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Wik g BER' BAG' ExRT &R’ ARE BEgz
1 AHEHE R B PO S SR B AL E (4 iR 273165
2 7R85 pa M TR BE L AR A M BB Ry 6 — b B RBA IR 3% 7° 272100

B EIFFIRTFROLEEL B TRPATASTEAAREREZETHRRXYGLE, by
R &4 BT L RBFHRE. EWEEERAME KR KAZKRTE, RIEALETLEETE
R g R, LB Y AL KRG o & XA LR B L8 A A, KA -FMRI K ES B Rk —HRF
BEXT4E. 4. B0 ottt R A5 @ Ak, [ x) BB EFHE, ABANREE. 5 T4Y
FHEERAMN, RARTEESALE T NEELEELBORE. [ER] EZAKRAHRT RATH
(Bacillus cereus), %% # Bacillus cereus MZ-11. B#k MZ-11 /£ pH % 5.5-8.5. i& & 4 15-45 °C. NaCl
JRENHEA 2% 8% T Ew A K., B MZ-11 ;R G465, 4. #IRE F 1000, 1200, 1600 mg/L.
TE3E IR P AL 46 3 AP E B IR B A 48 R (A Pb™ L Zn™ . Cr IR E %1 A 50. 60, 80 mg/L).
I 545, 1045, 20 09 5T, MZ-11 3¢ Cr¥Fn Zn® 69 R o 45 0| 2R 69 42 5 38 47 38 K,
B E S L AR 98%—99%VA L. 3t PoX MG B I LI A — /AN B A, L PTG IR A s R Y
5428, MZ-11 %% Pb™ 69 R M o) 35 5 KAA 97.01%. (2536 ] Bk MZ-11 3H45. 4%, %A &bt Aadi
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to the ecological environment and human health. Therefore, the problem of heavy metal pollution in
mining areas needs to be solved urgently. Biological remediation method has low cost, wide resources
and no secondary pollution. It is an effective way to remediate soil heavy metal pollution. [Objective]
Using the soil around a coal gangue mountain in Qufu city, Shandong province as a material, a strain
with high tolerance to lead, zinc, and chromium and strong adsorption capacity was separated and
selected by the flat line method. [Methods] Morphological characteristics, physiological and
biochemical identification, and molecular biology methods were used to identify the strain. The
concentration of each heavy metal was measured by an atomic absorption photometer. [Results] The
identified strain was Bacillus cereus, named Bacillus cereus MZ-11. The strain MZ-11 can grow
normally when the pH was 5.5-8.5, the temperature was 15—45 °C, and the NaCl mass fraction was
2%—8%. The strain MZ-11 had the highest resistance to lead, zinc and chromium up to 1 000, 1 200 and
1 600 mg/L. The three heavy metal concentrations of lead, zinc, and chromium in the medium were the
initial concentration (containing Pb*", Zn®', and Cr*" at 50, 60, and 80 mg/L, respectively), and the
initial concentration was 5 times, 10 times, and 20 times. As the concentration increased, the adsorption
ratio of strain MZ-11 to Cr®" and Zn*" gradually increased, and the adsorption percentages were all
above 98%-99%. Under the condition that the Pb*>" concentration was 5 times the initial concentration,
the adsorption ratio of MZ-11 to Pb®" reached the maximum 97.01%. [Conclusion] Strain MZ-11 has
high tolerance to lead, zinc and chromium and good adsorption capacity, which provides strong
theoretical support for bioremediation of heavy metal pollution in the mining area and ecological
environment of the mining area.

Keywords: Lead zinc chromium resistant strains, Strain identification, Bacillus cereus, Adsorption capacity
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SIEMERE, ARmBLESEGY, f—F
P 1 TR R X EE 4 I 5 G (TR BRAE TR R 1 JR PR
Yo PUNBRR T 48 oA & k™, Lo
TE XA 4 R AT R TR R A ik e
ST 0 A A R TE Y i A

A ZE M BT R A I A RS e
By B RS2 — AR RIS A B AT BE L
W o S R B R AR, R RTEA AT
WD R TR, FEIFSE B MR AR KAy
PE. B RS, DR T
WX 4 Hi A B AR S e AR BRI A LR AR A N
FRAPEE IR,
1 MRETTE%
1.1 ##
111 THFXE

T FESR AL T L AR A il BT SRR A L LAY
+3E. DUEREA Lo s BIERERF A1 20, 50,
100 m HYBIJE FoRAt s AR I 5 ARFE AR,
FREIREE N T IEFR)Z 0-20 em. FERAEM LRI
KEFESAST, FEXFE AR 14055 . BGHR A
i TR, HAA VKA (4 *Ofiffr 4 H
1.1.2 EHFE

4B E A REASE R (/L) FRE 5.0,
M 10.0,NaCl 5.0, BiflE 15-20, J#75 pH 7.0-7.5,
LB i (g/L): BEREEI 10.0, NaCl 10.0, FEELE
FEE 5.0, JH7Y pH 7.0-7.2, TfivkigEdt. [ LB
FEFIIMA—ZE & Pb(NO;s), I8 . KoCr0; I
W ZnCl 7, i HR I EL R S5 Fr 22K 1 5+
R
1.1.3  FEXFIFLE

AH A 3L N 21 DNA $2 B0 & . PCR 5,
KRR DA R A A . 5ot
et dbmtEpriE AR A RS E AR 2R4haT
WA, B AR BB, Carl
Zeiss A PR F WEERRIR, bilg—fERk2=Y
AR E s K% pH & 2%, Mettler Toledo (I
A PR W]

1.2 F%
1.2.1 A, % HEEHKSBSS54L

W RSN A 28 °C IR BRI A P 13- 9L
2.d, YL FE 1 g BT 99 mL JorR#E18 K
T A BRI =M, F 28 °C. 150 r/min 4z
DR 240, IERUEYIREA K, NIk R E R
A o R B 3 A TR AR B, B 107°,10°°,
107 B IREWE 0.1 mL, &4 T Pb*" . o',
Zn® MR EE R 10, 16, 12 mg/L 4 P& i
BR3P b, BB 3 A FAT, 37 °C THE
IGFE 24 h, PRI . PRIERIEAT . WIEi
PRI IR I S R Ak 3555 . ARG BRI Fi 4
B, AREFREBEARERETESE
Pb>" . G Zn®WREEREINH 50, 60, 80 mg/L, 4K
YR 3 4 R v A AR RS SR, Bk
T 24 JeB FiE 1 o i () BRLTRT V% 7E TR 2542 3 Ik
DA TR aiAE™ | ks K | VR I
wiEHANEE RIS AL b, S5 MZ-1-MZ-12,
122 EK¥ITHS &

By 12 ANRRVE LY KI5 R4
FhEIff eSS SRR, IR sEh & PO, Zn®',
Cro I 4351 h 50, 60, 80 mg/L. WL kR AE
Kok, SREREE 3AEE, AENESER
T LB HR3oh 2 (ARG IRE, BT,

T2 58 AR K IE IR 6 RREERRUEA T 0%, 7
e IR ALY Zn®" . CrO MR 50,
60. 80 mg/L)H 37 °C FHIEKEFE 24 h 5, 4°C,
1 250 r/min B.0> 10 min B E3, TR 4EE
FETHIN LR B (Abs), BARKRIRE 3 1MNEE .
THE A S8 B TR, ik Xt 3 Fha s
B R W M R R TR MZ-11 3517 — 251
TS s
123 MZ-11 894 %E

(1) B MER

T R E AR A AR IS TR Y FRTE TR S
FIR S22 [RYL IR AR R FWSRRIATEAS, 254
Yot JE A ZEA ., KAl i TR MZ-11 el s

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B UL A —RRTRAT . B BRTRRR A0 ME S RE )

3977

LB SRS, 7630 °C BE & THEFE 24 h /2
fio BRBUERE MZ-11, DIEHEKIEEZ K, Hikk
FH 3% R . e, PR 1% AR 1
WE R CGEERIK. IR ST R, B4, 7E3
TSRS A Gl AP ULE -~

(2) AHEAALAFAED

XoF i 1t R 20 DR A T AR R A . A
FEBHRTS . BRI KA . e SR A . H
FELL(MLR)IAE: . HoO, BHALS . 77 HaS 1203, M5l
FRAE . AR ER A I S AR B AR A R N, FLA
HiERABESH (ARKMELEETFM) GE 8
ROV, 00— R IR ZE bR R A I B T

(3) 16S rRNA HE[H 5]

FHANTAHER ZH IR0 & 42 5 DNA, 417 16S rRNA
FEE 59 27F (5-AGAGTTTGATCCTGGC
TCAG-3")Fl 1492R (5-CTACGGCTACCTTGTTAC
GA-3"), PCR JZJWAKZ (50 uL): 27F (10 umol/L)
1 pL, 1492R (10 umol/L) 1 uL, DNA 4z 2 pL,
2xPCR Mix 25 pL, ddH,O 21 puL, PCR FJii %44
95 °C 10 min; 95 °C 30's, 58 °C 30's, 72 °C 1.5 min,
1t 34 AMEFR; 72 °C 15 min; 16 °C 10 min''”, PCR
RVEEHG B AF I sg AR TAEY) TR (i)
TR0 A PR R A T 4 M o R P S8 LY 16S
rRNA A if BLAST #:2% GenBank H' IR F
SIBEAFRIIEE LR, 4% BLAST FeXFES AL
RS, R ClustalW 7547 Hex, ] Phylip
WO R G R B IR
1.2.4 MZ-11 By K4S R

(1) A=K ez

W HERRIG I 24 h JEHE IR 3% MR iR 2] 2F
BB MR R, 8 3 1 FAT, 37 °C T
7%, FEbA 2 h I E R AN O EE T 600 nm Ak
5E ODeoo 1ELo AR 5 45 S 0 - 24 (22 il T Ak
MZ-11 (R R K .

(2)pH. E . EREFWREXFEK MZ-11 EK
(14 5

B EE MZ-11 #1716k 24 h )5, LA 3% 3R

M EKA 100 mL LB KR 150 mL #EEH
W, ORTE pH. R AR BE A X L T IR
(150 r/min)}EFEIS ) 153E 24 h J5IE ODgoo 3221
pH. WAL S ODeoo KR FR K, HhSL5R A
R0 R 5. 15, 25, 37, 45, 55°C k6 MR, %
B pH K 45, 55, 65, 7.5, 85, 9.54k 6 Mk
B RE NaCl i3 48 2%, 3.5%. 5%. 6.5%.
8% 9.5%3L 6 ANBAEE o DAAEERN 4 B 2 R
PRREFRIEAE N2 IR IR, BB 3 A FAT.
1.2.5 MZ-11 358, 55, $SRUMZ R4

BARAGR B R bE MZ-11 gt 4 s E
PREMARE FRIECR &Y BE . BOMEIR 10 IkEER)E,
FEE AADIES . BE . BSVREE AR OB 2R VR [T Ak ks
Frdk PSR 10 W, USSR E Rtk MZ-11
PYAE RO . S5-I R 37 °C.
1.2.6 MZ-11 5% Pb**. Zn*". Cr¥BYRMIBE HFFR

PR MZ-11 F4£3] LB K533, 37 °C,
150 r/min £57F F 5555 24 h Hl4F I K 1 mL Fh
THANAZ] 9 mL 2 5 4 JB B LA E (P™ : 50 mg/L;
Zn*": 60 mg/L; Cr*": 80 mg/L)AY 1. 5. 10, 20 %
PRIRE SRS, FERIMESR I F IR HG SR 12h )5,
F4°C. 13 000 r/min 5/ T &> 10 min, AT
WAL 3 6 I B T 0 T A5 1 T T R 4% 4
JEAHRE . BB MZ-11 PATE VS 465 LB B33k,
37 °C. 150 r/min fHi#3%557 24 h, 13 000 r/min 2.0
5 min WERTAIR, HEEFARIEDE 3 K, BIRTH
JEWHEE L, BT TR PR, USRI
AN, BEAREEBEE 3 AT MRS R
ST, AR AR TR MZ-11 XY . B
AR 45 . TTREARITTI IR
p_(Co—C)x100

Co

X, G P Zn™ . Y HURIAWE (me/L),
C. N5 P>, Zn®", Cro MMk (mg/L).

P [ 500 mg/L Pb*",600 mg/L Zn*" 800 mg/L
Cr% R B HE A TRTALFES , FIF SEM-EDS 414
XPRES AT, SR R T 1A 3R T ) Awomi Ay
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SR HORCGEEST) , SERCRESE , BV At . ST E | H
Q ; K ot

EROcE R i

2 EREAM = [E B
21 TSR, 4. SRERREIIEIL a7 17
S R UKL, 24 h FTEFAR PR < 20} ? g

oo 058 e

SYESKARIT . AR 12 AT, T ML

TR R MZ-1, MZ-3. MZ-4. MZ-7. MZ-8. MZ-2 MZ-5 Mzé?.r aillxlaz-9 MZ-10 MZ-11
MZ-12 IEWAK, MZ-2, MZ-5. MZ-6, MZ-9,
MZ-10, MZ-11 A KHERE, FIESE MZ-2, MZ-5, B 1 EkEx Pb*. Zn®. CroRIIRHIIER
MZ-6. MZ-9. MZ-10. MZ-11 JH1 75 . Figure 1 Adsorption of Pb**, Zn**, Cr®" by strains
Hkk MZ-2. MZ-5, MZ-6. MZ-9, MZ-10,
MZ-11 %f Pb>", Zn™" . Cro Ay fManiEl 1 Firs .
R E 45 R B Al IB S 6 BREXT Pb™ AN
Zo® BT AR R R R, 1 MZ-2 . MZ-5 . MZ-6,
MZ-9, MZ-10 %t Cro M IR R4 22, Wiy
HIE 40%4 4, BAT MZ-11 % Pb*", Zn*", Cr*"
X 3 P )R BB IIR ] T 90% LA T £
DL USSR, Ve Bbk MZ-11 VR E— o i3 42 .
22 MZ-11 B9%E
221 EEFMEBENETE
Yo BTSRRI MZ-11 Y A2 A s
FVERRAALSEG, 76 37 °C FRiFE, Wikk MZ-11 23 — s
HINEREEST, PO, NEMIRORA G, 5= nglgflre ZRTNIfl)rphlzllfg;I 0; ﬁ:tl:;flll 0(112211 under light
RGO FNE, St RRuE(E )M fHRBI(E 3)  microscope (1000x)

2.00 pm/

5.00' pm

: ]
SU8220 5.0 kV 8.6 mm x10.0 k SE(UL)

SU8220 5.0kV 8.5 mm <2010 k SE(UL)

E3 EikMZ-11 BB EE

Figure 3 Scanning electron micrograph of strain MZ-11
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TSN K AR, ZFRP ARG, KR
(0.5-0.8) umx(1.6—1.8) um, S8 (fAACANHE %2
FIEY (G 8 MOXFHERE MZ-11 #4709 4 B4 Ak i
ZERANEE 1 PR, 53 % AR R 2 RAT
HII2-5M" ok 1 75 PRA Ml K 2K 7= S 6 28 AR A7 11
DR ZE AT B ) A9 AR B AR AL S B0 25 R AR—
2.2.2 MZ-11 #7 16S rRNA ERF FFI4 4

itk MZ-11 (%) 16S rRNA FE K 55 5 7 41
1 477 bp (GenBank % 5¢*5 5 MT512571), it
BLAST & GenBank H AU IRIFSHIIEAT LR, 45
HRIZE S Bacillus cereus (MT323229)FAH 1
PR E] 99.57% 455 BRI S FRIE A A BiLA: fh 45
PR GE 2550, YE R MZ-11 SRR 2F HFF
(Bacillus cereus), Ft4w44°M Bacillus cereus MZ-11
(MT512571), KT 16S rRNA KK FE 4104y 8 (1% 14
I RG L FRANE 4 iR,

F1 E¥MZ-11 REIRE
Table 1 Physiological and biochemical characteristics of
strain MZ-11

I 5 MZz-11 Bacillus cereus
e HJJ2-5
Gram stain 3 1=
V-P A A
MR. A F
Sucrose u o
Nitrate (reduction) 4 r
Hydrogen sulfide - -
H,0,; enzyme + +
Indole production - -
Glucose oxidative fermentation T i

3 3

Gelatin liquefaction
Inositol

Spore staining

e o+ BHPE; - B

Note: +: Positive; —: Negative.

Bacillus cereus strain IARI-SOB 15 (KT441096)
Bacillus cereus strain IARI-BHD-3 (KF054861)
MZ-11 (MT512571)

Bacillus cereus strain Y6 (MT323229)

Bacillus cereus strain TC-1 (GU939623)
Bacillus anthracis strain TC-3 (GU939625)

Bacillus anthracis strain AUCAB13 (GU297610)

Bacillus sp. strain EPG3 (KX839268)

Bacillus anthracis strain V13DMK (MK 606104)

100
95
100 100
100
75
89
87
77
—
0.02

4 HH MZ-11 RGKEEEW
Figure 4 Phylogenetic tree of strain MZ-11

Uncultured Bacillus sp. clone KL1-11 (EU876637)

Bacillus sp. enrichment culture clone M2 (JN036434)

Bacillus cereus strain Q1 (GQ2803800)

E: ST WHRERS; 2308 T : Bootstrap SRR FRRZIE 0.02: JF5 2 50950 A B

Note: Numbers in parentheses: The sequence accession number; Numbers in each branch points: The percentages supported by bootstrap;

Bar=0.020: Nucleotide divergence.
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23 MZ-11 B Lor
2.3.1 MZ-11 B K sk oslk srreasiiiesi
Bk MZ-11 AR 2R aniE 5 s . K 5 _ l\n\
ATLVEH, TERHINY 12 h N ODge<0.1, BRFEAER s 067
ERRG, AT, RRIREEE R b S oal
AHRESRI AR, TR AR R BTNt 1E . ',/
12 h G EAR B, AR TR A AR R R 565, 1.2 l
IETF 24 h BAFIRKIE, ODgoo M 0.84; 24 h J51% wolert . . . .
0 10 20 30 40 50

Wik AFEW], 24-44 h WEBRREAR; HkK
FE 44 h 5} ODgoo FFUR TR, HEATET-H . Y
Pk MZ-11 ByA K 2, 456 mia it ki Mz-11
X B 4 B W RCR . AT LRSS0 7R S TR Y
W R SEGH, BrT PE AR RS IR R OR 29 24 h,
T RRAR A K R R K A TE R, X
4 T VR R o 2 B A8 R AR X e -
2.3.2 REETFX MZ-11 £

XTHRREE SR pH. WRUE . R B PR TR
[RIZE AN 6 PR

pH (ARS8 BRI A R, I Hoak
ASTERR ISR AR T AN 2R RO piE 6A AT,
PR MZ-11 %F pH (935 NG LR 9, Btk MZ-11
£ pHE A 5.5-8.5 WIEH 4K blifs pH B4 T+,
MR RSB G IN, 7 pHAER 7.5 B ODgoo 15 %]
K 0.985, HadA KGRIy 6.5-8.5, HILATHI,

t (h)
5 Etk MZ-11 g4 K%k

Figure 5 Growth curve of strain MZ-11
BIAR MZ-11 X355 pH 283l 50 1IE N e JT o VF
A %25 UG e 15 2] (1 2E FUFT 1 (Bacillus sp. strain
YS-Dfxi& pH JEE N 6.5-8.5, X 5AZK IS
SERARL

T 2 5 Tl A A A A A K R B 1) R A
BRFZ—, HE 6B AIAl, Wk MZ-11 7EiRE
15-45 °C WAK BT, BE&EIREMFE, BikdK
W, 7E 25 °C BHA KM 0.986, L
T 5°C Fim T 55 °C I BIRR MZ-11 4K SZ 3R,
TE R EGI R T, Wk MZ-11 A K022 51k
R A TR R B ) R U R AR M R
I, AL AR TR S S 2 2, S i

A B C
1.0F PE S 1.0 } e 1Lor = —
0.8 0.8} 7] 0.8
g 0.6} g 0.6 £ 0.6
Q Q Q
© 04} © 04t © o4t
0.2 02+ 02+
00 m 1 1 L L m 0 0 m L 1 i i m 0 0 L i i { i m
45 55 65 75 85 95 ’ 5 15 25 37 45 55 ' 2 35 5 65 8 95
pH Temperature (°C) NaCl (%)

6 AREEIMEREFXEK MZ-11 £ KR F200

Figure 6 The effect of different environmental factors on the growth of strain MZ-11
TE: A: pH XTEHK MZ-11 K MEE ;. B: IREXEMR MZ-11 KM C. $h8 TR B MZ-11 K 52,
Note: A: Effect of pH on the growth of strain MZ-11; B: The influence of temperature on the growth of strain MZ-11; C: Effect of salt ion

concentration on the growth of strain MZ-11.
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RS S, ARFTVS P 2 4 L
FERVFHIFFRTE 10-45 °C IE# 4K, SASLI 1Y
SR

LB T SR R TR . th B 6C
AT, NaCl 3808 2%—8% A ¥l IE# A K
XSGR EESEPIIT SRR, NaCl i o8k
H 2% E AR A K, ODgoo 53] T 0.987, NaCl
Ji M E=9.5% I TR AR IE B A K o $hB 1R
WHRAE R T CER, AR E S # RS X IE T
BRAR T A A RIS, o RO AT A 7 2 1
YER, s SRR R IO R A ET, BRIRRIY
A K RS2 B
24  MZ-11 3358, $&. SIS LS

FE 37 °C WSEFR AN, SWE T Mk MZ-11
A RRBL NS 2 FT7R . e B R UK IR 3L HE
TR 10 ARFEE ACHH N T4 8 R B 1) 2 B B LR
Bk AR IR 10 AR TE R A K bk MZ-11
TE 1-20 f50IHAHIE (& PO, Zn®" . Cro" e 735

Fz2 EHEMZ-1U EFEEEREBEFRETHERIKR
Table 2 Growth status of strain MZ-11 under different
heavy metal ion concentrations
HEJHET HG)EETIRE
Heavy metal ion Heavy metal ion concentration

(mg/L) status
Pb™ 50

250

500

750

1 000

1050
Zn** 60

300

600

900

1200

1260
cr®™ 80

400

800

1200

1 600

1 680
TE: +: IEEAR; - AEK
Note: +: Normal growth; —: No growth.

A AR

I+ + 4+ + + 1+ 4+ + + + o+ o+

750, 60, 80 mg/L)IEFRMISRMT, SWAIEfTE
SR E TR T RN AR A KR EEAR S 2
5o AR MZ-11 Fe 4 B B RS T 1000,
1200, 1600 mg/L,
2.5 MZ-11 3 Pb*.
#R

PR MZ-11 (75 W R BE A sE s AL an &l 7 fie
R, bR MZ-11 % Cr¥ 1 Zn® (105 [ e bt v i 4
TR, HPRISTE 98%—99%LL |, FHH
BN IERE 15 X PO AU BRAERI MU R Y 5 A5
(Pb>", Zn™" | Cr*"'MIHE N 250, 300, 400 mg/L)
I B Al 97.25%, 1E 20 50 B IEK, LA
WERR Pb™, (HEXT Zn™" . CrO{/h B H A v i
RE T, IXATRESZ T PO WM& MEA S o,
RSHEERE TGS A, SEOR AR
R bk MZ-11 ZEWIIAMR R 10 £5(Pb>"
", Crf MM 500, 600, 800 mg/L)f %} Pb**,
0™ O R BB R W AE S, JeBRRIAF
T 97.01%. 98.79%. 98.90%. X HRLH fit) g fft4k %
meE 8 frs, JKIGEMN Po* . Zn®, O EA
—E MW BBE ST, (AR AEAS RIVR BB T 1
B A T TE VR bR MZ-11, Fr LA TEVE R B A
MZ-11 R A=W BRSS9 E a5 . LA SEM-EDS 41
G, I R LA S XN TR A e

Zn*. CrRMigE H#f %R

B3 Pb* n?

et =

r 7 kS 005!

Z 5 oo

= 80} Rg 5! 0%
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Figure 7 Adsorption rate of strain MZ-11 (live) to Pb*,
Zn2+ Cr6+
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fit, WFGESFICR OB 2, KRFEEEA
FTARFMITE, B mREITEI i, D%
ERFLREER, SmaAERICR G B’
B B S P AR TR A0 A A&l 9 o, Ry
Hokte W RERE . B %, R EHRER
PRIGZFRTEAT FAELHT . BF . BOCR NG, ULEHIE
Pk MZ-11 X} 3 Fh 4z Ja YA AR5 0 B S AR
3 W54

AR5 DA BT IR A 1 A LA 4 4 eh
BAAAS B RRXTEY . B A R PR AT, Gl
TGS SFRAE | AEFRA AR RON Ao A
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Figure 8 Adsorption rate of strain MZ-11 (dead) to Pb*,
Zn*, Cr*

GINJO |Pbi7 i

SE MAG: 5001x HV:15kV WD: 150 mm

B9 Mz-11 RMIEEREERAFERE
Figure 9 Scanning electron micrograph of heavy metal
adsorbed by MZ-11

TE N IEAR ZEAIAT B (Bacillus cereus), 44 M Bacillus
cereus MZ-11, X RARAVAERFRESAT TOF5E, W
PRTE pH b 5.5-8.5. WJE N 15-45 °C, NaCl Jiife
IR 2% 8% AT IEH AR K . bk MZ-11 f94:
PR AT DU AR S 13 1 H 4 JR 15 YL PR e, Xt
152 53 G A w15 Y BT DA RN T AT 5L
WA — BT - R S B S AL T2
patsok7/lbigtel B e i

KTWMEMBEE EaRE I %, FNIMEA
BT, (ARSI Y A A
LA/ O, AT B AP0 st — R R A
J& B 1S BT ZF 48 4 T8 (Bacillus  mucilaginosus
Krassilnikov) BHX-71, FXI 45 43504 15,10,
15 mg/L 4 Pb*", Zn>". Cu® fRmBE3 43 i AT 35 5
97.3%. 85.5%. 64.7%, MWW H Pb . Zn’WKSE
SPAIKT 30 mg/L. 20 mg/L B LIRS IE 2 AR
%, WPk MZ-11 16 PO, Zn®" . Cr* Mk 500,
600, 800 mg/L I} EBRFIAF T 97.01%. 98.79%.
98.90%, Btk MZ-11 X5 45 5 4 J 14 W R 23 Rt aze
o TR SR ZEFAT I BHX-71,  H RiR6E A9 2 A 5
—HA R AR . RS 0B i B —
PRLMBPAMITE gh32 X Cu™ WM TEH 3 mmol/L
(192 mg/L); 258 S8 e A5 2 A A0 K AT
(Bacillus amyloliquefaciens) . 1A ZEAFF B (Bacillus
licheniformis) . V0H& 21K & (Bacillus sonorensis)%t
Cro T 9 2 mmol/L (29 104 mg/L); Jeong %1%
MR o3 B B — Ao B i 2 A T EM2, 47T
Pb> A 800 mg/L,  H R4 & 548 A7 o it
PERTA D BB L, P B B8
AR S A R B R W o ABIFTE 73 B i 1A
F B MZ-11 X5 BE B BTS2 MR 51K 1 000
1200, 1600 mg/L, ITJUAFEMMRMEN, AIGTE
KA 37 45 B 43 R G G BT TP B A TR A HIRPTaxX L
PS5 H 3 1 ) R 4 LR O it
ATLAE Y, TR MZ-11 452 6 854 i 32 Mk
T AR, PUAT LUOAE MZ-11 & —HRE 5 E
R PR R T 2 PR
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Btk MZ-11 7E Pb>", Zn*" . Cro ByVEJEEH 500
600. 800 mg/L B FFRFEIEF] T 97.01%. 98.79%.
98.90%, XULWAIFE M MZ-11 X} Pb*", Zn?", Cr*'F
ARG B RE T o W P2 TS Y - SR b R SR
T TIRR, A35 4 BRI R RE 1A B B R
Horb, 7E 50 mL ¥ H 500 mg/L 19 Zn®
Zn H-2 FEREXTEER W S i, TR 48.30%; JL
YR Zn L2, WK 42.95%. 2%[F 52 45350 %
HE|—FRAERS TR PO W EAE 1200 mg/L AR, %
BRRTE Po> VR EE 7 200 mg/L B 22K Po> HfE 5
5, K% 80%. Wit LA E IR A HEE MZ-11 5
WRHEE S, AT LA E Btk MZ-11 HA RSN E A4
= W A

AP AR REER, AT R
RS I R R VA B e IR RSN S e
(Ko F YT F AR T EA Y, FBIRENTE
PRBE R sh MV AR AR R MZ-11
[T . B B ATRMRAT 321, 75 MZ-11 1%
MR 4 I il S R B SR R R R A 3 AP
LB ICR M KIEAATE, RTEKE MZ-11 W= sz v
SAMNE A RAER, FAFEn] e L3 E 4R
AR R o X e PO A Sk T A AN X A 3k i
P12 SR R A A X R 30T 4 9 v i 15 43 15 15 38 P Ak
SR IR AR A U O B AR E. hirae Qaa Fll P.
pentosaceus Fe3, PRI Pb™ () 3= B2 P
GRS e R (S I = P AN e 1 A A 2
Rt g DT Sy RV S P e s L 4l
AR — PR e AT B A T kR CTB430-1,
CTB430-1 F4 Zn™ MM i 2 v i Ao i
DB SERE 2 . ARSI IR R RE g i 2 PR A
F 4B BN —Fh A IREAI AL, MRS BRHA S5 A4
PR R4 K, TRk MZ-11 (9 =5 327
ARES AR AW 20 . RS K TR
4 JEAE TR KBRS R A dE g 26, s
L8145 S0 56 2% A1 B M0 7 (Pseudomonas aeruginosa)
W BRI AN, X R T E 4R S AR I E 40
SMOEI RO F RS TFEINE Y, ey

Ko FEN 2 HAE A, HATRE AR,
PR, AT EEE 4 W T AR H, 248
B SRCE YRR AR EE s Al XSS
HE4&E RS UASEECES &8 E,
T 2 B8 J P9 TRTAARATS PR VL TG P A N 25 ) o TRT R
MZ-11 & TR 32 Pt A AT RE S Cr™ BB A %,
PR MZ-11 T REAETE—FP IS MA 5 , BEXS A 521
Cr™ R JEUNJCEER CrF, IR T bk B
DA TR S F BOREIR o 80 22 S ik g 2 A T
¥k Micrococcus luteus G-13 % Cr™ 45 #5134 S5 fE
J1, S CrO IR EERE R CF BN, R4
FEE JELS I P o SRS 9 A R B G-13
5 O A NS BRI Bt RIE . —CH,
BEREIESE . BT LIA AT RERG S Cr® RO, AL
FEH A 218, TERR MZ-11 X4 FIEE ) 0 [ i
HRAEABIT PO I IR BER #Y . . Bk
FEPE R RN BE 1) 20 fi5RT, W B ASCR0 f F F
A RES Zn™" 5 PO RO S I TE A O, TR
i 52 B A TR ML LA a2 2%, = 2 R LTR DR R
M, AT LGRS . 26 sUE R E R &
BT M RE ST ML WA R bk MZ-11 45
s B S A A R RE D, AT DI e S
KA SR IR 2L, TR ABIFS B B LR
Al LU G o & AR MZ-11 FER A H R Yt
e g Sy TP BRI T
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