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B2 AREREMEIN RIS CHENERERIER
i MEE KE OHW

IgIE R Rl E e B 200234

5 OE: [FF] DA RBRAARMT TR F F A, L4 KA TH(polyvinyl chloride,
PVOYEA R F A BAZ—, EAFEHE£EM K. [8 8] AT EH R(Tenebrio molitor)4h £ &
RIBEBHGIAL, REEH RALMEREMNAT KA CHE B EDERIER. [Hik] @i
MM EHRRERACH IR T E T/, 15 2ot &K %2 5) K (fourier transform infrared
spectroscopy, FTIR). &4 RME A M 69 6 ik Fe 538 N5 5F 7 R AR 0 R4 R AL ik
Yxt RACH e TEmAER . (4R AL RAN: A PVCHABREERKR, & 200 FEH
kh—4a, £ 3 4, B 32d B, HAFHRET 0.499+0.023 g PVC, HH PPk EHK
0.015£0.002 g. FKAAF 2ot T LrsP bt m & I R £ 5 F PVC FHLE F 49 C—C B %59 R,
5, A9 PVC KEA B EIAL, HBZNFHH R RMEMAED AR LER I THE GBS
X R B (Hafnia) JEAR K H /& (Morganella). X M3 K AT # /& (Escherichia coli)f= R 3Z R I+F 14
(unclassified Enterobacteriaceae) ) 5. %8 B . M & 1 B ¥ v& K R 1A B (Hafnia) #= JE AR K & /&
(Morganella)#) 3 & 5 3| b & P F T BB3E m T 35.20%F7 16.42%. [456) 2 7 W R AL MiE
A WA PVC A BA — R IR R, BE W E # R F e R B H B (Hafnia) o E A% K H B
(Morganella) A #:*F PVC 89 FIFI X E R 3, ARERAEH &5 L) A MIEMRRLT A FIEH .
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Biodegradation of polyvinyl chloride by Tenebrio molitor and its
intestinal microorganisms

CAO Qin LINYi-Bo CHEN Jun XIAO Ming

College of Life Sciences, Shanghai Normal University, Shanghai 200234, China

Abstract: [Background] The accumulation of plastic wastes is an increasingly serious environmental
pollution problem, and PVC, as common plastic, has a large number of production and consumption.
[Objective] Based on the phenomenon that Ternebrio molitor feeds on plastics naturally, in this paper,
the biodegradation of polyvinyl chloride (PVC) plastics by Tenebrio molitor larvae and its intestinal
microbes was researched. [Methods] The weight increase of Tenebrio molitor larvae was observed after
feeded polyvinyl chloride only, and fourier transform infrared spectroscopy (FTIR), screening of
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intestinal microbes and high-throughput sequencing methods were used to research biodegradation of
PVC. [Results] The results showed that when PVC was used as the only carbon source of Tenebrio
molitor larvae, after 32 d, PVC was consumed at the weight of 0.499+0.023 g per 200 Tenebrio molitor
larvae, and the average weight of 200 Tenebrio molitor larvae was increased by 0.015+0.002 g. FTIR
was used to detect the significant increase of carbonyl and hydroxyl content in PVC from excrement
components, which indicates PVC degraded obviously. The results of high-throughput sequencing
showed that Hafnia, Morganella, Escherichia coli and uncultured Enterobacteria were the dominant
microflora. Compared with conventional feeding control, the abundance of Hafnia and Morganella
increased by 35.20% and 16.42% respectively. [Conclusion] This article proved the biodegradation of
PVC by Tenebrio molitor larvae and its intestinal microbes, and Hafnia and Morganella strains had the
highest utilization of PVC. The results of the study have enriched scientific evidence for the

biodegradation of “white pollution”.

Keywords: Tenebrio molitor, Biodegradation, Intestinal bacteria, Polyvinyl chloride

R A LM (polyvinyl chloride, PVC)Jf&4Ek™
R R —, FEREESMRE . Tl
HAG . ANTEHE M. r R i R R B 4 T
WA R MY, B PVC R,
FAERATVFZ PVC IEFEW A T PVC 451 %a
E , TE A SRIREE PR A T AR W 28, H R A
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T TS

BB OO T, FERE R B R T
W F BT R PR (BB AT ). BT
JECVR BT # R gy B R B 5 Pt
WX — A RAE LR s 2 T 8 R, HiX
8 R T T A BE B0 I ik 2R 2K £ M (polystyrene,
PS). Yang %% BLE K 4y dBE LI R U RO L
W — YRR, JFRETEMUR I A AR A
WSS AT 1 N ARLE, JEER R mE N
3 B — R BT PR A SRR LR SRR RE ) RN
I (Exiguobacterium sp. YT2), 1ZE1E 60 d PN A [
it 7.4%=0.4%MRAK LM o X N F AR T
BICA FALPRIB R B A T SE RARER Ty

], AEAFSEA R T B0 4 i R A 1 ge i, b
A FEfALEE AR

ABIFELA PVC g i — BRI By L 3 i
WA, SR AR 21 ST (fourier transform
infrared spectroscopy, FTIR)ZRAE K340 43+ PVC
BREA AL, WFSE T PVC #EREAE IS TE DL ; AT
o 38 R DU T Ry ER 40 H i T A TR ) A
FOMXS B, B[] FRD Rk IR 5 1% 2 A3 o i 1 4
WARI S, MR T HIBE N HAE PVC HRHE
fif R VE R, RS W or SRR o5 A% R A 1) LA B TR
BEQYRHIE, I8 T SR AL D R AL

1 MRS
1.1 #RERIR

S5 BT FH 25 8y ML (Tenebrio molitor) %)) B T I
IR AR E LS T
1.2 EERFIFLF

VU Sk | JCK CRE T [ 25 8 W 20 By A
BT R 0T Bl T 50 (R A R
F]; Tug DNA R4 B T R AL ) RH A R
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R 2L MG, FEBR KRB A R
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1.3 EHE

LB §F5(g/L): EAM 10.0, BEEEE 5.0,
NaCl10.0, Fifig 20.0 ([%14), pH 7.0,

JC ML EE B 3% % (/L) . KH,PO, 0.700 ,
ZnS0,7H,0 0.002, K,HPO, 0.700, FeSO,7H,O
0.002, MgSO,7H,0 0.700, MnSO4H,O 0.001,
NH4NO; 1.000, NaCl 0.005.

AEPEERIK . NaCl0.9 g % 100 mL /K.

DL SRS 1x10° Pa K& 30 min.

1.4 XWHE
141 EMHARSE

EBOE SR /N S E R 1 200 %%, 1
2542 °C MYSEIRREE A%, 5 A A (B Tk
BRI, HARFMHRR—3), —HRFREET
M), HAb—2H HME3E PVC, ARt R i as
SIBSE 55%—70%, BERR 72 h WEl—RoK . AR %
3AFEATHE
142 EHRBEROKELIER DKL S

FHIC A TSR B00 L&)y = A i 2 AR 7
WA R R RS, 43 50 mg MR E T
HA 2 mL DY Wi (tetrahydrofuran, THF)HEH%
FIA T3S /N, F 37 °C. 200 r/min [ iR R
Gid, —RA W6, 30 min JFEFETIE 3 h, W
%5579 F 0.22 um PVDF 38250 g IcAE o AR5 F
] 5 A3 M R AG /NI R I A DY E G 2 mL,
PR, BRI 12 hE, CRES
S ARE S R R R e e 28 A 4, A5 BBk AR
PVC REW, X AFRIG ARE S A 7 B AR e 21 41
i T
143 EHMHBEMEYEE 16S rRNA EES
bRl A

BOMIRTELL PVC MRFE 32 d J5, TEZEZRAIAN
PVC ZFEHLPEBE R R 10 25, FH 95%IE RS IR
30 s A G A BRERKTE VL 15 s, SRISTE 75%iH
KR 1 min, FK T BOER T Je (R0 IS
55 X EBLL B AY, MR S L KU
(1 38 R R R A I 325 25 35 AR o ) T R HU)

EMEY) 16S rRNA KL V3-V4 X7 i
FHFE, 2SR AL T 1-Sanger - & T,
o ZFEELL Shannon ZFEMEFEFICKREAE, OTU AR
FJFE 5 Fast Tree f4ZEBEALHT
144 EHMHFETEFRHREVHSBESLL

BBy H L PVC MESE 32 d 5, 7E PVC 4l
PLPRE ORI 10 4%, SRAT 1.4.3 kBt mid,
FEBCH 78 iR A B A 1 mL JCR A FEER K Y
BLULE T, 2 Votex IR 1 18 N 75 2 FB AT
A LB WK SR, % EAREERYITE LB 155
FE P RIZR 37 °C K5 5%, PRBCREATE b T4l , ik
AN BEPE, K75 2 0 AR M IARAE, I T —
1.4.5 PVC MERERBIIFIE

aifb e B TE A LB ik R, 37°C,
200 r/min IGFFRLER, I TR Uk e AL
4 000xg 50> 10 min i EAARTTIE . FHJC R Az #EER 7K
FEJF G, Y LB R KRR ERER,
FEAM T ODgoo 2 1.0, FFHL 1 mL
TR 1 B A T AL AR RS g S, L
PVC ¥Rl hME—mIEHE TR 35, FPRAMk
FETFRG I B AR KB B, DAL FIBT X PVC R
e
1.4.6 PVC EEEHINERE

XFEAT B AR AR T AN B A T 40 LR
Wl DNA $EBGAF G E R IE 4L, 16S
rRNA JL N 3 3R F A 8 A5 19 27F (5'-CAG
AGTTTGATCCTGGCT-3")fl 1492R (5'-AGGAGG
TGATCCAGCCGCA-3"), PCR WK F (25 uL):
Tag DNA Master Mix 12.5 pL, b . T
(10 umol/L)4% 0.5 puL, DNA #if 0.5 pL, ddH,O
11 uL. PCR JZJW55fF: 94 °C 5 min; 94°C 30,
50°C30s, 72°C45s, 35 MEF; 72 °C 5 min,
PCR )2 1%35 BEWEEE I H Uk L 20 B, SR )5 2%
F T WIS w0

B P AR 2B rFE s NCBL sk 254 7 7] Y&
JP 51182 (BLAST), VCRCH [RIJEF 51 B2
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W IIVESE— 22195047, FIH MEGA 6.0 343
TTRGRE .
1.4.7 EHLZIE 1L (gel permeation chromatography,
GPOMNES FE

FELL PVC AME—BR IR ) TCHLER KR 2 3 b,
i 15 2 1Y BA S AR ACR R T 37 °C.
100 r/min }55% 32 d, XJRRAL AR . X2
FRPR RS ) PVC B8R, T 2.0% + B S iR
#f(sodium dodecyl sulfate, SDS)7K¥ ik i F 18 14
1 h, ¥EBR PVC 3R R, THKGESE,
T, FOTINAREE R, BERGEE Gkl e Hor+
o N REZH A I AH R D7 =CAb 2
1.4.8 StHBIZRILEEK A (gas chromatography-
mass spectrum, GC-MS)|7E 7] iB 14 & R4

REFRgb ol , WEE 1.4.7 RRmIRE R L, &
10 000 r/min &5.0> 20 min J5, B EHERA 0.22 pm
TR U5 ] GC-MS 2 HL R 10
1.49 4 HEFRHHE(scanning electron microscope,
SEM)#illl PVC EEREAEES

TELL PVC Ny ME—Ric I ¥ JCHLER 3G R b, 4%
i e 2 ) B AR RCR PR T 37 °C.
100 r/min 557 32 d, X RELL A INERIR . X2 0
PREEMR IS Y PVC 20K, 1T 2.0% SDS /K +E
P 1 h, VEBR PVC BERERRR AR, o4l
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2 HiRE4h
2.1 EMHEEE| PVC 3RS

M]3 A L AT DA & BB AR T sl
PVC ¥k, JHHEEMERIEFAERK, BV
L ASARLE, B Rk RUCE PVC BRI L3
hnn, O H S PRI AR R YA B R

B 1A 255 0L, B0k AEEUE PVC it
R, /7 R HUAE 2 —E M TR, T
B2 B Ry 2t PVC Ja BRI X PVC RO A
PIRES T 2T, S2m T PVC b, M
7210 d 5, kIR RS, 32 d)5, iR
PVC 4 Ry Bk HOF AR E R N 0.015+0.002 g, “F
PR T AR A0 17.24%%2.29%, i H 34> B0k

MIEL 1B FTLIARAN, Bl MEESRET ] p 3 m, #
¥y HXT PVC MER U R 2 . 7 B0k UM SR i
IR 10 d, PVC MR/ RECH S . Bk
ML PVC ¥RIESE 10 d LIS, PVC Zad # HLf
W, FUmps /b s B, 78 PVC 1R #k &
ME—YIRIEIE LT, 40l 200 2c8H L 32 d
4, PVC i /b it 15 % 0.499+0.023 g, PVC
ARXT I DA 9.98%4+0.46%

PVC weight loss (g)
o
W

00100 200 300 400 500 600 700 800
¢ (h)

1 EMHBRIHEEQA)IPVC RERKB)SRFRE LR

Figure 1

The relationship between average weight of Tenebrio molitor (A), PVC average weight loss (B) and feeding time
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2.2 FEEMTHRIINEIES T RN BIEEIRIY

FKH 1.4.2 HREUMZEH G PVC #5417 FTIR
O3B AR FNLLAMER AN 2 Fis A 2 AT LLE Y,
X BEZH PVC 7E 2 970 em ™ 42b HH B 1) CH,—HE A1 4%
WL SHR BN, S2BG4H PVC TEIZAL I A5 B 5 6k
59, UM PVC 45M0 E5E P CH-45H 80, Bl
PVC 5T R B98I, PVC 25190kt TR
P, N REZEALE 1099 em ™' AbRY C—C B4R # 4R SN
Wt A7 A B S R85, E— B IRAIE T PVC MR
A IR L SEBR 45 A R B, SR 4L PVC 7E 1334,
1254 cm™" R SR AR Y CH 3 FHURRE W IR 50
5 693 cm ! AR C—C1 P FRE Wt A I I ik

..................................
..........

Transmittance (%)

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000
Wave numbers (cm™)

B2 EHREFRRMLINGESITE

Figure 2 FTIR spectra of control and frass sample for
Tenebrio molitor fed PVC
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[FAEIER] PVC 85 FA# , il PVC Z5F 78 Hifk
PN 1) R it 2 AN S R A, T BB I T T A P R R T
IF) R it o 25 SR
23 BEREMEIEMNSBEENF
23.1 BREMEMZ HMES

T AR ZHREPERR B M 402 S it i h i A i 2
FEVE AR, AR S B0 I AR A [
UREERT TR P 2SR ok s 26, DAt e w45
FEARTEAS ]I 350t ) (R B A ) 2 o X 2R T
i A 16S rRNA JER K V3-V4 Xk f 7
W, 5 RN AR AR B 2R AN 3A R

HRAEE 3A ARG R B ERE ,
214 1 £ 8 ) S, R B R S, P LA
S WA St v 4 R Z AR B . B 3B R
PVC MR HE Ry BB A I 260 B & T
A2 BRI B U ERUEY), BB PVC MR
3 W B S e A R B TR A A )
ZREMERSIN, R T PVC YRR E L
PRI [F 2 5 U EVE R .
232 EMHEBEREFFESM

J T I SR AN R R Ry H A R
HEIE S5 I 25 57, B FEVR LA DAl 6, RIS
(R ARLRE XS BBy U T A A I 45 4 A B SR ARk
ZERNE 4A . B AR,

B oor

Shannon index of genus level
(=]

o
=)
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3 BREHMEHMBERHZO)ME—RETHEEZ HLE®B)

Figure 3 Shannon diversity index curves (A) and dilution curve (B) represents the a-diversity within two groups
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A

16.42% Morganella

11.44% Unclassified-f-Lachnospiraceae

8.79% Enterococcus

35.20% Hafnia-Obesumbacterium

22.23% Spiroplasma

41.39% Escherichia-Shigella

1.92% Lactococcus
0.09% Others

10.86% Escherichia-Shigella

11.14% Unclassified-f-Enterobacteriaceae

4.13% Spiroplasma

17.91% Unclassified-f-Enterobacteriaceae

10.06% Enterococcus

7.58% Unclassified-f-Lachnospiraceae

0.65% Lactococcus

0.18% Others

4 BHEZHEQAMNBRZHEG)EEN B EREEEEN
Figure 4 The gut microbiota structure of fed with bran (A) and PVC (B)

H &L 4RI, MRIRAZ 2R vk HL i 1 rp DU it
& & J& (Spiroplasma) . K W % & K AT H )8
(Escherichia coli)FIARKEF= M7 5 & (unclassified
Enterobacteriaceae) iy ., Bt i He 9] 43531 2 41.39% .
22.23%F1 17.91%. i LA PVC MEFR A EOR B LIRS
Je W& (Hafnia) . FEMLICTA & (Morganella) . KI5
v KT 1 J& (Escherichia coli) AR 55 37 I ¥ 1 &
(unclassified Enterobacteriaceae)’h ¥, T LA
Gl 35.20% . 16.42%. 10.86%F1 11.14%. 1] LA
W1 F ), HRIE PVC A E0R B B A YR i
R IUAT K MG R e T JE RN EE AR G TR iR AR W
B, MR TE R AR 3R A IO T8 b1 K i i
b

SCHR AR E AR T 5 R JE W8 (Hafnia) A
R A WL AR 25 iy R T ks e %
TEZR B oy AR B —HRIG RJE W, S5 A hE
% [ i A 6 S2OALTR L — TR B R PN 1) R £
KA E T, EEAR R R (Morganella) HLAT REWS %
FRRANAR A R SO, A e — T il R Ak A A A LB

AR AT ST ST B, SRR K
FEH pgi FEB, KM B A T 4T 4 2 1) FA: i
SRRAETF, UhBH R Pt LA o i A B e U
U EHGE S TSR, KT GE
X HEA AT A TP, RERS ALt 2
IR LA A, FRMEIE R, K
I BE A% [ AR SR g A FE T 1 B g 2 P20
XSO I 45 SRk — A IR T 0 R e R AR AR G
FR MY S PVC BRRATAE AR
24 EMHBEVERREMHSIBREE

TESZI 1R MRS PVC 80k du il bt
i 1 0 AT DATE R 7 O B B A 6 b, HBR TR R3S
WE s pis. mE S oTEH, MWEFE PVC
W B A B Y 6 BRI B A 5, WV R
BILR, HEBRKZ R, B S5, L5
T,

Xif 438 H 6 RN I8 240 TR 40 Sl R TR B 6 L3
| b | FE RIS TR A 2 B 45 AR
W21,
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E5 EMHRBEETSBHA6KE
Figure 5 Six isolated strains from the gut of Zenebrio
molitor

2.5 EMHBEMEYX PVC BIERIER
251 EHHRGEMEYRTFE

X4 e A B RUZE M T PVC FRRRSEER,
B3 6 BRE 2> BIFERILE L PVC Ry ME— B IR 0 TCHL
VR SRR PR IR 10 do SRR @ M e
T ODegoo (L, Z5HRUNE 6 s

M B TEERXT PVC ) F G AT LR B,
6 FRH H PVC-4 A PVC-6 XF PVC A B i i F1 FH g
71, UL EATRERR PVC MIEER, BERSIG
PVC 4R A K T2, i nT LAIE A i o 4
FN T MSE AT AR sk Bk & PVC RTEM B %
fEr A, SRR AR AR T B IR MY,
WAB /R T B IR PVC RERS A KA W2 I

R1 EMHPERERSERHIE

0.14r

0.10

¥ 0.08F
S|

0.06

T

0.04

0.02

PVC-1 PVC-2 PVC-3 PVC4 PVC-5 PVC-6

Ele MpESNBEERX PVC RIFIH
Figure 6 Utilization of PVC by isolated strains from
intestine

252 HUEBFESEREYNEE

X PIRRBEAS R PVC IR 140 T2
YE, 168 rRNA FE K781 He e iE B W 4 1 43 1
W R JE BB (Hafnia) FEEAR FC 1 & (Morganella),
22 BLAST Hb X L [R] 51 d5e e B R FIURE L BE 110 285 2R
W2 2 B o B MEGA 6.0 % W iR B F4 8 E AL A
gL 7 FE 8 iR
253 GPCUEZNHFE

J TR Rk PVC-4 XF PVC R RRFRRICR, XF
FEfRifE Y PVC SRIEST T GPC I, W& T
PVC YR} TR AR I A 1 B4 E 349 401 (M, ) R
By TR M)k, S5 9 s

Table 1 Morphological characteristics of Tenebrio molitor intestinal bacteria

Name Color Sueface Transparency Margin Form Texture
PVC-1 Cloudy white Smooth Opaque Entire Irregular Moist
PVC-2 White Smooth Opaque Entire Irregular Moist
PVC-3 Cloudy white and red Smooth Opaque Lobate Irregular Butyrous
PVC-4 Cloudy white Rough Opaque Curled Circle Dry
PVC-5 Yellow Wrinkled Opaque Undulate Circle Dry
PVC-6 White Smooth Opaque Entire Circle Mucoid
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®2 THiEE#K BLAST b3 iFRIRM &S E K
Table 2 BLAST screening revealed the highest homology

Bacterial The most homologous Source Homologous

strain identity of bacterial strain (%)

PVC-4  Hafnia alvei strain IC3211 Ant 100
intestinal

PVC-6  Morganella sp. HK-1 Landfill 98

2 GPC Ml5E, PVC FEL L RARIEAR G M.y, 5
115 391, XFHCREMERTG M (86 127 114, H M,
EAXTREAR T 9.22%; Z/EfR G M, B 71 022 [#
H 64764, M, EARXFEAL T 8.81%.

PVC F3Ft BRI TR AR BE A 80F ] PVC
R ME—BUE,  [RIELE FERR PVC SRR —

TE I RREFRARIOR
2.5.4 GC-MS I zE f] B &R =4

FIH GC-MS Kl £ Btk PVC-4 Fff J5 oL
R AR SR I P TR PR R ), S5 R LE 10
MR 3. TETCTRIN REZH o AT BRI 0 iy e, 330
BH G T B2 e A T R R T i . &
DARR B A I 1) O ML R TR 1 5 S b A B AR /N5y
TR L. EREETECA 17.262 min
20.730 min AL E H I /IN -4 BRI R S AR
7, U] PVC TERMRAE T s Ak, TEOREA I
[B]2k 24.458 min [ 57 E& T X 7 (14 990 S5 Sk S8 A5 1)
WA, UL PVC SR AR B R AR . E

77— Hafnia alvei strain ATCC 13337 (NR044729)

93

Hafnia alvei strain R-53631 (LT631752)

99

PVC-4 (MN507496)

,—Hafm‘a alvei strain 12D5 (KY940341)
Ol Hapia sp. 3-12 (HM489947)

0.01

7 Bk PVC-4 EF 16S rRNA £ EFFI MR SK %A B W

Hafnia alvei strain FY'1 (KX674363)

,—Hafm‘a sp. strain 3-15 (KX378953)
48 Hafhia sp. strain CXLG67 (MF1511973)

Figure 7 Phylogenetic tree of strain PVC-4 based on 16S rRNA gene sequence
TE: 55 Ir SRR GenBank 55 /337 ri EMECFIERAIER: 218 0.01 RFRITH 258

Note: The sequence number in the bracket means the GenBank accession number of the strain; The number at the node means credibility;

The scale bar represents 0.01 substitutions per nucleotide position.

_43|:M0rganella morganii strain ATCC 25830 (NR117793.1)
99 Morganella morganii subsp. morganii strain NBRC 3848 (AB680150.1)
59 ———— Morganella morganii subsp. morganii strain NBRC 105691 (AB682265.1)

43

4 459|:M0rganella morganii strain SDTA-6 (MH299420.1)

Morganella morganii strain MS1 (MG654671.1)
73— Morganella sp. AgR1187 (KX267842.1)
Morganella morganii strain ATCC 35200 (AB089244.1)
72— PVC-6 (MN567600)
‘—Morganella morganii strain NCIMB865 (DQ358145.1)
Morganella morganii strain Ras1 (KY120325.1)
Morganella sp. strain CAN4 (MH813420.1)

oo —
0.001 Morganella psychrotolerans strain U2/3 (DQ358135.1)

8 Kk PVC-6 & TF 16S rRNA £ EFFH ARG E B W

Figure 8 Phylogenetic tree of strain PVC-6 based on 16S rRNA gene sequence
TE: 55 SARER N GenBank 55 /330 s EMECFEAGRAIEE; 21 0.001 AARITFHI 225K

Note: The sequence number in the bracket means the GenBank accession number of the strain; The number at the node means credibility;

The scale bar represents 0.001 substitutions per nucleotide position.
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[ Before biodegradation
I After biodegradation

— —_—
B N 0 [=} ]
T T T T T T T T T

Molecular weight of PVC (x10%)

DO
T T

M,

n

9 PVCEmAIEHFELL
Figure 9 Molecular weight changes of PVC before and
after biodegradation

PREBFIE] R 14.436 min A1 19.149 min B4 2 1 B
FR I B X I D R PVC IR AE Y . X e
HK AT PVC KAk ¥ W 2 sl A Ak i i 7 AR
/NG5, — 2RSS T AR AT R PVC
(HRE T
2.5.5 SEM M PVC BEREMS

PVC ¥R fE A Wb 3R )5 , 4 SEM Wi
YRR R HTESURE , T2 SEM Z5 R anEl 11A F
11B ffirn: PVC #EELHMAME, K3 PVC
R AR B ™, TR, A —E
FREER ZI0, JOrR X BRAL ) PVC YRR i 2y
JCEH ARk

F= 3 GC-MS &l PVC &=

Table 3 Degradation products of PVC detected by GC-MS

19.149

14,34617.262T 20.730 24,458
PVC-4 )
N N L [ I |
¥Control
1 L 1 L 1 L 1 L 1
5 10 15 20 25

Retention time (min)

E 10 PVC ZEKEMIFHIKFME GC-MS &iLE
Figure 10 GC-MS chromatogram of PVC degraded by
PVC-4 strain

11 SCI§4H PVC (A)FAXTER4E PVC (B)AY SEM
Figure 11 Experimental group (A) and control group (B)
SEM of PVC

3 WikE4SR

B HRE IR SR 72 SR ME— R U
FAF MR —BG, WRWEA SRR H @
el A T — AR ek (2R o A S i A

Retention time (min)  Formula  Speculate product Similarity (%) Control PVC-4
14.346 CsH 304  2,5-dimethylhexane-2,5-dihydroperoxide 89 = IF
17.262 C12H2405  Propanoic acid,2-methyl-,3-hydroxy-2,2,4-trimethylpentyl ester 94 = 4
19.149 CsHi60O 3-hexanone,2,5-dimethyl 84 = +
20.730 Ci6H3004  2,2,4-trimethyl-1,3-pentanediol diisobutyrate 91 = +
24.458 Ci9H»304  Phthalic acid,hept-4-yl isobutyl ester 90 = 4

W+ AW - BORERRE.

Note: +: Existence of peak; —: Inexistence of peak.
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PVC [ # R S ERUY A 7 L AR de 21 A1k
TR, KL PVC Ll Ek dUmE R G
S FREEGDINT, SURTHER C siEETFM 5
JBEES o XA B A W REVR S M EA T A, R T
ISR PVC YRHY) B H 18 g R JE TR & (Hafhnia)
FHEERR EC TR J& (Morganella) i HE 5 5 53 0 . 38
it GPC Kaill, RIMARERIEARS PVC 2 Fhthg
ik, H GC-MS £ 73 #7452 JCHLER Wi A4 5 57 e v
AT A, B IESE T R LA
fift PVC Y IRE T o W98 45 SR Ew 10 1 AT A
PVC M FERMRISHE, /R T 30k df R A
KIHLEE, SRS 605 Yo 1 A YR A 4 41t
THESARE, DS RHE Ye n) R AL T — A
1221

AHIFFE FURT B A R T A 0 1 G SR A
TS, A A g v DR R DA 1 0 A 2 1
HHEMFR IS —EB53 . Foh, XFFrafF5E i &
R HAT PVC BEMEECRIGER, DiZilE— 05
AT AR 2= AR, RS AT 00 Ko ik 181 T 7 A 1 L 7 i
X} PVC J& 15 BA R OR
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