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ABSTRACT

Phycoremediation has been utilised to remediate
wastewater and successfully lower nutrient
levels. There isn’t many research, though, on
how well phycoremediation works to lower
nitrogen levels in eutrophic lakes. This review
concentrates on the process and variables
involved in using algae. Before considering the
possibility of algal-based approaches in
remediating lake eutrophication, to remove
nutrients and contaminants from wastewater.
Algal biofilm, algal grass scrubbers, high-rate
algal ponds (HRAP), and immobilised algae are
methods used in  phycoremediation of
wastewater. A wastewater treatment method
based on microalgae lowers BOD, prevents coli
forms, eliminates pollutants and nutrients, and
removes heavy metals. The sixth sustainable
development target of the UNDP cannot be
attained without phytoremediation. Microalgae
can effectively treat wastewater at a very low
cost, and the biomass they produce can be used
to produce biofuels. The cost-effective growing
of microalgae and contaminants  with
wastewater can be replaced by the successful
coupling of microalgae with wastewater, which
can also scale up production of high-value
products. This review mainly focused on the
potential of algae and their specific mechanisms
involved in wastewater treatment and energy
recovery systems leading to important industrial
precursors. The review is highly beneficial for

Keywords: Algae, Biodegradation, Pollutant
removal, Phycoremediation, Wastewater
treatment.

Highlights

+ Phycoremediation is based on the ability
of algae and cyanobacteria to
photosynthetically  convert sunlight,
carbon dioxide, and nutrients into
biomass. During this process, these
microorganisms absorb and assimilate
pollutants,  thereby reducing the
concentration of contaminants in water
bodies.

+ To maximize the efficiency and
scalability of phycoremediation,
ongoing research is needed in the areas
of algal genetics, cultivation techniques,
and system design.

+ Integrating  phycoremediation  with
existing wastewater treatment processes
and exploring novel cultivation systems
are promising research directions.

+ Phycoremediation holds tremendous
potential as a clean technology for water
remediation. By harnessing the natural
capabilities of photosynthetic
microorganisms, we can achieve
sustainable and eco-friendly solutions to
combat water pollution and preserve

scientists, wastewater treatment plant operators, aquatlc:,[_ ecosystems for future
freshwater managers, and industrial generations.
communities to support the sustainable
development of natural resources.
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INTRODUCTION

Water is in greater demand due to
population growth; despite the fact that
water covers about 70% of the planet, there
is clearly a scarcity. The yearly per capita
availability was approximately 3300 cubic
meters in 1960; this dropped by 60% to
approximately 1250 cubic meters, and by
2025, it is expected to drop even further to
650 cubic meters. For this reason, the time
has come to utilize every last drop of water
on Earth, beginning with wastewater [13].
Economically speaking, treating water is a
challenging endeavour, so finding a less
expensive method to do so is urgently
needed. One such method IS
phycoremediation, which employs
microalgae to assist treat water. For the
elimination or biotransformation of the
contaminants ~ With  the  help  of
photosynthesis, microalgae—
microorganisms that take in carbon dioxide
and proliferate in the presence of moisture
and nutrients—are being studied extensively
for wastewater treatment as a potential
replacement for more expensive, traditional
methods[59].The choice of a wastewater
treatment technology, whether conventional,
bioremediation, or advanced, is currently
one of the research community's most
fascinating topics. Utilising microorganisms
like microalgae, phycoremediation is a
bioremediation  method for treating
wastewater. It has been common practise for
more than 40 years, according to [3], to
utilise algae to treat wastewater. Oswald
described the initial application of this
discovery. The use of microalgae as an
alternative to traditional treatment methods
has garnered a lot of interest in previous
years. The choice of a wastewater treatment
technology, whether conventional,
bioremediation, or advanced, is currently
one of the research community's most
fascinating topics. Utilising microorganisms
like microalgae, phycoremediation is a
bioremediation  method for treating
wastewater. It has been common practise for
more than 40 years, according to [3], to
utilise algae to treat wastewater. Oswald

described the initial application of this
discovery. The use of microalgae as an
alternative to traditional treatment methods
has garnered a lot of interest in previous
years.

Population growth, industrialization, and
rapid urbanisation have all contributed to
various forms of environmental
contamination in recent years. Dumping
untreated sewage (such as commercial,
residential, and industrial effluent) directly
into aquatic environments like rivers,
reservoirs, and the sea is considered a rapid
and affordable dumping technique in
locations where the sewage treatment plant
(STP) facilities is not fully developed.
Water  scarcity and  depletion are
significantly impacted by this[27].One
biological treatment that is regarded as
environmentally responsible and sustainable
for removing contaminants from wastewater
IS phytoremediation. In addition to bio-
transforming  wastewater  contaminants,
microalgae are a great source of
hydrocarbons. Since microalgal oil is
extracted from a living plant, it is regarded
as a sustainable source of hydrocarbon.
Nowadays, wastewater discharge into the
environment has increased due to the
world's expanding population and diverse
businesses. One of the strategies with high
potential to photosynthetically digest the
excessive contaminants in wastewater is
microalgal phycoremediation. As a result,
one of the goals of this study is to identify
innovative technologies to reduce the
negative effects on the environment while
also evaluating sustainable hydrocarbons.
The release of untreated or processed water
from towns and villages, emissions from
industrial or processing facilities, runoff
from agricultural land, and leachates from
waste disposal sites are just a few examples
of causes of pollution. We have been forced
to look into a workable wastewater
treatment and resources regeneration due to
a lack of water, energy, and food [16] pH,
colour, odour, total nitrogen (TN), total
phosphorus (TP), chemical and biological
oxygen demands (COD and BOD), total
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suspended solids (TSS), total dissolved
solids (TDS), and metal ions concentration
are the fundamental wastewater monitoring

parameters[29].In  comparison to more
expensive conventional treatment
technologies, wusing algae has many

advantages. Traditional treatment uses a lot
of resources and produces a lot of harmful
waste. As an environmentally benign
method, phytoremediation is utilised to
reduce environmental pollutants [17][49].
Spirulina sp., Chlorella sp.,
Chlamydomonas sp., Oscillatoria sp.,
Nostoc sp., and Scenedesmus sp. are just a
few of the non-pathogenic algae used for
wastewater treatment [20].

1. A general composition of wastewater
Several separate streams, each with a range
in strength and quantity, contaminate
waterways. According to [1], the nature of
wastewater serves as a metaphor for the
societal habits and technology that are
currently prevalent. It is a complex mixture
of natural materials, both organic and
inorganic, as well as manufactured
compounds. The main pollutants in
wastewater include amino acids, fats,
carbohydrates, and sugars. According to
several studies [3][18], wastewater contains

significant amounts of sodium, calcium,
potassium, magnesium, arsenic, sulphur,
phosphorus, bicarbonate, ammonium salts,
and heavy metals. According to Deka and
Lahkar, persistent organic pollutants (POPs)
are chlorinated and aromatic pollutants such
polycyclic aromatic hydrocarbons (PAHS),
polychlorinated biphenyls (PCBs), and
organochlorinated insecticides. The
combustion  of  non-renewable  fuels
including coal, petroleum, burning of

biomass, emissions from processing
industries, greenhouse gas emissions, home
heating, landfills, wildfires, and other

sources results in the ubiquitous derivatives
known as PAHSs.

According to Haddaoui, PAHs are one of
the main categories of organic pollutants
that are largely present in environments that
have been polluted by petroleum products.
Due of PAHs' widespread distribution and
hazardous effects on living things, interest
in how they affect the environment is
expanding. Pyrene is the most prevalent
PAH contaminant found in wastewater,
particularly that produced by the petroleum
sectors [35] [37]. Among the many sources
of contamination are releases of untreated or
damaged.

Table 1 is a summary of the principal contaminants found in the wastewater.

Type of pollutant Name of the contaminants

PAHs Acenaphthene, anthracene, benzo[a]anthracene, benzo [a]pyrene, benzo[e] pyrene, benzo[b]fluoranthene,

benzo[g,h,i]perylene, benzo[k]fluoranthene, benzo[j] fluoranthene, chrysene, fluoranthene, fluorine, dibenzo
[a,h]anthracene, indeno[1,2,3-c,d]pyrene, phenanthrene, pyrene [37]

POPs Pesticides: cyclodienes, DDT, mirex, PCBs, perchlorobenzene. Chlorine-containing materials: dioxins and furans.

Phenols, chlorinated phenols-p-chlorophenol, 2,4- dichloro phenol [42]

Perfluorinated

Perfluorooctane sulfonate, perfluorooctanoic acid

compounds

Chlorinated Halomethanes, aldehydes, ketones, hydroxyl- and carboxylic- acids, derivatives of carboxylic acids, oxoacids, and
disinfection even nitrosamines

byproducts

Antibiotics Trimethoprim, ciprofloxacin, sulfamethoxazole [7]

Metal ions Cadmium (Cd), chromium (Cr), arsenic (As), lead (Pb), mercury (Hg) [43].

2. Remediating wastewater using
microalgae

Biologists have been researching the
possible application of microalgae in
wastewater treatment in nations such as the
United States, Taiwan, Thailand, Australia,
and Mexico. Microalgae biotreatment is
primarily appealing due to its remarkable

ability to transform solar energy into
valuable biomasses. The algal systems are
being developed to successfully remove
harmful minerals like lead, cadmium,
mercury, scandium, tin, arsenic, and
bromine. They are also known to be
effective in cleaning human sewage,
livestock wastes, industrial, agricultural, and
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waste from food processing facilities. As a
possible tertiary and secondary therapeutic
method, algal systems are suggested. The
removal of organic ions occurs in the
tertiary process through biological and
chemical means, which raises the treatment
cost. Hard implementation, secondary
pollution, and wastewater treatment are all
expensive endeavours; the cost of treatment
typically doubles with each additional step
in the water treatment process [60].

Waste water

Physical treatment

|

3. Innovations in technology for
wastewater reuse and disposal
Chemical treatment, the activated sludge
process, anaerobic digestion, membrane
filtration, advanced oxidation, and the
electro-Fenton process are examples of
traditional wastewater treatment techniques
[30]. It is crucial to develop appropriate
wastewater treatment processes that are easy
to apply, efficient, and environmentally
friendly in order to minimise water
contamination due to the increasing
complexity of effluent compositions as
anthropogenic activities grow.

Screening Sedimentation
Skimming Grit removal
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Biological treatment
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Chemical treatment
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Neutralization Ion Exchange
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Fig. 1 shows a generalised diagram of the different wastewater treatment facilities that are available.

Treatment of effluents with complex
compositions has been demonstrated to be
inefficient using purely physical-chemical
approaches. There are numerous issues with
conventional wastewater treatment.
Methods, such as high energy costs,
aeration-related expenses, and sludge
control. It has been demonstrated that
treating  effluents with  complicated

compositions using only physical-chemical
approaches is inefficient.  Traditional
wastewater treatment methods have a
number of shortcomings, including high
energy  consumption,  aeration-related
expenses, and sludge control. The typical
technique of treating wastewater produces
secondary solid waste in the range of 0.3-
0.5 kg biomass (dry) for the removal of 1 kg
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of COD, while the sludge treatment costs
between $150 and $300. The activated
sludge process produces 0.78 kg of carbon
dioxide equivalents per cubic metre of air.
Around 3% of greenhouse gas emissions to
the environment, according to Climate
Central, come from effluent treatment
plants. A well-known and commonly used
wastewater treatment method is the
anaerobic process, in which the resulting
sludge is digested to produce steam
(methane). The energy required for the
anaerobic sludge process is two times
greater than the energy generated by the
sludge digestion. Depending on the reactor,
setup, and operational circumstances, a
longer retention period is required, ranging
from 16 to 30 days. For the treatment of
wastewater, a wide range of non-pathogenic
algae are being used, including Spirulina
spp., Chlorella spp., Chlamydomonas spp.,
Oscillatoria  spp., Nostoc spp., and
Scenedesmus spp. ([13].When grown in
swine wastewater, Chlorella reinhardtii and
Chlorella vulgaris reduced the TN and COD
by 90% and 46% and 93% and 59%,
respectively [49].The antiretroviral drug
concentrations of Abacavir, Efavirenz,
Telzir, Darunavir, and Lamivudine that are
found in domestic wastewater are efficiently
decreased by Pseudokirchneriella
subcapitata [41].

4. Phycoremediation: the
biodegradation of wastewater using
algae

A diverse group of primarily eukaryotic

species, algae (phyco means "algae" in

Greek) varies in size from single cells to

highly developed plants. Algae utilise CO2

in the presence of sunlight, fix carbon from

CO2, and release oxygen (0O2) into the

environment. Because they make up the

majority of all photosynthetic activity and

serve as the foundation of the food chain,
algal cells are essential to life on Earth[40].
Algal cells produce 02, which is utilised to
degrade organic molecules, and because of
their own growth, algae may use the
released CO2. Use of algae (including
Cyanobacteria, microalgae, and macroalgae)
in industrial processes for pollutant removal
or to derive products from wastewater, such
as algal biomass, is referred to as
phytoremediation. Algae are utilised as a
food supply, energy source, stabiliser,
compost, and wastewater processor. They
are also used to process wastewater and cut
down on CO2 emissions from power plants.
An alga produces a substantial amount of
biomass and energy. Some algae species
have up to 60% of their total biomass made
up of lipids, which permits greater
combustion heat and energy values [36]. In
order to grow, microalgae use nutrients
(NPK and others) and organic carbon from
wastewater. The growing of microalgae in
wastewater has the potential to considerably
reduce the need for freshwater and the use
of fertilisers ([29]. Therefore, using
industrial effluent to grow microalgae to test
the viability of treating contaminated water
simultaneously while also reducing the need
for fresh water and extra nutrients becomes
a viable option. In order to reduce the
pollution caused by industrial effluent,
microalgae can play a crucial role [5][26]
[29][44]. Thus, phycoremediation includes
the following applications: (i) reducing
excess nutrients from municipal sewage and
industrial  effluent containing  organic
material, (ii) eliminating nutrients and
xenobiotic substances using biosorption by
algal-biosorbent, (iii) processing effluents
with heavy metal ions, (iv) reducing CO2,
and (v) monitoring of potentially toxic
substances using algae as biosensors[54].
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Fig.2 (A) Diagrammatic illustration of the phycoremediation process and,(B) outline of the mechanisms and routes involved in the

conversion of algal biomass.

5. Various types of algae used in the
treatment of wastewater
A complex category of aquatic plants
known as algae lack the conventional roots,
branches, and leaves of terrestrial plants. Its
cell walls are made of cellulose. There are
macro- and microalgal species of algae.
Microalgae are single-celled creatures with
a maximum size of 0.2-100 m, while
macroalgae are multicellular species with a
maximum size of several metres (Liu et al.,
2020). The unicellular or fundamentally
multicellular nature of algae allows them to
grow quickly and cling to severe
environments. Algae are photosynthetic
prokaryotic or eukaryotic creatures. The
term "algae™ refers to thallophytic creatures
that have pigments for photosynthesis.

Because of their straightforward cellular
structure, microalgae actually utilise CO2,
water, and nutrients more effectively than
terrestrial plants do [38].By co-digesting
different ratios of cow dung, chicken
manure, and Chlorella pyrenoidosa grown in
digestate water, biogas was produced from
algae. The 2:1:2 substrate ratio resulted in
the highest methane output of 68%. The
exopolysaccharides (EPS) from Chlorella
vulgaris were used to co-precipitate iron
(1) chloride and iron (Il) sulphate,
resulting in the magnetic nanocomposite
particles (Fe3O4@EPS). According to [25]
the Fe3O4@EPS resulted in the greatest

decrease of 91% of PO4 3 and 85% of NH4
+.

International Journal of Research and Review (ijrrjournal.com) 495
Volume 10; Issue: 11; November 2023



Dr. Amita Pandey et.al. Phycoremediation — a clean technology for water pollution abatement

68

Fig. 3 Algal spcie

S eplyed in waste water (WW) treatment regime. (A) Chlorella vulgaris (B) Chlorella

pyrenoidosa (C) Spirulina platensis (D) Botryococcus braunii (E) Chlorella variabilis (F) Scenedesmus
obliquus (G) Diplosphaera sp. (H) C. reinhardtii (1) Oscillatoria sp. (J) Nannochloropsis sp. (K)
Scenedesmus rubescens (L) Chlamydomonas reinhardtii (M) S. cerevisiae (N) Scenedesmus acutus (O)
Tetraselmis chuil (P) Fucus vesiculosus (Q) Ascophyllum nodosum (R)Chlorella zofingiensis (S) Laminaria
japonica (T) Scenedesmus rubescens.(Source Koul, B., Sharma, K., & Shah, M. P. (2022).

6. Algal bioremediation of PCBs and
PAHSs

Due to their toxicity, adaptability, and

widespread dispersion in the ecosystem,

PAHs and PCBs are the two main families

of organic pollutants that are closely

regulated and assessed. Typically, PCBs are

used in a variety of industrial applications.
According to Deka and Lahkar these
substances are regarded as the principal and
most harmful contaminants that have a
negative impact on the ecosystem and the
general populace. These contaminants are
also thought to cause cancer in both humans
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and animals. The USEPA took this into
consideration  and  designated  these
chemicals as one of the main pollutants
because of its harmful effects on the
environment. contaminants. Ulva lactuca,
one of the efficient algae species, PCB
concentrations can be accumulated in
amounts between 7 and 13 g/kg of dry algal
biomass [35].Several algae species have
been discovered as being efficient at
removing PCBs, including Desmarestia sp.,
Caepidium antarcticum, Fucus vesiculosus,
Cystoseira barbata, Fucus virsoides,
Gracilaria gracilis, Skeletonema costatum,

Nitzschia sp., and Selenastrum
capricornutum. In order to effectively
remove benzo(a) pyrene, two algae species
have  been identified:  Selenastrum
capricornutum and Scenedesmus acutus.
When the algal cells were subjected to
benzo(a)pyrene for 15 h and 72 h,
respectively, Selenastrum capricornutum
and Scenedesmus acutus showed the
maximum clearance rates of 99% and 95%
BioMnOx, an algae-based product,
effectively reduced Bisphenol A by up to
78%. Desmodesmus sp. WR1 was the type of
alga utilised to make BioMnOx.

Table 3. Various algae species are utilised to degrade PCBs and PHAs.

Pollutants Name of the algae References
Benzo(a)pyrene | Selenastrum capricornutum Scenedesmus acutus | [23]
Bisphenol A Desmodesmus sp. [50]
Naproxen Cymbella sp. [18]
Scenedesmus quadricauda
Chlorobenzenes | Chlorella pyrenoidosa [56]
Diazinon Chlorella vulgaris [52]
Chlorpyrifos Chlorella pyrenoidosa Merismopedia sp. [10]

7. Strategies for the sustainable
utilization of phycoremediation
The combination of phycoremediation with

traditional treatment facilities is more
efficient. Some wastewater treatment
techniques produce large amounts of

dangerous and complex chemicals, making
biological remediation incapable of
completely eliminating all pollutants. To
ensure complete elimination of
physicochemical features including COD,
colour, pollution, and heavy metal residues,
it is imperative to employ technical
advancements  such  physico-chemical
procedures. However, if sufficient chemical
neutralisation procedures are used, it may be
a sustainable process. This may involve
additional technological and economic costs
(increased electricity use, principal costs,
and contaminant discharge), which might

not be entirely ecologically sound (chemical
pollution, environmental unfriendliness).
High levels of pollutants in the wastewater,
including polyphenols, can occasionally
drastically lower microbial activity. The
various separation methods, including
flotation, centrifugation, and
coagulation/flocculation, account for around
30% of the operation costs associated with
algae  production.  Immobilisation  or
connected algal cultivation methods could
lower this cost [10]. Chlorella vulgaris
immobilisation with alginate beads was
demonstrated to be potentially suitable for
the treatment of municipal wastewater
reverse osmosis concentrate. On the other
hand, the interaction of pH, alkalinity, and
salinity may significantly affect, among
other things, their stability and effectiveness
in removing nutrients[33].
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8. Techniques for Phycoremediation long-
term effective use Advantages of using
algae for wastewater treatment

i) Unlike conventional chemical therapies,
algae have the ability to address multiple
problems at once. As an illustration, algae
might be utilised for bioremediation, and the
biomass obtained could be used to alleviate
the energy problem and environmentally
sustainable generate a range of bioactive
substances [13].

(it) Depending on the situation, there are
numerous ways to use algae. According to
[55], the algae-based photobioreactor
system could be run in batch, semi-
continuous, or continuous mode.

(i) Astaxanthin, beta-carotene,
phycocyanin, and eicosahexaenoic acid,
among others, could be produced from algal
biomass as active secondary metabolites [6].
(iv) Algal technology is a very reliable
procedure that may be used alone or in
conjunction with other industrial processes
like physicochemical purification
techniques. The main prerequisites for an

algal-based treatment system are adequate
fertiliser, water, and land availability [48].
(v) According to [ 47], phycoremediation is
a cost-effective treatment method that
doesn't even need a lot of electricity or
harmful materials to run.

(vi) Algae capacity to store CO2 offers a
very promising option to the threat of global
warming. The atmosphere will thereafter be
cleaned with the help of the released O2. A
possible method for producing alternative
fuels is the recent development of
biohydrogen utilising algae [32].

(vii) Phycoremediation technology can
handle fluctuations in the consistency and
volume of the material given to it, such as

wastewater  with  different  impurity
concentrations.
CONCLUSION
The wusage of both microalgae and

macroalgae has been the subject of
numerous research. Algal systems have
several advantages, including the fact that
they are based on purification cycles that
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naturally occur in the ecosystem. Reusable
wastewater and beneficial algal biomass can

https://doi.org/10.1007/978-981-13-3426-
9 3.

be used in phycoremediation technologiesto 4. Al Azad, S. Estim, A, Mustafa, S,
provide vital byproducts including food, Sumbing, M.V., 2017. Assessment of
ab'!'tY to reduce e_nV|ro'nm'er1taI Carpon J. Geosci. Environ. Protect. 5, 137-147.
emissions. By removing significant strains https://doi.org/10.4236/gep.2017.58012.
of both microalgae and macroalgae with 5. Brar, A, Kumar, M. Vivekanand, V.,
increased  functionality =~ for  carbon Pareek, N., 2017. Photoautotrophic
sequestration as well as waste reduction and microorganisms and bioremediation of
the manufacture of valuable byproducts, the industrial effluents: current status and future
distinctive features of algal biomass are prospects. 3 Biotech 7, 18.
critical to encourage the advancement of https://doi.org/10.1007/s13205-017-0600-5.
phycoremediation technologies. The review 6. Cardoso, L.G., Duarte, J.H., Costa, JAV.,
shows that algae have been shown to be de Jesus Assis, D., Lemos, P.V.F., Druzian,
effective for treating various wastewaters J.I., de Souza, C.O., Nunes, L.L., Chinalia,
(petroleum coal gasification FA, 2021 Spirulina sp. as a
' L) bioremediation agent for aquaculture
pharmaceutical, aquaculture, dye, domestic wastewater: production of high added value
wastewater, food industry, oil mill, piggery, compounds and estimation of theoretical
tannery, leather, textile, and dairy effluents), biodiesel. Bioenergy Res 14, 254-264.
and they may one day replace traditional https://doi.org/ 10.1007/s12155-020-10153-
treatment methods by having a wide range 4,
of applications in treating various pollutants 7. Cai, W., Zhao, Z., Li, D., Lei, Z., Zhang, Z.,
like metal ions, PAHs, PCBs, microplastics, Lee, D.J., 2019. Algae granulation for
personal care products, and others. nutrients uptake and algae harvesting during
wastewater treatment. Chemosphere 214,
. 55-59.
Declaration by Authors o .
Acknowledgement: None ggtplsd/7/d0|.org/10.1016lj.chemosphere.2018.
Source of Funding: None 8. Carusso, S., Ju” arez, A.B., Moretton, J.,
Conflict of Interest: The authors declare no Magdaleno, A., 2018. Effects of three
conflict of interest. veterinary ~ antibiotics and their binary
mixtures on two green alga species.
REFERENCES Chemosphere 821-827.
1. Abdel-Raouf, N., Al-Homaidan, AA, https://doi.org/10.1016/j.chemosphere.2017.
Ibraheem, 1.B.M., 2012. Microalgae and 12.047.
wastewater treatment. Saudi J. Biol. Sci. 19, 9. Chaudhary, R., Tong, Y.W., Dikshit, A.K,,
257-275. https://doi.org/10.1016/j. 2018. CO2-assisted removal of nutrients
sjbs.2012.04.005. from municipal wastewater by microalgae
2. Abou-Shanab, R.A.lL, Ji, M.K., Kim, H.C,, Chlorella  vulgaris and  Scenedesmus
Paeng, K.J., Jeon, B.H., 2013. Microalgal obliquus. Int. J. Environ. Sci. Technol. 15,
species growing on piggery wastewater as a 2183-2192. https://doi.org/10.1007/s13762-
valuable candidate for nutrient removal and 017- 1571-0.
biodiesel production. J. Environ. Manag. 10. Chen, S., Chen, M., Wang, Z., Qiu, W.,
115 https://doi.org/10.1016/j. Wang, J., Shen, Y., Wang, Y., Ge, S., 2016.
jenvman.2012.11.022. Toxicological effects of chlorpyrifos on
3. Ahmad, S., Pandey, A., Pathak, V.V, growth, enzyme activity and chlorophyll a
Tyagi, V.V.,, Kothari, R., 2020. S. Dayana  Priyadharshini et al.
Phycoremediation: algae as eco-friendly Environmental Pollution 290 (2021) 117989
tools for the removal of heavy metals from 13 synthesis of freshwater microalgae.
wastewaters.  In:  Bioremediation  of Environ. Toxicol. Pharmacol. 45, 179-186.
Industrial Waste for Environmental Safety. https://doi.org/10.1016/J.ETAP.2016.05.032
Springer Singapore, pp. 53-76. ,
International Journal of Research and Review (ijrrjournal.com) 499

Volume 10; Issue: 11; November 2023


https://doi.org/10.1016/j.%20sjbs.2012.04.005
https://doi.org/10.1016/j.%20sjbs.2012.04.005
https://doi.org/10.1016/j.%20jenvman.2012.11.022
https://doi.org/10.1016/j.%20jenvman.2012.11.022
https://doi.org/10.1007/978-981-13-3426-9_3
https://doi.org/10.1007/978-981-13-3426-9_3
https://doi.org/10.4236/gep.2017.58012
https://doi.org/10.1007/s13205-017-0600-5
https://doi.org/10.1016/j.chemosphere.2018.09.107
https://doi.org/10.1016/j.chemosphere.2018.09.107
https://doi.org/10.1016/j.chemosphere.2017.12.047
https://doi.org/10.1016/j.chemosphere.2017.12.047
https://doi.org/10.1007/s13762-017-%201571-0
https://doi.org/10.1007/s13762-017-%201571-0
https://doi.org/10.1016/J.ETAP.2016.05.032
https://doi.org/10.1016/J.ETAP.2016.05.032

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dr. Amita Pandey et.al. Phycoremediation — a clean technology for water pollution abatement

Chu, W.L., See, Y.C., Phang, S.M., 2009.
Use of immobilised Chlorella vulgaris for
the removal of colour from textile dyes. J.
Appl. Phycol. 21, 641-648. https://doi.org/
10.1007/s10811-008-9396-3.

Craggs, R., Park, J., Heubeck, S,
Sutherland, D., 2014. High rate algal pond
systems  for low-energy  wastewater

treatment, nutrient recovery and energy
production. N. Z. J. Bot. 52
https://doi.org/10.1080/0028825X.2013.861
855.

Daneshvar, E., Zarrinmehr, M.J., Koutra, E.,
Kornaros, M., Farhadian, O., Bhatnagar, A.,
2019. Sequential cultivation of microalgae
in raw and recycled dairy wastewater:
microalgal growth, wastewater treatment
and biochemical composition. Bioresour.
Technol. 273, 556-564.
https://doi.org/10.1016/j.biortech.2018.11.0
59.

Das, P.K., Rani, J., Rawat, S., Kumar, S.,
2021. Microalgal co-cultivation for biofuel
production and bioremediation: current
status and benefits. Bioenergy Res. https://
doi.org/10.1007/s12155-021-10254-8.
Dayana Priyadharshini, S., Bakthavatsalam,
A.K., 2019. A comparative study on growth
and degradation behavior of C. pyrenoidosa
on synthetic phenol and phenolic
wastewater of a coal gasification plant. J.
Environ. Chem. Eng. 7, 103079.
https://doi.org/10.1016/j.jece.2019.103079.
Delgadillo-Mirquez, L., Lopes, F., Taidi, B.,
Pareau, D., 2016. Nitrogen and phosphate
removal from wastewater with a mixed
microalgae and bacteria culture. Biotechnol.
Reports 11, 18-26.
https://doi.org/10.1016/j.btre.2016.04.003.
Deshmukh, S., Bala, K., Kumar, R., 2019.
Selection of microalgae species based on
their lipid content, fatty acid profile and
apparent fuel properties for biodiesel
production. Environ. Sci. Pollut. Res. 26,
24462-24473.
https://doi.org/10.1007/s11356-019- 05692-
z.

Ding, Y., Wang, Y., Liu, X., Song, X,
2020. Improving nutrient and organic matter
removal by novel integration of a high-rate
algal pond and submerged macrophyte
pond. Pol. J. Environ. Stud. 29, 997-1001.
https://doi.org/10.15244/pjoes/99824.
Doma, H.S., El-Liethy, M.A., Abdo, S.M,,
Ali, G.H., 2016. Potential of using high rate

20.

21.

22.

23.

24,

25.

26.

algal pond for algal biofuel production and
wastewater treatment. Asian J. Chem. 28,
399-404.
https://doi.org/10.14233/ajchem.2016.19378
Emparan, Q., Harun, R., Danquah, M.K,
2019. Role of phycoremediation for nutrient
removal from wastewaters: a review. Appl.
Ecol. Environ. Res. 17, 889-915. https://
doi.org/10.15666/aeer/1701_889915.
Ferrando, L., Matamoros, V., 2020.
Attenuation of nitrates, antibiotics and
pesticides  from  groundwater  using
immobilised microalgae-based systems. Sci.
Total Environ. 703, 134740.
https://doi.org/10.1016/j.scitotenv.2019.134
740.

Franchino, M., Comino, E., Bona, F,
Riggio, V.A., 2013. Growth of three
microalgae strains and nutrient removal
from an agro-zootechnical digestate.
Chemosphere 92, 738744,
https://doi.org/10.1016/j.chemosphere.2013.
04.023

Garcia de Llasera, M.P., Olmos-Espejel, J.
de J., Diaz-Flores, G., Montano-Montiel, ~
A., 2016. Biodegradation of benzo(a)pyrene
by two freshwater microalgae Selenastrum
capricornutum and Scenedesmus acutus: a
comparative study useful for
bioremediation. Environ. Sci. Pollut. Res.
23, 3365-3375. https://doi.org/10.1007/
$11356-015-5576-2.

Gonzalez, L.E., Bashan, Y., 2000. Increased
growth of the microalga Chlorella vulgaris
when coimmobilized and cocultured in
alginate  beads  with  the  plant-
growthpromoting bacterium Azospirillum
brasilense. Appl. Environ. Microbiol. 66,
1527-1531.
https://doi.org/10.1128/aem.66.4.1527-
1531.2000.

Govarthanan, M., Jeon, C.H., Jeon, Y.H.,,
Kwon, J.H., Bae, H., Kim, W., 2020. Non-
toxic nano approach for wastewater
treatment  using  Chlorella  vulgaris
exopolysaccharides immobilized in iron-
magnetic nanoparticles. Int. J. Biol.
Macromol. 162, 1241-1249.
https://doi.org/10.1016/j.ijbiomac.2020.06.2
217.

Guleri, S., Saxena, A., Singh, K.J., Rinku,
R., Dhanker, R., Kapoor, N., Tiwari, A,
2020. Phycoremediation: a novel and
synergistic  approach  in  wastewater
remediation. J. Microbiol. Biotechnol. Food

International Journal of Research and Review (ijrrjournal.com)

500

Volume 10; Issue: 11; November 2023


https://doi.org/10.1080/0028825X.2013.861855
https://doi.org/10.1080/0028825X.2013.861855
https://doi.org/10.1016/j.biortech.2018.11.059
https://doi.org/10.1016/j.biortech.2018.11.059
https://doi.org/10.1016/j.jece.2019.103079
https://doi.org/10.1016/j.btre.2016.04.003
https://doi.org/10.15244/pjoes/99824
https://doi.org/10.14233/ajchem.2016.19378
https://doi.org/10.1016/j.scitotenv.2019.134740
https://doi.org/10.1016/j.scitotenv.2019.134740
https://doi.org/10.1016/j.chemosphere.2013.04.023
https://doi.org/10.1016/j.chemosphere.2013.04.023
https://doi.org/10.1128/aem.66.4.1527-1531.2000
https://doi.org/10.1128/aem.66.4.1527-1531.2000
https://doi.org/10.1016/j.ijbiomac.2020.06.227
https://doi.org/10.1016/j.ijbiomac.2020.06.227

27.

28.

29.

30.

31.

32.

33.

Dr. Amita Pandey et.al. Phycoremediation — a clean technology for water pollution abatement

Sci. 10, 98-106. https://doi.org/10.15414/
jmbfs.2020.10.1.98-106.

Hena, S., Gutierrez, L., Crou’e, J.P., 2021.
Removal of pharmaceutical and personal
care products (PPCPs) from wastewater
using microalgae: a review. J. Hazard
Mater. 403
https://doi.org/10.1016/j.jhazmat.2020.1240
41.

Hasan, R., 2014. Bioremediation of swine
wastewater and biofuel potential by using
Chlorella vulgaris, Chlamydomonas
reinhardtii, and Chlamydomonas debaryana.
S. Dayana Priyadharshini et al.
Environmental Pollution 290 (2021) 117989
14 J. Petrol Environ. Biotechnol. 5, 1-20.
https://doi.org/10.4172/2157-
7463.1000175, 0. He, Q.Y., 2014.

Joon, N.K,, Barnsley, J.E., Ding, R., Lee, S.,
Latonen, R.M., Bobacka, J., Gordon, K.C.,
Ogawa, T., Lisak, G., 2020. Silver(l)-
selective electrodes based on rare earth
element double-decker porphyrins. Sensor.
Actuator. B  Chem. 305, 127311.
https://doi.org/ 10.1016/j.snb.2019.127311.
Krishnan, R.Y., Manikandan, S., Subbaiya,
R., Biruntha, M., Govarthanan, M.,
Karmegam, N., 2021. Removal of emerging
micropollutants originating from
pharmaceuticals and personal care products
(PPCPs) in water and wastewater by
advanced oxidation processes: a review.
Environ. Technol. Innov. 23, 101757.
https://doi.org/10.1016/j.eti.2021.101757.
Kumar, P.K., Vijaya Krishna, S., Verma, K.,
Pooja, K., Bhagawan, D., Himabindu, V.,
2018.  Phycoremediation of sewage
wastewater and industrial flue gases for
biomass generation from microalgae. S. Afr.
J. Chem. Eng. 25, 133-146. https://doi.org/
10.1016/j.sajce.2018.04.006.

Lutzu, G.A., Ciurli, A., Chiellini, C., Di
Caprio, F., Concas, A., Dunford, N.T.
2021. Latest developments in wastewater
treatment and biopolymer production by
microalgae. J. Environ. Chem. Eng. 9,
104926.
https://doi.org/10.1016/j.jece.2020.104926.
Mohseni, A., Kube, M., Fan, L., Roddick,
F.A., 2021. Treatment of wastewater reverse
osmosis  concentrate  using  alginate-
immobilised microalgae: integrated impact
of solution conditions on algal bead
performance. Chemosphere 276, 130028.

34.

35.

36.

37.

38.

39.

40.

https://doi.org/10.1016/j.chemosphere.2021.
130028.

Nagi, M., He, M., Li, D., Gebreluel, T.,
Cheng, B., Wang, C., 2020. Utilization of
tannery wastewater for biofuel production:
new insights on microalgae growth and
biomass production. Sci. Rep. 10, 1530.
https://doi.org/10.1038/s41598-019-57120-
4.

Net, S., Henry, F., Rabodonirina, S., Diop,
M., Merhaby, D., Mahfouz, C., Amara, R.,
Ouddane, B., 2015. Accumulation of PAHs,
Me-PAHs, PCBs and total mercury in
sediments and marine species in coastal
areas of Dakar, Senegal: contamination
level and impact. Int. J. Environ. Res. 9,
419-432.

Nur, M.M.A., Buma, A.GJ., 2019.
Opportunities and challenges of microalgal
cultivation on wastewater, with special
focus on palm oil mill effluent and the
production of high value compounds. Waste
Biomass Valor. 10, 2079-2097.
https://doi.org/ 10.1007/5s12649-018-0256-3.
Premnath, N., Mohanrasu, K., Guru Raj
Rao, R., Dinesh, G.H., Prakash, G.S,,
Ananthi, V., Kumar, P., Govarthanan, M.,
Arun, A., 2021. A crucial review on
polycyclic ~ aromatic  hydrocarbons -
environmental occurrence and strategies for
microbial degradation. Chemosphere 280,
130608.
https://doi.org/10.1016/j.chemosphere.2021.
130608.

Pacheco, D., Rocha, A.C., Pereira, L.,
Verdelhos, T., 2020. Microalgae water
bioremediation: trends and hot topics. Appl.
Sci. 10, 1886. https://doi.org/10.3390/
app10051886.

Peng, Y.Y., Gao, F., Yang, H.L., Wuy,
H.W.J,, Li, C., Lu, M.M,, Yang, Z.Y., 2020.
Simultaneous removal of nutrient and
sulfonamides from marine aquaculture
wastewater by concentrated and attached
cultivation of Chlorella vulgaris in an algal
biofilm membrane photobioreactor (BF-
MPBR). Sci. Total Environ. 725, 138524,
https://doi.org/10.1016/j.scitotenv.2020.138
524.

Rani, S., Gunjyal, N., Ojha, C.S.P., Singh,
R.P., 2021. Review of challenges for
algaebased wastewater treatment: strain
selection,  wastewater  characteristics,
abiotic, and biotic factors. J. Hazardous,
Toxic, Radioact. Waste 25, 03120004.

International Journal of Research and Review (ijrrjournal.com)

501

Volume 10; Issue: 11; November 2023


https://doi.org/10.1016/j.jhazmat.2020.124041
https://doi.org/10.1016/j.jhazmat.2020.124041
https://doi.org/10.1016/j.eti.2021.101757
https://doi.org/10.1016/j.jece.2020.104926
https://doi.org/10.1016/j.chemosphere.2021.130028
https://doi.org/10.1016/j.chemosphere.2021.130028
https://doi.org/10.1038/s41598-019-57120-4
https://doi.org/10.1038/s41598-019-57120-4
https://doi.org/10.1016/j.chemosphere.2021.130608
https://doi.org/10.1016/j.chemosphere.2021.130608
https://doi.org/10.1016/j.scitotenv.2020.138524
https://doi.org/10.1016/j.scitotenv.2020.138524

41.

42.

43.

44,

45.

46.

47.

48.

Dr. Amita Pandey et.al. Phycoremediation — a clean technology for water pollution abatement

https://doi.

5515.0000578.
Reddy, K., Renuka, N., Kumari, S., Bux, F.,
2021. Algae-mediated processes for the

0rg/10.1061/(asce)hz.2153-

treatment of antiretroviral drugs in
wastewater: prospects and challenges.
Chemosphere 280, 130674.

https://doi.org/10.1016/j.chemosphere.2021.
130674.

Salam, K.A., 2019. Towards sustainable
development of microalgal biosorption for
treating effluents containing heavy metals.
Biofuel Res. J. 6, 948-961. https://doi.
0rg/10.18331/brj2019.6.2.2.

Salama, E.S., Kurade, M.B., Abou-Shanab,
R.A.l., El-Dalatony, M.M., Yang, I.S., Min,
B., Jeon, B.H., 2017. Recent progress in
microalgal biomass production coupled with
wastewater treatment for biofuel generation.
Renew. Sustain. Energy Rev. 79, 1189-
1211.
https://doi.org/10.1016/j.rser.2017.05.091.
Sarkar, P., Dey, A., 2021. Phycoremediation
— an emerging technique for dye abatement:
an overview. Process Saf. Environ. Protect.
147, 214-225. https://doi.org/10.1016/
j-psep.2020.09.031.

Saranya, D., Shanthakumar, S., 2019. Green
microalgae for combined sewage and
tannery effluent treatment: performance and
lipid accumulation potential. J. Environ.
Manag. 241, 167-178.
https://doi.org/10.1016/j.jenvman.2019.04.0
31.

Sacrist” an de Alva, M., Luna-Pabello,
V.M., Cadena, E., Ortiz, E., 2013. Green
microalga Scenedesmus acutus grown on
municipal wastewater to couple nutrient
removal with lipid accumulation for
biodiesel production. Bioresour. Technol.
146, 744-748.
https://doi.org/10.1016/j.biortech.2013.07.0
61.

Sirakov, 1., Velichkova, K., Beev, G,
Staykov, Y., 2013. The influence of organic
carbon on bioremediation process of
wastewater originate from aquaculture with
use of  microalgae  from  genera
Botryococcus and Scenedesmus. Agric. Sci.
Technol. 5, 443-447.

Swain, P., Tiwari, A., Pandey, A., 2020.
Enhanced lipid production in Tetraselmis
sp. by two stage process optimization using
simulated dairy wastewater as feedstock.
Biomass Bioenergy 139, 105643.

49.

50.

51.

52.

53.

o4.

55.

56.

https://doi.org/10.1016/j.biombioe.2020.105
643.

Toyama, T., Kasuya, M., Hanaoka, T.,
Kobayashi, N., Tanaka, Y., Inoue, D., Sei,
K., Morikawa, M., Mori, K., 2018. Growth
promotion of three microalgae,
Chlamydomonas  reinhardtii,  Chlorella
vulgaris and Euglena gracilis, by in situ
indigenous bacteria in wastewater effluent.
Biotechnol. Biofuels 11, 1-12. https://
doi.org/10.1186/s13068-018-1174-0.

Wang, Y., Wang, S., Sun, L., Sun, Z., Li,
D., 2020a. Screening of a Chlorella-bacteria

consortium and research on piggery
wastewater purification. Algal Res 47,
101840.

https://doi.org/10.1016/j.algal.2020.101840.
Whangchenchom, W., Chiemchaisri, W.,
Tapaneeyaworawong, P., Powtongsook, S.,
2014. Wastewater from instant noodle
factory as the whole nutrients source for the
microalga Scenedesmus sp. cultivation.
Environ. Eng. Res. 19 https://doi.org/
10.4491/eer.2014.51.007.

Xiong, Q., Hu, L.X,, Liu, Y.S., Zhao, J.L.,
He, LY, Ying, G.G., 2021. Microalgae-
based technology for antibiotics removal:
from mechanisms to application of
innovational hybrid systems. Environ. Int.

155, 106594. https://doi.org/10.1016/j.
envint.2021.106594.
Xu, X., Shen, Y., Chen, J., 2015.

Cultivation of Scenedesmus dimorphus for

C/N/P  removal and lipid production.
Electron. J. Biotechnol. 18, 46-50.
https://doi.org/10.1016/j. ejbt.2014.12.003.
Yadav, G., Shanmugam, S.,
Sivaramakrishnan, R., Kumar, D.,
Mathimani, T., Brindhadeuvi, K.,
Pugazhendhi, A., Rajendran, K., 2021.

Mechanism and challenges behind algae as
a wastewater treatment choice for bioenergy
production and beyond. Fuel 285, 119093.
https://doi.org/10.1016/j.fuel.2020.119093.
Young, P., Taylor, M., Fallowfield, H.J.,
2017. Mini-review: high rate algal ponds,
flexible systems for sustainable wastewater
treatment. World J. Microbiol. Biotechnol.
33, 117. https://doi.org/10.1007/s11274-
017-2282-x.

Zhang, Y., Su, H., Zhong, Y., Zhang, C.,
Shen, Z., Sang, W., Yan, G., Zhou, X,
2012. The effect of bacterial contamination
on the heterotrophic cultivation of Chlorella
pyrenoidosa in wastewater from the

International Journal of Research and Review (ijrrjournal.com)

502

Volume 10; Issue: 11; November 2023


https://doi.org/10.1016/j.chemosphere.2021.130674
https://doi.org/10.1016/j.chemosphere.2021.130674
https://doi.org/10.1016/j.rser.2017.05.091
https://doi.org/10.1016/j.jenvman.2019.04.031
https://doi.org/10.1016/j.jenvman.2019.04.031
https://doi.org/10.1016/j.biortech.2013.07.061
https://doi.org/10.1016/j.biortech.2013.07.061
https://doi.org/10.1016/j.biombioe.2020.105643
https://doi.org/10.1016/j.biombioe.2020.105643
https://doi.org/10.1016/j.algal.2020.101840
https://doi.org/10.1016/j.%20envint.2021.106594
https://doi.org/10.1016/j.%20envint.2021.106594
https://doi.org/10.1016/j.%20ejbt.2014.12.003
https://doi.org/10.1016/j.fuel.2020.119093
https://doi.org/10.1007/s11274-017-2282-x
https://doi.org/10.1007/s11274-017-2282-x

57.

58.

59.

Dr. Amita Pandey et.al. Phycoremediation — a clean technology for water pollution abatement

production of soybean products. Water Res.
46, 5509-5516.
https://doi.org/10.1016/j.watres.2012.07.025

Zhu, L., Wang, Z., Shu, Q., Takala, J.,
Hiltunen, E., Feng, P., Yuan, Z., 2013.
Nutrient removal and biodiesel production
by integration of freshwater algae
cultivation ~ with  piggery  wastewater
treatment. Water Res. 47, 4294-4302.
https://doi.org/10.1016/

j-watres.2013.05.004.
D. Srivastava and O. S. Srivastava,
“Phycoremediation in Wastewater

Treatment,” Journal of Mechanical and
Construction Engineering, vol. 1, Iss. 2, no.
2, pp. 1-4, 2021.
http://doi.org/10.54060/JMCE/001.02.002

P. H. Rao, R. R. Kumar, and N. Mohan,
“Phycoremediation: Role of algae in waste
management,” in Microorganisms for

Sustainability, Singapore: Springer
Singapore, 2019, pp. 49-82.

60. Worku and O. Sahu, “Reduction of heavy
metal and hardness from ground water by
algae,” Journal of Applied & Environmental
Microbiology, vol. 2, no. 3, pp. 86-89,
2014.

61. Koul, B., Sharma, K., & Shah, M. P. (2022).
Phycoremediation: A sustainable alternative
in wastewater treatment (WWT)
regime. Environmental ~ Technology &
Innovation, 25, 102040.

How to cite this article: Amita Pandey, Shuchita
Pandey, Rahul Soni, Poornima Devi.
Phycoremediation - a clean technology for water
pollution abatement. International Journal of
Research and Review. 2023; 10(11): 490-503.
DOI: https://doi.org/10.52403/ijrr.20231157

*kkkhkk

International Journal of Research and Review (ijrrjournal.com) 503
Volume 10; Issue: 11; November 2023


https://doi.org/10.1016/j.watres.2012.07.025
https://doi.org/10.1016/j.watres.2012.07.025
http://doi.org/10.54060/JMCE/001.02.002

