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Table 1. Removal percentage of dye from synthetic wastewater by Halmonase strain D, after 10 days

Gl S el Secbl oy Lo 63255y w05
Run Dye conc. NacCl conc. Temperature Dye removal (%)
1 15 4 8.5 25 40.6
2 20 6 7.5 30 39.1
3 15 8 6.5 35 24.3
4 20 6 7.5 30 33.7
5 15 4 8.5 35 65.6
6 25 4 8.5 25 29.3
7 25 4 8.5 35 60.3
8 20 6 7.5 30 41.1
9 25 4 6.5 35 65.5
10 30 6 7.5 30 36.2
11 10 6 7.5 30 24.3
12 20 10 7.5 30 5.9
13 20 6 7.5 20 34.7
14 25 8 6.5 35 304
15 15 4 6.5 35 41.8
16 15 8 8.5 35 26.7
17 15 4 6.5 25 30.1
18 20 6 7.5 40 59.2
19 20 2 7.5 30 35.2
20 20 6 9.5 30 38.9
21 25 8 6.5 25 28.8
22 15 4 6.5 25 27.8
23 20 6 5.5 30 38.7
24 15 8 6.5 25 13.7
25 25 8 8.5 25 18.5
26 20 6 7.5 30 40
27 25 8 8.5 35 19.9
28 15 8 8.5 25 24.3
29 20 6 7.5 30 40.1
30 20 6 7.5 30 39.7
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Table 2. Selection of the best model for examination of decolorization percent

Lowo Ol ggome LT 420 Oluw uSile  F fladie  p e
Source Sum of squares df Mean square F-value  p-value
e 36428.71 1 36428.71
Mean vs. Total
g g b 3264.11 4 816.0275  10.316  0.0001>
Linear vs. Mean
ok g 840.2075 6 140.0346 2339  0.0733
2F1 vs. Linear
S g pgo 4z 897.5438 4 224.386 14.040  0.0001>  &ktin Joe
Quadratic vs. 2FI Proposed model
£92 47,0 9 po 423 190.355 8 23.79438 3374  0.0633
Cubic vs. Quadratic
oaibecdl; 49.35833 7 7.05119
Residual
S 41670.28 30 1389.009
Total
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Table 3. Analysis of variance table for decolorization of dye wastewater

Lo Oluye ggomo 31 42y Glaye (Sile  Folade  plade lyiio 13T oy
Source Sum of squares df Mean square F-value p-value Effectiveness of variables
Jo 4989.64 10 498.96 37.63  <0.0001 i
Model Slgnlﬁcant
e L KTV IS
S, wdale 44.83 1 44 83 3.38 0.0817 Possibly significant
A-Color conc
factor
e 2090.67 1 2090.6 157.67  <0.0001 P e
B-NaCl conc Significant factor
| $5e Yol it
C-pH
factor
Lo 1085.41 1 1085.4 81.86  <0.0001 P
D-Temp Significant factor
AC 283.92 1 283.92 21.41 0.0002 L SR oEeen
Significant interaction
BC 140.42 1 140.42 10.59 0.0042 | S oS
Significant interaction
BD 404.01 1 404.01 30.47 <0.0001 . ,135*’ Oi‘f{f""’ﬁ .
Significant interaction
Fhe yiie pgd 4z )0
A? 140.18 1 140.18 10.57 0.0042 significant quadrat-
ic variable
Fhe e pgd 4z )0
B? 608.69 1 608.69 45.9 <0.0001 signiﬁcant quadrat-
ic variable
Fhe pie pgd 4z o
D? 105.11 1 105.11 7.93 0.011 significant quadrat-
ic variable
aileSl 251.94 19 13.26
Residual
iy pae 216.74 14 15.48 22 0.1968 Ao
Lack of fitness Not significant
A sl 35.19 5 7.04
Pure error
I ez 5241.57 29
Total

I 3illas (Mahmoud ef al., 2016) el ails oS
Olpee o)F Sl a0 YO 4 YO 5l Les islidl b Y (D)
Rl oS Sl 00,8 Iy Gl IS5, Slay (S st 325
5 Ak slos 5 p3l5 s e ity Clla oy
G 55 a3l oo (S 4378 Sl o T Seled a8
755y 2T Lo 13l 350 50 altis aonti o (LS slo
Loy acid orange 10 4 disperse blue 79 1555, ¢
Sl o0 odwlive Bacillus fusiformis KMKS (s 551G

ol 4 a5 L .(Guo et al., 2008) cowl oogy oialS
3550 bigaglle 5018 )15 S Sodlad a5 S g 20 V(O
pH ol Jdo a5 ol a8l ol38l pH ial33l b ool
sskar el osliinl 3550 (658L W ln Gl g e
S9! 5, i =, y> Mahmoud et al. (2016) «li
Ol b S il (Lt szl esh el )8 awgs 503
aals (ugaire Gl 6755, Gl VBV SIPH (s

Shs Gl 06,055, e Y Y I pH s b g !

WWAA lwe; Foylod VYo 90 ¢ awoxe pole dslilad

aA



e 5L 5

L1
4a7E —
8
G
=
g
o
=
ras | L
180 -
44 iTE2

A m
-
_,.EI' -
= -
[
= =]
L~ m
=
=
=
N ]
T T T
1155 57 (1]
Actual

D2 A g Jawgi 1350 ) Bl w0 )0 (6l pr Jow by (S 1100 s Gﬁbli&a"Lo)’T W ools &I 5 - sl

Fig. 1- Graph of the actual response values versus the predicted response values obtained by model for
decolorization percent by strain D,
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Introduction:Nowadays, the industrial effluents contain mineral and organic hazardous materials such as phenols, heavy
metals, and dyes, which are carcinogenic and poisonous compounds even at low concentrations. An increase in such com-
ponents especially dyestuffs in the environment makes the remediation of these pollutants valuable. Toluidine Red is a
pigment containing azo groups, which is invasively used in different industries. There are several chemical, physical, bio-
logical, optical, and combinational methods for different pollutant removal from the environment. In recent years, the bi-
oremediation technique has been considerably developed as an effective method in pollutant removal. Therefore, the goal
of this study was to optimize the Toluidine Red removal from the synthetic dyes wastewater by Halomonas strain D2 in
static culture conditions. In this survey, optimization and variables’ effectiveness study was performed by the response
surface methodology (RSM).

Material and methods: In this research, the effectiveness status of variables and optimum conditions were studied by the
statistical approach of Design Expert V.7 software. Biodegradation of dye was investigated by 30 experiments according
to the Central Composite Design (CCD) and RSM. According to previous related research performed by one factor at time
(OFAT), the effects of four variables of dye concentration, NaCl salt concentration, pH, and temperature on bioremediation
at 10-30 ppm, 2-10 %, 5.5-9.5 and 20-40°C, respectively, were studied. Bioremediation experiments in the aqueous phase
of the synthetic model effluent have been performed in shake flask scale and static culture condition in an incubator for 10

days. Then the analysis of the resulted data was performed by analysis of variance.

Results and discussion: According to the results and analysis of variance, salt concentration and temperature are the most
significantly effective variables on bioremediation in the studied range while pH and dye concentration were probably

less significant. Furthermore, the interactive effect of dye concentration and pH, salt concentration and pH as well as salt

*Corresponding Author. Zmail Address:a_partovi@sbu.ac.ir
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concentration and temperature were in a 95% effectiveness possibility limit. On the other hand, the maximum dye removal
was observed on the 10th day of the experiment with 62.4%. The optimum condition for bioremediation was observed at a
pH of 8.5, the temperature of 35°C, and salt and dye concentrations of 4% and 16.8 ppm, respectively. By RSM, a correla-
tion of second order for dye removal percentage after 10 days was presented with R? equal to 0.95. The average error of the

proposed correlation and real experimental data was about 9.9%.

Conclusion: The second-order correlation proposed in this paper can effectively predict the different operational condition
effects on removal of Toluidine Red by Halomonas strain D2 that is a useful bacterium in dye biodegradation. Comparing
this survey with our previous study, which was about decolorization by Gb strain, shows that the optimum condition is dif-
ferent for each strain type. On the other hand, D2 strain performance was higher in the basic condition in comparison with

strain Gb, however, in acidic conditions, the Gb strain’s performance was better.

Keywords: Halomonas strain D2, Industrial effluents, Bioremoval, Toluidine Red, Optimization.
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