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Isolation of an Excellent Bio-flocculant-producing Strain and Its Application in

the Treatment of Cold-rolling Waste Oily Water

LEI Guo-yuan, DING Cui-ping, YANG Jia-xuan

(Hubei Key Laboratory for Efficient Utilization and Agglomeration of Metallurgic Mineral Resources, Wuhan University of Science and
Technology, Wuhan 430081, China)

Abstract: An excellent strain ( designated as T-3) which produces bio-flocculants was isolated from soil samples, and identified as
Klebsiella sp. species based on the analysis of morphology, physiology and biochemistry and 16S rDNA sequences measurement. The
effects of culture conditions such as pH values, temperature, carbon sources and nitrogen sources on bio-flocculants production by T-3
strain were studied. The experiment results show that T-3 strain has better adaptability to carbon sources and nitrogen sources, and
higher capacity of bio-flocculants was obtained when the initial pH value of culture and temperature were 9 and 25°C respectively.
Based on the colorimetric reactions of proteins and polysaccharide substance, ultraviolet scanning analysis and Fourier Transform
Infrared Spectroscopy analysis, it is found that the bio-flocculants produced by T-3 strain contains —OH and —COO "~ groups and
belongs to anionic type flocculant. Moreover, the main component is polysaccharides. The treatment of oily cold-rolling wastewater by
the bio-flocculant was investigated and the better result was obtained. When the dosages of CaCl,, bio-flocculants and poly aluminium
chloride were 4 gL', 10% (volume fraction) and 1 g-L " respectively, and the pH value was 7. 0, the oil concentration, COD and
turbidity were decreased to 10 mg-L. ™", 218.4 mg-L ™" and 1. 36 from 4 819 mg-L~", 28 456. 8 mg-L~" and 3 950 with the removal
efficiencies of 99. 79%

interaction of Van der Waals force, hydrogen bond and the bridged coordination of Ca®* ,in which the bridged coordination of Ca** is

92.32% and 99.97% respectively. The interaction between flocculant and oily droplets is achieved by the

s

the dominant.
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g b oy B B R R A UL R R B AR ), il
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SEHG H R 9 k. W % B 20 g, KH,PO, 2 g,
K,HPO, 5 ¢ . (NH,),S0, 0.2 g JF % 0.5 g W5
0.5 g.NaCl 0.1 g .MgSO,+7H,0 0.2 g.pH 7.0 .71#
7K 1000 mL.

B FRAC AT AR 250 mL = A b e A 100 mLL %
FoE, K JE N 3% W, 7€ 25°C ,130 r/min [ ¥
i v IR A2 P00 I ).
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SCHRL 1S, 16 J kA7 AH G A BE AR A0 Re AIE %85
1.2.3  F#E16S tDNA XK & K& ¥r

DAV ¥R O A7 1R TR 9k B4R, B 168 rRNA ) —
%t 8] % 27F (5'-AGAGTTTGATCCTGGCTCAG-
3") Fl 1492R (5'-CGGTTACCTTGTTACGACTTC-3")
HEAT PCR 14 [ 3. [ Nl A 50 plL, &4 10 x PCR
buffer 5 wL,Pfu 1 pL,dNTPs(10 mmol/L) 2 wL,27F
2 pL,1492R 2 pL,DNA #iff 1 uL,ddH,0 37 pL.
PCR J% % 4% 1 9 : 94°C T 48 1 5 min, 35 /> 1 3F
(94°C A5 30 s,56°C 1Rk 30 s,72°C ZEAH 2 min) |, 5%
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Y8 e HL VK ARG W, HL K T 1) DNA 5 SR FH 35 16 B
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Jei AL B g BB R AR R R 2w AT I

W 16S rDNA J3> 41 43 47 F) F Blast ¥4 it 0l 43
J¥ %15 GenBank (4l FE 1 (1) 16S rDNA I [A] J7> %1) i3k
AT U5V 23 87, A Clustal W 5 A GenBank (45
HRA3I16S rDNAJE K 7 51 EAT 2 )7 51 LU, e e
H Megad. 1 3K A4 5 1) 48 47 % #% ( Neighbour Joining,
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521 000 VK, B 72 2% B AR (¥ 20 28 b AV
1.3 S50 5k
1.3.1  T-3 7 ZBE ) 45 1 S5

3 ) e A B AR ) R L EUUR LB SRR pH
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F g R JE D58 R RO 0 1 ) B
13,2 3l oKk Ak 38 4% A1 52 56

pH i SE 5 75 50 mL KFE KM A CaCl, %
W (CaCl, [+ 0.2 g) ,T-3 B 10 mL, 45 £ A
5 ff) pH AR, VR4 Ja 508 S min, B b 38 w5000 e s

ZUEER) (D MBF T-3) $Ehn & 5256 . /5 50 mL
JKEE AR N CaCl, %3 ( CaCl, [ 4K & 0.2 g),
SO TR T AL AT pH (A 7.0 A A TR A i E
5 min, B F v 00 e

B 45 R SR s A5 50 mL ZKRE H N B
10 mL, %748 CaCl, fl &, 015 pH{E® 7.0 &£47, R
AY G E S min, B b SR 000 ek
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1.4 5p#rJ5ik
141 2B M e 77 vk

S50 2 2 ok e 3 T T 2 ) R R R 1)
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Ja LR BRI BSOS NN 3 AR A &
W, R B FBCE AR VKA (5°C) il 4, 2 )5 T4 000
v/ min {5534 F 350 10 min, 15 3 W0E Y, B 5 4 0l
VE W) B AT A9 B ZLRE M
1.4.3  EKhS2mRE

Zx[ESCHR 17 ]300 5 40 1) 2R K i 2 R 2
1.4.4 HFe it

A5 285 00 0 A A AN [ i B S AR, DL 0. 6% [
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Table 1  Identification of strain T-3
R R ik || W RS
EERRA - 5] e 1 46 -
T A S R + LD (M. R.) B +
WY I A R - E A AR I -
B R 18 O 5 - LB HE R (V. PO) i +

2.3 T-3 EFEA 16S rDNA KL [X [+ %1
PCR ¥4 J5 74 2 K 491 500 bp 716S tDNA J Bt
L) 93 R BEze il 7, I AS LA O 1 435 bp.

M |

1.6 kb ——

1 kb
750 bp

1 T-3 HARHI16S rDNA F B g i f vk
Fig. 1  Electrophoresis of PCR products of 16S rDNA

gene of strain T-3

2.4 RGBT

¥ T-3 ] 16S rDNA JE: K J7 5 $#E A7 GenBank %
I e, OF 55 B0 B b ) e 2 HEAT Blast HEXT, 4528 W
7N, ZEFERI16S tDNAZE K 7 41 5 GenBank 1 £ £f
50 AN IR B (Klebsiella sp. ) [1116S rDNA KL K & 41 1)
[ IS PEIR 99% |, &5 45 B AR I T8 25 F0 A2 B AR A P AIE
U5 1% AR N v B A IR (Klebsiella sp. ). 2 2%
B bR K 58 43 AH 2% B BR k1 16S tDNAJE K] 1 & 4t it
.
2.5 T-3 BRI B FRAFAE

T-3 BARAE AR R TRk AR Kt Ze 5 AR K
B B () 2R E PR e i 18] 3 Pt oS eH O AT 55 IR MR 2R
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Klebsiella sp. HQ-3(F1432002.1)

T-3
62 Klebsiella planticola (Y17659.1)
Raoultella sp. C1Q051103 (DQ470484.1)
77 Raoultella sp. k4-w(EU876828.1)

K. planticola (X93215.1)
Klebsiella planticola (AF181574.1)
Klebsiella ornithinolytica (Y17666.1)
Klebsiella sp. cl40 (EU294414.1)

| Enterobacter sp. RAM-A (GQ478256.1)
100 | Enterobacter aerogenes T2(GU265554.1)

0.003 5 0.002 5 0.001 5 0.000 5

B2 T-3 RARK RS KT
Fig.2  Phylogentic tree of strain T-3
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Fig.3  Growth curve of T3 strain and flocculating rate during

the growth stage
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ANFEA B BRI RPN TR, O T S RIS
MG IR 4 AT B IR ROUR R IR R W) 4h pH (5
S5 SIZ G K 26 IR 3 ) 2RE R 2Lk e ) 18 52 1 43 il
2 MK 4 Pros. s 2008 1) SE 5 45 R, %
R ORI R S IR N Bl VA i S PR B A D ik =
TN R 7K 0 B B K A D R SR . 5 R )
Uh pH (IS 45 R W Z AR pHME N 9 ~ 10
I = 2 M e B £E . 76 BE S 0 3% 22 b R B, ) 4R
pH 4 9 ~ 10 I, 8537 B (1) 8% 5 pH i 4 448 € A&
6 ~7 [P0 [l A, 3% B A% 1R AR A0 T P i v R B R
KR4 1M pH AH A A 5t DAL 002 0% TR PR e AR Kl
PR, FRAK T 8575 551 pH {H.

YAk, W) 25 25 82 T U R X A% B AR P 4R R 1 B
FIFEM. 76 15, 25, 35°C & 4 R kAT 52 5, HL &
BE Ny 94.36% | 94.53% . 87.12% , i LA, £E

2 BRUEEUERT T-3 R SR EE 5 R

Table 2 Effects of carbon and nitrogen sources on MBF T-3 production

T % B 96.20 || (NH,),S0, 93. 67
HEWE 95.97 || Z4-E 93.55
Eai 96.55 || &AM 96. 32
D- Sk 96.78 || WEEEF 95.52
AV PEVE R 88.26 || IR %E 96. 09
100 -
S
80
.—
60 |- /

E/%

40

20

B4 SEIREEpI A pH X T-3 BBk ™ 2855 ¥ 5
Fig.4 Effect of the initial pH value of culture on flocculants

production by strain T-3
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2.7 MBF T-3 &b F 5y B 7K (W 5%
2.7.1 pH {EXI MBF T-3 &b #E &yl 5 7K 1 5% mi
pH {EX B A B00RE (1 3% THT L4 D Zeta HLA | 21
Rl ) KV U T B M A T A AR K f i
AN T AR A 2, 2L 5 (19 38 F pH i AN [A]. MBF T-3
Ak B S AN, pH AR Ak BSR4 56 e P S
. LT AN, pH R 5 ~7 I, R B pH 1
BEANTT G A0 524 pH A 7 ~ 8 I, HE B R A 90%
DA b 3 31 g £ A AR
2.7.2  MBF T-3 X & il 7K Ab B8R ¥ 52
KAk B Gk T e, 2R TR B 0 A 5 e Ak B AR
F1t R S DA 3% S R 8 2 ah R K A B R
U 6 s, g5 B3R W, Bl om0 3, 3L
LHCRBWTE m IR TR e, UBm g 16% (4
FALG ) I, B A ol B 25 B 32 3k 3] 96. 949 5 b fi5 , 4% £
H8 0 22 4 I, BB R AR R K.
2.7.3  CaCl, %f MBF T-3 4b35 vtk 7K 280 5 1) 5% 1
G 8 1 T LA i Bk AR A 8 R 16 R K A R A
ORITYE . 3% 4% CaCl, S WhgE A, CaCl, FI &34
g A TN BT N EE | AT IS I 1
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Fig.5 Effect of the pH value on the treatment of oily

wastewater by bio-flocculant
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Fig.6 Effect of MBF T-3 dosage on the treatment of oily wastewater

<3.2 gL', B A CaCl, JH & 0 8, 280 3
BT B > 3.2 g- L7, s g i
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k4 gL
2.7.4 MBF T-3 5 R & &ALt 91 H

AT A MBF T-3 [ #0 it , 8 TR H ML
B 5 MBF T-3 ) [A) £ F x5 o B2 7K A B 2% S 1 5%
Wiy, 45 SR P 8 BT . ph B R4, 2 S0 e T
6% FEERWMBBIMES T 0.6 g- L™ H, i wf
DARE 28 20 LLR ;s M 2t #om & o 10% (& FL 4
HO L, BE® BB RN 1 g L7 I, vl AT LA RE
F2.0 Ao BRG ds n b B R A SRR T RLK K
by 2 I B A 2 ) T B
2.7.5 SR K LR A B AR

YL PRI 4 1 By gk 77 CaCl, #E 0t 4 g- L7,

4
BimgregL?

Bl 7 CaCly #5057k Ab B 5%

Fig.7 Effect of CaCl, dosage on the treatment of oily wastewater

80
—&— 1 g/L PAC
70 —o— 0.8 g/L PAC
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60 —w¥— 0.4 g/L PAC
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2 0L
= 40
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Fig.8 Effect of the cooperation of MBF T-3 and PAC

on the treatment of oily wastewater

BN 5 10% , B4 SO 1 g- L7, pH
A7 Aih. A3 &b K, 45 R 3. th & 3
AR, 12 28 )0 5 il R 7K B A AR i 1 A O
#3 MBF T-3 438l Rk
Table 3 Result of oily wastewater treatment by MBF T-3

WA b FH T Wb I S FBRE/ %
v B /mg- 17! 4819 10 99.79
U 3950 1.36 99.97
COD/mg-L~! 28 456. 8 218. 4 92. 32

3 MBF T-3 fj#: i

3.1 MBF T-3 fy#fasE ik

A PS4 Rk 4 Fror, kv UE
I8 25 U ) T, S A A 1Y I 3 R W% 2R
HATIRGF iy At 8. — A, DU A R ) Ak
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N BRI R ) B, LR E MR A T R
GRS AN OTE R 0% RN = D AR IR ZE 4 TREE S
HRE TR 1K) 5 21 5y T BE A 2 H
3.2 B EA U RO

PR () MBF T-3 ZEA7 8 B 5 i 20 %
N, G5 R 5. 45 KRR, ZUkER MBF T-3 4 H] & (1)

B S0 S N T BE AT 8 1 o/ A T PR i S AT 1
A W PR B 2 SR K A ARy T RE R 2 R
%4 MBF T-3 1 # e 1k
Table 4 Heat stability of MBF T-3

Wi/ C 25 35 45 55 65 80

E,/% 92.91 94.64 95.59 95.79 96.93  96.93

%5 MBF T-3 [l & 1R 2 0 = Y
Table 5  Color reaction of carbohydrate and protein on MBF T-3

5 A LR E=PNIVER Gy
) T N Molish 5z v g — R 2 N 7 = T
SR A LS S L5 R A TG B0 ] Y. T O

3.3 MBF T-3 IR/ 3#T

K3 BUS I MBF T-3 3% T 281K, b 47 4% 4b
A R R 9 pros. Mg — P ih 4, &
AR AR R AT U, EE L A TR I TR W U 4y ) R 280
nm Fl 260 nm &b, i3 B UL AN & B A TR
P2 . DAL, gE — 0 W7t 12 226 0 1K A 80 o T e R
EZ 1§

R e B

0 1 1 I
200 300 400 500 600

B H/mm™?

€9 MBF T-3 {9441 ik K
Fig.9 Uliraviolet spectrum of MBF T-3

3.4 MBF T-3 [¥) Fouir 453 4T 4} %3 4> #7

P& UG 1R BRI BEAT Fouir A8 4 21 48 56 1% 43
B, &5 R an 10 Jros. B 10 &40k SR 1) 2 8% 21 41
S . D3 600 ~ 3400 cm ' 5 kWL i 16 £ 3 439
em PRI VSR B8, 4 B P A —OH AIN—H ¥R 5
I, Ut 2 A b P e R KA. @3 000 ~
2900 cm ' A KW I AE2 929 em ' AT, U 5
a i C—H b 4 4 3 5 2. 31720 ~ 1600
em B KRB 7E 1 640 em T BRI, WA R 2 FH
—COO ™ [y ot FR A 4 R sh 51k @1 462 cm ™'
Ak P9 W WA e % W A —CH,— 47 48,1 392 em ™' b [y

Wl 2 C—HIM 25 iR gh 51k , 1% 2 &b 1y W g e #
G e & —CH,™" . ®1307 em ™" Ab 1y W i I8 2 i
—COO ™ 1R B A 45 4 2 AP =0 it 45 92 3 5| k2 119,
RIS TS BRER . ©1 101 em ' it
{K) W% iz e 1t b C—O B 4% 3 51 A 19 . D859 em ™!
Ak £ W VAT U S B A S R i 4 i B 51 1. @542
em " AR AT AN B (1 W U T B R R I 3R B
FR RS & 1 = R

T'%
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Fig. 10 Fourier transaction infrared spectra of MBF T-3
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B 1 2R R

4 MBF T-3 {25t L6

TR ) 2R T B T A M A U L b R A
Ui 3 s NV A Ut L Butter-field % 5 5 U6 . Friedman
T AR AP AT 4 FAT N 22 UL R B 2 U — A L
A2 W) Gy - R R e A R A R e R A
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MBF T-3 £ b B il 5 K 1 3 R v, 56 i
VO 4 4 ) RV AR T A 2R R A7) 20 0 o B Y AE
TURE B THT , 4% 998 20 DU foft Je& A2 3 0, 7 B RV T Y
Al A A0 L BURE , B 10K T 2 R 1 4 3R L
G LA [ B8 1 SRR el T A <0 R BE A A )
WL 0, A P AR A B AR B T R o A
DRI JBE , DALy 2 T H B i F) 2B 2Rk fE ) . 1
o BT BRI R K rR kR 3 T R AT —CO00
A LU 3 S A 45 A A 1 R A 2R R R R JEK 12
oK, P oL ol 2B ) 2 R R A BE A TR AR Y
)20 A B A CaCl, 77 46 I, 33k ) 42k )
53§55 g 2 1) (AR LA a1 .

O 0 0—Ca—0O
i (Vi
~ 2+ _ R—CH CH—S
R/ \O + 2Ca” + S/ \O \ /
0—Ca—0
[¢] (o] 0
I 2 H —> R c// \c s
ca® + _ — —
NG + La s o \ /
0—Ca—0

R—COO ~ % MBF T-3,S—C00 ~ % i ki
B 11 200 P A s A X

Fig. 11  Reaction model of flocculation
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Fig. 12 Effect of CaCl, on the Zeta potential of oily droplets
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