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ABSTRACT

Microalgae are a very heterogeneous microbial group that provides several applications nowadays,
including wastewater treatment. The treatment of wastewater is very important, as it contains pollutants
that prevent its reuse. In the present study, the growth potential of the microalga Chlorella vulgaris and its
purification capacity in wastewater from tanning processes were evaluated. Ch vulgaris was bioaugmented
in a bioreactor, using exponential phase cells of 106 cells/mL. The Ch. vulgaris cells were treated with
tanning wastewater for 20 days. BODs and COD parameters were measured daily. The results of the organic
load degradation tests confirm that Ch. vulgaris reduces BODs and COD to values below those permitted
by the regulations established for the leather manufacturing, tanning and dressing industry. Ch. vulgaris is
able to survive the adverse conditions present in wastewater, efficiently removing pollutants present in

wastewater from tanning processes.
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INTRODUCCION

The transformation of a fresh bovine hide into
finished leather involves a set of steps grouped
into beam, post-tannage tanning, drying, pre-
finishing and finishing. As these steps are carried
out, the commercial value of the product
increases. In Brazil, for example, finished leather
accounts for 59.6% of leather exports (Bharagava
and Mishra, 2018). As the post-tannage process
uses recalcitrant and toxic chemicals, the
treatment of post-tannage wastewater is an issue
of concern that has prompted studies towards new
wastewater treatment technologies.
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Colombia, the eighth largest cattle-breeding
country in the world, now produces the world's
finest hides and skins. the finest furs in the world.
This is confirmed by the growing demand for
leather products in demanding markets such as the
United States, Canada, Europe demanding
markets such as the United States, Canada,
Europe, Australia and Caribbean countries. The
leadership that until a few years ago was held by
Argentina, Brazil and Uruguay in Latin America
has been taken over by the United States, Canada,
Europe, Australia and the Caribbean. Uruguay,
has been taken over by Colombian manufacturers
in Latin America.
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The tanning process consists of transforming the
skin of cattle or other animals into leather, which
is a valuable raw material, incorruptible, flexible
and immune to bacterial attack™ (Ortiz, 2012).
immune to bacterial attack” (Ortiz, 2012). This
process can be carried out using tannins,
substances of vegetable origin, requiring between
one and two weeks, or with chromium in some
weeks, or with chromium over a period of 6 to 8
hours (Ortiz, 2012).

With regard to manufacturing industries, it should
be noted that the tanning industry is one of the
most polluting industries, as its operations and
processes generate liquids and solids that are
characterized by a high organic load and chemical
agents that can have toxic effects, such as sulphur
and chromium (Miranda, 2019; Rosales and
Rodriguez, 2018). The discharge of wastewater
with a high concentration of chromium generates
an alteration in the quality of water bodies,
affecting the morphology of plants, causing them
to present dwarfism and discoloration of their
leaves (Panda and Choudhury, 2005). It also
causes serious public health risks such as
respiratory  problems, carcinogenicity and
mutagenicity (OMS, 2019). Aquatic fauna is also
affected, as it increases their mortality, interferes
with their hormone-regulating functions and scale
erosion (OMS, 2019). Within the field of
bioremediation is the use of green algae, because
they have the capacity to accumulate heavy
metals, which are considered high risk due to their
toxicity and capacity for accumulation in living
tissues, such as Cr (VI). Their use for pollution
control is limited to the factors present in the
environment, such as pH, hardness, chlorides,
sulphates, etc. These factors can limit the
biological processes of the algae, reducing the
availability of oxygen and therefore the presence
of algae. Likewise, microalgae through
biosorption in living or dead biomass have a high
potential to reduce toxicity levels and to transform
toxic compounds into harmless ones. Also, Arias
(2017), indicates that microalgae have
remediation properties, as they do not generate
pollutants as a consequence of their process, due
to the fact that the biomass obtained after the
remediation process allows the recycling of
nutrients.
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From the early 1970s until around 1990,
wastewater treatment included aesthetic and
environmental concerns, bringing the reduction
and removal of BOD, suspended solids and
pathogenic micro-organisms to a higher level of
demand, and the beginning of concern for nitrogen
and phosphorus removal.

These compounds contribute to imparting a poorly
biodegradable effluent. Post-tanning effluents also
show high total dissolved solids (TDS), and
suspended solids (SS), nitrogen compounds
(organic and ammonium nitrogen, chemical
oxygen demand (COD), and chromium (III)
(Hansen et al., 2020; Mannacharaju et al., 2020).
For these reasons, this project aimed to evaluate
the efficiency of Chlorella vulgaris in the removal
of chemical pollutants (BODs and COD) from
wastewater from manufacturing industries such as
tanneries.

2. MATERIALS AND METHODS

2.1 Sampling, storage, processing, packaging
and chain of custody for water quality analysis
obtained from leather washing. The wastewater
from the tanning process was collected at the
discharge point of the tannery industry located in
the municipality of Sampués, Department of
Sucre. The chemical properties of the wastewater
collected will be analyzed according to the
parameters established by Resolution N°0631 of
2015 of the Ministry of Environment and
Sustainable Development for the following
parameters: BODs, and COD.

2.2 BODs AND COD removal test. The
treatment systems consist of 6 funnels, each with
a capacity of 1000 mL of water. In the two initial
tanks the water from the tanning process will be
collected, in this initial stage a flocculants will be
applied which allows all the sediment from the
fleshing process to precipitate to the bottom of the
tanks, these sediments will be collected to carry
out a composting process (Tzoupanos and
Zouboulis, 2008). In turn, the water will be
deposited in two reactors (1000 mL Erlenmeyer),
each reactor will be inoculated with 10 mL of
Chlorella vulgaris in its exponential phase and left
in constant agitation for biological treatment. A
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control with tanning process waste water without
microalgal will be used.

2.3 Statistical analysis: The results were
expressed as the mean + Standard Deviation, an
analysis of variance was carried out using a
completely randomized design, with a 2 x 3
factorial arrangement; previously determining the
normality criterion by means of the Shapiro Wilk
test (5%). Significant statistical differences were
determined by Tukey's test (p < 0.05). All
experiments were performed in triplicate and
analyzed in the free version of InfoStat software.

3. RESULTS AND DISCUSSION

Figure 1 shows the stages of the tanning process
in a leather company in the municipality of
Sampués, Sucre, Colombia.

Table 1 shows the BODs and COD parameters
measured during the experiment. The table shows
that the values found are above those established
in Resolution No. 0631 of 2015 of the Ministry of
Environment and Sustainable Development.

liming or liming with
sodium hydroxide
descaling with ammonium
salt + sodium bisulphite

Tanning
gum + boric acid +
sodium bisulphite +
gallic acid)

(dividivi I

Cleaning area

Wastewater
collection

Wastewater

Wastewater
collection

collection

Discharge of waste water

Figure 1. Stages of the tanning process. Source: Pérez, 2022.

Table 1. BOD5 and COD values measured in wastewater from the tanning

process.
TIME (DAYYS) BDOs (mg/l O2) COD (mg/l O2)
1 1320 1900
2 1320 1900
3 1320 1900
4 1320 1900
5 1320 1900

© 2021 JPPW. All rights reserved



953 Journal of Positive Psychology & Wellbeing

6 1320 1900

7 1320 1900

8 1320 1900

9 1320 1900

10 1320 1900

11 1320 1900

12 1320 1900

13 1320 1900

14 1320 1900

15 1320 1900

16 1320 1900

17 1320 1900

18 1320 1900

19 1320 1900

20 1320 1900
Figure 2, shows the growth curve of the Chlorella time it enters the stationary phase and finally the
vulgaris cell during the remediation process. Ch. lysis stage. The growth curve indicates that the
vulagaris showed growth from day 3 to day 16, microalgae grows under the chemical conditions
with maximum growth at 17 days, after which of the wastewater from the tanning process.
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Figure 2. Growth curve of Chlorella vulgaris in tanning process wastewater.
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Figure 3 shows the chemical pollutant removal
behaviour of Chlorella vulgaris. It can be seen in
the figure that Ch. vilgaris reduced the initial
BODs values from 1320 to 420 mg/L O, 18 days
after being in contact with the chemical
compound. Likewise, it decreased the COD values
from 1900 to 980 mg/L O,. According to the
regulations, both parameters were reduced below
the limit allowed by Resolution No. 0631 of 2015

of the Ministry of Environment and Sustainable
Development. The results obtained demonstrate
the efficiency of Chlorella vulgaris in the
reduction of these two chemical parameters
indicators of pollution in wastewater from the
tanning process in the department of Sucre,
Colombia.
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Figure 3. Growth curve of Chlorella vulgaris in tanning process wastewater in the presence of BODs and
COD parameters.

As reported by Perez et al. (2023), concerning the
biochemical oxygen demand is one of the
principal parameters when assessing the
characteristics in waste water from the tanning
process. In the tannery water used in the present
study, the initial BOD5 value was 18520 mg/L
which was reduced during treatment with
microalgal consortium to 2105 mg/L, showing a
percentage removal of 89%, higher than reported
in the work of Ajayan et al., (2015), for tannery
waters with microalgae of the genus Scenedesmus.

Chlorella vulgaris has been widely investigated
for its high capacity to remove pollutants from
wastewater, as well as for the high lipid content of
its organic matter (Mata et al., 2010; Maguire-
Boyle and Barron 2014; Elliott et al., 2017).

Chlorella vulgaris is part of the diverse group of
unicellular microorganisms with around 300,000
different species on the planet, of which only
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around 40,000 have been described
(Lewandowski et al., 2018). This group includes
cyanobacteria (prokaryotes) as well as eukaryotic
microalgal species capable of growing in diverse
environments (Lewandowski et al., 2018). Most
are photoautotrophic, i.e. light is their energy
source, while CO; is their carbon source.

Microalgae require nitrogen, phosphorus, COs.,
light and a number of micronutrients for their
growth. Since, as mentioned above, urban
wastewater is rich in nitrogen and phosphorus, the
cultivation of microalgae in urban wastewater
could microalgae cultivation would allow the
removal of these pollutants by incorporating them
into the microalgal biomass. microalgal biomass.
Specifically, for C. vulgaris, more than 64% of the
total nitrogen is recycled as biomass (He et al.,
2013). The undoubted ability of microalgae to
remove inorganic nitrogen and phosphorus means
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that they can be used inorganic nitrogen and
phosphorus removal, they can be used as a
bioremediation tool for wastewater treatment, and
are considered to be an wastewater treatment, and
is considered an economical and promising
practice (Ledda et al., 2015). The microalgal
treatments offer an inexpensive option for nutrient
removal by tertiary treatment (Tang et al., 2015).

4. CONCLUSION

Wastewater from the tanning process can be used
synergistically to remove nutrients present in the
wastewater, as well as to cultivate microalgae. The
results obtained in the present study indicate that
the use of the microalgae Ch. vulgaris for nutrient
uptake and growth in wastewater is feasible. These
microalgae demonstrated the ability to reduce the
BODs and COD values of tanning wastewater.
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