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AR A HILIE 5 B A, SR T B HTXT FE R EMAE W1 A 09 PS SRR B = IR AT Y. A SCLAHEAE p 43 25 1Y 1 BRIE FRJIG 17 b 2
MIAT B -FAFUOL1 B4k ( Geobacillus stearothermophilus FAFUOL1) A BIF 5T %F 42, 43 #r Fo Xt PS B W figt v ik S AL, &5 S 2R 0,
FAFUAOL1 A LLH% PS AEARRIEHEAT AR IR AR R P A M AE WA ; 2830 56 d MYARFRSS , FAFUAOLL AT PS BHREHE 1) Jot
BT 4. 2%, TIN5 T R MBS 5> T 005 BIFEAR 17. 4% F118. 2% 5 SEM 43473 W, FAFUAOL1 7] & A% PS 3 1 7= A 4= ikt
Bl 5 XPS FHZ il f 43 B4 R W], it FAFUAOLL WA 34N T PS Rif & A S5 R S FIga T s T PS 3R 18 1Y 3K
PERE, N TTTA R T RUE Y TE PS BRLR T A e 48, JT it — 2002 PS AR fi ; B2 T 2D-COS 437 BfisE T PS B R B e
RIS TR] 2R AR B Y 421 491 em ™' (C—H) >1450 em ™' (C—H) >1601 em ™' (C=C) >1027 em ™' (C—0) >1068 cm™' (C=
0) >1366 cm ™' (C—OH) . AHBFFT4E R KM FAFUOLL AEASIEHE PS SR A WE P 1) S AL R it
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Biodegradation of Polystyrene byGeobacillus stearothermophzlus 7

XING Rui-zhi', ZHAO Zi-qgiang', ZHAO Wenzqi', CHEN Zhi'*, CHEN Jin-feng’ ,\ZHOU Shun-gui' “ y
(1. College of Resourées and Environment |/ Fijian Agrl(’ultu're and Forestry Unlvemlty, F tlzhou %50002 China; 2. China CPI‘t}fl(‘:ltl()n
& Inapectlon Group F updn Co., Lid., Fuzhou 350002 Cﬁlpa) g S 4

Abstract Blodeg;adatlon is the most %u%talnab]f lreét{nent ethod for waste poly@tyrene (PS). +herm0phlle% possess’ highly effl(’lent::"
biotransformation’ (apablhtles that could enhance thé blodegradatlon efficiency of orgariyb solid“wastes. However, detailed research on
the degradation/of PS plastics by thermophile is Acarce. ylere thé degradation perfortnance of a strain of Geobacillus stearothermophilus
FAFUOII (FAFUAOll) isolated from compost was examlned The results showed that sttain FAFUAOL1 could utilize PS as the sole
carbmﬁ soufce for growth andformed a stable bloﬁlm on the surfa(e of PS fragments. During 56 days of degradation, FAFUOO11 caused
a tOtdI mass loss/of PS of 4. 2% and decrease in molééular welghr of 17.4%-18.2% . Based on SEM observations, FAFUAO11 causes
erosion hoHows on the surface of PS, thus increasing thé type and number of oxygen-containing structures that alter its hydrophilic
propenlqs. These changes facilitate the colonization of other microorganisms and further promote biodegradation. Based on 2D-COS
analysis, the chronological order of the change in functional groups during the degradation process were identified as follows: 1491
em ™' (C—H) >1450 em ™' (C—H) >1601 em ™' (C=C) >1027 em~' (C—0) >1068 cm ™' (C=0) >1366 ¢cm~'(C—OH).
Overall, these results reveal that FAFUO11 could promote the thermophilic bio-oxidative degradation of PS plastic.

Key words : polystyrene ; thermophile; degradation; 2D correlation analysis; bio-oxidation
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TIE e .
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H LM 4) 0.5 g L7 EREEEECY) . 2.0 g L7
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g-L”" NH,NO,, 5.0 x10 ’g-L."" NaCl, 2.0 x10~°
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1.5 MAFF&
1.5.1 BOCHRAE BB

KAEARERHY LCFBM 1532 3L 90 1Y PS #E &, F
H Live/Dead BacLight Bacterial Viability Kit {5 &
(EEFEER A RN A) ) X PS FE S kAT YL {4, REG
HE 15 min J5, A OGR4 B RUEE (LSCM,
LMS 880, f[E Carl Zeiss 23] ) WL%E PS 2 1 A= 1)
A T
1.5.2 S FRiEadr

B 20. 0 mg PS FF iy, PG &0k g ( BTz T35

AR S AT v, CE B 90°C i K T
FH12 h, ZEBOR e 25 R AR 2 5.0 mL, &

110,45 pwm U8 B U8 RCE B BE KB B GRS
[ GPC, V2000, ik F5t ( i) A BRAF ] il & PS
P E I T I (M) RO 1 e (M) .
1.5.3  PS RMJESMALAELH 5350 Hr

KAEALTE 56 d 5 LCFBM 5% 35 5 hoxt B4 Fn g
AR PS AR s —FR 53 1Y PS BRI 2. 5% %
TR (BT T A BRA R e dral) o
SE 6 h, [EESE UG 0.1 mol- L' R R 5 22wl
e 20 min, SR 5 430 A ] 10%, 30%., 50%.
70%. 90% F1100% [ LB BL BEE K 15 min; 85
FHEIG B PS #1876 5 i e B IEA TS 4, R
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TCHK e HE 5, A K 32 fil 7 0 72 1 (WCA,
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e, FIH X B0t T REIE (Y ( XPS, ESCALAB 250,
FH VG A F]) ME R mifh - 454,
1.5.4 PSR EREA 24T

KAEMNIR 0, 14, 28, 32 156 d ) PS kE&,
SDS K 2285 A= WIS, ke 1 0o S FH AR B v A d
LTHMEREA (ATR/FTIR,,iS 50 FT-IR, 2% [E 28k G it
IR WU 500 ~4 000 em ™ RIS AL O LL AN
% I HE T YR AR S 5 B (2D-COS) F Tt PS %%ﬁ
" R AT B Fsf 17 25 A (8 Iy

2 #HRE5itig
2.1 PS %%Ei%ﬁ%iﬂ

i

4

G kR |

0T R G FARUOLL 5 PSSR AR,

FAEUO11 E’Jéﬂﬁf%u&ﬁ PS ﬁmﬁé&m
i, Fl T LSGM I 'SEM WLZ T PS) %‘%Ei%ﬂ%ﬂ’wﬁ
iu&ﬁ%wwrmmM@¢w§u>~dw]
é:t@ﬁ%ﬁﬁtéﬂhﬂ S CRAESSTRE AN ) ?*%%EHH
FAFUQL LA BS B it B o ol LUATH PS 1’Ejyﬁ3)%“’
A?ﬁﬁﬁs{t FAE PS R B — 2T = A=)

FLE: pm

JEE, HLAEAS R N 0 2 DR 2 A o8 1) T TR 4. )
FH SEM MELALHE 56 d 51 PS SR TEIE SN ARk, 45
RWE 1(d) ~1(f) Fiw, W R4 %) PS e[ & 1
(d) 1AW R AR, AUTE R SR AATE D = I A 2
AT e T iR A PS A R AT P2 A Y
NS ; IhidERP FAFUOLL A PS R 404 5 K i
MBI 1(e) ], IF HIRAT-HY PS RHH
A il Ry J2 R o BT PR A AL B BT iR 25 4 [ T 1
(f) 1. LSCM Fi1 SEM 11 &5 R AL [A] Ui B, FAFUO11 A]
IR PS AR T A < %58, I X% PS R Tk AT
1Rk, S PS ISR & A el
2.2 PS HIREMRUR ST

T IRSE FAFUOLL X PS (9 B 15 0, LAAL 33
JEIRAN PS MU EE 45 0, VAR H A 2%, 25 R anE
2(a) Fi7s 7656 d BUALBRJEI N, PS Y AR TEE
25 6 ) 4 ST R4 o R o i PS #ugiﬁ 1L 0%
F BT I 3 ELBE & 1 T 70°C Eﬁmﬁﬂfhmli
[y Bl FAFUDLL 19 PS BEGH 4. 2% EI’JF‘%,%—FF“,
*ﬁtbﬁﬂﬁ?ﬂiﬁﬂw 3. 2% 2B FAFUQ114 TLME;&
PS 1R X A IR 45 Kim % ?F'JFHEE%;EV\]
ﬁ%%l%@ﬁwﬁ%ﬁﬁmwﬁﬁﬂlﬂ%mmi
g — 247 FAFUOLL T PS i SR PR REAG M | 45
%m&ubMW*%%%E%PM%M$MW%
254 0001125 000 , Ziod @ AL FS | %ot R PS 11
M, M, 25248 500 FI118300 , 433 T F 2. 29% #0
5.4% . XFELZ R A R T il g 1T PS Kk
I3 F- RS O 5 T S B0 7] B g R T

200 300 100 200

100 >

200 300 J 100 200

B pm

(a) A7 d, (b) %5 14 d, (o) 55 30 d #Y PS RM AWML, (d) A 56 d J5 3T HRAL,
(e) FI(F) AFREE 56 d JGEE 4L PS R IE Sk
1 FAAERERHMBENARBFEMENEARRLERE PS REMNEYERER
Fig. 1 PS surface biofilm and morphology after different culture periods visualized by CLSM and SEM
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SEM WA HEZH v PS 2 18 7™ AR /D dk 4R 11 i A

M%: FAFUOL1 AbBEJS PS (9 M, A1 M, 4209 700 F
101 600, 554G PS #LL, M, it M, 5350 FF%17. 4%
1 18.2%, 5 X AL AH e, M, A1 M, 53 5 R %

(a)

—=— R4
—a— FUFAOII

Jfit R R %

0 14 28 42 56
fi 1)/

14. 1% M1 15. 6% . B30 ot =t FUES o0 i & 1)
TR F W], FAFUOLL % PS H A fif 58 8 24 1
WIFE R, FT LK PS 07 1K B 25 A8 A8 AR50 o o
WIS BELE AL, HE TS PS R AE R

25 | (b) M, I M,

— b
= =
I T

MU 43 it 107
1

PSJUFE Af M4 FAFUO11

(a) Bttt FREIMZE, (b) FISTT Bt FgU 537 Bt 9722 46 ; mean £SD,n =5
El2 FAFU011 Xf PS RREMS FREHI
Fig. 2 Change in the dry weight and average molecular weight of PS by FAFUOI]

2.3 PS 9t b b

PS T 95 7K 1 FE 2 bR R TRl 00 B ]
P REARE P AR G R PRI 320 S T RS FAFUOLL A
PS iof i POt R I K PERE Y R0, it T T Ak A
MR 45 5 3 (a) B, 4 PS %ﬁi%ﬂ%&%&ﬁ‘
ke 'FAFUOII b B Y PS %%ﬁﬁ@%@ﬁl
H(72.7£0,9)°(n=3), ﬁﬂﬂﬁéﬂﬁ’m?ﬁﬁm
(843 +0.9)°(n —3) F W FAFUOLY Ejﬁaﬁ
%%mmﬁiﬁymmm SEIH R AKAE Mﬁ’ﬁﬁfii%
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