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PR R K PRI RIE = 6 it & H 45

s 12 L3 s 1
kS EST BB R K W
(LRI Toll K R BE T B2 , 150090 14K 3 , duo0314@ 163. com; 2. AT 4 A2 i
B ERBE TR, 150086 RN 53, WAJRIE Tl A2 STk VeI b K BRBE [ 50T A 52005, 150000 MA/K )

T8 E: YRR R E MR B EOR (BEAC) R 14 A2 v He A e VB M B RS P 22 Y R, 00 0 B BE AL A ALY
Vet A1, R R BE T 4 b A HI PR, B0 28 M BR S 2R 70 o Bt FE B8 I P, ik (DGGE) LR, 247 BAC SR 1k % i 2 45
M ERE A 4 R ATE B R, Hb 2 AT AR AL St 2 A Pseudomonas sp. A7 Bacillus subtilis. T K
HEAT 5 8 A A M 5 (BAC) 8 35 020 1 35 PRAFTH. 41 3¢ BAC 380t o 9 A 3 B R v HR 4, B OB R L 26 &
(FSH)EABHLEARPH ERLBERPRS RAFNHBE SRS E -, 24 h SRO 2 # KREME
( Pseudomonas stutzeri ) \SRO 11 % B 15 # i W ( Pseudomonas putida ) ,SRO 19 % 3|18 % M 1 ( Pseudomonas
pertucinogena ) SRO 20 B F| [ B8 2 1 8 ( Pseudomonas balearica ) \SRO 30 # Z 3 7847 & ( Bacillus subtilis ). L
YRR IR % S WE SRR A AR e . N R B E T DL AR E R R BT R A E i, B RR S MR
Jit B M T A E Ak 7T 4 BEAC K A 2 AT (LB A0 KR,

KR EMEREMGEER RSB R R BRI TR AL A K AR E

hESEES, X172 THARER: A XEHE. 0367 —6234(2011)08 — 0044 - 06

Isolation and characterization of bacteria with biodegradability of
organic pollutants in surface water

ZHANG Duo-ying"?, LI Wei-guang’, LIU Miao'

(1.School of Municipal and Environmental Engineering, Harbin Institute of Technology, 150090 Harbin, China,duo0314@ 163. com;
2. Department of Food Science and Environment Engineering, East Collage, 150086 Harbin,China; 3. State Key Laboratory
of Urban Water Resource and Environment, Harbin Institute of Technology, 150090 Harbin, China)

Abstract: During bioenhanced activated carbon ( BEAC) process, the inoculated bacterial communities are
dynamic. For solving this problem, bacteria with biodegradability and competitive power must be isolated.
DGGE profiles of BAC filter indicated that there were 4 dominant bacteria, and 2 of them could degrade organ-
ic pollutants, which were Pseudomonas sp. and Bacillus subtilis . Thirty five bacteria were isolated from BAC
filter using LB medium. Target probe of Pseudomonas sp. and Bacillus subtilis were designed for testing domi-
nant bacteria quickly. After fluorescence in situ hybridization (FISH), 5 dominant bacteria were identified
and they were SRO 2 ( Pseudomonas stutzeri ) , SRO 11 ( Pseudomonas putida ), SRO 19 ( Pseudomonas
periucinogena ), SRO 20 ( Pseudomonas balearica ) and SRO 30 ( Bacillus subiilis ), respectively. The
biodegradation test of organic pollutants in Songhuajiang water showed that the 5 bacteria could degrade organic
pollutants. Dehydrogenase activities in these 5 bacteria were higher than other isolates, so that these five bac-
teria were valuable bacterial resource for applying in BEAC process.
Key words: bioenhanced activated carbon; dominant bacteria; DGGE; FISH; dehydrogenase activity
RS B 2010 =07 - 10. Bt Tl AL R e, K RS 75 e ) @ H
BEWE: [FK ARFIEIEGEIIH (51078106) s BIITHA £ /. 2005 45, |5 IR R X 206 4> 7K Y5 2
T EIPIR O RRILERETE g, ZIAT 132 AT BLI R 3 103 )
PEEMAr: £ H(1980—) A W-EBFAE T [E PP S fi 1 A BLYS ey T LA IR B L T
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SR, 5 MK IR A B R D03 T 0 26 B LR - 45 -

JCHGE B A B 25 BRBE 1A BR. R T 5T IE
S, SR PRI A ) 22 A W W S A AT LA %2
BRAKRATHLE K R R e O A T P B
T 15 PR AR A A% U (R P I A 1 i
A (Bioenhancement activated carbon, BEAC) , 7] 3¢
G RAT A 0 10 B A R
B 5E S K A LTS e ) 00 e i R RE , 2 o AR e ik
M2z " A BRI, BEAC |
I E PR S 32 L 3E WA R AR,
PEMTEE M BEAC 40 FASCR . nfaf i b HAT 25
ROk E PRI S T A M. A ) T 7 7 ( Bio-
logical activated carbon, BAC) F I E &3 — K
B[] 4 AR, T 32 VR B PR A R R B B Y 2
W BT A R B &K R BT
BAC bR 223 -7, vl ik S R (8] X
AL TEA, 7]y BEAC ft 58 Ak 4k B4R 1L 1) fig
A=y o .

AWEFE LR TS € 12178 BAC y B, &
PCR - DGGE 4341, B i BAC _| XA ML) % g 2
FEEHRERE, 5 BAC FEBEEES BT,
I G BN 2 58 (FISH ) A PR i 16 110 4 v
PR, IEOE A DU TR R Y B AR P 5 LR WD, B
L TEFEAR R A W0 P ARG P D T 2 L
A R

1 R B

L1 RIEH#
L 1.1 At (BAC)

AWEFE AT A 1217 300 d A AE W36 P e
(BAC) Ji§th.
1.1.2 BRI

PRI B2 o B U A SR 3580 LB 50,
AR A R : B A 10 o/L, BB R B
5 g/L,NaCl 10 ¢/L, pH 7.0 ~7. 2.
L2 REH*
1.2.1 L4 DNA [3RECf4ifl

DNA {2 R H Zhou 2542 MY 1) DNA 42 Ht
JriEt IS ER DNA LSO DNA A= 1] 0
7 £ (TIANGEN) 1 7 4li k.
1.2.2 ZL[H4H DNA [y PCR §- 18

W ok )5 LN 4L DNA /528 PCR I B
B, R XS K040 TR 16S rDNA JE[H V3 X H A
FESEPER T 0] F357 - GC FI RS18 BEA T3,
g1 ¢ 4 4y B A F357 - GC (5’ - CGCCCGC-
CGCGCCCCGLGLLaGGeececasreseeceeaseccea
CCTACGGGAGGCAGCAG - 3"), R518 (5" — AT-

TACCGCGGCTGCTGG -3") , ¢ ' r=Y i Bt K 2
250 bp. 25 L ) PCR Sk RAUKAIF 9.5 .
£ B FIK,12.5 pl Master Mix ( TaKaRa) ,2 Ffi5]
P 1 L, BiA 1 pl. R A 7% PCR N 2%
7412 .94 CHIAEPE S min, Fif 20 MEFF Ky 94 C7E
1 min, 65 ~55 CiB k1 min,72 CE 41 min
(BAMEPR B KIERE TR 0.5 C) , J5 10 DMk
94 C7A%PE 1 min,55 CiB k1 min,72 CE £
1 min, &5 72 C#Ef# 10 min. PCR =¥/ 1% 1Y
TR B A v A A
1.2.3  PCR Sz N ™ ) 10 248 P 6 J32 6 M vl 3k
(DGGE) 73

KM Bio — Rad A A D ~ Code K& N 548 £
RGNS PCR K™ Wy EAT d Ik o0 1. A8 P S FY)
B« (8 A R vl e, o AR MR A R i
M 30% ~60% (100% H)AE LT Ny 40% 2 B H
Mti ,7 mol/L JRZ) 1 8% TN Mk e B , A% 1
FRFR M B2 B 2 AR U 1, 181 56 I, B [
1 h fURE SR UE AR L TR R R T I A
10% fINFEGE MY PCR P HIAE A 1S ~ 20 wl; Hy
UK :150 V HLE R ,60 C Pk 4 hs e R AR
BRI 1 BERH ML ER.
1.2.4  DGGE Z&4F ity [ Ui v R 1y

DGGE &35 Hh iy 2571 |, AT 1 mL KB 25
BT K%, A PCR AR, MR 1. 2.2 v T4
AT T PCR, 7y I 135 4 ( TaKa-
Ra) 47 [H1 0. K [0 Wi 75 21 i DNA F B 3% 7
pMDI8 - T (TaKaRa) # & I, X J5 # 1t
Escherichia coli JM109 ( TaKaRa) J&Z 2541 2.

WOEBE PP 1 mL ITA 1.5 mL B0
R AR LA PR W) (TaKaRa) #4777
S E , 51902 pMD18 — T S FH 51 ). K
R &5 R 32 42 & GenBank Jf 3K 15 % % 5
(FJ978001 — FJ978004 ). F| A BLASTN #& %
(http ://www. ncbi. nlm. nih. gov/BLAST) X ill| ¢
SRIEAT IR PR o A
1.2.5 BAC LAEHRERFIE LS

S g HEWE IR, B SO mL LB A S: 57
Ferh F 30 C 140 v/min Z%E55% 24 h 5, B )&
MR A T LB BRRE IR B, PhIBUR 45 70
V& B A OF ik — 2P ik
1.2.6 BAC EAUHERFRIZOEIAL 25 (FISH)

PEFENT BAC JE M AL FE I Pseudomonas sp.
(5" - CCCTTCCTCCCAACTT - 3') il Bacillus
subtilis (5" — GTTCCCCAGTTTCCAATGACCC -

3) R E&Jfﬂ%!ﬁm 151 F Pseudomonas sp. #5415’



- 46 - MoK BT

FA43 &

viitnic & FF Alexa Fluor 568, F Bacillus sp. £
tF 5'SipRic FITC. # Watanabe 45 A 41 1 J7 12
AT IR AL 238, FISH 1 45 5% Al Zeiss Axioplan
HBO 50 55 BB A I, 1% e b et i5oi
B KodakMDS 120 £ 5.
12,7 L RFPEE

I ] SHERLOCK ™ 4 [ 2l fift 5 9 % 2 R 5,
0 TR 14 I 7 PR I v B, 5 TR A LU X, B
T 20 o e )
1.2.8 (LAY EREE S 73 br

B H A 8 2 7] TOC = Ve B TOC A
A B AR B ik A I A T, 23 010 S Rtk
(TC) Ji e & FILETCHLER (TIC) i fE ik B2, TC 55
TIC ZZR4 TOC.
1.2.9 DL ARt e] 5 A i

o7 R R L 3 0 3T W A A0 B A 1
PR Ta]. AR A A5 {7 ik 0 5 40 B A I
T 1, DA S e 200 B 11 A 3

2 HREAH

2.1 BAC Btk BEESR

BGz1T 300 d (1) BAC JE3h A i, DGGE 434t
ZERANE 1 Bk, 1847 300 d 1) BAC JE 3 B RS>
fifesE, boh R 4 AW A&l B el
4 BRANTE b 4. I E T SRR TR T

254k NCBI ) BLASTN &7 b, 5 R K1, 1% 4 1k
W3 HE TR & ( Pseudomonas sp. ) HhHLE
9§ ( Bacillus subtilis ) . 1§ 1t 12 fiE &
( Nitrospira sp.) F K B 4% 55 T ( Streptomyces
flavogriseus ) (W 1 PR ) . THAL I AL RE B IR 1A,
AREFIFHANUR " H, JCHE T B HLT5
Y. BT R A TR R ) — 7] 7 R Z2 B0 1 LR
PR TR BRI K % 4 A T e
JRBSE. AT IS T, M5 P R 1 A S e W i
AT A BRI IR BRI S
SR RS LTS Qe B, BN
RUPRBEA B LrE™ . R, e BB A M R S
Rl 2 FUAT A TR RR BT PR e H b, BT
TR S A AT R R

MZE T A, A A5 UK 8 23 AR
HPEs g L2 PR AT R
A TR 20 A1

R < bandl

<— band2

! ~«— band3

" band4

1 17 300 d BAC j§itt EI#¥#) DGGE [ i%

F1 FTEFMNFLERIEXS(F NCBI #1T BLAST fbxT)

P Fea S ARALLEE/ % e Fea S
1 FJ978001 96 Pseudomonas sp. DQ167038
2 FJ978002 94 Bacillus subtilis AM110930
3 FJ978003 99 Nitrospira sp. AJ224044
4 FJ978004 99 Streptomyces flavogriseus NR _028988. 1

2.2 RBEMGBESEE

NIRRT = SN e I R = o )
AN PERIAR 35 Bk SRS TE DGGE (&35 ip{UAG:
FIH 4 BRI, (H T BAC 83t 19 /K R A7
TEANTA , 20 5e PR RETETG M b i SR pr
B, W AEE /D, L2 T DGGE Joii ki i
B7E LB 1537k b 2w B i H R B0, S 800y
B A A IS 2 T DGGE [yl 45

I LB B SR, 73 50l il 2 53 15 Y 35 #k 2
B A5 B PR Y A B SR M, IR 1 mL K TE
12 000 r/minZ 0> 5 min J5 BUUTIE F T 76 6 R A
ASE(FISH) . 24258 f5 , A 5 BRiE B (an &l 2

Brs) L, 409 SRO 2 SRO 11 .SRO 19 SRO 20 #1I
SRO 30. Hrpr 4 #RV B MO , 1 bR A R 25 4
FF

1 F SHERLOCK ™ 4> | 3l s 4= ) % 5 R G itk
P80 G5 R ANIEL 3 Jo. F4 R i R 5T e vk i 5 TR
FRZE L X, 25 R WL 3% 2, SRO 2 Sy it [ f B e 7
( Pseudomonas stutzeri ) , SRO 11 k% B B iy
B ( Pseudomonas putida ) ,SRO 19 Jy 25 FL{EL A it
I ( Pseudomonas pertucinogena ) ,SRO 20 Sk ]
[] ELAR BA ML ( Pseudomonas balearica ) ,SRO 30
RS HZF AR I ( Bacillus subtilis ) , it — 55Uk
TIZS BRE IR R AL
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30.01
27.57
225.07
@ 22.59
% 20.01
17.55
15.04
12.57

30.0]
2751
2250,
£225]
%200
17.5]
15.0
12,5

(d)SRO 20

(b)SRO 11

(©)SRO 19

(e)SRO 30

B2 WNiExR ESBENABENIOLERAZ3Z (1000 x)

[
3 8 5 o
Sy lge ]38 ¢ L3 B

25 50 75 10.0 125 15.0 17.5

t/min

(2)SRO 2

551
501
45

A fE /pA

35
30 4
254

5

25 50 75 100 125 150 175
t/min

(b)SRO 11

S
i
g

25 50 75 100 125 150 17.5
t/min

(¢)SRO 19

10.0 12.5 15.0 17.5
t/min

(d)SRO 20

221
201

WEfE/pA

100 125 150 175
t/min

(¢)SRO 30
B3 NEtxEoBHNABENIERREEE
x2 NEMEREASBIABELEEER

RS Bl e ARALEE [ B4
SRO 2 TSBA6 6. 00 0.747 Pseudomonas stutzeri

SRO 11 TSBA6 6. 00 0. 639 Pseudomonas putida
SRO 19 TSBA6 6. 00 0.774 Pseudomonas pertucinogena
SRO 20 TSBA6 6. 00 0.638  Pseudomonas balearica

SRO 30 TSBA6 6. 00 0. 692 Bacillus subtilis

2.3 RBEHESHT
2.3.1 A RADVWFESERE )53 B

XF 43 A 35 BRAN R ETT A LA B R R 50
(I EXT TOC 1y A BR) . R FFMETTIK A 5K, B
fiff HiT U 7E 7K TOC 2y 6. 69 mg/L. B 1 L 42
Pl T 10 mL 7KAE b, A 24 h 5 0 R A RICR
GERRWT, o3 B i 35 MRAN A 12 BREA
AHLYIREfRRE ) (g 3 Fow) , Hodr 5 BROLHA T
(IR it BE 1 AR X A 5k, {H E C $5 B SRO 12,
SRO 14 .SRO 16 ,SRO 25 th H.45 #5 ff 1y [ it 5k
W Hi 2 SRO 12 1 SRO 14 F&f# )5, 7K H TOC
A4y HIREZE 5. 16 F15. 33 me/L, AR 0] ik 20%
PL L EE A B T3 SRO 2 . SRO 19 #l SRO 30.




- 48 - MR mE T ok ko % R 5543 %
R3 HEAFIKERERKGHRIPEELE

WS BRJEk TOC/ (mg - L7") TOC L%/ % WS WGk TOC/ (mg - L") TOC £BRE/%
SRO 2 5.45 + 0.04 18.5 + 0.04 SRO 20 5.21 £ 0.02 22.1 £ 0.02
SRO 11 5.34 £ 0.03 20.2 + 0.03 SRO 25 5.58 + 0.06 16.6 + 0.06
SRO 12 5.16 = 0.06 22.9 + 0.06 SRO 29 5.65 £ 0.03 15.5 £ 0.03
SRO 14 5.33 +£0.02 20.3 + 0.02 SRO 30 5.62 + 0.07 16.0 + 0.07
SRO 16 5.56 = 0.04 16.9 + 0.04 SRO 31 5.65 + 0.03 15.5 £ 0.03
SRO 19 5.68 = 0.03 15.1+ 0.03 SRO 33 6.09 + 0.04 9.0 = 0.04

RAHERIY 3 B M THIH
2.3.2 HUHEE AR [A] B AR i

MRE BAT A LY R RCR 9 12 Bk 20 B 40

Y AQ B[], 45 SR a4 Pros . R SRO12
F4 SEAHGLREE

o )/

itk P e
(min - G™")

AR b fE)/
(min - G™1)

SRO 2 2.65 SRO 20 2.27

SRO 11 3.02 SRO 25 6. 67
SRO 12 4.21 SRO 29 5.41
SRO 14 5.71 SRO 30 3.86

SRO 16 4.06 SRO 31 3.87

SRO 19 3.34 SRO 33 7.17

80
70 -

TTC/(mgTF- L b
N W B W N
S O O O O

T

—
(=]

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

A

(=]

SRO 14 SRO 16 .SRO 25 X4 HLYI K it GE 11 518
SRR ) 2 T LA B AR AR B 5 A 3
LRSS

SR AENE G W | 2O R A R AR R
A E B, I HL7E BE 54 5% R4 41 26 rp A 2
W] /D A ) T S B A W R A BILTS
YW RATRE R T 1, BE B RN A
LI AE iR 55 . G, A T LB 4 S
PRIRR I AR 2 TR B S T3 12 B2 1 114 1
Fig M. [ 4 25 23R B, L SRO 2 (SRO 11,
SRO 19 SRO 20 #1 SRO 30 {4 i S EHE Y& T
HR TR

A %) %,

SRO2 SRO11 SRO2 SRO14 SRO16 SRO19 SRO20 SRO25 SR029 SRO30 SRO31 SRO33

E4 SEERRSEEELR

3 0% #

1) #L4E BAC P R o0 A 5 A, 23 B i S
BRAL %8, 4> %1 5 SRO 2, SRO 11, SRO 19,
SRO 204 SRO 30. H.#f SRO 2 ,SRO 11 ,SRO 19
1 SRO 20 2y % B4 MY %5 J& ( Pseudomonas sp. ),
SRO 30 NG E ZEAIFF 5 ( Bacillus subtilis ) .

2) %5 MRE AT A ML R R, Bt
AR RIS, A 5 v 1 3t Ut 05 2, 7] 2 BEAC
Kte e s T iR A R R .

%% Xk :
(1] HSPIHE KA, 475 of I B K LK WML B

XIS EL K Tolk 15,2007 (10)
31-35.

[2] ROZLYN F Y, STEPHANIE M C, PHILLIP M F.
Aerobic biodegradation of 2, 2’ - dithiodibenzoic acid
produced from dibenzothiophene metabolites[ J]. Appl
Environ Microbiol, 2006, 72(1) :491 —496.

[3] HELEN C R, SASCHA E O, STEVEN A B, et al.
Biodegradation processes in a laboratory — scale
groundwater contaminant plume assessed by fluores-
cence imaging and microbial analysis[ J]. Appl Envi-
ron Microbiol, 2007, 73(12) :3865 —3876.

[4] JEONG M K, NGOC T L, BOK S C, et al. Influence
of soil components on the biodegradation of benzene,
toluene, ethylbenzene and o — , m — , and p — xylenes
by the newly isolated bacterium pseudoxanthomonas
spadix BD —a59[ J]. Appl Environ Microbiol, 2008,
74(23) .7313 -7320.

(5] XK, ZH0, 56 F A, 45, AR W DA 345 1 B b e xof



58

TR, A R K IR A L 3 T

i e S R .49 .

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

BEAC JE ML A e E VEZ M mE 5 [T ]. BB L2,
2009,30(12) :3573 -3578.
SAID E F, SPIROS N A. Is bioaugmentation a feasi-
ble strategy for pollutant removal and site remediation
[J]. Current Opinion in Microbiology, 2005,8(3) :
268 —275.
EBE G ERAE YR T 2K W AT iR E MEDFAY
[D]. MEIREE  ME /R TDlb 2 1T BR824 B,
2006.
SRIRE , BRI S, A 42 A 00 ik 375 i b PR
WK REE PEOFIE [T ]. Bk $0K,2009,3 (1)
5-8.
SKEH B SR, 98 b, S BTRRRL RO B UK A= )
PR AL PR GRSl AR A [ ] AL oA,
2009,60(5) ;1281 - 1286.
ZHOU J,MARY B,JAMES M T. DNA recovery from
soils of diverse composition [ J]. Appl Environ Mi-
crobiol, 1996, 62.316 —322.
MUYZER G, WAAL de E C, UITTERLINDEN A G.
Profiling of complex microbial populations by denatu-
ring gradient gel electrophoresis analysis of polymer-
ase chain reaction amplified genes encoding for 16S
rRNA [J]. 1993, 59.:695
-700.
ZWART G, HUISMANS R, AGTERYELD M P, et

Appl Environ Microbiol,

al. Divergent members of the bacterial division Ver-
rucomicrobiales in a temperate freshwater lake [ J].
FEMS Microbiol Ecol, 1998, 25.159 - 169.

AKIKO K, NOBUYASU Y, MASAO N. Enumeration
of respiring Pseudomonas spp. in milk within 6 hours
by fluorescence in situ hybridization following
formazan reduction [ J]. Appl Environ Microbiol,
2005, 71(5) :2748 —2752.

JEREMY L, HILARY M L, JONATHAN P, et al.
Improved fluorescent in situ hybridization method for
detection of bacteria from activated sludge and river
water by using DNA molecular beacons and flow cy-
tometry [ J]. Appl Environ Microbiol, 2007, 73
(6) :2020 -2023.

NANCY M D, JULIA D R, CHRISTIAN T B. Spe-
cies — specific oligonucleotides for enumeration of
Pseudomonas putida ¥1, Burkholderia sp. Strain

JS150, and Bacillus subtilis ATCC 7003 in biodegra-

[16]

[17]

[18]

[20]

[22]

[23]

[24]

[25]

dation experiments [ J]. Appl Environ Microbiol,
1998, 64(12) :4994 —4999.

KAZUYA W, KANAKO W, YUMIKO K, et al. Mo-
lecular characterization of bacterial populations in pe-
troleum — contaminated groundwater discharged from
underground crude oil storage cavities[ J]. Appl En-
viron Microbiol, 2000, 66(11) :4803 —4809.

TR B, Sy, AR, 5. 15 e f il Bl A W o
[M]. 3 iR M /R e 2K B8 Tk K% AL,
2007.

A RYRA, A
%%ﬁﬁ%m%%ﬂﬁU]
Bl2£,2005,26(1) :37 - 39.
BT, E R e, %F. SIIA - C2191 — A and

B, novel polycyclic xanthoneantibio tics produced by

- AW PR R H TTC - i
HHEKRFEWR: AR

Taxonomy, fermenta-

Hh [ 47

Streptomyces flavogriseus 1.
tion, isolation and biological activities[ ] ].
HFE 74k ,2003,10.627 - 632.

CHAO W, YI L. Incorporation of granular activated
carbon in an immobilized membrane bioreactor for the
biodegradation of phenol by Pseudomonas putida
[J]. Biotechnol Lett, 2007, 291353 - 1356.
CHUN Y Y, MOHD K A, WAN M A W D. Review
of modification of activated carbon for enhancing con-
taminant uptakes from aqueous solutions[ J ]. Separa-
tion and Purification Technology, 2007, 52.403 -
415.

WEIHONG Z, CHENJING Z, MING S, et al. Degra-
dation of nicotine in tobacco waste extract by newly i-
solated Pseudomonas sp. ZUTSKD[J].
Technology, 2010, 101(18) :6935 —6941.

Jr A8l AR, B AR MR AT ( bacillus
subtilis ) FEARZRH S T FWEFE (] o i M T
4%, 2007,13(4) :682 - 637.

CHUNXIAO J, HONGWEN S, TIEHEN S,

Bioresource

et al.
Immobilization of cadmium in soils by UV — mutated
Bacillus subtilis 38 bioaugmentation and NovoGro a-
mendment [ J |]. Journal of Hazardous Materials,
2009,167:1170 - 1117

AR IS0, S TR, S O U T PR 3k K
AR B8 W D0 b g R (). b e B 35
2006,22(5) ;13 - 18. (i x| W)



