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DECOLORIZATION OF AZO DYES BY FREE LIVING DIAZOTROP HS
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Abstract: Biological oxidation of organic dyes is important for textile industry wastewater treatment. They are

generally considered as xenobiotic compounds that ee very recalcitrant against biodegradative processs.

Nevertheless, during the last few years it has beedemonstrated that several microorganisms are ableunder

certain environmental conditions, to transform azo dyes to non — colored products or even to completely
mineralize them. The bacterial metabolism of azo dys is initiated in most cases by reductive cleavagef azo

bond, which results in the formation of usually colorless amines. The present study deals with the
decolorization of some selected azo dyes ( Congo Re Erichrome Black T, Methyl Orange , Methyl Red aul

Trypan Blue) used in textile and dyeing industriesby the selected two unidentified acclimatized diazarophs

(DA17 and DA26) isolated from sludge and soil, colicted from nearby area of dye industry outlets. Inthe

screen test, because the best results were showedyainst Methyl Orange, further decolorization procedures

were maintained on this dye. The optimization process started with the addition of 1g/l yeast extract,where

the decolorization ability of the two strains incre ased sharply. The effect of different conditional aad chemical

factors on the decolorization process of Methyl orange by two diazotroph isolates was studied. Factorghat

contributed to the difference were different pH, te mperature, incubation period, inoculum size, carbon source

and nitrogen source. Features of the decolorizing pocess related to biodegradation were also studied.
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Introduction: Rapidity of industrialization and
urbanization around the world has lead to the
recognition and understanding of relationship
between environmental pollution and public health.
Whereas, the pollution triggered by the human
activities become the top most challenge for modern
civilizaton. ~ Among the most concerned
environmental pollutions that threatening our
biodiversity, water pollution is a major one where
effluents from dye based industries serve as pringal
source [9]. Textile dye wastewater has become onefo
the main reasons of severe pollution problems dued
the greater demand for textile products and increag
in production and application of synthetic dyes. Dyes

photosynthesis [14] by impending light penetration
into deeper layers thereby deteriorating water quaity
and lowering the gas solubility. Furthermore, the
dyes and / or their degraded by —products may be
toxic to flora and fauna [1].Azo dyes have long bee
recognized as a human urinary bladder carcinogen
and tumorigenic in animals. Cyanogenic in fishes,
reduction in seed germination and induce dwarfism
in plants [17]. Azo dyes are considered as electron
deficient xenobiotic components because they
possess azo (N=N) and sulphonic (-S€) electron
withdrawing groups, generating electron deficiency
and making the component less susceptible to
oxidative catabolism by bacteria [10],[13].The
are broadly classified into several types. Based othe  physiochemical methods are financially and often
chemical structure of chromophoric group synthetic also methodologically demanding, time consuming
dyes are classified as azo dyes, anthraquinone dyesand mostly not very effective. Green technologies d
etc. Among the used dyes, azo dyes are the most deal with this problem include adsorption of dyestuff
commonly utilized reagents owing to the presence of on bacterial and fungal biomass or low cost non
the azo group which confers to these chemicals a conventional adsorbents. Biological processes, such
certain resistance to light, acids, bases and oxyge as biodegradation, bioaccumulation and biosorption,
the desired properties for clothes’ makers [3],[8][19]. have received increasing interest due to their cost
Azo dyes, the largest chemical class of dyes withhe  effectiveness, ability to produce less sludge and
greatest variety of colors, have been used extens?ly environmental benignity[5],[6],[22],[26].

for textile, dyeing and paper painting. These dyes
cannot be degraded and some are toxic to higher
animals. Over 7x10 metric tons of synthetic dyes are
produced worldwide every year for dyeing and
printing, and out of this, about 5% - 10% are
discharged with wastewater [4]. The amount of dye
lost depends on the class of dye applied; it varies
from 2% loss with the use of basic dyes to about 3%
loss in certain reactive sulfonated dyes [12],[20]The

Some specialized strains of aerobic bacteria have
developed the ability to use azo dyes as sole sougf
carbon and nitrogen; others only reduce the azo
group by special oxygen- tolerant azo reductase.
However, these azo reductase have a narrow
substrate range. The workers reported about bactesl
strains which display good growth in aerobic or
agitation culture, but color removal was obtained
with a high efficiency in anoxic or anaerobic culture

presence of dyes in aqueous ecosystem diminishes [7]. Azo linkages are easily reduced under anaerobi
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conditions, yielding colorless aromatic amines whid,
with a few exceptions, are not mineralized
anaerobically, but are readily degraded aerobically
Therefore, a combination of anaerobic and aerobic
conditions is proposed for azo compounds’
mineralization [15],[16],[23]. Bacterial decolorizéion
under aerobic conditions usually results in adsorpton
of dye stuffs on bacteria rather than their oxidation.
White rot fungi can degrade a wide variety of
recalcitrant compounds by their extra cellular
enzyme systems. However it is difficult to keep then
in functional form in the activated sludge systems,
because of their special nutritional and
environmental requirements. More ever bacterial
degradation is much faster than fungal degradationof
textile dyestuffs [18].There is a very growing demid
to revitalize the role of indigenous plant growth
promoting Rhizobacteria for the bioremediation of
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acclimatized sample was then added in 200 ml steré
Burk’s Nitrogen free medium composition (g/l)
MgSQ, 0.2; CaSQ 0.08; FeSQ 7H,0 Trace; NgaMoO,
Trace; Glucose 10; PO, 0.87; KHPO, 0.68.pH-
7.0+£0.2) in 500 ml conical flask and incubated at
Room temperature on shaker for one week. This
enrichment process for Diazotrophs was repeated for
thrice with 5% inoculum from the previous
enrichment medium and at the end isolates were
obtained on solidified Burk’s Nitrogen free medium.
Enrichment and cultivation of the most efficient
decolorizing Diazotrophs:  The Mineral salt basic
medium (Composition (g/l) Na HPO, 7H,O 3.6;
(NH4),SO, 1.0; KHPO, 1.0; MgSQ 1.0; Fe(NH),
citrate 0.01; CaG 2H,O 0.1; pH-7.0 £ 0.2) was
supplemented with 1 gm/lit yeast extract [1]. The
enriched culture of Diazotrophs (10ml) was
transferred into 500 ml flasks containing 200 ml

azo dyes because they are generally considered asmineral salts medium and dye (prepared using a

xenobiotic compounds as well as recalcitrant in
nature that causes severe contamination of the rives
and ground water in those areas of the world with a
high concentration of dyeing industries. Soil nearto
textile effluent outlet is readily get contaminated by
the dyes and expected to harvest a variety of dye
acclimatized plant growth promoting rhizobacteria
for e.g. Heterotrophic Diazotrophs. These organisms
have not been explored much for dye decolorization.
Thus very little information is available on the ability
to bioremediate these textile dyes by free living
nitrogen fixing bacteria. The present study deals vith
revitalizing the role of dye acclimatized indigenous
plant growth promoting free living diazotrophs for
the bioremediation of azo dyes, isolated from soil
near to textile and dyeing industries effluent outlets.
Materials and Methods:

Sample collection: Samples were collected
randomly in duplicate from various textile , dyeing
and printing industries from units in and around
Ulhasnagar. Samples were collected from different
places such as drainage canal that carry textile
effluent, soil samples polluted by such drainage
effluent, and untreated sludge effluent. All the
samples were collected in sterile glass screw cap
tubes and preserved at 4°C in refrigerator and
samples were tested within 24 Hrs. of collection.

Dyes: All selected dyes viz. Congo Red, Erichrome
Black T, Methyl Orange, Methyl red and Trypan Blue
and other chemicals used for study were of AR grade
Acclimatization of Diazotrophs with dyes:

All these samples were homogenized on rotary shaker
by taking 10 gm amount from each. To these
homogenized samples, mixture of selected azo dyes
in final concentration of 50 mg/l was added in
increasing concentration viz.- 20%, 40%, 60%, 80%
and 100% for 15 days[25]. After period of fifteedays,
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mixture of 5 types of dyes). All dyes were mixed
together to get stock solution of mixture of dyes 025
o/l (0.05 g/l of each dye). The stock solution was
supplemented with a basic salt medium to get a find
concentration of 0.05 g/l. The flasks were incubate
at room temperature under static conditions for 3
days. This process of enrichment was repeated for
thrice with same medium, dye concentration and
incubation conditions. Every time these flasks were
used to isolate the target microorganisms by
streaking the mineral salts agar medium containing
the same ingredients of the previous broth medium
plus agar and 50 ppm of azo dyes mixtures. Separate
colonies of the predominant types of microorganisms
were purified by restreaking on the same medium.
The purified isolates were examined microscopically
to check for purity. Obtained pure cultures were
maintained on the nutrient agar at 4°C (in
refrigerator).

Screening to select the most potent decolorizing
Diazotrophs : The primary screening was done to
test the ability of the purified isolates to utiliz e dyes
as the sole carbon source. Screening to test the dity
of isolated organisms to utilize Congo Red(CR),
Erichrome Black T (EBT), Methyl Orange(MO),
Methyl red(MR) and Trypan Blue(TB) as the sole
carbon source was carried out in mineral salt basic
medium used in isolation. Here 0.1 g/l Yeast extrac
was replaced by 0.05 g/l of individual dye. Organiss
were selected on the basis of their ability to growand
reduce pigmentation under these conditions. The
secondary screening was performed to ensure the
ability of selected isolates to decolorize individual
dyes by using 100 ml of screening medium in
triplicate sets with final concentration of dye 50 ppm
in 250 ml flasks, with 5% of culture isolate with Q1
OD at 600 nm against media control. The
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uninoculated screening media supplemented with the
azo dye was used as control under light exposure to
compare abiotic color loss during the experiment.
Dye decolorizing activity was determined under staic
conditions at room temperature [1].
The cells were harvested by centrifugation at 5000
rpm for 10 min. the supernatant was used to assayza
dye reduction by measuring residual absorption at
the appropriate wavelength for each azo dye. An UV-
Visible spectrophotometer was used for absorbance
measurement.
Identification of the most potent dye
decolorizing Diazotrophs:  The two most potent
diazotrophs (DA 17 and DA26) showing the highest
decolorization potential during screening studies
were selected to complete the study. They were
identified on the basis of cell shape, cell arrangment,
nutritional characteristics, physiological and
biochemical characteristics .
Decolorization Assay: On the basis of obtained
screening results, for further different parameters
studies, the Methyl Orange azo dye and two selected
diazotroph DA 17 and DA 26 as a potent dye
decolorizers were used.
All samples were centrifuged at 10,000 rpm for 10
min. The supernatant was read at absorbance with
maximum (A max) values using spectrophotometer
[1]. The efficiency of color removal was expresseds
the percentage of the decolorized dye concentration
to that of the initial one i.e., the difference between
the initial dye concentration, Dye(i), and the residual
dye concentration, Dye ( r ), of the sample:
Decolorization (%) = Dye(i) — Dye(r) X 100

Dye|r
Bacterial growth was measured as a turbidity
difference calculated by difference in OD at 600 nm
using formula .Turbidity = OD ( pefore centrifugationy — OD ¢
after centifugationy Methyl Orange decolorization under
different culture conditions by selected diazotrophs:
The effect of various culture conditions such as pH
temperature, incubation period and inoculum size on
decolorization of Methyl Orange by selected
diazotrophs was examined.
Effect of PH: Two milliliter of cell suspension (0.1
OD at 600nm) was used to inoculate 100ml Mineral
salt basic medium, supplemented with 0.1 g/l Methyl
Orange dye and 1 g/l Yeast extract. The medium was
adjusted to pH of 4,6,78 and 10 using (1 N)
Hydrochloric acid and (1 N) Sodium Hydroxide.
Flasks were incubated for 5 days at Room
temperature (30°C).
Effect of Incubation temperature:  The experiment
was carried out with 100 ml of Mineral salt basic
medium supplemented with 0.1 g/l of Methyl Orange
and 1 g/l Yeast extract. The medium was adjusted to
pH 7.0 and each flask was inoculated with a
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predetermined equal cell density for the two strains.
Flasks were divided to be incubated at different
temperature: 0°C, 10°C, RT (30°C), 37°C and 55°C.
Effect of Incubation period: Decolorization of MO
dye by both the diazotrophs isolates was recorded ta
different intervals of time from 15 Hrs. to 120 Hrs
under predetermined optimum pH (pH-7) and
optimum temperature (30°C) conditions.

Effect of Inoculum size: Different inoculation sizes
1-5 milliliters of the two bacterial diazotroph isolates
DA 17 and DA 26 ranging from OD 0.1- 0.5 at 600 nm
wavelength were used. All other optimal culture
conditions were taken into consideration. At the end
of incubation period the Methyl orange dye
decolorization was determined as previously
determined.

Effect of Carbon source : Different carbon sources
were introduced into the Methyl orange mineral salt
media at an 1% concentration. The carbon sources
were represented by Mannitol, Glucose, Lactose,
Sucrose, Maltose and Xylose. In all cases, other
previously mentioned optimal conditions were taken
into consideration.

Effect of Nitrogen source: Different Nitrogen
sources were introduced into the Methyl orange
mineral salt media at an 1% concentration. The
nitrogen sources were represented by Potassium
nitrate, Sodium nitrite, Ammonium chloride,
Ammonium citrate, Ammonium sulphate,
Ammonium oxalate, Ammonium molybdate , Casein
hydrolysate and Peptone. All other optimal factors
were carried out as previously mentioned.
Decolorization and COD removal under static

and shaker conditions: This experiment was carried
out in order to investigate the Methyl orange
decolorization and COD removal under different
incubation conditions by Diazotroph isolates DA17
and DA26. This was carried out by incubating the
flasks under static and shaker conditions, containng
the Mineral salts medium with Methyl orange dye in
addition to the optimal sources of carbon and
nitrogen resulting from the previous optimization. At
the end of incubation period, Methyl Orange
decolorization was assayed as previously mentioned
and COD was measured according to a standard
procedure [2].

Effect of dye concentration: The various
concentrations of dye (100, 200, 300, 400 and 500
mg/l) were added into Mineral salt basic medium in
order to examine the effect of initial dye
decolorization in  static conditions. Percent
decolorization and biomass at different time intervals
were measured.

Spectrophotometric analysis of dye
decolorization : Decolorization of Methyl Orange
dye under predetermined optimal conditions was
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studied for both the isolates for 120 Hrs. at diffeent
wavelengths ranging from 425-650 nm in order to
observe the progress of biodecolorization.

Fed batch decolorization of dye The fed batch
decolorization of Methyl orange was studied by
adding 100mg/I of dye into the 24 Hrs. grown culture
of diazotrophs, after decolorization 100 mg/l dye
added into the decolorized broth without supplement
of additional nutrient. Dye was added continuously
until culture does not lose decolorization ability [24].
The dye concentration was determined by
monitoring the absorbance of dye and the percent
decolorization was determined by procedure reported
earlier.

Results and Discussion: Diazotrophs with efficient
decolonization potential for textile dyes particularly
azo dyes were isolated from dye polluted solil
collected from effluent channel of a local textile and
dyeing industries. it was expected that sites nearto
textile and dyeing industries pollutes with dyes
harbor several microorganisms which are capable to
coexist with higher toxic levels of pollution. These
microorganisms adapt to the new polluted
environment thus they can play an important role in
clearance of this environment through their growth
and function. Pure strains were isolated from the
microbial consortium to find out the most promising
strains with the higher degradative activity. The final
aim was to assure that they do not produce toxic
metabolites and are safe if used in bioremediation
process.Total 32 diazotroph strains were isolated
from a dye polluted soil and dye effluent waste waeér.
Out of which two potent dye decolorizing strains of
diazotroph were selected based on their performance
in primary screening and secondary screening and
the Methyl Orange dye was selected for further
studies based on its suitability for biodegradation by
the isolated diazotrophs.

9% ge Decolorisation

Fig.-1 — Effect of pH on MO dye decolorization by
isolates DA17 and DA26.

pH value affects not only on the decolorization

capability, but also on the color stability . The dfect

of different initial pH values (4-10) on decolorization
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of Methyl Orange by two selected diazotrophs DA 17
and DA26 was recorded after 48 Hrs. as presented
graphically in Fig.-1. The optimal pH for
decolorization by both strains was pH 7 and the
decolorization percentage was decreased when
solution pH made more acidic / alkaline. This seems
to indicate that neutral pH values would be more
favorable for the decolorization process of Methyl
Orange by diazotroph isolates DA17 and DA26. The
medium pH is also an important factor with regard to
decolorization. The pH has a major effect on the
efficiency of dye decolorization and many authors
had reported that the optimal pH for color removal is
often between 6.0 and 10.0. Many authors had
reported the rate of color removal is higher at the
optimum pH and tends to decrease rapidly at
strongly acid or strongly alkaline pH [21]. It is
thought that the effects of pH may be related to the
transport of dye molecules across the cell membrang
which is considered as the rate limiting step in the
decolorization.

% ge Decolorization

BDA 17
10
mDA 26

L 1l

0 10 TemperatureRDegree Celciu§? 55

Fig.-2- Effect of temperature on
decolorization by isolates DA17 and DA26.
The experiments were performed at different
temperatures ranging from 0°C — 55C (Fig.-2).The
decolorization increased as the temperature
increased as evidenced in Fig.2. But the color remal
ability of both the strains decreased sharply at a
temperature of 37C and further increases in
temperature resulted only in marginal reductions in
decolorization activity of the two isolates. The
optimal incubation temperature for  the
decolorization process by the two isolates was Room
temperature  (30°C). Decolorization percentage
decreased as temperature dropped below Room
temperature or increased over this particular value
Therefore the optimum temperature for both the
isolates was determined as room temperature (30C).
The decolorization rate of azo dyes increases up to
the optimal temperature and afterwards there was a
marginal reduction in the decolorization activity. In

MO dye
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accordance to our results, many workers also had
reported this decline at high temperature which can
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be attributed to the loss of cell viability or the
denaturation of an azo reductase enzyme [21].

Fig.3.Effect of Incubation period on decolorization
process of MO dye by Diazotroph isolates DA17 and
DA26. The results recorded for decolorization of MO
dye by isolates DA17 and DA26 in Fig.-3, showed tha
there were slight changes in color removal after fist
15 Hrs. of incubation, but after 30 Hrs. of incubaion
decolorization was increased with maximum at 75
Hrs. of incubation period for isolate DA17 (87%) an
isolate DA26 (88%) and after wards decolorization
ability remain stagnant for both the isolates. The
difference between the results recorded at 75 Hrs.
and 120 Hrs. was only 1.2% of dye color removal.
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—o—DAl17(Inoc. Density 0.3 @
615 nm)

~—#—DA 26 (Inoc. Density 0.4 @
613nm)

Decolorization

1 2 8
Inoculum (%ge)

4

Fig.-4 — Effect of inoculum %ge (@ predetermined
density) on MO dye decolorization by isolates DA17
and DA26.

Results presented graphically in Fig.-4 indicated hat
there was increase in decolorization up to 4 ml of0.3
OD @615nm in case of DA 17 and 4 ml of 0.4 OD at
615nm in case of isolate DA 26. Below this
concentration of inoculum the decolorization process
was decreased due to less available degradative
enzymes compare to substrate. While above 4 ml
concentration of culture the stagnancy in
decolorization could be due to limitation of substr ate
concentration or cell aggregation formation which
make unavailable the reacting sites.
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Fig.-5- Effect of different carbon source on

decolorization of MO dye by isolates DA17&DA26.
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Fig.-6- Effect of Mannitol conc. on MO
dye decolorization by isolate DA17.

0
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Fig.-7- Effect of Sucrose conc.
decolorization by isolate DA26.
During decolorization of azo dyes by reduction of &o
bonds, it was reported that reducing equivalents fom
various carbon sources are transferred to the dye.
Textile industrial effluents are deficient in carbon
content and biodegradation without any extra carbon
source is very difficult to achieve. Therefore, diferent
co substrates such as Glucose, Sucrose, Maltose,
Mannitol and Lactose (1%) were supplemented in the
medium and dye decolorization for all were studied
Results graphically in Fig.— 5 to Fig.-7 revealed #t
the decolorization of Methyl Orange was increased
with 1% concentration of Mannitol in case of isolae
DA 17 whereas in case of isolate DA 26, decolorizah
was more with 1% of Sucrose. After this concentratin
of carbon source, the decolorization was decreased
could be due to excessive acid production in the
medium which effect the growth of isolates. In
contrast to our findings, some authors had reported
that addition of carbon sources seemed to be less

on MO dye
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effective in promoting decolorization probably due to
the preference of the cells in assimilating the exta
carbon sources over using the dye compound as the
carbon source [21].

Fig.-8- Effect of Nitrogen source on decolorizaton
of MO dye by isolates DA17 &DA26.
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Fig.- 10 — Effect of NHCI concentration on dye
decolorization concentration on dye decolorization
by isolate DA17.by isolate DA26.
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Fig.-11- Effect of Casein hydrolysate conc. on MO
decolorization by Diazotroph isolates.
A number of organic and inorganic sources of
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nitrogen were used in this experiment. Results
presented graphically in Fig.-8 to Fig.-11, indicat
that, among Organic nitrogen sources, up to 3%
Casein  hydrolysate  showed the enhanced
decolorization for both the isolates whereas in cae of
inorganic nitrogen source, increase in concentratian
of Sodium nitrite showed the best support for
decolorization of methyl orange by isolate DA17
whereas in case of isolate DA 26 , 1% Ammonium
chloride showed the promising results. The lowest
dye color removal in the case of Potassium nitrate
was attained by both the isolates. In accordance to
our findings, many authors also had reported that
addition of the organic nitrogen sources such as
Peptone, Casein hydrolysate, Beef extract, Urea, #st
extract and so on can regenerate NADH, which acts
as an electron donor for the reduction of azo dyesy
microorganisms and thus effective decolorization was
observed [21]. To make the process economically
feasible and practically applicable, some investigrs
have used agricultural waste as an additional
supplement for effective decolorization.

—&-DA17
—+—DA26

e ]

Decolorization (®o ge)
.
o
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1.2 3 4 5 6 7 8 9 10 11 12 13
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Fig.- 12 — Fed batch MO dye decolorization by isolas

DA17 and DA26.

The intention of fed batch study (Fig.- 12) was to
check the ability of isolates for the repeated
decolorization of Methyl Orange dye. The isolate DA
17 decolorized the repeated addition of Methyl
Orange dye up to seven cycles with variable
decolorization rate (92 — 10%), whereas the isolatBA

26 showed decolorization for repeated addition of
Methyl Orange dye up to ten cycles with variable
decolorization rate (93-7%).

Fig.- 13 — Effect of MO dye concentration on growth
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and dye decolorization by isolate DA17.
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It is clearly shown in graphical presentation (Fig-13 &
Fig.-14) that with increase in concentration of Methyl
Orange from 100 — 500 mg/lit, growth of bacteria get
affected with increase in lag period and same effec
can be seen in decolorization ability of Methyl
Orange dye with lesser extent and increase lag peod
in the case of both the isolates. This could be dudo
the toxic effect of dye at higher concentration for the
isolates. Similar results were reported by other
workers [21] that with increasing the dye
concentration gradually  decolorization rate
decreases, probably due to the toxic effect of dyes
with regard to the individual bacteria and/or
inadequate biomass concentration (or improper cell
to dye ratio) as well as blockage of active sites fo
azoreductase.

1 ; 10 —&—100meg/ml (Biomass)
? 80 © |——200meg/mi(biomass)
g1 g ——300cg/ml(biomass)
503 60 T |—400meghml (biomass)
g 0.6 40 S |~*—500mcegimi(biomass)
w04 % |==100mcg/ml(Decol)
g 0.2 20 8 |==200cg/mi(Decol)
0 9 |==300mcg/ml(Decol,)
0 v 0 9 |[——400meghi(Decol)
0 15 2540 50 65 75 8 [=X=500meghmi(Decol)
Time(Hrs.

Fig. — 14 — Effect of MO dye concentration on growth
and dye decolorization by isolate DA26.

It is clearly shown in graphical presentation (Fig-13 &
Fig.-14) that with increase in concentration of Mehyl
Orange from 100 — 500 mg/lit, growth of bacteria get
affected with increase in lag period and same efféc
can be seen in decolorization ability of Methyl
Orange dye with lesser extent and increase lag peod
in the case of both the isolates. This could be dudo
the toxic effect of dye at higher concentration for the
isolates. Similar results were reported by other
workers [21] that with increasing the dye
concentration gradually  decolorization rate
decreases, probably due to the toxic effect of dyes
with regard to the individual bacteria and/or
inadequate biomass concentration (or improper cell
to dye ratio) as well as blockage of active sites fo
azoreductase.
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Fig.- 15- Variation of spectra of Methyl Orange az
dye solution after decolorizing cultivation with
isolate DA17.
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Fig.- 16 — Variation of spectra of Methyl orange azo
dye solution after decolorizing -cultivation with
isolate DA26.

Decolorization of the dye solution by bacteria could
be due to adsorption to microbial cells or to
biodegradation. In adsorption, examination of the
absorption spectrum would reveal that all peaks
decreased approximately in proportion to each other
If dye removal is attributed to biodegradation, either
the major visible light absorbance peak would
completely disappear or a new peak would appear.
Dye adsorption would result in cell mats which are
deeply colored because of adsorbed dyes, whereas
those retaining their original colors are accompanid
by the occurrence of biodegradation. Both the Fig.15
and 16, display the change of visible spectra of Myl
Orange; using the supernatant fluid of the culture
after every 24 Hrs. up to 168 Hrs. decolorizing
cultivation with Diazotroph isolates DA17 & DAZ26.
The absorbance peak at 465 nm completely
disappeared after cultivation for decolorization. In
addition, as the azo dye was reduced, the broth
returned to its original color. These results suppat
the presumption that color removal by Diazotrophs
may be largely attributed to biodegradation. It is
reported by many workers that under anaerobic
conditions, reductive enzyme activities are higher;
however a small amount of oxygen is also requireddr
the oxidative enzymes which are involved in the
degradation of azo dyes. Some studies had reported
that during bacterial degradation of azo dyes both
oxidative and reductive enzymes play a role. Many
workers suggested that for efficient color removal,
aeration and agitation which increases the
concentration of oxygen in solution should be
avoided. Whereas some authors reported that the
aerobic condition is required for the complete
mineralization of the azo dye molecules [21]. Thusdr
the most effective effluent treatment an anaerobic
process with subsequent aerobic treatment can be
used to decolorize waste waters containing dyes and
improve their biodegradability.
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Fig.-18 — Methyl orange dye decolorization (%ge) ah
COD removal by isolate DA26 under static and
shaker conditions.

Experiments on decolorization using Methyl Orange
under laboratory conditions were performed. Two
strains of diazotrophs DA 17 and DA26, were
incubated under static and shaking conditions. The
results obtained from treatment of Methyl Orange for
both the isolates are shown in Fig.17 and Fig.18n |
case of isolate DA 17 (Fig.-17), Under static coriains
within 120 Hrs., decolorization of Methyl Orange weas
80% with COD removal of 28.50%, while under
shaker conditions, dye decolorization was 77.2% wit
COD removal of 50% were observed. The Fig.-18
shows the results for Decolorization of Methyl
Orange by isolate DA26 with 85% dye decolorization
and 31.85% COD removal under static conditions.
Whereas under shaker conditions, Dye decolorization
(80%) was near about same to static but COD
removal was increased to 49.47%. Anaerobic
conditions are usually referred to as favorable tothe
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