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ABSTRACT

The present study emphasizes on the decolorizatioralachite green using Pseudomonas putida. Tleetedf pH,
temperature, dye concentration, inoculum volume static/agitated condition was studied using OnetbaAt a
Time approach. Malachite green was decolorized touad 90% with this bacterium and the optimal cdiodis
were found to be pH 7, 30°C, 200 mg/L dye concéntra0.5 mL inoculum under the static conditiomsponse
Surface Methodology using Box Behnken Design wpkeglpto further optimize malachite green decolatian. A
quadratic model was obtained for dye decolorizatimmough this design. The optimum values for teripee, dye
concentration, incubation time and inoculum volumere found to be 25°C, 200 mg/L, 72 hours and OiI5
respectively. The predicted decolorization rate emthe optimum conditions determined by Responstacgu
Methodology was in close agreement with the exparial results and the model was found to be sigifi The
germination and growth of Triticum aestivum andnéigadiata seeds and the growth of micro-organisvese not
inhibited by the degraded metabolic products ofdke in the toxicity studies. The ability of theaist to tolerate,
decolorize and degrade malachite green at high eatration gives it an advantage for the treatmehtextile
industry wastewater. This approach creates a promisiope for the bioremediation of the environmehtch is
polluted by hazardous dyes.

Keywords: Malachite green, Response Surface Methodology, H®ehnken Design, toxicity studies,
bioremediation

INTRODUCTION

During manufacturing and usage of dyes in the lextidustries, approximately 10- 15% of the dyed§irits way
into the environment as wastewater [1,2]. Theilexlyes disturb the marine ecosystem, as theyrgodehemical
and biological changes [3]. Their breakdown prodiat also toxic to most aquatic organisms [415ldo greatly
affects the photosynthesis of hydrophytes by Iimgitight penetration, thereby deteriorating gasilsitity and water
quality [6].

Malachite green, an N-methylated diaminotriphenyhmmae dye, has been widely used as the most dfficac
antifungal agent in the fish farming industry. $tused extensively for dyeing silk, wool, jute,thea, ceramics,
cotton, and used to treat fungal and protozoalctida. Malachite green is highly toxic to mammalieglls; it
promotes hepatic tumor formation in rodents and alauses reproductive abnormalities in rabbits asiol
Malachite green and its reduced form, leucomaleahieen, may persist in edible fish tissues foemoéd periods
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of time. Therefore, there are both environmental hknman health concerns about bioaccumulation dachae
green and leucomalachite green in terrestrial guatic ecosystems [21].

Various physical and chemical methods like coagutabr adsorption of dyes, ultra-filtration, ionedange,
chemical oxidation, electrolysis etc have been ligezl for the elimination of dyes from the wastesvatince many
years [7,8]. However these methods are not veryhnapplied because of their high cost, high eneegyirements
and hazardous by-products [9]. Also these techsiquenerate a huge volume of sludge and cause segond
pollution due to the formation of sludge and harasiby-products [10,11].

Biological methods are generally considered envirent friendly as they can lead to complete mineatitbn of
organic pollutants at low cost [12]. Bioremediatioray be the most effective method for treating stdal dyes
wastewater [13].

Response surface methodology (RSM) is a colleafanathematical and statistical techniques usefubhalyzing
the effects of several independent variables [Thg application of statistical experimental dedigchniques in a
process results in improvement of yield, reducesegss variability, gives closer confirmation of theéput response
to nominal and reduces overall costs [15]. Box Bemndesign is a combination of a two-level (fullfaactional)
factorial design with an incomplete block desigm.elach block, a certain number of factors are prdugh all
combinations for the factorial design, while theestfactors are kept at the central values [16].

In this paper, the effect of pH, temperature, dgacentration and volume of inoculum was studiechgiDne
Factor At a Time (OFAT) approach. Response Surfiisghodology (RSM) was applied to optimize the
decolorization of malachite green Bgeudomonas putidBox Behnken design using 4 variables (temperatiye
concentration, inoculum volume and incubation time)s used to optimize the effect of these variabledye
decolorization. Microbial toxicity and phytotoxigistudies were carried out to check if the degraaetabolites
were non toxic.

EXPERIMENTAL SECTION

2.1. Bacterial strain
Pseudomonas putidMTCC 102 was purchased from IMTECH, ChandigaBscherichia coliHB101 was
purchased from Medox, ChennBacillus subtilisandBacillus cereusvere purchased from Marina Labs, Chennai.

2.2. Chemicals
Malachite green of analytical grade (dye conter®o}i/as purchased from HI-Media. All the other cheais used
in our experiments were of analytical grade.

2.3. Equipment
UV spectrophotometer of ELICO, India was used feasuring the decolorization efficiency.

2.4. Decolorization studies

100 mg/L of malachite green dye amended in nuttieoth was inoculated with 1 mL &seudomonas putidgrain
and incubated at 3C for 72 hours. After the incubation, the reactinixture was centrifuged at 2000 rpm for 15
minutes and the supernatant was taken to measerelyth decolorization efficiency. Dye decolorizatioas
measured by monitoring the decrease in absorbaht®geaye in a double beam UV-Visible spectrophatten
(Elico, India) at 620nm [17]. Dye decolorizatiorfieiency is expressed as follows: equation 1,

Decolorization efficiency (%) = [fAA] *100 --—--(1)

[Adl
Where A: initial absorbance
A final absorbance

2.5. Physiochemical parameters optimization

The effect of pH (4, 5, 6, 7, 8 and 9), temperaf@e 40, 50, 60, T), dye concentration (100, 150, 200, 250, 300
mg/L), inoculum volume (0.25, 0.5, 0.75, 1, 1.25 )mland static/ agitated condition was studied oa th
decolorization of malachite green Bgeudomonas putidasing One Factor At a Time (OFAT) approach [18].
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2.6. Optimization of process variables

Response Surface Methodology (RSM) is the comhinatf mathematical and statistical tools to predic
optimal conditions using minimal runs. Three lef@lr factorial Box-Behnken Design was chosen talgtthe
interactions of four variables such as temperaf@), dye concentration (mg/L), incubation time (&) and
enzyme volume (mL) based upon OFAT approach. Thibépresents the experimental ranges used in Bbxiemn
design.

Table 1. Experimental range and levels of independ¢ variables

Independent variable Factors X Range Igvels 1
Temperature®C) X1 25 30 35
Dye concentration (mg/L, X 150 200 250
Incubation time (hrs) X 24 48 72
Inoculum volume (ml) X 0.5 0.75 1.0

2.7. Toxicity Studies

Microbial toxicity and phytotoxicity studies werenformed to determine the degree of toxicity of thye and its
degraded metabolites. The degraded products ofr2)Q malachite green from the 100 mL media wasaekéd
using equal volume of ethyl acetate, dried andotliesl in distilled water. This solution was theredsfor the
toxicity studies.

2.7.1. Microbial toxicity

Microbial toxicity of the dye malachite green wasdied onEscherichia coliBacillus subtilis Bacillus cereusand
Pseudomonas putid& he toxicity of the dye and its degradation prdduvere studied using agar well assay. The
zone of growth of inhibition of microbes was receddafter 24 hours of incubation a’@7[19].

2.7.2. Phytotoxicity

Seed germination and plant growth bioassay aremib&t common techniques used to evaluate phytotgN20].
Phytotoxicity studies were carried out dnticum aestivumand Vigna radiataat room temperature. 20 seeds of
each were watered daily with dye and its degradedyct separately. Control set was carried outgusiistilled
water. The germination %, length of the plumule eaxtical were recorded after 3 days [21].

RESULTS AND DISCUSSION

3.1. Physiochemical parameters optimization
pH has a major effect on the efficiency of dye deGmation, and the optimal pH for color removabiten between
6.0 and 10.0 [22, 23, 24].

The optimum pH for malachite green decolorizatiasound to be 7.

The decolorization rate was found to be maximu®04C and found to decrease at higher temperattinés might
have occurred due to adverse effect of high tentpereon the enzymatic activities [25]. Hence thdiropm
temperature was found to be 30°C.

The decolorization rate was found to increase with concentration upto 200 mg/mL beyond which te is
lowered. The optimum dye concentration was henemdoto be 200 mg/L. Initial concentration providas
important driving force to overcome all mass transksistance of the dye between the aqueous diddpbases
[21]. The decrease in decolorization efficiency ntige due to the toxic effect of dyes [26].

The decolorization rate was found to increase witlhiease in inoculum volume. Beyond 0.5 mL the éase was
not significant. Thus the optimum inoculum was fdua be 0.5 mL.

3.2. Optimization of process variables

The effect and nature of interactions of the fotwcpss variables on dye decolorization was expldmgdox-
Behnken design of RSM. Table 2 represents the BelxaBen design for malachite green decolorizationltiple
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regression analysis represented effect of variataethe dye decolorization in a form of second otdynomial
mathematical equation as given in (3),

Y = BO2+ B1X1 ";BzXQ + [323)(3 +BaXa + Bro XXz + B1aX1Xs + Pra X1Xa + Bag XoX3 + Poa XoXa + Baa XaXa + Bry X2+
Baz Xo* +Pas Xa* + Paa Xo° +&  =ommmmeem- @)

where Y is the response (decolorization); X,, X3 and X, are the coded variables;X X, Xz, are the square
effects; XX,, X1 X3 and X%X; are the interaction effect;, B, andps are the linear coefficient$;y, B, andps; are
the squared coefficientBi,, B1s, B2z are the interaction coefficient8y ande are the constant and the random error,
respectively.

Y =87.72 -4.76 X- 0.97 X% + 4.04 X% - 0.55 X, - 2.25 XX, — 0.29 XX3— 2.5 XX, — 0.32 %X3 — 2.38 %X, —
0.23 %X4— 1.71 X°— 3.89 %> + 0.94 %2 + 0.89 %2 ----mnmmm- (3)

is the predicted polynomial equation for malachiteen decolorization usirfgseudomonas putida.

Table 2. Box-Behnken Design towards malachite greatecolorization usingPseudomonas putida

RuN Temperature | Dye concentration| Incubation time | Inoculum volume | Actual response| Predicted responsg
(Y] (mg/L) (hours) (mL) (%) (%)

1 30 200 24 0.5 85.85 85.83
2 30 200 48 0.75 89.07 87.72
3 30 200 48 0.75 89.14 87.72
4 35 15C 48 0.7t 78.5¢ 80.5¢

5 35 200 72 0.75 86.78 85.93
6 30 200 72 0.5 93.34 94.37
7 25 200 72 0.75 95.87 96.04
8 25 200 48 0.5 87.91 89.7
9 30 15C 48 1 85.5¢ 87.5:
10 30 200 48 0.75 87.82 87.72
11 30 250 24 0.75 80.21 80.07
12 35 200 24 0.75 78.06 78.44
13 30 200 72 1 92.45 92.82
14 30 15C 24 0.7t 82.3: 81.3¢
15 30 200 48 0.75 87.97 87.72
16 25 15C 48 0.7t 86.97 85.5¢
17 30 150 48 0.5 84.7 83.85
18 35 250 48 0.75 72.4 74.13
19 30 150 72 0.75 90.85 90.09
20 30 250 48 1 79.42 80.82
21 25 25C 48 0.7t 89.7¢ 88.1¢
22 30 250 48 0.5 88.09 86.68
23 25 200 48 1 93.98 93.62
24 30 200 48 0.75 84.59 87.72
25 25 200 24 0.75 85.98 87.38
26 35 20C 48 1 81.7% 79.0¢
27 30 250 72 0.75 87.47 87.52
28 30 200 24 1 85.87 85.19
29 35 200 48 0.5 85.72 85.18

Table 3 represents the relationship between thep@ddent variables and dependent response in timeAfoalysis
Of Variance (ANOVA). The analysis of variance (AN@)/ of regression model demonstrates that the midel
highly significant, as is evident from the Fishef'$est with a very low probability value [(P modeF}»= 0.0001].
Linear factors such as;4nd X were found to be contributing variable towards rolaig green decolorization.

The lack-of-fit measures the failure of the moderépresent data in the experimental domain attpaeuhich are

not included in the regression. The non-significaue of lack of fit (>0.05) reveals that the quat model is
statistically significant for the response and leeihcan be used for further analysis.
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The two-dimensional contour plots are the graphiegresentations of the regression equation. Tpeds are
presented in figure 1 for malachite green decadtion. A circular contour plot of response surfasaeggest that the
interaction is negligible between the correspondiagables, while an elliptical or saddle contolotpndicates
significance in the interactions between the c@oesling variables [27]. By analyzing the plots, Hest response
range can be calculated.

3.3. Adequacy of the model

The fitted model must be assessed to ensure thgatas sufficient approximation of the results afota in the
experimental conditions. A check of the normaliss@mption can be made by constructing a normalgtitty

plot of the residuals as given in figure 2. Themality assumption is satisfied if the residualsdjgproximately
along a straight line [28]. The coefficient of mplé regressior, is a global statistic parameter to assess the
fitness of a model [14]. Rwas found to be 0.93 which is close to 1 and hete®tes that the model is fit. For
further validation of the model, adjustBfiwas used for confirming the model adequacy. Thestetl B value was
0.86 which confirms that model is fit.

Table 3. Analysis Of Variance for malachite green écolorization usingPseudomonas putida

Source Sum of Df Mean F p-value

Squares Square Value Prob > F
Model 696.5511] 14 49.7536p 13.79605 < 0.0001*
Xi-Temperature 2723674 1 272.36y4 75.52402 <0.0001*
X,-Dye concentration  11.25208 | 11.252Dp3 3.120046 9910
Xs-Incubation tim 195.778. | 1 | 195.778. | 54.2868! | < 0.000*
Xg-Inoculum volume |  3.58613% ] 3.586133 0.994389 335
XiX2 20.25 1| 20.25 5.61506f  0.0327f
X1X3 0.342225| 1| 0.34222% 0.094895 0.7626
X1X4 25.1001 1| 25.1001 6.959938  0.0195*
XoX3 0.403225| 1| 0.40322% 0.111809 0.7431L
XoX4 22.7052: | 1 | 22.7052: | 6.2958" 0.025¢*
X3X4 0.207025| 1| 0.20702% 0.057405 0.8141
Xi"2 19.04671] 1| 19.04671 5.28141 0.0375*
X2 98.39823| 1| 98.39828 27.284%8  0.0001*
XN 5.748748 1 5.748748 1.5940%5 0.2274
X2 5.168781| 1| 5.16878] 1.433237 0.251p
Residue 50.4891( | 14 | 3.60636!
Lack of Fit 36.78088 10 3.678088 1.073246 0.5163
Pure Error 13.7082§ 4  3.42707
Cor Total 747.0403 2§

* significant at 95% interval

a. b. . C
R1 R1 R1
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A: Temperature A Temperature B: Dye concentration

Figure 1. Significant 2D Contour plots for decoloization of malachite green byPseudomonas putida. a. Dye concentration vs
temperature, b. Inoculum volume vs temperature, clnoculum volume vs dye concentration
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Normal Plot of Residuals

Normal % Probability

Internally Studentized Residuals

Figure 2. Normal plot for decolorization of malachte green byPseudomonas putida

3.4. Toxicity studies
3.4.1. Microbial toxicity

The zone of inhibition foBacillus cereus, Bacillus subtilis, Escherichiaicahd Pseudomonas putidagainst
malachite green and its degraded metabolites wasreodd after 24 hours and recorded (Table 4). Thogom

organisms did not show any zone of inhibition agathe degraded metabolite, thereby indicating tthatdegraded
metabolite was not toxic to the micro- organisms.

Table 4: Microbial toxicity study of malachite green and its decolorized product

Micro organism

Diameter of zone of inhibition (mm)

Dye Decolorized product
Escherichia coli 25 0
Bacillus subtili: 17 0
Bacillus cereus 15 0
Pseudomonas putida 10 0

Plate 1: Zone of inhibition by malachite green (20@g/L) on a: Bacillus subtilis, b: Escherichia coli, c: Pseudomonas putida, d: Bacillus

cereus

Zone of inhibition by the decolorized metabolitefsnaalachite green eBacillus subtilis f: Escherichia coli g:

Pseudomonas putida: Bacillus cereus
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3.4.2. Phytotoxicity studies

The seedling germination rate and growth for bbth glants (Table 5) was good in the presence afddedyes as
compared to the untreated dyes. In fact, the segdjermination and growth in the presence of tckatges was
almost equivalent to that of the control which wgaswn in the presence of distilled water.

Table 5: Phytotoxicity study of malachite green andts decolorized product

See | Germination rate (%) [ Plumule length (cm) | Radicle lengtl (cm)
Vignaradiata
Control 100 7 5
Decolorized samplg 100 6.5 4.8
Dye 85 2.5 1
Triticum aestivum
Control 90 8 6
Decolorized samp 85 7.4 5.7
Dye 70 4.5 2.3

Plate 2: Phytotoxicity studies orVigna radiata and Triticum aestivum.
Vignaradiata after 3 days of incubation- a. control b. decolozed metabolites c. dye.
Triticum aestivum after 3 days of incubation- d. control e. decolozed metabolites f. dye.

CONCLUSION

Bioremediation has proved to be a very effectivéhme in encountering the textile dye pollution imeco-friendly
manner. This approach creates a promising hopesfoediation of the environment which is pollutedhagzardous
dyes. The present study confirms the abilityRsieudomonas putide decolorize malachite green dye with an
efficiency of 95%.The decolorized metabolites of the dye showed na teffect on microbial growth and plant
germination. Thus the hazardous dye was conventechon toxic metabolites.

The ability of the strain to tolerate, decolorizedadegrade malachite green at high concentratisasgit an
advantage for the treatment of textile industry teaster. However the potential of the bacteria seted be
demonstrated for its application in the treatmdrdye containing industrial effluents using appiafe bioreactors.
This study further recommends the identificatior gquurification of enzymes ifPseudomonas putidand their
kinetics involved in the degradation of malachiteem. To understand the mechanism behind the dsgvadf the
dyes by the bacteria LC-MS, FTIR can be perforntadther research on this bacterial strain couldagpnew
tools and techniques to evolve viable and ecoditiesolutions for the treatment of dyes in the isitial effluents.
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