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ABSTRACT 

Two autochthonous bacteria having high potential of degrading paper mill effluent were isolated from the soil mixed 

with paper mill effluents. They were identified as Bacillus sp. and Pseudomonas sp. 78.37% and 70.89% of decolourisation was 

observed in the effluent treated with Bacillus sp. and Pseudomonas sp. respectively.  FTIR studies confirmed that there was a 

significant reduction in the lignin and cellulose components of the paper mill effluents treated with bacteria, Pseudomonas sp. and 

Bacillus sp. by 9.18% and 23.52% respectively. 
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INTRODUCTION 

 The paper industry is highly water intensive 

industry consuming enormous amount of water per ton of 

paper produced. For, every ton of paper produced, these 

mills generate 220-380 m- 
3 

of highly coloured and 

potentially toxic wastewater [1]. Such coloured toxic water 

besides producing aesthetically unacceptable intense 

coloring of soil and water bodies, it also blocks the passage 

of light to the lower depths of the aquatic system resulting 

in cessation of photosynthesis, leading to anaerobic 

conditions, which in turn result in the death of aquatic life. 

The brown colour of the effluents may increase the 

temperature and decrease photosynthesis, both of which 

may lead to decreased concentration of dissolved oxygen 

[2]. 

   The major problems of the effluent water were 

high organic content, dark brown colouration, absorbable 

organic halide (AOX), toxic pollutants, and polychlorinated 

dibenzo-p-furans (PCDFS). The paper mill effluent also 

causes accumulation of chemicals such as sodium 

hydroxide, sodium carbonate, sodium sulfide, bisulfides 

elemental chlorine or chlorine dioxide, calcium oxide, 

hydrochloric acid, etc, [3].      

The brown colour and high chemical oxygen 

demand of the paper mill effluent are mainly due to the high 

concentration of the lignin. Lignin is the major 

noncarbohydrate, polyphenolic structure constituent of 

wood. The presence of lignin causes serious pollution and 

toxicity problem in aquatic ecosystem. Some organic 

pollutants are known to be toxic, mutagenic, persistant and 

bioaccumulating and cause numerous harmful disturbances 

in biological systems, [4-5]. 

A number of physical and chemical treatment 

methods including ultra filtration, ion-exchange and lime 

precipitation are expensive and are also less efficient [6].  

Biological treatment has the advantage of being more 

efficient and less costly than the conventional methods. 

Furthermore, it has no hazardous impact on the ambient 

environment [7].  

Nowadays a wide variety of microorganisms 

including fungi, actinomycetes, and bacteria have been 

implicated in biodegradation of lignin via an oxidative 

process [8]. Fungi are unable to work efficiently under 

extreme environmental conditions, namely, high 

temperature, pH, and presence of toxic chemicals which 

usually exist in the treatment plants. In addition, fungal 

filaments cause structural hindrance, so its utilization is not 

feasible for biological treatment of pulp and paper industry 

effluent [9]. Indigenous soil bacteria or autochthonous 

bacteria which can survive under such extreme environment 

and can effectively degrade organic matter present in the 

paper mill effluent [10]. 

 So the Present study exploits the biodegradable 

potential of autochthonous bacteria to treat the industrial 

effluent from paper mills. The objectives of this study are 

the isolation of autochthonous bacteria from
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soil mixed with paper mill effluent and analyzing their 

efficiency of removing colour and degradation using 

spectrophotometer and FTIR spectroscopy.  

 

MATERIALS AND METHODS 

Collection of sample 

The paper mill effluent samples were collected 

randomly from the final channels of Tamilnadu Newsprint 

and Papers Limited industries of Pugalur Karur District, 

Tamilnadu, India.  Soil samples were collected from the 

vicinity of the same industries. The samples were then 

brought to laboratory and they were mixed with paper mill 

effluents and kept at room temperature for one month. Such 

the mixed soil samples were used for isolation of bacteria. 

 

Isolation of bacteria  

The isolation of bacteria was done by serial 

dilution and standard spread plate method. Plates were 

incubated at 37
°
C for 24 to 48 hours.  These bacterial 

colonies, named as BC1, BC2, BC3, BC4 and BC5, were 

separated and tested for their decolourisation ability [11]. 

 

Screening of decolourisation by bacteria colony 

Among the isolated five bacterial colonies two 

colonies BC 2 and BC 4 were found to have more 

decolourisation potential and so they were taken for further 

studies.  The decolourisation was enhanced by adding 

carbon and nitrogen sources, such as glucose, sucrose, 

starch and nitrogen sources viz., ammonium persulphate, 

sodium nitrate alone and in combination. 

 

Identification of bacteria 

 The two bacterial colonies BC 2 and BC 4 having 

high decolourisation potential were identified by studying 

their morphological, physiological and biochemical 

characteristics based on Bergey’s manual of systematic 

microbiology [12]. 

 

Decolourisation of effluent using isolated bacteria 

Paper mill effluent was scanned in a 

spectrophotometer to ascertain the wavelength of maximum 

absorbance and it was noticed at 465nm.  The rate of 

decolourisation was monitored at this wavelength. For 

colour determination, the effluent sample was centrifuged at 

1000 rpm for 30 min to remove all the suspended matter. 

The pH of the supernatant was adjusted to 7.6 with    2 N 

NaOH and then used for the measurement of absorbance at 

465 nm against distilled water as blank in 

spectrophotometer [13]. 

The isolated bacteria were maintained in nutrient 

agar slants. The bacterial isolate was grown in 250 mL 

Erlenmeyer flask containing 100mL of Nutrient broth. After 

24 hours the isolated culture was added to 250 mL 

Erlenmeyer flask containing 100 mL effluent with different 

carbon sources viz., glucose, sucrose, starch and nitrogen 

sources viz., ammonium persulphate, sodium nitrate either 

separately or in different combinations. Effluent alone was 

taken in control.    

The experimental samples were replicated twice with 

control.  5 ml sample was drawn from the inoculated and 

uninoculated samples and centrifuged at 10,000 rpm for 15 

min at 10°C .Then the supernatants were collected to obtain 

their optical density (OD) to be measured at 450nm under 

visible light in spectrophotometer. Finally, rate of 

decolourization or colour removal percentage was 

calculated. 

 

Colour removal percentage 

The percent colour reduction was measured as per the 

method of (13). 

                             

Colour Removal (%)= AUB – ARB/AUB(A) x100 

Where,  

AUB- Absorbance of uninoculated broth (A) 

ARB - Absorbance of residual broth 

                                                                                 

 

Analysis of degradation by (FTIR) spectroscopy 

            FTIR (Fourier Transform Infrared) spectroscope is 

an instrument which detects functional group changes and 

chemicals due to degradation by microorganisms.  The pulp 

and paper waste effluents degraded by bacteria were 

characterized after 72 hrs, of incubation.  The degraded 

residue was air dried and used for FTIR analysis [14]. 

 

RESULTS 

Identification of bacteria 

The isolated bacteria having higher degradation 

potential were identified as Bacillus sp., and Pseudomonas 

sp 

 

Colour removal of paper mill effluent using the isolated 

bacteria with co- substrates 

 Spectrophotometric analysis of the samples 

showed that the colour removal percentages was increasing 

from day to day in both control and experimental samples 

decolourisation of 78.37% occurred in sample enriched with  

Bacillus sp., bacteria. 70.89% of decolourisation was 

observed on the 7
th 

day in the sample enriched with 

Pseudomonas sp. Figures 2,3,4 and 5 show the spectrum of 

FTIR analysis of the degraded pollutants. The results have 

been interpreted in detail in discussion. 
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Table 1. Sample Names and their Constituents 

S.No 
Sample 

Name 
Constituents of the Sample 

1. Control 1 Effluent only 

2. Control 2 Effluent+ Bacillus sp., 

3. T1 Effluent+ Glucose (2.5g L
-1

) + Bacillus sp., 

4. T2 Effluent+ Sucrose (2.5g L
-1

) + Bacillus sp., 

5. T3 Effluent+ Starch  (2.5g L
-1

) Bacillus sp., 

6. T4 Effluent+ Ammonium persulphate  (1.25g L
-1

) + Bacillus sp., 

7. T5 Effluent+ Sodium Nitrate  (1.25g L
-1

) + Bacillus sp., 

8. T6 Effluent+ Glucose (2.5g L
-1

) + Ammonium persulphate (1.25g L
-1

)+ Bacillus sp., 

9. T7 Effluent+ Glucose  (2.5g L
-1

)+ Sodium Nitrate (1.25g L
-1

) + Bacillus sp., 

10. T8 Effluent+ Sucrose (2.5g L
-1

)+ Ammonium persulphate  (1.25g L
-1

)+ Bacillus sp., 

11. T9 Effluent+ Sucrose (2.5g L
-1

) + Sodium Nitrate (1.25g L
-1

) + Bacillus sp., 

12 T10 Effluent+ Starch (2.5g L
-1

) + Ammonium persulphate  (1.25g L
-1

)+ Bacillus sp., 

13. T11 Effluent+ Starch (2.5g L
-1

) + Sodium Nitrate + Bacillus sp., 

14. Control 3 Effluent+ Pseudomonas Sp., 

15. T12 Effluent+ Glucose (2.5g L
-1

)+ Pseudomonas Sp., 

16. T13 Effluent+ Sucrose (2.5g L
-1

)+ Pseudomonas Sp., 

17. T14 Effluent+ Starch (2.5g L
-1

) + Pseudomonas Sp., 

18. T15 Effluent+ Ammonium persulphate  (1.25g L
-1

) Pseudomonas Sp., 

19. T16 Effluent+ Sodium Nitrate  (1.25g L
-1

) + Pseudomonas Sp., 

20. T17 Effluent+ Gluco se  (2.5g L
-1

)+ Ammonium persulphate  (1.25g L
-1

) + Pseudomonas Sp., 

21. T18 Effluent+ Glucose (2.5g L
-1

) + Sodium Nitrate  (1.25g L
-1

) + Pseudomonas Sp., 

22. T19 Effluent+ Sucrose (2.5g L
-1

)+ Ammonium persulphate  (1.25g L
-1

)  + Pseudomonas Sp., 

23. T20 Effluent+ Sucrose  (2.5g L
-1

)+ Sodium Nitrate  (1.25g L
-1

) + Pseudomonas Sp., 

24. T21 Effluent+ Starch  (2.5g L
-1

)+ Ammonium persulphate (1.25g L
-1

)   + Pseudomonas Sp., 

25. T22 Effluent+ Starch  (2.5g L
-1

)+ Sodium Nitrate  (1.25g L
-1

) + Pseudomonas Sp., 
 

Table 2. Decolourisation Potential of Different Bacterial Colonies (BC) isolated from paper mill effluent 

S. No Bacterial colony Colour Removal% 

1. Control 38.55 

2. BC-1 49.24 

3. BC-2 55.05 

4. BC-3 43.37 

5. BC-4 63.27 

6. BC-5 28.55 

 

Table 3a. Colour Removal Percentage in Control and Treated Effluents with Bacillus sp., under un optimized condition 

S.No. Sample Name Decolourisation    % 

1. Control (Effluent only) 16.23 

2. Control (Effluent + Bacillus sp.) 58.55 

3. T1 (Effluent + Glucose (2.5gL
-1

) + Bacillus sp.) 67.72 

4. T2 (Effluent + Sucrose (2.5gL
-1

) + Bacillus sp.) 74.77 

5. T3 (Effluent + Starch (2.5gL
-1

) + Bacillus sp.) 68.73 

6. T4 (Effluent + Ammonium persulphate (1.25gL
-1

) + Bacillus sp.) 60.41 

7. T5 (Effluent + Sodium Nitrate (1.25gL
-1

) + Isolate Bacteria 1) 71.13 

8. T6 (Effluent + Glucose (2.5gL
-1

) + Ammonium persulphate (1.25gL
-1

) + Bacillus sp.) 78.37 

9. T7 (Effluent + Glucose (2.5gL
-1

) + Sodium Nitrate (1.25gL
-1

) + Bacillus sp.) 56.84 

10. T8 (Effluent + Sucrose  (2.5gL
-1

) + Ammonium persulphate (1.25gL
-1

) + Bacillus sp.)) 57.38 

11. T9 (Effluent + Sucrose (2.5gL
-1

) + Sodium Nitrate (1.25gL
-1

) + Bacillus sp.) 71.72 

12. T10 (Effluent + Starch ( 2.5gL
-1

) + Ammonium persulphate (1.25gL
-1

) + Bacillus sp.) 71.04 

13. T11 (Effluent + Starch (2.5gL
-1

) + Sodium Nitrate (1.25gL
-1

)  + Bacillus sp.) 69.83 

(T- Test Sample) 
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Table 3b. The Colour Removal Percentage in Control and Treated Effluents with Pseudomonas sp 

S.No Sample Name 
Decolourisation 

% 

1. Control (Effluent only) 16.23 

2. Control (Effluent + Pseudomonas sp.) 46.88 

3. T1 (Effluent+ Glucose (2.5gL
-1

) + Pseudomonas sp.) 62,71 

4. T2 (Effluent+ Sucrose (2.5gL
-1

) + Pseudomonas sp.) 59.83 

5. T3 (Effluent+ Starch (2.5gL
-1

) + Pseudomonas sp.) 68.66 

6. T4 (Effluent+ Ammonium persulphate (1.25gL
-1

) + Pseudomonas sp.) 47.94 

7. T5 (Effluent+ Sodium Nitrate (1.25gL
-1

) + Pseudomonas sp.). 47.32 

8. T6 (Effluent+ Glucose (2.5gL
-1

) +Ammonium persulphate (1.25gL
-1

) + Pseudomonas sp.) 54.59 

9. T7 (Effluent+ Glucose (2.5gL
-1

) + Sodium Nitrate (1.25gL
-1

) + Pseudomonas sp.) 59.39 

10. T8 (Effluent+ Sucrose  (2.5gL
-1

)+ Ammonium persulphate (1.25gL
-1

) + Pseudomonas sp.) 59.18 

11. T9 (Effluent+ Sucrose (2.5gL
-1

) + Sodium Nitrate (1.25gL
-1

) + Pseudomonas sp.) 63.43 

12. T10 (Effluent+ Starch ( 2.5gL
-1

) + Ammonium persulphate (1.25gL
-1

)  + Pseudomonas sp.) 63.03 

13. T11 (Effluent+ Starch (2.5gL
-1

) + Sodium Nitrate (1.25gL
-1

)  + Pseudomonas sp.) 70.89 

(T- Test Sample) 

 

Table 4. Colour Removal Percentage in Control and Treated Effluents with Bacillus sp., and Pseudomonas sp under 

optimized condition 

 

S.No 

Control and Treated Samples Absorbance and % of Colour Removal 

0 day 2 day 4 day 7 day 

 1. Control 1.590 1.368 

(13.96) 

1.049 

(34.02) 

0.977 

(38.55) 

 2. Bacillus Sp. 2.220 1.322 

(40.45) 

1.107 

(50.13) 

0.480 

(78.37) 

 3. Pseudomonas Sp., 1.828 1.246 

(31.83) 

0.972 

(48.26) 

0.532 

(70.89) 

(Values inside the parentheses indicate the percentage of colour removal) 

 

Fig 1. Colour Removal Percentage in Control and Treated 

Effluents with Bacillus sp., and Pseudomonas sp 

 

Fig 2. Fourier Transformed Infra Red (FTIR) Spectrum of 

control Sample 

 
Fig 3. Fourier Transformed Infra Red (FTIR) Spectrum 

of treated sample with Bacillus sp 

 

Fig 4. Fourier Transformed Infra Red (FTIR) Spectrum of 

treated sample with Pseudomonas sp 
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Fig 5. Fourier Transformed Infra Red (FT-IR) Spectrum of treated sample with Bacillus sp., and Pseudomonas sp 

 
 

DISCUSSION 

 In order to have efficient treatment system, it is 

imperative to reduce the color. Though many bacteria have 

been proved to be efficient in removal of colour, they were 

not successful practically when applied in large scale. 

Therefore, specific autochthonous bacteria which are 

adapted to the polluted soil were isolated which could 

degrade organic substances present in the effluent generated 

from pulp and paper mills.  

In this work, decolourisation was noticed in both 

control and experimental samples.  The decolourisation was 

significantly higher in sample enriched with bacteria than in 

control.  Significant degradation was mainly due to the 

addition of autochthonous bacteria to the effluent. Higher 

decolourisation in this study might also be due to the 

secretion of enzymes by these bacteria in response to the 

carbon and nitrogen sources added to the effluent. 

Supplementation of the medium with these resources has 

been reported to increase the growth of the bacteria and 

secretion of different enzymes in these bacteria [15]. Less 

decolourisation in control was due to the presence of lesser 

number of autochthonous bacteria and absence of carbon 

and nitrogen resources. A study on enzymes might further 

prove the degradation potential of these two bacteria. 

Decolourisation might be due to the degradation of 

lignin, cellulose and other organic pollutants. Singh et al.  

used mixed culture of two bacterial strains, Bacillus sp. and 

Serrantia marcescens to reduce COD, BOD, TS, TDS, TSS 

and showed degradation of pentachlorophenol up to 94% 

after 168 h by addition of glucose and peptone as additional 

nutrient source [16]. Raj et al explored bacterial strains for 

Kraft lignin degradation and reported reduction of color and 

Kraft lignin by 65% and 37%, respectively, after 6-day 

incubation period by adding cosubstrate glucose and 

peptone. Both Bacillus sp., and Pseudomonas sp., used in 

this work exhibited decolurisation potential [17]. These two 

bacteria have been proved to degrade paper and pulp mill 

waste effectively by Radhakrishnan Saraswathi et al., [18]. 

The degradation has been confirmed by the FTIR 

spectroscopic analysis of the samples. 

FTIR analysis was used to examine the quantitative 

and qualitative changes in the lignin and other carbohydrate 

components of the untreated (Control-D) and treated (S1, 

S2, and S3) samples of paper mill effluents.  The FTIR 

spectra of all these samples have been shown in the figures 

2, 3, 4 and 5. 

A wide absorption spectrum between the 

wavelengths 3326 cm
-1 

and 2913 cm
-1 

was observed in the 

control samples.  This could be assigned to stretching 

vibration of aromatic and aliphatic –OH in the lignin as 

reported by Mousavioun [19].  The absorption at the same 

range of wavelength has not been very strong in the treated 

sample S2 and S1+ S2 and very insignificant in S1. This 

clearly confirmed the degradation of lignin by bacteria in 

the treated samples and presence of more undegraded lignin 

in the control sample.  The biodegradation could be 

associated with the removal of methoxyl groups from 

aromatic ring in the lignin. 

The absorption between the wavelengths of 1639 cm
-1 

and 

1503 cm
-1

 indicated the aromatic skeletal vibration [20].  

This could be assigned to C=O antisymmetric stretching 

vibration of carboxylic groups. Carboxylic acid groups 

might have arisen from the hydrolysis of ester bonds linking 

gallotannin groups of carbohydrate moieties as suggested by 

Wersharor and Kennedy [21]. This might be due to the 

breakage of aromatic ring chain in the lignin or reduction of 

benzene   as interpreted by Lang Liu [22]. 

The absorption between 1388 cm
-1

 and 1218 cm
-1

 

could be assigned to the –CH deformation and aromatic ring 

vibrations.  The absorption also meant for the presence of 

non-etherified phenolic OH groups.  This could have 

resulted from the cleavage of ß-O-4 and α-O-4 lingages 

under alkaline pulping conditions, severe condensation 

reactions accompanied by the cleavage of ether linkages in 

phenolic phenyl propane unites [20]. 

The appearance of the bands in the same range of 

wavelength showed the existence of guaiacyl and syringyl 

groups in the lignin.  These bands appeared almost flat in S2 

sample and small in S2 and S1+ S2.  This disappearance of 

the bands in S2 sample could be attributed to the destruction 

of guaiacyl and syringyl groups in the lignin by the bacteria 

as interpreted by Lang Liu [22]. 

A prominent and very strong absorption peak at 

1021 cm
-1

 was observed in control sample whereas the 
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absorption at this wavelength was very less in the treated 

samples S1 and S1+ S2 and negligible in S2.  The 

absorption at this wavelength is characteristic of alcohols, 

carbohydrate and inorganic compounds.  This could be 

attributed to the presence of more undegraded cellulose in 

control sample as suggested by Suriyanarayanan [23].  The 

weak absorption in treated samples showed that there was a 

significant reduction in the quantity of cellulose.  The 

decrease in cellulose could be attributed to the bacterial 

degradation.  

In the present study autochthonous bacteria 

isolated directly from soil present in the premises of the 

paper industries are able to adapt to the extremely polluted 

environment easily and thus more efficiently biodegrade the 

pollutant. This is of particular advantage over the chemical 

and fungal treatment of pulp and paper mill effluent. 

 

CONCLUSION 

In this study the both Bacillus sp. and 

Pseudomonas sp, were also able to decolourise and degrade 

the organic pollutants present in the paper mill effluents. 

Since autochthonous bacteria are more adapted to the 

environment polluted with paper mill effluent they have the 

greater capacity of degrading the harmful pollutants. 
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