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W OE EBAR_WEWES(DMP) AR ZHER T B5 (DnBP) MIABR ZH MR — (2- 2 50 ) s
(DEHP) /£ R HARYE 44, R & 2907k Mkt b 1= v i e 1 1 & 1T [R] [ fi% DMP . DnBP Al DEHP ()
M MBL.&JEZS A A ALARAE M 16S tDNA 5 4307 , 916 % & AT & ( Microbacterium sp.) T IEAL
RIGATIE T IR R 0 Ee R Sk DL e A5 N AR A A R I RN AR I 4R RS RS R A IR T
TEBRARRT N 75 Yl 4 12 o 42 R THR (09 B AR A 45 SRR I BRI AR MBL B S B AR % A1 . pHL (R 8, TR
25 C RN 5% , AR FRRERH L R 300 mg- L™ AEME AL 251 Rk et S BUthIb K, 7 d J5
TR 52 A DMP . DnBP I DEHP Y FA# 343 514 99.62% % ,99.65% F1 55.26%. N\ T.75 Y £ HEH 25 iRk
IS RN B R I 5 5 A  FEAS TR N T 9 ¥ A B, KR +3%E 21 d B DMP . DnBP A1 DEHP 1 [ £ 28 43 51
3.86% 4.19% 1 2.01% ; A K& +3E 21 d BEXF DMP . DnBP F1 DEHP H R #3873 31 M 4.82% .5.99% F11 3.44%.
FETRIN W B A B 21 d B + 38K B 4L B i DMP DnBP Al DEHP £ [ i 5% 43 51 35 94.45% . 95.65% Fil
39.21% ; T T 48K KR 4b ¥ - DMP . DnBP 1 DEHP [ A7 5643 513K 94.93% ,95.99% Fl 41.16%. 1% 45 5K .
F 8+ E R Y RERE AR PAESs, BiRk MB1 Xf +-4£rh DMP  DnBP H1 DEHP 45 3 # PAEs 1544y B A
SRR AT AT, A I BT 9 H AV TR TR 1 A A R i 1 T K Bl .

KR R _FER_FES(DMP), 4BK _FR T Ee(DnBP), S8R iR —(2-£ % %) BE (DEHP) ,
MRS, FEffRRPE.
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Abstract: A strain, named MBI, capable of simultaneously degrading dimethyl phthalate (DMP ) ,
dibutyl phthalate ( DnBP) and di-(2-ethylhexyl) phthalate ( DEHP) and was isolated by culture
enrichment method from facility vegetable soil. Based on the morphology, physiological characteristic
and 16S rDNA sequence analysis, MB1 was identified as Microbacterium sp. and the optimal

degradation conditions were studied by orthogonal experiment design. And growth curve, degradation
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curve of strain MB1 were investigated under optimal degradation conditions. Finally, the strain MBI
to phthalic acid esters degradation characteristics in artificially contaminated soil was investigated in
culture incubation. The results showed that the optimized degradation condition was pH = 8,
temperature 25 °C , inoculum size (V/V) 5% and 300 mg-L ™' of original PAEs concentration. Under
the optimal condition, the strain presented shaped growth curve, and the degradation rate of DMP
DnBP and DEHP were 99.62%, 99.65% and 55.26% in mineral salt medium after 7 days,
respectively. The degradation rates of DMP, DnBP and DEHP were 3.86%, 4.19% and 2.01% in
the sterilized soil and 4.82%, 5.99% and 3.44% in the unsterilized soil without adding strain after
21 days, respectively. The degradation rate of DMP, DnBP and DEHP were 94.45%, 95.65% and
39.21% in sterilized soil and 94.93% , 95.99% and 41.16% in unsterilized soil by adding strain after
21 days, respectively. The results showed that; The strain MB1 had a relatively high degradation
capacity for DMP, DnBP and DEHP in soil, and indigenous microbes degraded only a small amount
of PAEs in soil. Degradation of phthalates by the strain MB1 was slightly higher in the unsterilized
soil than in the sterilized soil.

Keywords : dimethyl phthalate (DMP ) , di-n-butyl phthalate ( DnBP) , di-( 2-ethylhexyl) phthalate
(DEHP) , Microbacterium sp., degradation characteristic.

£B2R —H R ( phthalic acid esters, PAEs) X FRBKIRER , /& —R N T A BAA VAL S Y, 1 R385 |
TMFNEIRE LR f2h% by 2 Y T PAEs % SRR AW im0 TiesE LI A B4,
15 PAEs 0 FAE T (i Ab B A R b 5 5 R 2] e ) L3 PAEs AU IR - 8 5 H
Wy K i HAB 7 AR W v LA — 5 0 A ) AR, , X A A5 2R 8 RN A A i B A A R
DMP . DnBP F1 DEHP HA7 HLAY () Py 430 T AL 09« =350 2000, 9% 6 E EPA 51 A “ P sedas il 5
.

A T HAL L LM KON RT3, PAEs AR5 K g FUDGHE , B0E 20 B B o J& 2 BRIFEE HH PAES
TG —Fh R AR GEAEK N AR AR 22243 B MAS [R) BR35E v 43 1 1 [ PAEs 2875
YWY, B DMP (R, DnBP AYFEA# "' DEHP AR E ", DnOP Y7
Pttt AR AR AR A B T e A PAEs R R T EY5 e R AIE SR, e IR S 0 2T
o+ HUPREA A S bR T ) PAEsAH H BT K ZBWFIET X 1) B — S BE e LS al o o — S 4%
(1) AT T R gt A e — o IS S — F R R 1 A= W B it , % 1 [R) — B AR [R5 R 2 F PAEs 15 54
IRFFE D IR AR [l — P R X 20 PAE () Bl R0 1B 52 280 PAEs 15 42 ik 38, DL /DA HL
15 YR 5 11 e T A R A 7 i i RN 4 G R IE ( $A ) A

TR ZH AT TR T AR RB S M 338 b PAEs f975 YL BRI BFSE £ 0, iZ X B PAEs 26 32 8295
Y1 DMP DnBP Fll DEHP ™| Rt , AT AR )1 7 A< 2000 15 it 532 1t 4 198 v 43 5 7 32+ — ok 8 [] o o8 £
DMP . DnBP 1 DEHP BB #E MB1, 284 BLA: ALARAE S 16S vDNA 751 4307 45 A 0 58 14 AR A AT B
1 1F SSRGS 12 R 1) S L R A S A L B e 25 1 2 B R 1) 2 A i e R ke fie il 4%, 1 — 2B 0 5%
T A T35 4 -4 DMP . DnBP 1 DEHP (%[ A# SR, LU % X 38 PAEs 15 4% - 581976 %
A PiE 52 P A —E A B AR

1 #8577 ( Materials and methods )

1.1 iR AR
PRI )1 T AR RB 150t 52 b+ 8 E M 0 B8 38 AN 1 AR BGE 2 8 e ARA ) i, 4 C
VKFAORAT.

1.2 BiFtmd
THLE T (g L") . K, HPO,3H,0 1.0 g,NaCl 1.0 g,NH,NO, 0.5 g,MgSO,-7H,0 0.4 g,CaCl, 0.1 g,
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FeCl,6H,0 0.01 g, /EZZ 1 L, J4%% pH i 7, T 121 C T I 30 min , ARG 25051005 18. 0 gL 7.

VEFERE R 5L L 0.2 mL 9 2 g- L' Y DnBP HI DEHP %5 5HE-& NEIA WM 0.1 mL 19 2 g-L7'HY
DMP NERAE T 100 mL KB B TCHLER K 37 56 op | 1 30 KUK o8, £ 9 B 58 4245 %, BRI T 45 31 DMP |
DnBP Il DEHP ¥ B354 100 mg- L' (A TCHLER AR 37 5 | B IR SR Bihg 18. 0 g- L7

FRBEAGRE R (L) A HWE 3 ¢, HAM 10 ¢,NaCl 5 ¢, EXFE 1 LA pH R 7, F
121 °C IR E 30 min, BEAREFREEMBUE 18. 0 - L7
1.3 DMP .DnBP F1 DEHP B B () 01 45 %0

FREL 10 g HFE, INAA 90 mL ZE4E /KA1 10 mL BEEEERAY =, 30 °C 175 r-min"' 2% 30 min,
FELC1 mL B BV R T O A AR R — R (DMP) (&B2E IR — T i ( DnBP ) FIABZR — H iR
T (2-Z T3 g ( DEHP ) IRA HIVEEEHR 9 100 mg- L™ 100 mL JoHLER A BE Fe 3k rp B 551 T 2
P 7 AR EE R 19 i 1% W B2 R i % 28 4 5 300,600 ,800,1000 mg - L' () DMP  DnBP FI
DEHP {RA& TCHLEAREE SR 36 15 7 d R — IR 4 1 Kk, Reseb AT RE 3%

100 WL 2SI, #4545 T DMP . DnBP H1 DEHP #5214 100 mg- L™ BIR &4 N B HE 1
JHR RS A L, SR 5 B T30 °C AR AR B IR A vh i B8 IR AR AR T LB VR S 0 R A e A B Bk
TR, BB TR o JEL S S A 2o T3 1) A PR B 1 R AP AR L, B 2 A sl A Ry 1k R sl AR S B T
PRIRAE LI AE TAE WA A BN B 58 LN Y TAE B D05 25 R AE GenBank il 47T BLAST HUX, 345 4H
LI A R P AH DG B RE , B0 5 T i
1.4  EKRXF DMP . DnBP il DEHP [&fi#GE 1 &

PRI V1) ) 2« PRI S 5 1 TR K, B R 2 K B8 2 TR B 1 IR TR AR 1 5 2 b, B TR R 5 A%
30 °C 175 r-min~' 3557 24 h DA R ARROIR S 32 285 B IR 532 T 100 mL KRR A9 25008
o IR N T 4000 remin” B0 10 min, WEENR R, SR 5 KB 9 A BEER 7K (0.9% 1Y NaCl ¥ 0) Uk
U3 UK, T AR 3R KK PR AR R B A P B, (AR B R 600 nm 2514 T BTG EE (L 0Dy = 1.0.

R T RIE B AR A BE T, 45 5% 1 T R K 43 B AR I S TR) 9 T 25 R A B AR 43 45 R 22 100 mLL
fY) DMP .DnBP 1 DEHP ¥ £k 500 mg- L™ () K B JCHLER AR RS 2004, 30 °C 175 remin” ' iR 15 97
7 d, AL 0 TOHLER AR RS SR 3LV R X B, A A A BRI 3 WA K5 9% 3 4.5 d A7 d i ket
A5 00T , WG A 1) B b 15 35 AN [R] (R IRE ) X5 DMP . DnBP #l DEHP R | i 5 SRR it T4
1.5 BARRREAR AL

X 1.4 B E B EAE AR, BF2E pH(5.6.7.8.9) JIREE (20 °C .25 °C 30 °C .35 °C .40 C) #HEHE&
(1% 2% 3% 4% 5% ) Fl PAEs ¥ i (100 200,300 .400 .500 mg-L™") %} DMP .DnBP il DEHP 450 5
S 3% IRE SR I (32 1) 64T, R DMP . DnBP #1 DEHP 3£ 100 mL B3RS TCHLER AR RS 538 | ik
N EERh PAEs FOMERE(E, 7800 0.1 mol - L ™' NaOH 52 0.1 mol-L™"HC1 #45 pH {8,175 r-min ' 533
7 d, VAR A TCHLER AR 15 95 554 X7 IR 72 DMP . DnBP #il DEHP (%% 88 i | 38 MR i E i
kR A

F1 L, (5%) IEXCELEHEFRTVE
Table 1 Factor levels for orthogonal experiment
A 2 ( Factors)

R

Number ACpH) B(IRE) C(HEHIL) D(PAEs #¢J)
Temperature Inoculation Size Concentration of PAEs
1 5 20 C 1% 100 mg-L™!
2 6 25 C 2% 200 mg- L™
3 7 30 C 3% 300 mg-L™!
4 8 35C 4% 400 mg- 1!

5 9 40 C 5% 500 mg-L"!
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1.6 WRARFESTHL AT 00 AR K il 4 R ke fige ph 42

K 1.4 107 25 2 TR, F R 1.5 e DR e 25 A4 BRBOIN A K TR G 0 TC ML R W AR 85 R B v
(] ) A AR A0 R it RS SR WA Ry 23 6 B DL B B E S e C B & BT, 175 remin”' BT IR IR
fehREgE 7 d, 4R 1 d BORE, ISE WA DMP . DnBP Il DEHP f49%% BRIk B &2 0Dy, , F A RE BRI B 3 IR
HEY.

1.7 B#XT+Erh DMP DnBP 1 DEHP [ A# R BT

J T WEFERES# B MB1 X DMP \DnBP 1 DEHP ¥5 % +- 3 (& & 1% ), K — 2 W 1) DMP . DnBP £
DEHP JIA HHERTHA 5 HIEAR KA, A B ME S5 AW IE M2 A A (CK) AREETE
PR AE MU PAEs V5 5% T B 5, T MRS MBI Fll 2 5 Wy xtis e -3 PAEs ARIB SRR,

(1) R K R 1l

SRR T AR KB Bt =i b+ 39, Sl A0 S ANASEYR I S5 2 B TR &), DU 012k BR B, 8 o 22 B i ik
HARRKT 5L 20 B, PRAFA B 4R4er, RIS 02K KB A OR339 A 0K TR/ B e 287K
P (121 °C,30 min) , BER7 24 h KB 1R, EE KR 2 K EF G T ERE 2500, S 2K LA

(2) 159 il &

SRR i 5 g AT K AR R A 9 DMP DBP Al DEHP ¥ T A B 1, B
R A Jy 30 o« L7 NV IR A G I 25 mL ¥ K 30 o« L' BYIR & N ER AR B 7E 500 g K
AL A ot v IS FF ] R 3 A AN W 3%, (i DMP  DBP H1 DEHP JS n] B8 19 ¥ 5) 43 A AR Je 4%
He A KA, 7 PR % 2 5 45 ), 1 it 4 DMP . DBP il DEHP ¥ £ 4 500 mg-kg™' . #% 18 1:9 Ay 1
1144 500 g K154 +HE 4500 g KFEATG G HIEFRMRG Bttt ffi +3%% DMP DnBP 1 DEHP
(R B e JE S 50 mg-kg™", B K B AL FH Y5 e + 398 B 25 mL ¥ JE A 30 g- L™ ARSI BV IWHITZE 500 g
Kb HERE S 208 R T 2, 148 50 mg - kg™ AR IR A B K TS Yl - 35 3 K B2 5 R K R 23
BB AINERE MB1 AY43 X BRZH (CK) .

BFREL 500 g K15 YL AR K E IS YL+ 8 T 500 mL (9 K EBAR | $ BB RN 5% 35
B K P et [ B 5 B AR B R0 25 6 BRI K B Z8 1K, (5 7K iR 81 20% , A 30 C A=
I IR GRS PR 1—2 d Y IS KR R SOK AR I AR R v R 5 R 0.3,
714 21 d BRI BRE AT 0 A B A BRI 1 3 A
1.8 Wik
1.8.1 &+ DMP .DnBP F1 DEHP (£ HL

S HREITRH R T o 25 22 42 B0 5, 1) 100 mL (% DMP  DnBP #1 DEHP JeHLER 5338 o A
1 mL 19 100 mg. L™ R H RN g, In AZEBIK 22 16 30 mL, A TE IR 4R35 4% TR 30 min. 7558 2 70
T2l rh 4R 5 min, 23, FEAH 30 ml PR TR st 3 WK K R 2R VA TR 4 5R E # 21 RS b b B v
FEFE AMRIRINA 2 g TOKBRIREN 4 o 35 % AL+ 2 g TKBREREN. SEH 10 mL Z R ZBEWVEA:E 1T, 35 250%
WKV, FEH] 50 mL 2R £ BR VR WUAE AUk I = XSO h , S 78 R Wi B2 T I A ik g
B RE 25 A HLR 0.22 wm JERR S AT A 63 247
1.8.2 3 DMP .DnBP #11 DEHP f4#H

Z: MR S AR U 35, vERR AR B4R B R B 45 5.00 ¢ T 250 mL HEIEI R, [ Hhoim A
I mL V&R 100 mg- L™ AR RN R, SR 5 # BEOSCHR [ 22 ] th iy ik iff A7k i b i e 55— R AP TR,
a1 0.22 pm A LR DI U8 5 #E AT SOM A8 41
1.8.3 Ay ryilE

PRIPRAE 8 AT SR FH UV-9600 4250 AT UL A EE T I i BE FR M AE 600 nm B G2 BE(E OD .
1.8.4 AR

s . B EIER . HP-5MS (30 mx250 wm x 0.25 wm) ; 2N, (4 =99.999)  FID #
D283 85 R 290 °C, HFAE FHREE 260 °C , /3 aEAE , 00 e 30, Bk 1.35 mLe-min™" ,#FFE &R 1 pL; Ft
AT . WIGTEE 60 CARFF 1 min,20 Comin™' BRTHE 2 220 °C, PAFF 1min, 5 Cemin™ FHEE 290 C,
1%4F 1min.
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2 5 578 (Results and discussion)

2.1 SRR 23 1 A 1

2t WAk o B AR SR AT 6 AR AR, TERUIARR SR B B3R 7 d 5 BE SRR VR BUELIR ).
1 s T MB1 MB2 MB3 MB4 MBS 1 MB6 % 6 #F Bl A 76 TR AR 15 77 W 2 85 5% 3.5.7 d B X
DMP DnBP F1 DEHP [&fi#R N 1 7T LI H, % DMP (1) [ R i i W AR MB3, 7 d IR g 5k 2|
99.94% , FLR N ERR MB2,7 d B ARk %) 99.84% , IR 2 N E Bk MB1,7 d B 21k 5] 99.51%. %t
DnBP R A# R B = IO TR R i MB6, 7 d IR ff R 3K %1 98.83% , LR M BBk MBS, 7 d Bif [ fi 6 5K %]
98.75% , IR Z NItk MB1,7 d B[St 855 98.69% . 45 Btk NS DEHP ()[R 4% (8 Bl 15 50 )
G T A R BRI R, 7 d IS AR MBI Xt DEHP 4 [ A sOR i, B s T H0 e 5 BRIERR, 5 B i
K BEREXT DMP DnBP F1 DEHP [ FEFFRCR 1 oA R 8 MBI

1000 a
2
S 95t
E
£
2 90 /" —a—(MBI)
g /. —e—(MB2)
& —2—(MB3)
2 985t +— (MB4)
—o— (MB5)
! —+— (MB6)
98.0 -
2 3 4 5 6 7 8
5 1d
<l il —o— (MB1)
—o— (MB2)
. —a— (MB3)
g 15 —#— (MB4)
B —— (MB5)
g —*— (MB6)
= ot
E
T1]
—
£
g st
0 '

(%]

id

DnBP degradation rate/%

PAE degradation rate/%

99.0

98.5

i

97.0

96.5

96.0

65
6.0
55F
50F

40F

20

—o—(MB1)
——(MB2)

a—(MB3)
—«—(MB4)
—o—(MB35)
——(MBO)

(%]

—o—DMP /

——DnBP
—&— DEHP

td

B 1 REMEE(d) AR @S DMP(a) \DaBP(b) . DEHP (c) IR L

Fig.1 The degradation rate of DMP(a), DnBP(b), DEHP(c) were compared by different strains

&2 ST kk MB1 TE M A-Hi B RIE RS Vs 2
FI TOZRIR R A 375 W T AR MB1 5 U A B A=
PERFIE LR 2.

EVHT, 0 B 07 128t B X B — PAESs 15 4L W) 1 [ it
W RYRIE R £, L A8 ( Ensifer sp.) ™ 3% 2 4%
[C W ( Providencia sp.)™ . Zf 48 ¥F W ( Bacillus
megaterium ) ' [ f# DnBP; W4 1] 42 #F 5§ SN13
(Acinetobacter sp. SN13)"* 23R (Rhodococcus sp.) .
HETT T (Agromyces sp.) ' [ DEHP. i ¢ 5 bk [7)
IR 2 Fh PAEs IORT50EL D SCPR R P IR 2 4%
PRI (i 15 1 ERIE P A PAEs BFETERS N,

2 MBI EHIES

Fig.2 Colonial morphology of MB1
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A 0y e e R ST DRI DL 308 £ ] e 62 e 22 o R IS ) TR RO O S LR R4, T D 28k PAESs 75
G e A My = AR A —TE 1 B AR .

2 Hkk MB1 AYAE B AR AL SRAE

Table 2 Physiological and biochemical characteristics of strain MB1

1545 Indicators 45 Results 1545 Indicators 45 Results
2 fih it + it 2K it +
H,S + TR K it +
F L - V-P +
LIS + TR ER -
JUK Tt + fif§ iR R -

L+ BHME ;- BAME; Note: +: positive; —: negative.

2.2 WKk MBI 1 16S tDNA %%

A A T A I A7 BRAS wIXT B R MB1 24705, D3 45 SR 42 22 1] GenBank H1 P 8118 545
MK061526.3# it BLAST FbXf 4341, & B0 5 W ¥k MB1 9 16S rDNA J¥ 51 41 o0 1 5 o5 04 2 B #F 74
( Microbacterium sp.) , He[RIEPEIAE] 99% . N GenBank HHRAS: [R5 5 W AH G R 5 E N 22 B RR T 51,
SeH MEGAT #f4H Clustal WK 7811758 45 X, 88 )5 H Neighbor—joining X HAN 2R 4t & & #E LA 40
’l 3.

96 - Microbacterium sp, MA1(FJ357539.1)
0.0010 81 i— Microbacterium sp. THG S6-6(KMO73946.1)
) 68 Microbacterium sp. S2SM269(KT183547.1)
54 I: Microbacterium trichothecenolyticum(KUJ179351.1)
85 Microbacterium takaoensisi AB201047.1)
48 Microbacterium sp. HCDOB(JF917312.1)
100

Microbacterium sp. 15-3(D0Q884344.1)
Uncultured actinobacterium clone HG-J0120(JN408882.1)

71 [ Microbacierium sp. strain N1-35(KT443802.1)

Microbacterium sp. MBI{MKO061526.1)

80 [ Microbacterium sp. strain TM-ATYMHG98678.1)
Microbacterium jejuense strain THG-C31(NR 134085.1)

B3 MREER MBI MAHICE BRI 16 rDNA MR RGEA 1
Fig.3 Phylogenetic tree based on the 16S rDNA sequences of strain MB1 and the related strains

2.3 HBk MBI [ AUHGIE

IEAE 3R 3 458 T Wikk MB1 ZE R pH JREE BRI i Al PAEs ¥R X} DMP . DnBP il DEHP [ fi#
FEOL. B M 228 (R) K/NAS M W 52 00 B Rk 4T PAEs B i 175 00 19 IR 28 R BN AR B T s
T (B) >PAEs M (D) >pH(A) >#e i (C) . HuA k (EAT ) 1F 38 1056 1) 5 e A 45140 - A, B, C D,
B pH R 8,15~ 25 °C 3R N 5% , 5:Fh PAEs W A 300 mg- L™ iZ 44 T E AKX DMP . DnBP #il
DEHP #) R 3243 50 98.58% 97.77% 1 54.70%.

IEASR IR 5T 2 R R 2K i, 4 Tl 6 i Bk e 2 2 20 1 3% 55 0T LAY i B A T3R8
JE— R RCE P 2SR T ek 82 N TR E R e T A IS ST T BRARLE 4 ]
£ 5 KRR Z T X DMP DnBP H1 DEHP A9 R A R0 15 0 DR RR (0 R DU R i 25 8, 7R 02 55 1 24 3%
FEW P H B BT R R ARLES , X DMP F1 DnBP (9 FEAf 2 A2 4N, %) DEHP [ R A 58 i 3R, F2 82
TR 28 PAEs IRG, /W b S5 b i Bt Nk, B DEHP X6 2E 9 16 B 35 1 3 v 1
DMP F1 DnBP , {5411, Huang %517 DL RT3 A6 0 T 2 ) 2 PE TR MR 36 & B DEHP (9F5E S T DBP; AH
) e B R R 28 R & B bR 4t SR 6 W] DEHP Xt BE 5 7.0 R F1 24hpf [ 335 S A9 0 L DBP B 5.
% 3K HRk MB1 X} DMP il DnBP AR 7 T % DEHP (1) [ R | [N Ky Bl 35 fe K255 1748 K DL R 4y
R B P 388 T, 348 SRR A 0 S g %) A2 BELRSC N . PR I, K B A 48 4 — Y TR TG A Q0 JoE B P 4B — P R TR 25
Sh AR PAEs MIBEB , (A WIRE A 5B = DEHP J& T 8% PAEs fL&W, MXH 4> F s i Kk, /K
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VR PERIR, P BE-/K A3 BE R BUR AN  5 e A= MR, T DMP DnBP 525 5 A A e fi )

Table 3  Orthogonal experiment design and results

® 3 IER BT SR

§ X Factors [ fi Degradation rate/%
mﬁ% B(HEE) C(HRH) D(PAEs ¥ )
et ACpH) Tempﬂ:r:ure Inoculation Size  Concentration ofXPAEs bMP DnBP DEHP
1 5 20 1% 100 96.96% 93.49% 3.12%
2 5 25 2% 200 96.77% 96.20% 4.38%
3 5 30 3% 300 98.46% 97.66% 4.26%
4 5 35 4% 400 99.46% 98.83% 1.77%
5 5 40 5% 500 99.39% 98.65% 13.95%
6 6 20 2% 300 98.10% 97.09% 44.18%
7 6 25 3% 400 99.54% 98.02% 8.04%
8 6 30 4% 500 98.85% 98.54% 1.55%
9 6 35 5% 100 99.35% 94.91% 9.76%
10 6 40 1% 200 97.41% 57.15% 4.93%
11 7 20 3% 500 98.94% 97.58% 38.54%
12 7 25 4% 100 95.59% 94.58% 64.76%
13 7 30 5% 200 97.19% 96.71% 11.15%
14 7 35 1% 300 99.99% 98.57% 8.20%
15 7 40 2% 400 99.69% 98.81% 4.22%
16 8 20 4% 200 96.89% 95.51% 6.81%
17 8 25 5% 300 98.58% 97.77% 54.70%
18 8 30 1% 400 98.40% 97.58% 59.72%
19 8 35 2% 500 99.40% 99.02% 5.27%
20 8 40 3% 100 94.51% 94.66% 16.93%
21 9 20 5% 400 98.57% 98.28% 6.05%
22 9 25 1% 500 99.34% 98.83% 12.98%
23 9 30 2% 100 92.81% 90.32% 16.84%
24 9 35 3% 200 96.58% 97.55% 19.29%
25 9 40 4% 300 99.33% 98.63% 4.05%
K1 1003.35% 1070.10% 1026.67% 1058.59%
K2 1007.41% 1120.06% 1043.09% 974.50%
K3 1104.51% 1060.05% 1060.54% 1099.56%
K4 1115.73% 1027.94% 1055.15% 1066.98%
K5 1029.46% 982.31% 1075.00% 1060.81%
kl 2.0067 2.1402 2.0533 2.1171
k2 2.0148 2.2401 2.0862 1.9490
k3 2.2090 2.1201 2.1211 2.1991
k4 2.2314 2.0558 2.1103 2.1340
k5 2.0589 1.9646 2.1500 2.1216
R 0.2247 0.2755 00967 0.2501
A A4 B2 c5 D3
S R AT > PAEs ¥ J&> pH> B

WK1 2 A B.CH D B —KFFr7Eif 3R o DMP DnBP F1 DEHP FEAFR 2 F1; K2—PHZE A B .C I D 1945 — /K VB 76 ik 3
DMP . DnBP Fl DEHP FfifR 2 il K3—F % A B.C Fl D 195 = /K75 o DMP . DnBP Hil DEHP Ff# 3 2 Fl; K4—F % A B.C Al
D 155 PU7K-F /£ 1% 1 DMP . DnBP 1 DEHP Bt 2 Fil; KS—FF A (B C F1 D (W58 ToKF £ iU86 1 DMP . DnBP 1 DEHP [ fif 5
Z Akl k2 k3 k4 Fll k5—K1 K2 K3 K4 il K5 B9 FH41E ; R—H 2.

Note: K1; the sum of degradation rates of DMP, DnBP and DEHP at the first level of factors A, B, C and D in the test; K2; the sum of

degradation rates of DMP, DnBP and DEHP at the second level of factors A, B, C and D in the test ; K3: the sum of degradation rates of DMP,

DnBP and DEHP at the third level of factors A, B, C and D in the test; K4: the sum of degradation rates of DMP, DnBP and DEHP at the fourth

level of factor A, B, C and D in the test ; K5 the sum of degradation rates of DMP, DnBP and DEHP at the fifth level of factor A, B, C and D in

the test; k1, k2, k3, k4 and k5: average of K1, K2, K3, K4 and K5; R-Range.
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OD g fHBERF A AR b 52 S BUMER £ & — M VR AE KB 20 0 d 22505 2 d FEFR AT OD g, (E 3G I i B2 4
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Fig.4 The growth curve and degradation curve of strain JQ-1 under optimum culture condition

R 25 0 BRSIZ G ( CK) R B, YR IR T R TS I % BT DMP  DnBP 1 DEHP 7£ H 28 RA T L
PN B A T R SR AR B BRI, BE 5 S ] A AE K, DMP \DnBP #l DEHP VR EEY B FE#a % H
DMP . DnBP [f## 4K T DEHP (REAfH A 15 5E 7 d J5 ICHLER R F2 W h DMP  DnBP 1 DEHP 5% B4
WRE /R 8 1.12 mg-L™" 1.16 mg-L ™"l 134.36 mg- L™, BRI 18 99.62% % 99.65% F1 55.26% . 5/
KHh 45 & o0 rfs th  7E265 2—6 d N DEHP B R A i A0 PR A K 000, 5537 W h DEHP 9k 5 i /b
B, EER R DMP DnBP %6 48E PAEs fbAH 1 d PN Bl B A | B AR 1k 91.34% F11 95.30% , J5 1Y)
DEHP 1E i A AE TR AL A0 A A4 K, EITTAE 2 X DEHP (0 [ .6—7 d B T il A KA T3 1309, %o
DMP .DnBP F1 DEHP F) [ i e B2 A8 AL AR K.

2.5 [Ffk MBI X5 4% 14 DMP .DnBP H1 DEHP (15 A4

24 PAEs We S i, 3 A Wi R YRR ok AR U TG SR A 2 B O BRI AR
W9 5L H R X DMP . DnBP 1 DEHP &2 73 58 50 mg-kg™' A T.V5 4% + 3 0y B sl K 5 600 Bt
B FRat Rl e 138k DMP \DnBP 1 DEHP 975 4% & &b, HE#K MB1 X DMP 1 DnBP 19 % fif i 5
f= T DEHP [R5 % 18] Sa & K AR5 () 148, -1 DMP #l DnBP AYREMFACR %, DEHP HyFE
RSCRAAR , 21 d I RAF# 2R 510 94.45% 95.65% 1 39.21% . 18] 5b J& K& K AL F Y + 3% | + 1% h DMP |
DnBP 1 DEHP [ R iU R w2 1 KB+ 38 DMP DnBP #1 DEHP B #2021 d IF DMP . DnBP £l
DEHP AYFEA# 2R 53 5 K 94.93% . 95.99% F1 41.16%. K] 5a, K 1 AL B 4 rp RN B 85, 21 d B X
DMP . DnBP F1 DEHP [ i 3 53-513k 3.86% 4.19% 11 2.01% ; [ 5b, K K AL B 43 th RN W
21 d X DMP . DnBP F1 DEHP (%A %3 3k 4.82% .5.99% F1 3.44% . 35 W + 33 v + 330 E WAL fER%
fif /b B PAEs, i #k MB1 %+ rf DMP . DnBP F1 DEHP 1475 4% B AT 8 @ 5016 2 8 7. 38R K ik
HEh DEHP 1) R 5 T K AR PR v RBJZ T Ak MBI RBAS 5 88 rh ) 2530 W & A b RIFEH
AT E 3 DEHP Y5>

A W e 2 5B 3 Z R DTS e i F R4, il ad B 5 AR N TS Y - v PAESs 19
R FRER PRI SE A5 BB DMP \DnBP AR MR 5 T DEHP (R f#%.—J5 i, DMP DBP A% 4E PAEs
OB, Vi it B 458 v 1T 2 P 7K 3 T R K ( Kow ) 270N, AR AS 5 B -+ S B 36 sh P4 sie it 5 T 2B P i
fif 1 DEHP N =50 T 5 PAEs fL& 90, ¥ fif S5 AT = BE-/K 23 L R B0 (Kow ) K, 5 T L3 8
FRU0T 55—, A WL A A 2 S A R i A 3R rh 25 A IR S B A& e A, AN A F RO, 28
5 Wl B R A - PO 4 L i A T TR ) TR e A R R, BT B P A S R



2816 I 55 1k % 38 &

B, Kottler A5 T 21 FhZ I F745 (PAHs) 78 I B , 45 R 201 78. 4% B9 %5 il LA Sk
MR (a) T N 41.9% 7] DLERER

60 4 60F
" 50 — T 50k __
& \ & Lo
é | et é
Fop T —
g 7 E - T e
Z 5l — DMP £ 30} e DMP T
o = 2 -
E | DBP s —— DBP
2 ol ~— DEHP_ = 20| —— DEHP
E —— DMP(CK) E —— DMP(CK)
Z —— DBP(CK) 3 —— DBP(CK)
o0 +— DEHP(CK) w 10F *— DEHP(CK)
= L :*-?:-_.__ = )
£ S £as £
1] 1 1 1 1 1 1 | [i] L L L 1 1 1 T )
0o 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
id 1d

5 a K EHEAIAA IR AN (CK) X DMP DBP Al DEHP [ REFACR ;
b R KB AR #R (CK) 4 DMP DBP il DEHP FF# A CR
Fig.5 Degradation efficiency of DMP, DBP and DEHP by adding or not add strain( CK)

in sterilized soil (a) and in unsterilized soil (b)

3 4518 ( Conclusion)

(1) M58 Bt =% b+ 39 P i 6 1) — Kk LA DMP  DnBP Al DEHP 45 #1175 49 A — B U5 RN BE VR A=
Kk MBL, 283 I &85 2 AF 3 A= AL FR 1iF 1 16S tDNA 5 51 % 5 43 M, 1% B vk N AT B
( Microbacterium sp. ).

(2) R 55 . pH o 8 Wl 25 °C 3L TR &80 5% , B3R PAEs ¥R %) 300 mg-L™".

I T B RR I AR R M AR i 2 e B, B RR 1 A R 2 S B B B FR B TR K )7 d SR 5 9%
7 DMP . DBP Fl DEHP AYFEfi#F 53513k 99.62%% .99.65% 1 55.26%.

(3) d3Ezs [ BEGR IS R B R USINEE#K , 21 d J5 138 DMP  DnBP il DEHP & {04 fls 28 1k,
MRS, 21 d B 4388 K 4 3 b DMP , DnBP F1 DEHP 19 [ fift %43 51 35 94.45% 95.65% Fl
39.21% ; F3ER K FE AL HEH DMP . DnBP 1 DEHP (1R 2R 53 3155 94.93% 95.99% 1 41.16% , HLFE # X}
DMP F1 DnBP (& E SR 3% = T DEHP BB E SR
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