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ABSTRACT

Dyes are major water pollutants as they show hazardous effects towards humans and aquatic environment.
Various physical and chemical methods are used for the remediation of dyes but in the last few years, focus
has been shifted towards the modern technique of remediation. Biological techniques have been exploited
and utilized for the remediation of dyes as they are more sustainable, simple, and lead to the development
of green technology. This review presents the different microalgal strains which are used for the remediation
of dyes. It is seen that alone algal bioremediation of dyes is not an efficient and economical process. To
overcome this challenge, a more advanced system, phyconanoremediation of dyes is also discussed briefly.
Algal nanoparticles can achieve more remediation within few hours which makes this technique more
efficient. Moreover, to make this more economical, a strategy to use the left-over biomass to produce valuable
products like bioelectricity, pigments, biofuel and other medical products is also introduced. Later, challenges
and opportunities are also discussed to make algal bioremediation more effective, sustainable, green, and
clean technology.
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Introduction

Industrial effluents, domestic discharge and agro-
chemical residues are the main sources of water pol-
lution Chaukura et al. (2016). Industries like paints,
pigments, and textiles release dyes in the water
stream. Dyes are aromatic synthetic compounds and
have toxic impacts on the ecosystem. Synthetic dyes
are used in numerous sectors like in food, leather,
cosmetics, electronic industry, pharmaceuticals,
printing, plastic, etc. These dyes are seen by the na-
ked eyes in the water bodies but are difficult to
abate because of their aromatic structure. More than
3000 dyes are used in the textile, printing and vari-
ous other purposes and effluent of these industries
are released in an uncontrolled manner and pollute

the environment (Piaskowski et al., 2018). These
have harmful impact on aquatic systems because
they decrease the light deep inside the sea. Thus, re-
ducing photosynthetic activity. Many physical,
chemical, and biological methods are used for the
remediation of dyes like precipitation, sedimenta-
tion, adsorption, ion-exchange, bioremediation, etc.
These physical and chemical methods are not effi-
cient, eco-friendly, and economical as compared to
biological methods as they utilize toxic chemicals
and requires energy for the abatement of dyes. To
overcome this, scientists are now moving towards
the biological methods as they are eco-friendly and
more effective as compare to physicochemical tech-
niques (Devasena and Thiruchelvi, 2019).
Remediation of dyes with the help of biological
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agents is known as bioremediation. Bioremediation
carried out by algae is known as Phycoremediation.
It is observed that phycoremediation is one of the
potential techniques of remediation because of their,
eco-friendly nature, ease to grow, handle, and main-
tain. Algae are the hyper accumulators of dyes.
Moreover, algae come with an added benefit as they
are the rich source of proteins, carbohydrates, lipids
etc., which leads to the production of various com-
mercial products like biofuel, medicines, pigments,
natural dyes, etc. (Arora et al., 2016). To make this
technique more efficient, biological synthesis of
nanoparticles with the help of algae is discussed.
Recently, the green synthesis of nanoparticles is
gaining more attention because of its efficiency, en-
vironment-friendly, simple, and expeditious rate of
synthesis Kumar et al. (2021). This mini-review ex-
plores the biological remediation of dyes with the
help of algae and discusses the more advanced and
economical system of remediation of dyes. More-
over, challenges and opportunities are also briefly
mentioned to make this algal-based bioremediation
of dyes more economical, efficient, and promising
abatement technique.

Phycoremediation of dyes and its mechanism

Algae can abate dyes with the help of three mecha-
nisms that are biosorption, bioaccumulation, and
biodegradation. In biosorption, it is observed that
dyes bind to functional groups like hydroxyl, amine,
thiol, etc., which are present on the surface of algae
through electrostatic attraction Zohoorian et al.
(2020). Algae adsorb chromophores on its cell sur-
face, and it is a passive process and can be carried
out by living or non-living biomass. Contrarily,
bioaccumulation and biodegradation are active pro-
cess and requires energy for the remediation of
dyes. In bioaccumulation, dyes are accumulated in-
side the cell with the help of various transport pro-
teins present on the surface of algae. On the other
hand, in biodegradation, dye molecules are con-
verted into non-toxic compounds with the help of
enzymes or cell metabolites. In bioaccumulation,
dyes are consumed by algae as nutrients. These
methods are more economical and compatible as
compared to conventional methods. The biological
methods produce non-hazardous compounds and
consume less quantity of water as compared to con-
ventional methods (Chugh et al., 2020).

Algae can decolorize many dyes under optimal
growth conditions like pH, temperature, light, and

media. Different types of dyes have different decol-
orization rates. Azo dyes show a high rate of decol-
orization as compared to phthalocyanine (Abiri et
al., 2017). Ethidium bromide is remediated by
Desmodesmus subspicatus, Chlorella vulgaris and
Raphidocelis subcapitata.  For complete remediation of
ethidium bromide 1010 algae/ml is required for
Desmodesmus subspicatus and Chlorella vulgaris.
Raphidocelis subcapitata required  1011 algae/ml de
Almeida et al. (2020). Chlorella vulgaris are able to
remediate ramazol black B, Malachite green,
ramazol red RR, ramazol golden yellow RNL and
tectilon yellow 2G Alaguprathana and Poonkothai
(2017). Chlorella pyrenoidosa and spirulina maxima
dried biomass show photocatalytic reduction of
methylene blue. 98.20% of methylene blue is re-
moved by Chlorella pyrenoidosa and 94.19% of meth-
ylene blue is abated by Spirulina maximaY. A.R.
Lebron et al. (2019).

Chlorella marina, Isochrysis galbana, Tetarselmis spe-
cies, Nannochloropsis species, Dunaliella salina and
Chlorella species helps in the dye removal from the
textile effluent. Malachite green is removed by vari-
ous strains of microalgae which are Nostoc species,
Turbinaria conoides and Chlorella vulgaris. Spirogyra
species are used for the remediation of Acid orange
7, reactive yellow 22, basic blue 3 and basic red 46
dyes. Crystal violet is remediated by Chactophora
elegans. Ulothrix species are used to adsorb methylene
blue. Azo dyes are remediated by Chlorella
pyrenoidosa, Chlorella vulgaris, Spirogyra and
Oscillatoria tenuis. More than 30 azo dyes are com-
pletely detoxified by  C. pyrenoidosa ,Chlorella vulgaris
and Oscillateria sp. Ajaz et al. (2020); Hernández-
Zamora et al. (2015). More recent studies of dye re-
moval by microalgae are mentioned in Table 1.

Phyconanoremediation: More advance
phycoremediation technique

It is observed that phycoremediation is not able to
achieve complete remediation and consider to be an
expensive method of treatment. To overcome this
many advanced techniques, like remediation of dyes
with the help of phyconanoparticles, can achieve
more than 90% of remediation within 5 to 30 min-
utes and make algae a potential candidate for
remediation. These green nano-sized particles
aremoreeco-friendly as compared to the chemical
synthesis of nanoparticles as they don’t use harmful
chemicals for the production of these tiny-units. Al-
gae can synthesize nanoparticles with the help of
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metal precursors, and then these purified
nanoparticles are used for the abatement of dyes
which makes this technique eco-friendly and more
efficient Iravani et al. (2014). Nanoparticles show
maximum removal efficiency due to their unique
physical, chemical, and magnetic properties. It is
reported that as we go down the scale, surface-to-
volume ratio increases, and quantum and tunnelling
effect is changed. They have numerous adsorption
sites because of these special features. These nano-
sized particles help in the excellent abatement of
dyes within few hours Saravanan et al.(2021). Green
synthesis of phyconanoparticles takes place with the
help of two pathways i.e., intracellular and extracel-
lular synthesis. In intracellular synthesis, reducing
agents which are present inside the cell are used to
producenanoparticles. On the other hand, in extra-
cellular synthesis, enzymes or other bioactive com-
pounds are released by algal cells are used for the
reduction of metal ions into zero-valent
nanoparticles Chaudhary et al. (2020). There will be
no need for reducing orstabilizing agents as algal
functional groups will initiate, synthesize, and stabi-
lized the nanoparticle itself. Thus, making it an en-

vironment-friendly and cost-effective technique
Negi and Singh (2018).

Chlorella vulgaris synthesize silver nanoparticles
that can remediate 96.51% methylene blue within
three hours Rajkumar et al. (2021). Silver
phyconanoparticles are also able to remediate me-
thyl red (Husain et al., 2019), methyl orange and
congo red Aboelfetoh et al. (2017). On the other
hand, gold phyconanoparticles are also used in the
photocatalytic degradation of dyes. Sargassum
tenerrimum can synthesize 5-45 nm gold
nanoparticles which are used for the abatement of
Rhodamine B and Sulforhodamine 101
Ramakrishna et al. (2016). To make this
phyconanoremediation more economical, one can
use the left-over biomass for the production of vari-
ous commercial by-products like biofuel, pigments,
biofertilizer, nutraceuticals, cosmetic products,
therapeutic proteins and other medicines Hu et al.
(2019). Moreover, these nanoparticles can be re-
cycled and re-used for remediation or for other ap-
plications which make this process, more efficient,
economical as well as a promising approach for the
remediation of dyes as shown in Fig. 1.

Table 1. Phycoremediation of dyes

Algae DYE Removal Efficiency References

Chlorella vulgaris Naphthol Green B 98.5% Abd Ellatif et al.(2020)
Brazil Wood 99.5% Abd Ellatif etal. 2020)
Orange G 99.5% Abd Ellatif et al. (2020)
Methylene Blue 83.04±2.94% Chin et al. (2020)

Anabaena oryzae Crystalline Violet 97.4% Ibrahim et al. (2021)
Wollea saccata Malachite Green 93.3% Picchio et al.(2020)
Chara vulgaris L. Methyl Red 70% Mahajan and Kaushal (2020)
Enteromorpha intestinalis Malachite Green 99.63% Hamouda et al.(2020)
Haematococcus pluvialis Malachite Green 66.5- 95.2% Liu et al. (2018)
Spirogyra sp. and Red and Blue dye. Spirogyra sp.: 78.29% Brahmbhatt and Jasrai (2016)
Oscillatoria sp of blue dye and

64.21% red dye.
Oscillatoria sp.:
76.48% of blue dye
and 62.63% of
red dye

Iridaea cordata Crystal Violet and CV: 75% MB: 90% Escudero et al. (2017)
Methylene Blue

Fucus vesiculosus Methylene Blue and MB: 99.28%; EB T: 99.44% Yuri Abner Rocha Lebron et
Eriochrome Black T al. (2019)

Ulva fasciata and Methylene Blue Individually, Ulva Moghazy et al. (2019)
Sargassum dentifolium fasciata : 97%

Sargassum dentifolium:
85.6% And in Combination:
99.2%
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Challenges and Prospects

Phycoremediation is an outstanding mechanism for
the remediation of dyes. Despite various methods,
still it is seen that dyes are not completely or quickly
remediated by the microalgae. For complete
bioremediation, more advanced technologies like
genetic engineering, metabolic engineering or pro-
tein engineering could play a significant role in it. To
make the phycoremediation process more efficient,
it isimportant to carry out studies on the gene level
and modify the genetic make-up of the microalgae
to enhance the efficacy of the process. With the com-
plete genomic studies, it will be possible to make the
biomarkers for the contaminated site. CRISPR-Cas 9
tool can be used to make this process more efficient.
Toxicological studies of the intermediates produced
after transforming the dyes should be done along
with the characterization of the strains. However,
the cost-efficacy of this process is still an issue faced
by sponsors and scientists. This is the major chal-
lenge faced by this technology for the commercial-
ization or scale-up of this process. So, more studies
should be carried out in the commercialization of
this process to make this process more environment
friendly and economical at the same time. The strain
should be selected not only for maximum
remediation of dyes but also able to accumulate
maximum by-products like lipids, proteins, pig-
ments, etc. Strain should have lower nutrient re-

Fig. 1. Economical Phyconanoremediation of Dyes

quirements and can be able to survive in the robust
conditions. More research should be carried out in
the field of chemical modification, biomimetic sys-
tems, on the effect of tolerance of dyes and to see the
influence of dyes on different valuable products. So,
that this promising technique will become more
cost-effective and more sustainable powerful tool
for remediation of dyes. Genetic engineering can be
used to enhance the adsorption of dyes over the sur-
face by altering the gene responsible for the expres-
sion of protein on the cell surface or enhances the
activity of enzyme responsible for dye tolerance and
for the accumulation of some by-products. Further
studies are required to develop a technology that
simultaneously detects as well as abate the dyes
from the environment.  Still, a lot needs to be under-
stood in the multi-disciplinary field to make this
process a successful technique for remediation of
dyes on the large scale.

Conclusion

Algal bioremediation of dyes is sustainable, eco-
nomical, clean, and green technology as compared
to traditional processes. Dyes show hazardous ef-
fects on humans, flora, and fauna due to their syn-
thetic aromatic nature. These pollutants are released
by various industries like textiles, dyeing, printing.
Microalgae are the hyperaccumulator of the dyes,
CO2, and are the source of O2 in the aquatic atmo-



756 Eco. Env. & Cons. 28 (2) : 2022

sphere. Dyes are abated by different mechanisms of
action which are biosorption, bioaccumulation, and
biodegradation. It is observed that alone
phycoremediation is not an effective technique. To
overcome, more advanced system, green synthesis
of nanoparticles helps in the maximum remediation
of dyes within few hours due to their unique prop-
erties. These phyconanoparticles are easy to synthe-
size, maintain and are environment-friendly. More-
over, to make this technique more economical, left-
over biomass can be used to produce other economi-
cal by-products. Algal species can produce various
innovative by-products like biodiesel, biomethane,
organic fertilizers and pharmaceutical products.
This will make this technique more sustainable, ef-
ficient, and economical. Despite all these features,
still more studies are required to understand the full
abatement mechanism of phyconanoparticles, toler-
ance of algae towards dyes, effects of dye on the ac-
cumulation of different by-products, etc. This will
make phycoremediation a powerful tool for the
remediation of dyes.

Acknowledgment

The authors would like to thank Delhi Technological
University, Delhi, India for providing facilities for
the output in this paper form.

Conflict of Interest

The authors declare that they have no conflict of in-
terest.

References

Abd Ellatif, S., El-Sheekh, M. M. and Senousy, H. H. 2020.
Role of microalgal ligninolytic enzymes in industrial
dye decolorization. International Journal of
Phytoremediation. 0(0) : 1–12. https://doi.org/
10.1080/15226514.2020.1789842

Abiri, F., Fallah, N. and Bonakdarpour, B. 2017. Sequen-
tial anaerobic-aerobic biological treatment of colored
wastewaters: Case study of a textile dyeing factory
wastewater. Water Science and Technology. 75(6):
1261–1269. https://doi.org/10.2166/wst.2016.531

Aboelfetoh, E. F., El-Shenody, R. A. and Ghobara, M. M.
2017. Eco-friendly synthesis of silver nanoparticles
using green algae (Caulerpa serrulata): reaction
optimization, catalytic and antibacterial activities.
Environmental Monitoring and Assessment. 189(7).
https://doi.org/10.1007/s10661-017-6033-0

Ajaz, M., Shakeel, S. and Rehman, A. 2020. Microbial use

for azo dye degradation—a strategy for dye
bioremediation. International Microbiology. 23(2) :
149–159. https://doi.org/10.1007/s10123-019-
00103-2

Arora, N., Patel, A., Sartaj, K., Pruthi, P. A. and Pruthi, V.
2016. Bioremediation of domestic and industrial
wastewaters integrated with enhanced biodiesel
production using novel oleaginous microalgae. En-
vironmental Science and Pollution Research. 23(20):
20997–21007. https://doi.org/10.1007/s11356-016-
7320-y

Brahmbhatt, N. H. and Jasrai, R. T. 2016. The Role of Al-
gae in Bioremediation of Textile Effluent. Interna-
tional Journal of Engineering Research and General Sci-
ence. 4(1) : 443–453.

Chaudhary, R., Nawaz, K., Khan, A. K., Hano, C., Abbasi,
B. H. and Anjum, S. 2020. An overview of the
algaemediated biosynthesis of nanoparticles and
their biomedical applications. Biomolecules. 10(11) :
1–36. https://doi.org/10.3390/biom10111498

Chaukura, N., Gwenzi, W., Tavengwa, N. and Manyuchi,
M. M. 2016. Biosorbents for the removal of synthetic
organics and emerging pollutants: Opportunities
and challenges for developing countries. Environ-
mental Development. 19 : 84–89. https://doi.org/
10.1016/j.envdev.2016.05.002

Chin, J. Y., Chng, L. M., Leong, S. S., Yeap, S. P., Yasin, N.
H. M. and Toh, P. Y. 2020. Removal of Synthetic Dye
by Chlorella vulgaris Microalgae as Natural Adsor-
bent. Arabian Journal for Science and Engineering. 45(9)
: 7385–7395. https://doi.org/10.1007/s13369-020-
04557-9

Chugh, M., Kumar, L. and Bharadvaja, N. 2020.
Bioremediation of Heavy Metals: A step towards
environmental sustainanbility. In India 2020: Envi-
ronmental Challenges, policies and green Technology.
(Vol. 66, pp. 77–90).

Devasena, U. and Thiruchelvi, R. 2019. Synthesis of
nanoparticles using algae and its application in dye
degradation – A review. International Journal of Re-
search and Analytical Review. 6(1) : 252–256.

Escudero, L. B., Smichowski, P. N. and Dotto, G. L. 2017.
Macroalgae of Iridaea cordata as an efficient
biosorbent to remove hazardous cationic dyes from
aqueous solutions. Water Science and Technology.
76(12) : 3379–3391. https://doi.org/10.2166/
wst.2017.505

Hamouda, R. A., El-Naggar, N. E. A., Doleib, N. M. and
Saddiq, A. A. 2020. Bioprocessing strategies for cost-
effective simultaneous removal of chromium and
malachite green by marine alga Enteromorpha
intestinalis. Scientific Reports. 10(1) : 1–19. https://
doi.org/10.1038/s41598-020-70251-3

Hernández-Zamora, M., Cristiani-Urbina, E., Martínez-
Jerónimo, F., Perales-Vela, H. V., Ponce-Noyola, T.,
Montes-Horcasitas, M. del C. and Cañizares-



CHUGH AND BHARADVAJA 757

Villanueva, R. O. 2015. Bioremoval of the azo dye
Congo Red by the microalga Chlorella vulgaris.
Environmental Science and Pollution Research. 22(14) :
10811–10823. https://doi.org/10.1007/s11356-015-
4277-1

Hu, J., Guo, H., Xue, Y., Gao, M. tian, Zhang, S., Tsang, Y.
F., Li, J., Wang, Y. Nan, and Wang, L. 2019. Using a
mixture of microalgae, biochar, and organic manure
to increase the capacity of soil to act as carbon sink.
Journal of Soils and Sediments. 19(11) : 3718–3727.
https://doi.org/10.1007/s11368-019-02337-z

Husain, S., Afreen, S., Hemlata, Yasin, D., Afzal, B. and
Fatma, T. 2019. Cyanobacteria as a bioreactor for
synthesis of silver nanoparticles-an effect of differ-
ent reaction conditions on the size of nanoparticles
and their dye decolorization ability. Journal of Micro-
biological Methods, 162(December 2018). 77–82.
https://doi.org/10.1016/j.mimet.2019.05.011

Ibrahim, M. R., Hamouda, R. A., Tayel, A. A. and Al, M.
A. 2021. Anti-cholesterol and Antioxidant Activities
of Independent and Combined Microalgae Aqueous
Extracts In Vitro. Waste and Biomass Valorization.
0123456789. https://doi.org/10.1007/s12649-021-
01349-6

Iravani, S., Korbekandi, H., Mirmohammadi, S. V. and
Zolfaghari, B. 2014. Synthesis of silver nanoparticles:
Chemical, physical and biological methods. Research
in Pharmaceutical Sciences. 9(6) : 385–406. /pmc/ar-
ticles/PMC4326978/

Kumar, L., Ragunathan, V., Chugh, M. and Bharadvaja, N.
2021. Nanomaterials for remediation of contami-
nants: a review. Environmental Chemistry Letters.
0123456789. https://doi.org/10.1007/s10311-021-
01212-z

Lebron, Y. A.R., Moreira, V. R., Santos, L. V. S. and Jacob,
R. S. 2018. Remediation of methylene blue from
aqueous solution by Chlorella pyrenoidosa and
Spirulina maxima biosorption: Equilibrium, kinetics,
thermodynamics and optimization studies. Journal
of Environmental Chemical Engineering. 6(5): 6680–
6690. https://doi.org/10.1016/j.jece.2018.10.025

Lebron, Yuri Abner Rocha, Moreira, V. R. and de Souza
Santos, L. V. 2019. Biosorption of methylene blue
and eriochrome black T onto the brown macroalgae
Fucus vesiculosus: equilibrium, kinetics, thermody-
namics and optimization. Environmental Technology
(United Kingdom). 0(0) : 1–19. https://doi.org/
10.1080/09593330.2019.1626914

Liu, J. H., Zhang, L., Zha, D. C., Chen, L. Q., Chen, X. X.,
and Qi, Z. M. 2018. Biosorption of malachite green

onto Haematococcus pluvialis observed through syn-
chrotron Fourier-transform infrared
microspectroscopy. Letters in Applied Microbiology.
67(4) : 348–353. https://doi.org/10.1111/lam.13043

Mahajan, P. and Kaushal, J. 2020. Phytoremediation of azo
dye methyl red by macroalgae Chara vulgaris L.: ki-
netic and equilibrium studies. Environmental Science
and Pollution Research. 27(21) : 26406–26418. https:/
/doi.org/10.1007/s11356-020-08977-w

Moghazy, R. M., Labena, A. and Husien, S. 2019. Eco-
friendly complementary biosorption process of
methylene blue using micro-sized dried biosorbents
of two macro-algal species (Ulva fasciata and Sargas-
sum dentifolium): Full factorial design, equilibrium,
and kinetic studies. International Journal of Biological
Macromolecules. 134 : 330–343. https://doi.org/
10.1016/j.ijbiomac.2019.04.207

Negi, S. and Singh, V. 2018. Algae: A potential source for
nanoparticle synthesis. Journal of Applied and Natu-
ral Science. 10(4) : 1134–1140. https://doi.org/
10.31018/jans.v10i4.1878

Piaskowski, K., Œwiderska-D¹browska, R. and Zarzycki,
P. K. 2018. Dye removal from water and wastewa-
ter using various physical, chemical, and biological
processes. Journal of AOAC International. 101(5):
1371–1384. https://doi.org/10.5740/jaoacint.18-
0051

Picchio, V., Cammisotto, V., Pagano, F., Carnevale, R. and
Chimenti, I. 2020. Microalgal Biotechnology: Pros-
pects and Applications. Intechopen, Cell Interaction-
Regulation of Immune Responses, Disease Development
and Management Strategies. 1–15.

Rajkumar, R., Ezhumalai, G. and Gnanadesigan, M. 2021.
A green approach for the synthesis of silver
nanoparticles by Chlorella vulgaris and its application
in photocatalytic dye degradation activity. Environ-
mental Technology and Innovation. 21 : 101282. https:/
/doi.org/10.1016/j.eti.2020.101282

Ramakrishna, M., Rajesh Babu, D., Gengan, R. M.,
Chandra, S. and Nageswara Rao, G. 2016. Green
synthesis of gold nanoparticles using marine algae
and evaluation of their catalytic activity. Journal of
Nanostructure in Chemistry. 6(1) : 1–13. https://
doi.org/10.1007/s40097-015-0173-y

Saravanan, A., Kumar, P. S., Karishma, S., Vo, D. V. N.,
Jeevanantham, S., Yaashikaa, P. R. and George, C.
S. 2021. A review on biosynthesis of metal
nanoparticles and its environmental applications.
Chemosphere. 264 : 1–16. https://doi.org/10.1016/
j.chemosphere.2020.128580


