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Isolation and identification of high-efficiency vat blue 4 dye-degrading

strain and its degradation condition optimization
DENG Tiantian, LI Haihong, WANG Yangtao
(College of Environmenial and Chemical Engineering,Xi’ an Polytechnic University ,Xi’ an 710048, China)

Abstract: A strain of vat blue 4(VB4) dye decolorization was isolated from the printing and dyeing activated sludge,
and its degradation conditions for VB4 was optimized. Species were identified by microscopic morphology , physiologi-
calbiochemical properties and its 16S rRNA gene sequence analysis. Single-factor experiment was used to prelimi-
narily determine the factors affecting VB4 degradation, and Placket-Burman experiment , steepest ascent experiment,
Central Composite Design experiment and response surface analysis were used to optimize and predict the degrada-
tion conditions. The results showed that the strain was identified as Pseudomonas aruginosa,the optimal degradation
conditions on VB4 were :pH 7.35,urea concentration 0.95 g/I.,the temperature 35.37 °C, the degradation rate reached
97% ,which was 0.24% difference from the predicted value of 97.24%. The established model predicted well for treat-
ment of VB4 dye wastewater. All the results provided some information for the effective treatment of the printing and
dyeing wastewater.
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B 1.0 g/L,MgS0, - 7H,0 0.2 g/L,CaCl, 0.02 g/L,
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Table 1 The Plackett—-Burman design
WE 4 Wi C T i
AP e ik p RN SORL R e
(ODgy) & & e (mL-L™)
EKF 40 008 8 15 15 80 4
7K 30 004 6 0.5 0.5 20 2
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Table 2 Independent variables levels used for CCD matrix

fE _ LS
ik fi& E2N =t e

IR -1.68 -1 1 1.68
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Fig. 1 Monoclonal photograph of WYT(a) and
negative staining electro microscopy of WYT (b)
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(BF5R5 :MWO019607) 5 B A IR F 51 AT AR Dl
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DIP1 (EF199996)
ATCC 14235 (ABO21373

2 (UO1916)
(Ds41018)
hvoffi ATCC 17925 (U10875)

B 2 Pseudomonas aeruginosa WYT MR G L T

Fig. 2 The unrooted tree of Pseudomonas aeruginosa WYT
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Fig. 3  Effect of different temperatures on VB4 degradation
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Fig. 4 Effect of initial biomass on VB4 degradation
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Fig. 5 Effect of initial pH on VB4 degradation
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Fig. 6  Effect of glucose concentration(a) and
urea concentration (b) on VB4 degradation
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Fig. 7 Effect of trace salt solution of different
concentration on VB4 degradation
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Fig. 8 Effect of different VB4 concentration on VB4 degradation
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% 3 Plackett—-Burman EIiZIT R ER

Table 3 Plackett—Burman design for factors
Optimization and measured response

x5 REREIXERITRERS T

Table 5 The design and results of steepest ascent experiment

g ey UG it ey e TLEE

Fe < (ODgy) (-1 (g-L") (mg-LY) (fﬁ(ﬁul) )t

Sk e (PA o W RES ek BAIEER g
Fe <« %ﬁ’ ; PHGTA) (217 (mee1™) ({?”?/,) £
1 40 0.08 6 1.5 1.5 20 2 53.43
2 40 0.08 8 1.5 0.5 80 2 81.88
3 40 0.04 8 0.5 1.5 80 4 44.38
4 40 0.04 8 0.5 1.5 20 2 68.49
5 30 0.04 8 1.5 0.5 80 2 80.62
6 30 0.08 8 0.5 0.5 20 4 90.41
7 40 0.04 6 1.5 0.5 20 4 56.16
8 30 0.04 6 0.5 0.5 20 2 54.79
9 30 0.08 8 1.5 1.5 20 4 68.75
10 40 0.08 6 0.5 0.5 80 4 40.88
11 30 0.08 6 0.5 1.5 80 2 35.75
12 30 0.04 8 1.5 1.5 80 4 38.88

AT IENE S G5 5R I 4 iR

x4 AEERARBSH

Table4 Analysis of variance (ANOVA) for the regression model
BH  AmRE PR % FE P A

g 1 40443 40443  9.67 0.036* 3
R = 64.23 6423 154 0283
pH 1993.03 1993.03 47.66 0.002 **
Gkt 168.89  168.89 4.04 0.115

N N R = O

1
1
1
IRE 1 75324 75324 18.01 0.013*
ekt 1 10507  105.07 251 0.188
iR 1 48.00  48.00 1.15 0344
ETEER7E 7 353690 3536.90
R 4 16726  41.82
j=San 11 3704.16
R*=0.955

o, B (P<0.05) ;% 1R 3 (P<0.01),

ZE LB AR T AR B — R R SRR R
VB4 4R (%)=59.53-5.814+2.31 B+
12.89C+3.75D-7.92E-2.96F-2.00G

T 4 AT BEALEY R2{EA 0.955, BEHIREAL Y
PIA RS pH , JRZEWRE VA SIREXT VB4 iR
AR E R, Hoh pH AU e %, HKJER
YOI EE ; Hofth 4 R ER AT 0.05, %
VB4 i A28 A W 2 B AR WIE pH IR
FIPR B A5 VB4 B R A SR & |
232 BRI FEI

BT PB SEEAS R Bt 3 MR IRE pH A
PREFIR AT W, ﬁ%%miﬁ%gﬁm%ﬂui@ 5 s,

2 5 AT, pH Xt VB4 B R A i 2 IE RN
1T I 55 PR 3R W B ox LA Wb 3 1R 0 O HLAS 4 2
(I R fe i, R 96.37% , LA R b i AT CeD

145 4 18 2137

2 40 5 1.5 4035

3003 406 5 10 12 5 , 7028

4 30 7 0.9 96.37

5 25 8 0.6 94.66

6 20 9 03 90.24
etk

233 CCD £t A4R

MR PB 5250 S @I 5L 50 B 45 3R B CCD 52
B R FKF-, FEFIH] Design-Export 8.0.0 B¢1T
CCD SE5:, CCD SR RIS 4533k 6 Ui,

F6 CCDERBEFITRER

Table 6 Operational variables for CCD matrix and responses

B AR i 62,2/ %
BEEC pH  RE/(g-L)  WEfE WNE
1 35 7 1.4 69.04 6425
2 30 8 0.6 55.67 52.30
3 35 7 0.9 99.67 97.24
4 30 6 0.6 2400 2096
5 40 8 12 5026 4621
6 35 7 0.9 93.04  97.24
7 43 7 0.9 33.35 33.13
8 35 7 0.9 97.93 97.24
9 35 7 0.9 98.04  97.24
10 40 8 0.6 67.51 67.44
11 30 6 12 61.33 60.40
12 35 5.32 0.9 19.78 2249
13 40 6 1.2 2484 2722
14 40 6 0.6 15.09 10.30
15 35 7 0.9 9934 9724
16 27 7 0.9 46.66 4522
17 35 8.68 0.9 71.76 69.87
18 35 7 0.4 37.63 43.86
19 35 7 0.9 95.69 97.24
20 30 8 1.2 55.87 59.66
FET CCD TR A5 20 T A s

Y=97.24-4.51A+14.10C+6.07E+6.45A C-
5.634 E-8.02CE-20.034%-18.09C*-15.30E

Ty 22T A AN 7 FR
T2 T8 R, C A 24 DMRE R
20 WYT FEff VB4 1Y e dfe e PEAR & (P<0.000 1),
HARZRNAE R B3 (P<0.01), BRSPIINE PAE
7@ 0.057 5, VEHTIZAS AT 0 W AE 400G R 30T
FHOC R AL R?=0.989 1, Ut W Iy BRI L5 BEAR &F, W LA
FHZ 5 R A TS B 45 R A o)
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M E %IRRT 4 R R 8 R R R R AR

x7 MEEEBETESHR
Table 7 ANOVA for response surface quadratic model

R R AWRE HE FiE Pl
A= 277.47 1 27747 1549  0.002 8%*
C-pH 2713.46 1 271346 151.53 <0.000 1##+*
E-JRZFWRIE 50244 1 502.44  28.06  0.000 3%
AC 333.21 1 33321 18.61 0.001 5%*
AE 253.46 1 25346  14.15  0.003 7**
CE 514.08 1 514.08 28.71 0.000 3
A? 5761.66 1 5761.66 321.74 <0.000 1##+*
c 4703.24 1 470324 262.64 <0.000 L#**
E? 3364.57 1 3364.57 187.88 <0.000 1##+*
k2% 179.08 10 17.91
He 4T 5
el 147.61 5 2952 4.69 %)55,2722
a2 31.46 5 6.29
Fr A T 16 374.38 19

.+, 3 (P<0.05) ;% B & (P<0.01) ;##* F I & (P<0.000 1);
R>=0.989 1; Adj R?=0.979 2; Tl R>=0.927 5,

234 EHBREFEAGXLIAER
FRON A F RIS EAE I 9 fis
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|67
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I C
() e taR/%
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9 MiE VB4 B & KM R T A FE LB

Fig. 9 Response surface and contour
plot of the VB4 degradation rate
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