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1	 �Introduction

1.1	 �Aquatic Pollution

Water, the elixir of life, is subjected to contamination and 
pollution in the hands of man. The aquatic ecosystem around 
the globe is facing a major threat by anthropogenic activities. 
Although 70 % of the Earth’s crust is covered by water, only 
less than 1 % of that is fresh water and is used by all for con-
sumption as well as nonconsumptive purposes. Industries 
around the world consume a major share of fresh water for 
processing, washing and cooling of industrial products. 
Apart from the direct usage of water in the production of 
materials, the industries also foul the water bodies by dis-
charging effluents in them. The toxic and hazardous effluents 
released from industries create havoc in the aquatic ecosys-
tem and also affect organisms on terrestrial ecosystems when 
water is consumed directly or used for irrigation. The dye 
industry poses a major threat to the aquatic ecosystem as the 
colours from the dyes not only reduce the aesthetic value of 
the water but also increase toxicity in the water body which 
can hamper the normal growth of aquatic organisms as well 
as terrestrial organisms when it reaches the higher trophic 
levels. The water usage in textile industry alone is about 9 
trillion gallons annually around the world (Blacksmith 
Institute Annual Report 2012). An estimate by World Bank 
suggests that the textile industries contribute around 17–20 
% of the total industrial water pollution globally (Blacksmith 
Institute Annual Report 2012). The world population will be 
about 9.3 billion in the year 2060 (UN Report 2011). The 
ever-increasing population will create stress on the existing 

resources, and fresh water will be amongst the scarcest natu-
ral resources.

1.2	 �Dyes

Unfortunate are those men who cannot see the beauty of the 
Earth in its vibrant hues. This statement has perfect truth as 
we cannot imagine this world without colours. A substance 
having an affinity towards the substrate on which it is applied 
is described as a dye. The dyes are of a certain colour as they 
absorb visible rays of the electromagnetic spectrum at a par-
ticular wavelength (Pereira and Alves 2012). Natural dyes 
are known to be used by man since 3500 BC according to the 
historical records (Kant 2012). Organic colours were also 
used by Egyptians 4000 years back in the wraps for the 
mummies in the form of blue dye, indigo (Gordon and 
Gregorn 1983). The first synthetic dye was accidentally dis-
covered by W.H. Perkins in the year 1856 which paved the 
way for modern day dye industry. More than one lakh com-
mercial dyes are present today, and over 700,000 tonnes of 
dyes are produced annually (McMullan et al. 2001; Pearce 
et al. 2003).

Dyes are used in textile, paper, leather, pharmaceuticals, 
cosmetics, agricultural, wood staining, food and many 
other industries. Natural dyes were used earlier which had 
a drawback of low colour fastness. The natural dyes are less 
bright in colour also the dyes fade away with time. 
Therefore, the use of synthetic dyes has increased at pres-
ent times which are polluting in nature. The natural dyes 
can also harm the environment as substances known as 
mordants have to be used with them to fix or bind the colour 
on fibres. Chromium is an example of such mordant which 
is a potentially toxic heavy metal for all living organisms 
(Kant 2012).
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1.2.1	 �Types of Dyes
The dye molecules comprise of two major components the 
chromophore group and the auxochrome group. 
Chromophores are electron acceptors, and they are respon-
sible for the light absorption in molecules of the dye. 
Auxochromes are the electron donors, and they are the colour 
enhancers in the dye molecules (Gomes 2001; Pereira and 
Alves 2012). The dyes can be classified on the basis of appli-
cation and on the basis of chemical structure. The anionic 
dyes are of three types: reactive, direct and acid dyes (Fu and 
Viraraghavan 2001). Reactive dyes are used in textile indus-
tries, and these dyes show a fast colour even after washing 
and exposure to light. Direct dyes are used for colouring cel-
lulose fibres without the application of mordants. Acid dyes 
are mostly used in colouring of protein fibres; azo dyes come 
under the category of acid dyes. Basic dyes fall in the cate-
gory of cationic dyes; these dyes are bright in colour but are 
not fast to light and water. These dyes are usually used in 
textile industries for silk fibres. Disperse dyes are nonionic in 
nature, mostly used in synthetic fibres in paper or textile. 
Disperse dyes are insoluble in water; therefore, their colour 
is fast and bright (Fu and Viraraghavan 2001).

1.2.2	 �Toxicity of Dyes
Synthetic dyes are complex compounds in nature, manufac-
tured in a way to increase the longevity of the coloured prod-
uct. Dyes are xenobiotic in nature and thus resist degradation 
by traditional wastewater treatments and reach the aquatic 
ecosystem (Crini 2006). The undesirability of the presence 
of dyes in water increases because of the toxic and carcino-
genic nature of majority of dyes and the breakdown products 
released by them, for example, benzidine, naphthalene and 
other aromatic compounds (Alves de Lima et  al. 2007; 
Tsuboy et al. 2007; Suteu et al. 2009a, b; Zaharia et al. 2009; 
Oplatowska et al. 2011; Li et al. 2012; Punzi et  al. 2015). 
The usage of water in the dye industry is also very high 
where almost 90–94 % of water is used in processing and the 
rest of the water is used for cooling purposes in case of tex-
tile industries. The amount of textile dyes lost during dying 
process itself is 10–25 %, and 2–25 % of dyes are directly 
released as effluents into water bodies (Zaharia and Suteu 
2012). According to the annual report of Blacksmith Institute 
of 2012, the dye industry contributes around 400,000 DALYs 
(disability-adjusted life years) out of the total 17,147,600 
DALYs which is the total burden of disease in the 49 coun-
tries which were assessed. The DALY is a measurement of 
life expectancy adjusted according to several health hazards 
caused due to pollution and other factors. The first basic 
problem with the effluents released from dye industry is that 
it gives the water an unnatural hue which ruins the aesthetic 

value of that water body. Figure 8.1 depicts the impacts of 
effluents discharged by dye industries on the aquatic and ter-
restrial ecosystem. The coloured dyes on reaching the water 
body obstruct solar radiation penetration and thus conse-
quently reduce the photosynthesis rate of phytoplanktons 
and other macrophytes present in water. The pH and salinity 
of the water are affected by the presence of dye effluents as 
the dye effluents are high in pH and salinity; thus, these fac-
tors in turn disturb the maintenance of the equilibrium in the 
water bodies (Chia and Musa 2014).

The homeostasis of aquatic organisms is adversely 
affected by toxicity and water quality degradation by dye 
effluents. The effluents from dye industry are organic in 
nature; they tend to lower the dissolved oxygen level of water 
bodies which affects the overall ecological balance of the 
water body (Ratna and Padhi 2012). The lowering of DO 
leads to increase in biological oxygen demand (BOD) and 
chemical oxygen demand (COD) which leads to death of 
aquatic organisms and increase in anaerobic bacteria 
(Khopkar 2004). When the water polluted by effluent is used 
for irrigation, it leads to clogging of pores in the soil, harden-
ing of soil particles and prevention of root penetration in soil 
which further results in reduction in soil productivity (Kant 
2012). Effluents discharged from industries usually do not 
stay fixed at the point of release. Explanation about the 
impact of dyes on agricultural crops is given in Fig. 8.2. The 
effluents if discharged into water bodies may enter the ter-
restrial ecosystem in form of irrigation water. The effluents 
from the dye industries are found to have an inhibitory effect 
on the germination of seeds (Nirmalarani and Janardhanan 
1988). The effluents may also bring about alterations in the 
biological and chemical status of water and soil which affects 
the overall development and productivity of plants. When the 
concentration of solids present in the effluent is higher, it 
reduces the DO level and restricts the development of seed-
lings (Saxena et al. 1986). The chlorophyll content in leaves 
of such plants is also lowered because of the presence of dis-
solved solids (Gadallah 1996). These toxic effluents may 
also lower the tolerance of the plants towards abiotic and 
biotic stresses.

Several of the dyes are found to be mutagenic and carcino-
genic in nature specially the azo dyes and the anthraquinone 
dyes (Rochat et  al. 1978; Kornbrust and Barfknecht 1985; 
IARC 1987; Moghaddam et  al. 2004; Puvaneswari et  al. 
2006; Mathur and Bhatnagar 2007; Jayaraj et  al. 2011; 
Mayson and Suad 2012; Kousha et al. 2012; Chia and Musa 
2014). A detailed explanation on the dyes and their toxic 
impact on health of organisms are given in Table 8.1. 
Organically bound chlorine is found in 40 % of the dyes 
found globally which is found to be a carcinogen (Kant 2012).
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Fig. 8.1  Effects of dyes on aquatic and land ecosystems (Khopkar 2004; Kant 2012; Ratna and Padhi 2012; Chia and Musa 2014; deLuna et al. 
2014)

Fig. 8.2  Effects of dyes on 
growth and yield of 
agricultural crops 
(Nirmalarani and Janardhanan 
1988; Saxena et al. 1986; 
Gadallah 1996; Image source: 
Google images)
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2	 �Removal of Dyes from Aquatic 
Ecosystem

Presence of dyes in the water bodies is a nuisance at present 
times due to toxic and polluting nature of dyes. Removal of 
colour is a must from all effluent as it ruins the aesthetic 
appearance of water bodies and reduces light penetration. 
The laws are stringent regarding organic content in effluents; 
therefore, it is necessary to remove dyes from the effluents 
before their release into the water bodies (Crini 2006). Since 
the popularisation of synthetic dyes in the modern world, 
several techniques have been employed for removal of dyes. 
Very few methods have been successful considering the 
holistic view (Ghoreishi and Haghighi 2003).

2.1	 �Traditional Methods

The technologies for removal of dyes can be categorised into 
physical, chemical and biological techniques as described in 
Fig. 8.3 (Robinson et al. 2001). Physical treatment methods 
include membrane filtration techniques such as reverse osmo-
sis, electrodialysis, nanofiltration, adsorption processes, etc. 
Membrane filtration techniques are not economically feasible 
because of low  life span of the membranes which requires 
periodic replacement (Crini 2006). Adsorption is considered 
as one of the most feasible and effective techniques for 
removal of dyes (Dabrowski 2001; Crini 2006). Adsorption 
by activated carbon is referred to as one of the most efficient 
dye removal techniques of current by US EPA (Derbyshire 
et al. 2001). The activated carbon adsorption method is not 
very cost-effective, nonselective and considered ineffective 
for vat and disperse dyes (Babel and Kurniawan 2003). 
Chemical treatment methods for removal of dyes from waste-

waters include coagulation and flocculation followed by fil-
tration, precipitation using Fe(II)/Ca(OH)2 followed by 
flocculation, electrokinetic coagulation, oxidation using 
ozone and irradiation. These methods are expensive and con-
tain toxic sludge which poses a problem for disposal, and 
excess chemical usage may add to the burden of existing pol-
lution problem (Crini 2006). Biological treatment processes 
are the most cost-effective alternatives for treatment of dye 
effluents in comparison to traditional physical and chemical 
methods. Microbial degradation, fungal decolourization, bio-
sorption by microbes and macro-organisms and bioremedia-
tion techniques fall under the category of biological treatment 
processes. Bacteria, algae, fungi and yeasts are known to 
accumulate or degrade effluents (Banat et al. 1996; Fu and 
Viraraghavan 2001; McMullan et  al. 2001; Crini 2006). 
Biological treatment processes also have some constraints in 
terms of application and technology. The disadvantages of 
biological treatment processes are as follows: they require a 
larger area (Bhattarcharyya and Sharma 2003); complete 
colour elimination is not possible (Robinson et al. 2001); and 
some complex compounds being xenobiotic in nature cannot 
be completely degraded (Ravi Kumar et  al. 1998). 
Nonconventional methods are now being developed to com-
bat the problem of pollution resulting from dyes.

2.2	 �Nonconventional Methods of Dye 
Removal

2.2.1	 �Adsorption
Adsorption techniques can be considered as one of the most 
environmental friendly technologies for the successful elimi-
nation of dyes from the wastewater. The use of activated car-
bon made from waste materials from agriculture, industries 

Table 8.1  Effects of dyes on human health

Dye Class Application Toxicity impact Reference

Azo dyes (general) Azo Textile industries Bladder cancer in workers handling dyes Puvaneswari et al. (2006)

Rhodamine B Xanthene Textile and food industry, 
used as water tracer

Irritation to skin, eyes, respiratory tract 
Carcinogenic, reproductive and development 
toxicity, neurotoxicity

Rochat et al. (1978), 
Kornbrust and Barfknecht 
(1985), Jain et al. (2007)  
and IARC (1987)

Acid black Diazo Paints, inks, plastics, 
leather

Irritation to eyes, skin and respiratory system Daneshvar et al. (2012)

Acid orange ll Azo Textile, paper Carcinogenic Kousha et al. (2012)

Acid green (3) Triphenylmethane Textile Animal carcinogens, tumour growth observed 
in fish species

Hazrat and Shah (2008)

Methylene blue Phenothiazine Textile Vomiting, shock, increased heart rate, tissue 
necrosis in humans, Heinz body formation

Hameed et al. (2007)

Malachite Green Triphenylmethane Textile, biological stain Carcinogenic and mutagenic Moghaddam et al. (2004)

Congo Red Diazo Textile, paper and pulp 
industry, biological stain

Carcinogenic and mutagenic Jayaraj et al. (2011), 
Mayson and Suad (2012)

Indigo dye Azo Textiles, paper, leather, 
plastic, food, drug, 
cosmetics

Mutagenic effect on bacterium  
Salmonella typhimurium

Mathur and Bhatnagar 
(2007)

Acute toxicity effect seen on S. quadricauda Chia and Musa (2014)
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and municipal solid wastes is becoming popular nowadays 
as they are cost-effective; also it makes use of the materials 
which are polluting in nature and thus are beneficial in all 
respects. Natural materials such as clays, zeolites and sili-
cates also are used as nonconventional adsorbents (Crini 
2006). Table 8.2 shows the adsorption capacities of different 
conventional and nonconventional adsorbents (Cardoso et al. 
2011). Chitosan is observed to have the maximum adsorp-
tion capacity followed by AC Taipei Chemical Corp (Chiou 
et al. 2004; Chern and Wu 2011).

2.2.2	 �Biosorption
The use of biomass for the accumulation of pollutants from 
effluents or other aqueous solutions can be termed as biosorp-
tion. The biosorbents are effective in removal of dyes due to 
their complex nature and chelating properties (Crini 2006). 
According to Aksu and Tezer (2005), biosorption consists of 
several processes independent of metabolism such as chemi-
cal and physical adsorption, chelation, microprecipitation, 
complexation and ion exchange; these take place within the 
cell wall. The process of biosorption includes two phases: one 
is a solid phase involving biosorbent that is the biological 
material and the second one is the liquid phase consisting of a 
solvent usually water which has a dissolved adsorbate (dyes) 

that needs to be sorbed (Ramachandra et al. 2005). Biosorption 
is a lucrative technique for dye removal because of its cost-
effectiveness, high efficiency and selectivity and abundance of 
biosorbents found in nature or present in waste materials 
which can be effectively used (Aksu and Tezer 2005).

2.2.3	 �Phycoremediation
Algae have the potential to become suitable biosorbent 
because of their abundance in nature, very fast growth in a 
simple medium and cost-effectiveness (Aksu and Tezer 
2005; Rawat et al. 2011; Olguín and Sánchez-Galván 2012; 
Prajapati et al. 2013; Malla et al. 2015). Phycoremediation 
can be defined as the use of microalgae and macroalage to 
transform contaminants with potential hazards present in 
water or soil into nonhazardous materials. The use of algae is 
being popularised nowadays for treatment of wastewater 
instead of using conventional bacteria. Algae are considered 
as a better option for the treatment processes because some 
of the pollutants have nutritional value for the algae; thus, it 
is efficiently taken up (Rawat et  al. 2011; Olguín and 
Sánchez-Galván 2012; Singh et  al. 2012; Prajapati et  al. 
2013; Sode et al. 2013; Laffont-Schwob et al. 2015). Heavy 
metals such as iron and chromium are essential for the pho-
tosynthetic process and metabolism of the algae; thus, these 

Fig. 8.3  Methods for removal of dyes from water (Source: Crini 2006)

Table 8.2  Adsorption efficiency of some conventional and nonconventional adsorbents

Adsorbent Dye Class Adsorption capacity (mg g−1) Reference

Chitosan Reactive blue 2 Anthraquinone 2498 Chiou et al. (2004)

Activated carbon Taipei 
Chemical corp. (Taiwan)

Acid yellow Azo 1179 Chern and Wu (2011)

Chemviron Carbon (UK) Remazol yellow Anthraquinone 1111 Al-Degs et al. (2000)

Pinewood Acid blue 264 Anthraquinone 1176 Tseng et al. (2003)

Biomass Reactive black 5 Azo 588.2 Aksu and Tezer (2000)

Tree fern Basic red 13 Methine 408 Ho et al. (2005) and Gupta et al. (2003)

Peat Basic violet 14 Triarylmethane 400 Sun and Xang (2003)

Activated sludge Reactive yellow 2 Azo 333.3 Aksu (2001)

Clay Basic blue 9 Triarylmethane 256.41 Gulnaz et al. (2004)

Yeasts Remazol blue Anthraquinone 173.1 Aksu and Donmez (2003)

Zeolite Reactive red 239 Diazo 111.1 Ozdemir et al. (2004)
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heavy metals are effectively removed from the environment 
by them. Algae, which live in such conditions where there is 
a lack of these metals, develop special mechanisms to collect 
the essential nutrients. This feature of algae can be success-
fully used to treat effluent laden with heavy metals, toxic 
materials and dyes (Kumar et al. 2007; Gomes and Asaeda 
2009; Olguín and Sánchez-Galván 2012; Kumar et al. 2015; 
Machida and Horizoe 2015). One of the advantages of using 
algae over bacteria is that algae do not require oxygen to 
remove pollutants instead they release oxygen and gather 
carbon dioxide. The additional advantage of carbon seques-
tration can be obtained from the process of detoxification 
(Dwivedi 2012). Treatment of coloured water by algae is 
proving to be highly beneficial because of several factors 
such as abundance nature of algae, cost-effectiveness, effi-
ciency, no competition with other aquatic species, etc. (Chisti 
2007; Kumar et al. 2014). In some instances where nonliving 
algal biomass is used for biosorption, the de-oiled algal bio-
mass is used for biosorption of dyes. This provides double 
benefit as biofuel is obtained by algae and same biomass is 
used for waste water treatment. Microspora sp. (ATCC PTA-
12197) was first de-oiled, and then the biomass was used for 
biosorption of methylene blue dye by Maurya et al. (2014).

Algae have been found to cleanse toxic effluents and 
wastewater by the processes of bioaccumulation, biosorption 
and biodegradation. The biosorption capability of macroalgae 
and microalgae can be attributed to the porous cell walls 
which allow movement of ions and molecules in aqueous 
solutions (Sheng 2004; Wang and Chen 2009; Fakhry 2013). 
The functional groups such as carboxyl, hydroxyl, phos-
phate, amino and other charged groups that are present on 
the cell surface of algae are responsible for binding of dye 
molecules and separation of pollutants from water (Srinivasan 
and Viraraghavan 2010; Çelekli and Geyik 2011; Çelekli and 
Bozkurt 2011; Fang et al. 2011). The extracellular biopoly-
mers comprise mostly of alginate in Phaeophyta which are 
permeable to small ions (Vieira and Volesky 2000). Agar, 
porphyran and carregeenan which are sulphated galactans 
are found in Rhodophyta (Davis et al. 2003). These extracel-
lular biopolymers which have long-chain structure are 
responsible for the adsorption of dyes and heavy metals 
(Fakhry 2013). The adsorption of contaminants or heavy 
metals in live microalgae is carried out in two steps: first step 
takes place rapidly where the adsorption is onto the cell sur-
face and the second step is absorption which is lengthy and 
takes place within the cell and is dependent on cell metabo-
lism (Dwivedi 2012). The macroscopic structure and rigidity 
in shape makes some macroalgae such as Azolla filiculoides 
very efficient in biosorption column applications (Padmesh 
et al. 2005). Some algae are capable to convert complex toxic 
compounds and dyes into simple compounds like Chlorella 
vulgaris which is capable of removing about 63–69 % of 
colour from water in mono-azo dye tectilon yellow 2G by 
breaking it up into aniline (Acuner and Dilek 2004). The use 

of immobilised algae for removal of colour is being studied 
with positive results. In a study by Chu et al. (2009), it was 
found that alginate-immobilised Chlorella vulgaris is capa-
ble of removing more colour than the suspension culture.

3	 �Biosorption Studies and Adsorption 
Kinetics

3.1	 �Biosorption by Macroalgae

Macroalgae have been reported to eliminate dyes success-
fully from aqueous solution in laboratory experiments 
(Khataee and Dehghan 2011; Khataee et  al. 2010, 2011; 
Daneshvar et  al. 2012; Kousha et  al. 2012; Salima et  al. 
2013). Acid black 1 which is a diazo dye was efficiently 
removed from the solution using macroalgae S. glaucescens 
and S. marginatum where adsorption by S. marginatum and 
by S. glaucescens was found to be 30.9 mg g−1 (Table 8.3.) 
and 27.0  mg g−1, respectively (Daneshvar et  al. 2012). 
Kousha et  al. (2012) found that C3H9N-treated S. margin-
atum was capable of 71.05 mg g−1 biosorption of acid orange 
dye, whereas untreated S. marginatum removed 35.62 mg g−1 
of same dye. Padina pavonica removed 11.72 mg g−1 of acid-
fast yellow dye (Fakhry 2013). Jayaraj et  al. (2011) found 
that Valoria bryopsis could remove 10.5 mg g−1 of Congo red 
dye. Chara aspera has been found to remove 60–81 % meth-
ylene blue dye with pH ranging from 2.40 to 11–16. Basic 
blue 3 was removed by Chara aspera with an efficiency of 
17.36–27.33 % at pH of 2.17–9.43 (Low et al. 1994).

3.2	 �Biosorption by Microalgae

Acutodesmus obliquus efficiently removed 44.24 mg g−1 of 
acid red 66 dye (Sarwa et al. 2014). Microspora sp. (ATCC 
PTA-12197) was capable of removing 86 % of methylene 
blue dye (Maurya et al. 2014). Aksu and Tezer (2005) found 
that Chlorella vulgaris effectively removed remazol black B, 
remazol red R and remazol golden yellow with accumulation 
rate of 368.8 mg g−1, 181.9 mg g−1 and 52.8 mg g−1, respec-
tively (Table 8.4).

The treatment process where algae are used is highly pH 
dependent. The pH of the solution influences the dye chem-
istry in water as well as the dye binding sites at the cell sur-
face. When the pH is low, the biomass has a net positive 
charge; it is assumed that in this case, amines or imidazoles 
present in the biomass will be protonated when pH has acidic 
values. The lower the pH, the higher the adsorption can be 
caused due to negative dye anions and positive cell surface. 
When the pH increases, the sites with positive charge 
decrease and sites with negative charge increase causing 
electrostatic repulsion between dyes and cell surface; thus, 
the adsorption capacity decreases (Crist et al. 1981; Gardea-
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Table 8.3  Biosorption efficiency of macroalgae for different dyes

Algae Dye Class
Concentration 
of dye (mg L−1)

Rate of 
accumulation  
(mg g−1)/efficiency pH

Biosorbent 
dosage  
(g L−1) Time (h)

Adsorption 
isotherms Reference

S. glaucescens Acid black 1 Diazo 10–50 27.0 2 1–9 1.5 Temkin and 
Freundlich

Daneshvar 
et al. (2012)

S. marginatum Acid black 1 Diazo 10–50 30.9 2 1–9 1.5 Temkin and 
Freundlich

Daneshvar 
et al. (2012)

S. marginatum Acid orange Azo 30–90 35.62 2 1 1 Langmuir Kousha 
et al. (2012)

C3H9N-treated  
S. marginatum

Acid orange Azo 30–90 71.05 2 1 1 Langmuir Kousha 
et al. (2012)

CH3OH treated  
S. marginatum

Acid orange Azo 30–90 29.08 2 1 1 Langmuir Kousha 
et al. (2012)

HCHO treated 
S. Marginatum

Acid orange Azo 30–90 34.06 2 1 1 Langmuir Kousha 
et al. (2012)

HCHO/HCOOH 
treated S. 
marginatum

Acid orange Azo 30–90 14.95 2 1 1 Langmuir Kousha 
et al. (2012)

Padina pavonica Acid-fast 
yellow

Azo 5–160 11.72 2 1.5 Pseudo 
second-order 
model

Fakhry 
(2013)

Valoria bryopsis Congo red Diazo 5–25 10.5 5 50–250 mg Langmuir, 
Freundlich, 
DKR 
adsorption 
isotherm

Jayaraj 
(2011)

Chara aspera Methylene 
blue

Basic 100 60.0–81.25 % 2.40–11.16 0.05–0.5 2 Langmuir Low et al. 
(1994)

Chara aspera Basic blue 3 Triaryl–
methane

100 17.36–27.33 % 2.17–9.43 0.25–1 2 Langmuir Low et al. 
(1994)

Table 8.4  Biosorption efficiency of microalgae for different dyes

Algae Dye Class
Concentration 
of dye (mg L−1)

Rate of 
accumulation  
(mg g−1)/efficiency pH

Biosorbent 
dosage  
(g L−1) Time (h)

Adsorption 
isotherms Reference

Acutodesmus 
obliquus

Acid red 66 Azo 10–50 44.24 (max) 2 0.1 1 Langmuir Sarwa et al. 
(2014)

Microspora sp. 
(ATCC PTA-12197)

Methylene 
blue

Basic 50 86 % 7 10 Pseudo second-
order model

Maurya 
et al. (2014)

Chlorella vulgaris Remazol 
black B

Azo 20–800 368.8 2 1 – Freundlich, 
Redlich-Peterson, 
Kolbe-Worigan

Z.Aksu and 
Tezer (2005)

C. vulgaris Remazol  
red R

Azo 20–800 181.9 2 1 – Langmuir Z.Aksu and 
Tezer (2005)

C. vulgaris Remazol 
golden 
yellow

Azo 10–200 52.8 2 1 – Langmuir Z.Aksu and 
Tezer (2005)

Torresdey et al. 1990; Aksu 1998; Aksu and Tezer 2005; Tam 
et al. 2002; Tien 2002). Most of the studies indicated that the 
optimum pH of 2 was most suitable for biosorption of dyes 
from the aqueous solution.

The dye removal efficiency of macro- and microalgae is 
calculated by the following formula:

	 Removal efficiency C C C0 f 0( ) ( )* /% = - 100 	 (8.1)

where Co is the initial dye concentration and Cf is the equilib-
rium dye concentration in the solution (mg/l)

	 q V C C me 0 f= -( ) / 	 (8.2)

8  Remediation of Dyes from Aquatic Ecosystems by Biosorption Method Using Algae



104

where V is the volume of the solution, M is the mass of bio-
sorbent (g), and qe is the dye biosorption.

3.3	 �Adsorption Isotherms

Adsorption models are used to investigate and study the 
adsorption mechanisms and surface properties of the biosor-
bents. The maximum adsorption capacity of any adsorbent is 
determined by the adsorption equilibrium measurements. 
Langmuir, Freundlich, Redlich-Peterson and Temkin iso-
therms are commonly used. Freundlich isotherm was devel-
oped in 1906 by Freundlich which described the 
heterogeneous surface equilibrium, and monolayer capacity 
is not assumed in this case (Lin and Juang 2009). The surface 
is considered as homogeneous in Langmuir isotherm where 
all adsorption sites exhibit equal affinity for solute particles 
(Langmuir 1918). Redlich-Peterson isotherm combined the 
elements from Langmuir and Freundlich isotherms (Redlich 
and Peterson 1959). The initial dye concentration also deter-
mines the adsorption capacity of biosorbent; when the initial 
concentration is high, the adsorption increases as more driv-
ing force is provided to overcome resistance from mass 
transfer between the solid and aqueous phases (Aksu and 
Tezer 2005). Similarly, the amount of biosorbent dosage 
when increased increases the rate of adsorption.

4	 �Conclusions

Algal biosorption can prove to be a boon for the people who 
are suffering from the adverse impacts of dyes present in the 
effluents releasing from different industries like textile, paper 
and pulp, tanning and pharmaceuticals. The algal biomass 
can have multipurpose use in extraction of oil, waste water 
treatment and carbon fixation. Marine and freshwater algae 
have both been made use of to detoxify the dye from waste-
water. Algae being cosmopolitan and cost-effective can be 
used at even community level for the removal of dyes con-
tamination. Some technical interventions like application of 
genetic engineering can be engaged which may further 
enhance the rate of phycoremediation of dyes with acceler-
ated amount of lipid content.
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