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ABSTRACT 

 

Many industrial areas in the world, show increases in generating of wastewater nowadays.  
Industrialization is considered as the key factor for the development of countries in economic terms. The 
recognition that environmental pollution is a worldwide threat to public health has given rise to new 
initiatives for environmental restoration for both economic and ecological reasons. The best methods to 
treat the textile dye industrial waste water by using a biological treatment method of cultivation of 
microalgae. Microalgae have gained a great deal of attention as remove contaminants from wastewater, 
potential biodiesel raw material because of their high growth rates and ability to accumulate oil and bind 
carbon dioxide. The normal primary and secondary treatment processes of these wastewaters have been 
introduced in a growing number of places, in order to eliminate the easily settled materials and to oxidize 
the organic material present in wastewater. Microalgal culture offers an interesting step for wastewater 
treatments, because they provide a tertiary biotreatment coupled with the production of potentially 
valuable biomass, which can be used for several purposes. The final result is a clear, apparently clean 
effluent which is discharged into natural water bodies. In the review, we have highlighted on the role of 
micro-algae in the treatment of wastewater and Biomass production. The biobased technology otherwise 
called phycoremediation of waste water. 
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INTRODUCTION 

 
The control of water pollution has become of increasing 
importance in recent years. The degradation of the 
environment due to the discharge of polluting 
wastewater from industrial sources is a real problem in 
several countries. There has been a dramatic increasing 
concern about environmental protection. Today, many 
industries in the world produce huge amount of 
wastewater from their processes such as; food industry, 
iron and steel industry, nuclear industry, olive oil mill 
industry and textile industry.  This situation is even 
worse in developing countries like India, where little or 
no treatment is carried out before the discharge. 
However, discharge of a huge amount of contamination 
is produced from industrial processes

1
. The release of 

these contaminants in the environment from wastewater 
effluents have the potential health effects on humans 
and may also affect aquatic organisms in an 
unpredictable way

2,3
. Heavy metals have been 

considered as one of the most hazardous environmental 
pollutants

4,5
. Discharge of effluents containing heavy 

metals may affect all natural resources along with living 
organisms in the receiving water

4,5,6,7
. The risk of heavy 

metals in the environment is mostly due to their non-
degradability, biological effects, and possible 
accumulation in the food chain

6,7,8
. Dyes are one of the 

most important groups of chemicals widely used in 
paper, textiles, pharmaceutical, rubber, plastics, leather, 
cosmetics, and food industries, in order to color 
products. Intensive research on effective water 
treatment has resulted in several technologies, which 
have been employed with varying degree of success for 
the removal of toxic pollutants from wastewater.The 
textile dyes are man – made organic compounds used 
to colour fabrics. Due to the escalation of fabric 
industries, the dyes have been and being contaminating 
the environment. Thus, the global textile industries are 
realizing the hamper situation against the production of 
high quality coloured fabrics along with eco-friendly 
manufacturing methods in order to withstand in their 
global business. Dyeing is the process of colouring the 
fabrics which needs more than thousand liters of water 
each day and which simultaneously paved the way for 
the redundant generation of environmental polluting 
waste water to drain in to the ecosystem and it needs an 
immediate action. The textile dyeing industries are the 
top polluters with very large quantity of useless effluent 
production from textile processing. There are several 
conventional and biological methods are available for 
the efficient and powerful treatment of waste water 
rather both of them have their own excellent as well as 
suppressed action due to characteristics of the dyes 
present in the waste water.Textile industries are found in 
most countries and their numbers have increased. 
These industries have shown a significant increase in 
the use of synthetic complex organic dyes as coloring 
material. The annual world production of textile is about 
30 million tonnes requiring 700,000 tonnes of different 
dyes

9
 which causes considerable environmental 

pollution problems. The textile waste water consists of 
untreated dyestuffs and other chemicals that are used in 
different stages of dyeing, fixing, washing and other 
processing. The textile waste water is characterized by 
high Chemical Oxygen Demand (COD), strong color, 

high salinity, large amount of dissolved solids and 
suspended solids. The value of these parameters i.e., 
Chemical Oxygen Demand (COD), Biochemical Oxygen 
Demand (BOD), Total Suspended Solids (TSS), Total 
Dissolved Solids (TDS). The thin layer of discharged 
dyes, formed over the surface, decreases the amount of 
dissolved oxygen and photosynthetic activities due to 
reduced light penetration which badly affects the aquatic 
flora and fauna. Furthermore, most synthetic azo dyes 
are toxic, carcinogenic and mutagenic and pose a 
potential hazard to human health

10
. TDS is difficult to be 

treated with conventional treatment systems.  The 
distribution of  the world consumption of dyes. Dyes can 
be classified into different types depending on their 
chemical compositions and properties. Therefore, the 
usage of dyes varies from industry to industry 
depending on the fabrics they manufacture. The 
different types of dyes used in the textile industries are 
highly obvious even in a very low quantity present in 
effluent and which requires a strong remedial treatment 
before eluting in to the environment. The waste dye 
effluents released in to the aquatic ecosystem prevents 
the transmission of light which inhibit the proliferation of 
photosynthetically aquatic micro and macro organisms 
and elevate the levels of biological oxygen demand 
(BOD); both the factor directly and indirectly prevent the 
progression of aquatic zooplanktons and fishes

11
. 

According to a report by Jin, 
12

 about 2, 80,000 tons of 
textile effluents are generated annually worldwide. The 
textile industries alone engulf a major part of the 
economy of the developing countries. In India alone 
approximately 80 % of dyes are consumed which is the 
largest when compared to other countries

 
and this was 

close to 80000 tons annually. When compared globally, 
India ranked second largest exporter of dyes next to 
China and approximately 10

6
 tons of synthetic dyes are 

generated in a year, in which 1 to 1.5 × 10
5
 tons of raw 

useless effluent are drained directly in to the 
environment as waste water

9
. The plethora amounts of 

waste water holds highly reactive dyes, though the dyes 
are not totally taken up by the fabric during dyeing 
process. Despite the various types of dyes used in the 
textile industries, the percentage intake of dyes in to the 
fabric may vary from 98 % to 50 % and rest of them are 
eluted in the form of waste water. Such highly reactive 
dyes results in the pollution of surface and ground 
water

13
. There are different classes of dyes 

manufactured globally for fabric dyeing which are azo, 
indigoid, xanthenes, phthalocyanine based, arylmethane 
and anthraquinone. Among them, the azo based dyes 
are the major choice employed in the textile industries. 
Some commercial choice of dyes are Acid Blue 120 
(26400), Reactive Red 4 (18105) and Mordant Yellow 
10 (14010). The azo dyes are the largely used dyes and 
implemented to generate 50 % of production every 
year

9
. Therefore, the textile effluent consists of large 

amounts of azo based dyes which are left out in to the 
environment

14,15
. The azo dyes can cause severe and 

proven health defects such as splenic sarcomas, 
hepatocarcinomas and bladder cancer with nuclear 
anomalies in animal models and chromosomal 
aberrations in cultured mammalian tissue. The existence 
of bladder cancer has been reported to occur in the 
labors working in the dye industries

16
.The characteristics 

of textile effluents vary and depend on the type of textile 
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manufactured and the chemicals used. The textile 
wastewater effluent contains high amounts of agents 
causing damage to the environment and human health, 
including suspended and dissolved solids, biological 
oxygen demand (BOD), chemical oxygen demand 
(COD), chemicals, odour and color. Most of the 
BOD/COD ratios are found to be around 1:4, indicating 
the presence of non-biodegradable substances. Typical 
characteristics of textile effluent the possible pollutant 
and the nature of effluents released from each step of 
the wet process. The textile effluents contain trace 
metals like Cr, As, Cu and Zn, which are capable of 
harming the environment. Dyes in water give out a bad 
color and can cause diseases like hemorrhage, 
ulceration of skin, nausea, severe irritation of skin and 
dermatitis. The proposed target of treating dye effluents 
should not only resulted to eradicate the colour of the 
effluents but also could detoxify the treated effluent. 
There are various technologies that were well developed 
for the treatment of synthetic dye effluent to minimize 
their environmental influence. The physical processes 
including membrane-filtration processes (nano-filtration, 
reverse osmosis electro-dialysis) and sorption 
techniques; the chemical processes including 
coagulation or flocculation along with floatation and 
filtration and precipitation flocculation with Fe (IT) / 
Ca(OH)2, electrokinetic coagulation, electro-floatation, 
conventional oxidation methods (e.g., with ozone), 
irradiation or electrochemical methods; and the 
biological processes which are aerobic and anaerobic 
methods of degradation and by using purified enzymes. 
The biological degradation of synthetic dyes from textile 
effluents is an arising and auspicious technology among 
other available techniques. The conventional methods of 
waste water treatment have shown retarded levels of 
remediation when compared with biological treatment. 
The enzyme production from microbes plays a key role 
against the degradation of synthetic dyes while 
bioremediation and should be studied much in the future 
for successive and eco-friendly approaches

16,17
. 

Wastewater treatment is an important measure to 
reduce the pollutant and other contaminants present in 
wastewater. The first step in wastewater treatment 
method is primary treatment which removes the solids, 
oil, and grease from wastewater. Secondary treatment 
or biological treatment is the second step, which exploits 
microorganisms to eliminate the chemicals present in 
wastewater. Final step is the tertiary treatment; which 
eliminates the heavy metals from wastewater before 
discharging into the river

18
.The effluent produced from 

the secondary treatment plant contains more amounts of 
nutrients (nitrogen and phosphorus) and if these 
effluents are discharged into water bodies; it causes 
eutrophication and affects the entire ecosystem. To 
remove these nutrients, several processes are used, but 
the disadvantages of this type of treatment are high cost 
and increased sludge production

19
. 

 

CONVENTIONAL TREATMENTS OF 

TEXTILE EFFLUENTS 

 

In the wastewater treatment system, the removal of 
biochemical oxygen demand (BOD), suspended solids, 
nutrient coliform bacteria, and toxicity are the main goal 

for getting purified wastewater. BOD exploits the ability 
of microorganisms to oxidize organic material to CO2 

and water using molecular oxygen as an oxidizing 
agent. Therefore, the BOD can deplete the dissolved 
oxygen of receiving water leading to fish kills and 
anaerobiosis, hence its removal is a primary aim of 
wastewater treatment. Suspended solids are removed 
principally by physical sedimentation. Wastewater 
treatment systems designed to remove nutrients, mainly 
dissolved nitrogen and phosphorus, are becoming an 
important step of treatment Effluents discharged from 
the textile industries undergo various physico-chemical 
treatments such as flocculation, coagulation and 
ozonation and biological treatment for the removal of 
nitrogen, organics, phosphorus and metal removal. The 
disadvantages of the physico-chemical treatment 
process are: (a) the formation and disposal of sludge 
and (b) the required space. The disadvantages of 
biological treatment processes are: (a) the presence of 
toxic heavy metals in the effluent which affects the 
growth of microorganism (b) most of the dyes used are 
a non-biodegradable in nature and (c) the long time 
required for treating the effluent. Treatment of textile 
effluents involves three treatment processes: primary, 
secondary and tertiary treatments.

20
 

 

PRETREATMENT 

 

The preliminary treatment of waste water removes 
larger solid materials delivered by sewers that could 
obstruct flow through the plant or damage equipment. 
These materials are composed of floating objects such 
as rags, wood, fecal material and heavier grit particles. 
Large floating objects can be removed by passing the 
wastewater through the bars spaced at 20–60 mm; the 
retained material is raked from the bars at regular 
intervals

21
. Grit is removed by reducing the flow velocity 

to a range at which grit and silt will settle, but leave 
organic matter in suspension; this is usually in the 
velocity range of 0.2–0.4 m/s

22
. 

 

PRIMARY TREATMENT 

 

Primary treatment consists of temporarily holding the 
waste water in a quiescent basin where heavy solids 
can settle to the bottom while oil, grease and lighter 
solids float to the surface

23
. The first step in wastewater 

treatment is the removal of suspended solids, excessive 
quantities of oil and grease and gritty materials

24
. The 

effluent is first screened for coarse suspended materials 
such as yarns, lint, pieces of fabrics, fibers and rags 
using bar and fine screens

25
. The screened effluent then 

undergoes settling for the removal of the suspended 
particles. The floating particles are removed by 
mechanical scraping systems. 
 

SECONDARY TREATMENT 

 

The Secondary treatment process is mainly carried out 
to reduce the BOD, phenol and oil contents in the 
wastewater and to control its color. This can be 
biologically done with the help of microorganisms under 
aerobic or anaerobic conditions. The secondary 
treatment removes dissolved and suspended biological 
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matter. Secondary treatment is typically performed by 
indigenous, waterborne microorganisms in a managed 
habitat. Secondary treatment may require a separation 
process to remove the microorganisms from the treated 
water prior to discharge or tertiary treatment. 
Wastewater treatment works use these same natural 
processes to break down and remove substances that 
might harm the environment, but speed them up within a 
controlled environment

11
.  

 

TERTIARY TREATMENT 

 

Tertiary treatment process aims to remove all organic 
ions. It can be accomplished biologically using 
microalgae. The biological tertiary treatment process 
appears to perform well when compared to the chemical 
processes which are in general too costly to be 
implemented in most places and which may lead to 
secondary pollution. In addition, each additional 
treatment step in a wastewater system greatly increases 
the total cost

26
. A complete tertiary process aimed at 

removing ammonium, nitrate and phosphate are 
estimated to be about four times more expensive than 
primary treatment

27
. The final result is a clear, 

apparently clean effluent which is discharged into 
natural water bodies. 
 

BIOLOGICAL PROCESS OF WASTE 

WATER TREATMENT 

 

The highlighted disadvantages in the physio-chemical 
process of waste water treatment are commercially high 
cost, minimum efficiency, requires specialized 
equipments, and handling of waste generated after the 
treatment

28,29
. The biological process of waste water 

treatment can overcome all the above said 
disadvantages and are considered as eco-friendly, 
because such process can completely mineralize all the 
organic pollutants such as P (Phosphorous) and N 
(Nitrogen)

30
. The microbial degradation of azo dyes 

involves two different mechanisms of action which are 
Biosorption and Enzymatic degradation or both 
combines to act

31
.  

 

BIOSORPTION 

 

The biosorption is a process of electrostatic affinity 
between different functional groups such as amino, 
carboxyl, hydroxyl, phosphate and other charged groups 
of polysaccharides and lipid components of the cell wall 
and the azo dyes

32
.  The microorganisms like bacteria, 

yeast, fungi and algae are using the biosorption process 
for dye degradation including macro algae

33
.   

 

ENZYMATIC DEGRADATION 

 

The azoreductase is a significant enzyme involved in the 
enzymatic degradation of azo dyes to break the bond of 
azo linkage

34
. The azo dyes have azo linkage (-NN) and 

sulphonic (SO3
-
) which makes the azo dyes an electron 

deficient and less reactive against microbial degradation 
35

. During such conditions, the microorganisms 
synthesize enzyme reductases during degradation of 

azo dyes
36

. The production of azoreductase are grouped 
by various types of genes and associated with more 
than one reductase which depends on the 
microorganism and culture conditions

37
. Rather than 

azoreductase, many other types of enzymes also 
involved in the cleavage of azo linkages which are 
NADPH-dependent reductases

38
, NADH-

dependent reductases
39

, NADH-DCIP reductases
40

 , 
FMN-dependent reductases

41
 and FMN-independent 

reductases
42

. The syntheses of the azoreductases have 
been reported in many groups of microbes including 
yeast

43
, bacteria and algae

44,45 
respectively. 

 

MICROORGANISMS USED FOR AZO 

DYE EFFLUENT TREATMENT 

 

Bacteria 
Most frequently, bacteria are the applied 
microorganisms used to treat waste water rich in azo 
dyes due to rapid growth, cheap labour and most 
importantly grow in aerobic and anaerobic conditions 
even as facultative

46
. The most advantageous features 

are the bacteria can survive in extreme conditions of 
temperature, salinity due to the production of various 
Oxidoreductases. Some of the Oxidoreductases are 
laccase, tyrosinase and veratryl alcohol peroxidase.  
 
Fungi 
The mycelious fungi implemented in the bioremediation 
of azo dyes is an efficient process with low cost, survival 
of their metabolism towards many different carbon and 
nitrogen sources and total mineralization of the dyes

47
. 

As micro algae and yeast, fungi also use either 
adsorption or enzymatic degradation to degrade the 
dye. The electrostatic attraction caused due to lowering 
the pH between 2 to 3 and which induces the adsorption 
on the cell surfaces of fungi against the dyes

48
. Dye 

adsorption is dependent on the pH, Temperature, Dye 
concentration, Carbon and Nitrogen supplies, additives 
and salts

49
. Enzymatic degradation includes enzymes 

such as peroxidases and phenloxidases
50

.  
 
Yeast  
The huge absorption of dyes and heavy metals makes 
the yeast a good candidature for bioremediation of azo 
dyes

51
. Nor like fungi, the yeast can decolourize the 

dyes faster from the effluents and can survive even in 
unsupported conditions

52
. The enzymatic degradation 

and adsorption or the combinations of both are the 
mechanisms involved in the removal of azo dyes by 
both yeast and micro algae. The two azo dyes Remazol 
Blue and Reactive Red can be effectively removed up to 
94 % and 44 % respectively by using Candida 
tropicalis

8
.  

 
Algae 
The coloured azo dyes occurs in the aquatic ecosystem 
can cause severe toxic effect to the aquatic life forms 
but it will not affects the algal forms which can be 
proliferate in the eutrophicated conditions. The growth of 
photosynthetic algae can be seen even in the industrial 
effluents and therefore they are the potential candidate 
for waste water treatment

53
. The algae are 

photoautotrophs and they do not require carbon source 



 

Int J Pharm Bio Sci 2016 Oct ; 7(4 ): (B) 662 - 673  

 

This article can be downloaded from www.ijpbs.net 

B - 666 

 

despite from the atmospheric air for the waste water 
treatment but in the case of bacteria and fungi it is 
reciprocal. Some of the diazotrophs (filamentous 
Cyanobacteria) can fix atmospheric nitrogen and thus 
the utilization of algae for waste water treatment is an 
efficient and cheap cost process

54
.   

 
Consortia of microorganisms 
The presence of many different compounds of chemical 
in the dye effluents may affect the microbial degradation 
of a single species of microorganisms and thus using 
different groups of microorganisms as a consortium can 
be efficient. The microbial consortia are a mixed group 
of microbes involve many different mechanisms and 
even various types of enzymes to degrade the dye 
components completely

55
. The achievement of this 

method are the degradation of azo dyes using different 
microbes which degrade using different mechanisms at 
different positions or levels to mineralize azo dyes

50
.  

For instance, the bacteria Bacillus cereus, 
Pseudomonas putida, Stenotrophomonas acidaminiphila 
and Pseudomonas fluorescens as a consortium 
degrades the dyes up to three fold increase when 
compared with single microbe treatment

57
. The 

Exiguobacterium sp.is a bacterial strain with least 
effective in the degradation of azo dyes and the fungal 
strain Penicillium sp. is much effective when compared 
to the bacterial strain; but as in consortium both the 
strains more efficiently degrades the azo dyes 
comparatively with single strain treatment

58
. 

 

PHYCOREMEDIATION 

 

Phycoremediation may be defined in a broad sense as 
the use of macroalgae or microalgae for the removal or 
biotransformation of pollutants, including nutrients and 
xenobiotics from wastewater and CO2 from waste air 
with concomitant biomass propagation. There are 
numerous processes of treating water, industrial 
effluents and solid wastes using microalgae aerobically 
as well as anaerobically. Remediation is generally 
subject to an array of regulatory requirements, and also 
can be based on assessments of human health and 
ecological risks where no legislative standards exist. As 
an alternative to the conventional treatment methods, 
microalgae are suggested to remove the nutrients from 
wastewater

1
. The use of microalgae or macroalgae 

(seaweeds) to remove pollutants and nutrients from the 
wastewater is called phycoremediation. Microalgae 
wastewater treatment is Eco friendly and offers the 

advantage of a cost effective way of nutrient removal 
and biomass production

59
. The microalgae grown in 

wastewater can be used as an energy source, fertilizer 
and fine chemicals production and as feed to 
animals

60,61
.  

 
Microalgae used in phycoremediation 
Algae are phototrophic organisms of a wide diversity; 
over 30 thousand species are identified, and it is 
assumed that the actual number is substantially larger. 
Algae are found as eukaryotes in the kingdoms of 
Protozoa, Fungi, Chromista and Plantae

62
. Microalgae 

are unicellular or filamentous phototrophic organisms 
originating from a eukaryotic heterotrophy engulfing a 
cyanobacterium. The organism thus gained the ability of 
photosynthesis and these cells later evolved into 
plants

63
. Microalgae contain different pigments which 

make them green, red, brown or golden colored, and are 
commonly divided into groups according to these 
colors

64
. Green algae exist in freshwater, saline water or 

in soil or lichens 
49

. The microalgae included in this 
study are all green algae, also called chlorophytes, 
which are eukaryotic organisms of the plant kingdom

62
. 

The most important common feature of all eukaryotic 
microalgae, and cyanobacteria is that they have oxygen-
evolving photosynthesis and that they use inorganic 
nutrients and carbon. Microalgae are one of the most 
important Bioresources that are currently receiving a lot 
of attention due to a multiplicity of reasons. The growth 
of microalgae is indicative of water pollution since they 
respond typically too many ions and toxins. Blue-green 
algae are ideally suited to play a dual role of treating 
wastewater in the process of effective utilization of 
different constituents essential for growth leading to 
enhanced biomass production.Many species of 
microalgae are able to effectively grow in wastewater 
conditions through their ability to utilize abundant 
organic carbon and inorganic N and P in the 
wastewater. The use of microalgae in wastewater 
treatment has been long promoted

65
, however, chemical 

processing of waste or the generation of activated 
sludge is the conventional treatment method.  Although 
the application of microalgae in the wastewater industry 
is still fairly limited, algae are used throughout the world 
for wastewater treatment albeit on a relatively minor 
scale. Successful treatment of wastewater with 
microalgae requires good growth, and understanding of 
the factors that affect growth is therefore essential. The 
growth rate of algae and cyanobacteria is influenced by 
physical, chemical and biological factors.

  

 
 

Figure 1 
Principle of photosynthetic oxygenation in BOD removal process 
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The use of microalgae is desirable since they are able to 
serve a dual role of bioremediation of wastewater as 
well as generating biomass for biofuels production with 
concomitant carbon dioxide sequestration. In addition, 
wastewater remediation by microalgae is an eco-friendly  
process with no secondary pollution as long as the 
biomass produced is reused and allows efficient nutrient 
recycling. Microalgae have excellent heavy metal 
scavenging property besides being cost effective and 
easy to handle

66 -72,
  

 
Multiple Roles of Microalgae 
There is several utilization of algae or microalgae by 
which we can sort out the environment problems like; 
the major problem of global warming is CO2 in the 
atmosphere which creates green house effects, so far 
the growth of microalgae the utilization of CO2 is very 
essential, and to generate around 1 kg algal biomass 
requires 1kg of CO2 which is better to sort out this 
problem, it can reduce many heavy or toxic metals from 
waste water and this process called Phycoremediation.  
It can be used as biofuel to reduce the effect of our 
conventional fuel, which is going to be finish day by day 
because the algae have the potential to produce biofuel 
in the form of lipid which is further processed by the 
transesterification process get the biodiesel, which has 
the properties same as the our conventional diesel and 
it can be used for the many cosmetics, food and man 
use in the field of pharmaceuticals. 
 
Role of algal photosynthesis in phycoremediation 
Photosynthesis is the most basic and important way in 
which living organisms obtain their energy and nutrients, 
directly and indirectly. Algal photosynthesis is a unique 
process by which solar energy is converted into 
chemical energy that is stored in organic carbon matter 
through the cycling of atmospheric CO2. Photosynthesis 
takes place in specialized organelles called chloroplasts 
of eukaryotic species, and also in a membrane-bound 
sac known as a thylakoid of the cyanobacterium due to 
lack of defined chloroplast structure in the prokaryotic 
organism. Photosynthetic aeration is therefore 
especially interesting to reduce operation costs and limit 
the risks for pollutant volatilization under mechanical 
aeration and recent studies have shown that microalgae 
can indeed support the aerobic degradation of various 
hazardous contaminants

73,74 
(Fig. 1). Phycoremediation 

is the process of employing algae for improving water 
quality. Micro algae are superior in remediation 
processes as a wide range of toxic and other wastes 
can be treated with algae and they are non pathogenic. 
Algae can fix carbon dioxide by photosynthesis and 
remove excess nutrients effectively at minimal cost. The 
risk of accidental release of pollutants into the 
atmosphere causing health safety and environmental 
problems are avoided when algae are employed for 
remediation. Algae utilize the wastes as nutritional 
sources and enzymatically degrade the pollutants. The 
xenobiotics and heavy metals are known to be 
detoxified/ transformed/or volatilized by algal 
metabolism. They have the ability to take up various 
kinds of nutrients like nitrogen and phosphorus

75
. They 

can utilize various organic compounds containing 
nitrogen and phosphorus from their carbon sources. The 
mechanisms involved in microalgae nutrient removal 
from industrial wastewaters are similar to that from 

domestic wastewaters treatment. Wastewater 
remediation by microalgae is an eco-friendly process 
with no secondary pollution as long as the biomass 
produced is reused and allows efficient nutrient 
recycling. Many researchers have studied micro algae 
as possible solution for environmental problems

76-77
. 

Algal growth can keep the water clean and make natural 
waters more suitable for human consumption. 
 
Reduction of both chemical and biochemical oxygen 
demand 
As mentioned before, there are many compounds and 
microorganisms could be detected in wastewater, which 
is capable of causing the pollution of a water-course. 
Pollution of wastewater may be manifested in three 
broad categories, namely organic materials, inorganic 
materials in addition to microbial contents. The organic 
compounds in wastewater comprise a large number of 
compounds, which all have at least one carbon atom. 
These carbon atoms may be oxidized both chemically 
and biologically to yield carbon dioxide. If biological 
oxidation is employed the test is termed the Biochemical 
Oxygen Demand (BOD), whereas for chemical 
oxidation, the test is termed Chemical Oxygen Demand 
(COD). Colak and Kaya

78
 investigated the possibilities of 

biological wastewater treatment by algae. They found 
that, in dye industrial wastewater treatment, elimination 
of BOD and COD were 68.4% and 67.2%, respectively. 
 

Removal of Nitrogen and Phosphorus 
The bio-treatment of wastewater with algae to remove 
nutrients such as nitrogen and phosphorus and to 
provide oxygen for aerobic bacteria was proposed over 
50 years ago by Oswald and Gotaas

65
. Wastewater is 

mainly treated by aerobic or anaerobic biological 
degradation; however, the treated water still contains 
inorganic compounds such as nitrate, ammonium and 
phosphate ions, which leads to eutrophication in lakes 
and cause harmful microalgal blooms

79
. Microalgal 

culture offers a cost-effective approach to removing 
nutrients from wastewater (tertiary wastewater 
treatment)

80
. Microalgae have a high capacity for 

inorganic nutrient uptake
81-82 

and they can be grown in 
mass culture in outdoor solar bio-reactors

27
. The interest 

in microalgal cultures stems from the fact that 
conventional treatment processes suffer from some 
important disadvantages: (a) variable efficiency 
depending upon the nutrient to be removed; (b) costly to 
operate; (c) the chemical processes often lead to 
secondary pollution; and (d) loss of valuable potential 
nutrients (N, P)

27
 

 
Heavy metals removal from wastewater 
Microalgae are known to sequester heavy metals

83
. 

Discharge of toxic pollutants to wastewater collection 
systems has increased concurrently with society’s 
progressive industrialization. Microalgae are efficient 
absorbers of heavy metals. Bioaccumulation of metals 
by algae may create a feasible method to remediate 
wastewater, contaminated with metals

84,85
. On the other 

hand advantages of algae are that it may be grown in 
ponds with little nutritional input or maintenance. 
 
Advantages of phycoremediation 
Microalgae play an important role during the tertiary 
treatment of Textile effluent wastewater in maturation 
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ponds or the treatment of small to middle-scale textile 
dye effluent wastewater in facultative or aerobic ponds. 
Nitrogen uptake could be increased if the microalgae 
were preconditioned by starvation

27,86-89
. These hyper 

concentrated algal cultures, called ‘activated algae’ were 
shown to decrease the land and space requirements for 
microalgal treatment of wastewaters. This process 
removed nitrogen and phosphorus within very short 
period of time, i.e., less than 1 h

90
. Microalgae can be 

efficiently used to remove significant amounts of 
nutrients because they require high amounts of nitrogen 
and phosphorus for protein (45–60% of microalgae dry 
weight), nucleic acid and phospholipid synthesis. 
Nutrient removal can also be further increased by NH3 
stripping or NH3 precipitation due to the raise in the pH 
associated with photosynthesis

91-94
. This method is not 

appropriate for large scale wastewater treatment, 
therefore there is a need to improve the technology. 
 
Advantages of high rate algal pond treatment 
HRAPs are the most cost-effective reactors for liquid 
waste management and capture of solar energy, and 
are used to treat waste from pig farms. Algal biomass 
can be harvested from the HRAPs for animal feed, and 
can be seen as a component of integrated approaches 
to recycling of livestock wastes, in which algal 
wastewater treatment is a second step following an 
initial anaerobic treatment of high-strength organic 
wastewater

68,25
. Biofuel production in conjunction with 

wastewater treatment and fertilizer recycling is seen as 
a near-term application (5–10 years), since the algae 
are already used in wastewater treatment

95
. The HRAP 

showed remarkable performance and behaviour when 
compared to a series of three facultative ponds such as 
anaerobic, aerobic and alternative constructed 
facultative ponds on the same site by receiving the 
same sewage

96,31
. The HRAP is a photosynthetic 

reactor in which microscopic, photosynthetic algae live 
together with heterotrophic bacteria which degrade the 
sewage organic matter. This co-habitation was often 
called the HRAP symbiosis and represents the central 
idea of Oswald’s concept using the HRAP as a 
combined secondary/tertiary system for sewage 
treatment. 
 

Factors affecting microbial degradation 
The dye degradation depends on the azo dye molecular 
structure, salinity, pH, temperature, concentration of the 
dye.  
 

Molecular structure of azo dye 
The molecular structure of the azo dye enhances the 
enzymatic degradation due to the presence of high 
electronic groups SO3

-
 and is easier in the presence of 

electron-releasing groups like –NH-triazine
79

. The azo 
dyes with electron-releasing groups revealed to show 
quicker degradation due to electrophilic nature

97
. 

Therefore, the use of microorganisms which produces 
extracellular oxidases and reductases can completely 
degrade the azo dyes and detoxify the contaminated 
water in textile industries

46
.  

 
Carbon and nitrogen sourcesThe azo dyes have 
much less concentration of carbon and for its 
degradation external carbon source is much required. In 
the case of micro algae, the carbon source is less 

required or not required because they can fix 
atmospheric CO2 as their sole carbon source. But in 
consortium, external carbon source yield high 
percentage degradation of azo dyes. Some of the azo 
dyes are rich in nitrogen source which can be utilized by 
the micro algae for example, Oscillatoria curviceps 
uptakes nitrogen from Acid Black

98
.  

 

Salinity 
Increase in salt concentration above 3000 ppm inhibits 
the degradation of azo dyes by micro algae but the 
marine micro algal forms can efficiently degrade the azo 
dyes. Some of the micro algae can survive in high 
concentrations of sodium or calcium carbonate which 
may induce the micro algae as an alternate source of 
carbon.  
 

Dye concentration 
The dye concentration can affect the process of 
degradation due to the eutrophication of the culture 
conditions, prevention of light transfer in to water and 
changes in pH etc. For example, the growth rate of the 
micro alga Scenedesmus quadricauda was decreased 
by increasing the dye concentration

99
. Especially, the 

prevention of light transfer can be solved by the 
diazotrophs. Because, the diazotrophs produce air 
vesicles thus floats on the surface of water to trap 
enough light.  
 

pH 
In algal cultures, pH usually increases due to the 
photosynthetic CO2 assimilation. In high rate algal 
ponds, this pH increase can be compensated by 
respiration deeper in the ponds, and the pH can then be 
regulated by letting in more organic material and thereby 
enhancing the respiration. High pH may also induce 
flocculation of some algae, which in turn lead to reduced 
nutrient uptake and growth, but this flocculation can, on 
the other hand, facilitate harvesting 

100-101
. 

 

Temperature 
The temperature can prevent the proliferation of 
microbes during effluent treatment and degradation of 
azo dyes. The temperature may affect the biosorption as 
well as enzymatic degradation because oxidases and  
reductases require an optimum temperature for their 
activity and increase in temperature may affect the 
stability of the enzymes. Temperature can affect the 
intake of phosphorous in micro algae by ionic speciation 
of phosphate

102
.  

 
Oxygen 
The presence of oxygen favours or either inhibits the 
degradation of azo dyes. The enzymes need optimum 
levels of oxygen concentration for their activity and 
which may also requires for the microbes for 
phosphorylation. At the same time increased 
concentration of oxygen may leads to generation of 
oxidative free radicals.  
 
Light intensity 
High intensity of light during incubation of waste water 
treatment can enhance the phosphate accumulation in 
micro algae and the rate of accumulation can be faster. 
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But in low light conditions the rate was retarded due 
relatively slow growth of the micro algae

103
.  

 
Biomass production – from wastewater effluent 
The mass production of algae has historically been in 
use as a food supplement or wastewater treatment 

12
. 

The technology for production of biomass from 
wastewater has been present since the 1950s. 
Microalgae are efficient in the removal of nutrients from 
wastewater. Thus, many microalgae species proliferate 
in wastewater due to the abundance of carbon, nitrogen 
and phosphorus that act as nutrients for the algae. 
Unicellular algae have shown great efficiency in the 
uptake of nutrients and have been found to show 
dominance in oxidation ponds

104
. Application of using 

wastewater for the production of biomass, however, 
occurs only on a minor scale and generally in the form 
of waste stabilization ponds or high rate algal ponds for 
the treatment of wastewater

98,55.
 It has been suggested 

that growth of algae should focus on biomass 
productivity rather than lipid productivity as is the current 
thrust in the algal biofuels sector

105
. Large amounts of 

biomass produced may improve the viability on 
conversion of biomass to alternate biofuels

98
. Laboratory 

studies have shown the potential for moderate lipid 
production (less than 10–30% DW) and high lipid 
productivity (up to 505 mg L_1 day_1) of algae grown in 
wastewater. This suggests the potential of lowering the 
cost of algal biofuels production, which is currently not 
economically feasible. 
 
Harvesting strategies 
Effective wastewater treatment and the production of 
biomass for biofuels require separation of biomass from 
water. The selection of harvesting method is of great 
importance to the economics of biofuels production as 
harvesting can make up 20–30% of the total cost of 
production. Selection of the harvesting method depends 
strongly upon the characteristics of the culture grown

14
. 

Algae that are suitable for the remediation of wastewater 
and production of biofuels tend to be of unicellular forms 
of low density. This makes economical biomass 
harvesting difficult and the cost of biomass recovery 
significant1

47,104,68
. Methods of biomass recovery include 

filtration, centrifugation, sedimentation and flocculation 
and floatation

107
. Continuous centrifugation is the 

preferred method for biomass separation as it is rapid, 
efficient and universal

107
. This is not economically 

feasible for large scale harvesting due to its process 
being highly energy intensive

104
. Gravity sedimentation 

is a common method of harvesting biomass. 
 

Lipid Extraction Method 
Extraction of microalgal lipid is central to the production 
of biodiesel from microalgae. Lipid extraction is 
performed by chemical methods in the form of solvent 
extractions, physical methods or a combination of the 
two. Extraction methods used should be fast, effective 
and non-damaging to lipids extracted and easily scaled 
up

109
. Extraction by using a modified Bligh and Dyer

108
 

method is the most commonly used
107

. Direct 
esterification, simultaneous extraction and 
transesterification of microalgal fatty acids can be 
performed on both wet and dry biomass making it a 
versatile method of biofuels production. The process is 
multistep and requires a combination of solvent 
extraction, ultrasonication, heating at high pressure (3.5 
atm), filtration, density separation of liquids and solvent 
and oil recovery by evaporation to dryness

110
. 

 
Lipid identification methods 
Algae storage lipids differ from strain to strain and even 
within a single culture under different growth conditions. 
It is necessary to identify lipids as the lipid fraction will 
dictate the properties of the biodiesel produced. Lipid 
qualification and quantification can be carried out by 
several means, including Nile red fluorescence 
microscopy, Nile red spectrofluorometry, Fourier 
transform infrared micro-spectroscopy (FTIR), Thin-layer 
chromatography (TLC), high pressure liquid 
chromatography (HPLC) or gas chromatography (GC) or 
any chromatography with mass spectrometry

107,109
. 

 
Biorefinery approach and other biofuels 
The economics of biodiesel production can be 
significantly improved by using the biorefinery based 
production strategy where all the components of the 
biomass raw material are used to produce useful 
products

68,10
. Furthermore, it is recommended that a 

biorefinery approach is the best solution to combine and 
integrate the various processes to maximize economic 
and environmental benefits, while minimizing waste and 
pollution

10,111
. Despite the salient drawbacks of biofuels 

production from microalgae, various processes can be 
used to convert biomass to energy (Fig. 2). However, 
the spent biomass can be used as animal feed since it is 
rich in proteins, carbohydrates and other nutrients. 
Essentially, the biomass can be burned, transformed 
into a fuel gas through partial combustion, into a biogas 
through fermentation, into bioalcohol through 
biochemical processes, into biodiesel, into a bio-oil or 
into a syngas from which chemicals and fuels can be 
synthesized

111
.  

 

 
Figure 2 

Algae biofuels production approach. Biodiesel and bioethanol can be  
produced from microalgal biomass. 



 

Int J Pharm Bio Sci 2016 Oct ; 7(4 ): (B) 662 - 673  

 

This article can be downloaded from www.ijpbs.net 

B - 670 

 

Bioethanol 
Generally, two methods are employed for the production 
of bioethanol from microalgal biomass, namely the 
fermentation (biochemical process) and gasification 
(thermo-chemical process)

10
. Microalgae are rich in 

carbohydrates and proteins which can be used as 
carbon sources for fermentation, therefore microalgae 
compete favourably with biomass derived from food 
crops such as sugar cane and maize. There is a 
moratorium on the use of food crops for the production 
of bioethanol in some countries due to issues pertaining 
to food security and agricultural land availability. 
Therefore microalgae are generating a lot of interest as 
biomass feedstock for bioethanol production

112
. 

Fermentation of the microalgal biomass is catalyzed by 
microbes such as bacteria, yeast and fungi and the main 
by-products are CO2 and water. The spent biomass 
after fermentation is used in an anaerobic digestion 
process for methane, production so in essence, all the 
organic matter is accounted for

10,112
. However, research 

on bioethanol production from microalgal biomass is still 
in infancy and not yet commercialized, and to date work 
is ongoing to optimize conditions for improved 
bioethanol yield. 

CONCLUSION 

 
Currently, the textile dyeing wastewater is one of the 
most important Root cause of  sources of pollution. 
Many industries are producing non degradable 
pollutants and large scale production of wastewater. 
Each one has its own way of method in treatment by 
using microalgae. Microalgae can be used in 
wastewater treatment for a range of purposes, including; 
reduction of BOD, removal of N and P, inhibition of 
coliforms, removal of heavy metals. The high 
concentration of N and P in most wastewaters also 
means these wastewaters may possibly be used as 
cheap nutrient sources for algal biomass production. 
This microalgal biomass could be used for Biodiesel, 
Bioethanol, methane production, production of liquid 
fuels (pseudo-vegetable fuels), as animal feed or in 
aquaculture and production of fine chemicals. 
 

CONFLICT OF INTEREST 

 

Conflict of interest declared none. 

 

REFERENCES 

 

1. Mallick N. Biotechnological potential of 
immobilized algae for wastewater N, P and metal 
removal: a review. BioMetals. 2002;15: 377–390. 

2. Magureanu M, Piroi D, Mandache NB, David V, 
Medvedovici A, Parvulescu VI. Degradation of 
pharmaceutical compound pentoxifylline in water 
by nonthermal  plasma treatment. Water Res. 
2010;44: 3445-3453. 

3. Malakootian M, Tahergorabi M, Daneshpajooh M, 
Amirtaheri K. Determination of Pb, Cd, Ni, and Zn 
Concentrations in Canned Fish in Southern Iran. 
Sacha J Environ Stud. 2011;1(1): 94-100. 

4. Kadirvelu K, Thamaraiselvi K, Namasivayam C, 
Removal of heavy metal from industrial 
wastewaters by adsorption onto activated carbon 
prepared from an agricultural solid waste. 
Bioresour Technol. 2001;76: 63–65. 

5. Muhammad S, Nida J, Kiran S, Adnan R. 
Antecedents of Knowledge Sharing Attitude and 
Intentions. European Journal of Scientific 
Research. 2011;56(1): 44- 48.  

6. El-Nady F. Atta MM. Toxicity and bioaccumulation 
of heavy metals to some marine biota from the 
Egyptian coastal waster. J Environ Sci Health A. 
1996;31(7): 1529- 1545. 

7. Igwe JC. Abia AA. A bioseparation process for the 
removal of heavy metals from waste water using 
biosorbent.  Afric J Biotech. 2006;5(12): 1167-
1179. 

8. Volesk B, May-Phillips HA. Biosorption of heavy 
metals by Saccharomyces cerevisiae. J Appl 
Microbiol Biotechnol. 1995;42: 797- 806. 

9. Zollinger H. Color Chemistry-Synthesis, 
Properties and Application of Organic Dyes and 
Pigment.  VCH  Publishers, New York: 1987. p. 
92-102. 

10. Singh J, Gu S. Commercialization potential of 
microalgae for biofuels production. Renew Sust 
Energy Rev. 2010. 

11. Wang XJ, Gu XY, Lin DX, Dong F, Wan XF. 
Treatment of acid rose dye containing wastewater 
by  ozonizing-biological aerated filter. Dyes 
Pigments. 2007;74(3): 736. 

12. Johnson DA, Sprague S. Liquid fuels from 
microalgae. Energy, U.S.D.O. golden. Colorado: 
National Technical Information Service. 1987.     
1–9. 

13. O'Neill C, Hawkes FR, Hawkes DL, Lourenyo ND, 
Pinheiro HM, Delee W. Colour in textile effluents-
sources, measurement, discharge consents and 
simulation: a review. J Chem                
Technol Biotechnol. 1999;74: 1009-1018. 

14. Zhao X, Hardin I. HPLC and spectrophotometric 
analysis of biodegradation of azo dyes by 
Pleurotus  ostreatus. Dyes Pigments. 2007;73: 
322-325. 

15. Ali H. Biodegradation of synthetic dyes-a review. 
Water Air Soil Pollut. 2010; 213(1): 251-273. 

16. Puvaneswari N, Muthukrishnan J, Gunasekaran 
P. Toxicity assessment and microbial degradation 
of azo  dyes. Indian J Exp Biol. 2006;44: 618-626. 

17. Husain Q. Peroxidase mediated decolorization 
and remediation of wastewater containing 
industrial dyes: a review. Rev Environ Sci 
Biotechnol. 2010;9: 117–140. 

18. Rawat I, Ranjith Kumar R, Mutanda T, Bux F. 
2010. Dual role of microalgae: Phycoremediation 
of domestic wastewater and biomass production 
for sustainable biofuels production. App Energy. \ 

19. Yuan X, Kumar A,  Sahu AK, Ergas SJ. Impact of 
ammonia concentration on Spirulina platensis 
growth in an airlift photobioreactor. Bioresour 
Technol. 2011;102: 3234–3239. 

20. Lincolin EP, Earle JFK., Wastewater treatment 
with microalgae. In: Akatsuka I. Editor. 



 

Int J Pharm Bio Sci 2016 Oct ; 7(4 ): (B) 662 - 673  

 

This article can be downloaded from www.ijpbs.net 

B - 671 

 

Introduction to Applied Phycology. SPB Academic 
Publishing by The Hague, The Netherlands: 1990. 

p. 429-446. 

21. Tebbutt THY. Principles of water quality control. 
Pergammon Press, Oxford. 1983. 

22. Gray NF. Biology of Wastewater Treatment. In: 
Hardback, Editor.  Oxford University Press; 
Oxford and New York: 1992. p. 830. 

23. Horan NJ. Biological wastewater treatment 
systems: theory and operation. Series. John 
Wiley and Sons. Newyork, USA: 1996. 

24. Metcalf E, Eddy H. Wastewater engineering 
treatment disposal re-use. New York: 1991. 

25. Ogbonna JC, Yoshizawa H, Tanaka H. Treatment 
of high strength organic wastewater by a mixed 
culture of photosynthetic microorganisms. J Appl 
Phycol. 2000;12: 277–284. 

26. Oswald WJ. Micro-algae and wastewater 
treatment. In: Borowitzka MA, Borowitzka LJ. 
Editors. Micro-algal Biotechnology, Cambridge 
Univ Press; 1988b. p. 305–328. 

27. De la Nou¨ e J, Laliberete´  G, Proulx D. Algae 
and wastewater. J Appl Phycol. 1992;4: 247–254. 

28. Van der Zee FP, Villaverde S. Combined 
anaerobic-aerobic treatment of azo dyes- a short 
review of bioreactors studies. Water Res. 
2005;39: 1425-1440. 

29. Kaushik P, Malik A. Fungal dye decolorization: 
recent advances and future potential. Environ Int. 
2009;35: 127-141. 

30. Pandey A, Singh P, Iyengar L. Bacterial 
decolorization and degradation of azo dyes. Int 
Biodet Biodeg. 2007;59: 73-84. 

31. Picot B, Bahlaoui A, Moersidik S, Baleux B, 
Bontoux J. Comparison of purifying efficiency of 
high rate algal pond with stabilization pond. Water 
Sci Technol. 1992;25: 197–206. 

32. Charumathi D, Das N. Packed bed column 
studies for the removal of synthetic dyes from 
textile wastewater using immobilised dead C. 
tropicalis. Desalination. 2012;285: 22–30. 

33. Bhatnagar A, Sillanpaa M. Utilization of agro-
industrial and municipal waste materials as 
potential adsorbents for water treatment: a 
review. Chem Eng J. 2010;157: 277–96. 

34. Kodam KM, Soojhawon I, Lokhande PD, Gawai 
KR. Microbial decolorization of reactive azo dyes 
under aerobic conditions. World J Microbiol 
Biotechnol. 2005;21: 367–70. 

35. Kuberan T, Anburaj J, Sundaravadivelan C, 
Kumar P. Biodegradation of azo dye by Listeria 
sp. Int J Environ Sci. 2011;1: 1760–1770. 

36. Chacko JT, Subramaniam K. Enzymatic 
degradation of azo dyes: a review. Int J Environ 
Sci. 2011;1: 1250–1260. 

37. Ramalho PA, Scholze H, Cardoso MH, Ramalho 
MT, Oliveira-Campos AM. Improved conditions for 
the aerobic reductive decolourisation of azo dyes 
by Candida zeylanoides. Enzyme Microb Technol. 
2002; 31: 848–854. 

38. Mendes S, Pereira L, Batista C, Martins LO. 
Molecular determinants of azo reduction activity in 
the strain Pseudomonas putida MET94. Appl 
Microbiol Biotechnol. 2011;92: 393–405. 

39. Matsumoto K, Mukai Y, Ogata D, Shozui F, 
Nduko JM, Taguchi S. Characterization of 
thermostable FMN-dependent NADH 

azoreductase from the moderate thermophile 
Geobacillus stearothermophilus. Appl Microbiol 
Biotechnol. 2009;86: 1431–1438. 

40. Saratale RG, Saratale GD, Chang JS, Govindwar 
SP. Bacterial decolorization and degradation of 
azo dyes: a review. J Taiwan Inst Chem Eng. 
2011;42: 138–157. 

41. Dos Santos AB, Cervantes FJ, Van Lier JB. 
Review paper on current technologies for 
decolourisation of textile wastewaters: 
perspectives for anaerobic biotechnology. 
Bioresour Technol. 2007;98: 2369–2385. 

42. Burger S, Stolz A. Characterisation of the flavin-
free oxygen-tolerant azoreductase from 
Xenophilus azovorans KF46F in comparison to 
flavin-containing azoreductases. Appl Microbiol 
Biotechnol. 2010;87: 2067–2076. 

43. Vitor V, Corso CR. 2008. Decolorization of textile 
dye by Candida albicans isolated from industrial 
effluents. J Ind Microbiol Biotechnol. 2008;35: 
1353–1357. 

44. Barragan BE, Costa C, Marquez MC. 
Biodegradation of azo dyes by bacteria inoculated 
on solid media. Dyes Pigments. 2007;75: 73–81. 

45. l-Sheekh MM, Gharieb MM, Abou-El-Souod GW. 
Biodegradation of dyes by some green algae and 
cyanobacteria. Int Biodeter Biodegr. 2009;63: 
699–704. 

46. Solis M, Solis A, Perez HI, Manjarrez N, Floresa 
M. Microbial decolouration of azo dyes: A review. 
Process  Biochemistry. 2012;47: 1723–1748. 

47. Asgher M, Kausar S, Bhatti HN, Shah SAH, Ali M. 
Optimization of medium for decolorization of Solar 
golden yellow direct textile dye by Schizophyllum 
commune IBL-06. Int Biodeter Biodegr. 2008;61: 
189–93. 

48. Erden E, Kaymaz Y, Pazarlioglu NK. Biosorption 
kinetics of a direct azo dye Sirius Blue K-CFN by 
Trametes versicolor. Electron J Biotechnol. 
2011;14: 1–10. 

49. Karthikeyan K, Nanthakumar K, Shanthi K, 
Lakshmanaperumalsamy P. Response surface 
methodology for optimization of culture conditions 
for dye decolorization by a fungus Aspergillus 
niger HM11 isolated from dye affected soil. Iran J 
Microbiol. 2010;2: 213–222. 

50. Husain Q, Ulber R. Immobilized peroxidase as a 
valuable tool in the remediation of aromatic 
pollutants and xenobiotic compounds: a review. 
Crit Rev Env Sci Technol. 2011;41: 770–804. 

51. Ertugrul S, Bakır M, Donmez G. Treatment of 
dye-rich wastewater by an immobilized 
thermophilic cyanobacterial strain: Phormidium 
sp. Ecol Eng. 2008;32: 244–248. 

52. Martorell MM, Pajot HF, de Figueroa, LIC. Dye-
decolourizing yeasts isolated from Las Yungas 
rainforest Dye assimilation and removal used as 
selection criteria. Int Biodeter Biodegr. 2012;66: 
25–32. 

53. Dubey SK, Dubey J, Viswas AJ, Tiwari P. Studies 
on Cyanobacterial biodiversity in paper mill and 
pharmaceutical industrial effluents. Br Biotechnol 
J. 2011;1: 61–67. 



 

Int J Pharm Bio Sci 2016 Oct ; 7(4 ): (B) 662 - 673  

 

This article can be downloaded from www.ijpbs.net 

B - 672 

 

54. Saha SK, Swaminathan P, Raghavan C, Uma L, 
Subramanian G. Ligninolytic and antioxidative 
enzymes of a marine cyanobacteium Oscillatoria 
willei BDU 130511 during Poly R-478 
decolourization. Bioresour Technol. 2010;101: 
3076–3084. 

55. Joshi SM, Inamdar SA, Telke AA, Tamboli DP, 
Govindwar SP. Exploring the potential of natural 
bacterial consortium to degrade mixture of dyes 
and textile effluent. Int Biodeter Biodegr. 2010;64: 
622–628. 

56. Jadhav JP. Phugare SS. Dhanve RS. Jadhav SB. 
Rapid biodegradation and decolorization of Direct 
Orange 39 (Orange TGLL) by an isolated 
bacterium Pseudomonas aeruginosa strain BCH. 
Biodegradation. 2010;21: 453–463. 

57. Khehra M, Saini H, Sharma D, Chadha B, Chimni 
S. Decolorization of various azo dyes by bacterial 
consortium. Dyes Pigments, 2005;67: 55–61. 

58. Qu Y, Shi S, Ma F, Yan B. Decolorization of 
Reactive Dark Blue K-R by the synergism of 
fungus and bacterium using response surface 
methodology. Bioresour Technol. 2010;101: 
8016–8023. 

59. Munoz R, Guieysse B. Algal–bacterial processes 
for the treatment of hazardous contaminants: a 
review. Water Res. 2008;40:2799–815. 

60. Vilchez C, Garhayo I, Lobato MV, Vega JM. 
Microalgae-mediated chemicals production and 
wastes removal. Enzyme Microb Technol. 
1997;20: 562-572. 

61. Mulbry W, Kondrad S, Pizarro C, Kebede-
Westhead E. Treatment of dairy manure effluent 
using freshwater algae: Algal productivity and 
recovery of manure nutrients using pilot scale 
algal turf scrubbers. Bioresour Technol. 2008;99: 
8137–8142. 

62. Leite G, Hallenbeck PC. In: Hallenbeck PC, 
Boston, MA Editors. Algae Oil. Microbial 
Technologies in Advanced Biofuels Production. 
Springer, US: 2012. p. 231–259. 

63. Madigan MT, Martinko JM, Dunlap PV,  Clark DP. 
Brock: Biology of Microorgansism. San Francisco: 
Pearson Education, Inc. 2009. 

64. Masojídek J, Moblízek M, Torzillo G. 2004. 
Photosynthesis in Microalgae. In: Richmond A. 
Editor. Handbook of Microalgal Culture. Oxford: 
Blackwell Science Ltd. p. 20-39. 

65. Oswald WJ, Gotaas HB. Photosynthesis in 
sewage treatment. Trans Am Soc Civ Eng. 
1957;122: 73-105. 

66. Dayananda C, Sarada R, Bhattacharya S, 
Ravishankar GA. Effect of media and culture 
conditions on growth and hydrocarbon production 
by Botryococcus braunii. Process Biochemistry. 
2005;40(9): 3125-3131. 

67. Sazdanoff N. Modeling and Simulation of the 
Algae to Biodiesel Fuel Cycle, College of 
Engineering, Department of Mechanical 
Engineering, The Ohio State University. 2006. 

68. Chisti Y. "Biodiesel from microalgae." Biotechnol 
Adv. 2007;25(3): 294-306. 

69. Huntley ME,  Redalje DG. CO2 mitigation and 
renewable oil from photosynthetic microbes: A 
new appraisal. Mitigation and Adaptation 
Strategies for Global Change. 2007;12: 573-608. 

70. Li J, Mookerjee B, Wagner J. Purification of 
melanoma reactive T cell by using a monocyte 
based solid phase T cell selection system for 
adoptive therapy. J Immunotherapy. 2008;31: 81–
88. 

71. Schenk PM, Thomas-Hall SR, Stephens E, Markx 
UC, Mussgnug JH, Posten C, Kruse O, Hankamer  
B.  Second Generation Biofuels: High-Efficiency 
Microalgae for biodiesel Production. Bioenergy 
Research. 2008;1: 20-43. 

72. Tan J, Loganath A, Chong YS, Obbard JP. 
Exposure topersistent organic pollutants in utero 
and related  maternal characteristics on birth 
outcomes: a multivariate data analysis approach. 
Chemosphere. 2009;74: 428–433. 

73. Munoz R, Guieysse B. Algal–bacterial processes 
for the treatment of hazardous contaminants: a 
review. Water Res. 2008;40:2799–815. 

74. Safonova E, Kvitko KV, Lankevitch MI, Surgko 
LF, Afri IA, Reisser W. Biotreatment of industrial 
waste–water by selected algal–bacterial 
consortia. Eng Life Sci. 2004;4:347–53. 

75. Muthukumaran M, Raghavan BG, Subrahmanian 
VV and Sivasubrahmaniyan V. Bioremediation of 
industrial effluent using micro algae. Indian 
Hydrobiology. 2005;7: 105 -122. 

76. Craggs RJ, Mc Auley PJ, Smith VJ. Tertiary 
treatment of wastewater by marine microalgae 
grown on a corrugated raceway. Water Research. 
1997;31: 1701-1707. 

77. Lau PS, Tam NFY and Wong YS. Influence of 
organic nitrogen sources on an algal waste water 
treatment system. Resour Conservation recycling. 
1994;11: 197-208. 

78. Colak O, Kaya Z. A study on the possibilities of 
biological wastewater treatment using algae. 
Doga Biyolji Serisi. 1988;12(1): 18–29.    

79. Sawayama S, Rao KK, Hall DO. Nitrate and 
phosphate ions removal from water by 
Phormidium laminosum immobilized on hollow 
fibres in a photobioreactor. Appl Microbiol 
Biotechnol. 1998;49: 463–468. 

80. Evonne PY, Tang. Polar cyanobacteria versus 
green algae for tertiary wastewater treatment in 
cool climates. J Appl Phycol. 1997;9: 371–381. 

81. Talbot P, De la Nou¨ e J. Tertiary treatment of 
wastewater with Phormidium bohneri (Schmidle) 
under various  light and temperature conditions. 
Water Res.1993; 27(1): 153–159. 

82. Blier R, Laliberte G, De la Nou¨ e J. Tertiary 
treatment of cheese factory anaerobic effluent 
with Phormidium bohneri and Micractinium 
pusillum. Bioresour Technol. 1995;52: 151–155.  

83. Rai LC, Gour JP, Kumar HD. Phycology and 
heavy metal pollution. Biol Rev. 1981;56: 99–151. 

84. Nakajima A, Horikoshi T, Sakagushi T. Recovery 
of varnlum by immobilized microorganisms. Eur J 
Appl Microbiol Biotechnol. 1981;16: 88–91. 

85. Darnall DW, Greene B, Henzl MT, Hosea JM, 
Mcpherson RA, Sneddon J, Alexander MD. 
Selective recovery of gold and other metal ions 
from an algal biomass. Environ Sci Technol. 
1986;20: 206–208. 

86. Abeliovich A. Algae in wastewater oxidation 
ponds. In: Richmond A, editor. Handbook of 



 

Int J Pharm Bio Sci 2016 Oct ; 7(4 ): (B) 662 - 673  

 

This article can be downloaded from www.ijpbs.net 

B - 673 

 

microbial mass culture. Boca Raton: CRC Press; 
1986. p. 331–338. 

87. Aziz MA, Ng WJ. Industrial wastewater treatment 
using an activated algaereactor. Water Sci 
Technol. 1993;28: 71–76. 

88. Mara DD. Pearson H. Artificial freshwater 
environment. In: Verlag CHS, Rehon HJ, Reed G, 
editors. Waste stabilization ponds biotechnology. 
Germany: Weinheim: 1986. p. 177–206. 

89. Oswald WJ. The role of microalgae in liquid waste 
treatment and reclamation series. Algae Hum. 
Affairs. 1988a; 255–281. 

90. Levoie A, De la Noue. Hyper concentrated 
cultures of Scenedesmus obliquus: a new 
approach for wastewater biological tertiary 
treatment. Water Res. 1985;19: 1437–1442. 

91. Laliberte G, Proulx G, Pauw N, De la Noue J. 
Algal technology in wastewater treatment. 
Ergenisse Limnol. 1994. 42. 

92. McGriff ECJ, Mckinney RE. The removal of 
nutrients and organics by activated algae. Water 
Res. 1972;6: 1155–1164. 

93. Nurdogan Y, Oswald WJ. Enhanced nutrient 
removal in high rate ponds. Water Sci Technol. 
1995;33: 33–43. 

94. Oswald WJ. My sixty years in applied algology. J 
Appl Phycol. 2003;15: 99–106. 

95. Van Harmelen T, Oonk H. Microalgae biofixation 
processes: applications and potential 
contributions to greenhouse  gas mitigation 
options. In: International Network on Biofixation of 
CO2 and greenhouse gas abatement with 
microalgae operated under the International 
Energy Agency Greenhouse Gas R & D Program, 
TNO. 2006. 

96. Hamouri BE, Rami A. The reasons behind the 
performance superiority of a high rate algal pond 
over three facultative ponds in series. Water Sci 
Technol. 2003;48: 269–276. 

97. Tauber MM, Gubitz GM, Rehorek A. Degradation 
of azo dyes by oxidative processes: Laccase and 
ultrasound treatment. Bioresour Technol. 
2008;99: 4213–4220. 

98. Priya B, Uma L, Ahamed AK, Subramanian G. 
Prabaharan D. Ability to use the diazo dye C. I. 
Acid Black 1 as a nitrogen source by the marine 
cyanobacterium Oscillatoria curviceps 
BDU92191. Bioresour Technol.  2011;102: 7218–
7223. 

99. Chia MA, Musa R. Effect of indigo dye effluent on 
the growth, biomass production and phenotypic 
plasticity of Scenedesmus quadricauda 
(Chlorococcales). Anais da Academia Brasileira 
de Ciências (Annals of the Brazilian Academy of 
Sciences).  2014;86(1): 419-428. 

100. Borowitzka MA. Limits to growth, in Wastewater 
treatment with algae. In: Wong YS, Tam NFY, 
Editors. Springer Verlag. 1998. p. 203–226. 

101. Chevalier P, Proulx D, Lessard P, Vincent WF 
and De la Noüe J. Nitrogen and phosphorus 
removal by high latitude mat-forming 
cyanobacteria for potential use in tertiary 
wastewater treatment. J 
Appl Phycol. 2000.12: 105-112. 

102. Cembella AD, Antia NJ, Harrison PJ. The 
utilization of inorganic and organic phosphorus 
compounds as nutrients by eukaryotic 
microalgae: a multidisciplinary perspective: Part I. 
CRC Crit Rev Microbiol.1984;10:317–391. 

103. Powell N, Shiltona A, Chistia Y, Pratt S. Towards 
a luxury uptake process via microalgae – Defining 
the polyphosphate dynamics. water research. 
2009;43: 4207 – 4213. 

104. Pittman JK, Dean AP, Osundeko O. The potential 
of sustainable algal biofuels production using  
wastewater resources. Bioresource Technol.  
2010. 

105. Griffiths MJ, Harrison STL. Lipid productivity as a 
key characteristic for choosing algal species for 
biodiesel production. J Appl Phycol. 2009;21: 
493–507. 

106. Brennan L, Owende P. Biofuels from microalgae - 
a review of technologies for production, 
processing, and extractions of biofuels and co-
products. Renew Sust Energy Rev. 2010;14: 
557–577. 

107. Mutanda T, Ramesh D, Karthikeyan S, Kumari S, 
Anandraj A, Bux F. Bioprospecting for hyper-lipid 
producing microalgal strains for sustainable 
biofuel production. Bioresource Technol. 
2011;102(1): 57–70. 

108. Bligh EG, Dyer WJ. A rapid method for total lipid 
extraction and purification. Can J Biochem 
Physiol. 1959;37: 911–917. 

109. Medina AR, Grima EM, Gimenez AG, Gonzalez 
MJI. Downstream processing of algal 
polyunsaturated fatty acids. Biotechnol 
Adv.1998;3: 517–580. 

110. Belarbi EH, Molina E, Chisti Y. A process for high 
yield and scaleable recovery of high purity 
eicosapentaenoic acid esters from microalgae 
and fish oil. Enzyme Microb Technol. 2000;26: 
516–529. 

111. Briens C, Piskorz J, Berruti F. Biomass 
valorization for fuel and chemicals production – a 
review. Int J Chem React Eng. 2008;6: 1–49. 

112. Harun R, Singh M, Forde GM, Danquah MK. 
Bioprocess engineering of microalgae to produce 
a variety of consumer products. Renew Sust 
Energy Rev. 2010;14: 1037–1047.

  
 
 
 
 


