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Abstract: The ability of Halomonas strain D  for biotreatment of oil soluble diazodye,Toluidine Red, was2

investigated by using dye as sole carbon source. The Effect of different culture conditions such as pH,
temperature, NaCl percentage (w/v) and dye concentration was studied by using one factor at a time (OFAT)
method. Halomonas strain D was capable of decolorizing Toluidine Red at a pH and temperature range of 6.5-2

9.5 and 25°C-40°C respectively and the best decolorization was achieved at 25ppm dye concentration, pH 6.5,
temperature 35°C and 5% (w/v) NaCl. UV-Vis and HPLC analysis suggested that decolorization was occurred
under biodegradation mechanism rather than biosorption. GC/MS analysis was done to identify degradation
products. Final compounds formed from dye degradation appeared at m/z 193 and m/z 77 which were identified
as 2-(2-carboxy vinyl) benzoic acid and Benzene respectively. Related pathway for biodegradation mechanism
was proposed. Findings revealed that salt tolerant bacteria, Halomonas strain D was potential for biotreatment2,

of Toluidine Red at salty condition.
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INTRODUCTION Compared with chemical/physical methods, biological

Synthetic dyes are widely used within the food, paper cost and environmental effectiveness and lower sludge
printing, pharmaceutical, cosmetic, textile dying, lather, production. Many researches and reviews are available on
color photography and some other industries. The microbiological methods to biodegrade and decolorize
number of studies on the bio treatment of synthetic dyes water soluble azo dyes [5 to 11], but only few reports are
has been steadily increasing in recent years [1]. related to oil soluble ones [12,13]. Toluidine Red (C.I. no.
Environmental contamination caused by these synthetic 12120) is an oil soluble diazo pigment applied in oil color
dyes from different related industries represents a serious pigment, coloring of rubber products, plastic, hard PVC,
environmental and health hazards. The total world leather and yarn tubes. This study examines the capability
colorant production is estimated to be over 8×10 ton/year of halotolerant bacteria Halomonas strain D  to decolorize5

and at least 10% of the used dye stuff enters the and degrade Toluidine Red. In many cases the industrial
environment through wastes. Most of the dyes are very waste water effluents contain metal complexes of the dye
stable to light, temperature and microbial attack making used for coloring process thereby causing problems for
them recalcitrant [2]. Azo dyes are an important group of conventional biological treatments. Halo tolerant and
synthetic dyes which are characterized by one or  more halophilic bacteria usually  tolerate  noticeable  amounts
azo groups (R -N=N-R ) linking substituted aromatic of toxic metals in their environment thus are used for1 2

structures [3]. Degradation of the dyes especially azo bioremediation of oil and oxyanion pollution [14].
dyes which cover about 70% of all dyes used is difficult Although a few reports describe the ability of some
due to their complex structure and synthetic nature [4]. halotolerant  bacteria  to  decolorize  and  degrade   water

processes have received more attention because of their
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soluble azo dyes [14, 15], little is known about their
capability in degradation of oil soluble ones. The aim of
this experiment was to investigate the ability of
Halomonas strain D  in bioremediation of the oil soluble2

azo dye, Toluidine Red and study various parameters
such as pH, temperature, initial dye concentration and
NaCl concentration to optimize biodegradation process.

MATERIALS AND METHODS

Dyes and Chemicals: Chemicals used in this study were
of analytical grade and obtained from Merck (Darmstadt,
Germany) unless otherwise specified. Toluidine Red was
purchased from Ciba Geigy GmbH representative in Iran
(CIBA) and used without any purification. The chemical
structure of Toluidine Red is shown in Fig. 1. Acetonitril
used in high performance liquid chromatography (HPLC)
analysis was of HPLC grade. Stock solution of Toluidine
Red was prepared by dissolving dye powder in dimethyl
formamyde (DMF) as solvent (1mg/ml), using an ultra
sonic bath. 0.25% tween 80 was added to dye stock
solution due to the insolubility of the dye. 

Organism and Culture: Halomonas strain D  was2

obtained of extremophiles laboratory, department of
microbiology, school of biology, university of Tehran.
This strain was grown on nutrient agar plates
supplemented with 7.5% (w/v) NaCl at 35°C and preserved
at 4°C. Stock culture was stored at-80°C in 20% glycerol.

Medium for Dye Decolorization: The Medium used to
study dye decolorization was minimal medium containing
following ingredients per liter: KNO : 5 g, (NH ) SO : 1g,3 4 2 4

K HPO .3H O: 0.87 g, KH PO : 0.54 g, MgSO .7H O: 0.2g,2 4 2 2 4 4 2

CaCl .2H O: 0.02g,FeSO .7H O: 0.01g, MnSO .H O:0.005g2 2 4 2 4 2

supplemented with 2.5%-10% NaCl and dye as sole
carbon source.

Decolorizaion Experiments under Different Culture
Condition: 15 ml of the sterilized decolorizing medium in
35 ml tubes was inoculated with 1% of 1.5× 10  cfu ml  of8 1

the bacterial suspension in distilled water plus 3% (w/v)
NaCl, according to the method of Asad et al. [14].
Optimization under different culture conditions was done
using one factor at a time (OFAT) method with the basic
condition of 25 ppm Toluidine Red, pH 8.5, 5% (w/v) NaCl
and  temperature  35°C.  This  method is based on
changing one parameter at a time and maintaining the pre
optimized at constant level. Different decolorization
efficiencies were obtained at different dye concentrations

Fig. 1: Chemical structure of Toluidine Red

(10ppm to 25ppm with 5ppm interval), initial pHs
(4.5,6.5,7.5,8.5,9.5,10.5), NaClpercentages in decolorization
media (2.5%(w/v) to 10%(w/v) with 2.5%(w/v) interval)
and incubation temperatures (25°C to 40°C with 5°C
interval). Adjusting the amount of pH was done with
NaOH 1N and HCl 1N. Dye stock solution was sterilized
separately before adding to decolorization culture and
incubation was carried out at static condition. All
experiments were performed in triplicate with un
inoculated culture as control.

Decolorization Extent Measurement: To measure
decolorization, sample (1.5 ml) of the culture media was
taken at different time intervals, well agitated prior to
sampling (due to the insolubility of dye) and centrifuged
at 7500 rpm for 5 min with a micro refrigerated centrifuge
(Hettich, Micro 200R,Germany) at 20°C to separate
bacterial cell mass. Decolorization rate was calculated from
the difference between initial and final absorbance values
at the absorbance maxima of the dye (490nm) on a UV-vis
spectrophotometer (Varian cary 100, USA). Un inoculated
culture media with and without added dyes were used as
controls.

Extraction and Analysis of Metabolites: Decolorization
was monitored by UV-vis spectroscopic analysis whereas
biodegradation was analyzed by HPLC. Identification of
metabolites was carried out by GC/MS analysis. After 10
days of incubation, 5 ml sample collected from the culture
was extracted with two equal volume of ethyl acetate. The
extract was dried in a rotary evaporator and the remaining
solvent was evaporated at room temperature
overnight.The residue was dissolved in 0.5 ml HPLC grade
acetonitrile and used for HPLC and GC/MS analysis. High
performance liquid chromatography (HPLC) analysis was
carried out on C column (symmetry, 406mm × 250mm,18

Knauer,      K2500,        Germany)       using      acetonitrile:
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water containing  0.1%  formic acid (50:50) as mobile
phase with flow rate of 1 ml/min for 10 min and UV
detector at 254 nm at room temperature. GC/MS analysis
of metabolites was carried out using a HP6890 GC coupled
with a HP-5973 MS detector (Hewllet Packard, USA). Gas
chromatography was done with a HP-5MS column (30m
long×0.25mm i.d.) in a temperature programming mode.
The injector temperature was maintained at 250°C. The
initial temperature of column was 60°C kept constant for
3 min then increased up to 250°C with 10 °C /min rate and
held at 250°C for 3min. Helium was used as carrier gas at
a flow rate of 1 ml/min. The ionization voltage was 70 eV.
Degradation products were identified on the basis of mass Fig. 2: Effect of dye concentration on decolorization
spectra in the wiley 275 spectral library stored in the efficiency of Halomonas strain D at different time
computer software (ChemStation) of the GC/MS. intervals. Decolorizatiion media with condition of

RESULTS AND DISCUSSION different concentrations of Toluidine Red. 

Effect of Different Initial Dye Concentrations on
Decolorization: The maximum decolorization ability of
Halomonas strain D  was investigated through testing2

against different initial dye concentrations (10-25 ppm, pH
8.5, temperature 35°C, 5% (w/v) NaCl) when studied up to
210 hr of incubation (Fig. 2). At 25, 20 ppm dye
concentrations, the maximum dye removal was 75%, 70%
respectively. The required time to reach maximum
decolorization extent for 25 ppm dye was 144 hr whereas
it was 96hr for 20 ppm dye concentration. At 15, 10 ppm of
initial dye concentrations, the maximum decolorization
was 60%, 42% respectively. Required time to reach a
maximum color removal at 15 ppm dye concentration was Fig. 3: Effect of pH on decolorization ability of
96 hr whereas it was 48hr for 10 ppm dye. No Halomonas strain D at different time intervals.
decolorization was observed in 5ppm of Toluidine Red Decolorizatiion media with condition of 25 ppm
due to the inadequate carbon source necessary for Toluidine Red,T 35°C, NaCl 5%(w/v) was prepared
bacterial activation and insolubility of the dye. Obtained with different pHs. 
results showed that decolorization increased with
increasing initial dye concentration and increased dye Effect of pH on Dye Decolorization: Effect of pH
concentration required more time to reach maximum (4.5,6.5,7.5,8.5,9.5,10.5,35°C, 5% (w/v) NaCl) on
decolorization extent. Similar results were also obtained decolorization of Toluidine Red at 25 ppm dye
earlier in case of other dyes [16-17]. Direct relationship concentration  was studied up to 240 hr of incubation
between dye concentration and color removal could be (Fig. 3). NaOH and HCl 1N were used for pH adjustment.
attributed to the fact that bacterial strain used dye as sole The best decolorization was achieved at pH 6.5 with 80%
carbon source for its growth and activity. Chang and Lin decolorization after 96 hr of incubation. This could be due
showed that decolorization rate increased when initial dye to the fact that bacterial cultures generally exhibit
concentration raised up to a certain extent and then maximum dye removal at pH values near neutrality or
leveled off [18]. Results clearly indicated that the best slightly acidic [19-20]. Halomonas strain D  was capable
decolorization was obtained at 25ppm dye concentration of decolorizing Toluidine Red within a wide range of pH
therefore; 25ppm dye was used for further bacterial dye (6.5-9.5), in contrast with common decolorizing bacteria
removal experiments. that  have a narrow pH range [14]. According to obtained

2

T 35°C, pH 8.5, NaCl 5 %(w/v) was prepared with

2
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Fig. 4: Effect of temperature on decolorization ability of Fig. 5: Effect of salinity on decolorization efficiency of
Halomonas strain D at different time intervals. Halomonas strain D at different time intervals.2

Decolorizatiion media with condition of 25 ppm Decolorizatiion media with condition of 25 ppm
Toluidine Red, pH 6.5, NaCl 5 %(w/v) was Toluidine Red, T 35°C, pH 6.5, was prepared and
prepared and incubated at different incubation supplemented with different concentrations of
temperatures. NaCl.

results, the rate of color removal was negligible at
strongly acidic (pH 4.5) or strongly alkaline (pH 10.5)
conditions (30% at pH 4.5 and 33% at pH 10.5). Same
result was obtained earlier with Jadhav and Kalme who
found the best pH for decolorization of direct red 5B with
Comamonas sp. UVS was 6.5 [21]. It was reported in
previous studies that the maximum ability of salt tolerant
bacteria, CAS, to decolorize K-2BP was in the pH range of
6-9 and temperature range of 30-37°C [15]. Further
decolorization experiments by Halomonas strain D  was2

investigated under pre optimized pH (6.5). 

Effect of Temperature on Dye Decolorization: The Effect Fig. 6: Changes in UV-visible spectra of Toluidine Red
of temperature on dye removal was studied within a 25°C- (490nm) before and after decolorization of
40°C temperature range at obtained optimum pH and 25 Halomonas  strain    D    at    optimum   condition:
ppm dye concentration with 5%(w/v) NaCl (Fig. 4). 0h (—) and 96h (-----)
Results indicated that the maximum decolorization extent
was obtained at 35°C (80%) but the difference of 2.5 %(w/v) Interval, pH 6.5, temperature 35°C, 25 ppm
decolorization percentage was not significant between Toluidine Red) was tested. Results showed that
40°C and 35°C. Observations showed that decolorization decolorization of this strain increased due to the raise in
of Toluidine Red increased with increasing temperature salinity of the culture from 2.5% (w/v)-5 %(w/v) and then
from 25°C to 35°C and then leveled off slowly. This could leveled off (Fig. 5). Similar observation was reported
be due to the increase of bacterial growth and enzyme earlier by Guo et al. in bio treatment of Reactive Brilliant
activity with temperature. Same results was obtain with Red K-2BP with salt tolerant bacteria, CAS [15]. As shown
Kolekar et al. in biotreatment of disperse blue 79 and acid in Fig. 5 decolorization at 2.5 %(w/v) NaCl reached to its
orange 10 by Bacillus fusiformis KMK5 [22]. maximum percent (60%) After 7 days of incubation and

Effect of NaCl Percent (w/v) on Dye Decolorization: Decreasing in decolorization rate at 7.5 % (w/v)-10 %(w/v)
Decolorization performance of strain D  in the presence of NaCl could be due to the loss of cell activity or their2

different salt concentrations (2.5 %(w/v)-10  %(w/v)  with plasmolysis. Bacterial dye reduction was optimum at  5  %

2

2

the final decolorization at 7.5 %(w/v) NaCl was only 30%.



World Appl. Sci. J., 18 (8): 1065-1072, 2012

1069

Fig. 7: HPLC analysis of Toluidibe Red (a) and products formed after degradation at optimum condition (b) 

(w/v) salinity in which 80% decolonization was observed and a minor peak at 2.887 min retention time. As
after 96hr of incubation. The capability of strain D  in dye decolorization completed, the emergence of some new2

removal even at high salinity (up to 5 %(w/v)) suggested peaks  were  observed  due to biodegradation of parent
that D  strain could be used for bio treatment of the dye  with  three  major  peaks  at  1.295  min, 2.172  min2

effluents with salty condition. and  2.888 min   and  one  minor  peak at 4.046 min

Decolorization Mechanism of Halomonas Strain D : comparison to control sample revealed that chemical2

Decolorization of Halomonas strain D  was qualitatively structure of the azo dye was altered due to the bacterial2

monitored by using a UV-vis spectrophotometer. The UV- enzymatic  activity and new metabolites were produced in
vis spectra (200-800nm) of the supernatant at 4th day of culture supernatant after decolorization process. GC/MS
decolorization are shown in Fig. 6. According to Hui analysis was carried out to identify biodegradation
Wang et al. [20] decolorization of dyes may be due to metabolites. Extracted sample with ethyl acetate was
adsorption or biodegradation mechanisms. In case of injected in to a GC/MS. Total ion chromatogram of
adsorption the UV-vis absorption peaks decrease Toluidine Red and proposed pathway  for  biodegradation
approximately in proportion to each other whereas if dye are  shown  in  Fig.  8  and Fig. 9 respectively. According
removal is due to biodegradation, either the major visible to the figures the peak having a retention time of 7.21 min
light  absorbance peak disappears or a new peak appears. corresponds to para methyl benzene diazonium (m/z 121)
Comparing the control and sample spectrum it was after the main degradation of Toluidine Red and then
understood that as Toluidine Red was decolorized, its giving up NO group. Cleavage of azo dyes can take place
absorbance peak at 490 nm in the visible region symmetrically or asymmetrically. In this study the main
completely disappeared and only 203 nm peak in the uv degradation of Toluidine Red was occurred
range remained indicating that decolorization of Toluidine asymmetrically by cleavage between the nitrogen of azo
Red was occurred under degradation mechanism rather group and the carbon of 2-naphthol ring. The resulted
than surface adsorption. fragment (m/z 121) was subjected to another degradation

Biodegradation Analysis: In order to monitor Finally benzene fragment at m/z 77 have been obtained
biodegradation product of Toluidine Red, HPLC analysis from benzene diazonium (m/z 105) by cleavage of azo
was done. The HPLC analysis of control sample showed group. (Fig.  8b and Fig. 9a). The peak having a retention
two major peaks at 1.911 min and 1.2 min retention time time  of  6.64 min  was   identified   as  2-(2-carboxy vinyl)

retention times (Fig. 7). Forming of new peaks in

2

by breaking methyl bond to give rise of a m/z peak of 105.
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(a)

(b) (c)

Fig. 8: Decolorization products of Toluidine Red (a) Total ion chromatogram of GC/MS analysis (b) Benzene (c) 2-(2-
Carboxy-vinyl)-benzoic acid

Fig. 9: Suggested pathway for biodegradation of Toluidine Red
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benzoic acid with m/z 193 which was another degradation 3. Liu,   G.F.,    J.T.    Zhou,    J.    Wang,    Z.Y.    Song
product of Toluidine Red (Fig. 8c and Fig. 9b). Results
clearly showed that Halomonas strain D was able to2

degrade Toluidine Red due to its enzymatic activity. There
was no mass peak in mass spectra attributed to
degradation or consumption of tween 80 as co-substrate
by microorganism so increasing dye solubility in
decolorization media was the main function and role of
tween 80 in this study. 

CONCLUSION

In this study Halomonas strain D was investigated2

to decolorize and degrade oil soluble azo dye, Toluidine
Red, in the presence of tween 80 as surfactant. No
solubility of dye was observed in the absence of tween 80
so using surfactant was necessary in this experiment.
Effect of different parameters such as dye concentration,
pH, temperature and NaCl percentage (w/v) on dye
removal was evaluated with traditional stepwise strategy,
one factor at a time (OFAT) method. Best decolorization
was occurred at 25ppm dye, pH 6.5, 35°C incubation
temperature and in the presence of 5 % (w/v) NaCl.
Results of GC/MS, HPLC and UV-vis analysis showed
that Halomonas strain D  used dye as sole carbon and2

energy source and decolorization of dye was done under
degradation mechanism rather than adsorption to bacterial
cells. Based on GC/MS results, tween 80 rolled not as a
co-substrate and its main function was to solve the
negative influence of dye insolubility. Halomonas strain
D  tolerated salinity condition (up to 5 %(w/v)) as a result2

it was a potential microorganism for bio treatment of
effluents containing salt and metal complexes.
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