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Abstract

One of the main challenges for the development of biomass algal system production is the high operational and capital costs for
these technologies. A great opportunity to overcome these challenges may however exist in the integration of wastewater treatment
with algal biomass production. The algae are used for treatment of industrial wastewater, for purification of effluent originating
from livestock production, while the studies concerning the use of algae species for the treatment of aquaculture effluent are very
few. The aim of our research was to compare the nitrogen and phosphate removal efficiency and the growth of two microalgae
species — Scenedesmus dimorphus and Botryococcus braunii, cultivated in wastewater, originating from freshwater aquaculture
production. A laboratory bioreactor was used for algae cultivation. It consisted of 500 mL Erlenmeyer flasks, containing wastewater
from semi closed recirculation aquaculture system. Light regime was adjusted at 15:9 h light:dark cycle, the air was enriched with
CO2 up to 1% and the water temperature was kept between 25 and 27°C. Samples for water chemical analysis and growth
measurement were taken at the beginning of the trial, at the 24th, 96th and the 168th hour after the start of the experiment. A better
removal efficiency of nitrogen compound from wastewater originate from aquaculture was determined for B. braunii and the
concentration of ammonia, nitrite, nitrate and total nitrogen decreased at the end of trial by 50%, 84.4%, 63.1% and 61.5%
respectively. A better phosphate removal efficiency (77.8%) and better growth rate were found for Sc. dimorphus when aquaculture
effluent was used as a growing media.
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1. Introduction Biofuels are among the major competitive alternatives

of fossil fuels.

Protected areas have many benefits such as the
energy consumption of our planet is increasing
continuously, because of the rise in industrialization
and Earth’s population. Natural energy sources are
limited and cannot meet the high demand for power
consumption of our modern society. New energy
sources must be found and introduced to solve the so-
called “global energy crisis”. A possible solution of
this problem could be renewable energy sources,
whose importance has increased in these last years.

Biodiesel is a biodegradable and non-toxic
alternative fuel obtained from renewable sources such
as waste cooking oil, palm, soy-bean, canola, rice
bran, sunflower, coconut, corn, fish oil, chicken fat
and algae (Pezzela et al., 2016; Sharif et al., 2007).
The microalgae are one of the most promising
resources, which could be wused for biodiesel
production.One of the main advantages of algae’s
cultivation is connected with the amount of oils and
lipids per unit area. This difference can be as high as
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30 times in comparison to oilseed crops which are
cultivated at land (Sheehan et al., 1998).

Botryococcus braunii is a green microalga that
produces hydrocarbons up to 75% from its dry
biomass and it has already been proven as a renewable
source of fuel (Brown et al., 1969; Banerjee et al.,
2002; Casadevall et al., 1983; Dayananda et al., 2005;
Velichkova et al., 2012). Many researches have
proven that Scenedesmus dimorphus is one of the most
promising algae species for biomass and biofuel
production as well (Becker, 1994; Goswami and
Kalita, 2011; Varsharani and Geeta, 2011; Velichkova
etal., 2013).

One of the main challenges for the
development of biomass algal system for biofuels
production is the high operational and capital costs for
these technologies (Alabi et al., 2009; Benemann,
2008). A great opportunity to overcome these
challenges may however exist in the integration of
wastewater treatment with algal biomass production.

The microalgae are used for treatment of
industrial wastewater: soya sauce effluent (Shirai et
al., 1998), brewery industries (Simate et al., 2011),
dairy wastewater (Danalewich et al., 1998; Woertz et
al., 2009), as well as for purification of effluent,
originating from livestock production — poultry
(Mahadevaswamy and  Venkataraman,  1986;
Murugesan et al., 2010), pig farms (Aguirre et al.,
2011; Po Chung et al., 1978), cattle farms (Ayala and
Vargas, 1987; Lincoln et al., 1996). Until now few
studies concerning the exploitation of algae species for
the treatment of effluent in aquaculture have been
made (Borges et al., 2005; Dumas et al., 1998;
Hussenot et al., 1998; Laliberté et al., 1994; Lefebvre
et al., 1996). Nevertheless, these studies are ignored
(Wang, 2003) and the science publications concerning
them are highly limited. The aim of our research was
to compare the nitrogen and phosphate removal
efficiency as well as the growth of two microalgae
species - Scenedesmus dimorphus and Botryococcus
braunii cultivated in wastewater, originating from
freshwater aquaculture production to answer whether
it is possible to integrate the treatment of an
aquaculture effluent with algal biomass production.

2. Material and methods
2.1. Algae species and media

Two microalgae species were used in the study:
- Scenedesmus dimorphus (SKU: AC-1002)
- Botryococcus braunii (SKU: AC-1006)

Both microalgae strains were supplied by
Algae depot (USA) (www.algaedepot.com). The
microalgae cultures were kept in glass flasks of 5 mL
volume with reseeding for their preservation in a good
physiological condition.

The wastewater originating from the semi
closed recirculation aquaculture system (semi — closed
RAS) was used as a growing medium for tested
microalgae. Effluent treatment in the semi — closed
RAS included a mechanical filter and a biofiltration
(nitrifying filter with bio balls) for water purification.
Daily, 40% of the water volume in semi - closed RAS
was replaced with fresh water. The wastewater, used
as medium for the tested microalgae was taken after
mechanical and biological filtration from the pumping
tank, before daily fresh water replacement (Fig. 1).
The total biomass of raised in the recirculation
aquaculture system common carps was 150 kg™.

2.2. Description of the Bioreactor for microalgae
cultivation

A bioreactor consisting of 500 mL Erlenmeyer

flasks and filled with wastewater from the semi closed
RAS was used in the current trial. Three luminescent
lamps Sylvania Aqua Star — 18w, 10 000 K, were
placed at a distance of 30 mm from the flasks. Light
regime was adjusted at 15:9 h light:dark cycle in an
illumination incubator until the end of the experiment.
The air was enriched with CO, up to 1%, regulated by
manometric control and injected to the bottom of the
flasks at a constant flow rate. The water temperature
was kept between 25 and 27°C, pH varied between 6.5
and 7.5 and for this reason was not adjusted.
Samples for water chemical analysis were taken at the
beginning of the trial and at the 24th, 96th and 168th
hour after the start of the experiment. They were
centrifuged at 300 rpm for 10 min, for precipitation
and removal of algal cells (Lee and Lee, 2002). Every
variant of the experiment was conducted in six
replications (Fig. 2). Other analyzed water chemical
parameters were measured spectrophotometrically
with spectrophotometer DR 2800 (Hach Lange). The
methods and range of tests conducted during the
experiment are shown in Table 1.

2.3. Growth measurement, chlorophyll and carotenoid
content of microalgae culture

Optical densities of microalgal cultures were
measured at 0, 24, 96 and 168 hours after the start of
the experiment, in three repetitions.
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Fig. 1. Semi-closed RAS and sampling point: 1. Fish farming tank; 2. Mechanical filter; 3. Biological filter; 4.
Pumping tank; 5. Inlet water; 6. Outlet water; 7. Pump; 8. Sampling point
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Table 1. Methods and ranges of tests, used for monitoring
of hydrochemical parameters during experimental period

Parameters Determination Measuring
method range (mg L)
Ammonia Indophenol blue 0.015-2
Nitrite - Diazotization 0.015-0.6
nitrogen
NItrale =15 6 dimethylphenol | 0.23-13.5
nitrogen
Total Koroleff digestion * 5- 40
nitrogen 2.6 dimethylphenol
Phosphorus 0.05-15
(ortho + Phosphort;}(;lg/bdenum PO.-P
total) 0.15-4.5P0O4

The samples with a volume of 1 mL, were
appropriately diluted with deionized water and the
average absorbance at 550 nm was recorded with the
help of a spectrophotometer DR 2800 (Hach Lange).

The isolation of pigments from algae cells
included the following procedures: harvesting 2 mL of
microalgae cells by centrifugation at 10000 rpm, two
times for 3 min and discarding the supernatant,
suspending cells in 2 mL methanol/water 90:10 v/v
and Vortex mixing for 1 min, heating of the
suspension for half an hour, in a water bath at 60°C,
cooling of the samples at room temperature,
centrifugating the suspension (10000 rpm for 3 min)
and discarding the supernatant with dissolved
pigments. The absorbance of the pigments extract
(665, 652 nm for chlorophyll content (a+b) and 470,
666 nm for carotenoids content) was recorded
spectrophotometrically. The chlorophyll content (mg
L) was computed according to Porra et al., (1989)
method and carotenoids - according to Lichtenthaler
(1987) method. Data analyses were conducted by
using ANOVA (MS Office, 2010).

3. Results

3.1. Efficiency of nitrogen compounds and phosphate
removal in tested microalgae using aquaculture
effluent as a medium for their cultivation

The values of this parameter in the experiments
with B. braunii and Sc. dimorphus were similar at the
end of the trial and the differences were not
statistically significant (P>0.05).

The measured nitrogen compounds (ammonia,
nitrite, nitrate and total nitrogen) in the wastewater
used for cultivation of both experimental microalgal
species decreased significantly during the experiment
(Table 2). The concentration of ammonia in the trial
with B. braunii decreased from 0.302 to 0.158 mg L*
and for Sc. dimorphus from 0.301 to 0.20 mg L™
These results corresponded to 50% and 33.5%
reduction of ammonia respectively, but differences
were not statistically significant (P>0.05) (Table 2). B.
braunii reduced the concentration of nitrite and nitrate
in  wastewater, originating from aquaculture
production by 84.4% and 63.1% respectively and for

Sc. dimorphus the according percentages were 75%
and 44.4%. The pH of wastewater increased in both
tested variants during the trial (Fig. 2).

The differences in nitrite values between the
tested variants were statistically significant for the
48th and 168th hour samples (P<0.05). For the last
measurement differences were highly significant
(P<0.01) (Table 2). The differences in the quantity of
nitrate in wastewater used for the cultivation of B.
braunii and Sc. dimorphus were statistically
significant for the 96th and 168th hour samples
(P<0.05) (Table 2). The total nitrogen decreased in the
wastewater containing B. braunii and Sc. dimorphus
from the beginning until the end of the experiment by
61.5% and 54.4% respectively and the differences
were statistically significant at hours 96 and 168
(P<0.05) (Table 2). The quantities of removed
phosphates from aquaculture wastewater were similar
for both tested strains (Table 2).

The results varied from 1.4 mgl* at the start to
0.38 mg L at the end of experiment for Sc. dimorphus
and from 1.3 mg L to 0.41 mg L for B. braunii,
corresponding to 77.8% and 68.4% phosphate
removal efficiency respectively. The differences
concerning phosphate in the wastewater, used as a test
medium for both explored microalgae species, were
statistically significant for none of the taken
wastewater samples (P>0.05) (Table 2).

3.2. Growth parameters of tested microalgae, using
aquaculture effluent as a medium for their cultivation

The optical densities were higher at the 4'" day
since the beginning of experiment (96 hour) for both
microalgae species cultivated in the wastewater and
reached 0.95 for Sc. dimorphus and 0.8 for B. braunii
(Fig. 3). After this day of maximum optical density,
the values of this parameter declinedin both tested
microalgae strains, as the nutritional compound in
wastewater decreased heavily.

The measured optical density in Sc. dimorphus
strains was higher by 10.5%, compared to the value of
B. braunii at the end of trial, but the differences were
not statistically significant (P>0.05). At the end of the
experiment the results showed that the contents of
pigments - chlorophyll a+b and carotenoids were
higher by 8.6% and 5.15% respectively in Sc.
dimorphus, compared to their quantity in B. braunii,
when they are cultivated in wastewater originating
from freshwater aquaculture. However, the
differences were not statistically significant for any of
the measurements made concerning these growing
parameters (P>0.05) (Fig. 4).

4., Discussions

Many authors stated that algal species
usually increase pH, due to the photosynthetic CO,
assimilation (Borowitzka, 1998; Chevalier et al.,
2000; Larsdotter, 2006). These points are confirmed in
recent research as well.
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Fig. 2. Bioreactor used in conducted trials:
1) Luminiscent lamps; 2). Erlenmeyer flasks; 3). CO2 bottle; 4). Manometer;

Table 2. Changes in nitrogen compounds of Sc. dimorphus and B. braunii in wastewater from aquaculture production during the
treatment period (mg L)

Hydrochemical parameters (mean + SEM)
Hours Microa}lgae _ _
Species Ammonia N_|tr|te R N_|trate A Total nitrogen Phosphate
nitrogen nitrogen
0 Sc. dimorphus 0.301+0.01™ 0.08+0.02" 1.8+0.2™ 18.7+0.2" 1.4+0.02"s
B. braunii 0.302+0.02" 0.09+0.01"s 1.9+0.1" 17.7+£0.9™ 1.3+£0.01™
24 Sc. dimorphus 0.241+0.01™ 0.0241+0.02" 1.75+0.07™ 12.25+0.35" 1.36+0.11"
B. braunii 0.228+0.08" 0.0218+0.007" 1.6+£0.1" 11.75+0.35" 1.17+0.28™
9% Sc. dimorphus 0.202+0.09" 0.0232+0.007" 1.3+0.14" 11.1+0.28" 0.75+0.71"
B. braunii 0.172+0.1" 0.0162+0.007" 0.95+0.07" 9.3+0.74" 0.95+0.03"
168 Sc. dimorphus 0.20+0.05" 0.0226+0.007" 1.00+0.014" 8.5+0.98" 0.31+0.75"™
B. braunii 0.158+0.12" 0.0147+0.02" 0.7+0.04" 6.8+0.4" 0.41+0.02"

Note: *-show statistically significant differences (p<0.05), ns=no significant difference
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Fig. 3. Optical density (OD) of Sc. dimorphus and B. braunii, ¢

One of the possible consequences of high pH
in media is the induction of flocculation in algal
cultures, which could be a reason for reduction of
nutrient uptake and growth.

If the pH values increase over 9, most of
inorganic carbon is converted to carbonate, which
cannot be assimilated by the algae.
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ultivated in wastewater from aquaculture production

In our opinion pH did not suppress microalgae
growth in the current trial, because pH values did not
reach very high levels and varied between 6.5 and
7.43. Because of the low values of ammonia in
wastewater originating from aquaculture, it could be
concluded that this parameter had no negative effect
on the microalgae growth.
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Fig. 4. Chlorophyll (a+b) and carotenoids (mg L) concentrations in Sc. dimorphus and B. braunii,
cultivated in wastewater from aquaculture production

Concentrations higher than 20 mg NHs*N per
liter in wastewater are not recommended due to
ammonia toxicity (Borowitzka, 1998). The preferred
nitrogen compound for microalgae growth is ammonia
and when it is available, no alternative nitrogen
sources will be used (Bhaya et al., 2000). The low
ammonia concentration in wastewater used as a
medium for both tested microalgae species could
explain the advanced utilization of two other nitrogen
sources — nitrite and nitrate. The higher concentration
of nitrite makes it a less convenient nitrogen source for
algae, because of its toxicity (Becker, 1988). During
the experiment the values of nitrite were not so high,
which probably excluded the possibility of nitrite
toxicity for tested microalgae species.

The efficiency in  nitrogen  removal
(ammonium, nitrite, nitrate and total nitrogen) from
aquaculture effluent in B. braunii was higher
compared to the Sc. dimorphus strain in all
measurements. The results for nitrogen and
phosphorus removal by B. braunii in the current
research were found to be better than thosereported for
swine wastewater treatment, by using tubular
bioreactor (Lee et al., 1999). In their research removal
rates of swine wastewater nitrogen and phosphorus
byB. braunii were 43.9% and 41.7%, respectively,
after 14 days of incubation. The results for chlorophyll
density of B. braunii, cultivated in wastewater as a
growing medium from the current research were
similar with those of other authors (Tsukahara and
Sawayama, 2005) stating that B. braunii could
effectively remove nitrogen and phosphorus from
secondary sewage treatement (SST) in the continuous
bioreactor system.

The main factors affecting B. braunii’s growth
are availability of nitrogen and phosphate, light
intensity and pH (Qin, 2005). In the current study,
measured growth parameters indicated a better growth
of Sc. dimorphus, compared to B. braunii, when
wastewater from aquaculture was used as a growing
medium. Among the main disadvantages of B. braunii

is its slow growth: its doubling time is 7 hours (Qin,
2005). According to Banerjee et al., (2005) the growth
of B. braunii is 20 times slower, compared to fast-
growing algae so they recommended for its cultivation
a low-cost investment system, like raceway pond, as
economically effective. Our results for the hemical
parameters of effluent waters were very similar to
those of previous studies (Borges et al., 2005;
Hussenot et al., 1998; Tovar et al., 2000). Namely the
wastewaters from fish production are distinguished
mainly by dissolved inorganic nutrients like nitrogen
and phosphorus. This makes aquaculture effluent one
possible medium for low cost microalgae biomass
production (Laliberté et al., 1994). Ammonia removal
efficiency of Sc. dimorphus in the current research was
lower compared to other reports (Gonzalez et al.,
1997), but higher than the results of Chevalier and De
la Notie (1985), which reported a removal efficiency
of 23.31%. Ammonia, total nitrogen and phosphate
removal efficiency were higher in other algal species
from genus Scenedesmus — Sc. quadricauda used for
swine wastewater treatment after appropriate dilution
with tap water (Gantar et al., 1991).

At the 8th day, the percent of ammonia, total
nitrogen and phosphate uptake varied between 99.5 -
100, 97.9% - 99.4% and 74.3 - 99.9% respectively at
different tested dilutions. The water samples from
locations around the Organized Industrial Zone were
found to stimulate the growth of green microalgae
Desmodesmus (=Scenedesmus) subspicatus (Katalay
et al., 2012). Charity et al., (2009) evaluated the
growth, removal of nutrients and organic matter of
microalgae Scenedesmus sp. in wastewater derived
from remains of fish for 15 days.

They established 2.24 mg/L chlorophyll and
0.89 mg/L carotenoids, and dry biomass 0.44 mg/mL.
In our results a high growth rate of the microalgae
culture and high chlorophyll and carotenoid contents
were also observed. Volotina et al. (2004) also
determined a high biomass after 24 hours cultivation
in artificial wastewater.
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The two tested microalgae are a good option
for the biological treatment of aquaculture effluent.
Both species showed a good nitrogen and phosphorus
removal efficiency and the current research provides a
good alternative technology for B. braunii and Sc.
dimorphus production - integration of effluent
treatment from aquaculture and biomass production,
which could decrease operational costs and will make
the technology for tested microalgae production
highly sustainable.

5. Conclusions

This research provided a proof of concept for
an integrated technology of aquaculture effluent
treatment process that combines nutrient removal and
microalgae production for potential use as a biofuel
feedstock.

A better removal efficiency of nitrogen
compound (ammonia, nitrite, nitrate and total
nitrogen) was determined for B. braunii and better
phosphate removal efficiency as well as better growth
rate were found for Sc. dimorphus when wastewater
from aquaculture effluent was used as a growing
medium.
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