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INTRODUCTION

Paper industry is one of the oldest and largest industry,
which consume huge amount of water to carry out production
process with intake of some raw materials such as wood, cellulose,
vegetables, baggase, fibres and waste paper etc. [1]. Production
process discharges ton of wastewater loaded with toxic organic
pollutants, high pH, COD, BOD value and dark bright colours.
The colouring agents present in wastewater stream are organic
in nature, consists of tannin resins, synthetic dyes and wood
extractives [2]. In addition to these colouring agents, lignin is
also responsible for colouration in industry effluents. Lignin
is one of the woody feature of higher plants with high molecular
weight that acts as binder (agent) to hold cells together. Prese-
nce of lignin imparts dark brown colour to the effluent and is
non-degradable [3]. Inspite of colour, these are also responsible
for increasing temperature of water and decreasing the rate of
photosynthesis [4]. Hence, it has been regarded as most pollu-
tion generating industrial area that disturbs the ecological
balance in environment. Rapidly increasing population and to
meet increasing demands have established many more industries,
giving birth to such many environmental issues. Numerous
treatment processes have been existing worldwide to treat paper
pulp industrial effluents such as distillation, chemical oxida-
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tion, Fenton’s process, ozonation, wet air oxidation, hydrogen
peroxide oxidation [5], etc. but application of these processes
have been limited by a number of new arising problems
associated with them such as their high operating cost, sludge
generation and they have also been found with unsatisfactory
results for COD and BOD reduction. To limit these existing
problems researchers switch on to the biological treatment
strategy that has been found to be satisfactory in the reduction
of BOD/COD amount along with greater degradation of lignin
and its derivatives. Inspite of all these issues industrial effluents
is causing severe hazard to the aquatic life. Hence, there is
dire need of adopting any eco-friendly and efficient technique
in order to reduce these hazards.

This paper reviews the bio-degradation strategy consisting
aerobic/anaerobic treatment, enzymatic, bacterial and fungal
treatment for the reduction of BOD/COD, colour, lignin and
phenol from paper pulp industry because this method is
comparatively more promising.

Characteristics of industrial effluent:
• High concentration of insoluble pollutants that do not

settle down easily.
• Soluble pollutants at variable concentration BOD = 100-

1000 mg/L and COD = 300-4000 mg/L.
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content 
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Low biodegradability

Characteristics 
of paper pulp

industry effluents

High pH, COD,
BOD value

• Presence of phenolic compounds.
• Presence of intense brown colour due to lignin and its

derivatives.
Source of colour: Colour in paper pulp industry comes

from lignin and its derivatives. Paper making generates colour-
less effluent carrying a bit of dyes [6]. The major contribution
is being made by pulp mill processing. Bleaching unit is one
other colour source, where scope of reusing filterate is very
little. Among the effluents, caustic filterate extraction stage is
highest coloured effluent [7].

Biological treatment method: Most of the researchers
have focussed on eco-friendly and energy saving technique
for the wastewater treatment. Therefore, they have implied
biological approach for the removal of undesirable contami-
nants from the industrial effluents of paper-pulp mill. Biolo-
gical treatment helps in the reduction of colour, COD, BOD
and low molecular weight toxic derivatives. This treatment
strategy has been found to be inexpensive, simply designed
and environmental friendly. The following are some of the
biological strategies that have been implied for the treatment
process of effluent along with their advantages and disadvan-
tages.

Aerobic treatment: Aerobic treatment includes aerobic
activity of micro-organisms in the presence of oxygen to carry
out their metabolic activity. Oxygen is supplied in the form of
air to carry out degradation of oxygen demanding organic
components. Aerobic treatment produces CO2 green house gas
and large quantity of sludge through the removal of carbonaceous
material. Production of green house gas can be estimated by the
CO2 emmision from removal of BOD and biomass decay [7].

    Green house gas emission =  CO2 (from BOD removal) +
        CO2 (from microbial biomass decay)

There are number of aerobic systems available for the
treatment methodology such as aerated lagoons, activated
sludge system, bio-film process, etc. [8].

Aerated lagoon: Use of aerated lagoon is a biological
treatment method used by many researchers for paper pulp
effluents. A lagoon is basically large shallow pond where
biological treatment of wastewater has been carried out with
active microbes and mechanical aeration. This strategy is easy
to operate and maintained along with high load capacity but,
it is space consuming with residence time of 5-7 days and

moreover large energy is required for aeration. Some aerated
lagoons have been modified into long term activated sludgers
(LAS) having short residency of 1 day [9]. Several workers
[10-12] treated wastewater of pulp paper mill with aerated
lagoon and found to have 30-40 % COD reduction and 50-70
% BOD reduction. Bryant [13] set up the treatment process
for paper pulp effluent with aerated lagoon and reported 67 %
COD reduction, but nitrogen supply could effects the
degradation efficiency of contaminants.

Activated sludge process: This process is generally
carried out in 2 steps. Firstly, wastewater is treated with high
concentration of microbes and strong aeration facility for few
hours or a day. Secondly, separation of water and sludge, has
been done in sedimentation basin followed by re-circulation
of sludge that enables high concentration of microbes for
extensive reduction of organic compound. The advantage of
this system is that there is controlled degree of degradation
but, this approach failed to uptake fast load changes and also
high sludge generation [14]. Maximum removal efficiency i.e.
95 % COD reduction has been monitored by anaerobic treat-
ment with activated sludge process as reported by Bengtsson
et al. [15]. Some other investigators [16-18] treated wastewater
of pulp and paper mill and high reduction efficiencies for COD,
BOD i.e. 70 and 90 % has been reported with activated sludge
method.

Anaerobic treatment: Anaerobic treatment process
involves anaerobic activity without oxygen to carry out the
degradation process [19]. Anaerobic process produces methane
gas, having 34 times more global warming potential than CO2

gas [20]. But, if generated methane gas is recovered and used
as a energy source then the anaerobic treatment process could
be cost effective than the aerobic treatment process. Moreover,
green house gas (GHG) emission during anaerobic treatment is
little less than during aerobic treatment because of lower
volume of sludge generation [7,20].

GHG emission = CO2 (from BOD removal) + CO2 (from biomass decay) +
       CO2 (CH4 combustion) + CO2 (CH4 leakage)

Among anaerobic treatment methods UASB reactor (up-
flow anaerobic sludge blanket) and FBB (fluidized bed reactor)
have been tried out for the treatment of paper pulp wastewater
[21].

Chen and Horan [21] examined the use of UASB reactor
for the treatment of newsprint paper mill effluents for the COD
removal with 66 % and sulphite removal with 73 %. The gene-
ration of methane gas and sludge has been monitored during
COD removal. Chinnaraj and Venkoba Rao [22] used USAB
reactor for the treatment strategy with 80-93 % removal
efficiency for COD. Buzzini and Pires [23] also tried USAB
reactor for the treatment of bleached and unbleached effluents
with 79-82 % COD removal and 71-99 % chlorinated organics.
USAB reactors have also been used by Rintala and Lipisto
[24] for the treatment process. The results have been monitored
for COD removal at different temperature ranges i.e. 82 %
removal at 35 °C, 92 % removal at 55 °C and 86 % removal at
65 °C [24]. Deshmukh et al. [25] tried up-flow anaerobic filter
(UAF) for the treatment of bleaching wastewater. The BOD
and COD removal efficiency has been monitored with 70 and
50 % respectively.
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Enzymatic treatment: Microbes have been engineered
to produce enzymes which otherwise do not possess high
enzyme activity. Enzymatic treatment method has been used
as a primary treatment or in combination with biological unit.
Among the enzymes, oxidoreductase like laccases, tyrosinases
and per-oxidases have the capability to carry out removal of
colour and phenolic compounds in bleaching effluent [26].
This method enlists no. of advantages such as ease of control,
low generation of sludge, effectiveness over a heavy load of
concentration, pH and less contact time. This treatment strategy
involves polymerization of target toxic contaminants without
breakdown until products reach their point of precipitation.

Tyrosinases and laccases are both copper containing
enzymes. o-Hydroxylation of mono phenols to o-diphenols
followed by the oxidation of o-diphenols to o-quinones has
been carried out by tyrosinases enzyme [26,27]. Laccases
enzyme activity has been initiated by molecular oxygen (4-
electron) whereas, activity of heme-protein peroxidises (HRR)
has been initiated by hydrogen peroxide (2-electron). They
each carry out one electron oxidation of phenols to form
phenoxy radicals which further couple non-enzymatically to
form dimers [28].

Soyabean peroxidase (SBP) has received more attention
than heme-protein peroxidase (HRP). Soyabean peroxidase
has been found to be more effective than HRP enzyme for the
removal of phenol [28,29]. Rezvani et al. [30] studied immo-
bilized SBP for the removal of phenol in a semi-permeable
alginate membrane with 97 % removal efficiency at 56 °C.
Kurnik et al. [31] investigated another plant peroxidise, from
potato pulp for the phenol removal. The removal efficiency
has been found to be 90 % at pH 4-8, in 2 h reaction time. The
removal efficiency seems to decrease at pH 10 value. Inacti-
vation of the enzyme is also one of the shortcoming associated
with enzymatic treatment.

Fungal treatment: Fungal species have been found to
be most attractive to carry out bio-degradation of undesired
contaminants. Research work has been more focused on white
rot fungal sp. because of their powerful degrading enzyme
activity system. Karn et al. [32] studied the bio-degradation
of phenol using Candida tropicalis with 98.7 % removal
efficiency. Nagarathnamma and Bajpai [33] utilized fungi
Rhizopus oryzae, zygomycete, for detoxification of effluents.
This fungal sp. shows 92-95 % colour removal, 50 % COD,
72 % adsorbable organic halides and 34 % extractable organic
halides at temperature of 25-45 °C for 24 h at pH value 3-5
[33]. White rot fungal sp. Fomes lividus and Trametes versicolor
have been tested for effluent treatment. The results for the
removal of colour have been found to be 68 % with Trametes
versicolor on 6th day and 59.32 % by Fomes lividus on 7th day
incubation whereas, COD reduction has been achieved 59.3
% by both sp. [34]. The isolated fungi sp. Trichoderma reesei
exhibit higher rate of degradation i.e. 99 % BOD removal and
80 % COD removal when used individually [35]. White rot
fungal sp. has been also demonstrated by Saxena and Gupta
[36] for the treatment strategy with 41 % COD reduction and
34 % colour degradation. Prasad and Gupta [37] have demons-
trated two fungal sp. namely T. versicolor and P. chrysosporium
for the treatment of effluent. Nearly about 78-79 % degradation

efficiency for COD and 84-94 % colour reduction has been
noticed with these fungal sp. One other fungal sp. known as
Trametes pubescens has been investigated by Gonzalez et al.
[38] to carry out bio-remediation with the degradation effici-
ency of 94.6 % for 2-chloro phenol and 67.8 % for pentachloro
phenol [38]. Singhal and Thakur [39] also studied the colour
reduction with 66.6 % efficiency and lignin degradation with
37 % efficiency with the application of Emericella nidulans.
Treatment of wastewater effluent has also been carried out by
Liu et al. [40] with the help of Aspergillus niger fungi and
indicated the 60 % COD reduction and 43 % colour reduction.
The COD reduction has also been indicated with other two
fungal species namely Rhizopus oryzae and Phanerochaete
chrysosporium with the reduction efficiency of 81-82 %, as
reported by Frietas et al. [41]. Malaviya and Rathore [42] have
also studied the applicability of Fusarium sambucinum to carry
out biodegradation method and indicated the reduction
efficiency of 89.4 % for COD, 78.6 % for colour and 79 % for
lignin. Nearly about 74-81 % COD reduction of waste effluent
of Kraft pulp mill has been reported by Frietas et al. [41] in
his experiment. Fungal cellobiose dehydrogenate has been
explored by Wingate et al. [43] for the treatment of waste
effluent and 50 % colour reduction has been reported in his
work. The biodegradation efficiency of effluent has also been
observed with the application of Schizophyllum commune fungi
by Senthilkumar et al. [44] and it has been found to have 98 %
colour reduction, 70 % BOD reduction and 72 % COD redu-
ction within two days at pH value 4-5 [2]. Saritha et al. [45]
have reported bioremediation of effluent by using Phanero-
chacte chrysosporium and Trametes hirsute fungal species and
are capable of reducing colour with 78.6 % efficiency, lignin
degradation with 79 % and COD reduction with 89.4 % efficiency
within 21 days incubation [45]. One other fungi known as
Tinctoria borbonica has been stimulated by Tiku et al. [46]
for the treatment of effluent. Nearly about 25 % COD reduction
and 85 % colour reduction has been reported within 3 days
of incubation at pH = 4 [46]. One other soil saprophyte known
as Gliocladium vireus has been found to carry out bioremedi-
ation of effluent of paper-pulp mill. It has been noticed reduction
efficiency of 42 % for colour, 52 % for lignin and 65 % for
BOD, as reported by Kamali and Khodaparsat [2]. One other
white rot fungal sp. Coriolus versicolor known for the decolouri-
zation of effluent within 60 % colour reduction efficiency as
reported by Tiku et al. [46]. Biodegradation of effluent has also
been carried out with Cryptococcus fungi with 27 % reduction
efficiency for colour, 24 % degradation efficiency for lignin, as
reported by Singhal and Thakur [47]. Fungal sp. known as
Aspergillus foetidus has also been studied by Sumathi and
Pathak [48] for its ability to reduce colour of effluent with 90-
95 % efficiency. Tyagi et al. [49] studied the reducing efficiency
for BOD, COD and lignin with 87.2, 94.7 and 97 % efficiency
respectively. Rodriguez et al. [50] conducted a study for bio-
degradation of lignin with the use of some soil fungal sp. namely
Fusarium oxysporum, Penicillium chrysogenum, Fusarium
solani and reported 23.5, 27.4 and 22.6 %, respectively degra-
dation efficiency for lignin whereas, only 25 % degradation
efficiency for lignin has been indicated with Chrysonilia sitophila
fungi. Abd El-rahim and Zaki [51] studied the reduction of
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colour upto 99 % with the application of fungi Tinctoria borbonica.
Schizophyllum commune fungal specie has been found capable
of reducing colour upto 90 %, BOD upto 70 % and COD upto
72 % within 2 days as reported by Saritha et al. [44]. Glicladium
virens fungi has been employed to carry out bioremediation
of paper-pulp effluent by reducing colour upto 42 %, lignin
upto 52 % and BOD upto 65 %, studied by Khodaparast and
Kamali  [2]. Aftab et al. [52] studied the ability of Coriolus
versicolor fungi in liquid culture for colour reduction of
effluent with 60 % efficiency within 6 days incubation. Anand
and Jha [53] studied the potential of Aspergillus flavus fungi
for the bio-treatment of mill effluent and revealed colour
reduction upto 31-51 % and lignin degradation upto 39-61 %
within 10 days. Two other fungal sp. namely Dardaleopsis sp.
and P. chrysosporium has been reported with COD reducing
efficiency of 59.71 and 66-83 % respectively whereas, colour
reducing efficiency of 86 % has been notified by both of them
[54]. Fungi Cryptococcus has been notified with 35-40 %
efficiency for lignin degradation and 50-53 % efficiency for
colour reduction at pH = 5-6, as reported by Singhal and Thakur
[47]. One other fungi Datronia has been recorded for decolouri-
zation with 89.8-90 % efficiency and COD reduction with 34.5-
40.4 % efficiency, as reported by Torpong et al. [55]. Apiwatanapiwat
et al. [56] examined three fungal species namely Trichaptum,
Datronia and Trametes for the colour reduction of effluent with
54.4, 54.9 and 53.7 % efficiency, respectively.

Fungal treatment of paper pulp industry effluent has been
found to be less feasible because fungal sp. are unable to grow
rapidly under extreme conditions of high pH, temperature and
limited oxygen.

Bacterial treatment: In order to obtain effective treatment
of waste effluent, thereby reducing COD/BOD, lignin and colour
some bacterial strains have also been isolated by some researchers.
Chandra et al. [57] demonstrated two bacterial strains namely-
Bacillus cereus and Serratia marcescens for their study. Colour
reduction, lignin, BOD, COD reduction has been found to be
45-52, 30-42, 40-70 and 50-60 %, respectively in period of 7
days with the use of these strains. Raj et al. [58] studied Bacillus
bacterial sp. for the treatment strategy. With the application of
Bacillus, the result has been found to be 61 % for colour reduction,
53 % for lignin, 82 % for BOD and 78 % for COD removal in
period of 6 days. One another researcher reported the bacterial
strain Aeromonas formicans for the reduction of colour, COD
and lignin. The reduction efficiency has been found to be 70-
80 % for COD and lignin, 85 % for colour reduction in 8 days
period as reported by Gupta et al. [59]. Bhatia et al. [60] examined
the applicability of sulphate reducing bacteria with 70-75 %
COD removal within 3 weeks period.

Combined applicability of fungus and bacteria has been
studied by some researchers in order to increase the rate of
degradation. Chuphal et al. [61] investigated the use of fungi
followed by bacteria for the treatment strategy. The fungal
treated effluents following the bacterial treatment using
Paecilomyces sp., Pseudomonas syringae pv. Myricae shows
the capability of degradation with 88.5 % colour, 79.5 % lignin,
87.2 % COD, 87.7 % phenol. Ghoreishi and Haghighi [12]
studied the chemical and biological reactions to carry out
degradation process and reported reduction of BOD with 99 %,

COD reduction with 92 % and TSS reduction with 97 % in 6
days period. Marihal et al. [62] explored the application of
Rhizobacteria isolated from tolerant crop sp. to carry out process
of degradation of penta-chlorophenol with 90 % phenol reduction
efficiency. Saraswathi and Saseetharan et al. [35] also examined
the combination of different bacterial strains in order to increase
the removal efficiency. He tried Pseudomonas Alkaligenes,
Bacillus pumilus and Bacillus subtilis and proved to be more
effective for degradation process with 92, 77 and 85 % BOD
reduction, 77, 69 and 72 % COD reduction respectively. When
used in combination, like Pseudomonas alkaligenes + Bacillus
subtilis shows 98 and 77 % reduction of BOD and COD respec-
tively while, other combination of Pseudomonas alkaligenes
+ Bacillus subtilis + Bacillus pumilus shows 79 and 69 %
BOD and COD reduction respectively [35]. Biodegradation
experiment has been carried out for the removal of pollutants
by using Cronobacter heterotrophic bacterial sp. with degra-
dation efficiency of 72.3 % for COD, 91 % for BOD and 55 %
for the colour, as reported by Kumar et al. [63]. Other three
bacterial species namely Paenibacillus sp., Aneurinibacillus
aneurinilyticus and Bacillus sp. have been demonstrated by
Chandra et al. [64] for the degradation of Kraft lignin. With
the application of these strains the degradation of colour has
been reported with the efficiency of 43, 56 and 65 %, respec-
tively at pH-7-6 for 6 days. Singh et al. [65] investigated the
mixed culture of two bacterial strains namely Bacillus and
Serrantia marcescens, along with the addition of glucose and
peptone and showed 90 % COD reduction in 7 days. Some
other bacterial strains namely, Pseudomonas, Bacillus, Pannoni-
bacter and Ochrobacterium has been examined for reducing
COD from mill effluent reporting 85-86.5 % efficiency at
operating conditions of 200 rpm and pH = 6.8 [66]. Abd El-
Rahim & Zaki  [51] and Murugesan [67] carry out the degradation
of discharged black liquor from paper-pulp mill by two bact-
erial strains namely Pseudomonas putida and Acienetobacter
calcoaceticus and indicated the 70-80 % COD and lignin
degradation whereas, 80 % of colour reduction. Some other
isolated bacterial strains namely Pseudomonas putida, Citro-
bacter spp. and Enterobacter spp. has been demonstrated for
the biodegradation strategy and it has been found to have COD
reduction with 96.80 %, colour reduction with 97 %, BOD
reduction with 96.65 % and phenol reduction with 96.92 %
within 24 h of growth [46,68]. Paenibacillus sp. one of the
bacteria has been demonstrated for the treatment strategy and
found to carry colour, COD/BOD and lignin degradation with
68, 78, 83 and 54 %, respectively at operating conditions of
120 rpm, 34 °C within 144 h [69]. Singh and Thakur [70] has
reported two step treatment of effluent followed by micro-
organisms. The anaerobically treatment with Paecilomyces sp.
fungi and Microbrevis luteum bacterial strain reduces 70 %
colour, 25 % lignin, 42 % COD, 39 % phenol in 15 days. This
anaerobically treated effluent was further treated with micro-
organism aerobically. The bacterial strain Microbravis luteum
reduces 76 % colour, 69 % lignin, 75 % COD, 93 % phenol by
third day [70]. The decolourization of effluent has also been
examined with Autochthonous bacteria with 76 % reducing
efficiency, as reported by Tiku et al. [46]. Tyagi et al. [49] also
reported two bacterial strains Bacillus subtilis, Micrococcus
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luteus for the reduction of BOD/COD and lignin with 87.2,
94.7 and 97 % respectively. Ramsay and Nguyen [71] reported
the 26-54 % colour reduction of effluent with Pseudomonas
aeruginosa bacteria aerobically. Patricia Oliveira et al. [72]
studied the capability of Bacillus pumilus and Paenibacillus
sp. for the colour and COD reduction. The colour reducing
efficiency of 41.87 and 42.30 % respectively whereas, 22 %
COD reduction has been achieved by both species at pH = 9
with 24 h.

Algal treatment: In order to carry out treatment process
biologically some researchers have tried few algal species for
the treatment of paper-pulp mill effluent. Iyovo et al. [73] and
Sharma et al. [74] reported the algae Microcystis spp. to carry
out decolourization of Kraft mill effluent with 70 % colour

reduction in about 2 month time period. Sharma et al. [74]
and Chandra et al. [75] reported the colour reduction of mill
effluent with 80 % efficiency by the application of mixed
culture of three algae namely Chlorella + Chlamydomonas +
Microcystis sp. in 30 days. Table-1 illustrates the percentage
removal of various contaminants of industrial effluent by using
different treatment strategies.

Conclusion

The following conclusions have been revealed from the
study:

• Maximum removal efficiency for BOD in pulp and paper
effluent has been monitored with fungal treatment using
Trichoderma reesei sp. i.e. upto 99 % removal efficiency.

TABLE-1 
THE PERCENTAGE REMOVAL OF VARIOUS CONTAMINANTS OF INDUSTRIAL  

EFFLUENT BY USING DIFFERENT TREATMENT STRATEGIES 

Treatment strategy/microbe Treatment 
strategy 

COD 
(%) 

BOD 
(%) 

Colour 
(%) 

Phenol (%) Lignin 
(%) 

Operating 
parameters 

Ref. 

Activated sludge Aerobic 95      [15] 
Activated sludge Aerobic 70 90     [16-18] 
Aerated lagoon Aerobic 30-40 50-70     [10-12] 
Aerated lagoon Aerobic 67      [13] 
UASB reactor Anaerobic 66      [21] 
UASB reactor Anaerobic 80-93      [22] 
UASB reactor Anaerobic 79-82      [23] 
UASB reactor Anaerobic 82     35 °C [24] 
  92     55 °C  
  86     65 °C  
UAF reactor Anaerobic 50 70     [25] 
Soyabean peroxidise-enzymatic Enzyme    97  56 °C [30] 
Plant peroxidise from potato pulp Enzyme    90  2 h [31] 
Bacillus cereus Bacteria 50-60 40-70 45-52  30-42 7 days [36] 
Serratia marcescens Bacteria 50-60 40-70 45-52  30-42 7 days [36] 
Bacillus sp. Bacteria 78 82 61  53 6 days [37] 
Aeromonas formicans Bacteria 70-80    85 8 days [38] 
Sulphate reducing bacteria Bacteria 70-75     3 weeks [39] 
Rhizobacteria Bacteria    90   [42] 
Paenibacillus sp. Bacteria   43  30 6 days 

pH-7.6 
[49] 

Aneurinibacillus aneurinilyticus Bacteria   56  33 6 days 
pH-7.6 

[49] 

Bacillus sp. Bacteria   65  37 6 days 
pH-7.6 

[49] 

Cronobacter sp. Heterotrophic 
bacteria 

– 91    16-18 h [48] 

Pseudomonas alkaligenes Bacteria 77 92     [35] 
Bacillus pumilus Bacteria 69 79     [35] 
Bacillus subtilis Bacteria 72 85     [35] 
(Pseudomonas Alkaligenes + Bacillus 
subtilis) combination 

Bacteria 77 98     [35] 

(Pseudomonas alkaligenes + Bacillus 
subtilis + Bacillus pumilus) combination 

Bacteria 69 79     [35] 

Paecilomyces sp. Bacteria 87  88.5 87.8 79.5  [45] 
Pseudomonas syringae Bacteria 87  88.5 87.8 79.5  [45] 
Bacillus and Serrantia marcescens Bacteria    94   [65] 
Pseudomonas, Bacillus, Pannonibacter and 
Ochrobacterium 

Bacteria 85-
86.5 

    35 °C,  
pH = 6.8, 
200 rpm 

[66] 

Pseudomonas putida, Acienetobacter 
calcoaceticus 

Bacteria 70-80  80  70-80 8 days [51,67] 

Pseudomonas putida, Citrobacter spp. and 
Enterobacter 

Bacteria 96.80 96.63 97 96.62  24 h [46,68] 

 

[15]
[16-18]
[10-12]

[13]
[21]
[22]
[23]
[24]

[25]
[30]
[31]
[36]
[36]
[37]
[38]
[39]
[42]
[49]

[49]

[49]

[48]

[35]
[35]
[35]
[35]

[35]

[45]
[45]
[65]
[66]

[51,67]

[46,68]
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Paenibacillus Bacteria 78 83 68  54 144 h,  
34 °C,  

120 rpm 

[69] 

Autochthonou Bacteria   76    [46] 
Bacillus subtilis, Micrococcus luteus Bacteria 94.7 87.2   97 9 days [49] 
Pseudomonas aeruginosa Bacteria   26-54    [71] 
Bacillus pumilus Bacteria 22  41.87   pH = 9,  

24 h 
[72] 

Paenibacillus Bacteria 22  42.30   pH = 9,  
24 h 

[72] 

Candida tropicalis Fungi    98.7   [32] 
White rot fungi Fungi 41  34  16  [36] 
T. versicolor Fungi 78  94    [37] 
P.chrysosporium Fungi 79  84    [37] 
Rhizopus oryzae Fungi 50  92-95   24 h 

25-45 °C, 
pH 3-5 

[33] 

Trichoderma reesei Fungi 80 99     [35] 
Fomes lividus Fungi 59..3  59.3   7th day [34] 
Trametes versicolor Fungi 59.3  68   6th day [34] 
Trametes pubescens Fungi    94.65 (2-

chloro 
phenol) 

67.8 
(pentachloro 

phenol) 

  [38] 

Emericella nidulans Fungi   66.6  37  [39] 
Aspergillus niger Fungi 60  43    [40] 
Rhizopus oryzae Fungi 82      [41] 
Phanerochaete chrysosporium Fungi 81      [41] 
Fusarium sambucinum Fungi 89.4  78.6  79  [42] 
White rot and soft rot Fungi 74-81     10 days [41] 
Cellobiose dehydrogenate Fungi   50   4 days [43] 
Schizophyllum commune Fungi 72 70    2 days, 

pH=4-5 
[2,44] 

Phaerochaete chrysosporium, Fungi 89.4  78.6  79 21 days [45] 
Trametes hirsute 
Tinctoria borbonica 

Fungi 25  85   3 days,  
pH = 4 

[2,46] 

Gliocladium virens Fungi  65 42  52  [2] 
Coriolus versicolor Fungi   60   6 days [46] 
Cryptococcus Fungi   27  24 5th day [47] 
Aspergillus foetidus Fungi   90-95    [48] 
Phanerochaete Fungi 94.7 87.2   97 9 days [49] 
Fusarium oxysporum Fungi     23.5  [50] 
Penicilllium chrysogenum Fungi     27.4  [50] 
Fusarium solani Fungi     22.6  [50] 
Chrysonilia sitophila Fungi     25 3 months [50] 
Tinctoria borbonica Fungi   90-99    [51] 
Schizophyllum commune Fungi 72 70 90   2 days [44] 
Glicladium virens Fungi  65 42  52  [2] 
Coriolus versicolor Fungi   60   6 days [52] 
Aspergillus flavus Fungi   31-51  39-61 10 days [53] 
Dardaleopsis sp. Fungi 59.71  86    [54] 
P.chrysosporium Fungi 66.83  86    [54] 
Cryptococcus Fungi   50-53  35-40  [47] 
Datronia Fungi 34.5-

40.4 
 89.8-90    [55] 

Trichaptum Fungi   54.4    [56] 
Datronia Fungi   54.9    [56] 
Trametes Fungi   53.7    [56] 
Microcystis Algae   70   2 month [73] 
Chlorella + Chlamydomonas + Microcystis Algae   30   30 days [74,75] 

 

[69]

[46]
[49]
[71]

[72]

[72]

[32]
[36]
[37]
[37]
[33]

[35]
[34]
[34]

[38]

[39]
[40]
[41]
[41]
[42]
[41]
[43]

[2,44]

[45]

[2,46]

[2]
[46]
[47]
[48]
[49]
[50]
[50]
[50]
[50]
[51]
[44]
[2]

[52]
[53]
[54]
[54]
[47]
[55]

[56]
[56]
[56]
[73]

[74,75]
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• Maximum removal efficiency for COD has been reported
by Pseudomonas putida, Citrobacter spp. and Enterobacter
reporting 96.80 % removal efficiency.

• Maximum colour degradation has been noticed with
fungal treatment using Tinctoria borbonica i.e. 90-99 %
degradation efficiency in the paper-pulp effluent.

• Whereas, maximum removal of phenol has been noticed
with fungal treatment with 98.7 % efficiency using Candida
tropicalis sp.

• Lignin degradation has been found maximum with the
bacterial treatment with 97 % efficiency using Bacillus subtilis,
Micrococcus luteus and with the application of Phanerochaete
fungi with 97 % reducing efficiency.

It is further concluded that not even a single treatment
strategy can be effectively used for the removal of all the conta-
minants of paper and pulp effluent but combination of two or
more treatment strategies are required in combination for their
removal. Still the research is going on in this sector to develop
such a strategy which is low-cost, eco-friendly and less time
consuming that is able to treat paper pulp effluent effectively
and bring down undesired wastewater parameters within permi-
ssible limits of discharge.
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