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Abstract

Environmental pollution is a severe and common problem in all the countries 
worldwide. Various physicochemical technologies and organisms (e.g., plants, 
microorganisms, etc.) are used to address these environmental issues, but low-cost, 
practical, efficient, and effective approaches have not been available yet. Microalgae 
offer an attractive, novel, and little-explored bioremediation alternative because 
these photosynthetic organisms can eliminate pathogenic microorganisms and 
remove heavy metals and toxic organic compounds through processes still under 
study. Our research team has conducted some experiments to determine the biore-
mediation potential of native microalgae on some pollutant sources (i.e., leachate and 
wastewater) and its ability to remove hazardous chemical compounds. Therefore, in 
this chapter, we provide the results of our research and updated information about 
this exciting topic. Experiments were conducted under controlled culture conditions 
using several native microalgae species, variable time periods, different pollutant 
sources, and hazardous chemicals such as ethidium bromide. The results indicated 
that native microalgae can remove pollutants (i.e., phosphorus, ammonia, etc.) of 
wastewater, leachate, and some hazardous chemical compounds such as ethidium 
bromide. In conclusion, native microalgae have an excellent potential for remov-
ing several pollutants and, consequently, could be used to develop bioremediation 
technologies based on native microalgae from the Peruvian Amazon.

Keywords: bioremediation, native microalgae, leachate, pollutants, wastewater

1. Introduction

Microalgae have aroused the scientific community’s interest by their biotechno-
logical potential and increased commercial demand because these microorganisms 
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are an excellent source of a wide range of chemicals with biomedical interest (e.g., 
carotenoids, essential fatty acids, polyphenols, polysaccharides, etc.) [1–3]. In 
addition, they are helpful for bioremediation applications in wastewater treatment 
and other decontamination applications [4, 5]. Some advantages of this biological 
system are that bioremediation reinforces biogeochemical processes, toxic chemicals 
are degraded and not simply physically separated from the environment, and the 
process requires less energy than other technologies and uses less manual supervision. 
Furthermore, the bioaccumulation of heavy metals by microalgae cells may represent 
a feasible method for the treatment of leachates and wastewater containing bioavail-
able heavy metals [6–10].

Additionally, microalgae could be cultivated in wastewater lagoons with small 
nutrient requirements for their maintenance and development. This component 
usually constitutes the final step to completing the decontamination process in many 
wastewater treatment systems [11–13]. Therefore, massive cultivation of microalgae 
using wastewater as a source of nutrients is a cost-effective approach due to the 
simplicity of the technology allowing both pollutants (i.e., biological and chemical) 
remotion and the obtention of a valuable microalgae biomass rich in proteins, lipids, 
pigments, bioactive chemicals, etc. [14–17].

In this context, this chapter aims to provide updated information based on the 
results of investigations conducted by our research team using some strains from the 
freshwater microalgae collection culture native from the Peruvian Amazon.

2. Use of native microalgae for pollutants removal

2.1 Leachate treatment from an open-air garbage dump

Solid waste production in Iquitos city and other cities worldwide has been 
increased in direct relation to the demographic explosion. Commonly, cities such as 
Iquitos and other main cities of the Peruvian Amazon have an inefficient garbage col-
lection system, and their main streets and popular markets are often full of garbage 
(Figure 1). In addition, these cities do not have a proper garbage disposal approach, 
and landfill sites are missing; consequently, the solid wastes are directly deposited in 
open-air garbage dumps (Figure 1).

In these open-air garbage dumps, the solid wastes can be dispersed and degraded 
by abiotic and biotic factors, producing a gamma of solid, gaseous, and liquid prod-
ucts; the latter is known as leachate. This wastewater flows out from a landfill or an 
open-air garbage dump sites due to precipitation, ground-water intrusion, moisture 
content of waste, and rate of evaporation [18]. The volume and pollutant composi-
tion of this leachate wastewater fluctuate over time; therefore, in the early acid 
phase, there exists a high concentration of the four groups of pollutants (dissolved 
organic matter, heavy metals, inorganic macrocomponents, and xenobiotic organic 
compounds); finally, in the long methanogenic phase, the leachate liquid has a lower 
concentration of the four groups of pollutants and is characterized by its very low con-
centration of heavy metals and biochemical oxygen demand/chemical oxygen demand 
(BOD/COD) ratio [19–21]. In addition, leachate liquid has a great diversity and com-
position of bacterial and archaeal populations of the members Alphaproteobacteria, 
Betaproteobacteria, Gammaproteobacteria, and Epsilonproteobacteria, among others 
[22–24]. For these reasons, leachate liquid should be appropriately disposed and 
treated to keep away ecotoxicological and environmental damage [25].
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According to these necessities, our research team evaluated the potential use of 
native microalgae of the Peruvian Amazon for leachate treatment generated in an 
open-air garbage dump. To do these experiments, leachate liquid samples (3 L) were 
collected from leachate pools generated from an open-air garbage dump of Nauta city, 
Loreto, Peru. After, leachate liquid samples were subsequently filtered through 0.45- 
and 0.25-μm filter membranes to remove particulate matter and microorganisms.

The experiments were conducted for 5 days with three native microalgae strains 
(Ankistrodesmus sp., Chlorella sp., and Scenedesmus sp.) of the freshwater microalgae 
collection culture native from the Peruvian Amazon. Each experiment included a 
control group (microalgae strain cultured with Chu-10 medium) and two treatments. 
The first treatment contained 100% leachate and the second 50% leachate and 50% 
Chu-10 culture medium. Assays were conducted by triplicate in 500-mL Erlenmeyer 
flasks and started using in each one a 200-mL final culture volume, 3 × 108 microalgae 
cells, a light intensity of 100 μE⋅m2

⋅s−1, a photoperiod regime of 12–12 h (light-dark), 
ambient temperature at 25°C ± 2°C, and constant homogenization at 200 rpm.

We evaluated the microalgae capabilities for chemical pollutant removal in leach-
ates by quantifying these pollutants in the culture medium at the beginning and on 
the 5th day of the experiments, using standardized methods with the multiparameter 
LaMotte 3633-04 Fresh Water Aquaculture Test Kit. In addition, phosphate was 
quantified using a spectrophotometric method [26].

The results showed that the three microalgae strains were able to eliminate chemi-
cal pollutants in leachate (Table 1). Ammonium was efficiently removed from 90% 

Figure 1. 
Solid waste accumulation in the main streets and popular markets of Iquitos city (A, B, and C) and its final 
disposal in an open-air garbage dump (D).
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(Chlorella sp.) to 100% (Ankistrodesmus sp.). These microalgae strains displayed 
similar pollutant elimination capabilities for nitrite, chloride, phosphate, carbon 
dioxide, and other chemical pollutants. CO2, carbonate, and bicarbonate decrease can 
be related to its consumption by the microalgae cells in the photosynthetic process.

Pollutant 

compound/

chemical 

parameter

Microalgae 

strain

Concentration at 

the beginning of the 

experiments (mg/L)

Concentration on 

the 5th day of the 

experiments (mg/L)

Percentage 

decrease

Ammonium Ankistrodesmus 
sp.

0.20 ± 0.01 0.00 ± 0.000 100 ± 0.00

Chlorella sp. 0.20 ± 0.03 0.02 ± 0.001 90 ± 0.95

Scenedesmus sp. 0.20 ± 0.01 0.01 ± 0.000 95 ± 0.22

Nitrite Ankistrodesmus 
sp.

0.50 ± 0.05 0.05 ± 0.002 90 ± 0.72

Chlorella sp. 0.50 ± 0.01 0.04 ± 0.001 92 ± 0.16

Scenedesmus sp. 0.50 ± 0.06 0.03 ± 0.002 94 ± 0.33

Chloride Ankistrodesmus 
sp.

24 ± 1.00 2 ± 0.10 91.7 ± 0.68

Chlorella sp. 24 ± 1.15 2 ± 0.21 91.7 ± 0.49

Scenedesmus sp. 24 ± 0.58 2 ± 0.10 91.7 ± 0.33

Phosphate Ankistrodesmus 
sp.

100 ± 5.03 10 ± 0.26 90 ± 0.39

Chlorella sp. 100 ± 3.61 10 ± 0.17 90 ± 0.21

Scenedesmus sp. 100 ± 1.00 10 ± 0.20 90 ± 0.30

Carbon dioxide Ankistrodesmus 
sp.

37 ± 1.00 0.0 ± 0.0 100 ± 0.0

Chlorella sp. 37 ± 1.73 0.0 ± 0.0 100 ± 0.0

Scenedesmus sp. 37 ± 0.58 0.0 ± 0.0 100 ± 0.0

Calcium and 
magnesium salts 
(hardness)

Ankistrodesmus 
sp.

160 ± 1.53 28 ± 0.50 82.5 ± 0.24

Chlorella sp. 160 ± 0.58 28 ± 0.92 82.5 ± 0.59

Scenedesmus sp. 160 ± 1.53 48 ± 1.00 70.0 ± 0.90

Carbonate and 
bicarbonate salts 
(alkalinity)

Ankistrodesmus 
sp.

180 ± 0.58 76 ± 1.00 57.8 ± 0.44

Chlorella sp. 180 ± 1.00 96 ± 0.50 46.7 ± 0.29

Scenedesmus sp. 180 ± 1.15 96 ± 1.00 46.7 ± 0.31

pH Ankistrodesmus 
sp.

9 ± 0.50 9 ± 0.50 0.0 ± 0.0

Chlorella sp. 9 ± 0.51 9 ± 0.50 0.0 ± 0.0

Scenedesmus sp. 9 ± 0.50 9 ± 0.00 0.0 ± 0.0

Table 1. 
Decrease in pollutant compound concentration and some chemical parameter values in landfill leachate cultures 
(100% leachate) of three native microalgae strains from the Peruvian Amazon.
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2.2 Wastewater treatment

The generation of great volumes of wastewater in the main cities of the Peruvian 
Amazon is increasing notably in the past 20 years. This environmental issue is associ-
ated with the intense migration of people from rural to urban areas with the hope to 
get better opportunities to improve their life qualities. This unplanned migration is 
generating unorganized human settlements in the marginal areas of the big cities, 
which lack basic services, such as electric fluid, potable water, and sewage system 
(Figure 2). In addition, none of these cities have wastewater treatment plants; then, 
wastewater is directly disposed into the main rivers of the Amazon basin, causing 
significant pollution of the aquatic ecosystems and affecting the aquatic flora, fauna, 
microbiota, and, of course, the human settlements located along the main rivers.

In this context, with a view to alleviate this pollution problem, we need to investi-
gate eco-friendly, efficient, and low-cost options to treat wastewater. In this sense, we 
did experiments to determine whether native microalgae are useful to decontaminate 
wastewater generated in Iquitos city because there are several successful experiences 
around the world using these microorganisms [4, 5, 11, 27].

Therefore, to do the experiments, wastewater samples (5 L) were collected 
from the two main wastewater drainage systems of Iquitos city (Moronacocha and 
Huequito), Loreto, Peru. Furthermore, particulate matter and microorganisms were 
removed from the wastewater samples using the same previously described filtration 
approach (item 2.1) and were sterilized by autoclaving at 121°C for 30 min.

The experiments were conducted for 15 days with two native microalgae strains 
(Ankistrodesmus sp. and Chlorella sp.) of the freshwater microalgae collection culture 
native from the Peruvian Amazon. Each experiment included a control group (micro-
algae strain cultured with Chu-10 medium) and three treatments. The first treatment 
contained 100% wastewater from the Moronacocha wastewater drainage system and 
the second one contained 100% wastewater from the Huequito wastewater drainage 
system. Assays were conducted by triplicate in 250-mL Erlenmeyer flasks and started 
using in each one a 100-mL final culture volume, 4 × 1010 microalgae cells, a light 

Figure 2. 
Typical open-air sewage systems in Iquitos city and other main cities of the Peruvian Amazon.
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intensity of 150 μE⋅m2
⋅s−1, a photoperiod regime of 12–12 h (light-dark), an ambient 

temperature at 27°C ± 2°C, a relative humidity at 83%, and constant aeration with an 
air pump system.

We evaluated the microalgae capabilities for chemical pollutants removal in 
wastewater by quantifying these pollutants in the culture medium at the beginning 
and on the 15th day of the experiments, using standardized methods with the multi-
parameter LaMotte 3633-04 Fresh Water Aquaculture Test Kit. In addition, phosphate 
was quantified using a spectrophotometric method [26].

The results showed that the two microalgae strains were capable to remove chemi-
cal pollutants from the two wastewater samples (Tables 2 and 3). However, there are 
marker differences; for example, ammonium was efficiently removed from wastewa-
ter of the Huequito wastewater drainage system (from 97.2% to 100%); in contrast, 
this pollutant was poorly removed from wastewater of the Moronacocha wastewater 
drainage system (only 20% with both microalgae strains).

2.3 Ammonium removal using an immobilized microalgae

Ornamental fish export is an important economic activity in Iquitos city, they 
provide benefits to several families dedicated to this area. A frequent problem dur-
ing the process of ornamental fish transportation is high mortality rate, which could 
be attributable to decrease in water quality during transportation. These changes 
are due to the accumulation of toxic and metabolites of the fish catabolic process, 
such as ammonium [28], which, in turn, alkalinizes the pH and decreases the dis-
solved oxygen concentration in the aqueous medium [29]. Oxygen deficiency, toxin 

Pollutant 

compound/

chemical 

parameter

Microalgae 

strain

Concentration at 

the beginning of the 

experiments (mg/L)

Concentration on 

the 15th day of the 

experiments (mg/L)

Percentage 

decrease

Ammonium Ankistrodesmus 
sp.

50 ± 1.00 40 ± 1.00 20 ± 0.40

Chlorella sp. 50 ± 1.50 40 ± 2.00 20 ± 3.47

Chloride Ankistrodesmus 
sp.

24 ± 0.76 2 ± 0.10 91.7 ± 0.57

Chlorella sp. 24 ± 0.76 2 ± 0.26 91.7 ± 1.29

Phosphate Ankistrodesmus 
sp.

2 ± 0.10 1.10 ± 0.20 45.0 ± 0.83

Chlorella sp. 2 ± 015 1.05 ± 0.07 47.5 ± 0.72

Carbon dioxide Ankistrodesmus 
sp.

40 ± 1.53 8.5 ± 0.57 78.8 ± 2.08

Chlorella sp. 40 ± 1.53 5.0 ± 0.55 87.5 ± 1.33

Calcium and 
magnesium salts 
(hardness)

Ankistrodesmus 
sp.

65 ± 0.70 60 ± 1.73 7.7 ± 1.86

Chlorella sp. 65 ± 1.76 52 ± 2.29 20.0 ± 4.63

Table 2. 
Decrease in pollutant compound concentration in wastewater cultures obtained from the Moronacocha wastewater 
drainage system using two native microalgae strains from the Peruvian Amazon.
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accumulation, and an increase in total ammonium concentration in the water are 
believed to be the main cause of fish mortality during transportation [30].

To help solve this problem, our research team evaluated the hypothesis that by 
using immobilized microalgae, the ammonium concentration decreased significantly. 
To test the formulated hypothesis, the experiments were conducted by triplicate for 
2 weeks with one native microalgae strain (Chlorella sp.) of the freshwater micro-
algae collection culture native from the Peruvian Amazon. To do the experiment, 
first, Chlorella sp. (Figure 3) was cultured in increasing volumes of BG-11 medium 
(100, 250, and 500 mL) to obtain sufficient microalgal biomass to begin the experi-
ments. Once sufficient microalgal biomass was generated, the microalgae cells were 
harvested by centrifugation. The culture conditions were a light intensity of 100 
μE⋅m2

⋅s−1, a photoperiod regime of 12–12 h (light-dark), an ambient temperature 
at 27°C ± 2°C, a relative humidity at 83%, and constant aeration with an air pump 
system, after microalgae cells were immobilized (Figure 3) according to Zamani et al. 
[31]. Finally, 2 × 103 alginate beads with trapped microalgae cells were transferred to 
polypropylene boxes of 40 × 50 × 40 cm (W × H × L) with 5 L of distilled water and 
ammonium chloride (NH4Cl) at 800 μM. These immobilized cells were cultured for 2 
weeks under the conditions described earlier, monitoring in the culture supernatant 
each 24 h the ammonium levels according to Solórzano [32, 33].

The results showed that immobilized Chlorella sp. can efficiently remove the toxic 
ammonium from the aqueous medium. Thus, 33.07% and 76.10% of ammonium were 
removed from the culture system on the 7th and 14th days of culture, respectively 
(Figure 4). These results are similar to previously reported studies that showed that 
microalgae of the genus Chlamydomonas, Chlorella, Scenedesmus, Picochlorum, and oth-
ers can efficiently remove ammonium ions from several kinds of wastewater [34–39].

Pollutant 

compound/

chemical 

parameter

Microalgae 

strain

Concentration at 

the beginning of the 

experiments (mg/L)

Concentration on 

the 15th day of the 

experiments (mg/L)

Percentage 

decrease

Ammonium Ankistrodesmus 
sp.

36 ± 1.00 0.0 ± 0.00 100 ± 0.00

Chlorella sp. 36 ± 1.73 1.0 ± 0.10 97.2 ± 0.39

Chloride Ankistrodesmus 
sp.

38 ± 1.00 36 ± 2.00 5.3 ± 0.06

Chlorella sp. 38 ± 2.00 28 ± 1.05 26.3 ± 3.28

Phosphate Ankistrodesmus 
sp.

1.9 ± 0.10 1.5 ± 0.10 21.1 ± 4.94

Chlorella sp. 1.9 ± 0.20 1.2 ± 0.10 36.8 ± 1.25

Carbon dioxide Ankistrodesmus 
sp.

50 ± 3.46 14 ± 1.59 72 ± 1.30

Chlorella sp. 50 ± 1.73 4 ± 0.15 92 ± 0.54

Calcium and 
magnesium salts 
(hardness)

Ankistrodesmus 
sp.

60 ± 1.73 38 ± 1.01 36.7 ± 3.28

Chlorella sp. 60 ± 2.00 32 ± 2.00 46.7 ± 1.56

Table 3. 
Decrease in pollutant compound concentration in wastewater cultures obtained from the Huequito wastewater 
drainage system using two native microalgae strains from the Peruvian Amazon.
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Ammonium ions enter microalgae cells through ammonium transporters/ammo-
nia permeases (AMTPs) embedded into the plasmatic membrane. These membrane-
spanning proteins be made of 11 highly conserved transmembrane domains that fold 
into a channel across ammonia or ammonium translocates [40, 41]. According to 
X-ray crystallographic studies of some prokaryotic partners of these protein trans-
porters, these are characterized as a compact trimer with 11 transmembrane helices 
per monomer and a narrow, mainly hydrophobic, channel for substrate conduction, 
located at the center of each monomer of the trimeric molecule. In addition, at the 

Figure 3. 
Microphotography of Chlorella sp. cells (A) and immobilized microalgae cells in alginate beads (B).

Figure 4. 
Ammonium removal from the aqueous medium by Chlorella sp. immobilized in alginate beads.
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periplasmic side of the transporter protein, a binding site for NH4
+ is observed [42, 43]. 

In the particular case of Chlamydomonas reinhardtii, this microalga possesses the 
largest family of ammonium transporters consisting of eight members, which have 
complexly and finely regulation mechanisms at transcriptional and post-translational 
levels (Figure 5) [44–46].

According to Ahmad and Hellebust [47], the microalga Chlorella autotrophica can 
use two mechanisms to incorporate inorganic nitrogen sources into amino acids and 
proteins, which are related to the levels of the enzymes glutamate dehydrogenase 
(GDH) and glutamine synthetase (GS). Thus, GS levels are high in microalgae cells 
grown in nitrate and under nitrogen-starved conditions. However, in cells growing 
on ammonium, the GDH catalytic activity is increased. Both the enzymes require 
ammonium as a secondary substrate (Figure 6). Frequently, plant and microalgae 
cells prefer ammonium (NH4

+) since it has the lowest metabolic energy cost than 
other inorganic nitrogen forms [36] because it can be directly ligated to amino acids 
by the action of three enzymes: glutamate dehydrogenase, glutamine synthetase, and 
glutamate synthase.

Figure 5. 
Three key enzymes of microalgae involved in the incorporation of ammonium into amino acids and proteins.
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2.4 Ethidium bromide removal using microalgae

The release of untreated effluent from research laboratories in our country and 
worldwide into water bodies is a major threat to the environment and human health. 
Commonly, effluent from laboratories and other research facilities is rich in toxic 
organic compounds, such as dyes used in the nucleic acid analysis, especially ethidium 
bromide, which is considered a serious biohazard due to its mutagenic, carcinogenic, 
teratogenic, and very toxic potentials when inhaled, ingested, or absorbed through 
the skin, and can irritate the eyes, mouth, and upper respiratory tract [48, 49]. To 
overcome these pollution problems, ethidium bromide and other toxic compounds 
could be partially or completely degraded to nontoxic forms before disposal. 
Consequently, some research laboratories worldwide are testing the biodegradation of 
ethidium bromide using plants and various kinds of microorganisms, including bac-
teria and microalgae [50–53], to develop, in the next future, modern, cost-effective, 
and eco-friendly bioremediation approaches.

In this context, our research team has evaluated the ability of a microalgae 
consortium for the removal of ethidium bromide from aqueous medium. For this 
experiment, three previously cultured native microalgae strains Ankistrodesmus sp., 
Chlorella sp., and Scenedesmus sp. were proportionally mixed (106 microalgae cells per 
milliliter of each strain) and transferred by triplicate into 250-mL Erlenmeyer flasks 
until a 100-mL final culture volume of BG-11 medium containing ethidium bromide 
at 1 mg/mL. In the experiments, a control group containing the same quantity of 
heat-inactivated microalgae cells and ethidium bromide at equal concentrations was 
included. Then, the assays were conducted for 7 days with a light intensity of 150 
μE⋅m2

⋅s−1, a photoperiod regime of 12–12 h (light-dark), an ambient temperature 
at 27°C ± 2°C, a relative humidity at 83%, and constant aeration with an air pump 
system. Ethidium bromide concentrations were monitored every day measuring the 

Figure 6. 
Ethidium bromide removal kinetics by a microalgae consortium from the Peruvian Amazon.



11

Potential of Native Microalgae from the Peruvian Amazon on the Removal of Pollutants
DOI: http://dx.doi.org/10.5772/intechopen.105686

intensity of fluorescence emission at 470 nm with a Qubit™ 4 Fluorometer (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA).

The results showed that on the 7th day of starting the experiments, it was evi-
denced that the microalgal consortium was able to decrease the ethidium bromide 
concentration (directly related to fluorescence intensity) in the culture supernatant 
until 70.5% (Figure 6). These results corroborate the previous report of Cavalcante 
de Almeida et al. [52]. These authors also evaluated the capability of the microalgae 
Chlorella vulgaris, Desmodesmus subspicatus, and Raphidocelis subcapitata separately 
and in a consortium for ethidium bromide removal from an aqueous medium [52]. 
Their results strongly suggest the great potential of these microalgae species for 
phycoremediation application for ethidium bromide removal, which was directly 
dependent on the microalgae biomass.

Probably, the phycoremediation process used for microalgae to remove ethidium 
bromide is similar to several detoxification strategies used against aromatic organic 
pollutants (e.g., polycyclic aromatic hydrocarbons, phenolic compounds, dyes, etc.), 
including biosorption, bioaccumulation, biotransformation, and biodegradation 
[54, 55]. The first one is a metabolically independent process, which is a physico-
chemical phenomenon, supported by a gamma of mechanisms comprising absorp-
tion, adsorption, surface complexation, ion exchange, and precipitation [56]. The 
second one consists in the selective transportation by the monovalent cation uptake 
transport system [57] and other unidentified transporters, followed for its accumu-
lation into some organelles such as nucleus, mitochondria, and chloroplast, which 
can be intercalated with DNA molecules (Figure 7). Finally, biotransformation 
and biodegradation are dependent on the metabolic capabilities of the microalgae 
cells, which are determined for their genomic background that codes a repertory 
of required enzymes [54]. To date, however, none of the metabolic pathways for 
ethidium bromide biodegradation has been described.

3. Conclusions

Native microalgae isolated from the Peruvian Amazon have a potential biotechno-
logical application in the remotion of diverse chemical pollutants. These microorgan-
isms showed abilities to remove pollutants contained into leachate generated in an 
open-air garbage dump and from two wastewaters from Iquitos city. In addition, an 
immobilized version of the microalgae Chlorella sp. was capable to remove ammonium 

Figure 7. 
Fluorescence microphotography of three native microalgae cells exposed to ethidium bromide. Ankistrodesmus sp. 
(A), Chlorella sp. (B), and Scenedesmus sp. (C).
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efficiently. Finally, a microalgae consortium composed of three microalgae from the 
genus Ankistrodesmus sp., Chlorella sp., and Scenedesmus sp. was competent to remove 
the toxic compound ethidium bromide. Together, these experimental pieces of evi-
dence indicate that native microalgae have an excellent potential for removing several 
pollutants and, consequently, could be used to develop bioremediation technologies 
based on native microalgae from the Peruvian Amazon.

Acknowledgements

This research was supported by the Peruvian funding agency Consejo Nacional de 
Ciencia, Tecnología e Innovación Tecnológica (CONCYTEC) through the Programa 
Nacional de Investigación Científica y Estudios Avanzados (PROCIENCIA), 
Funding Award Contract No. 018-2018-FONDECYT/BM-Improvement of Research 
Infrastructure (Scientific Equipment), the Scientific University of Peru and the 
Specialized Biotechnology Unit of the Natural Resources Research Center, National 
University of the Peruvian Amazon.

Conflict of interest

The authors declare no conflict of interest.



Potential of Native Microalgae from the Peruvian Amazon on the Removal of Pollutants
DOI: http://dx.doi.org/10.5772/intechopen.105686

13

Author details

Marianela Cobos1,2,3*, Segundo L. Estela3, Carlos G. Castro3, Miguel A. Grandez3, 
Alvaro B. Tresierra3, Corayma L. Cabezudo3, Santiago Galindo3, Sheyla L. Pérez3, 
Angélica V. Rios3, Jhon A. Vargas2,4, Roger Ruiz5, Pedro M. Adrianzén1,2,  
Jorge L. Marapara1,2 and Juan C. Castro1,2*

1 Faculty of Biological Sciences, Academic Department of Biomedical Sciences and 
Biotechnology, National University of the Peruvian Amazon (UNAP), Iquitos, Peru

2 Specialized Unit of Biotechnology, Research Center of Natural Resources of the 
Amazon (CIRNA), National University of the Peruvian Amazon (UNAP), Iquitos, 
Peru

3 Laboratory of Biotechnology and Bioenergetics, Scientific University of Peru 
(UCP), Iquitos, Peru

4 São Carlos Institute of Physics, University of São Paulo, São Carlos, SP, Brazil

5 Faculty of Food Industries, National University of the Peruvian Amazon (UNAP), 
Iquitos, Peru

*Address all correspondence to: marianela.cobos@unapiquitos.edu.pe  
and juan.castro@unapiquitos.edu.pe

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Progress in Microalgae Research - A Path for Shaping Sustainable Futures

14

References

[1] Cobos M, Paredes JD, Maddox JD, 
Vargas-Arana G, Flores L, Aguilar CP, 
et al. Isolation and characterization of 
native microalgae from the Peruvian 
Amazon with potential for biodiesel 
production. Energies. 2017;10(2):224

[2] Castro JC, Cobos M. Chapter 15 - 
Biochemical profiling, transcriptomic 
analysis, and biotechnological potential 
of native microalgae from the Peruvian 
Amazon. In: Ahmad A, Banat F, 
Taher H, editors. Algal Biotechnology. 
Amsterdam, Netherlands: Elsevier; 2022. 
pp. 305-321

[3] Cobos M, Pérez S, Braga J, 
Vargas-Arana G, Flores L, Paredes JD, 
et al. Nutritional evaluation and human 
health-promoting potential of 
compounds biosynthesized by native 
microalgae from the Peruvian Amazon. 
World Journal of Microbiology and 
Biotechnology. 2020;36(8):121

[4] Ahmed SF, Mofijur M, Parisa TA, 
Islam N, Kusumo F, Inayat A, et al. 
Progress and challenges of contaminate 
removal from wastewater using 
microalgae biomass. Chemosphere. 
2022;286:131656

[5] Aketo T, Hoshikawa Y, Nojima D, 
Yabu Y, Maeda Y, Yoshino T, et al. Selection 
and characterization of microalgae with 
potential for nutrient removal from 
municipal wastewater and simultaneous 
lipid production. Journal of Bioscience and 
Bioengineering. 2020;129(5):565-572

[6] Iqbal J, Javed A, Baig MA. Heavy 
metals removal from dumpsite 
leachate by algae and cyanobacteria. 
Bioremediation Journal. 
2022;26(1):31-40

[7] Blanco-Vieites M, Suárez-Montes D, 
Delgado F, Álvarez-Gil M, Battez AH, 

Rodríguez E. Removal of heavy metals 
and hydrocarbons by microalgae from 
wastewater in the steel industry. Algal 
Research. 2022;64:102700

[8] Arunakumara KKIU, Zhang X. Heavy 
metal bioaccumulation and toxicity 
with special reference to microalgae. 
Journal of Ocean University of China. 
2008;7(1):60-64

[9] Perales-Vela HV, Peña-Castro JM, 
Cañizares-Villanueva RO. Heavy metal 
detoxification in eukaryotic microalgae. 
Chemosphere. 2006;64(1):1-10

[10] Leong YK, Chang JS. Bioremediation 
of heavy metals using microalgae: Recent 
advances and mechanisms. Bioresource 
Technology. 2020;303:122886

[11] You X, Yang L, Zhou X, Zhang Y. 
Sustainability and carbon neutrality 
trends for microalgae-based wastewater 
treatment: A review. Environmental 
Research. 2022;209:112860

[12] Ji B. Towards environment-
sustainable wastewater treatment 
and reclamation by the non-aerated 
microalgal-bacterial granular sludge 
process: Recent advances and future 
directions. Science of The Total 
Environment. 2022;806:150707

[13] Singh V, Mishra V. Evaluation of 
the effects of input variables on the 
growth of two microalgae classes during 
wastewater treatment. Water Research. 
2022;213:118165

[14] Malik S, Shahid A, Betenbaugh MJ,  
Liu CG, Mehmood MA. A novel 
wastewater-derived cascading algal 
biorefinery route for complete 
valorization of the biomass to biodiesel 
and value-added bioproducts. Energy 



Potential of Native Microalgae from the Peruvian Amazon on the Removal of Pollutants
DOI: http://dx.doi.org/10.5772/intechopen.105686

15

Conversion and Management. 
2022;256:115360

[15] Chew KW, Yap JY, Show PL,  
Suan NH, Juan JC, Ling TC, et al. 
Microalgae biorefinery: High value 
products perspectives. Bioresource 
Technology. 2017;229:53-62

[16] Sivaramakrishnan R, Suresh S, 
Kanwal S, Ramadoss G, Ramprakash B, 
Incharoensakdi A. Microalgal biorefinery 
concepts’ developments for biofuel and 
bioproducts: Current Perspective and 
Bottlenecks. International Journal of 
Molecular Sciences. 2022;23(5):2623

[17] Ummalyma SB, Sirohi R, Udayan A, 
Yadav P, Raj A, Sim SJ, et al. Sustainable 
microalgal biomass production in 
food industry wastewater for low- 
cost biorefinery products: A review. 
Phytochemistry Reviews. 2022:1-23

[18] Nawaz T, Rahman A, Pan S, Dixon K, 
Petri B, Selvaratnam T. A review of 
landfill leachate treatment by microalgae: 
Current status and future directions. 
PRO. 2020;8(4):384

[19] Kjeldsen P, Barlaz MA, Rooker AP, 
Baun A, Ledin A, Christensen TH. 
Present and long-term composition 
of MSW Landfill Leachate: A review. 
Critical Reviews in Environmental 
Science and Technology. 2002;32(4): 
297-336

[20] Chu LM, Cheung KC, Wong MH. 
Variations in the chemical properties 
of landfill leachate. Environmental 
Management. 1994;18(1):105-117

[21] Salem Z, Hamouri K, Djemaa R, 
Allia K. Evaluation of landfill leachate 
pollution and treatment. Desalination. 
2008;220(1):108-114

[22] Deng C, Zhao R, Qiu Z, Li B, 
Zhang T, Guo F, et al. Genome-centric 

metagenomics provides new insights into 
the microbial community and metabolic 
potential of landfill leachate microbiota. 
Science of The Total Environment. 
2022;816:151635

[23] Remmas N, Roukouni C, Ntougias S. 
Bacterial community structure and 
prevalence of Pusillimonas-like bacteria 
in aged landfill leachate. Environmental 
Science and Pollution Research. 
2017;24(7):6757-6769

[24] Passarini MRZ, Moreira JVF, 
Gomez JAM, Bonugli-Santos RC. DNA 
metabarcoding of the leachate microbiota 
from sanitary landfill: Potential for 
bioremediation process. Archives of 
Microbiology. 2021;203(8):4847-4858

[25] Teng C, Zhou K, Peng C, Chen W. 
Characterization and treatment of 
landfill leachate: A review. Water 
Research. 2021;203:117525

[26] Motomizu S, Wakimoto T, Tôei K. 
Spectrophotometric determination of 
phosphate in river waters with molybdate 
and malachite green. The Analyst. 
1983;108(1284):361-367

[27] Do CVT, Pham MHT, Pham TYT, 
Dinh CT, Bui TUT, Tran TD, et al. 
Microalgae and bioremediation of 
domestic wastewater. Current Opinion 
in Green and Sustainable Chemistry. 
2022;34:100595

[28] Randall DJ, Tsui TKN. Ammonia 
toxicity in fish. Marine Pollution 
Bulletin. 2002;45(1-12):17-23

[29] Thurston RV, Russo RC, 
Vinogradov GA. Ammonia toxicity 
to fishes. Effect of pH on the toxicity 
of the unionized ammonia species. 
Environmental Science & Technology. 
1981;15(7):837-840

[30] Amend DF, Croy TR, Goven BA,  
Johnson KA, McCarthy DH. 



Progress in Microalgae Research - A Path for Shaping Sustainable Futures

16

Transportation of fish in closed systems: 
Methods to control ammonia, carbon 
dioxide, pH, and bacterial growth. 
Transactions of the American Fisheries 
Society. 1982;111(5):603-611

[31] Zamani N, Noshadi M, Amin S, 
Niazi A, Ghasemi Y. Effect of alginate 
structure and microalgae immobilization 
method on orthophosphate removal 
from wastewater. Journal of Applied 
Phycology. 2012;24(4):649-656

[32] Solórzano L. Determination 
of ammonia in natural waters by 
the phenolhypochlorite method. 
Limnology and Oceanography. 
1969;14(5):799-801

[33] Ivančič I, Degobbis D. An optimal 
manual procedure for ammonia analysis 
in natural waters by the indophenol 
blue method. Water Research. 
1984;18(9):1143-1147

[34] Su Y. Revisiting carbon, nitrogen, 
and phosphorus metabolisms in 
microalgae for wastewater treatment. 
Science of The Total Environment. 
2021;762:144590

[35] Goswami RK, Agrawal K, 
Verma P. Phycoremediation of nitrogen 
and phosphate from wastewater using 
Picochlorum sp.: A tenable approach. 
Journal of Basic Microbiology. 
2022;62(3-4):279-295

[36] Salbitani G, Carfagna S. Ammonium 
Utilization in Microalgae: A Sustainable 
Method for Wastewater Treatment. 
Sustainability. 2021;13(2):956

[37] de Bashan LE, Trejo A, Huss VA, 
Hernandez JP, Bashan Y. Chlorella 
sorokiniana UTEX 2805, a heat and 
intense, sunlight-tolerant microalga with 
potential for removing ammonium from 
wastewater. Bioresource Technology. 
2008;99(11):4980-4989

[38] Zhou Y, He Y, Xiao X, Liang Z, Dai J, 
Wang M, et al. A novel and efficient 
strategy mediated with calcium 
carbonate-rich sources to remove 
ammonium sulfate from rare earth 
wastewater by heterotrophic Chlorella 
species. Bioresource Technology. 
2022;343:125994

[39] Wang Q , Yu Z, Wei D. High-yield 
production of biomass, protein and 
pigments by mixotrophic Chlorella 
pyrenoidosa through the bioconversion 
of high ammonium in wastewater. 
Bioresource Technology. 2020;313:123499

[40] McDonald TR, Dietrich FS, 
Lutzoni F. Multiple horizontal gene 
transfers of ammonium transporters/
ammonia permeases from prokaryotes to 
eukaryotes: Toward a new functional and 
evolutionary classification. Molecular 
Biology and Evolution. 2012;29(1):51-60

[41] Kumar A, Bera S. Revisiting nitrogen 
utilization in algae: A review on the 
process of regulation and assimilation. 
Bioresource Technology Reports. 
2020;12:100584

[42] Conroy MJ, Durand A, Lupo D, 
Li XD, Bullough PA, Winkler FK, et al. 
The crystal structure of the Escherichia 
coli AmtB-GlnK complex reveals how 
GlnK regulates the ammonia channel. 
Proceedings of the National Academy of 
Sciences of the United States of America. 
2007;104(4):1213-1218

[43] Andrade SLA, Dickmanns A, 
Ficner R, Einsle O. Crystal structure of 
the archaeal ammonium transporter 
Amt-1 from Archaeoglobus fulgidus. 
Proceedings of the National Academy of 
Sciences. 2005;102(42):14994-14999

[44] González-Ballester D, Camargo A, 
Fernández E. Ammonium transporter 
genes in Chlamydomonas: The nitrate-
specific regulatory gene Nit2 is involved 



Potential of Native Microalgae from the Peruvian Amazon on the Removal of Pollutants
DOI: http://dx.doi.org/10.5772/intechopen.105686

17

in Amt1;1 expression. Plant Molecular 
Biology. 2004;56(6):863-878

[45] Ermilova EV, Zalutskaya ZM, 
Nikitin MM, Lapina TV, Fernández E. 
Regulation by light of ammonium transport 
systems in Chlamydomonas 
reinhardtii. Plant, Cell & Environment. 
2010;33(6):1049-1056

[46] Sanz-Luque E, Ocaña-Calahorro F, 
Llamas A, Galvan A, Fernandez E. Nitric 
oxide controls nitrate and ammonium 
assimilation in Chlamydomonas 
reinhardtii. Journal of Experimental 
Botany. 2013;64(11):3373-3383

[47] Ahmad I, Hellebust JA. Nitrogen 
metabolism of the marine microalga 
Chlorella autotrophica. Plant Physiology. 
1984;76(3):658-663

[48] Lee WK, Ciarimboli G, Koepsell H, 
Thevenod F. Transport of mutagenic 
vital dye ethidium bromide by the 
human organic cation transporters 
hOCT2 and hOCT3. The FASEB Journal. 
2008;22(S1):1217

[49] Saeidnia S, Abdollahi M. Are other 
fluorescent tags used instead of ethidium 
bromide safer? DARU Journal of 
Pharmaceutical Science. 2013;21(1):71

[50] Debroy A, Yadav M, Dhawan R, 
Dey S, George N. DNA dyes: Toxicity, 
remediation strategies and alternatives. 
Folia Microbiologica. 2022:1-13

[51] Salomão AL, de Almeida HC,  
Pereira JL, Teixeira LC, Marques M.  
Biotechnology applied for 
removal of organic compounds by 
phycoremediation. Linnaeus Eco- 
Technology. 2018:109

[52] de Almeida HC, de Salomão AL,  
Lambert J, Teixeira LC, Marques M.  
Phycoremediation potential of 
microalgae species for ethidium 

bromide removal from aqueous 
media. International Journal of 
Phytoremediation. 2020;22(8):1-7

[53] Gandhi VP, Kesari KK, Kumar A. 
The identification of ethidium bromide-
degrading bacteria from laboratory 
gel electrophoresis waste. Biotech. 
2022;11(1):4

[54] Touliabah HES, El-Sheekh MM, 
Ismail MM, El-Kassas H. A review of 
microalgae- and cyanobacteria-based 
biodegradation of organic pollutants. 
Molecules. 2022;27(3):1141

[55] Mondal M, Halder G, Oinam G, 
Indrama T, Tiwari ON. Chapter 17 - 
Bioremediation of organic and inorganic 
pollutants using microalgae. En: 
Gupta VK, Pandey A, New and 
Future Developments in Microbial 
Biotechnology and Bioengineering 
Amsterdam: Elsevier; 2019. pp. 223-235

[56] Fomina M, Gadd GM. Biosorption: 
Current perspectives on concept, 
definition and application. Bioresource 
Technology. 2014;160:3-14

[57] Peña A, Ramírez G. Interaction of 
ethidium bromide with the transport 
system for monovalent cations in 
yeast. Journal of Membrane Biology. 
1975;22(1):369-384


