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ABSTRACT

Pseudomonas aeruginosa and Brevibacillus choshisemere enriched and isolated from effluent sangflea

textile processing unit using Sterile Minimal medigontaining 10% Glucose and incubated at 28 + 2foC7

days. Thesolates were identified using standard biochemieats carried out by KEM Hospital, Pune, Indiae$a
isolates were checked for decolourisation of textiyes and biological stain solutions. It was fodinat both the
bacterial isolates were able to degrade the textjes upto 250 ppm concentration. Pseudomonas mersa was
further studied for decolourisation of biologicahm solutions and was found to decolorize upto p@én of the
stain solution. Phytotoxicity of the textile dyessvestimated by measuring the relative changeséd germination
of three plants: Triticum spp. (Wheat), Vigna radigMoong seeds) and Brassica juncea (Mustardss3edRiadicle
and Plumule growth (length) were recorded afteraysiof exposure to different concentrations of dyegicity of

the degraded dye was also checked which indicdiadafter decolourization the toxicity of the dysluced. This
property of these bacterial isolates shows a pdégétihat can be utilized for the bioremediationwafrious textile
industrial effluents thus saving the ecosystem fnanmful effects of various dyes.
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INTRODUCTION

Rapid industrialization and urbanization that resin the discharge of large amount of waste inetironment, is
one of the main reasons for pollution. Textile alyging industries — one of the major industriednidia are the
main sources for release of colored effluents (ilpatonsisting of dyes) to the environment. Thedysed are
mainly synthetic in nature that makes them morkelstand more difficult to be biodegraded [1, 2]

Appearance of the industrial waste water that ihetuits colour and turbidity developed due to dyetamination
has to be removed before it is released into ther@amment[3] sinceit inhibits penetration of sunlight thereby
affecting photosynthesis and consequently the mtddty of the autotrophs. The treatment of texgfluents is of
interest due to their toxic and aesthetic impactsexeiving waters. While much research has bemmedaout to
develop effective treatment technologies for waatewcontaining azo dyes, no single solution has lsatisfactory
for remediation of broad varieties of textile waf2 Biotechnology presents opportunities to detoxifgustrial
effluents at a lower operating cost than other aysand chemical remediation processes such asrgam,
flocculation, membrane filtration, electrochemidachniques, ozonation, and coagulatigh 5. The use of
microorganisms for the removal of synthetic dyesrfrindustrial effluents offers considerable advgesasince the
process is relatively inexpensive and uses a simpltdod 6, 7, 8]
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MATERIALSAND METHOD

Chemicals:

Textile dyes (Red SNR and Blue SNR) were procurechfClarient, Ciba Company, New Delhi, India. Bigical
stains like Methylene Blue, Malachite Green andsEalyViolet were procured from S.D.fine- Chem .Lk#iymbai
and Saffranine from Loba Chemical Pvt. Ltd, Mumbai

I solation and identification the microor ganisms:

Effluent samples were collected from the viciniiyaotextile processing unit. The samples (1 ml)env@oculated
using Sterile Minimal medium containing MPO, (0.6 g), KHPQ, (0.4 g), NaCl (0.5 g), NkCI (0.1 g), 1M
MgSQ,.7H,O (0.1 ml), 0.1 % Vitamin Bsolution (0.1 ml), 0.1 N CagPH,O (0.1 ml) and 10% Glucose (1.0 ml)
(pH 7.4) along with 25ppm of dye and incubated&#22° C for 1 week at static conditions. The emei broth was
plated on sterile Minimal medium agar plates amiiated at 28 + 2° C for 24 hours. The isolatecoigms were
identified using standard biochemical tests caroetby KEM Hospital, Pune, India.

Textile dye tolerance: Two textile dyes - Red SNR & Blue SNR and the bjital stains- Methylene Blue,
Malachite Green, Saffranine & Crystal Violet, werged for tolerance study. Stock solution (10,00ppf each
dye was prepared in distilled water. The Minimunhibiitory Concentrations (MIC) of the dyes/stains fbe
isolated bacteria was determined by growing the puiture of the bacterial isolate in increasingant of the dye.
The inoculated tubes were incubated at 28 + 2° IC2fb hours. The tolerance was measured based avtlgro
observed within 24 hours (Turbidometry method).

Decolourization test: The isolated bacteria were further tested to clibek ability to decolorize the textile dyes
The bacterial isolates were grown in two differexadia-

1.Medium A- Sterile Minimal medium containing MdPO, (0.6 g), KHPO, (0.4 g), NaCl (0.5 g), NkCI (0.1 g),
1M MgSQ,.7H,O (0.1 ml), 0.1 % Vitamin Bsolution (0.1 ml), 0.1 N CagPH,O (0.1 ml) and supplemented with
1.0 ml of 10 % Glucose (pH: 7.4).

2.Medium B- Sterile Minimal medium containing MdPQ, (0.6 g), KHPQO, (0.4 g), NaCl (0.5 g), NkCI (0.1 g),
1M MgSGQ,.7H,O (0.1 ml), 0.1 % Vitamin Bsolution (0.1 ml), 0.1 N CagPH,O (0.1 ml) and supplemented with
1.0 ml of 10 % Casamino acids (pH: 7.4).

Each medium was supplemented with increasing cdrat@ms of the dye (50 ppm, 100 ppm, 150 ppm, 2ot
and 250 ppm). The flasks were incubated at 28 £ Zdr 24 hrs under static conditions. After incubatthe
solution was centrifuged at 5000 rpm for 10 minke Dptical density was taken at the appropriateelesgth §
max).

Percentage decolourization was calculated by thrada-[8]

Percentage decolourizatieninitial O.D. - Final O.D. X 100
Initial O.D.

Bioassay for dye toxicity (Seed germination test): In this experiment, the effect of four differemncentrations of
dyes was evaluated on germination of seeds ofr89l&riticum spp.,Vigna radiataandBrassica junceaThe seeds
were germinated in sterile Petri dishes. Three skten seeds each dfiticum spp.,Vigna radiataand Brassica
junceawere treated with 2 ml of dye solutions (concetidres of 500 ppm, 1000 ppm, 5000 ppm and 10,000 ppm
respectively). The range of the used concentratiowers possible dye discharge into water streareeds
germinated in petri dishes containing distilled evatvere used as a control. All dishes were keptoiom
temperature (28+2C) for the period of 6 days. Germination of se&ads daily recorded. At the end of the
germination experiment, the shooting percentagereodength of seedlings was measuféd1q

In another independent experiment, 100 ppm of tad BNR dye was subjected to degradatioPbgudomonas
aeruginosaThe inoculations were made as follows:

1.100 ppm of dye in plain water

2.100 ppm of dye in plain water & autoclaved

3.100 ppm of dye in plain water, inoculated, incudaae28 C for 2 weeks, centrifuged

4.100 ppm of dye in plain water, inoculated, incubdaae28C for 2 weeks, autoclaved

The toxicity of the degraded dye was checked byking the germination pattern dmiticum spp.,Vigna radiata
andBrassica junce&eeds. The seeds were germinated in sterile dighes, layered with sterile circular filter paper
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(diameter-10cm). 10 Seeds eachTaoticum spp.,Vigna radiataand Brassica junceawere irrigated with 2 ml of
samples described in the table above. Every day& the same dye solution was applied to the serfaf the filter
paper. Each treatment was replicated three timesdsSgerminated in petri dishes containing distillater were

used as a control. All dishes were kept in roonpterature (28+2C) for the period of 6 days. Germination of seeds

was daily recorded. At the end of the germinatinpegiment, the shooting percentage and root leofjfeedlings

was measured.

RESULTSAND DISCUSSION

The two bacterial isolates were obtained from efflusamples taken from textile industries by emnighthese
samples and they were identified by biochemicast@§EM Hospital, Pune, India) &seudomonas aeruginosad
Brevibacillus choshinensi§Table 1a and 1b)

Sr. No. | Biochemical test Result | Sr. No. | Biochemical test Result

1. Beta xylosidase - 2. D-Mannitol -

3. L-Lysine -Arylamidase - 4. D-Mannose -

5. L-Asparatate Arylamidase - 6. D-Melezitose -

7. Leucine Arylamidase + 8. N-Acetyl-D-Glucosamine -

9. Phenylalanine Arylamidase + 10. Palatinose -

11. L-Proline Arylamidase - 12. L-Rhamnose -

13. Beta galactosidase - 14. Beta-glucosidase -

15. L-Pyrrolydonyl -Arylamidase + 16. Beta-Mannosidase -

17. Alpha galactosidase - 18. Phosphoryl choline -

19. Alanine arylamidase + 20. Pyruvate -

21. Tyrosine arylamidase + 22. Alpha-glucosidase -

23. Beta- N -Acetyl- Glucosaminidase  + 24. D- tagatose -

25. Ala-Phe-Pro-Arylamidase + 26. D-trehalose -

27. Cyclodextrine - 28. Inulin -

29. D-galactose - 30. D-glucose -

31. Glycogene - 32. D-ribose -

33. Myo-inositol - 34. Putrescine (assimilation) -

35. Methyl-A-D-Glucopyranoside - 36. Growth in 6.5%NaCl

37. Ellman - 38. Kanamycin resistance -

39. Methyl-D-xyloside - 40. Oleandomycine resistande -

41. Alpha-Mannosidase - 42. Esculin hydrolyse +

43. Maltotriose - 44, Tetrazolium red +

45. Glycine arylamidase - 46. Polymixin B resistance -

Table 1a: Biochemical testsfor Brevibacillus choshinensisidentification (KEM, Pune)

Sr. No. | Biochemical test Result | Sr. No. | Biochemical test Result
1. Ala- Phe- pro- Arylamidase - 2. Saccharose/sucrose -
3. Adonitol - 4. D- tagatose -
5. L-Pyrrolydonyl-Arylamidase - 6. D- trehalose -
7. L-Arabitol - 8. Citrate (Sodium) +
9. D-Cellobiose - 10. Malonate +
11. Beta-Galactosidase - 12. 5-Keto-D- Gluconate -
13. H2S Production - 14. L —Lactate alkalinisation +
15. Beta-N-Acetyl-Glucosaminidase - 16. Alpha- Glucosidase -
17. Glutamyl Arylamidase pNA - 18. Succinate alkalinisation +
19. D- Glucose + 20. Beta- N-Acetyl- Galactosaminidage -
21. Gamma-Glutamyl Transferase + 22. Alpha- Galactosidase -
23. Fermentation/ Glucose - 24. Phosphatase -
25. Beta- glucosidase - 26. Glycine arylamidase -
27. D- maltose - 28. Ornithine Decarboxylase -
29. D- mannitol + 30. Lysine decarboxylase -
31. Beta- Xylosidase + 32. Decarboxylase base -
33. Beta — Alanine Arylamidase pNA - 34. L-Histidine assimilation +
35. L- Proline arylamidase + 36. Courmarate +
37. Lipase + 38. Beta- glucoronidase -
39. Palatinose - 40. 0/129 Resistnace (Conyfibrio) +
41, Tyrosine arylamidase + 42, Glu-Gly-Arg-Arylamidase -
43. Urease - 44, L-malate assimilation +
45. D-sorbitol - 46. Ellman -s
47. L-Lactate assimilation +

Table 1b: Biochemical testsfor identification Pseudomonas aeruginosa (KEM, Pune)
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These isolates were checked for their dye decdation potential by growing them in Medium A and dilen B
(Sterile Minimal broth containing Glucose and Seehlinimal broth containing Casamino acids) contagrvarious
concentrations of the textile dye. It was seen twh the organisms could effectively decolorize ttye when
grown in Medium A. The decolourization in Medium Bas less in comparison with Medium A when the
absorbance was checked suggesting that the dyedenagting as Nitrogen source in the medium supgheed
with glucose acting as Carbon source.

The absorbance was found out for both the dyelseaappropriate wavelengife. Red SNR dye at 523.20 nm and
for Blue SNR dye at 611.60 nm using UV-Visible gpeghotometer. The percentage decolourization wasd out
using the formula-

Percentage decolourizatieninitial O.D. - Final O.D. X 100
Initial O.D.

Highest percentage decolourization was showR$gudomonas aeruginosdoen grown in Medium A (Table 2).

A max Per centage Decolourization:

Sr.No | Nameof the dye (nm) 100 ppm | 150ppm | 200 ppm | 250 ppm
GP 90.42 91.45 93.12 93.68

- GB 83.42 78.90 84.02 86.74

L Red SNR 5232 CP 02.04 23.63 17.49 17.62
CB 07.55 04.13 06.87 11.68

GP 75.99 76.53 80.18 78.13

GB 68.47 68.53 73.11 68.98

2. Blue SNR 6116 Ccp | 0083 | 04.53 11.53 23.40
CB -- 12.40 09.67 06.80

GP- Glucose with Pseudomonas aeruginosa
GB- Glucose with Brevibacillus choshinensis
CP- Casamino acids with Pseudomonas aeruginosa
CB- Casamino acids with Brevibacillus choshinensis

Table2: Percentage decolourization of red dye and blue dye withPseudomonas aer uginosa and Brevibacillus choshinensis

Pseudomonas aeruginoshowed a percentage decolourization of 93.68 %/&ntlB3 % respectively when grown in
Medium A containing 250 ppm solutions of the RedRSHye and Blue SNR dy&hereasBrevibacillus
choshinensishowed a percentage decolourization of 86.78 %68r@B % [Fig 1, 2, 3 and 4].

% Decolourization of Textile Dye
100
90 — ] ]
80 1| O Pseudomonas aeruginosa with
20 Glucose
- 1
2 B Brevibacillus choshinensis with
= 601
Q Glucose
‘= 501
5 20 L O Pseudomonas aeruginosa with
e Casamino acids
) 30 +
Do 20 O Brevibacillus choshinensis with
> 11 Casamino acids
10
0 T T _| T —l T
100 150 200 250
Red Dye Conc. (ppm)

Fig 1: Percentage decolourization of Red SNR dye by two bacterial isolates grown in Medium A and Medium B
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Fig 2: Per centage decolourization of Blue SNR dye by two isolates grown in Medium A and Medium B
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Fig 3: Comparison between the Per centage decolourization of Red SNR dye and Blue SNR dye
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A
Before After Before After

Fig 4: Decolourisation of Blue dye and Red dye

When the medium was supplemented with Casamina éblddium B), the percentage decolourization of BBIR
dye was reduced from 93.68 % to 17.62 % Rseudomonas aeruginosmd from 86.78 % to 11.68 % for
Brevibacillus choshinensis

The dye decolourization capacity &fseudomonas aeruginosaas studied using biological stain solutions-
Methylene Blue, Malachite Green, Saffranine & Cayatiolet and it was found th&seudomonas aeruginosas
able to decolorize biological stains upto 100ppmoemtration (Table 3).

Sr. No | Name of the Biological stain )“(rr]nma)x Pe’sge;;amge Decol(i%l ;Z)erl)trlr?n.
1. Methylene blue 570 77.99 60.98
2. Malachite green 570 75.86 60.13
3. Saffranine 450 40.50 49.35
4. Crystal violet 520 24.10 40.50

Table 3: Percentage decolourization of Biological stainswith Pseudomonas aeruginosa after 24 hours.

20 7

70 %5,
60
50 60. B Methylene Blue

40,/ 49, Malachite Green

40. Saffranine
307

B Crystal Violet
207

10

50 100

Fig 5: Per centage decolourization of Biological Stains by Pseudomonas aeruginosa after 24 hours.
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After incubation of Pseudomonaseruginosawith the individual biological stain solution for42hours, the
percentage decolourization for Methylene Blue, Mhite Green, Saffranine and Crystal Violet was fbio be
77.99 %, 75.86 %, 40.50 % and 24.10 % respectifety5 & 6).

MR Ma

sT™

Cv ¢
S8 s 2

Fig 6: Biological stain decolourisation by Pseudomonas aeruginosa
A- Methylene blue
B- Malachite green
C- Saffranine
D- Crystal violet

In other dye degradation studies, it was seen3hatvanella putrefaciemsS96, isolated from activated sludge was
capable of completely decolorizing

100 ppm dyes in just 4-8 hours of static incubati@®@hewanella putrefacien8S96 was capable of decolorizing
dyes in media containing NaCl concentrations ah higg60 gm/li{11]. Aspergillus nigeandPenicillium sppwere
also found to efficiently cause biodegradation loé tcolour Direct Red 81 dye and Reactive Red 128 dy
respectively{12]. Apohan and Yesilada (2005) reported that the toxiof azo dyes could be removed by fungal
treatmentSome researchers have also reported about redinarigxicity of various dyes by fungal treatmehB
14, 15].In some cases anaerobic conditions are requirethéodye decolourisation by Serevisiag16]. Aerobic
Staphylococcus aurewsgas found to reduce the colour of the crude efffiuly 37.5% after 90 days of incubation in
the crude effluent. Similarlacillus subtilis wadound to reduce the colour by #5[2]. Aerobic reduction has
also been reported to occur in several bacteridh sisi®>seudomonas sl7], Bacillus sp [18] and Klebsiella
pneumonig19]. Studies show thakcetobacter liquefaciens unique in that decolourisation of Methyl Redtars
sufficiently under both aerobic and anaerobic iGtatonditions[20]. Enterococcus faecali¥Z 66 was found to
decolourize Reactive orange. It was found to dec®or7.73% of the dye in 80 minutes [21]

The bioassay for dye toxicity in this study was dthoon measuring the effect of dye (Red SNR) on seed
germination, plant shooting and root elongatiore phytotoxicity of different soluble textile dyessvestimated by
measuring the relative changes of the aforemendigulant parameters usingigna radiata (whole moong),
Triticum spp (Wheat) anBrassica juncegMustard seeds) seeds as test plants.[Table 4]
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S Dye (Red SNR) o . Average shoot | Average Root
type concentration in ppm 6 germination length (cm) length (cm)
Control 100 % 5.45 9.99
500 ppm 100 % 5.02 8.76
- 1000 ppm 100 % 3.89 4.87
Triticum spp (Wheat) 5000 ppm No germinatior] -- --
10,000 ppm No germinatiol
Control 100 % 5.88 4.98
1000 ppm 100 % 4.78 3.58
Brassica juncea (M ustard seeds) 5000 ppm 40 % 1.80 2.99
10,000 ppm 60 % 211 2.45
Control 100 % 5.00 4.92
500 ppm 100 % 4.53 4.00
Vigna radiata (M oong seeds) 1000 ppm 100 % 4.18 3.64
5000 ppm 100 % No shooting 2.98
10,000 ppm 100 % No shooting 2.45

Table4: Comparison between % germination, shoot and root length of different seeds at different dye concentrations.
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Fig 7: Effect of textile dye on Triticum spp (Wheat) germination
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Fig 8: Effect of textile dye on Brassica juncea (M ustar d seeds) ger mination

The results show that high concentrations of dyesevmore toxic to seed germination as compared tivéHower
concentrations [ Fig 7,8 & 9]. Similar study washdacted by Rewet. al (1996) who demonstrated the toxicity of
Polycyclic Aromatic Hydrocarbons (PAHSs), Anthrace#NT), Benzo[a]Pyrene (BAP), and Fluoranthenehe t
duckweed_emna gibba LandBrassica napus L seeds. These authors used the germinatimieeffy, root and
shoot growth, and chlorophyll content, as a measen for toxicity. Hassan Moawaa. al (2003) showed that the

textile dyes were toxic to the seed germinationcess of four plants: clover, Triticum spp (Whe#admato and
lettuce.
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The results of this study suggest that while theosure of seeds to low concentration of dye dugegnmination
was less toxic to seed germination as compared théhhigher concentrations, the low concentratibthe dye
could adversely affect the shooting percent sigaifily. This is in agreement with the previous wdrk
Kosinkiewiczet. al.(1984) who reported that most dyes containing pheng were phytotoxic.

Fig 9: Effect of textile dye on Vignaradiata (M oong) seed ger mination

100 ppm of the dye was subjected to decolourisdiipRseudomonas aeruginasafter incubation at 28C for 2
weeks, the percentage decolourisation obtained68a& %. The effect of the decolourised dye waslodd by
checking the germination pattern \digna radiata(Moong), Triticum spp (Wheat) an@rassica juncegdMustard)

seeds (Table 5).

Seed type Per centage ger mination(%) | Average shoot length (cm) | Average Root length (cm)
Water control 100 14.44 13.64
Vigna radiate Dye 100 10.46 6.74
(Moong Seed) Autoclaved dye 100 10.04 4.56
Inoculated /autoclaved 100 14.0 6.07
Inoculated /centrifuged 100 11.3 7.5
Water control 100 5.325 7.72
Brassica juncea Dye 100 446 6.28
(Mustard seeds) seeq SAutoclaved dye 100 4.3 4.14
Inoculated /autoclaved 100 4.55 10.45
Inoculated /centrifuged 100 5.87 5.65
Water control 100 7.63 10.30
Triticumspp Dye 100 7.0 88
(Wheat) Autoclaved dye 100 5.76 7.33
Inoculated /autoclaved 100 8.77 11.6
Inoculated /centrifuged 100 8.2 8.03
Table5: Comparison between % germination, shoot and root length of different seeds using decolorize dye.
2668
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1}

Fig 10: Decolourization of Textile Dye Red SNR by Pseudomonas aer uginosa after two weeks of incubation at room temper ature.
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Fig 11: Effect of treated dye sample on Vigna radiata (M oong seeds), Triticum spp (Wheat), Brassica juncea (Mustard seeds)

Water control

100 ppm of dye in plain water

100 ppm of dye in plain water & autoclaved

100 ppm of dye in plain water, inoculated, incidobat 28 C for 2 weeks, centrifuged
100 ppm of dye in plain water, inoculated, indelolaat 28C for 2 weeks, autoclaved

mooOw>

The results obtained showed that decolourisatiah@ye resulted in reduction in the toxicity bétdye (Table 5,
Fig 10 & 11). Hence wheRseudomonas aeruginosas used to decolorize the textile dye RED SNRpttonly
decolorized it but also reduced its toxicity.

CONCLUSION

Thus from the current study, it can be conclud#tht the two isolates were capable of degradingl¢edyes as
well as biological stains and this property of thelates can be further used as a basic tool farebiediation of
various textile effluents.
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