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Abstract: Inthis study, a high-efficiency degrading strain, JF, that utilized dibuty | phthalate (DBP) as the sole source of carbon and energy
for growth was isolated from vegetable field soil in Ya’ an, Si Chuan province, where mulch film was used. The strain was identified as Bacillus
subtilis based on morphology, physiological and biochemical features, and 16S rDNA sequence analysis. Sudy on growth dynamics of strain JF
in LB medium showed that degradation of dibuty | phthalate conformed to a first-order kinetics equation model. Based on substrate concentration,
temperaure, and pH, the half-life of DBP was estimated to be between 3.11 and 6.98 h. Additionally, the reaction rate was greatly influenced by
substrate concentration and temperature but was not largely affected by pH. The strain was able to degrade DBP as well as its intermediate
product phthalic acid. Degradation rate of 200 pg/mL di(2-ethy lhexyl) phthalate (DEHP), di-n-octy | phthalate (DOP), and buty | benzy | phthalate
(BBP) in 72 h was 90.10%, 79.10% and 76.30%, respectively. This study could provide theoretical basis for the removal of pollutant p hthalic
acid ester from both, the environmentand agricultural products.
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VEF I K2 0 Gordonia sp.Bl. Enterobacter
sp.B1, Arthrobacter sp."4% . 3l 4> O 438 BT B 6T PAES
(1) B A8 SRS S 78 AN RS A2 SR v e il IS SR, X6

SOk IR B 5 Y i LE W B AR AT £ T 0
bR . BUE BFEBINS Yt b 2 B B 4R
FERFFT E(Acinetobacter calcoaceticus)FHl4rERE R e g
P (Pseudomonas aeruginosa), BEFETE 48 h PIXT 40
pg/mL WIGEUKIE DBP [IRE AR} 7likF] 98.64%.
74.62%; Bablu Prasad S5V B 31|k T & AP ARAR R
— F TR s TR B (Variovorax sp.) Bfk, 7E 30 h
A% 100 pg/mL ) DMP. DEP. DBP B I54 5
T 99%LL .

ASCM DBP 5 e () g8 e B — k] =k b

fife DBP A A , %o PR MR AT B P idiAT 1 )20
W, NAEYIME S DBP 5 4% i)t sk i AR T R AR
P2 PAES 15 s I8 78 B R AL B b BT VR AN EE 2
%,

1 MRERE

11 ##

DU 1148 e 2 14 FE e MAMBE ) 35 S D B ) -9
At

1.2 xit

LB}k JHEEAM 10 g, &4k44 10 g, FFEE
# 59, Tween 80 2 g, Z1#7K 1000mL, pH 7.5, 121 C
KB 15 min.

FAih R FRE (MMD: Tilgf: 1.5 g, BERE
#1159, R —E47 059, EILEN05g, MRES 0.2
g, Tween802g, #&MH/K1000mL, pH7.5, 121 'CK
15 min.

PL_ERA SRR FE, NN 2 /100 mL Ex AR AT ik
EREFREL . RIF JET% T WREE N\ DBP BEK .

1.3 & A

SRR —H R — T ER(DBP)ARHEYI, 99.7%, H[E
FRAEPDI s AR —H iR — (2-2.3EC) i (DEHP)
97.2%; AN _HMR s (DOP) , 98.5%; 4i7K —
R T-%EE(BBP), 95.2%, Fial /R EHARE
IRAF; LB (fikal), Sigma AF.

A 2K W R I BRABC ) - R R OIS & 14T 2K —
HIRNER, FTOKOEEAEAIFES, MH%10 mg/mLEf
WA

DBPARAERE ShEC I MER R BUE 2 1A — R

TR, NS (B 2D g 5 2%, B 10 mg/imL
BER A H

14 NE5EH

LC-10A2010C HT 4 AL . LC-solution T-fF
ui, HABEAR; SAH G- 5B A 1 (Agilent
7890A-5975C), M ZHHEIBAF]; AS10200AH A TE
Veds, REHFRIEEIT AR Milli-QE 4K, %HE
HIIEAF]

15 Zkix

1.5.1 DBP Mf#H 65 &, fhik

M 4 4y T 3ERE R S FRE 5.0 g, 2 B E T2 30
mL LB 357510 250 mL #E M+, - 80 'C Rk
10 min, AE=EF A DBP SR i EIRE N
50 pg/mL, ¥ 35 "C. 180 r/min #§ %% 7% 168 h. 155
S5 5T 5% (VIR B AR IEEAT 3 IR E R %,
RRIESR 168 h, FFE P im iRk DBP IR AL, fif
2l F] 100 pg/mL. 200 ug/mL. 300 pg/mL.
B Ja — HARREIL JE 5577 % 5% (VIV)Hah i
F 30 mL/250 mL % 100 pg/mL DBP ] LB ¥ 3=+,
FHTC HE2E HE KAE 2 A X R, 35 °C . 180 r/min $R 7 1%
78120 h, 7€ %3577 DBP bkl & .

X} DBP /b G FR AT R R 70 B, B TR
FERBESAT T 100 pg/mL DBP ) LB P4 H1, 35 °C.
IR 720, X RVEIHT B A . Al S 1 AR R
28 T2 100 pg/mL 42K — FIR — T Ha MY LB &} ks
72 72 h, FTCRAEEER KBE IR IR IR G
MR EL) 108 cfu/mlL) o 4% S%3EFhE (VIV) 2
FhF 30 mL & 100 pg/mL 457 — HER — T TR LB %
A, WA KE B2 AR, 35 C. 180
r/min FEHREEFR 120 h Ji5, W S 5T 400K R
TUTERRAREA R, B B AR AR R R T B
(I fRRE 7T

VB AR A PR AR AT 30 mL % 200 pg/mL
DBP ] LB. MM #5582k, R AR K e E T
FIXTRE. 35 °C. 180 r/imin $24E$5 7% 24 h f5, WIER:
FEM AR R R T BRIV &, e 2 5 AR
AR W R T BRI B E T o
1.5.2 DBP &9 I 5| &

WS F9 1 mL, A 1 mL ZfiE, HiE (40
kHz, 300 W) #HBIRE 30 min, ZMEERSE 10 mL,
TRAIJEES L (12000 r/min, 10 min), ¥ i A HL
FHUEME (0.45um) 98, 7+ LVINEMR, ISR =
BB IS (HPLC) 43871
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K 46409, @i ih Sepax GP-Cis £ (150
mm>4.60 mm, 5.0 um); AN LME-/K (83:17,
V), i 1.0 mL/min; SEAMSIIZS , Hak Ko 210 nm;
FEIR 9 25 °C; BEFEE 10 L.

Fefid et S A =

el = 2o —C

E: CoHm GxMad DBP S/ ik & (pgmL); C hA
mIESRiR T DBP X B ME k& (ugmL).
153 HMHhEE
1.5.3.1 FEA¥IEbs

BER BER T LB AR _FXRIZk, 35 CHy 77 48 h WL 4%,
R HEE L ASRAE; FR P LB PR LR iE
(35 C, 48 h) #AT¥RF. HFZIRG, T 10100
B T ALEL R, KN TR, HEFIZE
1.5.3.2 A=A LTEbR

Z L (A 28 T 28\
1.5.3.3 16S rDNA 4 38 A1 R G0 K B AL 4

(1) 16S rDNA Z:[X[#] PCR 41

S 2 ORI T bk 165 rDNA JE[RIf) PCR 4™
1, PCR M4 1% (05XTBE) I figkist iR ik)a,
MEEFF A o

(2) 3G = 7 K o3 H

YRR EAEM TR CRE) AIRAFF.
AL BEPE 1T 16S rDNA 7 F1I7E GenBank %4 e it 17
B0 /T e M A= ) 2 A WSS By U 3 v er
I RRI A 741, 38 3id Mega 5.2 B R Giisk ik
Bt o
154 HEH#H IF 8R4 AR R
1.5.4.1 WPk IF HAEK 265 X DBP (1) P Afih 2%

PREU AR JF R0 T LB AR 373E, 35 C, 180
r/min $ERARG 15 9E 24 h, SRSEESRIZ. PREUHAEVE
BEFRPIR(35°°C), BRI TS EAh T LB R/} 35 C
9% 48 ho FTCHARE HKyE T Ri L A g
i 5 Ay 108cfulmL, SRR T

W PR AR IF BORI T 5%3fh & (VIV) #2
FhF574 200 ug/mLDBP ) LB VAL 755 h, Wz il
5% JoEE /K97 E XTI, 433 30 mL/250 mL H#ETEHH,
35 °C.. 180 r/min 1% 7% 48 h, HUFERT ] 4 0~36 h 4 2
h BUFE 198, 36~48 h A4 hEURE 1, FEAMAECT
4 “CYKFEN, I ODeoo, 4% 1.5.2 Hr ()77 %34T DBP
(3R BRI 52
1.5.4.2 T IF 75 MM 57373 HH 5t DBP [ B it i

R JF R T (L.0XL08 cfu/mL) F% 5%42 Fil
BHAT 54 200 pg/mL DBP () MM AR5 753k b,
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%100

4% 30 mL/250 mL HETER, BB & 5% LHE KNS
HAHE, 35 ‘C. 180 r/min #7535, BURER Ay 4
12 hEURE, 4% 1.5.2 F 77248 55 77 - DBP 5k B
R, 53 HT B AR AKX DBP IR fif T o

1.5.4.3 Pk JF A DBP [R5 f1 45 o #r

[E & DBP SRR H e BNk, ik
JF Ffi# DBP 4R R R B HE— 2% ORPERE. pH
fH. DBP ¥k, wHTHWE, e DBP &, Li—%
115778 (The first-order dynamics model) #4741\
A WEA R R 2 T 130 )54 « £ Monod
TR b, R RCE Y — SR B 1 RN

InS =-K,t+InS,

E: Kol MEMRREH 3, pg/(mLh): thIEmE /M, SH
DBPik &, ugml; Soh #45DBPK &, pg/mL.

B R IESEXT AR JF P& DBP JEE[IFM: %
5.0% (VN )R i, o TR RR 1 (1.010° cfu/mL)
AT DBP #4200 ug/mL ) LB 1% 773 (pH 7.0)
Wi, %% 30 mL/250mL HEJEN, AFNRE TR (30 C.
35 Cy 40 'C) 180r/min #i7157%, A1 4 h BUbE. K
H 152 J5¥%, Dl DBP Wk, JFh—gx Mzl 7
575 FERL G SLERHE -

PH X FEAK JF FfiF DBP JHR [FI520 : 42 5.0% (V)
Az P, KB FRFT I (1.0>108 cfu/mlL) 4R
[ pH.(6.0. 7.0, 8.0) f¥] DBP K& 200 ug/mL [
LB iR s 7755, 4% 30 mL/250 mL #EFE i, 30 °C,
180 r/min $E{1E 7R, 181G 4 h BURE. SR A 1.5.2 J5v2,
MI5E DBP 5% B &, H LA —2 RSB /) 205 R G B
EA(ET

JEVIIREEST bk JF P& DBP MR 4%
5.0% (V) [HERE:, 1 BEAR PR (1.0<108 cfu/mL)
BEAh T DBP IR EA IR LB M4 k32 5E (pH 7.0, 100
pg/mL. 200 pg/mL. 300 pg/mL), 43%% 30 mL/250 mL
HEFZNM, 35 °C. 180 rimin $R3% 5557, [AIKE 4 h HUFF .
KR 152 )73, ME DBP W&, HUl— kM)
71577 FE A SE AR E A .
1.5.4.4 DBP [&f# 8] =4 7 #

PR IF 2R 1546 200 pg/mL DBP () MM ¥
MR gedEr, 433 30mL/250 mL #EJE i, 35 C. 180
r/min Y% 5535, BRI DBP BRI 25 FAXTTE,
HUREI R AR 12 h BURE,  F HPLC 1 GC-MS 24T F#
fR B R 6T DBP I B fR 1% 100 o

¥ 5 DBP ) HPLC il 5 7] 1.5.2.

GC-MS il B 1) (30 mL) }537¥k, #8730
min (40 kHz, 300 W), figktz5 K2+, 3mL ZJFE(t
WFE VM, JRAIJEE L (12000 rimin, 10 min), ¥
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EERHANUEIERE (0.45um) L)€, FEEVIVER,
HR L8 fit GC-MS 2 HH

Kl 6tk (il HP-5MS (30 m>0.25 mm, 0.25
pm): FHEFEF: 90 CLREF2 min, L5 C/min 12
240 °C, {#£F 2 min, 10 “C/min J+£ 270 °C, {#4F 1 min;
A (He) & 1.0 mUmin, #FFEE 1.0 pb; A0.
LT 2o BT T AE R 70 eV AR a2k i 290 C,
BRI 230 C.
1.5.4.5 [EfEigscss

KA 200 pg/mL 487 RS 1) LB 55772,
Iy BIFHALIE —HIER — (2-2.3E0)) Fig. 4RI IR —
SEERANAT R WL TR B B 402K —H R TR,
FLEEHURI A 1.5.2  EE#RXT DBP IR, LA
SE T R AT 2K — HER TG AR -

2 FRE57R

21 wWhaBEHER

211 EHGSH

2 ANFVREE 1Y) DBP A FEYIb G , M 3RS
53 25 Ell—Hiox DBP A B AR E FHRI AN IF, Tk IF 76
MM 355530 24 h Y% 200 pg/mL DBP AR5 |
85.69%, TMft LB 57kt 24 h P58 4f4f# 200
ug/mL f¥] DBP,
212 W IFHBAEFHE

1 Bk JF BRI SR EHE

Fig.1 Cultural characteristics of strain JF

[l 2. ik JFRAIASE (X 1000)

Fig.2 Cellular morphology of strain JF (><1000)

B & 1 R, B AR JF 7E LBFAR 135 ‘CH57% 48 h,
(R T A a1 = P U V=X G T o N
G ANGAN. B 2 W, BRREFR, EEK
PRPE, Parb o zidd.

213 AmARER

MR AT, TPk JF AT DURSEAE K AE v, Bl
PLAEME . AREAH B WA s SRR, BE/KARRAIA
VEM s R R S R B R e S Ak

R BEMRJIF EIBE LS ELR

Table 1 Resultsof physiological and biochemical tests for the identification of strain JF

S AE R i 33 HFAE ZX
A i B + 9P 5% 97 B 15 B F R TR +
REEK 5 K3 B Bl + % NaCl #= KCI .
V=P M)z + KRR H +  AKEEAL40T -
8 D-# B4 + 4Kk pH68FEARMAH +  AKEE3IT +
L-FT 45 48 4% + A K pHL7 EHRAH  + 4 KiEE 40 C +
D- AR + A% NaCl2g100mL + A K:EBE50C +
D-# &8z + 4K NaCl5¢g100mL  + 4 KiRE 60 C -
A=A - 4% NaCl7g100mL +  AZFHASBEER  +
R AP A - 4 K NaCl10 /200 mL -

2.1.4 H#k JF 49 16SrDNA 9 K =
HFIFH A5 8 5170 Ak JF (1) 16S rDNA 2 [H]
PCR 474, 19%FBKE ST R 3 frzs, Fifs PCR
PSRRI AL R R EAEM RN JHHT T w5
W W Pes TR, WPk IF (1) 16S rDNA %2 [K 5 Bt
K 1513 bp, HHAE Genbank Hedfi e it 155)%
5N KF364634. G #K JF (1) 16S IDNA ¥4,

T ECEC e S AR H B AR R ThiRe )
KK 165 rDNA JER P51, 12 FARIEEE R4t Kk
B, w4 PR

H4 R JF 16S rDNA FE PRI 745 5 Genbank %1
W 5047 Blast [FIYEMEXT L, Z BT S
Bacillus subtilis 37 Be AR A7 71 FE IR, - 4561
AR B AR AGIRIR, W 558 Rk BT B
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bp
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— PCR#™ 1Y

1000 -

750 —

500 — Beud

250

100 —E_J

3 #k JF 89165 rDNA PCR 3182491 F S5k &
Fig.3 Electrophoretogram of a 16S rDNAPCR amplification
product of strain JF
E: M: Maker: 1: AH4%, £35l4: 2, 3: #Mi5l4,
T 4: JF & PCR =4,

Mo s satville FESTTINSAMG 2950 ))
1§ Mo e stenlic CAVINC TN PAT

B iles Al 51 AT AR

B4 BEHRIFRNRZAER
Fig.4 Phylogentic tree of strain JF
E: ABHERA TGenBanki 15 &, 165 HALEHE %
BEREETHERS,

2.2 Etk IF By R

221  BEHIF &9 ARKEBE AT DBP &g 4 fE iy
23
i /b
5 0 12 M 36 48 &) 72 84
E T T T T T 1.0
2200 — . .
= _J.'_i"-!—i——.j_v.n.s
g 1501 = LB loe 2
= - —— LIS A g
it i —— 0D (LB} Jp4 G5
E —a— MM =
ToEnt —e— MM T EL 1g 2
# .
B . PR S
i 12 24 £l 48

B E] b
El5 BEikkJFXIDBPRIBE ARENLE
Fig.5 Biodegradation of dibutyl phthalate by strain JF
HIEISAT S, Fefh (LBREFREL) Ja R RRIF £ AL
EIEHTH(Z2 h) JERBEA AR 14 hiy DBP ) [
il 5 TR AR VIR OR, 1% R B DBP I 945 1y 5

112

14 W5, BESRE AN PE AR, (HDBP R E R I i %
ks 28 hi, IZBEMARIRE B A T Exf e, 24
h4200 pg/mLI¥DBP Tl 564 Ffif . 2B BRIF 2 — 1k
AR R R T BRI B AR, R B g0 B bk
Enterobacter sp. T57E60 hpy ] 584 f#f#200 pg/mLI)
DBPISl, i #Gordonia sp. Dop57E40 hi BT AT 584 %
fi#750 pg/mLI¥IDOPE],

BRI Pk JF AN [AJES FR3E ARt DBP IR AR DL AN
Fr) (B 5), BREXTIRAL DBP ik, £ MM
Btk 84 h AT sE4BEfE 200 pg/mL ) DBP, H
24 h 9%t 200 pg/mL ) DBP [ f#=%iX %] 1" 85.69%,

M AE LB 7 £ b 24 h v] 56 42 0% #% 200 pig/mL i) DBP,
YIATEE FRE E LB W, ANINEZEYI rIE R Ak
JF % DBP &«
2.2.2 HHRIF &% DBP #95) /15 7742

(1) JZJSL TR ST i JF 47 DBP 33 3 [ 520

[ 78 S SLEADVREE A pH {H, 25 524 RN 1
PR JF % DBP Ffgsaeisgm, 450 NER 2. WRH
RLAT, AS[FIE FE SR T Btk JF X DBP PR &— 2%
NE) I35 TR
%2 TENRRE &4 T EkkF7ELBEE 555 T DBP P AREN 1575

2
Table 2 Kinetics of dibutyl phthalate degradation by strain JF

in LB growth media at different temperatures

gﬁﬁ B FRH %%ﬁi% )
EIC tip/h  #/[ug/(mL-h)]
30  p=201.32¢010482t g 62 0.105 0.94
35  p=201.11¢0154687t 448 0.155 0.93
40  p=200.71019711t 348 0.199 0.96

(2) J% 8L pH{ED6F B Ak JF %A DBP S8 2R [rI5 i
IF5] 7 SN2 JEA) B R P AL, BN pH B
FAF NE PR IF XF DBP AR AR5, 45 RILE 3.
MFEHRTHL, ANF pH A T Bfk JF X DBP FEfEFRT &
—IRIREN 1T
3 T RIpHE M T EIHkJF FELBES S b XIDBPHI PERR SN 1 572
Table 3 Kineticsof dibutyl phthalate degradation by strain JF
in LB growth media at different pH

B s g ¥xiy  ERRER 2
pH AT twh  #ugmLh)] °
6.0 p=201.31¢015082% 461 0.150 0.92

7.0 p=20251¢0148712 4.66 0.148712  0.93
8.0 p=200.71¢ 012554 5.53 0.125543  0.96

(3) JERAIVR BRIk JF [f# DBP 33 =2 (150
[t 5 S SR AT pH R, EEEA R Rk
R JF X DBP FEMAEE R M, ARILER 4.
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KPR, ARV R LT Bk JF Xt DBP [/
i — R PNLBN F1% TR

4 TEIRYIREKE T Bk JF7ELBEE 75 shyf DBPRIPEAERN 11

Table 4 Kineticsof di-n-butyl phthalate degradation by strain
JFin LB growth media at different substrate concentrations
XV i E iy MR ER

Bgmly  27FTE U semihy R
100  p=102.12¢0-222830t 317 0.223 0.93
200  p=200.32¢018%443 4 24 0.163 0.92
300  p=303.12¢016%43 g o8 0.099 0.96

FENART)RP)(DBP) R IR 5 pH {E
P, DBP I 3.11~6.98 h, i T H H SR M
g, TE AR, ARIR T R ERRE A SCRE
i, PR, EEIAMLERDLESE, JERT
VARG, X UERE T Rk JF R DA R
DBP. At 30~40 CYulH N, DBP 3 AR LI iR
K, EEEME] 30 'C, DBP @&, 7 pH
6.0~8.0 Ju[HN, DBP J-iEHIARMA N JEAIHRESE
100~300 pug/mL Y, DBP ALK, JEY)
WREIAF] 300 pg/mL I, DBP el B K, ix—
WFF LSRN TR JF BT 5K B R 355 12
BEE S .
2.2.3 MWk JF [£/% DBP 49 /= 9 #7

Kl 6 & DBP #aifEFf i HPLC thill, A NH
Frlg (DBP, 4.828min), 1#ANZME (i), 2#7y
DBP FRAEFEN:, 3N MM FEFREEss (et i, AN TH
Pk JF BfiE DBP HIFE M, FHIRAT A A5 4.828 min
AR HIER EIARIE (DBPD. $ ANEIFESD B bR Uk £
X LR B AT B

(> 100.006)
20F
—A
1.5+
| 2% R ‘ 4t
Z LOf
05F
0.0}
N VUGN VIS WS VSN T .- Y WY VOREEON WS WN—— W—

0005 1.0 1.5 2025 30 354045 50 55 60
min
[El6 DBPHREHEMAYHPLC R IEE
Fig.6 Standard chromatogram of DBP

PR JF 72 MM B4 3 (%% DBP 1) HPLC (o3
K (a7, ANHFRE (DBP), B. CUENAEH bR
W (55 JRe BB AR P ). Horh 8 XTI,
THN 24 hHUFERIRES, S# 84 h HUFERIRES, 641

132 h UFERI R, HE A, BE3E DBP KM (A
T BRAER ), 84 h I DBP % 58 &P A (A WL 2R, 1M
B UEIZ i s, HEN B Wgh DBP [WFEfE = —,
132 h i} BUEFRAK (6#IKT 5#, wld 8), UiBIRE I IF
A [ f# DBP 1747, HENI B Pk JF F4f# DBP (1= m]
RESE AR 2K — HIER T FE(MBP) B A8 25 — FHFR (PA) 5. T
35 15 Vet TRk Gordonia sp.fE %@ DBP i, =4
kG IE] MBP A1 PAIL2); Fang £561H1 7559 [FRE fr4h 3
RS2 I8 GC-MS 15 FHE— R .

(= 100,000
1.75 z
5# —
1.50} L—B
=1 |
1.25 64 ‘
1.00 !
= 0.75F T i h_-- C

T 050- I /!

‘ R~
0.251 1 1& s | U o
| PP s T~

0,00 2

—ett - L2

T

L ! )

L A v - A y A |l
0005 10135 202530 354045 5055 60

min
[El7 BE#kJFZEMMERERZDBPHIHPLC 2 I [E]
Fig.7HPLC chromatogram of DBPin MM degraded by strain
JF

X 1]
35 (= 100,000)

3.0}
25F

204

uV
I

15F
1.0+ T A
05h
0.0

84
8]

A !

000 025 050 075

J

1} — A -
1.00 1.25 1,50

&8 AlERIRIAHPLCE i &
Fig.8 Enlarged HPLC chromatogram of Apeak

KA R B Pk JF B A DBP (4 Fp ] =47 it
17N M. 9 (O h i, A FIBTHE M Hr B,
1E m/z=149. m/z=223 FERWEMT RS FIRAAE, X5
225675 13 CisHe20s (DBP) RUFHHIWIE s E7H05)
Hrep s 2] 7208 R (PA R HE /N,
el 10 (84 h Ak, B, BRIl TR ITE m/z=76.
M/z=104. m/z=148 BRI A B T URAF1E, IX 525
7313 GeHeOs (BRI, PA) WI5, iEW] | DBP
R ep e AT PA AR G I HAE DBP B ™)
HL Rl BRI AN — S0 NI . R, H
X5 BRE ARG R SR EAYIE, XU IRk JF 7]
e A DBP, 1ESEhR AEMEE Hh BAT R N A
fE.

113


javascript:showjdsw('jd_t','j_')

M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.10

120000 } 149.0
7N
100000 | \»=.
\
0 \ =0
80000 - b d
= AN
= 6000«_1ir ¢ )
\ / Y
40000 - 4 /;
ZII(X)UI
[ 55.073.0104.0 233 1)
11290 11670 2"5’0_}"”25--

40 60 B0 100 120 E40 160 180 200 220 240 264) 280 304
m/z

(19 DBPPERRIIEHO0 hifmay FRIEE
Fig.9 Mass spectrum of 0 h sample from DBP degradation

1 200000 104.,0 —
/A
1000000 - b S ¢
—
" 3
goooon ko0 O:< >7”
& \ OHOH
“e B00000 -
400000 -
148.0
200000 -
”jL " : : \ ) L4289
50 100 150 200 250 300 350 400 450

[E10 DBPPEAFIFZH84 hifmAENRIEE

Fig.10 Mass spectrum of 84 h sample from DBP degradation
2.2.4 HEAH JF 3R RAT R = T BR BE Y 4 fif

fE LB B FrdErth i NS — R —. (2-2.2%
C.) BE(DEHP). 4BA MR — ¢ H5(DOP)FISEA =~ H
2 ] REE(BBP), A PR IR M % T2 his
PR JF X 3 Tl 2 — FRIR G A= e A R Bt P
#4914 90.10%.  79.10%i 76.30% -

3 g

3.1 M Herh s B g ik DLATR R T RN
ME— BRIR FIREIR AR I R R R OF, TR Akl 4
BN SEAIFER (Bacillus subtilis) . ##k JF 7E LB
Br IR AR 24 h Y] PSR 200 pe/mL AR —HIR T
fig, MM E5FREEH 24 h pyotT 200 pg/mL 462 —H R
U RRE AR 85.69%, HLHAREE L FH RS R .
AT, R B AR AR R R Ak -

3.2 KHBATAL A — H R G A T (1 B4 Ak 40 A2 DA Bt

(KR E N —2 0 OB, TERRBRIIVER TR —A

BB, AR AR IR T IR G, Ak BuK AR AR IR H

B2, {EREVER I IREN=RIREN, BRI

SEALRBAN KM, T L0 B ) DBP B Mg ik b i %

TR AR AT LA SE AR A AR IR 2, \ega D 5015

Arthrobacters sp.fE5:K DMP #4647 — H R #L H

B (MMP), o m] DLREAR AT 2K — R (PA), HANREH

114

MMP #46 A%8 28 — R (PA):  Sarkar J 25145 BT
Gordoniasp. i 56 4 AR 2K — FIfE i A Sodit
GC-MS Kl 2] 1 b Pk IF [ % DBP B e (]~ 440 2K
TR (PA), HERAT AR AR PA, 15 B 158 &
RESE4H 1k DBP, IXF& 1 Al AL AR IR — PR BRI fif
WA . I JUAF B 7R 5 | S r) i e 4 Il 25 i
T2 0E, B N R, 1 584077
H e P B 3 30 R4 2K — R IR b &4, Al
ZEHUAT B 9 A N2 A B, 3 i BRE sk b 2R
Bl fer= Sl AR — H R 195k B 1) et T — i
BOEE

3.3 WMk JF £ LB B 7Rk BEfif DBP I Eie —
) I35 T REARIY o 12 N [ 2857 S AP R P
FISZIHAECR, 52 pHAERZIEA K.

B2 LK

[1] Li J, Gu J.D, Pan L. Transformation of dimethylphthalate,
dimethy lisophthalate.  and dimethy lterep hthalate by
Rhodococcus rubber Sa and modeling the process using the
modified gompertz model [J]. International Bildeterioration
and Biodegradation, 2005, 55(3): 223-232

[2)© Abdel DM M, Rivera U J, Ocampo P R, ¢ al. Environmental
impact of phthalic acid esters and their removal from water and
sedime-nts by different technologies [J].
Environmental M anagement, 2012,109: 164-178

[8] FHELLIRE X AL A i R LR ) AR R — (2-
4 HE O FE I B 55 VR Al P BLAC £ R 452,2012,28(10):
1423-1428
BAI Yan-hong, XU Ke, ZHAO Dian-bo. Exposure assessment
of Di (2-ethylhexyl) phthalate of plastic food packaging
materials [J]. Modern Food Science and Technology, 2012,
28(10): 1423-1428

[4] SRBLE SR AR A BE A 70840 8 R 1
PR e ST 9 0L R [0]. S 5 85 A 0 44,2008, 14(6):
890-897
LUO Zhu-hua, HUANG Xiang-ling, YE De-zan. Advances in

Journal of

research of biodegradation of environmental endocrine
disruptors-phthalate esters [J]. Chinese Journal of Applied and
Environmental Biology, 2008, 14(6): 890-897

[5] Sarkar J, Chowdhury P P, Dutta T K. Complete degradation of
di-n-odyl phthalate by Gordonia sp. stran Dop5 [J].
Chemosphere, 2013, 90: 2571-257

[6] FangCR, YaoJ,ZhengY G, et al. Dibuty | phthalate degration
by Enterobacter sp. T5 isolated from municipal solid waste in

landfill bioreactor [J]. International Biodeterioration and



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.10

[7]

(8]

0]

[10]

Biodegradation, 2010, 64(6): 442-446

Wen Z D, Gao D W, Wu W M. Biodegradation and kinetic
analysis of phthalates by an Arthrobacter strain isolated from
constructed wetland soil [J]. Applied Microbiology and
Biotechnology, 2014: 1-8

BER G G, A TR R B R T R PR A A
7y B E [N A AAE R 27417 ,2007,26(5):1937-1941
DUAN Xing-chun, Yl Xiaoyun, YANG Xiao-wei, et al.
Isolation and characterization of two Di-n-butyl phthalate
degrading bacteria [J]. Journal of Agro-Enbironment Science,
2007, 26(5): 1937-1941

Prasad B, Sures H S. Biodegradation of phthalate esters by
variovoraxsp. [J]. Apcbee Procedia, 2012, 1:16-21

KA, R GRS RO G TR IR I E it R

2L B 8 FhAR 2K = R BRI & & P& R} 2%,2012,33(20):

184-188
ZHANG Lei, WU Qing, LIANG Jian-hua, et al. Simulaneous

[11]

(12]

[13]

[14]

determination of 8 kinds of phthalic acid esters in plastic food
packaging high
chromatography [J]. Food Science, 2012, 33(20):184-188.

AP XS 58 XA A5 U5 i e RO A T ) i 465 5 2
PR [9]. B B2 ,2012,33(21):157-163

LAl Wen, LIU Shu-liang, ZHAO Nan, e al. Isolation,
identification and charaderization of a cypermethrin-
degradating strain [J]. Food Science, 2012, 33(21): 157-163
Jin D C, Bai Z H, Chang D D, ¢ al. Biodegradation of
di-n-buty I phthalate by an isolated Gordonia sp. strain QH-11:
Genetic identification and degradation Kkinetics [J]. Journal of
Hazardous Materials, 2012, 221: 80-85

Sarkar J, Chowdhury P P, Dutta T K. Complete degradation of
di-n-octyl phthalate by Gordonia sp. strain Dop5 [J].
Chemosphere, 2013, 90(10): 2571-2577

Vega D, Bastide J. DimethyIphthalate hydrolysis by specific
microbial esterase [J]. Chemosphere, 2003, 51: 663-668

materisl by performance  liquid

115



