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The conditions optimization for removing Cr (V]) from water by
Cellulosimicrobium sp. strain C6 and study on its removal mechanism
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DU Wen-Zheng , YAN Xin, FENG Su
(Key Laboratory of Biological Resources and Ecological Environment of Ministry of Education,
College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract; In order to solve the problem of heavy metal Cr (V]) pollution in water, a strain with high re-
sistance and removal rate to Cr (V[) was screened from the soil contaminated by heavy metals near a
leather factory in Chengdu. After identification, it was named Cellulosimicrobium sp. strain C6 (Cellu-
losimicrobium sp). Based on single-factor experiments, four factors (pH, temperature, contact time and
initial Cr (V[ ) concentration) affecting the removal of Cr (V) were optimized by Box-Behnken response
surface method. The results showed that when the pH was 7. 85, the temperature was 34. 07 °C, the
contact time was 2. 88 days, and the initial Cr (V) concentration was 40. 08 mg/L., the maximum re-
moval efficiency of Cellulosimicrobium sp. strain C6 on Cr (V) can reach 95. 75%. Scanning electron
microscope results showed that the surface of the untreated Cellulosimicrobium sp. strain C6 was clear,

smooth and dispersed. The surface of Cr (V]) treated strain was irregular with granular precipitation.
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Fourier transform infrared spectroscopy analysis showed that the functional groups on the surface of

Cellulosimicrobium sp. strain C6 might be related to the adsorption of Cr (V]). Cellulosimicrobium sp.

strain C6 can be used to treat Cr (V][ )-containing wastewater .

Keywords: Response surface methodology; Cr(VI); Cellulosimicrobium sp. ; Biosorption
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SO PR T A B AR S B A, PR 9T pHL IR BE L SO I
(] 0 CrCVD R ie e B2 DU A PR 3R K A HLARE A
FREAE T B0 52, 3 57 Box-Behnken 0 2 45 %11
M o TR DI AR ASE AR X 8 Cr CVD B 1 23 B 45 1F
HEATOUAR 8 5 F A R R 2R A2 [) i ok 41 4 vl 5
BB (SEMD FME HL i 21 S 50 33 (FTIR) X

M BF Cr C VDD BiF i B AR 3 1D 245 440 R R AT A 728 ok
PRI T RAR L BR CrCVD BINLER AT W) AP R
ABETEA B T4 Cr(VD 5 3L B 2 B BT 9 i A=
Py R R1 R
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2.1 #HE5RF
2,101 EAR OB X R B T e
By B A A s R Cr VD) 4014 3% 8 bk B 1
JKAA IR Cr( VD Y fiE
2.1.2 KA BEE AR, S . BRI, B
T TR TR L BRIR . WEIR . DR . SR IE Bk AR
DNA $2BCLH &, 418 16S rRNA JE 5@ FH 51 4
F27/RI492 (R IER AN FD o 1 » LI
2.1.3 EZEZHERFOGRA A LB BRI R
JREE IR 10 g 546N 10 g ERERIRY) 5 g A
HE4lKZ 1 000 mL, NI FE(E 2 78505 1 - 5 3%
FH pH HIEZE 7.3 + 0.2 Z[H). i D42, T
121 CF, SR8V K T 20 min, LB [R5 525000
A 15~20 g BEfR » KRV H 5 {5174
CrOVDBRAER W - FREL 2. 829 g 7F 120 CT 4
2 h EIEE A EHRRI (K, Cr, O;) , K #)5#
A 1000 mL 285000 25 8 7K B EAn 442
A, BEE MR ZTHE 1 mg B CrOVD AR
TORTRISE RSV FREX 0. 2 g ORIt
T 50 mL PIEAH, oK #E B 2 100 mL $257 . i
TR BT 4 COKARAE 5.
2.1.4 B EIERBEFECEE- BRI A
B FD, UV-2450 43 606 B2 i (8 HE) , PHS-25
pH 1L Bl 24 A A A FR 28 7)), SKY-
B IR (g o A BR A D s AFZ-1002-U L
Fhiaik 25 CGCRHBA 7D, 37 28 K i

(GR35 E /N1 DN
2.2 fF &
2.2.1 WHrkod HEGSYHEERES 10 g A

A 90 mL JCEEUK A 150 mL HEEI . R 5 )5
FRAE b PP I TR AR YRR R BURR B O A 139
WA TS ARE Ce(VD R 50 mg/L (1) LB
PREESRAE B ()8 B 7. BRIBOE 35 A R] ) 558 7% -
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ZIR MR —RVE ST, T 4 CRA TR H.
2.2.2 Cr(VDAREWERME RIRBECr(VD
FRUEWE 0.0, 0. 25, 0.50, 1. 00, 2.00, 3.00, 4.00
mL F 25 mL @A, FIZERKR B 12. 5 mL
FREE. 18] Lh B o i A B (1+ D 0. 5
mL AR (1+ D 0. 5 mL, filA e (855 — 2Kk
Pk A 2 mL, HZE KB B 2 25 mL FRk.
PE5],CE 10 min 2245, 7E 540 nm KA LIZ H
WA RS L e W BE. DAY B S A Ak b 4
I CrCVD 5 i As AR » 221 Cr( VD FRifE i £k,
2.2.3 ##ark Cr(VDEAFL Wit h2E
PR LT CrCVD BE#E S B TC R H2 A0 2 LB AR K;
FrHErh P33R 16 h AR AR 7. 1) 100 mL fE
TEHEH AR Cr(VDWE N 50 mg/L ) LB ik
Rk 27 mL G BEE T 2 ODgoo hy 1. 5,45 102
RN I A B 25 528 100 mIL HEJE i 0l 2 4
N 30 mL. K555 24 h, UG SRRSO FRo0
TR FH 2R e I — k53 D6 06 B2 150 ODsy , 0 72
Cr(VD &8 IR Cr(VD I LR BB RITE
/A= W

Cr(VDEBE ) =(C,—C.)/C, x100%
Hrp Conits Cr(VD MR, Co AWM G i Wb
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P A4 3R S v A R 6 Cr (VD B R BRR , i
TEH AL Cr VD) TR BE. X AR $2 L DNA, #E 17
PCR 4" 14 I X 47 1 7= 9 0 77 % 7, DT 45 R A1
NCBI M3t |19 GeneBank 3 1 N YA AR AV
G307 WAL E W AR AN E L IR 7E MAGE 3 rh
RS LB
2.2.4 FRZFEHE W T A BRI LR
CrCVD R FEM  ALFE R pH(4~11D) (il B2 (15~
40°C) Al B 1E) (0. 5~5 ), Cr (V) %) 46 e B
(20~120 mg/L). B E3ARFE 150 r/min $2IK 35 5%
— B ] Cr (VD B R TR & W, 76 4 °C, 8 000
r/minZc T B0 5 min, 43 H_EIE R 0. 5 mL, /]
TORBRTHE A EE I ODs o, I Cr(VD
T | O T E M e R L R .
2.2.5 @ikt K Design-Expert #4- it
A7 3 1 A Ak Box-Behnken 528035 11, 431 T %
W pH IELEE 2 R[], Cr (VDD %) 6 1 B2 3% PO A~ 1A
ZHE AR AR 2B CrCOVD RS 52 0. 1] 7
THI A% 5 R 2 AR Bt 3 ) o i i pH(6.7.8)

AL (25, 30, 35 C), M IFE (1, 2, 3 &), Cr
(VD HIHEHFE (40, 60, 80 mg/L).

2.2.6 2w F RBHAE(SEM) 54l A
HLF B B IR ST £F R C6 Bk Cr (VDRI B8
PRAR AR W BEE AT JS B TR A PBS 22 il ok 3
U BFYR 20 min, ITA 3% % SR 4 °C kA [
E 24 h,8 000 r/min B> 5 min, F] PBS 2% i o
Uk 3 WK ARG AT SR FE K, 43 0 i K 20 min;
P FRYFHURE SV VR T 1 ho i EHLIEE.
2.2.7 MEetE B kE(FTIR) 547 K%
TS A B AR FE 8 000 r/min T 435 2.0 5 min,
W ERDTTELE —40 "CUKFE I 4 h, FRfs LR 2
B TR R T 2 B R ERE ST IA
KBr, 7t /MR S W4 J5 & A, il T8 5L 20 40k
WOCTEAL | A TLLAM IS B AN,

3 HBERES

3.1 EHKFERELE

mE 1 FiR Cr(VD bR R R RN v=
0. 62822—0. 0012 H R*=0. 9994 , ELA %5 &5 i AH ¢
P AT TR 22525 CrCOVD &1 R I K400 4 07
WAFH) 6 ki CrCVD BRI THF 9T , & B4 5 C6
MRS Cr( VD K BRACE e, 58 58. 1326, X
AT, B 2 Fros, Zad NCBI 8 1%
FLXF R R G & B0 25 1 R . C6 @ T 4F 4 i i
Ja& WK Hodiy 24 M2 AE R C6 L £ 4t Bl i g e — Fil
TR HoAR SR HA AR TRET 4 R e 17,
B BRARAE A A 5 T 75 Rk T I 25 560

07y
0.6F
05}
- 041
o 3=0.6282x-0.0012
o 03r R=0.9994

0.2r
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1 Cr(VD4A 20l 245k
Fig. 1 Standard curve for Cr(V])
3.2 BEARABRERSSN
3.2.1 Bfkarm bt gl C6 ki Cr(VD 8%
W R T RRSEAS )4 fil I ) 2R 4E TR C6 X Cr
(VDD 25 BR 1Y 52 i 1528 52 fil i 1) 535310 Sy 0. 5,1,
1.5.2.3.4.5 d, HAb SR A5 P e o h . pH=7,
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it HEE 35 °CLCr(VD AR AE Sy 20 me/ L. WNIEL 3 Jiy
71N » Wit 5 2 A P 1] A 48 T o 27 4R C6 X Cr (VD
RERA IR EEI R Br B S — B BeAE 0~2 d
W EERECEIE A H A R, 2~5 d BRBCRILEF
PHRRZS TEHS 2 dIBFIR R EBRA 92. 2704
IR FHAE A ) 2 d T e 2 S 5.

(¢
Cellulosimicrobium cellulans strain MIMG8.3 (KT008287.1)
Cellulosimicrobium cellulans_strain MWM-81 (JX535362.1)
Cellulosimicrobium sp. Strain DCPA3-4 (MN058257.1)
Cellulosimicrobium funkei strain ND42F (MH050342.1)
Cellulosimicrobium cellulans strain AM-81 (KF192266.1)
Cellulosimicrobium cellulans strain CrK16 (GQ503328.1)
Cellulosimicrobium sp. BD-34 (GU085231.1)
Cellulosimicrobium sp. L401 (KJ944159.1)
Cellulosimicrobium funkei strain AL-57 (KC844778.1)

65

Cellulosimicrobium funkei strain R6-420 (JQ659850.1)

{Cellulosimicrobium sp. 0707K4-3 (HM222665.1)
Cellulosimicrobium funkei strain IW14 (KM276790.1)

—— Bacillus megaterium strain N3 (MN555366.1)

A2 CoHnAALAHR
Fig. 2 Phylogenetic tree of C6 strain
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Fig. 3 Effect of contact time on Cr( V) removal efficiency

3.2.2 pH sF ¢ 4 C6 21k Cr(VD ¥ %va  H
THEAE pH F£F 4 C6 %F Cr( VD) £
s, pH 435 4.5.6.7.8.9.10,11, HiAh
J AR BN R R 35 °C L, Cr (VD W1 4R vk
9 20 mg/ L, 4Zfbi ] 2 d. W& 4 Fis . 78 pH 4~
7,56 pH B A 4EMEE C6 X% Cr(VD) By BR%%
LR 7E pH 7~11 figs pH 4k Cr(VD B9 £ 1%
RN AE pH R 7 B 38 B 38 R bR AR
ZRACR R 92. 2300, LR pH h 7 F )5 42
3.2.3 BESTHYME C6 £ Cr(VD)#Ho
R T WA R BT 41 4 C6 X u(VI)%F’%
(IR 1 B BE 43 31 R 15.20.25.30.,35.40 C,
M s B A A e B R - pH 7, Cr(VD R LR N
20 mg/ L. 4ZfhistE] 2 d. 4nf&l 5 FrzR . 78 15~30 °C,
Bt T BN, Cr (VD B 22 BRACR I N, 7230 °C

IR il e BRIR B L f5e i R BRAICR IR E] 93. 89%0,
1E 30~40 C EBBCRIEALL T HERIRAS R AR
B 30 CHF 2L,

100} °
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% 80t §/ .\.\.
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=
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Fig. 4 Effect of pH Cr(V]) removal efficiency
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Fig. 5 Effect of temperature Cr(V[) removal efficiency
3.2.4  Cr(VDand& R E AT i C6 X Cr
(VD #y#we N TR Cr(VD WA T £F
Al Co X Cr(VD KR , B E Cr(VD W)
/ﬁzfﬁ}%ljjy 20.40,60,80,100,120 mg/L. HAth
BEAE 2 BN T pHL 7, 35 filk if 1A] 2 d il R
30 c. W 6 B, FERI AR U 20~ 60 mg/L
i B CrCVD R B3 . Cr VD 1 L ERZL
FIGINTE 60 mg/ L ik il 2 BRpI IR i , 5Bk
WK 94. 7796 4F 60~120 mg/L LA, bt Cr

CVDWILA IR B g Cr (VD B £ R RCR %6 TR
BHRBTHRRTS.
\c 1001 o——© )
o?%’ 80T \Q — o
g 60F
5 20t
0

0 2IO 4IO 6b 8I0 160 12I0
Cr(VI) initial concentration/(mg/L)
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Fig. 6 Effect of Cr(V]) initial concentration removal efficiency
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B, F. Y4 C6 sbk R Cr( VDD X &AL R AT A % 58 %

3.3 mEHEXBEREST
AT AE LR F S A A b R 4 A B 2
FIREI PR 22 A %) 4, BT Design-Expert 844 %)
YR C6 it 1 29 41 4 g 57 [F & Box Be-
hnken 0 i & 22 465, 413 1 fF7s. 38 JH Design-Ex-
pert8. 0. 5. 0 B A4, 3 axb XoJ SZ 56 55 4k 2k 47 22 5T [nl 15
AT AR B ol AR
Y=+74.86—0.48A+4. 18B+3. 25C—
1. 64D +3.49AB+0. 70AC —4. 02AD +
3.92BC —4. 39BD +1. 36CD +0. 29A% +
3.83B% —5. 22C* +3. 19D*

F 1 FHEFYE Co XMEMMEELWIZITRER
Tab. 1 Design and results of RSM for removal rate of Cel-

lulosimicrobium sp. strain C6

D Actual .
(Cr(VI) removal Predicted
o . response
initial  efficiency /%
concentration) /% ’

B C

(tempe (contact

Run A
order  (pH)

rature)  time)

1 7 30 2 60 77.59 78.76
2 6 35 2 60 75.73 70. 82
3 8 30 1 60 76.72 80. 15
4 7 35 2 80 88. 81 86. 16
5 7 25 3 60 70. 71 72.57
6 8 30 2 80 75. 65 76. 36
7 6 30 1 60 68. 77 66. 58
8 8 30 3 60 79. 15 75. 81
9 7 25 2 40 80. 52 76. 43
10 6 30 2 80 79. 04 83.51
11 7 30 2 60 85. 95 81. 20
12 7 35 1 60 68. 39 72.20
13 7 25 1 60 72.18 69. 94
14 7 30 3 40 71.22 70. 48
15 7 35 2 40 68. 15 68. 62
16 6 30 2 40 82. 85 84. 81
17 7 25 2 80 64. 96 67. 85
18 7 30 1 80 65. 07 65. 49
19 6 25 2 60 71.62 72.96
20 8 35 2 60 74.51 73.39
21 8 25 2 60 74.55 74. 95
22 8 30 2 40 95. 43 92.08
23 7 30 2 60 75.33 80. 45
24 7 30 2 60 78. 68 80. 04
25 7 35 3 60 75. 68 74. 86
26 6 30 3 60 75. 20 74. 86
27 7 30 3 80 78.07 74. 86
28 7 30 2 60 75. 47 74. 86
29 7 30 1 40 69. 87 74. 86

2 DIAFYERE C6 Xt Cr( VD) iYL BRRAE R
M 7 (L X6T Pl 1 TR 45 SR A4 5 22 53 W+ E 3R ] RIS Y
P} 0. 004 2<<0. 050 0, [a] 9 3.3, ZZAHRLA 0
TR Z IR AR EAT S 2R A R T
AEJT. IIEBERY A A OC R AL R* = 0. 82 SRWIiZ A AY
HIFLE R BEAEAT, [ AR R G 305 P {EA 0. 2348>
0. 05, U B 3 , R IBII A S0 Bl . ARAR 47
Hi AT .

R2 ZmEBRFEHATESN

Tab. 2 Analysis of variance of binary regression equation

Souree G A e VAl

Model  1046. 05 14 74.72 4. 45 0.004 2

A 2.79 1 2.79 0.17 0. 689 4

B 209. 89 1 209. 89 12.51 0.003 3

126. 94 1 126. 94 7.57 0.015 6

D 32.12 1 32.12 1.91 0.188 1

AB 48. 69 1 48. 69 2.90 0.110 5

AC 1.94 1 1.94 0.12 0.738 8

AD 64. 67 1 64. 67 3. 86 0.069 8

BC 61. 32 1 61. 32 3. 66 0.076 6

BD 76. 96 1 76. 96 4.59 0. 050 3

CD 7.41 1 7.41 0. 44 0.517 1

A? 0. 53 1 0. 53 0. 03 0. 861 6

B? 95. 00 1 95. 00 5. 66 0.032 1

C? 176. 91 1 176. 91 10. 55 0.005 8

D? 66. 08 1 66. 08 3.94 0.067 1
Residual ~ 234. 84 14 16. 77

Lack of Fit 198. 49 10 19. 85 2.18 0.234 8
Pure Error 36. 35 4 9. 09

Cor Total 1 280. 89 28

R? 0.82

BRIE 53T AT LA — 254G 5 [m] U ASE T ) TE 6
A 5k 22 A VL PP A R S S BR R R R A )R
INFRZE RN IE 2573 A1 5k 22 1 TE A5 LR I I 7a
JIT7R » 5R 28Rt s A LR PN o3 A1 1 5] e W] 3k 22
R TEZS 73 A » BV [T DS ASE 70 o . 2 [ b e — i
JITAT 200k e O A T ARSI 7 Bz 895k sh
PLEAT DI, 3155 (B) M fk i 18] (C) 14 BE 3 32 A
Cr(VD 2 BR A A i LT e 3R AR BURR. pH (A $2
EFHHZERS Cr (VD 2 BR AR 0 USRI B AR. Rt
IR R 2 fh b ) 2 52 e Cr (VDD 25 B 5 10 5C
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(a) Normal Plot of Residuals
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2 ] e
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4 53 /"/
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Internally studentized residuals

(b) Perturbation

100
X
>
2 90
2
=
5 804 5
g \ ~ A
5 70
& 1 C

60 |

T T T T T
-1.000 -0.500 0.000 0.500 1.000
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B 7 s C6 11 Cr (VDK £ EAME Fadb3h
() RETESHEEE; (b) LRECEREIE.

Fig. 7 Normal probability plot of studentized residuals

versus normal % probability and perturbation plot
for the % removal efficiency of Cr(V])
(a) Normal probability plot of studentized residuals versus normal

% probability; (b) perturbation plot for the % removal efficiency
of Cr(VD).

R 7 T 25 S 22 o) s e 7 T 2 A5 v ]
Kl 8 iz, &l 8a w1 i ANE W pH X Cr(VD
FRECRN s HEAEA. MR 30 CLLT, IF ]
pH 5~7 I, ZF4E T C6 X Cr (V) 225 5% 55 5
15 32~40 °C JFW pH 7~9 BIFEREIN Cr VD 2B
R W RS pHL (% 3G fin i 14 in. &1 8b R
TRt rEL R pH X Cr (VD ZBRECR I 22 H.
YERT, il 8b FR . 7RV pH 5~9 i, Cr(VD &
k2R it 25 2% Mk SF 8] A 389 i 38 K. 7E pH Ry 7, 4%
fl st 1) A 2 d B IR B R A R PR AR, B’ 8e W T
Cr( VD WA MR BE FA I pH X Cr(VD ZBRBCR W
ZTHAEH . 2M4% W pH 7~9 B, Cr( VD WG R N
40~50 mg/L BFE 4% pH 5~7 i, Cr(VD#I 4R
ek 65~80 mg/L I, £F4Ei R C6 %f Cr( V)&
BroR kA CrC VDRI EE 3G Inmisg K. & 8d &

TR TR BE R A )X Cr (VD 2B 8CR 138 T AE
FH, &l 8d YR 7E 30~40 °C (A BBl P, Bifi 25 22 fi
a0 L 2T AR C6 X Cr( VDD 2 43R 7 4
. & 8e s TUREEFD Cr( VDRI A M FE X Cr( VD)
TR A HAET L AE 30~40 CHIFLHEIN , b
CrC VD W 3G He BE A8 I, £F 4E 0 C6 XF Cr( VD 2%
BRRAED D, 8T R T MBS [ A Cr (VD 1 4R
WeEEXT Cr(VD BBRECRN A BAEH - 78 Cr(VD %)
GRMRBE 40~60 mg/L B, Bifi 25 42 fnk B (1] 9 334 Jon
CrCOVD W I HE BE BB/ S 4E R C6 XF Cr( VD 2%
FRESINN

FESAE W B 25 0F T, B pH 4 7. 85, IR ¥
34.07 °C, My [ 2. 88 d, ¥ Cr (VD) ¥k BiF
40. 08 mg/L, £ 4Efk i C6 Xf Cr(VD) iy £ R IK
B M 95. 75 %.
3.4 HHNE C6 £k Cr(V)BI/E SEM 347

WK 9a iR, ZEA Cr(VD A 4T,
3 4 2 @ Sl O N D o VNS (TR L iR M E
J3HC AN 9b i . Cr VD A B 1% 5 4R 26 i A
K], A JORCR U VE » - EL B 1A 41 M HE 51 7 — e
BUKGE BS5 R, 3P i Cr VD ke 5 E By 5 %
AR REXE AN T PSR CrCVD FEE A Cr( VD
T 200 TR 200 L 4 T ) O BRI AR PR SC SR . A TR R
THI W2 FfF % Cr 2375 1B 240 0 2% TR A8 1 A2 1. A0 R Y
LA AE Karthik 28 AN (A58 45 5 b 81
3.5 HHRE C6 £k Cr(V)aAI/E FTIR 47

R TWEGE Cr(VD 54F 454 b8 C6 A1 B AE A
AR M BB REAT X AR e C6 B S Cr( VD)
RONERT G AT T 2586 1E 4. il 10 FroR, 78
3274 em™ " WL EE ) 1 W B XN T O-H LA g
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