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Abstract
Objectives: This work aimed to determine the biosorption capacity of Mercury and Nickel by the microalga Chlorella sp. 
present in solution and immobilized in dried fruit of Luffa cylindrica. Methods/Statistical Analysis: The algal biomass 
was bioaugmented in photobioreactors with 4mM Agrimins for 18±1 days in constant agitation. For the immobilization of 
the microalga, the sponge was used as support. The mercury and nickel removal capacity was determined by making daily 
growth measurements at 647 nm with a UV-vis SpectroquantPharo 300 Merck spectrophotometer. With the results an 
ANOVA and the Tukey test (p-value≤0.05) were performed in the InfoStat software. Findings: The results obtained showed 
that the microalga adheres to the fibers of the scourer, with an average immobilization of 1.58g of microalga/scourer 
fragment of 2.5x2.8Cm at 18 days. The results showed significant statistical differences (p-value<0.05) between, microalga 
in solution, immobilized, Hg and Ni concentration and between the interactions of these factors. Phycoremediation is an 
efficient removal technique of Hg and Ni present in contaminated water, and is potentialized when algal cells are attached 
to substrates that provide protection. Improvements/Applications: immobilized microalgae are an efficient alternative 
to remove environmental contaminants, but the type of substrate that contains the biosorbent is a key factor in the success 
of this biotechnology.

1.  Introduction
The presence of heavy metals in water is mainly due to 
industrial processes such as mining, refining, manufac-
turing, chemical industry, electronics and metallurgy1. 
These activities are generating wastewater with a large 
amount of pollutants, which are discharged to natural 
systems, and without prior treatment can generate eutro-
phication and disturbance of the physicochemical param-
eters such as pH, decrease in photosynthetic activity and 
thus decrease in oxygen dissolved and increased bio-
chemical oxygen demand and chemical oxygen demand, 
among others2.

Heavy metals such as: nickel, mercury, copper, lead, 
chromium, zinc and manganese, etc., are responsible for 

many ecological and human health damages, because 
they have the capacity to accumulate and cause serious 
disorders and diseases3, cause damage to tissues and 
organs, malformations and cancer4 even at trace levels 
during prolonged exposure are a potential risk for any 
type of life due to its high toxicity, accumulation and null 
degradability1, as well as its great mobility in aqueous 
systems5. For this reason, it is necessary and urgent the 
removal of metal contaminants from water to avoid their  
intake6.

Several techniques have been developed for the 
removal of heavy metals present in water, such as: extrac-
tion, membrane separation, photocatalys is, ion exchange, 
adsorption and chemical precipitation7. However, the 
chemical extraction those has been used more with 
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respect to the other techniques due to the high efficiency 
of removal in a short time, but has the disadvantage of 
being expensive and bring adverse effects to the environ-
ment8, while adsorption is a simple, economical, afford-
able material and the adsorbent can be regenerated9. 
Current technology has allowed the development of high 
efficiency adsorbents in the removal of heavy metals, 
although applying this type of material increases the costs 
of the remediation technique.

Biosorption is considered an alternative technology 
for the removal of heavy metals from wastewater and 
the use of algae as adsorbents encourages scientific and 
technological interest taking into account their great 
variety, abundance and availability of different species5.
Therefore, the cultivation of microalgae in wastewater 
is being widely extended for the elimination of nutri-
ents and control of the physicochemical parameters of 
these waters, and as a raw material for the production of  
biofuel10.

Furthermore, the use of live and non-living microal-
gae is a low-cost and environmentally friendly technique, 
which is being increasingly used to eliminate various 
toxic organic substances such as antibiotics11,12, phenol 
and polycyclic aromatic compounds from wastewater13,14. 
However, the non-living microalgae is not affected by 
the toxicity of the contaminant and requires less space, 
as well as little maintenance compared to living, while 
living cells are more efficient when the concentration 
of contaminants is low11. This is due to the fact that, in 
addition to adsorption, living cells can remove organic 
substances by various mechanisms, including bioaccumu-
lation, biotransformation or biodegradation15. According 
to the above, the use of biological techniques such as the 
use of microalgae for the removal of contaminants is an 
appropriate technique, because it is low cost and of good 
efficiency. But it is necessary to take into account the fac-
tors that affect the biosorption of heavy metals, such as 
the characteristics of the ions, the concentration, the ionic 
strength, the temperature, the pH, the contact time and 
the nature of the sorbent, which define the differences 
in selectivity and affinity to metal ions16. Therefore, this 
research was aimed at evaluating the sorption capacity of 
the heavy metals Mercury and Nickel by the microalga 
Chlorella sp. in solution and immobilized in dry fruit of  
Luffa cylindrica.

2.  Materials and Methods

2.1  Culture Medium and Growth of 
Chlorella sp
The biomass of Chlorella sp. was increased in 2.5 L of 
culture medium at a concentration of 4 mM Nutrifoliar 
which supplies the macronutrients K, Mg, S, P, Cl and the 
micronutrients Fe, Cu, Zn, Mn, B and Mo, was inoculated 
with a concentration of Chlorella sp. of 1x106 CFU and 
optical density of 0.1 of Abs measured with λ=647 nm17. 
This bioreactor were kept at 28±1°C and in constant agita-
tion to avoid sedimentation of the biomass, with the pres-
ence of light for 18±1 days and a photoperiod of 12 hours 
of light and 12 hours of darkness18.

2.2  Growth Curve of Chlorella sp.
Every day up to 18 ± 1 days aliquots were taken from the 
microalgal culture and growth measurements were made 
with a spectrophotometer UV-vis SpectroquantPharo 300 
from Merck at a wavelength of 647 nm where the absor-
bance was measured which is proportional to the concen-
tration of the microalgae in the culture, starting from day 
0 with a concentration of 0.1 Abs17.

2.3  Separation and Washing of Biomass
Once the cells of the microalgae in the phycoreactor 
entered the stationary phase (18±1 days), the microalga 
was separated by centrifugation at 4000 rpm for 5 min-
utes, then successive washes were made with distilled 
water to dissolve any type of salt present in excess.

2.4  Immobilization of Biomass in Luffa 
Cylindrica
The dried fruit of Luffa cylindrica, known by the common 
name of scouring pad, was used for the immobilization 
of the microalga, which was cut at the ends to remove the 
seeds and impurities with successive washes with water 
and detergent for 30 min19. Then cut pieces of scouring 
pad 2.5±0.2 cm in diameter and 2.8±0.2 cm thick, again 
washed with distilled water and dried at 70±1°C to be 
sterilized and transferred to culture medium with 4 mM 
Agrimins for 24 hours, after this time they were inocu-
lated in the solution of microalga in stationary phase 
(18±1 days), after which the scourers were removed, 
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washed to eliminate excess microalgae, and the immo-
bilized biomass was determined by the difference of the 
weight of the scourer before and after immobilization20.

2.5  Preparation of Synthetic Medium with 
Heavy Metal
To prepare the synthetic heavy metal media, stock solu-
tions of 5 mg/L were prepared for HgCl2 and NiCl2 ana-
lytical grade, Merck brand, in sterile water, and then from 
these diluted solutions of 300 mL were prepared at the 
concentrations of 0.50 mg/L, 1.00 mg/L, 1.50 mg/L and 
2.00 mg/L.

2.6  Determination of the Removal Capacity 
of Chlorella sp
The removal capacity of heavy metals by Chlorella sp. was 
determined. both in solution and immobilized in scourer, 
using the aforementioned concentrations of heavy met-
als, whose removal time was established in 24 hours, after 
which the microalga biomass was removed by centrifuga-
tion, and the removal yields of the metals by analysis of 
the liquid samples by the atomic absorption technique. 
All treatments were performed in triplicate.

2.7  Statistic Analysis
A design with 4x2x2 factorial arrangement was made, fol-
lowed by the Tukey multiple range test to establish the 
significant differences (p-value≤0.05) in the InfoStat soft-
ware.

3.  Results and Discussion

3.1  Growth Curve of the Microalga 
Chlorella sp.
The growth curve of the microalga was performed under 
mixotrophic growth conditions, using Agrimins as a cul-
ture medium at a concentration of 4 mM and an algal 
concentration of 0.1 Abs. The reactors were incubated for 
18 days at 30±1°C and a light intensity of 2000 lux (Figure 
1(A)).

Microalgae are photosynthetic organisms that, 
depending on the conditions in which they are found, 
can express various metabolic pathways such as autotro-
phic, heterotrophic and mixotrophic for the generation of  

carbon and energy21, the latter being the route that mainly 
presents the majority of microalgae22.

During photosynthesis, microalgae use light as an 
energy source for the synthesis of various compounds, 
and this depends on changes in the periodicity of light 
and intensity variations23, that are considered efficient 
strategies that stimulate the growth of microalgae and the 
accumulation of specific biomolecules24.

3.2  Immobilization of the Microalga 
Chlorella sp. in Dried Fruit of Luffa 
Cylindrica
With the immobilization technique used the effective 
immobilization of the microalga Chlorella sp. in the fibers 
of the dry loofah fruit (L. cylindrica), finding that on 
average 1.58g of microalga was immobilized in each mop 
fraction of 2.5x2.8 Cm (Figure 1(B)).

3.3  Determination of the Capacity of 
Removal of Mercury and Nickel by the 
Microalga Chlorella sp. in Solution and 
Immobilized
The results fulfilled the ANOVA criteria, which is why 
we proceeded to perform the analysis of variance indi-
cating that there are significant statistical differences 
(p-value<0.05) between the factors and their interaction. 
To find these significant differences, Tukey’s multiple 
range tests (p-valor≤0.05) were applied.

With respect to the states of use of the microalga 
Chlorella sp. for the removal of heavy metals, significant 
statistical differences were found (p-value<0.05), showing 
the highest average removal of immobilized microalgae in 
scourer fragments (L. cylindrica) with 97.35%. However, 
the microalga showed a greater than 91% removal of the 
two heavy metals evaluated (Figure 1(C)).

With respect to the concentrations of heavy met-
als, no significant statistical differences were found 
(p-value>0.05) between the concentrations 0.50 mg/L 
and 1.00 mg/L, while between the concentrations 1.50 
mg/L and 2.00 mg/L if there were significant differences 
(p-value<0.05), being the concentration of 2.00 mg/L 
the concentration at which the microalga Chlorella sp. 
removed more heavy metals (Figure 1(D)). Therefore, it 
is proposed to increase the concentrations of the heavy 
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metals evaluated, and to determine the maximum sorp-
tion capacity of said microalgae.

In relation to the heavy metals evaluated, significant 
statistical differences were found (p-value<0.05) between 
the two heavy metals, with mercury showing the highest 
average of removal with 95.36%, followed by nickel with a 
removal of 93.40% (Figure 1(E)).

When the factors of the microalga and heavy met-
als interact, it was found that the microalga Chlorella sp. 
when immobilized in the dry fruit of L. cylindrica, it had 
the highest removal percentage of heavy metals, reach-
ing 96.92% for removal of mercury and 97.77% removal 

for nickel. While in the state of solution the highest per-
centage of removal was for mercury with 93.80% and for 
nickel of 89.03% (Figure 1(F)). Therefore, for the removal 
of these heavy metals in aquatic systems, the best way is to 
use the microalga Chlorella sp. immobilized, to guarantee 
a higher percentage of removal.

While in the state of solution the highest percentage 
of removal was for mercury with 93.80% and for nickel of 
89.03% (Figure 1(F)). Therefore, for the removal of these 
heavy metals in aquatic systems, the best way is to use 
the microalga Chlorella sp. immobilized, to guarantee a 
higher percentage of removal.

Figure 1.  A. Growth curve of Chlorella sp. in mixotrophic medium, B. Immobilization of the microalga Chlorella sp., C. 
Tukey test for the removal of heavy metals according to the status of the microalga Chlorella sp., D. by concentrations, E. by 
the type of heavy metal, and F. Interaction between the state of the microalga with the types of heavy metals.
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The contamination of the different environmental 
compartments with heavy metals by the various human 
activities is a crucial environmental problem in both 
developing and developed countries25, therefore, envi-
ronmental pollution has positioned itself as one of the 
most important problems that are affecting society26 

and this pollution is increasing with the passing of days 
due to the increase in wastewater discharges, and this is 
accompanied by the flexibility of environmental laws in 
Colombia, since the maximum levels of contamination 
allowed by the Ministry of Environment and Sustainable  
Development for the particular case of Nickel (0.5 mg/L)  
and Mercury (0.02 mg/L) are well above27 of the allowed 
values (Nickel 0.2 mg/L and Hg 0.00003 mg/L) per 
the Environmental Protection Agency of the United 
States (USEPA)28, which indicates the negligence of the 
Colombian state in matters of environmental protection 
and human health.

The contamination of water by heavy metal ions is one 
of the most important environmental problems world-
wide29, since they cause serious environmental problems 
in aquatic ecosystems and on human beings due to their 
high toxicity and carcinogenicity30 and unlike many other 
pollutants, the removal of heavy metals from the ecosys-
tem is really a challenge since they cannot be degraded by 
biological or chemical processes and, ultimately, they are 
indestructible31 inhibiting the self-purification capacity of 
water bodies32.

However, microalgae have developed broad-spectrum 
intracellular and extracellular mechanisms to counteract 
the toxicity of heavy metals31. Microalgae are photosyn-
thetic organisms that produce peptides with the ability to 
adhere to heavy metals33, generating organometallic com-
plexes that neutralize their toxic effect and those housed 
inside the vacuoles to facilitate cytoplasmic control of 
these metal ions34.

In particular, Chlorella is a very desirable micro-
alga for the removal of heavy metals, thanks to its high 
affinity for polyvalent metals, positioning it as a poten-
tial biosorbent in the cleaning of wastewater containing 
dissolved metal ions35. Therefore, the use of microalgae 
as a bioabsorbent of heavy metals is a prevalent tech-
nique over the conventional physicochemical processes 
used in the elimination of toxic heavy metals31, since its 
capacity to absorb past metals is much greater than acti-
vated carbon, natural zeolite and synthetic ion exchange  
resin36.

Further to the ability to remove heavy metals, the 
biomass of Chlorella vulgaris is used as a raw material for 
the production of biofuels. In addition, this microalgae 
species also has the potential to biodegrade hydrocarbons 
from crude oil showing excellent resistance to exposed 
contaminants, as well as a good remediation capacity and 
during the experiment the algal biomass increased, indi-
cating a positive effect of the crude on the growth of C. 
vulgaris37. It also has the ability to remove the antican-
cer drug flutamide, showing the improved elimination 
performance of live microalgae compared to non-living 
microalgae38.

4.  Conclusions
The wide presence of microalgae in the environment 
together with their rapid growth determines their suit-
ability in practical applications of bioremediation strate-
gies of heavy metals in wastewater, because they exhibit 
an important affinity for different metals, and, therefore, 
are very important, used as biosorbent materials. In 
this experiment it was proved that the living biomass of 
Chlorella sp. immobilized in dry scourer (Luffa cylindrica) 
is a strategy that potentiates the biosorption of mercury 
and nickel from aqueous medium.
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