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ABSTRACT

This research evaluates the removal of nutrients by microalgae in different photoperiod
cycles, combined with constructed wetland in the wastewater treatment plant of the University
of Santa Cruz do Sul, RS, Brazil. The treatment used took place between July and December
2018 and consisted of the following steps: preliminary treatment, secondary treatment with an
anaerobic reactor, microalgae tank (MT), sand filter and constructed wetland, using the
macrophyte Chrysopogon zizanioides. In the microalgae tank, three light cycles were
considered: 12h/12h, 24h and 18h/06h, whose lighting was powered by a white LED lamp of 9
Watts and 6000 Kelvin, regulated by a light controller. The results indicated that there were no
significant differences (p>0.05) between the values of soluble phosphorus, ammoniacal
nitrogen, COD and BOD for MT comparing the three photoperiod cycles (12h/12h, 24h and
18h/06h). However, the system setup removed 100% of total coliforms, E. coli and TSS in the
three light cycles. Regarding the removal of nutrients and organic matter, the light cycle with
the best performance was the 24-hour cycle, considering a removal of 67.6% for soluble
phosphorus, 94.0% for ammoniacal nitrogen, 63.7% for COD and 42, 7% for BOD, at the end
of the treatment process. These results demonstrate that the use of microalgae in combination
with constructed wetland has greater efficiency in the removal of nutrients, mainly phosphorus
and nitrogen, in addition to reducing physical-chemical parameters and eliminating effluent
toxicity.

Keywords: light cycles, microalgae tank, wastewater treatment plant.

Eficiéncia de remocao de nutrientes utilizando microalgas em
diferentes ciclos de fotoperiodos para uso combinado com wetland
construido no tratamento de aguas residuais

RESUMO
Esta pesquisa teve como objetivo avaliar a remo¢do de nutrientes por microalgas em

@ @ This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.


http://www.ambi-agua.net/seer/index.php/ambi-agua/index
http://dx.doi.org/10.4136/1980-993X
http://dx.doi.org/10.4136/1980-993X
http://www.ambi-agua.net/splash-seer/
http://www.ambi-agua.net/splash-seer/
https://doi.org/10.4136/ambi-agua.2692
mailto:jessica_severo@msn.com
mailto:enio@unisc.br
https://orcid.org/0000-0002-4601-4024
https://orcid.org/0000-0003-0140-4966
https://orcid.org/0000-0001-8167-0484

2 Jéssica Severo Ferreira et al.

diferentes ciclos de fotoperiodo, combinado com wetland construido na Estacdo de Tratamento
de Efluentes da Universidade de Santa Cruz do Sul, RS, Brasil. O tratamento empregado
ocorreu entre julho e dezembro de 2018 e consistiu nas seguintes etapas: tratamento preliminar,
tratamento secundario com reator anaerébio, tanque de microalgas (TM), filtro de areia e
wetland construido, utilizado a macrdéfita Chrysopogon zizanioides. No tanque de microalgas,
foram considerados trés ciclos de luz: 12h / 12h, 24h e 18h / 06h, cuja iluminacdo era alimentada
por uma lampada LED branca de 9 Watts e 6000 Kelvin, regulada por um controlador de luz.
Os resultados indicaram que ndo houve diferencas significativas (p>0,05) entre os valores de
fésforo soltvel, nitrogénio amoniacal, DQO e DBO para TM comparando os trés ciclos de
fotoperiodo (12h/12h, 24h e 18h /06h). No entanto, a configuracdo do sistema removeu 100%
de coliformes totais, E. coli e TSS nos trés ciclos de luz. Em relacdo a remocao de nutrientes e
matéria organica, o ciclo de luz com melhor desempenho foi o de 24 horas, considerando a
remocao de 67,6% para fosforo soltvel, 94,0% para nitrogénio amoniacal, 63,7% para DQO e
42,7% para DBO, no final do processo de tratamento. Esses resultados demonstram que 0 uso
de microalgas em combinagdo com wetland construido tem maior eficiéncia na remogao de
nutrientes, principalmente fosforo e nitrogénio, além de reduzir parametros fisico-quimicos e
eliminar a toxicidade do efluente.

Palavras-chave: ciclos de luz, estacdo de tratamento de efluentes, tanque de microalgas.
1. INTRODUCTION

Human activities and industrial production are leading to an increase in the release of
contaminants into water resources, which is currently one of the biggest environmental
problems in the world (Arihilam and Arihilam, 2019). According to Lobo et al. (2016), the
eutrophication process is one of the main causes of the degradation of water resources, due to
the high discharge of nutrients from sewage into water bodies, mainly nitrogen and phosphorus.
Eutrophication is a worldwide problem that induces a strong deterioration of rivers, dams, lakes
and coastal waters, causing numerous direct and indirect effects on aquatic biodiversity.
Furthermore, eutrophication compromises the multiple uses of water resources, including water
for human consumption, causing substantial damage to the local and regional economy.
Currently, eutrophication is a threat to public health and the general operating conditions of
aquatic systems, constituting an important economic factor that can prevent or delay sustainable
development (Tundisi and Matsumura-Tundisi, 2008). Thus, to protect water resources and
public health, there is a growing demand for efficient treatment systems that can mitigate or
even eradicate the impacts generated by inadequate sewage management (Metcalf and Eddy,
2016).

There are several methods used to treat wastewater, including biological treatment, which
uses organisms to remove pollutants from wastewater (Yi et al., 2020). An example is the use
of Constructed Wetlands (CW’s), which are artificial filters that simulate the ecological
processes found in natural ecosystems. They are composed of a support medium, such as sand
and gravel, in addition to microorganisms and macrophytes that clean wastewater through
physical, chemical and biological processes (Liang et al., 2017). Macrophytes are essential
components of CW to remove contaminants such as phosphorus, nitrogen and heavy metals.
Furthermore, macrophytes stems, leaves and roots provide fixation sites for microorganisms,
being highly essential for the removal of contaminants (Wang et al., 2018). According to
Rehman et al. (2017), several studies report the effectiveness of using macrophytes to improve
the physical-chemical characteristics of effluents, being efficient in removing suspended solids,
biochemical oxygen demand, nutrients, heavy metals and reducing pathogenic microorganisms.

Along with constructed wetlands, microalgae can be used to improve wastewater
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treatment, as these microorganisms use sewage nutrients for their growth, such as ammonia,
nitrate, phosphate and urea (Salama et al., 2017). According to Vacca-Jimeno et al. (2017),
microalgae can be used to treat various types of effluents (e. g., domestic, agricultural,
industrial), considering their tolerance to high concentrations of nutrients (nitrogen and
phosphorus) and organic matter (Lobo et al., 2016). Among the advantages of using microalgae,
Pacheco et al. (2015) cite the low economic cost, since its development depends only on water,
light and CO», being able to survive and reproduce in different environments.

One of the few studies that uses microalgae and CW’s in combination is that by Celente et
al. (2019), where microalgae were exposed to natural light conditions, with a significant
reduction in parameters such as conductivity (49%), total dissolved solids (48%), turbidity
(98%), apparent color (82%), ammoniacal nitrogen (99%), total nitrogen (70%), soluble
phosphorus (44%), total organic carbon (69%), inorganic carbon (86%), total carbon (83%) and
chemical oxygen demand (72%). In addition, this system completely eliminated acute toxicity
and genotoxicity, showing that the proposed system combining the two techniques is suitable
for the treatment of effluents (Celente et al., 2020).

In this context, this research evaluates the removal of nutrients by microalgae in different
photoperiod cycles combined with CW's, in the effluent treatment plant of the University of
Santa Cruz do Sul, RS, Brazil.

2. MATERIALS AND METHODS

2.1. Wastewater and combined treatment system

An experimental unit was built at the wastewater treatment plant of the University of Santa
Cruz do Sul (UNISC), Santa Cruz do Sul City, State of Rio Grande do Sul, Brazil, at the
geographic coordinates 29°43'59” S and 52°24'52” O (WGS84). The study period took place
from March to December 2018.

A preliminary treatment of the raw effluent (Raw) from the University's toilets basically
includes sand washing, drainage and an equalized tank, followed by secondary treatment by an
anaerobic reactor (AR), corresponding to a Bakof Tec Multi Biodigester of 1,450 liters. After
the secondary treatment, the effluent was directed to the developed system, which had a series
configuration of three boxes of two hundred liters each, produced with high-density
polyethylene material (HDPE) and rectangular in shape (92 cm long; 55 cm wide; 58.5cm high).
To facilitate the transportation of the effluent by gravity, the three boxes were installed in a
step-like structure, with the first box (MT) of the system located 1.4 m above the ground, the
second (SB) at 75 cm and the third (CW) at 10 cm from the ground, with a horizontal distance
of approximately 5 cm between each box. Figure 1 shows the proposed effluent treatment
system.

2.2. System Configuration

The first box of the system corresponds to the microalgae tank (MT) that receives the
effluent from the anaerobic reactor (AR) by means of a hydraulic pump, with an engine power
of % hp and maximum flow of 1.8 m3h™. In the MT, an acrylic support with a double roughness
layer was installed to facilitate microalgae adhesion on the biofilm. There was no microalgae
inoculation, so the biofilm formed spontaneously. In addition, it had a 45° inclination and the
acrylic layers were approximately 1.5 cm apart, with a surface area of 0.54 m?. In this box, the
effluent was recirculated by an 8 Watt submersible pump with a flow rate of 520 L h'. The
system also had automatic lighting by a 9 Watt 6000K White Light tubular LED lamp, with 60
cm of length, regulated by a light controller. To reduce the influence of the external
environment by sunlight, this box was covered with a vinyl tarpaulin and aluminum foil.

The sand biofilter tank (SB) consisted of a 15-cm basaltic gravel layer (64-100 mm) at the
bottom, following by a 40-cm basaltic crushed stone (19-25 mm) and 15-cm basaltic crushed
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stone (25-50 mm) filtering layer, and finally a thin sand layer. The constructed wetland (CW)
consisted of a 15-cm basaltic gravel (64-100 mm) layer at the bottom for drainage and a 40-cm
basaltic crushed stone (19-25 mm) filtering layer planted with Chrysopogon zizanioides (L.)
Roberty; commonly known as vetiver is a perennial grass of the Poaceae family (BFG, 2015),
using 16 shoots planted per square meter. The effluent had a hydraulic retention time (HDT) of
7 days in each system configuration.

To assess the efficiency of microalgae growth in different cycles of photoperiod, three
different light cycles were used: 12h/12h, 24h and 18h/06h (light/dark), each lasting seven
weeks. The 24-hour photoperiod was determined for comparison with other similar studies on
nutrient removal using microalgae by Sukacova et al. (2015).

58,5cm

Figure 1. Proposed effluent treatment
system. The anaerobic reactor effluent is
directed to the first box composed of the
microalgae tank (A), passes through the
sand biofilter (B) and finally through the
constructed wetland (C).

2.3. Effluent Characterization

All samples characterized according to the following parameters: chemical oxygen
demand (COD), turbidity, pH, conductivity, total suspended solids (TSS), total dissolved solids
(TDS), apparent color, soluble phosphorus, total nitrogen (TN), and ammoniacal nitrogen
(NHs) according to APHA et al. (2012). Total carbon (TC), total organic carbon (TOC), and
inorganic carbon (IC) according to Fonseca et al. (2006).

2.4. Acute Ecotoxicity

The assessment of acute ecotoxicity was performed following the Brazilian standard NBR
12713 (ABNT, 2016). All analyses were duplicated and consisted of 10 individuals of Daphnia
magna Straus, a small planktonic crustacean (adult length 1.5-5.0 mm) that belongs to the
subclass Phyllopoda (Gruiz and Molnér, 2015), popularly known as water flea, exposed to a 25
mL of samples belonging to Raw and CW. After 24 and 48 hours of exposure, we quantified
the mobile and immobile individuals in each sample, and the concentration capable of causing
immobility in 50% of the exposed individuals, ECso (48h), calculated by the Trimmed
Spearman-Karber software (Hamilton et al., 1977). Results were classified according to the
scale of relative toxicity proposed by Lobo et al. (2006), and recently certified by Celente et al.
(2020).

2.5. Pathogenic microorganisms
The analysis of total coliforms and Escherichia coli was performed on samples of raw and
treated effluent, according to AOAC (2000) on Petrifilm TM 3M® plates.
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2.6. Data analysis

Descriptive statistics was used for data analysis (mean + standard deviation; Coefficient of
Variation, CV). Significant differences were established by the non-parametric Mann-Whitney
statistical test, with a significance level of 5 % (o= 0.05). Data processed using PAST software
Version 2.17¢c (Hammer et al., 2001).

3. RESULTS AND DISCUSSION

3.1. Microalgae Identification

The results indicated the predominance of three species of microalgae in all light
cycles; two diatoms; Nitzschia sp. and Gomphonema sp., and one Chlorophyta; Chlorella sp.
According to Maity et al. (2014), species of the genera Nitzschia and Chlorella, like N. pusilla
and C. vulgaris, are generally used to remove pollutants from wastewater, such as nitrogen,
phosphorus and potassium. The genus Gomphonema comprises a group of highly diversified
freshwater diatoms, characteristic of nutrient-rich environments, such as G. parvulum,
classified as having an intermediate degree of tolerance to eutrophication (Lobo et al., 2016).

3.2. Light cycles and effluent characterization
3.2.1. First light cycle (12h/12h)

The measured values (mean * standard deviation) in samples of raw effluent (Raw),
microalgae tank (MT), and constructed wetland (CW) in the first light cycle (12h/12h) are found
in Table 1. MT was responsible for 98.3% of turbidity removal, 93.6% of total organic carbon
(TOC), 92.5% of apparent color, 82.0% of total carbon (TC), 67.5% of total nitrogen (TN),
66.9% of inorganic carbon (IC), 39.1% of conductivity and 25.7% of total dissolved solids
(TDS). MT was also responsible for 100% of total suspended solids (TSS) removal. At the end
of the treatment process of the first light cycle, 99.4% of turbidity removal was verified, 95.0%
of apparent color, 89.1% of total carbon, 85.7% of total nitrogen, 69.5% of inorganic carbon,
50.6% of conductivity and 44.2% of TDS, as well as removal of 100.0% for total suspended
solids, total organic carbon, total coliforms and E. coli.

Table 1. Mean concentration (+ standard deviation) of the analyzed
parameters in the samples of raw effluent (Raw), microalgae tank
(MT) and constructed wetland (CW) in the first light cycle (12h/12h).

Parameters” Raw MT CW

pH 6.6+0.2 6.4+0.4 6.6+0.3
Turbidity 2455+ 111.6 42+4.1 1617
Conductivity 847.1 £ 369.0 515.8+123.8 418.0 +65.0
Apparent color 08+00 0.1+£0.0 0.0£00
TDS 378.1+£225.1 281.0+48.8 211.1+33.0
TSS 12.7+6.2 0.0+0.0 0.0+0.0
T. Coliforms 1.9+ 1.9 [In(x+1)] N.D. 2320
E. coli 1.9+ 1.9 [In(x+1)] N.D. 0.0+0.0
TOC (n=4) 785+31.1 50+10.1 0.0+0.0
IC (n=4) 92.3+32.38 305+244 28.1+1.0
TC (n=4) 171.0 + 63.0 30.7+211 186+1.1
TN (n=4) 95.0+35.2 309+5.0 13.6+2.3
P Soluble 35+24 26+138 14+0.38
NHs 75.2+41.0 9.8+83 44+35

“Concentrations given in mg L?* with the exception of pH
(dimensionless), conductivity (us.cm™), turbidity (NTU), color
(dimensionless), total Coliforms/E. coli (UFC mL™) and Temperature
(°C). N.D. = Not determined.
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According to Wu et al. (2016), the removal of pathogenic microorganisms in wastewater
is possible due to physical, chemical and biological mechanisms, alone or in combination.
Physical mechanisms involve the filtration of microorganisms through the rhizosphere, fixation
to the substrate and sedimentation, while chemical mechanisms include oxidation, UV radiation
and exposure to biocides excreted by some plants. As biological mechanisms, we can mention
the natural death of pathogens due to the absence of nutrients, predation and adsorption.

3.2.2. Second light cycle (24h)

For the second light cycle (24h) and the last light cycle (18h/06h) it was not possible to
perform TOC, IC, TC and TN analysis, due to operational problems. The values measured
(mean * standard deviation) in raw effluent samples (Raw), microalgae tank (MT) and
constructed wetland (CW) in the second light cycle are found in Table 2. MT was responsible
for 100% of TSS removal, 98.9% of turbidity, 53.6% of conductivity, 87.5% of apparent color
and 53.1% of TDS. At the end of the second light cycle treatment process, 99.7% of turbidity
removal was verified, 87.5% of apparent color, 77.2% of TDS and 75.0% of conductivity. There
was also removal of 100% of TSS, total coliforms and E. coli.

Table 2. Mean concentration (x standard deviation) of the analyzed
parameters in the samples of raw effluent (Raw), microalgae tank (MT)
and constructed wetland (CW) in the second light cycle (24h).

Parameters” Raw MT cw

pH 6.9+0.1 71401 7.0+0.1
Turbidity 244.0 + 324.4 24120 0.8+0.8
Conductivity 1179.1 £ 349.0 546.7 £57.5 293.1+58.2
Apparent color 0.8+0.2 0.1+£01 0.1+£01
TDS 591.1+174.6 2771+256 1345x67.1
TSS 41+27 00+0.1 0.0+0.0
T. Coliforms 1.9+ 1.9 [In(x+1)] N.D. 7.3+94
E. coli 1.9 £ 1.9 [In(x+1)] N.D. 0.0+0.0

P soluble 3.7+03 43+0.8 1.2+10
NH; 18.5+18.9 23+13 1.1+£07
COoD 1088.6 £29.2  405.8+304.1 395.1+316.1
BOD 183.3+4.7 102.1+113.1 105.0%122.8

* Concentrations given in mg L with the exception of pH (dimensionless),
conductivity (us.cm™), turbidity (NTU), color (dimensionless), total
Coliforms/E. coli (UFC mL™*) and Temperature (°C). N.D. = Not determined.

3.2.3. Third light cycle (18h/06h)

Table 3 shows the measured values (mean * standard deviation) in samples of raw effluent
(Raw), microalgae tank (MT) and constructed wetland (CW), in the third light cycle. MT was
responsible for 100% of the apparent color removal, 96.4% of the turbidity, 50.6% of the TDS
and 49.6% of the conductivity. Also, there was 100% removal of the TSS. At the end of the
treatment process in the third light cycle, there was 100% removal of apparent color, 99.6% of
turbidity, 71.0% of TDS, 69.7% of conductivity and 100% of TSS, total coliforms and E. coli.
All the results found at the end of the treatment process in the third light cycle were higher than
those found by Celente et al. (2019).
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Table 3. Mean concentration (+ standard deviation) of the analyzed
parameters in the samples of raw effluent (Raw), microalgae tank (MT)
and constructed wetland (CW) in the third light cycle (18h/06h).

Parameters” Raw MT Ccw
pH 72+0.2 74+0.1 7.0+0.1
Turbidity 111.0 £ 65.9 40+23 04+04
Conductivity 1316.8+£705.0 663.1+104.4 398.4%72.0
Apparent color 04+01 0.0+0.0 0.0+0.0
TDS 674.0 £ 361.5 333.2+544 195.2+38.7
TSS 47+21 0.0£00 0.0£00
T. Coliforms 1.9 + 1.9 [In(x+1)] N.D. 17.6 +26.3
E. coli 1.9 £ 1.9 [In(x+1)] N.D. 0.0+0.0
P soluble 2,8+0,6 39101 2,1+£01
NHs 43.4 +28.7 2.8+33 57+6.7
COoD 360.4 + 110.7 195.8+100.3 138.8+17.1
BOD 240.8+ 1114 185.1+136.1 142.8+115.1

“ Concentrations given in mg L* with the exception of pH
(dimensionless), conductivity (us.cm™), turbidity (NTU), color
(dimensionless), total Coliforms/E. coli (UFC mL™) and Temperature
(°C). N.D. = Not determined.

3.3. Ecotoxicity

Regarding acute toxicity, it was not possible to carry out tests on the raw and treated
effluent in the first light cycle due to operational problems. In the second cycle of light (24h)
the raw effluent was characterized as “highly toxic”, as it presented a mean EC50 (48h) (acute
concentration of the sample in 48h) of 44.6 + 38.1%. In the third light cycle (18h/06h), the raw
effluent was characterized as “extremely toxic”, as it had an average EC50 (48h) of 23.0 +
1.4%.

Despite the high toxicity of the raw effluent in both light cycles, no toxicity was observed
in the treated effluent. The toxicity of the raw effluent is closely related to nitrogen
concentrations, since nitrogen is available in the form of nitrate, urea, ammonia and peptones
(Minhas et al., 2016). For Alves et al. (2018), this nutrient found in different wastewater types,
such as industrial and sanitary effluents, has negative impacts on the population dynamics of
aquatic animals, if incorrectly disposed of in waterbodies. Some studies have demonstrated the
negative effect of different concentrations of ammonia in aquatic animals, such as fish and
crustaceans (Dos Santos Silva et al., 2018). The significant reduction in toxicity at the end of
the treatment process is related to the mechanisms of nitrogen assimilation by the biofilm, and
the nitrification process in nitrite and nitrate. As pointed out by Vymazal (2007), the reduction
in toxicity cannot be associated with volatilization of ammonia (NHs), since the pH remained
below 9.5; the value in which approximately 50% of the ammoniacal nitrogen is present in the
volatile NH4* form.

According to Cai et al. (2013), nitrogen is a necessary nutrient for the growth of many
organisms, with organic nitrogen derived from inorganic sources, including nitrate (NO3z-),
nitrite (NO2-), nitric acid (HNOgz), ammonium (NH4), ammonia (NHs) and nitrogen gas (N2),
noting that microalgae convert inorganic to organic nitrogen through a process called
assimilation. Also according to the authors, assimilation, carried out by all eukaryotic algae,
requires inorganic nitrogen only in the form of nitrate, nitrite, and ammonium.

Franchino et al. (2016) verified the removal of ecotoxicity with the microalgae Chlorella
vulgaris grown in the effluent of anaerobic digestion of swine and corn manure, observing a
high removal efficiency (>90%) for total ammonia, nitrogen and phosphate. Almeida et al.
(2017), in their study on the removal of nitrate in vertical flow constructed wetlands with
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Vetiveria zizanioides, found low concentrations of NHs, suggesting that the reduction of nitrate
in ammonia was not the main factor for the removal of nitrate in the wetland system. The
authors relate the effluent detoxification to the large extension of macrophyte roots in the
wetland tank.

3.4. Nutrient removal

For soluble phosphorus (n = 4), ammoniacal nitrogen (NH3) (n =4), COD (n = 3) and BOD
(n = 3), no significant differences (p>0.05) were found between the MT values, comparing the
three photoperiod cycles (12h/12h, 24h and 18h/06h), as noted in Tables 1, 2 and 3. It is
important to highlight, however, that the composite system configuration demonstrated high
nutrient removal efficiency. Figure 2 shows the results related to the removal of soluble
phosphorus and ammoniacal nitrogen in the three light cycles.
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Figure 2. Mean concentration (+ standard deviation) of soluble phosphorus (mg L)
and ammoniacal nitrogen (mg L) over the three light cycles. A: First light cycle
(12h/12h). B: Second light cycle (24h). C: Third light cycle (18h/06h).

Regarding the removal of soluble phosphorus in the first light cycle, Table 1 and Figure 2
shows that MT was responsible for 25.7% of removal. At the end of the treatment, 60.0% was
removed. In the second light cycle, there was an increase of 16.0% in the concentration of
soluble phosphorus in MT compared to the raw effluent. At the end of the treatment process,
67.6% of the soluble phosphorus was removed from the raw effluent. In the third light cycle,
there was an increase of 39.3% in the concentration of soluble phosphorus in MT compared to
the raw effluent. The reduction of this parameter was verified at the end of the treatment process
(CW), where 25.0% of phosphorus was removed. According to Chung et al. (2009), the increase
in the concentration of soluble phosphorus in MT may be caused by the resuspension of
sediments that are stored over time in the anaerobic reactor, and when released, they contribute
to altering the dynamics of nutrients. Another factor that may have contributed to the addition
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of soluble P after MT may be related to the life cycle of microalgae, since during the decay
phase, that is, cell death, the cellular content may add soluble P to the wastewater, thus
increasing the load for the Sand Biofilter System + CW (Silveira et al., 2017).

Regarding phosphorus removal, the most efficient light cycle at the end of the treatment
process was the 24h cycle, with 67.6% efficiency, followed by 12h/12h cycle with 60.0%, and
18h/06h cycle with 25.0%. Likewise, Sukacova et al. (2015) observed that the 24-hour
photoperiod had the highest phosphorus removal efficiency of 97%, using microalgae for
tertiary water treatment. In the 12h/12h photoperiod, phosphorus removal ranged from 36%o to
41%. According to Martinez et al. (1999), the removal of phosphorus by microalgae is possible
since this nutrient is essential for its energy metabolism, being found in nucleic acids, lipids
and proteins. Furthermore, inorganic phosphates play a significant role in the growth and
metabolism of young cells, preferably in the forms of H.PO4 and HPO?-, where it is
incorporated into organic compounds by means of phosphorylation.

Table 1 and Figure 2 show the results of the ammoniacal nitrogen removal in the first light
cycle, indicating that the microalgae tank was responsible for 86.9% of removal. At the end of
the treatment, 94.1% was removed. In the second light cycle, MT was responsible for 87.6% of
removal. At the end of the treatment process, 94.0% of the ammoniacal nitrogen was removed
from the raw effluent. In the third cycle, MT was responsible for 93.5% of removal, while at
the end of the treatment process, 86.9% was removed.

Tables 1, 2 and 3 show that the raw effluent presents NH3 concentrations higher than
typical values for raw domestic effluent in developing countries, according to VVon Sperling
(2006). The author points out that the normal concentrations of these effluents vary between 20
- 35 mg L, which differs from our results, which vary between 18.6 and 75.2 mg L. The
reason for the high NHs load can be attributed to the increased contribution of urea to the
effluent, since urea is rapidly hydrolyzed to ammonia. It is important to note that even with a
high eutrophic load, the ammonia nitrogen concentration was considerably reduced from the
MT in the three light cycles. According to Norstrom et al. (2003), ammonia is the most
assimilated form of nitrogen by algae; therefore, biofilm assimilation is the main mechanism
for the high efficiency of ammonia nitrogen removal.

Considering the high removal of 94.1% of NHz over the 12h/12h cycle, the combined use
of microalgae + constructed wetland becomes more efficient in removing this parameter than
studies using only wetlands for sewage treatment (e.g., Dos Santos et al., 2018).

As for Chemical Oxygen Demand (COD) and Biochemical Oxygen Demand (BOD), only
analyses of the last two light cycles (24h and 18h/06h) were performed, due to technical
operational problems. Table 2 shows that in the second cycle (24h light) the removal of COD
in MT was 62.7% and 63.7% at the end of the treatment process (CW). In the 18h/06h cycle,
46.7% of COD was removed in MT and 61.5% at the end of treatment (Table 3). Based on these
results, it can be verified that the microalgae tank showed low removal rates in the two light
cycles. However, in the second cycle, the microalgae removed a higher percentage of COD
compared to the third cycle. The low rate of organic matter removal can be attributed to the
following factors: turbidity, low concentrations of organic substrate in the effluent - especially
in the third cycle - and temperature. According to Xia and Murphy (2016), the high turbidity of
the effluent caused by suspended materials is an important factor influencing the efficiency of
organic matter removal, since photosynthesis performed by microalgae is dependent on the
availability of photosynthetically active radiation (PAR) (400-700 nm) and high turbidity leads
to a reduction in PAR and, consequently, reduces microalgal growth.

Table 2 shows that in the second cycle (24h light) the removal of BOD in MT was 44.3%,
while at the end of the treatment process the removal was 42.7%. In the light cycle of 18h/06h,
the removal of BOD in MT was 23.1%, while at the end of the treatment process, removal was
40.7% (Table 3). The likely cause of this low BOD removal is related to outdoor temperatures,
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as the study was conducted during the winter and spring seasons. According to Gonzélez-
Fernandez et al. (2016), temperature is an important physical factor in the removal of nutrients,
since it directly affects the metabolic rate of microalgae. The authors exposed the species
Chlorella vulgaris, Scenedesmus obliquus and Chlamydomonas reindhardtii in three scenarios
with different environmental conditions, and observed that microalgae grew faster and reached
maximum growth after 6 days of cultivation at 23°C and 14 h of light.

The removal efficiency in both cycles (42.7% for 24h and 40.7% for 18h/06h) was lower
than the values found by Ramos et al. (2017) in constructed wetlands, without microalgae, for
wastewater treatment using the vetiver grass Chrysopogon zizanioides to remove BOD,
nitrogen and phosphorus. They found 81.0% effectiveness in removing BOD, almost double
that of the present study. This condition can be explained by the high variability of the data,
demonstrated by the high standard deviation values of the mean BOD concentrations, which
varied greatly in both light cycles, especially in the 24-hour cycle. For example, in MT the mean
concentration (x standard deviation) was 102.1 + 113.1 (Coefficient of Variation, CV =
110.8%) as for CW of 105.0 = 122.8 (CV = 117.0%). This high variability (> 100% CV) is
statistically related to the low average BOD removal efficiency.

4. CONCLUSIONS

There were no significant differences (p>0.05) between the values of soluble phosphorus,
ammoniacal nitrogen, COD and BOD for MT comparing the three photoperiod cycles (12h/12h,
24h and 18h/06h). However, the system setup removed 100% of total coliforms, E. coli and
TSS in the three light cycles. Regarding the removal of nutrients and organic matter, the light
cycle with the best performance was 24-hour, considering a removal of 67.6% for soluble
phosphorus, 94.0% for ammoniacal nitrogen, 63.7% for COD and 42.7% for BOD, at the end
of the treatment process. These results demonstrate that the use of microalgae in combination
with constructed wetland has greater efficiency in removing nutrients, especially phosphorus
and nitrogen, in addition to reducing physical-chemical parameters and eliminating effluent
toxicity.

5. FUTURE PROSPECTIVE RESEARCH AND FIELD APPLICATION

This research showed high efficiency in the removal of nutrients, being an excellent
alternative for application in developing countries, due to its low cost compared to conventional
wastewater treatment technologies. Future research should focus on monitoring the removal of
nutrients and organic matter for a longer period that contemplates the four seasons of the year,
relating the interference of temperature on the growth of microalgae and, consequently, in the
treatment of effluents. We emphasize the need for additional chronic ecotoxicity tests in future
studies to confirm the absence of toxicity, as acute tests may fail to detect the toxic effects of
some compounds.
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