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Isolation and identification of manganese removal bacteria

and study on its manganese removal by immobilization
YIN Siyu'?, HUANG Lei"?,DANG Junjie"?, DENG Dongmei'"?
(1. College of Biology and Chemical Engineering , Guangxi University of Science and Technology , Liuzhou 545006,
China ; 2. Guangxi Key Laboratory of Green Processing of Sugar Resources , Liuzhou 545006 , China )

Abstract: Two Gram-positive bacteria S1 and S2 with manganese removal ability were screened from manganese-
containing soil, and the comparison of 16S rRNA sequences showed that the two bacteria might be Baciulls megate-
rium , Stenotrophomonas maltophilia. The removal rate of Mn** could reach more than 95% after 6 days of culture in
the medium with the mass concentration of Mn** of 260 mg/L. Scanning electron microscopy energy dispersive spec-
troscopy (SEM-EDS) and X-ray diffraction (XRD) analysis showed that the two bacteria could remove Mn** by
transforming Mn®* into MnCO,. Sodium alginate and activated carbon were used as embedding agents to prepare im-
mobilized microcapsules, when the mass concentration of Mn* in manganese-containing wastewater was 150 mg/L,
the manganese removal rates of capsule-immobilized bacteria were much higher than those of free bacteria. The man-
ganese removal rates could reach 96% after optimizing the manganese removal conditions of immobilized bacteria in
capsules by orthogonal test. After three rounds of circulating manganese removal experiments, the immobilized bac-
teria in capsules still had a good manganese removal rates. It could be seen that the immobilized bacteria in cap-
sules have certain reusability.

Key words: manganese-removing bacteria; embedding immobilization ; manganese-containing wastewater; orthogo-
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20 T TR AT O 0 S R R A R E o S Atk L R OE
38 S I P 1 2 T 4 TR 1) o A R A 4% 1 T B 3E Min™
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FEILA BRI 20% Bl , & Min® [ A B 3% L 0 i
RAE S Mn™ WA K5 77 55 3L Al AR N 20% BiihE .
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0.22 wL it JE 2§ XF MnSO, - H,0 #4713 BB BR 1 L in A G
M 15 % 5L i £ & Mn™ 55 552
1.2 SEEUEKRNS BN

BCE AR U+ 10 g im A E] 90 mL K B A B R K
e P%3% 10 min'™ , #5E 5 min 5 BT 5 mLA%ERh
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Table 1 ~ Orthogonal factor level

K A "
Ald B C D/(mg-L™")
1 2 6.0 0.25:100 50
2 4 7.0 0.75:100 250
3 6 8.0 1.0:100 500
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Fig. 1  Colony characteristics of S1 and S2 and
their Gram staining and LBB test results
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Fig. 2 Phylogenetic trees based on 16S rRNA

sequences of S1 and S2 strains
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Fig. 3 Growth curves of strains at different mass
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Fig. 4 Change curves of medium pH at
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different mass concentrations of Mn**
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Fig. 5 Mn* removal rates of strains at different concentrations of Mn**
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IR BB AT ) A 6 d I A BR A4 K -
2.3 XRD 5geiksif
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Fig. 6 XRD patterns of S1 and S2 cultured with and without Mn®*
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Table 2 SEM-EDS analysis results of S1 and S2

SEZ Sl s2
M RRAB% BT AB% RSB T R%
C 25.22 43.61 20.98 35.14
N 2.76 4.09 3.53 5.07
0] 26.75 34.72 35.86 45.08
Al 0.14 0.10 0.14 0.10
Si 0.12 0.09 — —
0.87 0.59 0.24 0.16
0.29 0.19 0.21 0.13
Ca 0.28 0.14 0.10 0.05
Mn 41.87 15.83 38.94 14.26
Fe 1.71 0.64 — —

i & 6 1T 0, TR B ST 2 T A VR H
XRD & 3% 5 PDF2-2004 #5 0 AL W) K B & 5 5 0
PDF#83-1763(MnCO,) (1) B % 40 & J& 5 4F , B bk S2
2 10 4 E AL VE = 9 XRD K 5 PDF2—2004 45 i
WAL R A% %5 PDF#99-0089(MnCO,) fi¥ 14 3%
P16 fee e, m BT S S2 B A 3 i 7 A R R IR
¥ MnCO,. 3R 2 RE % /3BT 25 5 s 7 Mn™ 85 55 5L 5
I A0 TA ST .,S2 2% T A9l I i 4 AR AR =, 20 i o
41.87% 38.94% , 1t W TR A 3 TR A7 K 35 S ) o
24 REBEEEKmM

P17 Ay e 4 [ 5 TR A W o o 8 B 1 e 4 [ T
ENRERIR , EARZ S mm, KN 4]

i
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Fig. 7 Appearance of immobilized bacteria in capsules
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Fig. 8 Removal of Mn>by free bacteria, blank
capsule and immobilized bacteria in capsules
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Table 3 Orthogonal experiment results of removing
Mn** by immobilized bacteria S1 in capsule
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Table 4  Orthogonal experiment results of removing
Mn** by immobilized bacteria S2 in capsule

LTS A B C D/(mg-17") Mn*EEEH/%
1 2 6.0  0.25:100 50 75.54
2 2 7.0 0.75:100 250 31.48
3 2 8.0 1.0:100 500 42.72
4 4 6.0  0.75:100 500 50.87
5 4 7.0 1.0:100 50 79.79
6 4 8.0  0.25:100 250 30.97
7 6 6.0  1.0:100 250 25.27
8 6 7.0 0.25:100 500 39.18
9 6 8.0  0.75:100 50 93.11
k1 4991 5056  48.56 82.81
k2 53.88  50.15  58.49 29.24
k3 5252 55.60  49.26 44.26
r 3.96 545 9.92 53.57

FFEK D>C>B>A

Fe3 v R T A2 T S1AE 3R] KE R B BR
B AR 22 AN K, B IR AR K Mn® K BR ST Y R 4
BF B A2 o8 2 do ARE pH om (3 1 5% ) = m CIfg 35 R B V%5
W) Mn™ T i Wk B 3 A R R Y d R R R R
FEAR A 2 pH=8.0 . m (36 T 5 ) = m (If 35 TR 41 V%
% )=0.75: 100 . Mn™ 5T 5t ¥ B 24 50 mg/L. £ 4, &
P8 E W S27E 4 TR AR T ¥4 45 B 5o

SLWFES A B C D /(mg-L™") Mn* %% /%
1 2 6.0  0.25:100 50 81.00
2 2 7.0 0.75:100 250 96.37
3 2 8.0  1.0:100 500 85.90
4 4 6.0  0.75:100 500 46.61
5 4 7.0 1.0:100 50 68.29
6 4 8.0  0.25:100 250 43.82
7 6 6.0  1.0:100 250 35.68
8 6 7.0 0.25:100 500 67.07
9 6 8.0  0.75:100 50 91.79
k1 87.76 5443  63.96 80.36
k2 52.91 77.24  178.26 58.62
k3 64.85 73.84  63.29 66.53
r 3485 2281 1497 21.74

% F A>B>D>C

(R B A 2, T L G 208 T 7 AT S2 1) Bk i 2% 1 s o s [
2 d.pH=7.0 .m (3 PE ¢ ) = m (¥ 35 PR AN %5 W ) =0.75:
100, Mn* Jii i ¥ B A 50 mg/L. 8 i 1F 38 52 56 4 |
ST AR I I 2 AT RIFA R E A ERRT &
U RS iy S L T VT ol M S /o £

Fie 2 Tl Ji 9 [ 7 B 25 Y SR A O SR AT SE
74 2] J5 4 [ 5 TR ST Y B 40 %2 96.33%(>93.11%) ,
Wi I B Mn™ e AR 25 120 & 0 A B,C,D, B[] 2. d
pH=8.0 . m (3% ¥ B ) + m (i ¥ TR A9 K )=0.75: 100,
Mn™ T f W B 50 mg/L. e 5% [5] 22 B S2 I BR A 2% 0
94.88% ( <96.37%) , ¥t W] B 4 e AE 5 A &
A,B,C,D,  BIFA] 2 d . pH=7.0 . m GEPE R )  m (7355 12 404
VW) =0.75: 100 Mn> TR ¥ 250 mg/L.

T 68 2 81 7€ A S 1R SRe I 5 58 A BC, D, B Jie 2% [
TETH S2 W 7 % A\B,C,D, F EAT )5 4L 50586
27 EEMHAXW

i A0 [ 52 A S 1A S2 11 = A ) 45 SR L IR 9.

WE 9 TR, 7 B A BR AR 25 0 T, e 4 [ % 1l
S1.S2 55 1 W 1T B 9 BR 4 % 43 51 24 95.40% .
95.73% , % 3 %% H A2 S 50 i IS 4 ] A T A R R AT
53 A 59.73% .34.60% , U W e 9% [ 2 W B A — &
AR M, LR 3 B A ST B 2 R P R R
FS2.

i [ 7 P S1.S2 48 35 T A R HISL R e, AR A
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Fig. 9 Reuse the experimental results

SEEEAS TE & A7 AR SR B A2 M I 4 ( < 5%)
Ji R AT R 2 ] B B 2 A B 5 i A v R SO LA 4
FrFR i R rh R B ORI BUE BRI . T L, 5
[ 72 P B — 2 i H 2 R PR BE A 3P I & B a8 4
MIRBE R 2 -
3 itig

H A, BF 5 O N I8 o 0 1 1 2 bk B A it 4
S ZE AT o Bacillus megaterium MB2' [y £
1 T Mn™ Ji e 6 JE 9 550 mg/L, {H H 78 & Mn® 45 12
TR A KB TE M SR A A K, Mn® iR i
J 0 660 mg/L I B AR JL-F AR A, B HAE Mn™ 5T
IR R 55 mg/L IR B R 5% 7 dJE X M 2%
[ RAVA (61.7+1.17) % ; Bacillus megaterium 79U 1E
M Ji 1t v BE R 55 m/L s o 0800 28 3R B 1R A K %7
21 B 5 B0, A = BT A VR (550 mg/L) A9 Mn™ R
AR T 4G A A RE T o AR WF 5 P B B STTE 0~
814 mg/L 1) Mn™ 5T it ¥R & J0 [ N 2B K i 78 B A OE
W, 7E 260 me/L Mn™ Jii 5 & B T A KAE S i i B A
B BR AR 97.94%

Stenotrophomonas maltophilia 18 /VAE Ay B:56 40 1 H
W, HAXT Stenotrophomonas maltophilia 7 F5 T 4 J&
BT UTOR Co I RGE o FEAS TS PR Bk S2 4
i E AR AN TE T T 4 R Mn™ 25 B 78 130~488 mg/L
Mn™ T B R 2B Y 400 T 08 Mo 550 5, Mn™ it i
W JEE N 260 mg/L I S2 %F Mn® (9 25 [ 535 2] T 100% .

FH A 4 R B — R, R Mn™ 338 1 5
Wi 4 B 43 24 | 40 M 3 A 1 L AN M A BE A Ak R R
ST 240 M A R A ) B R AR L O R
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20 P AT L AT 4 A R A S 0 4 R TR TR 4 e
W BFE A B P9 3 7 BIL A A5 A e v A R S
WhsrpAEK . ST S2#8 LA R A 1 T 46 BE 71, )
AU B ST .S2 W] B HLAT b 38 — P sl JL A i AZ HL I
R ELAAR (Y T 32 L AT FR R AR 5E

AT F K 22 BURE B Ak 40 5 B0 B M R ik Ry
Mn*, S1.S2 3% 2 bk 4 1 /2 8% Mn™ % 16 0 A 1Y
MnCO,. #;FFid R R 33 pH & LT m ik
T 9.0k b, AT e AR AE A AR T A T Ol
fiff 55 7% 56 pH 3% K, R 3 T 6 2% K Mn™+HCO, +
OH™==MnCO,+H,0 f§ & 4", LBB I {& 52 5 % 0 40
PR AE B 5% 2 R R A o M A ) 2R R AR TR AR 2 i AR A
Y165 0 MnCO,, 7T BE A& i1 T A4 0 5 R Ak 9 = K
AT A ARG T HE R A T BB R — T R AR R e i
i A AL A RRUE | TE A A B R R e SR A S TR
WHE . MR AR ELRE F UL S BT
A B A S 2 2 A AN RE R T R R
(BRRBE HEARS) MR (RE BRH)ES,
AE 3 40 Fr &5 SR B R ST, S2 B 1R 2 I A 4 A A
(41.87% .38.94%) , Ui W B 1 48 1k AE HTJE WU & 4
oA 2Z A 40 T I T R S ) B B R R BB A AR
FH PR 25 B Mn™

Ve 7 36 1 D 2 R B3 e 200 T A 38 ) i e 9
] 7 DA, 2 e B T A P 1 B R R R T LR
14U 5 AL R T AR AR W I A R I e
52 A4 1 7 RT3 A 3 W 3 KT S 1 S S i S T A
MM, R P AT REAT - (1) 3% M 58 5 4 A AL L
AU RE 3 M A 8 R BREAE I I A AR Ak B R A
P A AR A FH A 28 T A IR A R R KR 5 (2)
T e ELA DR 1R I P e 2 T AF R VT 2 AL
FME K, 0735 1000 m>/g LU 24 1% P % & 5k 10
FL Bl 2R W AT DA R B B O R AR A R B
1A RS A R B 5 (3) e A B A B A S A IR
i 52 1k, BT A% BT OV Y e 8 2 1 3 9 40
A 30 20 N T B ER e B A A Min® 3 R B B, PR I
08 ] 7 A VIR S TR T A2 R Y M VR B BR A R A
B .

J% 7K COD W] f J2: 52 Wi 40 B B 4 S 1 — A R R
15 COD A A F 7K A o 48 T8 119 28 40 R % L 52 56
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FRWN, F. REaWhsrB LT REEZLRET R

1E 38 SZ 88 v K ) COD XA 50 mg/L, A ALY 7
RH T AN A T M B SRR RO A T R
TR AT LY, BT LA S T S1.S2 7E K h Y B A R
W /N TAE S Mn™ B SR BE P B % o IE S S 4 2
SO 2K R ) Min™ ik 32 2 5 4% 11 2 A1 S 1 B3 e o e
rh R Y S R IR [ B S TR Min™ o VR
50 mg/L B (4 R SR AR LA 2 VR EE R Y 2 A5 LA
e U I e A [ S B S 18 FH T AL BRI Min®t i R 1 1R
7K s Min® e B XoF e 08 i1 2 B S2 19 5% i 5 /0N | [ S T
S2 7E Mn™ Jit 4t ¥k FE Ol 250 mg/L B A B K B 5 R
96.37% , {0 HAE Mn™ Jit 5 ¥ & 24 50,500 mg/L I (1)
o i % AL BB 15 3] 91.79% 1 85.93% , Jist 4 [ 72 T S2
T T e RN 7 B Min 5 /K A B v 273 P o G 24 I
JE W ST, S2 AE R a2 25 18 F ¥ B & i bR A e 1, IR
A0 1 3 TR S2 1 1 PV R STRE T, e 2 vl itk — 20 10
TEJ 7K COD X Jisg 3% [ 7 17 B3 2 1) 52 W), R I
IR

4 #5ig

(1) MR T K 4 X8 34 A - 48 o 0 2 1
F4 2 Bk 4 AL 40 B 1T RE Sl S1E K ZE 70 KT 1 ( Bacillus
megaterium) Fll S2 W& 7 % 5L 3% 1}l [4 (Stenotroph-
omonas maltophilia) ,2 ¥ 4 & 7= A= 10 4 5% AL W) #5 4
MnCO,,

(2) Mn™ 2 B 38 L 552 56 3% B i € [ 7 8 1) B
TR = RO DI =N U] C R S U s A
A5 0 0 [ 5 TR SR SR AR DR A A% (R A ] 2 d LpH =
8.0 . Mn® it 2 ¥k & 50 mg/L .m (36 P 5 ) = m (36 4 PR M
W) =0.75: 100, [ 52 B S2 i A B 4 4% 18 A ) i)
2 d.pH=7.0 Mn™ JiT & ¥ FF 250 mg/L.m (35 14 5 ) :
m (T BERR AN ) =0.75: 100,

) FEAERRAR AT, 28 [ 2 78 S1.S2 %8 11K
it T 64 B B 3840 M 95.409% .95.73% , 4 3 L
ST T S T Y R A R ATTA 59.73% .34.60% , 1
A e 8 ] oA LA — o A R
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