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Abstract

Microalgae culture is an interesting step in wastewater treatment since it provides
a tertiary biotreatment while also producing potentially valuable biomass that may
be used for a variety of applications. Microalgae cultures, with their ability to utilize
inorganic nitrogen and phosphate for growth, provide an elegant solution to tertiary
and quaternary treatments. Scenedesmus quadricauda culture was employed with
three different doses, 2g/1, 1g/l, and 0.2¢/l, to investigate the impacts of microalgae
in wastewater. Standard procedures were used to measure samples for
physicochemical parameters such as pH, EC, PO,, NO3, NO,, NH, and BODs every
third day for 21 days. Results showed that a higher dose of 2g.I" was the most
effective for removing the highest rate of nutrients. It was confirmed by significant
differences (p<0.05) between all doses. Ammonium pass had the highest removal
percentage of 97%, followed by NO; with 95.7%, and BODs with a range of 90.3 to
93.5 %. Decreases in nutrients were accompanied by a rise in chlorophyll content,
with the greatest biomass of 1.52 mg. I on the 17" day of the experiment. The
purpose of this paper is to provide an overview of the methods that microalgae use
to bioremediate organic contaminants in aquatic ecosystems.

Keywords: Algal bio-indication, Biomonitoring, Bioremediation, Microalgae,
Wastewater treatment.
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1. Introduction

Microalgae have been used in a variety of environmental biotechnology applications,
including bioremediation, e.g., phycoremediation. Bioremediation is a branch of
environmental biotechnology that treats pollutants through a biological process [1-4].
Phycoremediation is defined as the employment of algae to remove or change contaminants
from wastewater, such as nutrients and toxic compounds, while also producing biomass. Due
to microalgae's effective photosynthetic uptake of large concentrations of minerals, inorganics
and organics, the use of microalgae to treat wastewater and hazardous pollutants is currently
of global interest [5, 6]. The relationship between microorganisms and the environment is still
not fully understood and more research should be done to determine how various
microorganism species can be used to reduce environmental pollution [7]. One of the most
important environmental problems that needs to be solved today is the treatment of
wastewater produced by pollutants [8].

Furthermore, discharging wastewater containing an excessive amount of nutrients, e.g.
nitrogen and phosphorus, into a receiving water body can cause eutrophication which results
in oxygen levels reduction in the water [9]. The limiting nutrient in the freshwater system is
usually phosphorus in the form of orthophosphates. However, eutrophication can be caused
by runoff wastewater containing high levels of phosphorus [10]. Erbil wastewater can be
regarded as weak wastewater [11]. Bitton [12] classified wastewater that ranged from 0-220
mg. I"* as weak to medium wastewater.

Wastewater is 99.9% water, with the materials that must be removed accounting for only
0.1 percent by volume. This solid substance is a mixture of feces, food particles, grease, oils,
soap, salts, metals, detergents, plastic, sand and grit. The organic fraction is primarily
composed of proteins, carbohydrates and fats, reflecting the diet of the community served by
the treatment system [13].

Based on previous studies, it was confirmed that microalgae are classified into two groups
based on their cellular organization: microalgae and macroalgae [14]. Microalgae are
monocellular due to their organizational structure, and therefore can only be identified with a
microscope [15]. Microalgae was observed in oceans many years ago where they expanded
rapidly by consuming available carbon dioxide and converting it to oxygen through
photosynthesis [16]. Microalgae are being utilized for tertiary wastewater treatment due to
assimilation of nitrogen and phosphorus as the algae grow [14, 15]. Additionally,
photosynthetic carbon assimilation raises the pH of the water which can lead to phosphate
chemical precipitation. This chemical stripping could account for a large portion of the total
phosphorus reduction [17-20].

Microalgae cells can remove nutrients including phosphorus, nitrogen and ammonium, as
well as heavy metals, from wastewater [21-24]. Therefore, the objective of the study was to
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evaluate the role of micro-algae Scenedesmus quadricauda to improve wastewater quality
through removal of high nutrients content.

2. Material and Method
2.1 Microalgae Cultivation

The microalgae, Scenedesmus quadricauda was isolated from Environmental Science and
Health Department laboratory according to a previous investigation conducted by Toma and
Aziz [25] and after identification microscopically [26, 27]. S. quadricauda is distinguished by
its oblong cylindrical cells which are usually arranged in one series. The outer cells have long
curved spines at each pole, while the inner cells lack spines [28].
S. quadricauda measurements: Cell length: 21 width 7.5 um; average colony length: 84 um;
width: 30 pum [29]. After molecular identification was conducted through algal DNA
extraction, amplification, sequencing and comparing to the GenBank database, it was
identified as Scenedesmus quadricauda (MZ801741). The cells of S. quadricauda were
cultured in BG11 broth medium in distilled water with light emitting diode (LED) lamps at
ambient temperature.

2.2 Experimental Design of Batch Cultivation

Wastewater samples were collected at Erbil wastewater channel near Dhahibah village.
The samples were autoclaved for 15 minutes to remove bacteria and protozoa. The
experiments were carried out in a batch reactor with 2 L conical flasks. 1200 ml of wastewater
was inoculated in the flasks with pre-cultured S. quadricaudai at the start of each series of
experiments. Three distinct fractions with varied concentrations of S. quadricaudai were
generated to examine the effectiveness of nutrient removal. Raw wastewater contained 2 g/l
(run 1), 1 g/l (run 2) and 0.2 g/l S. quadricauda (run 3). The experiments lasted 21 days and
used municipal wastewater.
2.3 Analytical Methods

All of the sampling and measurements took place at the same time of day. Dry weight of
microalgae produced per liter (g/l) was used to compute biomass. The following approach
was used to calculate dry cell weight of the microalgal biomass: once a day, 100 ml samples
were taken and centrifuged for 5 minutes at 3000 rpm. At a 21-day interval, the percentage of
nitrate (NO3), nitrite (NO,), ammonium (NH,), phosphate (PO,), biological oxygen demand
(BODs) and potassium (K) removal, as well as the growth rate (chlorophyll-a content) were
calculated. Samples were taken from flasks every day at the same time and centrifuged to
separate algae. The BODs was calculated using standard methods in a certified laboratory
[30]. Rest of the analysis used a spectrometer to analyze photometrically.

2.4 Chlorophyll Estimation

For estimation of chlorophyll, 10 ml of culture was taken from each flask of sample and
centrifuged at 3000 rpm for 5 min and the supernatant was discarded, and the cells were
suspended with 5 ml of diethyl ether. Absorbance value of supernatant was measured using
UV-spectrometer (UV-2450, Shimadzu) at 660 nm and 643 nm [31].
CthfOphy” a= (992* Aeeo) — (0.77*A643)

2.5 Statistical Analysis

Factorial analysis for parameters was performed by using SPSS version 25 program and
Excel spreadsheets. The data was subjected to standard analysis of variance and means were
compared at a significant 5% level by the Duncan test.
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3. Result and Discussion

The mean values of pH, EC, BODs, PO4, NH4, NO3 and NO, were 8.09, 912 uS/cm, 775
mg/l, 23.7 mg/l, 42.23 mg/l, 23.7 mg/l and 8.94mg/| respectively before treatment (control) as
showed in Figures 1 - 6. When Scenedesmus quadricauda was used to treat wastewater, the
pH was raised to 8.58, 8.52, and 8.45 for each dose of microalgae (2g/l, 1g/l, and 0.2g/l) when
compared to control (Figure 1-7). It may be related to photosynthesis process and CO,
consumption.

A similar findings were reported by Rajasulochana et al.[32]. Sharma and Khan [33]
observed that the pH of the wastewater sample treated with Chlorella minutissima drifted
from 8.01 to 8.82, while the pH of the wastewater sample treated with Scenedesmus sp.
shifted from 8.01 to 9.09. The increased photosynthetic activity of algae or the chemical
composition of water may cause an alkaline inclination in general [33-35]. Increase of pH
caused by photosynthesis can further accelerate the removal of nutrients by ammonia
stripping or phosphorous precipitation [36]. Highest applied dose (2g/l) played more effective
role for raising pH values than other doses (Figure 1).

Biological phosphorus and nitrogen reduction are two processes that generate conductivity
variations in many treatment plants [37]. On day 21 of the treatment, EC values decreased to
342.5 uS/cm, 356.5 pS/cm and 364 uS/cm (Figure 2), which comprised 62.4, 60.9 and
60.04% (Figure 3). On the other hand, the maximum removal of K in wastewater by
Scenedesmus quadricauda was 69.195% (run 1), 68.18% (run 2), and 66.66% (run3)
accordingly, and TDS was reduced to 75.39, 73.99 and 73.02%. The highest applied dose
(2g/1) was more effective than the other doses in reducing K, TDS and EC values (Figure 3).
Higher concentration of microalgae has more ability to remove salts and other products that
benefit the algae for growth and its metabolic activities. Levlin concluded that conductivity is
a broad indicator of water quality that varies when the amount of dissolved salt changes
throughout wastewater treatment processes. Conductivity changes as a result of total salt
content. Measurements of conductivity can be used to assess the processes that cause
conductivity changes in wastewater treatment, such as biological phosphorus and nitrogen
removal. The concentration of total dissolved solids (TDS) is directly proportional to the EC
[37].

BOD:s levels of treated effluent were reduced significantly (Figure 4). BODs is an indicator
measurement of substances that can be degraded biologically, consuming dissolved oxygen in
the treatment during 21 days. BODs level was reduced to 90.3, 91.9 and 93.5% by
Scenedesmus quadricauda. Aziz et al. investigated the feasibility of using an activated-algal
process to treat wastewater and discovered that by using C. vulgaris they were able to remove
80-88 percent of BODs after a 15-day retention period [38]. The high algal growth rate and
intense photosynthetic activity of C. vulgaris resulted in a progressive drop in the effluent's
BOD:s value [39]. A study by Zhang et al. reported that Scenedesmus sp. has a high inorganic
nutrient removal efficiency from domestic effluents [40]. Using C. vulgaris, the removal
efficiency of BODs was 89.60 % [41]. The lowest applied dose (0.2g/l) had a more effective
role in reducing BODs than other doses.

In the present study, removal of nitrate, nitrite and ammonium by using Scenedesmus
quadricauda from wastewater was also determined. The maximum removal from wastewater
were 95.75%, 86.01 and 96.74% respectively. The maximum PO, removed after 21 days was
93.83, 93.12 and 92.89% for applied doses (Figure 3).
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In incubation of Scenedesmus ﬂuadricauda in wastewater, the minimum and maximum
removal of NO3 occurred on the 3™ and 21% days respectively. Larsdotter et al. reported that
the lowest reduction of NO3 could be attributed to the nitrification process; algae prefer to
assimilate N in the form of ammonia since it is a passive and energetically less expensive type
of assimilation than nitrate uptake, which showed that Monoraphidium sp. removed NOj3 in
wastewater by 51% and 95% in 5 days [42]. Hammouda et al. [35] reported that NO3; removal
was 87.6 % respectively by Chlorella sp. in wastewater. The maximum removal of NO,
occurred at a 2g.1™" dose was 86% (Figure 3) on the 21% day which was probably due to an
increase in pH values caused by photosynthesis. This can accelerate the removal of nutrients
via ammonia stripping or phosphorous precipitation which increases phosphate adsorption on
microalgal cells [43-47]

Similar results were reported by Gantar et al. who concluded that Chlorella and
Scenedesmus seem to be the most effective algae strains for removing phosphate from a
mixture of municipal and refinery wastes [48]. Only algae can effectively remove high levels
of nitrogenous compounds in wastewater [49]. A study conducted by Narkthon on the
efficiency of nitrogen and phosphorus removal from swine wastewater by C. vulgaris showed
that 77-86 % of nitrogen and 53-75 % of phosphorus were removed with a retention period of
8 days [50]. Gonzalez et al. [51] reported that C. vulgaris and Scenedesmus sp. removed 95%
of ammonium nitrogen and 50% of phosphorus from wastewater.

The results of our study showed that use of Scenedesmus quadricauda in wastewater
treatment resulted in better phosphate removal rates. Similar observation was recorded by
Chevalier and De la Notie [52]. On the 20" day of the experiment, C. vulgaris removed 58.7%
of phosphate in wastewater, with a maximum removal capability of 91.9%, while S.
abundance and S. quadricauda removed 80% of phosphate from wastewater on the 15" day
[48, 53]. Chemical precipitation has been reported to remove over 90% of total phosphorus
within the 10 days of algal cultivation [17, 54]. Scenedesmus quadricauda had a total
phosphorus and nitrogen removal efficiency of more than 94% [55]. According to Zheng et
al. [56], under the optimal condition, within 11 days the microalgae could eliminate 78%
active phosphorus, 62.3% nitrite nitrogen, 84.7% nitrate nitrogen and 100% ammonia
nitrogen from the wastewater. Our results revealed that the highest applied dose (2g/l) had
more effective role in removing PO,4, NH;, NO3; and NO; than other doses (Table 1).

Chlorophyll a concentration in all batches cultured with Scenedesmus quadricauda
treatments had increased during experimental period. The initial value of chlorophyll a for all
doses were 0.58 mg/l, 0.32 mg/l and 0.28 mg/l. Then on day 24 it reached to the maximum
values of 1.52 mg/l, 1.20 mg/l and 1.130 mg/l respectively for all doses. On the 27" day of
experiment, in all treatments, obvious and significant reduction in the biomass and
chlorophyll a was observed which indicated that the algae enter the death stage, and the
number of algae cells decreased and chlorophyll a content dropped to 1.32 mg/l, 1.03 mg/I
and 0.94 mg/l respectively (Figure 8). Study has shown that increasing and decreasing
biomass is primarily due to the amount of nutrients in the environment, especially nitrogen,
and then it is also related to light [57]. This was due to the light intensity in the environment
which remained constant throughout the experiment. The decrease in biomass in the
environment can be attributed to the low nutritional environment.
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Figure 1: Effect of adding different doses of
micro-algae Scenedesmus quadricaudai (2, 1,
and 0.2 g. I'") on pH of the wastewater.

Figure 2: Effect of adding different doses of
micro-algae Scenedesmus quadricaudai (2, 1,
and 0.2 g. I'") on the electrical conductivity of the
wastewater.
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Table 1: Effect of adding different doses (2, 1, and 0.2 g. ") of micro-algae Scenedesmus
quadricauda on some tested wastewater variables data represented (Mean+S.E).

K NH, NO NO, PO, BODs Chloro
(mg. I'") (mg. I'") s (mg.I' (mg.I (mg.I') phylla
(mg ) ) (mg. I')
Y
8.28+0. 605.36+ 383.95+ 5.01+0. 25.103+0 18.54+0. 4.38+0. 10.45+ 460.22+ 1.07620
2) 001° 0.64° 0.49° 012° .01° 019° 008° 1.07° 1.07° .004°
D2 8.31£0. 617.04+ 395.03x 5.18+0. 25.17#0. 18.66+0. 4.28+0. 10.60x 430.68+ 0.797+0
(1g) MO 0.64 0.49" 012° 01° 016" 008" 1.7° 1.7° .004°
D3 8.33t0. 633.36x 403.53+x 5.36+0. 25.43+0. 18.75+0. 4.74+0. 10.76x 395.45+ 0.671+0
(0.2) 001* 0.64° 0.49° 012° 01° 016° 008° 1.6° 1.6° .004°

Note: Values in each column with different letters are significantly different at P<0.01. Values
in rows with same letters are not significantly different.
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Figure 7: Effect of adding different doses of micro-algae Scenedesmus quadrica
udai (2, 1, and 0.2 g. I'™") on nitrate content of the wastewater.
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Figure 8: Effect of adding different doses of micro-algae Scenedesmus quadricaudai (2, 1,
and 0.2 mg. I™) on chlorophyll and wastewater.

1. Conclusion

It was clear from this study that when the reduction rate of different pollutants or nutrients
increases the growth rate (chlorophyll-a) content of Scenedesmus quadricauda in the
wastewater also increases. Removal percent of nutrients showed by order ia as following:
NHs>NO3;>P0O,>BODs>NO,. Whereas the highest applied dose (2g/l) had the highest
reduction percent during 21 days of treatment. These findings support the idea that
Scenedesmus quadricauda is an effective nutrient remover.
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