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A B BRI E SCRN A 281 T U B

L1 HRREERER DR Y2

MK D7 R, MR PGSR ™ b 5ot i Js 5
BERT AR S R A1 i FE (petroleum-based) . A= ¥ 3 (bio-
based)Fl A ALK HL(CO,-based) ¥EAL. X FiERHK E X
SEARYE R IR Y S AT A2, S AR A Y
FIFRS NP RETC G, A ISR RHESR LAl ok i
A T N 2R B A R TR o AR, AEE TR AT
[ fiie AL G 38BN R 24 (polyethylene, PE). TN

& TGN
S #1: PE, PP, l: PA, PE,
E PVC, PET% PTTZ
N Yo R SURARER}
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Figure 1 (Color online) Schematic diagram of the relationship
between different plastic definitions and classifications

(polypropylene, PP). 4 L /Mi(polyvinyl chloride,
PVO) IR L (polystyrene, PS)%E, tLALHE T AT Rfn
HRXT IR I R-CL R T i (poly (butylene adipate-
co-terephthalate) PBAT)#I2 . il (polycaprolactone,
PCL)% ¥,

AR R SR LR DL AT F AR 1 AR ) o 0 4 ok A T
INTARMREY, HIR 328 N Shay) rh iy
YR . W R ATEMEZ MR, LLSGUAE Y R
7 R B LR I ERNE (polyhydroxyalkanoates, PHA)
FIFLRRAECL B, Hh ol PAE A 4 IR OB 3R TRt
ARSI T B SR G A IR RE T DA Ay S A
SORL. DR AR ) B R LA A T R Sk 1) U R R 0L
PHA IR FL B2 (polylactic acid, PLA)SE, W AlfiAn] [
fRAYPE . BBt (polyamides, PA)FIR XA —H RN —
i (polytrimethylene terephthalate, PTT)&%. A= #)¥Hk}
(bioplastics)EL4% I Bl E AN FETZ, HoE o dnsR—H
SR BHRAE YRR . AT AR, BCE B XM
FivkibE, IR EapE SO AR 202245 F Tl
AR 72 A B AT AR SRR 1 A TR 80T 2 i,
Hi RERSOIC A AL AR E90.015%,  BEH 2 BkA= 428
B RGN, AR B AR R 2 [ Y
g - Keic) 11 A

AR IR 3 B AR AR E LAY
LR Y AT AR, R WA AT LLE A
AR, B L) AR A SERL A SR ik IR T TR i
(poly(propylenecarbonate), PPC)FIZR Gk IR M C i Bl
(poly(cyclohexene carbonate), PCHC). H 5L FIER
SN BEE BUBIPPCHIAL T GBI 12T LA 51 40% L)
R A BRI 2 D A e R P s R,
AR LIRS A AR HL T AR R A, HUR T
TR R AT DA R A A R o i o 32 A 2 R ) 1 JHEz .
Bl BRI R, BFE N BN SR A T IRIE A P %
fif Pk BB IRIIRE, B2 By o3 o A IS AL EE DA ek s i
BHERE, PRI 5
1.2 HURPERIERES 2R

MENTE E 7 mRE, ARYEIEL™ G R RE R
43 DPsHINDPs. MR FEAHLE 192251, DPsidnl LLgk
o AR W (abiotic degradable plastics, ADPs) I
YIR% S 38k} (biodegradable plastics, BDPs). HHFADPs §=

T8 6 [% M (photo-degradable) FI A [ A ¥ ) (heat/
oxide-degradable plastic)iXZSH HRG . #A/EE ik
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JF HAEMCIER B R Al . RBEAR . BRI R
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b, FEASE R NCO,. CHy. HOMHr&ITER
(A A TCAILER LA SR 0 A2 4 SR ) S0 kL. B K sh ) A
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2.1 TERIREPIFER

TR R GE R HAE Y B 2 . Ay DL R 4k 4
A= W) Z A A5 D T DG SVE R 45 52 Q. Ml b &
PRI REAE W 7E SR A rh i i S t0, WG o
THEYEH R &R, T LLE X PR35 DN A B 43
Br, NSRRI 5 2= UE MRV Th R s T AE R
SRR R I RE . Zhou s AU OUiE 1 72 B B4 XY
T3 AR T I EK A T BB R R A B DR R T
KK #EEH(Rhodobacteraceae) Pseudomonas vero-
nii i Z A SR R R L R 3y &, A T L R i
LR RIRAE Y BES(PHA . PHB ., P3HVZ5) [ K fiff it
Meyer-Cifuentes? A7 LAPBATYE Ak X 1K i3k
YT S SR, A 2E I R R ) 6Fh S PE-
Tase fl4FP S MHE Tase H. & B A g i 16 07 T i R G4
VR 7. AL 3 Ao 7% 35 DR A 2 A by SRR fogt R ) 1) i
TR, FReSEGUEYXT RS WA GE 162
VS FE i g S 4 TR A A A R AT A 1 S S U 3
SEBRREfERE T

mF2mR, HREMEIIDPSTE K IR o ) [ A B
REFE R FOCIR, HAeS 5 R A P Fh s
AR, Jovk B I SR IREE i 52 4K SCoc
WMEY s, SEBRPHB, PHBVAIPCLAL, MWIPBAT,
PLAFIPBSAEMBHER GG AT BA R AN, TERIH N
I, XL 5 2 AR T AR, Joik s
SHNL L ALK B U0 1 S R R 2R 5 R AR AR
WMV, MT=EZE M0 RN A Wy R A VE R A R S AR E 2
EDPsREE. R, A 0B i X S PR K 3 5 Hh 9
BHER GV SR RREL A WD, SR IS IFHAE SEPRA SR
Hh R IR P i

2.2 AfEHBEEN R

e NG YR KRR ok [ YL ) (5
SRR E YRR FE A RO . . AKFFRSr, M
TSR B i AR e VR B sl K i 3 1
b A7 AR b B A A RN A2 A R, s DO
ANHeNs TR R S8 T BRI 2 T IR SRS
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PRl T RpsetE, 5K, RIEREE Tzt
M EAL YR S SR YRR R E D, WTRES
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T AR = B = & S B YR VR T R BG5R 1



F1 BERHTREREVRERE

Table 1 Common degradable polymers and their applications
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SR AL IR g2 720, A, S I KA B WA R A AR T
FIPL I T DPsTE BT R AREARARIE, 7E%  FRRA, ERY SRS A sk, are
MAIE N, DPSTE I A REAR 222 FUR B A2 T IR R R, DR R DPs 1 2E R A
PRI, St. PHBFIPCLAFAEHAZRI AL RIIREfFEHAR  f#Re)), WPLARINIYE . #WISER: ST LS5 PBATHY R

FITE—A4F P SE R0, M ACIR A D P L IR
A S T BB S R 2 R AR 4 TR v LA SE
T A5 P T BN DPs IS A B e LR B AR )
RfooR. R EE M IEE T 50, P&
TRAA A T DPsHRE D, PLARYBE IS LI AL R
(Tg)H60~65°C, PBATI Tgh27~32°C, BALIREETE47C
LA, miR A T I DPsHYAESE i X R B S A

PIVELE S ree B E A, HIRY P PLAM M2
YEPBATIZK Y, PLASPHBVHE TR G HUAH H 2
—PLAR A A ),
2.3 {EAFAHENEA R R%

H 20204 H— 42814 KA LUK, DPsVE &4
B EAC SR Z 0 T 2 T 3 S — v
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Table 2 Degradation of degradable plastics in the water environment
T2k 2N A Kt il (d) e bR FRA (%) SCHiR
PLA T MK 20.8C 82 ik <1 [20]
T MK AR K 25°C, 16 B, 8 hiB; 365 =EiiEN <1/<1 [21]
. . 25+ 1)°C, pH 7.0 £ 0.1/ N -
LA I/DREUK (36 + 1)C, B 117/77 FER R ANEE/A6+£19 [22]
(Zgé/sp?}?/f) T Bk 30C 180 Pt g 14+ 005 [23]
PBAT T K 20.8°C 82 IPiERiTER 15+03 [20]
s - 25+ 1)°C, pH 7.0 £ 0.1/ . R
LOTpae WF/IREIK (36 + 1)°C S 117/77 FEAR ENTES [22]
PHB T HEIK R IK 25°C 365 ik ~8.5/~6.5 [21]
o Sy 25+ 1)C, pH 7.0 £ 0.1/ e
LA I PREEK (36 + 1)C, B 117/77 R 83.0+1.6/83.9+1.3 [22]
kL [EB/SEIN (30 +2)C 28 Ay 12.8 £5.3 [24]
. e (25 + 1)°C, pH 7.0 £ 0.1/ .
PHBV LA W /IR K (36 + 1)°C, B 117/77 R E 81.2+1.7/87.4+75 [22]
PCL Wi WKARK 25, 16 WG, 8 hikig 365 SR <2/<2 [21]
s - 25+ 1)°C, pH 7.0 £ 0.1/ N
LUTbas IR IK (36 + 1)°C. W 117/77 PR 77.6 + 2.4/4.5 + 0.3 [22]
s e 25+ 1)°C, pH 7.0 £ 0.1/ . N
PBS kL WIRAEIK 36+ C, B 117/77 PR NTE TR N [22]
F 3 WRMEEBELIENE R BRERR
Table 3 Degradation of degradable plastics in the soil environment
T2 2N A M Al (d) TENFRAR R 22(%) SCHR
St T +-3 (25 +2)C 136 PR ~95 [29]
PLA T +4 25+2)C 136 R ~0 [29]
WK +4 25°C, WEE60% 28 AR G/ ~0/13.8 [31]
" - 25M137°C; - ~0;
i - 43¢ ASHIS5C 365/56 Btk 40 [32]
TR +i% 23~25°C 200 PR ~5 [35]
T +3 TRIE30% 98 IpivciiiEN ~10 [36]
R KR4 AR5 184 JPigRiiER 8.0 [37]
PLA/PE 50/50 wt% T KR A3 AR5 184 PSRN -0.3+0.1 [37]
PLA/PBAT 45/55 wt% TR +4 (30 £ 2)°C, 1BJE60% 180 IRRCHES 0.7 £ 0.02 [23]
PLA/PHBV 70/30 wt% AR +4 23~25°C 200 FER 32 [35]
PBAT T RIR 1 AR5 184 §EiES 6.8 +0.3 [37]
PBAT/PLA 90/10 wt% I KR Ep:3-SEE 184 Fri i -1.7+1.0 [37]
PHB TS 4 25+ 2)C 136 PR ~105 [29]
T/ +3% (30 £ 0.1)°C 30 AR ~72 [30]
PHBV A +3% 23~25C 200 PR 35 [35]
PCL T +4 25+2)C 136 R ~91 [29]
T +15 (30 £ 0.1)C 30 RRCTES ~72 [30]
PBS MR A +4 25°C, WEE60% 28 AR G 1.2/16.8 [31]
PBS-St 50/50 wt%  JFEAR +45 25°C, JBJE60% 28 SR Bk 7.2/24.4 [31]
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T R AR B0 T B DPs AL G SR HHE i Ik
TGS BRAL B R . PR SRR S TR R A B
W44 15 H 2 06.15%%, AN 255 ik A= Wb B
FALFEDPs, IRFEA: G B3 5SS 0 R T RCOR R
PRAEAE DAL PR R G2 A, HRAE A R4 B i ek 15 )t
ARG WA ML AT U R b B, W DAs i 48
VR, 7 (3SR 36 B R 0 e T ELAT B WU BUR K¢
SR RIITT R, AR RE AR A A2 H R AL
JB A P A B A 32 B AR OO IR AT B G DPSTE I
T R B ARARAIE.

T 55~58CAZ s HEAR 180 d, AHXT MR R T
0% FETESEAE N FIBr R AW 5 & T AE W A 20 R
AR UE, I DPsHEA &R 0] LAIE A 428 3k A S 58
LfEfR. MFRATTE W, RN R0 A Py A 48
BHARE RN OGN 3R, — ok U AT A 2 v e it A0
FREEAT B, A P R it SRR B A b s, s A R
Ffe b )RR e RN I B IC T 50 CIF, A= Wik 38D )
ViR B E K. PLATE37°C R 245 HENE365 i
FAVUH20%02, PBAT. PHAFIPBSTE12.5~13%C F450 d
R R A< 10%1, (EASTEREAY L, S AR [ Afae B it
] — 8 A20~40 d, DPsHELITE I [ 4R kAL PN 52 B 5¢ 4
e figp S T 2 s R R O R A R 2, T Bl i Tl
R A I R O e T AR A R 22 LA DPs A T £k
WOBLINURS =/ UL BN 3 8

R4 T RRRER TR R B BR AR R

Table 4 Degradation of degradable plastics in aerobic composting

2.4 {EPRAINIE R

MW A YRR RS T AR A 1 D AT A7 AR 35
KA. RIRIIELT A BRI A=W R Sk b
MBS YA S T 8UE YRR R A YITE
PRAANEO T R AR K 22 5 (R5). BRI,
PREGFRET4EAN, iR ST Ak b 2B e A SR 1) R i
e i T IR AN L. SR, PBATHIPLAYE N H
T T _L o0 A R A SR 2 B0 5y, PBATIIR
AR B FSL PLATE IR AL IR
B3, HUUPLAYE JME—RRIEH fL R840 pLA
SRRE R R IR E I AL A T mT AR S Ak, {H R A
JEE T30 dPY.

N T G i 2 R AR AR AL BRIt P T DPs i AR
MIEFER R, RZAR Y R A WA 24 ook
P H N FH 3 S A & B A B4 B . FE IR
TS F T A R St . PHARIPPC S n] LUIAE Mk
FHT AT RSB S A R R SR TR A TR A, a8 mT
PLE L R R A YR FL B . 431 RNZE R AR R
PR bR T DR S R A 1k e

3 DPsEAPITI AL

3.1 DPsITEREE% Y

DPs A= W AR E A5 208 BRI ACPF, T IR FREE

GiES JEAR i KA I H](d) BRIEED FfiH(%) Sk

PLA A ZYEHEAE 37/45/50°C 365/63/42 JrE ik ~20/~56/~30 [32]

i ZEEHEAR (58 = 2)°C, pH 7~8 35 AR 92 [35]

T ZEEHEAL 58°C 200 IPiEiES 100 [43]

AR ZHEHEAL 60°C ~47 AR AR ~30 [44]

A ZREHE 55°C, 1B 70% 28 ZEAR T ~70 [45]

PLA/PHBV 70/30 wt%  JHifis ZAEHENL (58 = 2)°C, pH 7~8 200 Ak 100 [35]
PLA/PHB 75/25 wt% Wi ZAEHEAL 58°C 28 n=¢inUN ~90 [43]
PBAT T ez e 12.5~13%C 450 PSRN <1 [41]

T ZESHED 55°C, 1 E70% 28 AR ~35 [45]

PHA T E| g s 12.5~13°C 450 REIES 7.9 +0.7 [41]

PHB ik TP HEAR 55C, {BE70% 28 AR ~75 [46]

A ZREHEAR (58 £ 2)C 110 AR 95.9 [46]

PHBV T AR (58 £ 2)C, pH 7~8 200 A AR 90 [35]

PBS T A2 F N 12.5~13°C 450 DissEiiFS 55+03 [41]

d zpope CSEDCPH ISR g R 90 [47)

50%~55%
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5 RRARERTE R EIH L R BB R

Table 5 Degradation of degradable plastics in anaerobic digestion

GiES JBAR i A A [ (d) BRAEED FEARH (%)
St THEfRE ARk 52C 127 PR 79
THEfR BFA R 52C 80 PR ~89
R/ A ME— ik (55 £2)C 40 R 48.8/53.0
R/ K ME—BkIE (55 £2)C 120 PR/ TEN 40.2/93.0
PLA UL A ME—Rik 5 (37 £2)C 60 PR R <1/44
ORI A ME—Fk (37 £2)C 40 PR 47.6/57.9
THfIE JE A bk (55 £2)C 23 PR 85.79 + 0.038
TR JE A bk (55 £2)C 23 IPiSR/TER ~1.69 + 0.033
MR P15 35°C 60 i s ~0
MR P51 37°C 277 R E 39
Bk %kgzﬁ/ Tk 55C 75/100 PR 91/79
TR FlA50 35°C, 350 r/min 39 R 8.6
PBAT ok A M — B 5 (55 +£2)C 60 PR <1<1
WOk ME—Rik 5 (37 +2)C 60 R <1/<1
TP Fl4i508  35°C, 350 r/min 39 PR 5.9
PHA T FlAEI 38, 100 r/min 85 PR 77.1 £ 6.1
THfE FlAEP 38, 100 r/min 85 PR 54.6 £ 15.6
PHB AR JF 4 b 52C 127 PR 92
MR FIATGIR  35°C, 350 r/min 60 PR 67 + 19
MR P15 37°C 277 PR 12.5
WK FlAEU 35°C, 350 r/min 60 PR 79 + 21
R FA5IR  35°C, 350 r/min 60 PR 93 + 42
P34HB R W — B 5 (37+2)C 60 PR 72.8
MR HE— B 5t (55 +2)C 60 PR 85.4
PCL T BFA R 52°C 127 PR 94
UKL/ AR ME— B J5t (37 £2)C 60 FER R 1.2/2.9
ORI AR ME— B 5L (55 £2)C 60/120 R 93.5/92.3
R FlAi5UR 37°C 9 R 90
R Pl x5 55C 47 PR 92
PBS ok A A M — B 5 (55 £ 2)C 60 PR <1<1
/A A ME— Rl Y5 (37 +2)C 60 R <1<1
WA Flx15e 37°C 277 R -3.5
R LT 4 WA ME—BRIE (37 +2)C 60 R 70.9
R ME—k (55 £2)C 60 R 4.6
PBSA kL A ME—fk 37+2C 60 PR 9.4/21.0
ORI R M — B 5L (37 £2)C 60 R 23.7/30.5
PPC UKL A AR M — B 5L (37 +2)C 60 R 95.4/84.6
LUV i W — B 58 (55 +£2)C 60 PR 96.2/95.7
PVA A ME—Ri 5 (37+2)C 60 PR 12.5
Uk ME—Rik 5 (55 +2)C 60 PR 12
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ARAEIS BB S5 A, TEANTH 2 R A AR I 1
R R —E R AME, 5IE T AR AL %
SRR, PEAEDPsFA MR A AE Sy, 8 E
SRR AR /T2 mmBORE R, BT L SR
R BRI SN FITE 7 XSS L 220, 7EDPs I A W WA
A AR T AT REPE AR B E T AIOE Rk, R B
51 G (OB AR [ A XU ),

WeidE N\ CUBFSE T PBATLE A [R] /K 3155 i E i i
B RE, & PBATEUE AR ¥ B 2.4%5(LDPE) ¥ 5
TEAR IS T = A ), LR /T A BRAR ALK FH B 5
SRR —iF . Qian%E ALHXhAE # il (i K B {3
BHRAEEAT TR, K0 T R4220~50 um Y PBS A
PLATERL.  Okoffos N33 a2 I AH AL B A<
A 033 - Jo 3% o o 1R A R I Y5 7K A BT i SR D Ps gk
13758, DPsTEIEK . A4 AT h B A 7 ok
J29°40.07~0.18 mg/g. ZhangZ: A WF5T W DPsTEHE
JIE 1o R R B B A R A i, T B B A SRR A A
RIS S B B A AN 1, U A e T o
FRERL R B A R 10°~104

RS AR I R B B DPsHE AT R AERHTIAF
FE—E SRR, ANPGRS 0 - T Ik A e
0.02~0.05 mg/g, LA B B SRRE Sl db A7 s | ().
SRR T IE-THAR-FRE T, & FEDPsHIE R A4
20%~40%AY i e, XMELIARIEE R, g
13 A I A S 52 380 s D) LA 114 B ) R 2 o 1 5
SEGE R 2= I, B R TR DPsER B I E
R A TS,

3.2 DPsIEAEGE LT

IR X DPs A4 R it R AR LU i, Ao PR3
AR A TP SO R FRETR, LA i3t
A R I A A A T s s — 2P k5. B B
FE P DPsFk B W 04 PR35 52 wa AL AT I 94 0 LR 2
J7 1.

(1) BRSO RS0 2537 5™
AT PEAA(ROS) T ARG A, T e AR A
RFIR B T A 2 (LB 5 e ) 1) o S A T 28
PR, DPsHUE L A S A U RHARIT s 2, TiAH
BT ALY SR R D) RO, I HRTRT TS
W LMEGIRHS R R AR S5 Y DPs EAT LU AL Magara
A NIV AR SRR U5 I DL () 2 523 v, PHBI
PR B A SO S R SEPE U R AR 2. PLA

FIPPCH ST ie 451 (9 A= ) B VAR TAZ SEPE R
HOOL R B i T X A R A SRR T AL AR T
A2 SHUIEIE FES K. SIL5HIBRIAI L, T
SRR oF AL R B LEE A ASTR], DPsE 44 (41 i
REJIPTRESE 9, 025 5 WA RS 15 Y I AR 204, G0
LA G IPLAMIE TPV CXT b A 2 ELAT o 8 A I i
31681 PHB AR X = G A Pk 8% o ok 3 R v o~ A
Ve FPEC) PBS X A% B 751 A4 W B fiE 77 328 #8 43 PE AN
PVCT 5k T W Ak 2715 Y 3 S0 DI R) 5 5 XU, 73
SRR PR BT o A A I VTR S ol A A R PE L
(ARGs)J#k K, DPsHYIEEIPR(plastisphere) {111 23R
H ARG FEEACER TV ok, SR IR A2
SR A S T AT R, BRI T 20 1A S EC DA RIS 110
FEEEMEZRET T SO AE R 5 R R 2 F)
AR

() YIRS, DPsTERE T FR b 2377 A K
R MEA YL (DOM), X RIRAT HLER I S P88 A=
TEREM). Romera-CastilloZE NV R B, SRR
FFREE Hh B DOM AT LIS R TR A i 51, 2960%
FIDOM T LIFES K NBE AR . SR, DPsKf#RAT
EMDOME KRG NI AR, FIRES FEOELLREY)
B T A, DTS2 0 R K AL BRAYPERED). Zhou%%:
NVSH 5 % BRPBAT £ . 38 kA8 + e A Wy e vk &%
F B EERE. Zhang® \IRA5E th 2 WIDPsTE H
SRYENE H T 5 v R FIARGs UL HE.  DPsF#fi i
TR 2 BN ARSI A H RRERSF s N7, ZFhiakt
IR INFVER B UE S N 2 i TP, e S8R — H iR iR
WBEUE ST DL A A W RSO b A Ak R ek
Ko Tl R AR AR Ak, AT G AR 3 R KO
UL R, A BN DPsAYAE BE, RS
b FE AL B g AR AL LR R S Ak, b H ) BREE h
HEMk.

4 Rgif)gs

AT 2 W1 DPs 75 7K R 1 855 SR PR5E LA K 4
SE RN N DR AR A B b B B rb 2 S ED A 2 P RO I fie
PE, BRI ERE R GRS | IR A ulE Rkt
[A]45 4 RESE M. DPsHAS 5e A2 Fefifp 2 S EUB LRI A
TRIRLSE AR, 0 AR AR PRI i—E A2, DPsH
B G IR AL IZ T, AR IR AL e 8
BH P25 A AL B R, T B SRR T AL B, T
BEINZTE AR RIS, JRAMR B35 PRk AR, ST

2819



M4 Z b B 2025568 F70% £18H

DPs A 0 A Ab R4S 4 AR JE 2,

(1) XFSEPRAEE R DPsIRAF HEf TR A A, H
HI I BB Z I 5 R R R . L.
KB VI AR A ) P R X T DPsHUBERERE A O VE T, T
XF DPs F 358 R fire itz Ak RSB B IR AE B A AT i =

(2) XN DPsHR 37 5 IR RE J1 il EAnifE. 7
AT [l SRR A2 R A0, I 5 AT I mT R A 41
Xof ot P XU 55 . PR P ELAEG L L Tl v 4 g i
FHY5, LT BB B A DPs G b P AL 415 it A
fRE T, AR ZERE ST A iy 3 ) AT e A b 3 4%, (i
A T IR A R

R ZR. SEAPDPsUN AT 732 ()25 1, it el DPsiR A HAth b,
WA THBE b . DPs 5 J5F A% 35 R AT AL P B ) 2 U
FEAb AR R E > IR EE RS . SEBE IS BT B A R
Tht, LAY G A AR 6 IR A 2 R e AR 2 SR 1

(4) FHFEITRDPsHERHOWT A TAE. A3 AR R
Vs RIREE 1T TF & X B ARk, it 2R RS bt
BEZ BRSO, W R RS . 2R Re IR
A ST ETR, ADPs;= L & AR A AR 4.

(5) X DPs k5% B FEIE A 5T . DPsEE 45 &
A B A 7 A SO R BB AL VRS IR 45, ISR
5E AR P TE IS T TR A R AR 1) LA B A 25 &R

RPN

() SEHWRIEFY R A, et SRR LR

United Nations Environment Programme. From Pollution to Solution: A Global Assessment of Marine Litter and Plastic Pollution. Technical
Report, Nairobi, 2021

MacLeod M, Arp H P H, Tekman M B, et al. The global threat from plastic pollution. Science, 2021, 373: 61-65

Kim M S, Chang H, Zheng L, et al. A review of biodegradable plastics: Chemistry, applications, properties, and future research needs. Chem Rev,
2023, 123: 9915-9939

Hu L, Zhou Y, Chen Z, et al. Oligomers and monomers from biodegradable plastics: An important but neglected threat to ecosystems. Environ Sci
Technol, 2023, 57: 9895-9897

Zhou Q, Zhang J, Zhang M, et al. Persistent versus transient, and conventional plastic versus biodegradable plastic? Two key questions about
microplastic-water exchange of antibiotic resistance genes. Water Res, 2022, 222: 118899

National Development and Reform Commission, Ministry of Ecology and Environment. “14th Five-Year Plan” Action Plan for Plastic pollution
Control (in Chinese). 2021, No. 1298 [[EZ & R 2, A SIS, < U RS Y HA T3 i $. 2021, R IUERYE(2021)1298 5]
Tsinghua University, Sinopec. Environmental Impact Assessment of Degradable Plastic and Policy Support Research Project Report (in Chinese).
2022 [WEREARY:, PEAL. W BRI RS S BOR SRR E . 2022]

Xu'Y, Yin C F, Yue W L, et al. Microbial degradation of petroleum-based plastics (in Chinese). Chin J Biotechnol, 2019, 35: 2092-2103 [/f48, B%
AL, 80, 5. AR REEYIREAR. A=) TAR =4, 2019, 35: 2092-2103]

European Commission. Biobased, Biodegradable and Compostable Plastics. https://environment.ec.europa.cu/topics/plastics/biobased-

biodegradable-and-compostable-plastics en

10 Plastics Europe. Bioplastics Market Data. 2023, https://www.european-bioplastics.org/market/

11 Dormer A, Finn D P, Ward P, et al. Carbon footprint analysis in plastics manufacturing. J Cleaner Production, 2013, 51: 133-141

12 XuY, Lin L, Xiao M, et al. Synthesis and properties of CO,-based plastics: Environmentally-friendly, energy-saving and biomedical polymeric
materials. Prog Polym Sci, 2018, 80: 163-182

13 Zhang F, Zhao Y, Wang D, et al. Current technologies for plastic waste treatment: A review. J Cleaner Production, 2021, 282: 124523

14 LiXY,LiuZM, Xue R Z, et al. Biodegradation of typical plastics and its mechanisms (in Chinese). Chin Sci Bull, 2021, 66: 2573-2589 [Z=lfrIH,
XUSLE, B, . MORIIRHI A e S e LR, B384, 2021, 66: 2573-2589]

15 Ostle C, Thompson R C, Broughton D, et al. The rise in ocean plastics evidenced from a 60-year time series. Nat Commun, 2019, 10: 1622

16 Zhou L, Sang S, Li J, et al. From waste to resource: Metagenomics uncovers the molecular ecological resources for plastic degradation in estuaries
of South China. Water Res, 2023, 242: 120270

17  Meyer-Cifuentes I E, Werner J, Jehmlich N, et al. Synergistic biodegradation of aromatic-aliphatic copolyester plastic by a marine microbial
consortium. Nat Commun, 2020, 11: 5790

18

Lear G, Maday S D M, Gambarini V, et al. Microbial abilities to degrade global environmental plastic polymer waste are overstated. Environ Res
Lett, 2022, 17: 043002

2820


https://doi.org/10.1126/science.abg5433
https://doi.org/10.1021/acs.chemrev.2c00876
https://doi.org/10.1021/acs.est.3c04423
https://doi.org/10.1021/acs.est.3c04423
https://doi.org/10.1016/j.watres.2022.118899
https://doi.org/10.1016/j.jclepro.2013.01.014
https://doi.org/10.1016/j.progpolymsci.2018.01.006
https://doi.org/10.1016/j.jclepro.2020.124523
https://doi.org/10.1360/TB-2020-1347
https://doi.org/10.1038/s41467-019-09506-1
https://doi.org/10.1016/j.watres.2023.120270
https://doi.org/10.1038/s41467-020-19583-2
https://doi.org/10.1088/1748-9326/ac59a7
https://doi.org/10.1088/1748-9326/ac59a7

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Min K, Cuiffi J D, Mathers R T. Ranking environmental degradation trends of plastic marine debris based on physical properties and molecular
structure. Nat Commun, 2020, 11: 727

Delacuvellerie A, Benali S, Cyriaque V, et al. Microbial biofilm composition and polymer degradation of compostable and non-compostable
plastics immersed in the marine environment. J Hazard Mater, 2021, 419: 126526

Bagheri A R, Laforsch C, Greiner A, et al. Fate of so-called biodegradable polymers in seawater and freshwater. Glob Challenges, 2017, 1:
1700048

Garcia-Depraect O, Lebrero R, Rodriguez-Vega S, et al. Biodegradation of bioplastics under aerobic and anaerobic aqueous conditions: Kinetics,
carbon fate and particle size effect. Bioresource Tech, 2022, 344: 126265

Barbosa Camargo Lamparelli R d C, Montagna L S, Bernardo da Silva A P, et al. Study of the biodegradation of pla/pbat films after biodegradation
tests in soil and the aqueous medium. Biointerface Res App, 2022, 12: 833-846

Tanadchangsaeng N, Pattanasupong A. Evaluation of biodegradabilities of biosynthetic polyhydroxyalkanoates in Thailand seawater and toxicity
assessment of environmental safety levels. Polymers, 2022, 14: 428

Li S, Ding F, Flury M, et al. Macro- and microplastic accumulation in soil after 32 years of plastic film mulching. Environ Pollution, 2022, 300:
118945

Napper 1 E, Thompson R C. Environmental deterioration of biodegradable, oxo-biodegradable, compostable, and conventional plastic carrier bags
in the sea, soil, and open-air over a 3-year period. Environ Sci Technol, 2019, 53: 4775-4783

Huo X D, Sun J S, Wang J X, et al. Isolation and identification of poly (butylene adipate-co-terephthalate)-degrading bacteria (in Chinese).
Xinjiang Agric Sci, 2017, 54: 20862091 [FE I 7%, FMIUME, E4:8E, 5. WXIRZHER-C /R T _FR(PBAT) A I 1973 B3 4 2 R it ae J7i)
FE. BB, 2017, 54: 2086-2091]

Xu S, Wang J, Zhou T, et al Screening and community succession of high effective poly(butyleneadipate-co-terephthalate) plastic mulch degrading
bacteria (in Chinese). Microbiol Chin, 2018, 45: 2341-2352 [#:#4, EA%, JEl#E, 5. B R/ AR R T R SRk b I = 500 9 it o 1 s ke I
HAEIE RS AE. Wi i, 2018, 45: 2341-2352]

Narancic T, Verstichel S, Reddy Chaganti S, et al. Biodegradable plastic blends create new possibilities for end-of-life management of plastics but
they are not a panacea for plastic pollution. Environ Sci Technol, 2018, 52: 10441-10452

Rizzarelli P, Cirica M, Pastorelli G, et al. Aliphatic poly(ester amide)s from sebacic acid and aminoalcohols of different chain length: Synthesis,
characterization and soil burial degradation. Polym Degradation Stability, 2015, 121: 90-99

Adhikari D, Mukai M, Kubota K, et al. Degradation of bioplastics in soil and their degradation effects on environmental microorganisms. JACEN,
2016, 05: 23-34

Karamanlioglu M, Robson G D. The influence of biotic and abiotic factors on the rate of degradation of poly(lactic) acid (PLA) coupons buried in
compost and soil. Polym Degradation Stability, 2013, 98: 20632071

Perz V, Bleymaier K, Sinkel C, et al. Substrate specificities of cutinases on aliphatic—aromatic polyesters and on their model substrates. New
Biotechnol, 2016, 33: 295-304

Zhang M, Meng Q Y, Diao X Q, et al. Biodegradation behavior of PLA/PBAT blends (in Chinese). Chin Plast, 2016, 30: 79-86 [5Kk4#, #JKFH, -7
Wefd, %5, PLA/PBATHIRYIM AR TERERT ST, *FE¥ERL, 2016, 30: 79-86]

Muniyasamy S, Ofosu O, John M J, et al. Mineralization of poly(lactic acid) (PLA), poly(3-hydroxybutyrate-co-valerate) (PHBV) and PLA/PHBV
blend in compost and soil environments. j renew Mater, 2016, 4: 133-145

Wu C. Preparation, characterization, and biodegradability of renewable resource-based composites from recycled polylactide bioplastic and sisal
fibers. J Appl Polym Sci, 2012, 123: 347-355

Liao J, Chen Q. Biodegradable plastics in the air and soil environment: Low degradation rate and high microplastics formation. J Hazard Mater,
2021, 418: 126329

Qiu R. Original quantification, fate and microplastic release of municipal plastic solid waste—An example study in Shanghai (in Chinese). Master
Thesis. Shanghai: East China Normal University, 2021 [If$5. 35T SR A IR B3R W ISk Ak . R el OB RE B —— LA L i), -2
AOgsC. i AR, 2021]

Bing X. Biological transformation and secondary pollution control technology of urban perishable organic solid waste (in Chinese). Manag Res Sci
Technol Achiev, 2022, 17: 64-66 [MivK. IRBTH A HLE R M-S —UmRERIEOR. BHEBCRAT IS BT, 2022, 17: 64-66]

Yang D H, Hua Y, Wu B R, et al. Consideration on development of organic solid waste resource treatment and disposal technology under the
background of double carbon (in Chinese). Environ Eng, 2022, 40: 1-8 [#5 7R, 4205, i IHR, 4. BT 5t~ A AL B PR b BAb B R &
B IR TR, 2022, 40: 1-8]

Mercier A, Gravouil K, Aucher W, et al. Fate of eight different polymers under uncontrolled composting conditions: Relationships between
deterioration, biofilm formation, and the material surface properties. Environ Sci Technol, 2017, 51: 1988-1997

Zhang Y, Tao J, Bai Y, et al. Incomplete degradation of aromatic—aliphatic copolymer leads to proliferation of microplastics and antibiotic

2821


https://doi.org/10.1038/s41467-020-14538-z
https://doi.org/10.1016/j.jhazmat.2021.126526
https://doi.org/10.1002/gch2.201700048
https://doi.org/10.1016/j.biortech.2021.126265
https://doi.org/10.3390/polym14030428
https://doi.org/10.1016/j.envpol.2022.118945
https://doi.org/10.1021/acs.est.8b06984
https://doi.org/10.1021/acs.est.8b02963
https://doi.org/10.1016/j.polymdegradstab.2015.08.010
https://doi.org/10.4236/jacen.2016.51003
https://doi.org/10.1016/j.polymdegradstab.2013.07.004
https://doi.org/10.1016/j.nbt.2015.11.004
https://doi.org/10.1016/j.nbt.2015.11.004
https://doi.org/10.7569/JRM.2016.634104
https://doi.org/10.1002/app.34223
https://doi.org/10.1016/j.jhazmat.2021.126329
https://doi.org/10.1021/acs.est.6b03530

M4 Z b B 2025568 F70% £18H

43

44

45

46

47

48

49

50

51

52

53
54

55

56

57

58

59
60

61

62

63

64

65

66

67

68

resistance genes. Environ Int, 2023, 181: 108291

Arrieta M P, Lopez J, Rayon E, et al. Disintegrability under composting conditions of plasticized PLA-PHB blends. Polym Degradation Stability,
2014, 108: 307-318

Flynn A, Torres L F, Hart-Cooper W, et al. Evaluation of biodegradation of polylactic acid mineral composites in composting conditions. J Appl
Polym Sci, 2020, 137: 48939

Tabasi R Y, Ajji A. Selective degradation of biodegradable blends in simulated laboratory composting. Polym Degradation Stability, 2015, 120:
435-442

Weng Y X, Wang X L, Wang Y Z. Biodegradation behavior of PHAs with different chemical structures under controlled composting conditions.
Polym Testing, 2011, 30: 372-380

Anstey A, Muniyasamy S, Reddy M M, et al. Processability and biodegradability evaluation of composites from poly(butylene succinate) (PBS)
Bioplastic and biofuel co-products from Ontario. J Polym Environ, 2014, 22: 209-218

Jin Y, Cai F, Song C, et al. Degradation of biodegradable plastics by anaerobic digestion: Morphological, micro-structural changes and microbial
community dynamics. Sci Total Environ, 2022, 834: 155167

Ren Y, Hu J, Yang M, et al. Biodegradation behavior of poly (lactic acid) (PLA), poly (butylene adipate-co-terephthalate) (PBAT), and their blends
under digested sludge conditions. J Polym Environ, 2019, 27: 2784-2792

Yu C, Dongsu B, Tao Z, et al. Anaerobic co-digestion of three commercial bio-plastic bags with food waste: Effects on methane production and
microbial community structure. Sci Total Environ, 2023, 859: 159967

Wang F. Polylactide biodegradation under thermophilic and hyperthermophilic anaerobic digestion condition (in Chinese). Chin J Environ Eng,
2018, 12: 304-309 [T 8 = AN TR A1 T R FLIR YA RHY B A BT TRE2%4R, 2018, 12: 304-309]

Bandini F, Frache A, Ferrarini A, et al. Fate of biodegradable polymers under industrial conditions for anaerobic digestion and aerobic composting
of food waste. J Polym Environ, 2020, 28: 2539-2550

Benn N, Zitomer D. Pretreatment and anaerobic co-digestion of selected PHB and PLA bioplastics. Front Environ Sci, 2018, 5: 00093

Yagi H, Ninomiya F, Funabashi M, et al. Mesophilic anaerobic biodegradation test and analysis of eubacteria and archaea involved in anaerobic
biodegradation of four specified biodegradable polyesters. Polym Degradation Stability, 2014, 110: 278-283

Yagi H, Ninomiya F, Funabashi M, et al. Anaerobic biodegradation tests of poly(lactic acid) and polycaprolactone using new evaluation system for
methane fermentation in anaerobic sludge. Polym Degradation Stability, 2009, 94: 1397—-1404

Weng Y X, Jin Y J, Meng Q Y, et al. Biodegradation behavior of poly(butylene adipate-co-terephthalate) (PBAT), poly(lactic acid) (PLA), and their
blend under soil conditions. Polym Testing, 2013, 32: 918-926

Wang S, Lydon K A, White E M, et al. Biodegradation of poly(3-hydroxybutyrate- co-3-hydroxyhexanoate) plastic under anaerobic sludge and
aerobic seawater conditions: Gas evolution and microbial diversity. Environ Sci Technol, 2018, 52: 5700-5709

Venkiteshwaran K, Benn N, Seyedi S, et al. Methane yield and lag correlate with bacterial community shift following bioplastic anaerobic co-
digestion. Bioresource Tech Rep, 2019, 7: 100198

Wang C, Yu J, Lu Y, et al. Biodegradable microplastics (BMPs): A new cause for concern? Environ Sci Pollut Res, 2021, 28: 66511-66518
Wei X F, Capezza A J, Cui Y, et al. Millions of microplastics released from a biodegradable polymer during biodegradation/enzymatic hydrolysis.
Water Res, 2022, 211: 118068

Wei X F, Bohlén M, Lindblad C, et al. Microplastics generated from a biodegradable plastic in freshwater and seawater. Water Res, 2021, 198:
117123

Qian Y, Shang Y, Zheng Y, et al. Temporal and spatial variation of microplastics in Baotou section of Yellow River, China. J Environ Manage,
2023, 338: 117803

Okoffo E D, Chan C M, Rauert C, et al. Identification and quantification of micro-bioplastics in environmental samples by pyrolysis—gas
chromatography—mass spectrometry. Environ Sci Technol, 2022, 56: 13774-13785

Zhang Y, Wu D, Su Y, et al. Occurrence, influence and removal strategies of mycotoxins, antibiotics and microplastics in anaerobic digestion
treating food waste and co-digestive biosolids: A critical review. Bioresource Tech, 2021, 330: 124987

Magara G, Khan F R, Pinti M, et al. Effects of combined exposures of fluoranthene and polyethylene or polyhydroxybutyrate microplastics on
oxidative stress biomarkers in the blue mussel (Mytilus edulis). J Toxicol Environ Health A, 2019, 82: 616-625

Ding W, Li Z, Qi R, et al. Effect thresholds for the earthworm Eisenia fetida: Toxicity comparison between conventional and biodegradable
microplastics. Sci Total Environ, 2021, 781: 146884

Miiller C, Townsend K, Matschullat J. Experimental degradation of polymer shopping bags (standard and degradable plastic, and biodegradable) in
the gastrointestinal fluids of sea turtles. Sci Total Environ, 2012, 416: 464-467

Fan X, Zou Y, Geng N, et al. Investigation on the adsorption and desorption behaviors of antibiotics by degradable MPs with or without UV ageing
process. J Hazard Mater, 2021, 401: 123363

2822


https://doi.org/10.1016/j.envint.2023.108291
https://doi.org/10.1016/j.polymdegradstab.2014.01.034
https://doi.org/10.1002/app.48939
https://doi.org/10.1002/app.48939
https://doi.org/10.1016/j.polymdegradstab.2015.07.020
https://doi.org/10.1016/j.polymertesting.2011.02.001
https://doi.org/10.1007/s10924-013-0633-8
https://doi.org/10.1016/j.scitotenv.2022.155167
https://doi.org/10.1007/s10924-019-01563-3
https://doi.org/10.1016/j.scitotenv.2022.159967
https://doi.org/10.1007/s10924-020-01791-y
https://doi.org/10.3389/fenvs.2017.00093
https://doi.org/10.1016/j.polymdegradstab.2014.08.031
https://doi.org/10.1016/j.polymdegradstab.2009.05.012
https://doi.org/10.1016/j.polymertesting.2013.05.001
https://doi.org/10.1021/acs.est.7b06688
https://doi.org/10.1016/j.biteb.2019.100198
https://doi.org/10.1007/s11356-021-16435-4
https://doi.org/10.1016/j.watres.2022.118068
https://doi.org/10.1016/j.watres.2021.117123
https://doi.org/10.1016/j.jenvman.2023.117803
https://doi.org/10.1021/acs.est.2c04091
https://doi.org/10.1016/j.biortech.2021.124987
https://doi.org/10.1080/15287394.2019.1633451
https://doi.org/10.1016/j.scitotenv.2021.146884
https://doi.org/10.1016/j.scitotenv.2011.10.069
https://doi.org/10.1016/j.jhazmat.2020.123363

69

70

71

72

73

74

75

76

77

78

79

Tong H, Hu X, Zhong X, et al. Adsorption and desorption of triclosan on biodegradable polyhydroxybutyrate microplastics. Enviro Toxic Chem,
2021, 40: 72-78

Jiang M, Hu L, Lu A, et al. Strong sorption of two fungicides onto biodegradable microplastics with emphasis on the negligible role of
environmental factors. Environ Pollution, 2020, 267: 115496

Song R, Sun Y, Li X, et al. Biodegradable microplastics induced the dissemination of antibiotic resistance genes and virulence factors in soil: A
metagenomic perspective. Sci Total Environ, 2022, 828: 154596

Liu X, Wang X, Wang R J, et al. Effects comparison between the secondary nanoplastics released from biodegradable and conventional plastics on
the transfer of antibiotic resistance genes between bacteria. Environ Pollution, 2023, 317: 120680

Sun Y, Ren X, Rene E R, et al. The degradation performance of different microplastics and their effect on microbial community during composting
process. Bioresource Tech, 2021, 332: 125133

Zhou Y, Sun Y, Liu J, et al. Effects of microplastics on humification and fungal community during cow manure composting. Sci Total Environ,
2022, 803: 150029

Liu S, Qiu Y, He Z, et al. Microplastic-derived dissolved organic matter and its biogeochemical behaviors in aquatic environments: A review. Crit
Rev Environ Sci Tech, 2024, 54: 865-882

Romera-Castillo C, Pinto M, Langer T M, et al. Dissolved organic carbon leaching from plastics stimulates microbial activity in the ocean. Nat
Commun, 2018, 9: 1430

Li H, Shen M, Wang Y, et al. Research advances of biodegradable microplastics in wastewater treatment plant: Current knowledge and future
directions. Sci Total Environ, 2024, 951: 175614

Zhou A, Ji Q, Kong X, et al. Response of soil property and microbial community to biodegradable microplastics, conventional microplastics and
straw residue. Appl Soil Ecol, 2024, 196: 105302

Wang H, Yu P, Schwarz C, et al. Phthalate esters released from plastics promote biofilm formation and chlorine resistance. Environ Sci Technol,
2022, 56: 1081-1090

2823


https://doi.org/10.1002/etc.4902
https://doi.org/10.1016/j.envpol.2020.115496
https://doi.org/10.1016/j.scitotenv.2022.154596
https://doi.org/10.1016/j.envpol.2022.120680
https://doi.org/10.1016/j.biortech.2021.125133
https://doi.org/10.1016/j.scitotenv.2021.150029
https://doi.org/10.1080/10643389.2024.2303294
https://doi.org/10.1080/10643389.2024.2303294
https://doi.org/10.1038/s41467-018-03798-5
https://doi.org/10.1038/s41467-018-03798-5
https://doi.org/10.1016/j.scitotenv.2024.175614
https://doi.org/10.1016/j.apsoil.2024.105302
https://doi.org/10.1021/acs.est.1c04857

M4 Z b B 2025568 F70% £18H

Summary for ““nJ FAR SR ERITVE SR AN R AT S

Advances in environmental degradation and impact of
degradable plastics

Yuchen Zhang, Yuan Xu & Bing Xie'

Shanghai Engineering Research Center of Biotransformation on Organic Solid Waste, School of Ecological and Environmental Sciences, East China
Normal University, Shanghai 200241, China
* Corresponding author, E-mail: bxie@des.ecnu.edu.cn

Plastic pollution has become a global environmental issue. With the implementation of plastic bans, degradable plastics
(DPs) have been widely used as a substitute for traditional plastics in the fields of express delivery, takeout packaging, and
disposable products. DPs undergo degradation under the influence of abiotic and biotic factors in different environments,
and their residence time is shorter compared to traditional plastics, even though certain persistence still occurs. Researching
the degradation characteristics of DPs in different environments helps promote the development of the industry. It is an
indispensable link in the improvement of the comprehensive management of plastic pollution with practical significance. In
this paper, various definitions and classifications of DPs were clarified, and the degradation characteristics of DPs with
different polymer components in water and soil environments were summarized. The degradation in aerobic composting
and anaerobic digestion were reviewed, and the potential and limitations of DPs through biological treatment of organic
solid waste in urban areas were analyzed. In addition, the potential environmental and biological impacts of intermediate
products such as microplastics and additives released by DPs were also introduced. Current research shows that DPs
exhibit conditional degradability in natural environments, which depends on specific polymer types, temperature
conditions, or duration to complete the degradation. Incomplete degradation of DPs can lead to the release of plasticizers
and microplastics, impacting on the ecological environment. DPs are widely used as substitutes for traditional plastics but
are still processed according to the classification and treatment/disposal procedures of traditional plastics, mainly through
incineration, which increases treatment costs without bringing significant environmental benefits. The following prospects
are proposed for the promotion, application, and treatment of DPs: (1) Investigate and monitor the occurrence of DPs in the
natural environment. The laboratory conditions cannot replicate the effects of seasonal changes, weather, and water shear
on the fragmentation and degradation of DPs. There is still a lack of systematic understanding of the environmental
degradation and transformation of DPs, as well as the presence and persistence of intermediate products. (2) Establish
standards based on the application scenario and degradation capability of DPs. In the field of recycling and reuse, priority
should be given to recycling rather than biodegradability. For application scenario with high leakage risk, low reuse value,
and difficulty in recycling or cleaning, the treatment and degradability of DPs should be clearly defined. (3) Improve the
full-process management and optimize the classification system of plastic waste. Fill the gap in the classification of DPs to
avoid mixing them with other waste for incineration. Co-processing of DPs with municipal organic solid waste such as
kitchen waste is an effective measure to reduce environmental risks and achieve a circular economy, which also meets the
needs of waste sorting and low-carbon development. (4) Continuously carry out research and development on DPs.
Develop materials for different application scenarios, through blending and modification of various polymer materials, to
meet the requirements of commodity use, mechanical properties, and degradation capabilities, and provide technical
support for the development of the DP industry. (5) Strengthen the research on the residual characteristics of DPs. DPs are
more prone to degradation, microplastics production and plasticizers and additives release. The sustainability of these
incomplete degradation products in the environment and their impacts on ecosystems need further investigation.
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