Bosnea L. Migration of substances from food
packaging materials to foods[J]. Critical Reviews in Food Science
and Nutrition, 2004, 44(2). 63-76.

Howdeshell K, Peterman P, Judy B, et al. Bisphenol A is re-
leased from used polycarbonate animal cages into water at room
temperature[ ] ]. Environmental Heath Perspectives, 2003, 111
(9): 1180-1187.

Begley T, Gay M. Hollifield H. Determination of migrants in and
migration from nylon food packaging[J]. Food Additives and Con-
taminants, 1995, 12(5): 671-676.

Bomfim M, Zamith H, Abrantes S. Migration of e-caprolactam
residues in packaging intended for contact with fatty foods[ ] ].
Food Control, 2011, 22(5). 681-684.

He Z. Li G, Chen J, et al. Pollution characteristics and health
risk assessment of volatile organic compounds emitted from differ-
ent plastic solid waste recycling workshops[J]. Environment In-
ternational, 2015, 77, 85-94.

Gunaalan K, Fabbri E, Capolupo M. The hidden threat of plastic
leachates: A critical review on their impacts on aquatic organisms
[J]. Water Research, 2020, 184; 116170.

Luo H, Xiang Y, He D, et al. Leaching behavior of fluorescent
additives from microplastics and the toxicity of leachate to Chlo-
rella vulgaris[]]. Science of the Total Environment, 2019, 678:
1-9.

D, F b P IRAL R DEHF AT L) ], P E gk, 2011(9): 51-
53.

Xiang B. Analysis of plasticizer problems in food packaging[]].
China Packaging, 2011(9): 51-53.

Shen H. Simultaneous screening and determination eight
phthalates in plastic products for food use by sonication-assisted
extraction/ GC-MS methods[ ] ]. Talanta, 2005, 66(3); 734-739.
TKREE. MERR, T, GO SR RS ] R
BRHE S, 2014, 39(1) . 44-46.

Zhang X, Shi Y. Ding H, et al. Safety problems of plasticizer and
food[ ] ]. Grain Science and Technology and Economy, 2014, 39
(1). 44-46.

Net S, Sempeéreé¢ R, Delmont A, et al. Occurrence, fate, behav-
ior and ecotoxicological state of phthalates in different environ-
mental matrices [ ] ]. Environmental Science and Technology,
2015, 49(7): 4019-4035.

Bergé A, Gasperi J, Rocher V, et al. Phthalates and alkylphenols
in industrial and domestic effluents: Case of Paris conurbation
(France)[]J]. Science of the Total Environment, 2014, 488-489;
26-35.

Ochlmann J, Schulte-Oehlmann U, Kloas W, et al. A critical
analysis of the biological impacts of plasticizers on wildlife[ ] ]. Bi-
ological Sciences, 2009, 364(1526): 2047-2062.

Rowdhwal S, Chen J. Toxic effects of di-2-ethylhexyl phthalate:

An overview[ ] ]. Biomed Research International, 2018, 2018



10 34 BV, A RUOBRNR M F R R T B R BN B Y 0 e T 11
1750368. [60] Jans U. Emerging brominated flame retardants in sediments and

[46]

[47]

[48]

[49]

[51]

[52]

[53]

[56]

[57]

[58]

[59]

Nagorka R, Koschorreck J. Trends for plasticizers in German
freshwater environments: Evidence for the substitution of DEHP
with emerging phthalate and non-phthalate alternatives[ ] ]. Envi-
ronmental Pollution, 2020, 262. 114237.

Kim Y. Kim S, Liao C, et al. Severe contamination and time
trend of legacy and alternative plasticizers in a highly industrial-
ized lake associated with regulations and coastal development[ ] ].
Marine Pollution Bulletin, 2021, 171. 112787.

Eljezi T, Pinta P, Richard D, et al. In vitro cytotoxic effects of
DEHP-alternative plasticizers and their primary metabolites on a
1.929 cell line[J]. Chemosphere, 2017, 173; 452-459,

Sheikh I, Beg M. Structural characterization of potential endo-
crine disrupting activity of alternate plasticizers di-(2-ethylhexyl)
adipate (DEHA) , acetyl tributyl citrate (ATBC) and 2, 2, 4-tri-
methyl 1, 3-pentanediol diisobutyrate (TPIB) with human sex
hormone-binding globulin[ ] ]. Reproductive Toxicology, 2019,
83: 46-53.

Minguez-Alarcon L, Souter I, Chiu Y, et al. Urinary concentra-
tions of cyclohexane-1, 2-dicarboxyclic acid monohydroxy isonon-
yl ester, a metabolite of the non-phthalate plasticizer di(isononly)
cyclohexane-1, 2-dicarboxylate (DINCH), and markers of ovari-
an response among women attending a fertility center[J]. Envi-
ronmental Research, 2016, 151 595-600.

Chen X, Ma L. Wang D, et al. Transcriptome profiling and path-
way analysis of hepatotoxicity induced by tris (2-ethylhexyl) tri-
mellitate (TOTM) in mice[ J]. Environmental Toxicology and
Pharmacology, 2016, 41. 62-71.

Vilarinho F, Sendon R, van der Kellen A, et al. Bisphenol A in
food as a result of its migration from food packaging[J]. Trends in
Food Science and Technology, 2019, 91: 33-65.

W5 m s, s SRR NN ) AR 28 IR Th R S iR
Wi R ] AR 254, 2021, 41(8): 3115-3324.

Chen L, Gao S, Xu Y. Progress on release and migration of plas-
tic additives to ecological environment[ ] ]. Acta Ecologica Sinica,
2021, 41(8): 3115-3324.

Sajiki J, Yonekubo J. Leaching of Bisphenol A (BPA) to seawater
from polycarbonate plastic and its degradation by reactive oxygen
species[ ] ]. Chemosphere, 2003, 51(1); 55-62.

Crain D, Eriksen M. Iguchi T, et al. An ecological assessment of
Bisphenol-A: Evidence from comparative biology[]J]. Reproduc-
tive Toxicology, 2007, 24(2) . 225-239.

Hansen E. Hazardous Substances in Plastic Materials[ R]. Den-
mark: The Danish Environmental Protection Agency. 2013.

Sun B, Hu Y. Cheng H. et al. Releases of brominated flame re-
tardants (BFRs) from microplastics in aqueous medium: Kinetics
and molecular-size dependence of diffusion[]J]. Water Research,
2019, 151 215-225.

Feiteiro J, Mariana M, Cairrao E. Health toxicity effects of bro-
minated flame retardants; From environmental to human expo-
sure ] |. Environmental Pollution, 2021, 285, 117475.

Hou R, Lin L, Li H, et al. Occurrence, bioaccumulation, fate.
and risk assessment of novel brominated flame retardants (NB-
FRs) in aquatic environments-A critical review[ ]J]. Water Re-

search, 2021, 198. 117168.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

soils: A review[ ] ]. Current Pollution Reports, 2016, 2; 213-223.
Guardia M, Hale R, Harvey E, et al. In situ accumulation of HB-
CD, PBDEs, and several alternative flame-retardants in the Bi-
valve (Corbicula fluminea) and Gastropod (Elimia proxima)
[J]. Environmental Science and Technology, 2012, 46 (11);
5798-5805.

Chen T, Huang M, Li J. Polybrominated dipheny! ethers and no-
vel brominated flame retardants in human milk from the general
population in Beijing, China: Occurrence, temporal trends, nurs-
ing infants’ exposure and risk assessment[J]. Science of the Total
Environment, 2019, 689. 278-286.

Guerra P, Eljarrat E, Barcelo D. Analysis and occurrence of
emerging brominated flame retardants in the Llobregat River ba-
sin[J . Journal of Hydrology, 2010, 383(1-2); 39-43.

Rani M, Shim W, Han G, et al. Benzotriazole-type ultraviolet
stabilizers and antioxidants in plastic marine debris and their new
products[ ] ]. Science of the Total Environment, 2017, 579; 745-
754.

Loyo-Rosales J, Rosales-Rivera G, Lynch A, et al. Migration of
nonylphenol from plastic containers to water and a milk surrogate
[J7. Agricultural and Food Chemistry, 2004, 52(7): 2016-2020.
Xu A, Roland S, Colin X. Physico-chemical analysis of a silane-
grafted polyethylene stabilised with an excess of Irganox 1076
Proposal of a microstructural model[J]. Polymer Degradation and
Stability, 2021, 183: 109453.

Hirata-Koizumi M, Hamamura M, Furukawa H, et al. Elevated
susceptibility of newborn as compared with young rats to 2-tert-
butylphenol and 2, 4-di-tert-butylphenol toxicity[J]. Congenital
Anomalies, 2005, 45(4); 146-153.

Dopico-Garcia M, Lopez-Vilarii6 J, Gonzalez-Rodriguez M. An-
tioxidant content of and migration from commercial polyethylene,
polypropylene, and polyvinyl chloride packages[J]. Agricultural
and Food Chemistry, 2007, 55(8): 3225-3231.

Teuten E, Saquling J, Knappe D, et al. Transport and release of
chemicals from plastics to the environment and to wildlife[ J].
Philosophical Transactions of the Royal Society B Biological Sci-
ences, 2009, 364(1526) . 2027-2045.

Hahladakis J, Velis C, Weber R, et al. An overview of chemical
additives present in plastics; Migration, release, fate and environ-
mental impact during their use, disposal and recycling[J]. Journal
of Hazardous Materials, 2018, 344. 179-199.

Lan T. Contaminant Release from Aged Microplastic[ M]. USA;
Springer, Cham, 2021. 1-21.

Oliviero M, Tato T, Schiavo S, et al. Leachates of micronized
plastic toys provoke embryotoxic effects upon sea urchin Paracen-
trotus lividus[ ] ]. Environmental Pollution, 2019, 247, 706-715.
Omolaoye J, Uzairu A, Gimba C. Heavy metal assessment of
some soft plastic toys imported into Nigeria from China[]J]. Jour-
nal of Environmental Chemistry and Ecotoxicology, 2010, 2(8):
126-130.

Whitt M. Brown W, Danes J, et al. Migration of heavy metals
from recycled polyethylene terephthalate during storage and mi-
crowave heating[ ] |. Journal of Plastic Film and Sheeting, 2016,
32(2): 189-207.



12

ToE o

¥ IR 20224

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

Fent K, Kunz P, Gomez E. UV Filters in the aquatic environment
induce hormonal effects and affect fertility and reproduction in fish
[JJ. Chimia International Journal for Chemistry, 2008, 62(5):
368-375.

Montesdeoca-Esponda S, Vega-Morales Z T, Sosa-Ferrera Z, et
al. Extraction and determination methodologies for benzotriazole
UV stabilizers in personal-care products in environmental and bio-
logical samples[J]. TrAC Trends in Analytical Chemistry, 2013,
51. 23-32.

Kim J, Chang K, Isobe T, et al. Acute toxicity of benzotriazole
ultraviolet stabilizers on freshwater crustacean (Daphnia pulex)
[J]. The Journal of Toxicological Sciences, 2011, 36(2); 247-
251.

Sakuragi Y, Takada H, Sato H, et al. An analytical survey of
benzotriazole UV stabilizers in plastic products and their endo-
crine-disrupting potential via human estrogen and androgen recep-
tors[ ] ]. Science of the Total Environment, 2021, 800, 149374.
Tanaka K, Takada H, lkenaka Y, et al. Occurrence and concen-
trations of chemical additives in plastic fragments on a beach on
the island of Kauai, Hawaii[ J ]. Marine Pollution Bulletin, 2020,
150 110732.

Bhunia K, Sablani S, Tang J, et al. Migration of chemical com-
pounds from packaging polymers during microwave, conventional
heat treatment, and storage[ J ]. Comprehensive Reviews in Food
Science and Food Safety, 2013, 12(5): 523-545.

WM, SR, R, S5 BRI Y & Bk K T .
FTINME T, 2013, 41(2): 20-25.

Yang H W, Ma Y H, Li SL, et al. Development and application
of plastic lubricants[ J ]. Guangzhou Chemical Industry, 2013, 41
(2): 20-25.

FEWRES. JF 1 O R AR5 B IR M M e i A LT . 2401k
1., 2017, 46(1). 173-176.

Ren X B. Application of anti-blocking and slip additives in LDPE
film[ ] ]. Contemporary Chemical Industry, 2017, 46 (1) 173-
176.

Kwan C, Takada H. Release of additives and monomers from
plastic wastes[ ] ]. Hazardous Chemicals Associated with Plastics
in the Marine Environment, 2016, 78. 51-70.

Lau O, Wong S. Contamination in food from packaging material
[J7. Journal of Chromatography A, 2000, 882(1-2). 255-270.
LiJ, Zhang K, Zhang H. Adsorption of antibiotics on microplas-
tics[ JJ. Environmental Pollution, 2018, 237 460-467.

Lee H, Byun D, Kim J, et al. Desorption modeling of hydropho-
bic organic chemicals from plastic sheets using experimentally de-
termined diffusion coefficients in plastics[ J ]. Marine Pollution
Bulletin, 2018, 126. 312-317.

Gewert B, Plassmann M, Sandblom O, et al. Identification of
chain scission products released to water by plastic exposed to ul-
traviolet light[ J]. Environmental Science and Technology, 2018,
5(5): 272-276.

Sudhakar M, Trishul A, Doble M, et al. Biofouling and biodegra-
dation of polyolefins in ocean waters[J]. Polymer Degradation
and Stability, 2007, 92(9): 1743-1752.

Gewert B, Plassmann M, Macl.eod M. Pathways for degradation

of plastic polymers floating in the marine environment[ ] ]. Envi-

[90]

[91]

(921

[93]

[94]

[95]

[96]

[97]

[98]

991

[100]

[101]

[102]

[103]

[104]

ronmental Science: Processes Impacts, 2015, 17 1513-1521.
Zhu L, Zhao S, Bittar T, et al. Photochemical dissolution of
buoyant microplastics to dissolved organic carbon: Rates and mi-
crobial impacts[J]. Journal of Hazardous Materials, 2020, 383:
121065.

Tetu S G, Sarker I, Schrameyer V. et al. Plastic leachates impair
growth and oxygen production in Prochlorococcus, the ocean’s
most abundant photosynthetic bacteria[ J ]. Communications Biol-
ogy, 2019, 2. 184.

Luo H, Xiang Y, Li Y, et al. Weathering alters surface charac-
teristic of TiO-pigmented microplastics and particle size distri-
bution of TiO; released into water[ ] |. Science of the Total Envi-
ronment, 2020, 729. 139083.

Kida M, Koszelnik P. Investigation of the presence and possible
migration from microplastics of phthalic acid esters and polycyclic
aromatic hydrocarbons[ ] ]. Journal of Polymers and the Environ-
ment, 2021, 29: 599-611.

Sarah Y. Bruce T. Bridges W. et al. Responses of Hyalella Az-
teca to acute and chronic microplastic exposures| J ]. Environmen-
tal Toxicology and Chemistry, 2015, 34(11); 2564-2572.
Erni-Cassola G. Zadjelovic V, Gibson M, et al. Distribution of
plastic polymer types in the marine environment; A meta-analy-
sis[J]. Journal of Hazardous Materials, 2019, 369: 691-698.
Pascall M, Zabik M, Zabik M, et al. Uptake of polychlorinated
biphenyls (PCBs) from an aqueous medium by polyethylene, pol-
yvinyl chloride, and polystyrene films[J]. Agricultural and Food
Chemistry, 2005, 53(1): 164-169.
Shawaphun S, Manangan T, Wacharawichanant S, Thermo- and
photo-degradation of LLDPE and PP films using metal oxides as
catalysts[ ] |. Advanced Materials Research, 2010, 93-94: 505-
508.
Wei R, Tiso T, Bertling J, et al. Possibilities and limitations of
biotechnological plastic degradation and recycling[ J]. Nature Ca-
talysis, 2020, 3. 867-871.

Hordon A, Walton A, Spurgeon D, et al. Microplastics in fresh-
water and terrestrial environments: Evaluating the current un-
derstanding to identify the knowledge gaps and future research
priorities[ ] |. Science of the Total Environment, 2017, 586 127-
141.

Paluselli A, Fauvelle V, Galgani F. et al. Phthalate release from
plastic fragments and degradation in seawater| J ]. Environmental
Science and Technology, 2019, 53(1): 166-175.

Yang Y, Hu C, Zhong H, et al. Effects of ultraviolet (UV) on
degradation of Irgafos 168 and migration of its degradation prod-
ucts from polypropylene films[J]. Agricultural and Food Chem-
istry, 2016, 64(41). 7866-7873.

Wang X, Zheng H, Zhao J, et al. Photodegradation elevated the
toxicity of polystyrene microplastics to grouper (Epinephelus
moara) through disrupting hepatic lipid homeostasis[ ] ]. Envi-
ronmental Science and Technology, 2020, 54(10): 6202-6212.
Rummel C. Escher B. Sandblom O. et al. Effects of leachates
from UV-weathered microplastic in Cell-Based bioassays[J]. En-
vironmental Science and Technology, 2019, 53(15);: 9214-9223.
Wang T, Ma Y, Ji R. Aging processes of polyethylene mulch

films and preparation of microplastics with environmental char-



10 #4

ARV, A BROBRHE R R I 5 vk MRSV BT S A J B 13

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

acteristics [ J |. Bulletin of Environmental Contamination and
Toxicology, 2021, 107 736-740.

Zhu K, Jia H, Sun Y, et al. Long-term phototransformation of
microplastics under simulated sunlight irradiation in aquatic envi-
ronments; Roles of reactive oxygen species| ] |. Water Research,
2020, 173 115564.

Al-Malack M. Migration of lead from unplasticized polyvinyl
chloride pipes[J]. Journal of Hazardous Materials, 2001, 82
(3): 263-274.

Xu S, Zhang H, He P, et al. Leaching behaviour of Bisphenol A
from municipal solid waste under landfill environment[]]. Envi-
ronmental Technology, 2011, 32(11);: 1269-1277.

Fauvelle V, Garel M, Tamburini C, et al. Organic additive re-
lease from plastic to seawater is lower under deep-sea conditions
[J7. Nature Communications, 2021, 12; 4426.

WAL B, FERAT . GF RSB 55 e L3 48
RHMREZEY L] HBTF T, 2011, 35(1): 73-77.

Cao B, Ma ], Li Y M Z, et al. Determination of phthalic acid es-
ters in soils by soxhlet technology-high precision liquid chroma-
tography[J]. Journal of Geology, 2011, 35(1): 73-77.

Schrank I, Trotter B, Dummert J, et al. Effects of microplastic
particles and leaching additive on the life history and morphology
of Daphnia magna ['J]. Environmental Pollution, 2019, 255
(2): 113233.

Chae Y, Hong S H, An Y. Photosynthesis enhancement in four
marine microalgal species exposed to expanded polystyrene
leachate[ ] ]. Ecotoxicology and Environmental Safety, 2020,
189 109936.

Suhrhoff T, Scholz-Béttcher B. Qualitative Impact of Salinity,
UV radiation and turbulence on leaching of organic plastic addi-
tives from four common plastics - A lab experiment[]]. Marine
Pollution Bulletin, 2016, 102(1). 84-94.

Del Carlo M, Pepe A, Sacchetti G, et al. Determination of
phthalate esters in wine using solid-phase extraction and gas
chromatography-mass spectrometry[ J]. Food Chemistry, 2008,
111(3); 771-777.

LiJ, Song Y. Cai Y. Focus topics on microplastics in soil: Ana-
lytical methods, occurrence, transport, and ecological risks[]].
Environmental Pollution, 2020, 257 113570.

SRURAR . FEER. PRENAR. 5. WA SR RSO 6 1 3% v ) i
FEJE e B SRR R 5 R BERESS B L) . AR I (kA
S, 2020, 56(6): 696-700.

Guo J J, Tang X, Chen L ], et al. GC-MS determination of 5
amides in Nylon and other food-contacting materials with separa-
tion by ultrasonicated extraction[ ]J]. PTCA (Part B; Chem A-
nal), 2020, 56(6): 696-700.

Li X, Xiong W, Lin H, et al. Analysis of 16 phthalic acid esters

in food simulants from plastic food contact materials by LC-ESI-

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

MS/MS[]]. Journal of Separation Science, 2013, 36(3): 477-
484.

Boyle D, Catarino A, Clark N, et al. Polyvinyl chloride (PVC)
plastic fragments release Pb additives that are bioavailable in ze-
brafish[ ] ]. Environmental Pollution, 2020, 263. 114422.
Carlson C. Giovannoni S, Hansell D. et al. Effect of nutrient a-
mendments on bacterioplankton production. community struc-
ture, and DOC utilization in the northwestern Sargasso Seal ] ].
Aquatic Microbial Ecology, 2002, 30 19-36.

Fernandez-Juarez V, Lopez-Alforja X, Frank-Comas A, et al.
“The good, the bad and the double-sword” effects of microplas-
tics and their organic additives in marine bacterial J]. Front Mi-
crobiol, 2020, 11. 581118.

Wang J, Zhang M, Chen T, et al. Isolation and identification of
a di-(2-Ethylhexyl) phthalate-degrading bacterium and its role in
the bioremediation of a contaminated soil[ J]. Pedosphere, 2015
(2): 202-211.

Li H, Getzinger G, Ferguson P, et al. Effects of toxic leachate
from commercial plastics on larval survival and settlement of the
Barnacle Amphibalanus am phitrite [ ]]. Environmental Science
and Technology, 2015, 50(2); 924-931.

Silva P, Nobre C, Resaffe P, et al. Leachate from microplastics
impairs larval development in brown mussels[J]. Water Re-
search, 2016, 106 364-370.

Ke A, Chen J. ZhuJ. et al. Impacts of leachates from single-use
polyethylene plastic bags on the early development of clam Mer-
etrix meretriz (Bivalvia Veneridae)[]]. Marine Pollution Bulle-
tin, 2019, 142, 54-57.

Hamlin H, Marciano K, Downs C. Migration of nonylphenol
from food-grade plastic is toxic to the coral reel fish species
Pseudochromis Fridmani [ ]J]. Chemosphere, 2015, 139; 223-
228.

Nober C, Santana M, Maluf A, et al. Assessment of microplas-
tic toxicity to embryonic development of the sea urchin Lytechi-
nus variegatus (Echinodermata; Echinoidea)[]]. Marine Pollu-
tion Bulletin, 2015, 92(1-2). 99-104.

Jang M, Shim W, Han G, et al. Relative importance of aqueous
leachate versus particle ingestion as uptake routes for microplas-
tic additives (hexabromocyclododecane) to mussels[J]. Environ-
mental Pollution, 2021, 270, 116272,

Simon M, Hartmann N, Vollertsen J. Accelerated weathering
increases the release of toxic leachates from microplastic particles
as demonstrated through altered toxicity to the green algae
Raphidocelis subcapitata[J]. Toxics, 2021, 9(8): 185.
Hazrati K, Sapuan S, Zuhri M, et al. Effect of plasticizers on
physical, thermal, and tensile properties of thermoplastic films
based on Dioscorea hispida starch[]]. International Journal of

Biological Macromolecules, 2021, 185 219-228.



14

OE B ¥ R ¥ ¥ W 2022 4E

Progress on the Main Components, Analytical Methods and Adverse
Effects of Microplastic Leachate

Li Aifeng'?, Yan Chen ', Qiu Jiangbing *
(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. The Key La-
boratory of Marine Environment and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100, China)

Abstract: In recent years, the issue of microplastics becomes a hot topic of research on the environ-
mental pollution. Particularly multiple environmental factors drive microplastics to release some harmful
and toxic components including monomeric compounds, oligomers and plastic additives, which poten-
tially threaten the aquatic ecosystem health. The plastic additives can cause various adverse effects on
the aquatic environments and organisms due to their complex components, which are mainly targeted in
the risk assessment for microplastics to aquatic organisms. Recently the potential adverse effects of mi-
croplastics on organisms were mainly explored through the bioassay organisms exposed to the microplas-
tic leachate in laboratory. In this review, many studies on the component detection, leaching mechanism
and toxic effects of microplastic leachate were referred to and summarized for some research progresses
as follows. Firstly, the sources, components, and influencing factors of microplastics with different ma-
terials were summarized. Secondly, analytical methods for the components of microplastic leachate were
compared. Thirdly, the adverse effects of microplastic leachate on aquatic environments and organisms
within different trophic levels were discussed. Finally, the prevention and control measures of micro-
plastic leachate and the corresponding research directions in the future were prospected in this paper.

Key words: microplastic leachate; analytical methods; dissolved organic carbon; environmental effect;

adverse effect

nEmE RN

7



