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ABSTRACT

Some of the synthetic dyes are recalcitrant comgeuhat are difficult to degrade by most converalanethods.

In this study, crystal violet, safranin and tryphlue were decolorized using Pseudomonas putidaeffeet of pH,
temperature, dye concentration, inoculum volumeicgtayitated conditions and different carbon androgen
sources was determined using One Factor At a T@#A(T) approach to maximize the decolorization psscdhe
optimum conditions were found to be pH 7, at 3afy& concentration of 200 mg/L, 0.5mL of inoculumcfystal
violet and safranin whereas pH 7, at 40°C, dye eotr@tion 100mg/L, inoculum volume 0.5 mL for tnygdue.
The bacteria showed higher decolorization in statinpared to agitated condition. The decolorizatafficiency
was higher when starch and ammonium sulphate wesed usupplements. On physiochemical parameter
optimization, crystal violet, safranin and trypalué were degraded by 50%, 30% and 80% respectively.
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INTRODUCTION

Water pollution due to dye effluents is the majovieonmental threat of the present. Dyes are widedgd as
coloring material in textile, plastic, food, papprinting, pharmaceutical and cosmetic industrie?]. The unspent
dyes are discharged into the aquatic environmeshibae the cause of environmental concern [3].

Dyes usually have a synthetic origin, complex ariien@olecular structures [2, 4] and contain substh groups
like azo, nitro and sulpho groups [5, 6] which makem more stable and more difficult to biodegrfide They
persist in water, inhibit sunlight from penetratingo the stream and reduce the photosyntheticticmamhibit
growth of aquatic biota and decrease recreatiomevalf stream [8]. These colored compounds are nbt o
aesthetically displeasing but some of them aretalsioc and carcinogenic [9].

The colored effluents are usually treated by mamysip chemical techniques like chemical oxidatiorpnation,
ion exchange process, electrochemical process §l€3trolytic precipitation, coagulants [11], fodractionation,
membrane filtration, adsorption [12], photo catalyiegradation [2,13]. However, some of these @ses are
costly and cannot effectively be used to treawtftle range of dyes wastewater [14].

Biological methods are generally considered envirentally friendly as they can lead to complete mafieation of

organic pollutants at low cost [15]. Bioremediatioray be the most effective method of treating itdlaisdyes
wastewater [16].
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Crystal Violet

Crystal violet also known as methyl violet (N, N, N', N", N"- hexamethylpararosalinine), is a trgmylmethane

dye used extensively in veterinary and human meejcas a biological stain and in various textilecesses as a
dye [17, 18]. Methyl violet is recalcitrant and kenlong lived in the environment [19]. It is a pdtelastogen

responsible for causing tumor in some speciessbgs [20].

Safranin

Safranin is a biological stain used in histologyl aytology. Safranin is used as a counter staiGliam staining
protocols, coloring all cell nuclei red. It is alased for the detection of cartilage, mucin andtroel granules. It is
a dimethyl dye and is recalcitrant.

Trypan Blue

Trypan blue is an azo dye derived from toluidines|la vital stain used to selectively colour déiadues or cells
blue and hence is widely used in microscopy to kheability of cells. Azo dyes are considered torbealcitrant,
non biodegradable and persistent. They are sometiused with heavy metals on the structural interfand are
considered to have relatively bad consequence erstirounding environment due to their toxic anlikitory
nature.

In the present study the efficiency BSeudomonas putidan the decolorization of synthetic dyes crystallet,
safranin and trypan blue was tested. Further tlteldezation conditions were optimized for maxim@fficiency
using One Factor At a Time (OFAT) approach.

Table 1: Structure of the dyesused

Dye Structure

Crystal violet

Safranin

Trypan blue

EXPERIMENTAL SECTION

2.1 Microorganism and culture medium
Pseudomonas putidMTCC 102 was purchased from IMTECH, Chandigarhdidn The pure culture was
maintained on nutrient agar and nutrient broth.

2.2 Dyes

Crystal violet 10B, safranin (dye content 80%) angban blue(dye content 40%) were obtained from Himedia,
India. All the chemicals were of analytical grade.
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2.3 Equipment
UV spectrophotometer of ELICO, India was used feasuring the absorbance in decolorization studies.

2.4 Decolorization studies

The effect of influencing variables such as pH,penature, dye concentration, inoculum volume aaticdagitated
condition towards dye decolorization was investgatising One Factor at a Time (OFAT) approach.m@ of
the dyes amended in nutrient broth were inoculatigl 1 mL of Pseudomonas putidstrain and incubated at %7
for 72 hours. After the incubation, the reactionxtmie was centrifuged at 2000 rpm for 15 minuted #me
supernatant was taken to measure the dye decdlorizfficiency. Dye decolorization was measuredimnitoring
the decrease in absorbance of the dye in a dowam BJV-Visible spectrophotometer [21]. The absodeawas
read at 590nm, 520 nm and 610 nm for crystal vigigfranin and trypan blue respectively. Dye detizdtion was
expressed as percentage as follows: equation 1,

Absorbance = [fAA] *100 ---(1)
EA

Where
Ay initial absorbance
A, : final absorbance

2.5. Effect of process variables

2.5.1. Effect of pH

Effect of pH on enzyme activity was studied in tité range of 4-9 at constant 100mg/L dye concepimatl he
initial concentration of the reaction was kept 80rhg/L and the decrease in the absorbance aftérods was
recorded.

2.5.2. Effect of temperature
The effect of temperature was studied in the rasfg80°C - 7C using the same above conditions, but at the
optimal pH for 72 hours.

2.5.3.3. Effect of dye concentration
The effect of dye concentration was studied atnogltipH and temperature in concentration range 6frigiL to
300mg/L was chosen using the same reaction conditio

2.5.4. Effect of inoculum volume
At the optimal pH, temperature and dye concentnatibe effect of inoculum volume towards dye dedabdion
was studied using the inoculum volume range fras@L to 1.25mL.

2.5.5. Effect of culture condition

The decolorization studies were carried out bothstatic and agitated conditions. The static cooditivas
maintained by incubating the reaction mixture B0AC incubator whereas the agitated condition waimtained by
placing the reaction mixture in the shaker at 1f@.r

2.5.6. Effect of carbon and nitrogen sour ces

1% of different carbon and nitrogen source was ddate supplement in the nutrient broth and the deizaltion
efficiency was monitored. The different carbon sesrused for the study were glucose, sucrose, sealstarch and
fructose. The different nitrogen sources used wermonium sulphate, ammonium chloride, urea anddng

RESULTSAND DISCUSSION

3.1. Effect of processvariables

3.1.1. Effect of pH

pH has a major effect on the efficiency of dye dexdzation and the optimal pH is usually in the garof 6-10 [22,
23]. The optimum pH for the decolorization of dlet3 dyes usingseudomonas putidaas found to be 7. The
decolorization rate increased from pH 4 to 7 anduother increment in pH, the rate gradually desesh(Figure 1).
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Majority of the azo dye reducing bacterial specegmorted [24, 25, 26] so far were able to redueedye at pH near
7.

3.1.2. Effect of temperature

The optimum temperature for decolorization was tbtmbe 30°C for crystal violet and safranin wherd@°C for
trypan blue. The decolorization rate reduced sigauiftly beyond 40°C (Figure 2). This might be dadoss of cell
viability or deactivation of enzymes responsibledecolorization [27, 28].

3.1.3. Effect of dye concentration

The optimum dye concentration for decolorizatiors\i@nd to be 200 mg/L for crystal violet and safinavhereas
100 mg/L for trypan blue (Figure 3). The concembratof dye influences the decolorization throughumber of

factors including toxicity of the dye at higher centrations and the ability of the enzyme to recogthe substrate
efficiently at very low concentrations [29].
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Figure 1: Effect of pH on decolorization
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Figure 2: Effect of temperature on decolorization

3.1.4. Effect of inoculum volume

The decolorization rate increased as the inoculolarme increased from 0.25 to 1.25 mL. But beyoridroL there
was just a mild increase (Figure 4). So the optimatulums volume was recorded as 0.5 mL. This lsan
explained on the basis that 200 mg/L of the dyedicts an inhibitor to bacterial growth at lowerdalom

concentrations whereas beyond 0.5 mL inoculum coulefcome the inhibiting action of dyes resultinghigher

decolorization rates.
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Figure 3: Effect of dye concentration on decolorization
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Figure 4: Effect of inoculum volume on decolorization
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Figure5: Effect of culture condition on decolorization

3.1.5. Effect of culture condition

Decolorization rates were found to be higher inisteonditions than agitated conditions (Figure I5was found
that under agitated conditions, presence of oxydgprives the azoreductase from obtaining electrmesied for
cleavage of azo dyes. Under static anoxic condititinese electrons are available to azoreductase NADH to
decolorize azo dyes [30, 31, 32].
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Figure 6: Effect of different carbon sour ces on decolorization
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Figure 7: Effect of different nitrogen sourceson decolorization

3.1.6. Effect of carbon and nitrogen sour ces

Maximum decolorization rate was observed when bktamd ammonium sulphate were used as the carbon and
nitrogen supplements respectively (Figure 6 and Bjcillus subtilis was also reported to exhibit higher
decolorization rate when starch was used as a catgmplement [33].
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