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Received: September 21, 2021; Accepted: November 9, 2021; Published online: November 23, 2021
Supported by: National Key Research and Development Program of China (2018YFD0800103)
Corresponding author: CHEN Chang. E-mail: chenchang@mail.buct.edu.cn

HEWB . ERESAVLIT (2018YFD0800103)



B Z/4EYTIRBERERRFESM THEERRHE 1785

plastic pollution. As a consequence, much attention has been paid to biodegradable plastics due to their
degradability in a bio-active environment under certain conditions. Biodegradable plastics herald vast
development potentials and considerable market prospects. The degradation of numerous types of
biodegradable plastics will be affected by many factors. A thorough understanding of degradation
mechanisms as well as functional microbial strains and enzymes is the key to comprehensive utilization
and efficient treatment and disposal of biodegradable plastics. The article summarized the types,
properties, advantages and disadvantages, and main applications of common biodegradable plastics. The
degradation mechanisms, functional microbial strains and enzymes, as well as the degradation degree
and duration under different environmental conditions, were also summarized. This review may help

better understand the degradation of biodegradable plastics wastes.

Keywords: biodegradable plastics; degradation mechanism; microbes; depolymerase; aerobic; anaerobic

IRHE S RAPLE R Z —, TE&AA
WOz, RS HAER, BT, B 60%
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J# (polyethylene, pe) FIER N/ (polypropylene,
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SNV STV 4

A= W AT R A BRI 5 A 5 A B A
H, BEMSAE—E AR YR PRI T, A L
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Ay R I fitp SRR AU AR G S By b SR
EA YT R AR IR IR B 2, PERERS S, PR
S, TEAE A AL AL & 4510 T AEXE
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DUHEAT RGELRIR o Xk A= 1y mT I figp S A o figp AL B
FHRE R L B9 R GTIN AN, R o A W] i 2Rk
JR F W 1 e RO Ak PRAL B NG R il S (Rl 2 2
%, LR Wy AT S R A 0 gz T4 R
R

1 A T e AR Y 0 R A

A= W AT G A SRR AT ph R AR o 1Ak S Wi
A, AT E A AR sl s T B il
RAR WG o3 128 A W mT G it S RL DL BRI D oy
(thermoplastic starch, TPS) & 3=, S E ¥R &
2 A ) AT I A OB T R IR R Ok e TR IR
(polyhydroxyalkanoate, PHA), fk2=& 24
nJ [ i R AL A R TR
PLA). 7T R T M5 (poly(butylene succinate),
PBS). RT _M-C. _FR T I8 (poly(butylene
succinate-co-butylene adipate), PBSA), ¥

(poly(lactic acid),

XA Z R - T I (poly(butylene
adipate-co-terephthalate), PBAT) . % & W g

(poly(e-caprolactone), PCL) . & fix iR W. N B
(poly(propylene carbonate), PPC) . & & # i%
(poly(vinyl alcohol), PVA) %5, DL X4 WA4)
AT AR SBRL B TP SRR L TESCAPR . A
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REWR G- B T B g i, 1
W 1.
1.1 REBMER (TPS)

TE R 2 7 FH S5 - 9 A T R e PR AL 2
—, VEM TR LA R i S AR BAE T,
TG T 25, B AR S AR
TR, R R R A A R SR A
SRR, ol SR RN T R 2 (] A R B AR TE

R1 BERMEDFRERERLCE

Gy FIRIFN A>T N U5, RT3 S UE B o 7 190G
BAeTT, FEARTER 3RS b LR B, AT 5K
PRVER BRI R M TPS ORI IR) 12, E
PRI T AR B, FEfETEREOL R, A
A g RT RE fi SE R T B T TR YR 7 B
J1o {H TPS Jy2-1kRE . #AEaE M LA R /K PR
S, MELLEOE T . TPS FiSWLTREE S, Mk
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Table 1 Summary of common biodegradable plastics
Type Abbreviations ~ Structural formulas Application*]
Thermoplastic starch TPS Packaging, shopping bags, garbage

Polyhydroxyalkanoate PHA

O
'm
R O In

Pl

Poly(lactic acid) PLA

Poly(butylene succinate) PBS

Poly(butylene PBSA
succinate-co-butylene
adipate)
Poly(butylene

adipate-co-terephthalate)

Poly(e-caprolactone) PCL

Poly(propylene carbonate) PPC

Poly(vinyl alcohol) PVA o

HO OH
O o O
HO (0] OH
OH n

bags, mulch films, disposable
tableware and disposable medical
products

Tissue engineering, medical
implant, controlled drug delivery
system, packaging, mulch films and
disposable medical products
Packaging, shopping bags, garbage
bags, mulch films, disposable
tableware, disposable medical
products, building materials and
textiles

Packaging, shopping bags, garbage
)I\A/YO\/\/\O g g ) pping g & g
| n bags, pesticide and fertilizer

sustained-release materials, mulch

films and disposable tableware

I 1R ] Packaging, shopping bags, garbage
O mgh o Ot ging, shopping bags, garbag
0 Jml 0

PBAT 9 0
@W()WO

bags and mulch films

Packaging, shopping bags, garbage
Hearie g bags, mulch films and disposable

tableware

Medical implant, controlled drug

delivery system, absorbable surgical

sutures and cryogenic packaging

0} Cryogenic packaging, mulch films,
n

foam materials, controlled drug
delivery system and high barrier
materials

Soluble packaging and high barrier

materials and medical implant
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1.2 RBEEKREKE (PHA)

REELEIRER (PHA) J2& il 90 7 ik I
A, A OB MEITRFRZN, B2 RK
Ak 7 TEC R T 5 JL O DR WD R SR g o HL i iy =X
TR, m Al U 1-4, BEE PHA 19 R L[4
HN-H. -CH;. -CHs, f4fRKEET RM
(poly(3-hydroxybutyrate), PHB). & ¥ 5 &R
fig (poly(3-hydroxyvalerate), PHV) %5; HK
f PHA 1y R 5 P14 -C3H, 3 -Ci3H,,, ALIE R
BRI MREE (polyhydroxyhexanoate, PHH),
REILFMEE (polyhydroxyoctanoate, PHO)
G Ak, AR PHA gy — i H i n]
WA IR . R - T RN R AR
(poly(3-hydroxybutyrate-co-3-hydroxyvalerate),
PHBV) 1% 3-3 & T R 4- % 5 T MR MR
(poly(3-hydroxybutyrate-co-4-hydroxybutyrate),
P34HB). PHA f44 F: i 5 4014 RN B4
SEREVIMISE, MEEE PHA 4508 E s, RIMH
RAFEINIE; A PHA 25 808, BB R
TP SRR (R PHA A $A R A 0 R 975 fa T2
MIE, 06 A8, 0 TRk A, PHA
R ah AR R — i, MR AR ORI, IS AR
RESR, T 3-15 Ttk
1.3 EZLE (PLA)

RILM (PLA) 2 h LR oI5k 4 10 i
i) S B TR Ok - €2 57/ 1D S SNIVINY. < Fop B2
N IR A A5 FLIR 5 P4 S i T . FLIR
HATE (D-lactic acid, D-LA) FIZZfiE (L-lactic
acid, L-LA) 2 R, RIS R YA
3 R, HrePEgi R L-FLIR  (poly(L-lactic
acid), PLLA) F1% D-FLFZ (poly(D-lactic acid),
PDLA) 7 THEHENIN A R AER S, R
SR WIPE; TR D-L-FLER  (poly(D,
L-lactic acid), PDLLA) 7> F8EHERIS 5 Kk 7%
g, FIHERRAZET, PLA HARIFK
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VRBEL B I WM, 7 A 5 o A ) T e fi
RS 5 ARG Ty, (A, dimb
B, XE LT f 0 2 A s ) 0 SR, TEAR
T TR R O A A X A F R R R
R, TR mRIMERE K™, PLA RS &,
WA X (A 7E 34 T3 J0/t.

14 B tEHER (PBS. PBSA,.
PBAT %)

TOtR T oulRE L RIR ISR T R T R
(PBS). RT FR-C. R T _fig (PBSA). X}
K OHER-CL R T KE (PBAT) %, H:p PBS
il PBSA J& THRWIWE RN, PBAT & KL
¥, & e 107 I 0 A T L SR R

PBS 1T A 1,4-T 5k 325 J5URkHI
o TRAT FErl 4R W,
AWE . SOME . FURESE R RURE R BRI, LR iE
AN TR . PBS Al ad 51548 5k
LR BT o W | RS ki Tm 1, R
BRIz, T RERCLT, (RHE, #CiRm
Bk PE S S A R 418 ), PBSA BT R .
1,4-T A Rk £ 2R £ . PBSA 3t
RYrh & R I P 2 5 i FL AR R A bk
fit, AT PBS, PBSA HFEftERERIZZ BT
A Pkl E R, Phih P4 2%  PBAT
X 2R R L 1,4- T ZEEAIC R o R
il & o Horp g i isas BO T PBAT RAFHIFH)
PR AR W R e, O B R B U FH T 42 55 PBAT
B 12 PERE AU T VEBE . PBAT 4 55 Fl 1 24 fiE
5% E R 4  (low-density polyethylene,
LDPE) AL, I TRV, FIRAES
WA AT T, BRI e, WP
JEAR K, SR SRIK PR BEL R 1 RE 25, B fige
RS, B o — e A 1 R R AR e
JUMR oo ek R e i b AL R B A L H A A%
fE 3 AL/t ZE A
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1.5 E2ARE (PCL)

FKCWBE (PCL) 2 e NERE A AEIL
FRIEALTF AR A W2 AN TR R BE . HZh5H
R IS A i st i C-C B C-O 4,
VLS5 FI IR T PCL 307 (1 2 0k A0 2B ) B A vk
PCL % 54%, FE IR N 2IRIRES, 2 o il
TERIEAR R, 60 CZE A AYMRHE s BRI T 2w i
AR . SRR — M, HRiM s 7E
5-7 71 JG/ts
1.6 RRERIT AL (PPC)

RRIR VNS (PPC) & CO, FMIRAEN
%5 (propylene oxide, PO) i i i 4k 44 1L T
INRA & RKFRER . PPC NG, HAK
PRI . ARBHREYE | A P R A A
A M. (A PPC 2 ETEREW, 4 FHA/EH
Ji/h, PR AR, JioEtERe 2 FEE RAEE
RutEg 5L, Zy Kk . Pd e, oAk,
T AERE 2 fFTERN R, IR ENEE,
e R E R R S kR R b R R
30-40 °C 3 35 4k 5% A B BR ) 1 HAE v I A%
R AN, PPC R AL AR B — B, s AE
5-8 J1Jt/t.

1.7 BRZHEE (PVA)

RO (PVA) J& SR & 06 A iR
Mz ¢ 0 Ja i Bl S o FRAEY . K
AL 2R BEAR K FERE O T BRI . MR PREE
i FEE A [] ] 43 S8 A A 0 L 3 0 T i R A
R B Y P B 87%—88% I 3 43 it it 78 PVA
A e i 0K A, T I A O R B IR Y
PVA KEMYAE 2, PVA B8 . BB .
SRBHRRERIPLRE R E, A5 2w, WRE R
PRBEBR TR, i TrEREZE 221, PVA Fidhik
BE—K, HEmHMsTE 1.2-2.5 1o/,
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ok uF, RG W KA AT R, 7
AEK SR 00 11 B P o R A ) T I e R I A Y
BRI . BUEYPK RN . HE MRS
RAWAEMM A R, IR EYEEL A
Wik, B2 AR MR R BT
PLA., AR ZHRS el . RRREFR
aYmE . ARk mER R EEN 4
Wy e 3 g SR ) 7K AR 30 kR T 5 A o AR
PEAT, BRI AE IR G YRR N TR ST R A
e g KA R A W O E T X /LS | A K
fi S, ARG Y BRI RS Y R 15 2 i
i i o RMRMNAREYRTITG, RE
PR (B 1), SRR A R T g TR A
R 27K e o K ) T A e
JE, BN (N, B§) ARESE IR
FYIRE, kA FRm R, RGN
A28 i R G LA R K i i R AR SR 5 W
Wee A 1) SE AL o H UK B9 IR o K A
PR FERS, 23k A SRR et
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Surface erosion

Bulk erosion . .
Degradation time \

1 EYARRERNREREMEERE"

Figure 1 Surface and bulk erosion of biodegradable

plastics!' ",

A= Wy G A SRR A B R AR R AR B T
REVRIBIr NEER . RGP LB KR
KWy B, NILEh ik | 4R ILER
SR> TRM PHA SERUEDAH& R4
] R RN by K . A SRV BE LA B R
TR SR Wit LU AL 3% AR IR 14 05 7 R SR TR o e A, 05
A ROLBOER M A PRI . R A 45 X
BT TR By, RS W IeE T X s
25 S IX I o R R SR Y
B BTG PEERAL, D I HAT B A Rl L ) 2R
PR TR S Yy B A S T B ) A
PR AR L LA SR RIS IR SR S 5
WA, DN XS 1 3 5 2% 1 R RS 4 F v
B SETIDPSEEy/ DR IS PS] T ks S
IKIETERY) . REWFRABIRE , Y5
BEE o DL AR AR 40l 5 A DRV I A A P Y
AT T AL B R TF BARA 41
2.1 BHEEREVAIEREERIAER

FARTERYHE | £ G 3 BB N 1 2 B 5
Ay ] oS SRR, A AR B ) T SR A T A
B, AR RS R A AT . BT
SRR R A, WARTER I . SPYER .
RWEMESE, U YIRS 22 R B A0 3 iR R
W o
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TPS J& HFI# WA= ] e ikt H 3=
B —Eky, HARUIRYE, KaBiE
PN A, KRS KE . Ehia+H
2 M EREEITE R R R i AR . By R AR
R ) -OH 3 A1 T 5 & A K 1y C-O-C g
TPS B R A R I T 5 A I TE K, TR
IRTER G, WEIR TPS A e sk, i
AW 5 R A A oy R R A TR R, DT T X
A AT B RO FEAP R T, Tkt
MR . s DA SO B 2 A T 55 7 A RS T
22 TERETT AN A WE i S0 o A OIS L 22 2R
TR ATE ; FEDRAERMES , WM TEK R AR ™ A
P 7K ik B A T 05 e A R 22 ZEWE RN R 5 0
Gk grpu )l ISP ] O et X
2.2 SEEHEE AT PR LB R AP AR

X PHA. PLA. PBS. PBSA #il PCL } ¥
HINR T I R BE L PBAT Ky 3= 4 6 105 6 05 75 1k
ILREE P AAFEANTROE R, A5 Z B I
i AR K R SRR RN AR SR, DT A AT SR 4 B
A, PR L A MR AR, 20 B Ak,
BATEA A Frea Co, Ml HO, 1ERE S
R4 CHyo BTG SRR A0 AR 7 16 07 45 1 3
R K mEmE 2. |3 proRil

SRR R 0K i B EL S IR T i . R . R
P . A A PHA RS, BT A A
) IV 40l 4 0 A T I A R B T 2R
HMURMR, Wian, 5 E B A% o-fgsE, PHB
fiff SR b [ PR A B-TERGHE, MU T DO ) T
fift y-o BREENT2 XA B AT R A SRR K A

(@]

, 0
PLA\T%#O,PLA PLA\TJLOH & i LA

B2 BeRhik B ERA0RREBEH HI
]

Figure 2 Depolymerization of aliphatic polyesters™',
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Figure 3 Depolymerization of aliphatic-aromatic co-polyesters''’.

FE Ny 2 B RN TR AW TG PEAL A

FH 518 7K 45 ) S 85 AN s R Ak AT A 175 1
PEAARWTRL, AR I/ N ER Py R ik 3] J&] R A
R Ak oK s, R TR,
Ii] F K A R K FURIY Y, Tokiwa %604
i T8 PR 07l PT K i A R 2 R ) SR TR
Be4#, 41 PCL. PBS. PBSA IR T ik — g
(poly(ethylene succinate), PES), {HMER#f#RHA
R (Tw) RIBELTER S, W PHB #1 PHV
WAL, W Bk 3 A B 2 I 1Y) 3R 5 s PR
R, BRI Tk, Lokt igim, *t
KPR G ER . MR A o/B KA
KRG, S22 2 TR IR, Wi 545 g I T A g
B A FR e, R T IR YRR, M
XTFHEEE, ARG K AERR BT S AR i A L
£ T Bl AN 52 ST A BAE RO SZNR ] B A RO
IKSEEE KRS, R AR O K, 7E
J7Z Y pH A BE Y RN 2 B A PR
BT PLA RRf% 2 S 2 Reeve PR IH
ok B MR R A OSBRI (Tritirachium  album
Limber) (8 A K AGEZHE PLA 1Y D-3 KR
FAA, G B B K51 PLA Y L-FLIR
i  PHA. i 5 i i o B 1 ) Z2 IR I
HAe b O R0 T A8 D A AL s, BEATm
TEPED s e 2 [ HES A 22 5P, HAre Al
PHA f#EEFEANRNIEREY:, AR NEE o5
IR (o-hydroxyacids) WIS, WE 4-75%
T RIS (poly(4-hydroxybutyrate), P4HB) F1%F
6-FRIL LRI (PCL), —LLfig Il H % PHA fi#
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]

BB PERT

AN [R) P 7K S T %o A [) A 0 T e i 0 A A
. PHA My/Kf#MG 202 PHA fRERE, K
RPN PHA 28R 5, PHB /KA i 3-F2 3k
TR, PHBV /KR4 3-53E TR 3-5558%
%, P34HB K i A= 1l 3-72 2 T IR A 4-F2 3L TR .
PHA fREHN 5% PHA WIMEBIEMRZE, |
K% PHA MIMIBESEMEE 2, 5 i figk SR -5 s ot
a4,

BREE IR AL, BT . R I R O -t )
PLA WREMREIENT, i HIK AR A A R B AL
FRARERY (n=2-13) KD PLA [k 8
TR SR B AL R & 2E  WTRE LS & A AR R4S B
X3, PLA Wist)s, ARILuLRmibreEd, g
AL [ e85 2% PLA /KR (1 91,
H AL RO [ PLA TE 53 2546 P 5 Ak B 42
ol 1 3 238 PR T A LR AT R A A 2R TR ol v R
R T IR A A IR R 18 1 R A
MR IR, REW L ARR YR
2, BRI T Ak PLA By /K il R
2 AN pH fE B0, Sl S R K#E (55 C)
REA T, AR A T S pe b A T
Ab, BRYE B AE S F R AT R UE PLA AR AR, 78
B A5 T, PLA i 3 Fig g i JC R I 24K £ A=
BN AE TR JE P AL LR s FERME S5 F T, PLA
i 1 B T S E K R o LR

PBS il PBSA 7EAGIVilE . Fal. FABEGH
WALAER ™ &K iR, PBS /KA 1,4- 1 f%
(1,4-butanediol, B), T —iX (succinic acid, S).
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O H,0 (0]
Hos Moy Ao 10
H CH, H CH; |n

L-lactic acid L-PLA
N Ry 7

H,0
0 CH,

H

(0]
L-lactide

El4 PLA RIMEDE ML mR""
Figure 4 Self-catalyzed degradation of polylactic
acid'®l.

SB. SBS. BSB #l SBSB >}y 3= f{I K 14k BA {4 FlI
REYEY, PBSA 4K B, S FIC —fR (adipic
acid, A) 3 Fh B LA K 3 Fh B 04 DTG SHEAH 3% 122
MR Y. PBSA 0 —R¥ITH 14-T
WERATCRAR PR, T T R AT MERR DY, O
TERIIMAFREL T PBSA M4 WE, LERX
RS ERES M RG22, (O ) R R A
PBAT FERg R . A A AL T & A KRR, KA
FEYIBR B AL FIX K IR (terephthalic acid,
T) 3 FhBfk Al , B4 BA, BT, ABA, BTB,
TBT. ABT %R Y), PBAT WM ok 4
TE BA B, BT §E BUHMERE P2, MixtT PBS,
PBAT Hwf 2R Z H R RS I, B AU T Al L o g
SRR M, i PBAT B R TR, 18
A R, & 3 AN LA B AR SR A Y
%ﬂljﬁi R fp o e, LKA =4 By

1-3 /i S 1 B A RMIR R B0

PCL W ZENRII B . BEMG . OB, fAJR
il JLT S SE AL T & Ak R HOK R

o - L 0
4 i Basic
PPC\ i /l\/ PPC\ ™ /I\/ . — ~0
OJ' o) it O"-LLOH ® gt ETC ot

5 BERniRBEARERBS RO RE SR AN HI

Figure 5 Depolymerization of aliphatic polycarbonates.
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Y FEER e-RECRM B, SRk, =
RURMMURIEMREASDEY, 1A, PCL &5

) 45 i 5 RIS i it AP, ol KA A TR X
AXTF4h dh X ek, PCL Jo e T X 38 vl B8 A5 %L
B A 0
2.3 BERBREE R4 ) AT PERR ZE AL RO PE AR

SRk R 15 1 o e = 5 LAk T T B T 284 1)
KT, RERBRNE LR BR N R KA, 2 KE
TR, ABTERRME AT, SREBR R i % i
R RERE . RO AP S A — A IR AT R R
X A 5R 5 Wy v e D R AR Y R 2
o TREBRBR TR T ) S A I LUORH N R 1
PR LA R, SRR IR TR k[
TEBME S5 T G 2 B A AR et &
HR MR R - AR B s, #E— D ifiElb
SR A FRIEIFREL CO, . LI PPC MR AYE
TRPR TR I e SR DL IR 5

HI PR BT CO, il 5 B SR BRIR TR , 5] 4n
R L TE (poly(ethylene carbonate), PEC)
FIERBR AR £ BR-N B 2L 2 BE - (poly (ethylene-
co-propylene carbonate), PEPC), 7EH %5 A5 i i
(AR T R R A WA A A fRT SR — oo e
Suyama 55 U7R F /K i R B T , 0F 7 o0 R
PR POV FH JEFE  (poly(tetramethylene carbonate),
PTC) MKMFVER, BEFEE KM, KiE PTC
P B HE : AR L BB (Candida cylindracea)
G B IR [ TR . PR MR (Pseudomonas
sp.) A LAY A 25 1 RE U5 DA K H g 0 Rk P T
(Chromobacterium viscosum) Fl /b R R 5
(Rhizopus arrhizus) & 08 5

+ CO, + HOJ\/PPC
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X: cjb@im.ac.cn



1792 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

24 EBZRESYAFEFEERAERR

PVA HES5 S 25, A YRS
RAETE PVA MHARIY 2 DAL , R fe 32 %
AFFPCY, —Fh R kA B LR (secondary
alcohol oxidases, SAO) % ft PVA, fiffi PVA 1Y
2 AR IIE B B-— 25, SRIGHE B-— I
JKf# M (B-diketone hydrolase, BDH) FJ/K fi#fE
AT, B-—EIR AR E C-C #ERA MR, X B-—
il A A 4 e e 4 B AN TR) RS, 7K i S A R A AE Bk
B R A ) — M, DT A A B R 8 e B 4y
A B SRR AR R, KA A AR SR W A
PR A A M i B4Rk =R IR AT -
Kl 6 K45 T B SAO 1l BDH Bifffif % 511 PVA
R . o —Fhig e 2 L A Ak PVA 1 142,
TR -2 B J , 300 o P 4 1l S O T B-58 R
AW C—C i, A s LT AN, b it g s
WL (pyrroloquinoline quinone, PQQ) i 1
B9 PVA i S (PVA dehydrogenase, PVA-DH)
N EEE (apoenzyme) 437 Z 5 ¥ I A Ak
IS 47 B R 2%, 2677 AT B (Alcaligenes
faecalis) KK314 #§ i i i o X F i 15 B i
PVAPY, Ah = apoPVA-DH 1 2 i & B
(Sphingopyxis sp.) 113P3 (%4 45 . B PR B
113P3 | B & B B A
Sphingomonas sp. 113P3) Xf PVA FCif i 12 A0
XPRER, KIS REATE B B- 1 B- L
XA PRAEAE—FI AR T BDH ()8 B4k PVA
BB (oxiPVA hydrolase, OPH), X i Xt P il
A ER A PR PVA-DH J&8 T N, PVA
WAZFLHE A A0 L) J5 J A B 1 2R — AR AR gk A T
FEfg, ZMLShag SAO FIREA BT PVA R 3|
Bl RN, A g ] B i 0

HAT, 284y FEmaee TR0, H
A Ay A fir 3 I TR B K AR TR R A, S
BRI AR I R AR S, i S0 A ] [ e 20 )

Pseudomonas  sp.
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Figure 6 Depolymerization of polyvinyl alcohol™®.
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Ve fd i ss PHA MRE T, (HONREREMR R 40T Fl
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Table 2  Strains and enzymes with the potential to degrade biodegradable plastics
Enzymes Strains Properties Source Types of plastic References
degraded
Lipase Acidovorax delafieldii BS-3 ~ Gram-negative bacterium; 30 °C* Soil PBS, PBSA [41]
Aspergillus niger MTCC 2594 Fungus; pH 7.0, 37 °C - PLA, PCL [42]
Burkholderia cepacia Gram-negative bacterium; 37 °C* Activated ~ PBSA [43]
PBSA-1 sludge
Burkholderia sp. Gram-negative bacterium; pH 8.0, — PCL [44]
30 °C*
Lactobacillus plantarum Gram-positive bacterium; pH 8.1, — PCL [35]
MTCC 4461, Lactobacillus 37 °C*
brevis MTCC 4460, and their
co-culture
Paenibacillus amylolyticus Gram-positive bacterium; Soil PDLLA, PBS, PBSA, [45]
TB-13 pH 10.0, 50 °C PCL; not degrade PHBV
Pseudomonas aeruginosa Aerobic, Gram-negative Cultivating PBSA [43]
PBSA-2 bacterium; 37 °C* soil
Pseudomonas sp. Aerobic, Gram-negative - PTC [37]
bacterium; pH 7.0, 35 °C?
Pseudomonas sp. DS04-T Aerobic, Gram-negative Activated  PLLA [46]
bacterium; pH 8.0, 50 °C sludge
Rhizopus arrhizus Fungus; pH 7.0, 30 °C* - PLLA, PCL [47]
Rhizopus arrhizus Fungus; pH 5.6, 37 °C* - PEC, PEPC [36]
Rhizopus oryzae Fungus; pH 8.0, 30 °C? - PCL [44]
Sphingobacterium sp. S2 Gram-negative bacterium; Compost PLA [48]
pH 6.0, 40 °C
Streptomyces sp. Gram-positive bacterium; Agricultural PLA, PBS [49]
SCM_MKPN-8 pH 7.0, 30 °C* soil
Esterase Alcanivorax borkumensis Aerobic, Gram-negative Seawater PDLLA, PCL, PHBV, [28]
ABO2449 bacterium; pH 9.5-10, and marine PBSA, PES; not degrade
30-37 °C sediments PHB, PBS, PDLA, PLLA

Bacillus sinithii PL 21
Brevundimonas sp.
MRL-AN,

Candida cylindracea
Leptothrix sp. TB-71

Ralstonia sp. MRL-TL

Rhodopseudomonas palustris
RPA1511

Roseateles depolymerans
TB-87
Thermobifida alba AHK119

Gram-positive bacterium; pH 5.5, Compost

60 °C
Aerobic, Gram-negative

bacterium; pH 6.0-8.0, 30-37 °C

Gram-positive bacterium,;
pH 7.0, 35 °C*

Aerobic, Gram-negative
bacterium; 30 °C*
Aerobic, Gram-negative
bacterium; pH 7.0, 50 °C
Gram-negative bacterium;
pH 9.5-10, 55-60 °C

Aecrobic, Gram-negative
bacterium; pH 9.0, 30 °C
Gram-positive bacterium,;
pH 6.0, 45-55 °C

Soil

Soil and
freshwater
Hot spring

Freshwater

Compost

PLLA [50]

PCL, PES, PLA, PHB, [51]
PHBV
PTC [37]

PBSA, PCL, PES; not  [52]
degrade PLA, PBS, PHBV
PCL, PES, PLLA, PHB, [53]
PHBV

PDLLA, PCL, PBSA;  [28]
not degrade PHB, PHBYV,

PBS, PES, PDLA, PLLA

PBS, PBSA, PCL, PBST; [32]
not degrade PLA

PBSA, PBAT, PCL [54]
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(£ 2)
Enzymes Strains Properties Source Types of plastic References
degraded
Cutinase Aspergillus oryzae RIB40 Fungus; pH 9.0, 35-55 °C PBS, PBSA [55]
Clostridium sp. Anaerobic, Gram-positive Anaerobic PCL [56]
bacterium; pH 7.0, 35 °C* sewage sludge
Cryptococcus sp. S-2 Yeast; pH 8.0, 30 °C* Air PLA, PBS, PCL, PHB  [44]
Fusarium moniliforme Fungus; pH 9.0-10.0; 22 °C® - PCL [34]
Fusarium solani wild-type Fungus; pH 9.0-10.0, 22 °C® - PCL [34]
strains 77-2-3 and ATCC 38136
Thermobifida fusca DSM Gram-positive bacterium; pH PBAT, PCL; [57]
43793 6.0-7.0, 65-70 °C not degrade PHB
Protease Actinomadura keratinilytica ~ Gram-positive bacterium; Forest soil PLLA, PDLLA [58-59]
T16-1 pH 10.0, 70 °C
Amycolatopsis sp. Gram-positive bacterium; pH 7.0, Agricultural PLA, PCL [49]
SCM_MK2-4 30 °C* soil
Amycolatopsis sp. Gram-positive bacterium; pH 7.0, Agricultural PLA [49]
SCM_MK3-3 30 °C? soil
Laceyella sacchari LP175 Aerobic, Gram-positive Forest soil PLLA [60]
bacterium; pH 9.0, 60 °C
Streptomyces sp. Gram-positive bacterium; pH 7.0, Agricultural PLA, PBS [49]
SCM_MKPN-9 30 °C? soil
Tritirachium album Limber ~ Fungus; pH 8.0, 30 °C* - PLLA, PDLLA [44]
PHA Aspergillus fumigatus 76T-3  Fungus; pH 6.4, 55 °C Soil of hot PHB, PES, PBS [61]
depolymerases springs
Bacillus sp. IBP-VN2; Natural seawater; pH 7.0-7.5, Tropical PHB, PHBV [62]
Enterobacter sp. IBP-VN 27-30 °C* coastal
Enterobacter sp. IBP-VN1; waters
Enterobacter sp. IBP-VN4;
Enterobacter sp. IBP-VNS;
Gracilibacillus sp. IBP-VN3
Clostridium botulinum Anaerobic, Gram-positive Anaerobic PHB, PHBV [56]
bacterium; pH 6.8, 37 °C° sewage sludge
Pseudomonas fluorescens Aerobic, Gram-negative Activated  PHO [63]
GK13 bacterium; pH 9.5, 40 °C sludge
Pseudomonas lemoignei Aerobic, Gram-negative Soil, PHB, PHV [64]
LMG 2207 bacterium; pH 8.0, 37 oct compost
Streptomyces sp. AF-111 Aerobic, Gram-positive Sewage PHBV [65]
bacterium; pH 7.0-8.0, sludge
35-55°C treatment
plant
SAO and Pseudomonas sp. Acrobic, Gram-negative - PVA [38]
BDH bacterium; pH 7.0, 30 °C?
PVA-DH Alcaligenes faecalis KK314 ~ Gram-negative bacterium; River water PVA [39]
pH 7.5, 30 °C*
Sphingopyxis sp. 113P3 Gram-negative bacterium; Activated  PVA [40]
pH 7.2,37 °C sludge

a: the experimental conditions for the activity of the enzyme; b: pH and temperature are optimum condition and experimental
condition for the activity of the enzyme, respectively. The others are the optimal conditions for the activity of the enzyme.
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g (Actinomadura) (12.9%) . 5 i i LE T &8
(Thermoactinomyces) (9.7%) . HE2: )& (Streptomyces)
(48.4%) FI B ¥ 0 & J& (Saccharomonospora)
(3.22%). SUFAEMEEAM L, PHB fil PHBV AYIK
AR . Abou-Zeid ZEUCIME Y 2 BRI AR
PHB FI PHBV M@ tk, Ef15 K FHE
Clostridium botulinum 1] 16S IRNA £ I 94.9%
(9P 0 ) e o 2 DA 0 B8 ) B — TR AR AR Ay e
Wit , 37 CA&MF R4 75 h Bfii, PHB MyFE AT
Hil pH B, pH 231 7.0 FRER 4.8, MiKEAR1F
BATE 75%; A 451 pH 4ERF7E 6.8 7247, 29 90%
) PHB A3 £E 50 h ABFESR o AR, 251
B—TARAE RN, R G HTRE PR FT
MeAh, E AT PHA, 4G T ]
Ascomycota, A ] Zygomycotina, 15
48 Basidiomycetes FI2EHI 4N Deuteromycetes”
Kim %5 117 28 . 37 1 60 C4AF T IF RS
B, Jres ik Ak HIEATEEIS e 2 PHB
Fefg B b, PR B (Aspergillus  fumigatus)
LAR 9 73Aiifie)" , 7€ 3 ANl 44 Al [ fi% PHB;
Wi 5% (Penicillium simplicissimum) LAR 13 %
PHB (YRR I, 27 CA&MF R4 28 d 41
Ja, FEfRRIEE] 64.5%
3.2 PLA HIFE#EREY

PLA [ fif i 42 W) K 220k B ZF AT i FF
(Bacillaceae) . /NASPE R} (Micromonosporaceae) |
R K KBl (Pseudonocardiaceae) . 4% 0% £}
Moo & WO
(Thermoactinomycetaceae) 1 & i 5. 7 & Fh
(Thermomonosporaceae)!®, Satti % )\ Mk B p
BT 4 Bk PLA KME (& W E
WA BE A
(Sphingobacterium sp.) S2 . i &% R ¥ M H
(Pseudomonas aeruginosa) S3 Fl S4), EA#EH
TSR T X PLA HA BE MR . ILRFSEIE

(Streptosporangiaceae) .

(Chryseobacterium sp.) Sl .
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B THE 30 CHEAMHFEAIT, AR PLA
RO RAE . H Sphingobacterium sp. S2 B
e 7 W AP £ 0 e LU PR 3% 260 U/mg™™,
1E LR ASMOML AR, /R X PLA B8
WAk A B 1, Hajighasemi 2528458 T
K BHIHE S &b (Alcanivorax borkumensis)
ABO2449 FIAPEL BRI (Rhodopseudomonas
palustris) RPA1511 T FEI PDLLA [ i 14 g
fitf. 78 35 C4FM 36 h N, RPAISII (iG1
P % PDLLA 1) R A R 15 21 40%, 1l ABO2449
X} PDLLA W& #2515 90%, Hanphakphoom
IOV K 1 AR - 4 1) g AR TR B R
W E (Laceyella sacchari) LP175 HiER] T
PLA [Efi# E FIRXT PLLA FEfEROMEHEAET, 1t
B LS PE ik 328 U/mg. IBAh, ELRBEIEDT A
A3 PLA fIRETT . SR ABRERTE (Cryptococcus
sp.) S2 HYZE AL F1 T Al A R K% PLA FIH A 2R
fig, fn PBS #1 PCL. 7 30 CZ&AFT, s>
BITE 60, 5 130 h WK PLA, PBS #l PCL [#
foe 4, HAEIZAME T, PHB {GH 4 MR,
3.3 B - R RERRIFERRREY
Xt F ZOGHR —OuBE IR ER R 4 (PBS.
PBSA .PBAT %), A% 5 & HLoGH) PBS 1 PBSA
R 3 ik M BB B A T 5 O B T nY R R R
Hayase L DU A 32 vh 43 85 10 46 /N 28 AT 1
(Bacillus pumilus) 1-A Bk, 76 30 CHKAFT 14d
XS PBS RYFEAFAIAE] 90%, XF PBSA fRE
LIS 100%, Xt PBAT HIIEMERAE (4.8%).
Lee SMWINIE M5 P48 BI i 2 ¥k PBSA Fifi
W, AR E/RTEE (Burkholderia cepacia)
PBSA-1 fil Pseudomonas aeruginosa PBSA-2 ., 7E
37 CHAMT, 2 R BRI 7 A AR 7 T A
PBSA £ 40 d JGik%] 78%FIF%f#4% . Nakajima-
Kambe 252 Hi8 T3k A £F B (Leptothrix sp.)
TB-71 TE K PBSA B IREE 72 30 CAAMFT,
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3 d WIZEPRXT PBSA [T R T 96%-100%
Z 8], % PES MM R IKF] 100%,5 d XF PCL
B Al AR B 43%, MAh, A BT A 1
HH R RIS R L 1T BL A, Maeda S50°0IE
SCT HEOKEE (Aspergillus oryzae) RIB40 7E
30 C4&MFF, 5 d WXt PBS il PBSA H 54
fift o DAL LR 0 B AlAL Y A BB PBS . PBSA
1 PLA A LIS 40500 0.42 U/mg. 11 U/mg F
0.067 U/mg. M LA FS FIER B A R R A o5, X
JIE 0 B SR M B e TR B I

XTI S B AL B R . Shah S pAIR
KRB 1 PRI D I 57 A S SR IR o e A
Roseateles depolymerans TB-87, H.j= 4= i Fig 1 ,
Xt PBA. PBSA. R THIR-T M T —Hi
(poly(butylene succinate-co-terephthalate), PBST)
M PCL 253 HAT /3 AEF o Kleeberg 25U
THENE th 2> B 20 AR IR D R 5 & R AL R e
e mibk, WERI R T RIER, I
F VIR, HP RS R
(Thermomonospora fusca) K13g Fl1 K7a-3 Xf 5
P B B A 3 L B M E U 20 5
Kleeberg 257 M (4 i LI TE  (Thermobifida
fusca) DSM 43793 (% H44: Thermomonospora
fusca DSM 43793) rh&lifb th HAT &5 B B i e 05
T I SRR A A P 1) o TAOK it Bl , 1% BBAE pH
6.0-7.0, RS 65-70 CHITE MR =, BEAYRFE
AT ER AN 5 W 2 6], A BE S — b A B
Witt ZEV R FSRE MR Thermomonospora fusca
DSM 43793 7 55 "CAAF T IF R F#AF S5, PBAT
7€ 22 d NIMBEMRR RIS 99.9%. KAk, HEHS
5 PBAT MM . Trinh U376 spid 4 4F T
(30 C) PFAE T 29 Fh4H TR A E B X PBAT HIRF
FRRCR, XUEHMRZ B A L. Bt 21 d
Jo, 2 BRANEE (W% 25T (Bacillus subtilis)
ATCC 6051 #1 ATCC 21332) F1 3 #RICH (Rl
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%5 (Aspergillus niger) ATCC 16888, IR H 5
(Paecilomyces lilacinus) ATCC 200182 FIFgHA
%5 (Penicillium pinophilum) ATCC 9644) {fiit
SRR B Ak
3.4 PCL HIFEREREY

PCL FEf#IETE AR AP F1EH %, Khan
DN E R E FLFFE  (Lactobacillus  brevis)
MTCC4460 . HHPIZLFFEA (Lactobacillus plantarum)
MTCC4461 FI'EATHY IR & B R AT ™ 4 iR
JUs W K& PCL. 37 “C&FRiF% 10d, PCL i
14 5 B4R 2R 43 B FE MTCC4461 (1 g I i vk 1
5 mg/mL LA K MTCC4460 Fi1 MTCC4461 IR
B DORE I i 107 Bk B R 10 mg/mL B A S R 5
K 60%F1 50% . Mk 57K T 43 B g A5 R G
W (Ralstonia sp.) MRL-TLPVHIM + 35 v 43 55
H % B (Brevundimonas sp.) MRL-AN,P!
Al REIE i A2 7 PCL M R VR T PCL.
Ralstonia sp. MRL-TL BFRTE 50 ‘C&ME T, 10d
N A T 3 60%04 PCL i ; Brevundimonas sp.
MRL-AN; B #RTE 37 CAMFT, 10d NFERE T
it 80%M) PCL i, Abou-Zeid %5 IR A5
W e T 2 Fkhil PCL FEfRE, ©1f15
Clostridium botulinum 1] 16S rRNA R H 91.7%
MRS R I, AT BE AR R BT A, A WY
PCL [fif i il RE 2 A o, (HER MR A,
1237 CHMT, mORFEMHEAM 0.14 mg/H .
Chua 45 17TIA 438 v 43 8 1 08 A TR R A 5% %
thermoviolaceus) 76T-2, FFMEEFEHE FIGHw
alifk iy 2 M PCL fi 2R M, Horp 1 A EAT LT J5
B o 72 40-50 CHRJEMLEN , PCL AI7E 6 h
NRAEAE R T6T-2 WAk SE % . FLREAE PCL
AR b R AR . BT T AR L AR e
RIFE (Clonostachys rosea) 16GVVFI KR T 75
(Penicillium oxalicum) DSYDO05 K H: % 4% ¥k

(Streptomyces thermoviolaceus subsp.
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DSYDO5-17 kB Xt PCL 143 71, 7
28 C4AMF, Clonostachys rosea 16G [ EXT
PCL R B A 2 F 30 d N3R5 52.91%, X TE K
FLIGPAS R R RAE 16 d NIEE] 100%. 1
Penicillium oxalicum DSYDO05-1 F¥)fif R A
JZ IR R, BR PCL Ak, & AT REf# PHB
F1 PBS, {HAREFEME PLA, fE 28 CHMT,
K RAE 9 d X PCL BRI o8 45, B i st
ROl 3 BB, TEER 1 BB, W S21E
TR 52 BB, TR i R A
RSP 2 FE T BB 5 PCL JoiE B IX 3 Ay PRkt e
AT G fEde— BB, i RREEE, W)
RESE: TR 4% I 25 i X IR 12

3.5 PVA BYFERHEY

Ve f# PVA B9 T A R £ 02 i 5 i TE R
(Pseudomonas) s¥HZNEHNMI)E (Sphingomonas),
AL FE HoAth — 22 22 [CRAYEAN A (Alcaligenes
faecalis T y-"E T B 1] y-proteobacteria) . #12% [
PR (ERZFIAF IR (Bacillus megaterium)
R IERY R FEMNT IR (Paenibacillus amylolyticus)
AT (Microbacterium barkeri) F1725 N B $i
HEREE (Streptomyces venezuelae)) FIE (43
fEAR TR A EAMAB SR . HEEDY MR
P A R P Y 2 SO, 774 SAO R
4135 Pseudomonas sp. O-3 . %% {5 5 il &
(Pseudomonas vesicularis) PD. Pseudomonas sp.
VM15C Fl Sphingopyxis sp. PVA3; ;=4 PVA-DH
HIBEFI A Pseudomonas sp. VM15C . Sphingopyxis
sp. 113P3 Fll Alcaligenes faecalis KK314P%,

FI I3 5 50 o0 L v R i A ) ] I it
SRR T REUE W D BB , (AR )™ i A= 7
JRFEYIAE HAL B A, SEERI R S D
o7 TR XoF 6 Sk £ RE T A= W A0 3 R i ) T K R
ML s A YR S TB, R AR Y] [ 2
B o R AR, R R )
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4 ENTRBERELSFEREA G
T H R

A= AT firk SRR I i A ) i R S R
Bom DU L W A, pHAE . FEffEF
Semfla], SRAME IR N A T fE—
S T BV BT PN, TR B O 1 T R T
FIEMIR R pH EMUEM AN, 54K
HUCE T AR Bilhn, PBAT XAl 44
ST IR B A R i g6 US) T PLA FEAR
(L T R4 T A AR W K A A A3 o I b i T
WA P AU AT R R R R B 2
WEf IR 278, Wil R 0%, R AR Z
RGE G GG Wy n [ A SR O AT . TR
KK DRARURT - 398 PR3 v A 65 A S A A
JEE e LA R A A PR B AT T S
4.1 HY A REREREFEEREETH
P fi

A ) RTS8 G SRR NIE A SR B HE NIE
FUTMVHERE, 43 5% (28+2) CHI (58+2) C.
FAXT T ARBEHENE , Tl HENE S5 T i A= Xt £ 4
A A SRR A 43 SN R, A ) T4 v LR
BRI . N TR P OR R R4 A G
P, 2y H AR KBRS S B R S5, e
(50%—60%) . AR (Ml 5%) FdkA
(20 1 140 : 1), EAGRLFFHENE ST TPS 1
PCL A 7E 3 N NS840, 1 PLA . PBS #0xfE
Roefde o T v T B A R T s 2B 0 T R A SRR Y 4
ff R, m IR AT BRI RE . PHB>PCL>
PLA>PBSA>PBS>PBAT. #% 3 {4145 7AW
A [ At SRR AE A S HE IR ST AR R 15 D
4.2 HY R RERERIEIRKFBKEET
B B fi

FEARRIRSE T, U D A R gt
BRI . W, BRARSFIERRES,
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A ) RISt SR B A 1 0 238 R T], PEA
A= AT R ik SR AR A B S5 1 o A 1 150 A X &2
B, WEFASFE ERZWMNE ., BEEKK
ST T 1 A 0 AT IR i R P oA i A 5
K PFP S5, Bl SR TCAE B T i R 1
25 A UL RN B T AN AR ) AN 4 O
() B8R, PRI IR] S50 A W % i 20
P REMRIE LA R B 22 5, AR T2 A, A&
Yy A R i SRR B = 8 R W) B AU P ) 3 AR
SR O il R R R BN . TEIRIKSRMET
TPS .PHA Fl1 PVA A & HSCHL 43 f#% , PBS . PBSA

1 PPC /i IR Z , PLA BMEsr i, 7EiEK
AT, TPS 1 PHA A8 HR5E 50 f#% , PCL il
PBS XZZ, PLA # PBAT %M/ ik, 2 4
5 VRUNEZE T AW nT B i SRR IR K R K
SAF T R A O
43 HYARERENEREZFH THIERR
TEDR A Mt R b, A= 0T e fi 9 ) 2 22
3 2 L Al R A T A 55 3R G W e AR IR )
AR, B, CRYF SRR AN, B
WEGIE— 20 ff . A RIRBINR I 05 & IL R
Bis 76 I S5 T e LSS S8 2 4, sl it i — 2

x3 LYAERENEFEEREE THRERTR
Table 3 Degradation of biodegradable plastics in compost

Type Shape Conditions Biodegradation Biodegradation Biodegradability References
period (d) indicator (%)
TPS Film 28 °C, home composting 90 CO, produced 90 [77]
PHA
Film (PHB) 58 °C, industrial composting 45 CO, produced 100* [77]
Film (PHB) 58 °C 110 CO; produced 79.9 [80]
Film (PHB) 55 °C, 70% humidity 28 CO, produced 80 [81]
Film (PHO) 28 °C, home composting 365 CO, produced 22 [77]
Film (PHO) 58 °C, industrial composting 124 CO, produced 100* [77]
PLA Film 28 °C, home composting 365 CO, produced <20 [77]
Film 58 °C, industrial composting 75 CO, produced 100* [77]
Film 58 °C 8 Weight loss 100 [82]
Film 55 °C, 70% humidity 28 CO, produced 70 [81]
Film 58 °C, 60% humidity 30 Weight loss 60 [83]
Sheet 58 °C 120 CO, produced 85.8 [84]
PBS Film 28 °C, home composting 365 CO, produced <20 [77]
Film 58 °C, industrial composting 207 CO, produced 92¢ [77]
Film 58 °C, 50%—55% humidity 90 CO, produced 60.7 [85]
Powder 58-65 °C, 50%—55% humidity 160 CO, produced 90 [86]
PBSA Film 58 °C, 50%—55% humidity 90 CO, produced 92.1 [85]
PBAT Film 58 °C, industrial composting 90 CO, produced 50-60 [78]
Sheet 58 °C 120 CO, produced 23.7 [84]
PCL Film 28 °C, home composting 88 CO, produced 91 [77]
Film 58 °C, industrial composting 45 CO, produced 100* [77]

a: biodegradability is expressed based on the comparison with cellulose.
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R4 HYAIREREBRIERKFHETRIERAR
Table 4 Degradation of biodegradable plastics in freshwater

Type Shape Conditions Biodegradation  Biodegradation Biodegradability References
period indicator
TPS Film 21°C 28d CO, produced 94%* [77]
PHA Film (PHB) 21°C 56d CO, produced 90%*" [77]
Film (PHB) 25°C 365d Weight loss 8.5% [87]
Film (PHO) 21°C 56 d CO, produced 51%* [77]
PLA Film 21°C 56d CO, produced Not significant [77]
Film 25°C 365d Weight loss <2% [87]
Film 28 °C 21d Weight loss 4.5% [88]
PBS Film 21 °C 56d CO, produced 3%* [77]
Film 25°C 80d O, consumed 31% [89]
Film Before modification, 50d Weight loss 11% [90]
inoculated with soil
suspension
Film After modification, 50d Weight loss 8% [90]
inoculated with soil
suspension
PBSA Film Before modification, 50d Weight loss 16% [90]
inoculated with soil
suspension
Film After modification, 50d Weight loss 9% [90]
inoculated with soil
suspension
PCL Film 30 °C 28d Weight loss 7.6% [91]
Film 21 °C 56d CO; produced 52%* [77]
Film 25°C 365d Weight loss <2% [87]
PPC Film 28 °C 21d Weight loss 9.5% [88]
PVA Wastewater 20-25 °C, biological 24 h (HRTb) PVA removal 64.4% [92]
containing PVA  aerated filter
Wastewater 20-25 °C, biocontact 30 h (HRT) PVA removal 74.5%—-81.3% [92]
containing PVA  oxidation reactor
Wastewater 25 °C, aerobic 9 h (HRT) PVA removal 100% [92]

containing PVA'  membrane bioreactor

a: biodegradability is expressed based on the comparison with cellulose; b: hydraulic retention time (HRT).

(R S AL B ORE T A Yt T T 5, TS B
R ED) i . IREIHALT A1 CH, Al Bl
Wk, PRSI REIR S ORI, HIR kA n]
PR A HUAE R T AR AE ™, AR X T4 4 A
AEZH EPRKENL AT, TPS Al
S 4k PHA W] 7R A IR 18] P9 56 R A, e bk

&: 010-64807509

fit. PHB>TPS>PHBV>PVA, PLA. PCL. PBS
HI PBAT BCHMEST R 5 1o Yk DR A S AR X A= T e
il SHR B A A BN A, PLA Il PCL 1 R il il
ZANHL, T PBS A1 PBAT IR IH A MERE AR, (517
% . PHB>TPS>PLA>PCL, 3 6 {E4NR45T
A AT R A BRI E DR AR T B AR 1B 10 o

X: cjb@im.ac.cn



1800 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

F5 HEYAIREFRENEBKEHTHEBEHR
Table 5 Degradation of biodegradable plastics in seawater
Type  Shape Conditions Biodegradation Biodegradation Biodegradability References
period (d) indicator
TPS Film 30 °C 28 CO, produced 92%?* [77]
PHA  Film (PHB) 30 °C 43 CO, produced 89%* [77]
Film (PHB) 25°C 14 BOD removal 80% [93]
Film (PHB) 21 °C, static incubation 49 Weight loss 99% [94]
Film (PHB) 12-22 °C, dynamic incubation 90 Weight loss 30% [94]
Film (PHBV) 21 °C, static incubation 49 Weight loss 99% [94]
Film (PHBV) 12-22 °C, dynamic incubation 90 Weight loss 30% [94]
Film (PHO) 30 °C 56 CO; produced 38%"° [77]
PLA  Film 30 °C 56 CO, produced 7% [77]
Film 25 °C 365 Weight loss <2% [87]
Sheet Natural seawater 364 Weight loss Not significant  [95]
PBS Film 30 °C 56 CO, produced 21%* [77]
Sheet Natural seawater 364 Weight loss <2% [95]
PBAT  Sheet Natural seawater 364 Weight loss <2% [95]
PCL Film 25°C 365 Weight loss <2% [87]
Film 30 °C 56 CO, produced 80%* [77]
Film 25°C 70 Weight loss 25% [96]
Sheet Natural seawater 364 Weight loss 32% [95]
a: biodegradability is expressed based on the comparison with cellulose.
x6 HYARREBEBEREFHTHEERR
Table 6 Degradation of biodegradable plastics under anaerobic conditions
Type Shape Conditions Biodegradation = Biodegradation Biodegradability References
period (d) indicator
TPS Film 35 °C, aqueous anaerobic 56 Biogas produced 99%*" [77]
Film 52 °C, high-solids 127 Biogas produced 73% [77]
anaerobic
PHA Film (PHB) 35 °C, aqueous anaerobic 56 Biogas produced 100%* [77]
Film (PHB) 37°C 70 Weight loss 23% [56]
Film (PHB) 37 °C, incubated sludge 9 Weight loss, biogas  100%, 100%° [56]
produced
Powder (PHB) 35 °C, untreated 40 Biogas produced 67% [97]
Powder (PHB) 35 °C, alkaline-thermal 40 Biogas produced 91% [97]
pretreated
Powder (PHB) 37 °C 9 Biogas produced 90% [98]
Film (PHB) 52 °C, high-solids 127 Biogas produced 83% [77]
anaerobic
Powder (PHB) 55 °C 14 Biogas produced 90% [99]
Film (PHBV) 37°C 70 Weight loss 22.5% [56]
Film (PHBV) 37 °C, incubated sludge 42 Weight loss, biogas  60%, 29%° [56]
produced
(F 4
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(£E3 6)
Type Shape Conditions Biodegradation =~ Biodegradation Biodegradability References
period (d) indicator
Film (PHO) 35 °C, aqueous 56 Biogas produced 6.5%" [77]
anaerobic
Film (PHO) 52 °C, high-solids 127 Biogas produced 5% [77]
anaerobic
PLA Film 35 °C, aqueous 56 Biogas produced Not significant  [77]
anaerobic
Film 35°C 39 Biogas produced 8.6% [100]
Film 35°C 28 Biogas produced Not significant ~ [91]
Powder 37 °C 2717 Biogas produced 29%—49% [98]
Film 52 °C, high-solids 80 Biogas produced 80% [77]
anaerobic
Powder 55°C 75 Biogas produced 75% [99]
Powder 55°C 60 Biogas produced 90% [79]
PBS Film 35 °C, aqueous 56 Biogas produced Not significant  [77]
anaerobic
Film 35°C 100 Biogas produced 2% [89]
Film 52 °C, high-solids 127 Biogas produced 12% [77]
anaerobic
Film Natural anaerobic 90 Weight loss Not significant  [89]
landfill
PBAT Film 35°C 39 Biogas produced 5.9% [100]
Film 37°C 126 Biogas produced 2.2% [101]
Film 55°C 126 Biogas produced 8.3% [101]
PCL Film 35 °C, aqueous 56 Biogas produced 2.5%" [77]
anaerobic
Film 35°C 28 Weight loss Not significant  [91]
Film 37 °C, methane sludge 70 Weight loss 7.6% [56]
Film 37 °C, sewage sludge 42 Weight loss, biogas  30%, 16%° [56]
produced
Powder 37°C 277 Biogas produced 3%—-22% [99]
Film 52 °C, high-solids 127 Biogas produced 85% [77]
anaerobic
Powder 55°C 50 Biogas produced 80% [99]
PVA PVA-14 000° 27 °C, river sediment 125 TOC! removal 60% [102]
PVA-2 000° 27 °C, river sediment 125 TOC removal 85% [102]
PVA-14 000° 27 °C, anaerobically 175 TOC removal 60% [102]
treated activated sludge
PVA-2 000° 27 °C, anaerobically 175 TOC removal 35% [102]
treated activated sludge
Wastewater 32-34 °C, anaerobic 2 (HRT) PVA removal 80% [92]

containing PVA

baffle reactor

a: biodegradability is expressed based on the comparison with cellulose; b: 14 000 and 2 000 represent the number-average
molecular weight of PVA; c: biodegradability is expressed as weight loss and produced biogas, respectively; d: total organic

carbon (TOC).
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Table 7 Degradation of biodegradable plastics in soil

Type  Shape Conditions Biodegradation Biodegradation Biodegradability References
period (d) indicator

TPS Film 25°C 136 CO, produced 95.5%*" [77]

PHA  Film (PHB) 25°C 136 CO, produced 100%* [77]
Film (PHB) Natural soil 180 Weight loss 64.3% [103]
Film (PHB) Natural soil, 15 cm depth 365 Weight loss 98%, 46%" [104]
Pellet (PHB) Natural soil, 15 cm depth 365 Weight loss 55%, 28%? [104]
Film (PHBV) Natural soil, 15 cm depth 365 Weight loss 61%, 14%" [104]
Pellet (PHBV)  Natural soil, 15 cm depth 365 Weight loss 35%, 8%" [104]
Film (PHO) 25°C 136 CO, produced 6%" [77]

PLA Film 25 °C 136 CO, produced Not significant  [77]
Sheet 30% humidity 98 Weight loss 10% [105]
Powder 25 °C, 60% humidity 28 Total soil carbon  13.8% [106]

removal

Powder 25 °C, 60% humidity 28 Weight loss Not significant  [106]

PBS Film 25 °C 136 CO, produced Not significant  [77]
Film 25 °C, 60% humidity 28 Weight loss 1.2% [106]
Powder 25 °C, 60% humidity 28 Total soil carbon  16.8% [106]

removal

PBAT Film 27 °C 365 CO, produced 20%-30% [78]

PCL Film 25°C 136 CO;, produced 92%?* [77]
Film 28 °C, 60% humidity, soil 60 Weight loss 89.7% [107]

and landfill leachate

Film 28 °C, 60% humidity, soil 60 Weight loss 22% [107]

PPC Film Natural soil, 15 cm depth 150 Weight loss 39.7% [108]

a: biodegradability is expressed based on the comparison with cellulose; b: biodegradability in two tropical soils with different
weather conditions and microbial communities.
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