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HIGHLIGHTS

o Arthrospira platensis has ability to pro-
duce five fatty acids by cultivation in
wastewater as alternative media.

e The value of nitrate, phosphate were
reduced and the dissolved oxygen was
increased in 35% concentration.

o Increase of biomass, total protein, chlo-
rophyll a and decreased for carbohy-
drate  content  with increasing
concentration of wastewater.
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ABSTRACT

The production of biodiesel has become an important issue in the effort to reduce gas emissions due to the
climate change crisis; therefore, algae have widely used to produce biodiesel for energy sustainability. The
present study represented an effort to assess the ability of the alga Arthrospira platensis to produce fatty acids
involved in biofuel (diesel) by cultivation in Zarrouk media enriched with different municipal wastewater
concentrations. Wastewater was used in different concentrations (5, 15, 25, 35 and 100% [control]). Five fatty
acids from the alga were determined and included in the present study. These were inoleic acid, palmitic acid,
oleic acid, gamma-linolenic acid, and docosahexaenoic acid. Impact of different cultivation conditions were
studied in terms of observed changes in growth rate, doubling time, total carbohydrate, total protein, chlorophyll
a, carotenoids, phycocyanin, allophycocyanin, and phycobiliproteins. Results showed an increase in the values of
growth rate, total protein content, chlorophyll a, and levels of carotenoids at all treatments except for carbo-
hydrate content, which decreased with an increasing concentration of wastewater. The high value of doubling
time (11.605 days) was recorded at treatment 5%. Fatty acids yields were increased at treatment 5% and 15%.
The highest concentrations of fatty acids were 3.108 mg/g for oleic acid, gamma-linolenic acid (28.401 mg/g),
docosahexaenoic acid (41.707 mg/g), palmitic acid (1.305 mg/g), and linoleic acid (0.296 mg/g). Moreover, the
range of phycocyanin (0.017-0.084 mg/1), allophycocyanin (0.023-0.095 mg/l), and phycobiliproteins
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(0.041-0.180 mg/1) were obtained in treatment with 15-100%, respectively. Cultivation with municipal
wastewater reduced the values of nitrate, phosphate, and electrical conductivity as well as increased dissolved
oxygen. Maximum electrical conductivity was recorded in untreated wastewater with algae, while the highest
level of dissolved oxygen was noted at 35% concentration. The use of the household wastewater is more envi-
ronmentally friendly as an alternative of the traditional cultivation techniques used for long-term for biofuel

production.
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1. Introduction

Algae have major roles in different ecosystems and differ in their
habitat, size, life forms, physiology, reproduction, and constitution of
chemical compounds (Richmond, 2004). Heavy metallic pollutants in
the environment have severe side-effects and can lead to chronic
poisoning of humans (Zhang and Karimi-Maleh, 2023a,b). Surface
contamination and underground water, because of organic compounds,
have led to notable issues and the need to develop effective methods to
treat polluted water (Karimi-Maleh et al., 2023). Microalgae are sig-
nificant as a source of several chemicals used in industrial activities and
a source of carbon compounds according to Das et al. (2011). Khan et al.
(2018) explained the role of algae in renewable energy production via
biodiesel production and mentioned the requirement to improve their
ability for increased growth by genetic engineering and stimulating high
production of oil (Katiyar et al., 2017; Hassan et al., 2015).Researchers
have reported that it is crucial to use substitutional media to lower the
cost of producing algal biomass (Pittman et al., 2011; Salman et al.,
2023). Metal ions are one of the main and dangerous materials in water
samples and one of the main causes of environmental problems (Zhang
and Karimi-Maleh, 2023a,b), therefore, wastewater is important to use
from both conomic and ecological perspectives to achieve effective
treatment of wastewater and biodiesel production (Hwang et al., 2016)
explained that researchers have investigated the ability of microalgae to
produce biodiesel by using wastewater as culture media. The alga
Chlorella sp. was isolated from a maturation pond in Kwa-Zulu Natal
(South Africa) as part study to test their ability to produce biodiesel in
heterotrophic growth and compared with the growth in photoautotro-
phic condition in the bioreactor. The heterotrophic condition produced
high Most lipid content. (Viswanath et al., 2012).

Ananadhi and Stanley (2012) revealed that the absent of sulfur or
aromatics compounds in biofuel encouraged the researchers to produce
biodiesel, which is considered as a renewable energy source and also
helping to reduce the impact of the emission of undesirable gases and
unburned materials. Most importantly, biodiesel is biodegradable,
nontoxic, renewable, and environmentally benign (Hassan et al., 2013;
El-Sheekh et al., 2022).The sluggish nature of the cathodic oxygen
reduction reaction (ORR) and the expensive price of the precious
metal-based nanocatalysts are the biggest obstacles to the practical ap-
plications of cutting-edge technologies, including metal-air batteries and
fuel cells (Karimi-Maleh et al., 2022).

Many studied have revealed that microalgae can be considered as
potential biodiesel feedstock, including such exampleas as Chlorella
vulgaris (Hassan et al., 2013) and Dictyochloropsis splendida (Shanab and
Ali, 2022).

Nascimento et al. (2013) revealed that algal species differ in their
content of oil and the latter is about 30% among different algal groups.
Nannochloris sp. has a high oil content (56%) and the same is true for.

Chlorella sp. (53%), Neochloris oleoabundans (65%) and

Schizochytrium sp. (80%). It was noticed that algae with a higher oil
content have a slower growth rate in contrast with algae with a low oil
content (Hassan et al., 2013; Shanab and Ali, 2022).

Algae are involved in different industrial activates besides in bio-
energy purpose throughout increasing their biomass (Zaki et al., 2021;
Gonzalez-Bautista and Laroche, 2021). Several researchers have re-
ported that the diesel production in a large scale is not yet improved, and
its economic values was highly coast besides the environmental
importance, also they classified algal cultivation as an open/closed
system (Singh et al., 2014; Wobbe and Remacle, 2015; Hassan et al.,
2014).

The growing of algal species in wastewater encouraged researchers
to cultivate algae for biodiesel experiments due to their nutrient content
and to reduce nutrients in the treatment plants of different industrial
ofor domestic activities as well as preventing eutrophication and miti-
gating CO5 emissions (Pittman et al., 2011; Gouveia, 2011). Algae are
used to improvement of wastewater quality in many studies (Hwang
et al., 2016). The ability of Phormidium, Spirulina, Chlorella, and Scen-
desmus was tested for their improvement of wastewater quality and ef-
fects on the requirements of other organisms and as biofertilizers
(Praveenkumar et al., 2014).

Arthrospira platensis is an alga belonging to the family Cyanophyceae.
It is very important in different industrial purposes such as food and
biofuel production (Hassan et al., 2022). This ability is related to its
carbohydrate (polysaccharide) protein profile, fatty acid content, and
function as a glycogen repository (Gonzalez-Bautista and Laroche, 2021;
Serra et al., 2020). Arthrospira platensisis is crucial for the generation of
biodiesel and the nutrient requirements of other aquatic organisms,
according to Zaki et al. (2021).

The manufacture of biodiesel has become an important issue in an
effort to reduce gas emission due to the climate change crisis; therefore,
algae have been widely used to produce the biodiesel for sustainability.
The current research attemped to assess the ability of the alga Arthro-
spira platensis to produce biodiesel and to optimize the growth condi-
tions by mixing it with municipal wastewater. Also, it how wastewater
affected the alga’s biochemical makeup as a source of nutrition was
assessed.

2. Materials and methods
2.1. Culturing of algae

The alga A. platensis strain was purchased from Algal research and
Supply (US San Diego, USA). The culture was activated according to the
instructions provided. The alga was inoculated in a Zarrouk medium
(Table 1, Supplementary data) according to Walter et al. (2011). A 10%
(inoculation/media volume) was used for inoculation in Erlenmeyer
flasks. The incubation conditions were 32 + 1 °C, pH 9, 1351Em?
s !(cool white fluorescent lamps) and photoperiod cycle light/dark
(12:12 h), with daily shaking by hand.

2.2. Experimental design

Bio-parameters determined included growth rate, doubling time,
total carbohydrate, total protein, chlorophyll (chlorophyll a, b, and total
chlorophyll), and other pigments (carotenoids, phycocyanin, allophy-
cocyanin, and phycobiliproteins) in addition to their effects on biodiesel
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production, which include palmitic acid, oleic acid, linoleic acid,
gamma-linolenic acid and docosahexaenoic acid. A municipal waste-
water was used in different concentrations for cultivation.

Wastewater samples were taken from a wastewater treatment plant
in Al-Hilla City. The sample was centrifuged (4000 rpm for 20 min), then
filtered by Whatman filters (No. 4, 20-25 pm) and autoclaved (for 60
min at 1 bar and 121 °C). Four different concentrations of wastewater
were prepared as 5%, 15%, 25% and 35% with distilled water (DW) in
1.0 L volumetric flasks. Each 1.0 L flask was filled with effluent waste-
water (50, 150, 250 and 350 ml) before being filled with DW to the
proper level. Wastewater (100%) was used as control. The pH was
adjusted to around 9 before autoclaving the medium at 121 °C. After-
wards, these wastewater concentrations were used for the cultivation of
the algal strain.

Wastewater before and after the treatment was analyzed and the
some physico-chemical parameters such as electrical conductivity (EC),
dissolved oxygen (DO), phosphate and nitrate content were determined.

2.3. Characterization of municipal wastewater

EC and DO Determination of the wastewater were carried out using a
portable multipara meter analyzer.

Estimation of Phosphate and Nitrate.

Phosphate determined by (PO4Profi Test kit, Holland), also Nitrate
was estimated by using (JBL nitrate test set NOskit, Germany).

2.3.1. Biological parameters

The density of algae measured through the spectrophotometry
(UV-Vis spectrophotometer) and the optical density estimated at 560
nm and calculating the cell density (cells/ml) according to Saranraj et al.
(2013). Alga growth rate (K) and doubling time (G) were calculated
using the Fogg and Thake (1987) equations:

K=3.322 % (log OD, —log ODy) / t

G=0301/K

ODy: optical density before the experiment started.

ODy: optical density after (t) day.

According to Dubois et al. (1956), total carbohydrate was deter-
mined. The material was centrifuged (cooling centrifuge at the rate of
5000 r/min for 30 min, 4C°), then 1.0 of 5% phenol and 5 ml of 96%
sulphuric acid were added to each tube and the latter shaken thor-
oughly. Next, after shaking violently for 10 min, the material was placed
in a water bath at 25-30 °C for 20 min. Spectrophotometry at 490 nm
was used to determine carbohydrate concentration. The standard graph
created by Nordin et al. (2014) was used determine the total amount of
carbohydrates contained.

Total protein was measured according to Bradford (1976). After
extraction of protein from algae by using a cooling centrifuge (5000
r/min for 30 min, 4C°), and the collected supernatant was used for
subsequent processes of protein determination. The collected extract
sample treated with 5 ml of Bradford dye reagent. The absorbance was
measured at 595 nm after mixing the sample and use a standard curve of

Table (1)
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bovine serum albumin prepared according to Tijjani-Oshungboye
(2011).

The estimation of chlorophyll was measured spectrophotometer at
663 nm and 645 nm according to Arnon (1948). The following equations
were used for estimation of Chlorophyll:

Chlorophyll a (mg /1) = (12.7 x A663) — (2.698 x A645)

Other pigments were measured spectrophotometry according to
Jensen (1978) for carotenoids at 450 nm and Bennett and Bogorad
(1973) for phycobiliproteins at 652, 615, and 562 nm. The following
equations were used for calculating the pigments (Devanathan and
Ramanthan, 2012):

C=A450 * V % f « 10 /2500 for Carotenoids

C = Total amount of Carotenoids (mg/ml).
V = Volume of extract (ml), f = Dilution factor

Phococyanin(PC) =0D615 — 0.474(0D652) /5.34
Allophycocyanin(APC) =0D652 — 0.208(0D615) /5.09 (5)

Phycobiliproteins = PC + APC

2.4. Production of biodiesel

2.4.1. Transesterification

Centrifugation was used to separate alga’s cells from the media for
10 min at 7500 rpm. For further study, biomass was dried at 55 °C for 2
h, ground in a mortar, and kept at —4 °C (Uslu et al., 2011). A 0.1 g taken
form algal sample for dry freezing processes followed method of Lewis
et al. (2000).

Dry freezing biomass (0.1 g) was placed in 10 ml Teflon-capped
Pyrex tubes and 8 ml of fresh reaction solution (hydrochloric acid/
chloroform/methanol, 4:4:40v/v/v) was added (Lewis et al., 2000) The
suspension of biomass placed at 90 °C for 1 h for trans esterification
immediately after mixing and then kept at room temperature before
adding 3 ml of a hexane/chloroform, 4:1v/v. The fatty acid methyl es-
ters underwent two extraction steps. Gas chromatography was used to
examine the combined supernatants.

2.4.2. Composition of fatty acids

A gas chromatography (GC) from Shimadzu Instruments, Japan, was
used to evaluate the washed fatty acid methyl esters. This instrument has
a flame ionization detector and an SP-2480 column and helium (carrier
gas). The detector was 330 °C whereas the injector port was 280 °C. By
infusing 1 L of the sample, the column temperature was raised from 150
to 300 °C at a rate 10 °C per minute. By comparing the retention du-
rations (RT) of the sample peak with those of the reference fatty acids
(Uma et al.,, 2016), the fatty acid methyl esters of the test alga were
determined.

2.5. Analysis of statistics

The statistical package for social sciences (SPSS) program, version 26

Effect of different wastewater concentrations onpalmitic acid, oleic acid, linoleic acid, gamma-linolenic acid and docosahexaenoic acid in A. platensis *Significant
differences (p < 0.05) betweencontrol and all treatments except 35% in palmitic acid.

Wastewater Concentrations % Fatty acids concentration Total fatty acids Fatty acids induction (%)
Palmitic acid Oleic acid Linoleic acid y-linolenic acid Docosa-hexaen-oic acid

100(control) 0.318 0.234 0.175 1.884 3.992 6.603

35 0.116 0.522 0.086 4.569 10.667 15.96 58.627

25 0.549 1.362 0.210 11.335 26.871 40.327 83.626

15 1.059 1.719 0.254 19.781 37.502 60.315 89.052

5 1.305 3.108 0.296 28.401 41.707 74.817 91.174

LSD value 0.202* 0.279* 0.034* 2.615* 1.982*
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Data was used to analyze the data using a randomized block design
ANOVA and least significant difference (LSD) was utilized to examine
the significant difference between means at p < 0.05. SD-bar added to
figures by three replicates.

3. Results
3.1. Growth rate and doubling time

The highest growth rate (0.079) was measured in the culture with the
undiluted wastewater (100% concentration) and the lowest growth rate
0.025, which equated to 68.354% growth inhibition was measured in
the wastewater with a concentration of 5%. The growth rate value in
15%, 25% and 35% were 0.036, 0.042 and 0.052, respectively. (Table 2
in Supplementary data), Fig. 1).

The longest doubling time (G) was 11.605 days at 5% treatment,
while the shortest was 3.797 days in the 100% treatment. Doubling time
in the 15, 25, and 35% treatments were 8.257, 7.053 and 5.782 days,
respectively (Table 2 Fig. 2).

3.2. Carbohydrate content

As shown in (Table 3(Supplementary data), Fig. 3), increased
wastewater concentration caused a decrease in total carbohydrate con-
tent. The concentration at which the lowest carbohydrate content
(19.313 mg/1) and the maximum carbohydrate content (36.568 mg/1)
were reported at 5% (see Fig. 4).

It is clear from (Table 3 in Supplementary data), Fig. 4) that
increasing wastewater concentration caused a significant increase in
total protein content. In 100% (control) the maximum protein content of
32.375 mg/1 was observed, and in 5%, the lowest protein content of
10.276 mg/1.

3.3. Photosynthesis pigments content

3.3.1. Chlorophyll a content

Spirulina platensis exhibited 0.751, 0.919, 1.052 and 1.175 mg/1
decreases in chlorophyll a content in 5, 15, 25 and 35% wastewater
concentrations, respectively, compared with 1.527 mg/1 in 100%
(Table 5 (Supplementary data) , Fig. 5).

3.3.2. Carotenoids content
Total carotenoid content decreased to 0.0046, 0.0041, 0.0048 and
0.0051 in 5, 15, 25 and 35% concentrations, respectively, compared to

100% that contains0.0056 mg/1 (Table 6(Supplementary data), Fig. 6).

3.3.3. Phycocyanin, allophycocyanin and phycobiliproteins
The content of phycocyanin, allophycocyanin, and phycobiliproteins

100

Fig. 1. Growth rate of A. platensis in different wastewater concentrations.

0.12 4

%
o1 (P<0.05)
0.08 -

0.06 -

0.04
0.02
0 - T T :
5 15 25 35

Wastewater concentrations %

Growth rate/K

Chemosphere 335 (2023) 139107

14 -

*
b I (P<0.05)
10 4

Doubling time /G

5 15 25 35 100

wastwater concentration%

Fig. 2. Doubling time of A. Platensis at different wastewater concentrations.
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Fig. 3. Carbohydrate content of A. platensis at different wastewater
concentrations.
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Fig. 4. Protein content of A. platensis at different wastewater concentrations.

in S. platensis decreased significantly when wastewater concentration
decreased (Table 7 (Supplementary data), Fig. 7). Phycocyanin content
decreased to 0.020, 0.017, 0.051 and 0.061 mg/l, while allophycocya-
nin content decreased to 0.026, 0.023, 0.061 and 0.071 mg/1. Moreover,
phycobiliproteins decreased to 0.046, 0.041, 0.112 and 0.132 mg/1in 5,
15, 25 and 35% of wastewater, respectively, as compared with 100%
wastewater concentration that contained 0.084 mg/l (phycocyanin),
0.095 mg/1 (allophycocyanin) and 0.180 mg/1 (phycobiliproteins).

3.4. Effect of municipal wastewater concentrations on biodiesel
production of A. platensis

Except for palmitic acid and oleic acid, which increased by 35% and
5%, respectively, when wastewater concentration fell, all five fatty
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Fig. 5. Chlorophyll a content of A. platensis at different wastewater
concentrations.
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Fig. 6. Carotenoids content of A. platensis at different wastewater
concentrations.
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Fig. 7. Phycocyanin, allophycocyanin, and phycobiliproteins content of
A. platensis at different wastewater concentrations.

acids, as well as the high induction rate of the total fatty acids were
noted.

Linoleic acid, gamma-linolenic acid, and docosahexaenoic acid)
increased when wastewater concentration decreased except for palmitic
acid and linoleic acid in 35%, as well as the high induction rate of the
total fatty acids were recorded in 5% treatment (Table 1). As compared
to 0.318 mg/g (palmitic acid),0.234 mg/g (oleic acid), 0.175 mg/g
(linoleic acid), 1.884 mg/g (gamma-linolenic acid) and 3.992 mg/g
(docosahexaenoic acid) in 100% (control), the maximum concentration
of palmitic acid, oleic acid, linoleic acid, gamma-linolenic acid, and
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docosahexaenoic acid were 1.305, 3.108, 0.296, 28.401 and 41.707 mg/
g, respectively in 5%

3.5. Characterization of municipal wastewater

The characteristics of wastewater are shown in table (8) (Supple-
mentary data).

Fig. (8). Electrical conductivity (4.37 ms-cm 1) decreased, while
dissolved oxygen (7.86 mg/l) increased with increasing wastewater
concentration. Furthermore, the total nitrate and phosphate reduced
from an initial value of about 15 mg/1 and 3 mg/1 in untreated municipal
wastewater (UMW) to 0.5 mg/l and 0.03 mg/l which corresponds to
96.66% and 99% removal efficiency, respectively.

4. Discussion
4.1. Municipal wastewater effects

4.1.2. Growth rate and doubling time

For isolated algae, the varying wastewater dilutions results in
distinct biomass growth. When wastewater concentrations increased,
the growth rate value climbed and the doubling time decreased. This
might be because the biochemical makeup and nutrient concentration of
the medium, which also affected the growth of microalgae, were
different in the medium’s composition and concentration (Mitra et al.,
2012). The primary nutrients for microalgal growth are nitrogen and
phosphorus, which can be obtained from variety of wastewater pro-
duced by diverse sources (Becker, 2004). Additional research demon-
strated the impact of nitrogen on various metabolic processes in algae,
including a reduction in the photochemical efficiency and activity of the
reaction centers of the alga P. cruentum (Zhao et al., 2017) and
increasing A. platensis biomass (Can et al., 2017).

Similar outcomes from additional investigations into Anabaena
doliolum have been reported when cultivated in domestic wastewater. Ji
et al. (2014) investigated the typical specific growth rate of the alga
Chlorella vulgaris grown in wastewater diluted with monosodium
glutamate wastewater (MSGW). The Alga grew more quickly in each
diluted MSGW sample than it did in BG11 media. The growth rates
increased as the concentration of MSGW to increased, leading to a
100-fold dilution. In the 25-, 50- and 100-fold diluted MSGW, the
growth rates were 0.716, 0.705 and 0.697 d~*, respectively. This result
showed that there were sufficient nutrients in the 100-fold diluted
MSGW to support vigorous algal growth. The growth rates curve addi-
tionally showed that the MSGW had no negative effect on algal
development.

mECms/cm mDOmg/| Nitratemg/l  m phosphate mg/I
e ] *(P<0.05)
14 L
12
10
2
6
4
2 o
0 |
5 15 25 35 100 umMmw
wastwater %

Fig. 8. Electric conductivity (EC), dissolved oxygen (DO), nitrate and phos-
phate concentrations in different wastewater concentrations.
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4.1.2. Carbohydrate and protein content

The results showed an increase in the carbohydrate content of
A. platensis when wastewater concentrations were decreased but the
value of protein was decreased. As a result, Venckus et al. (2017) and the
data obtained in the present study agreed. Venckus et al. (2017) culti-
vated Chlorella vulgaris in municipal wastewater also reported the ability
of the alga Chlorella vulgaris to remove nitrogen and phosphorus
wastewater plant in Vilnius City, Lithuania, where the experiments
showed high removed percentage reach 93% for total nitrogen and 87%
for total phosphorus. Moreover, research revealed that algae grown in
nitrogen-rich environments accumulated more proteins and fewer car-
bohydrates in their biomass. According to Chinnasamy et al. (2010) in
nitrogen-limited condition, carbon fixation during photosynthesis
preferred the pathway leading to the production of carbohydrate rather
than protein. Moreover, Uslu et al. (2011) favored this concept. The
harvested biomass of A. platensis contain ranged from 67.4 to 5.6%
protein while lipid ranged from 5.78 to 17.05% in the control treatment
and the percentages in a nitrogen-limiting medium were 50% (protein)
and 100% (lipid).

A study showed the effect of algal cultivation (C. vulgaris) in me-
chanically treated wastewaters (Li et al., 2016). The study showed the
impact of low and high nitrogen supplies on some biochemical aspects of
algae. A highest carbohydrate content (577 mg g~ ' d. Wet) was recorded
for cultivation in 10% mechanically treated wastewater. Whereas a
highest value for protein content was 432 mg g~ ! d when cultivated in
undiluted mechanically treated wastewaters. Therefore, nitrogen status
has a large role in shifting the metabolic pathway of carbohydrates or
lipids instead of proteins.

Li et al. (2019) found Porphyridium purpureumSCS-02 responded in a
different manner to different concentrations of nitrogen throughout the
alga protein and carbohydrate content. A high biomass of alga with an
increase of protein and fatty acids content in high nitrogen supply, while
a low nitrogen supply increases the carbohydrate, arachidonic acid
content, and exopolysaccharide, while the total lipid was did not change
with nitrogen in the same context..

4.1.3. Photosynthesis pigments

Photosynthetic pigments including chlorophyll a, phycocyanin,
allophycocyanin and phycobiliproteins, and carotenoids were reduced
by decreasing wastewater concentration The decreasing in pigment
content caused by decline in photosynthetic activity and degradation of
photosynthetic pigments in cells deficient in N (Da-Silva Ferreira and
SantAnna, 2017). The fact that chlorophyll molecular has four nitrogen
atoms in its structure makes it very challenging for the cell organelles to
synthesis chlorophyll in the absence of nitrogen may be the cause of the
large decrease in chlorophyll ring nitrogen shortage (Da-Silva Ferreira
and SantAnna, 2017). While the observed increases in carotenoids in
high nitrogen environment on physically N free substances could be
related to the need for N in the synthesis of pigment-protein complexes
in the thylakoid membrane (Takaichi, 2011). Additionally, at 0.04 M
NaNOs, S. platensis growing with high nitrogen levels revealed
maximum protein (732.60 p g/mg) and total phycocyanin (173.02
pg/mg) concentrations. This might be because amino acids, which make
up proteins and other biological elements such as phycocyanin and for
whose production nitrogen is necessary (Kand and Nagarajan, 2013).

These findings corroborate those of He et al. (2013), who observed a
positive association between pigments content and levels of NH™-N and
discovered that pigments reached their maximum levels (0.2%-0.5% of
the microalgal biomass) at highly elevated levels of NH"*-N (210 mg/1).
El-Baky (2003) also noted that phycocyanin pigments and soluble pro-
tein content increased with nitrogen concentration, whereas this led to
an increase in phycocyanin pigments and soluble protein content but a
decrease occurred with increasing nitrogen concentration due to the
destruction of the entire chloroplast. In addition, the high nitrogen
treatment had greater concentration of the total carotenoid and chlo-
rophyll a than the medium or low nitrogen treatment (6554-8250 and
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2975-3109 mg/g, respectively) (Tossavainen et al., 2019). Another
study by Guiheneuf and Stengel (2015) found that nitrogen limitation
caused phycobiliprotein concentration to dramstically decrease from
1.7% DW (day 0) to almost 0% DW (day 10), and from 1.4% DW (day 9)
to 0.6% DW (day 17) when a nitrogen deficiency was present.

In addition highest concentration of chlorophyll and carotenoids
were recorded in 100% wastewater treated with BNM (peak values of
3.421 and 1.047 on day 16), followed by 75% wastewater treated with
BNM (peak values of 3.310 and 0.943 on day 16), 50% wastewater
treated with BNM (peak values of 2.968 and 0.767 on day 16), 25%
wastewater treated with BNM (peak values of 2.519 and 0.603 on
day16), and the control (peak value 2.386 and 0.513 on day 16). The
level of industrial processed water (ICW) was also observed to positively
correlate with the pigment content (chlorophylls and carotenoids) of
Chlorella pyrenoidosa and Chlorella vulgaris, with higher concentrations
of industrial processed water in growth media increasing the pigment
content (Safafar et al., 2016).

4.2. Biodiesel production of S. platensis

The primary substances used by algae for energy storage are lipids
and carbohydrates. The process of increasing lipid and starch accumu-
lation in algae has involved nutrient stress. Some algae produce signif-
icant concentrations of triacylglycerols (TAG), which are lipids, when
nitrogen levels are low. According to Gong et al. (2013), increased lipid
production required a longer time of nutritional restriction. Algal fatty
acid concentration has frequently been demonstrated to rise when the
growing conditions are nitrogen-limited (Fields et al., 2014), and cul-
tures with high P levels can regulate the carbon transfer from starch to
lipid production (Zhu et al., 2015).

Since earlier researchers had discovered that the lipid content of
algal cells was induced by the stress of nitrogen deprivation, the use of
wastewater was advantageous to produce algal lipids (Lewis et al.,
2000). Olguiin et al. (2001) also described this dependence; they
cultured S. platensis to compare the amounts of lipid in two different
culture media (Zarrouk’s and nitrogen deficient) and found that the
nitrogen deficient medium produced a higher amount of lipids (28.6%)
in the total dry biomass than was the case for Zarrouk’s media.

Another study by Khozin-Goldberg and Cohen (2006) hypothesized
that starvation would increase the amount of lipids in Monodus sub-
terraneus. Hassan et al. (2013) also demonstrated that nitrogen starva-
tion (reduction from 8 g/1to 0 g/1) can result in increasing lipids content
in Chlorella vulgaris and Nitzchia paleaas as well as an increasing the
production of oleic acid and stearic acid, both of which are crucial for
the production of biodiesel.

Fatty acids are composed mainly of palmitic, oleic, linoleic acid,
gamma-linolenic acid, and docosahexaenoic acid. Low municipal
wastewater concentrations have a significant percentage of fatty acids.
In accordance with these results, Bertoldi et al. (2006) determined the
fatty acid profile of the microalga Chlorella vulgaris cultivated with
different dilutions of hydroponic wastewater (HW). When compared to
HW and HW25 cultivation. The HW25 cultivation percentage of satu-
rated fatty acids revealed a discernible difference. It demonstrated that
microalgae grown in HW25 had a lower saturated fatty acid content.
However, despite having the largest concentration of unsaturated fatty
acids and polyunsaturated fatty acids, it was the only one that did not
exhibit any discernible variations, except for HW.

By diluting the wastewater effluent with synthetic media or DW, the
growth of microalgae, lipid productivity, and nutrient removal all
improved. In all of the experimental steps, both saturated and unsatu-
rated fatty acids were produced, and wastewater that had been diluted
by more than 50% allowed the growth of microalgae with fewer satu-
rated fatty acids, which could then be converted into biodiesel with a
high conversion efficiency.
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4.3. Composition of the wastewater concentrations

4.3.1. Nitrogen and phosphorus

Arthrospira platensis reduced nitrate and phosphate concentrations.
This might be connected to the capacity of the algal cell to uptake ni-
trogen and phosphorus from growth media (Georgianna and Mayfield,
2012). In the absence of inorganic orthophosphate, microorganisms,
especially algae, will uptake organic phosphorus which will then be
converted to orthophosphate at the cell surface via the enzyme phos-
phatase (Larsdotter, 2006; Al-sareji et al., 2023).

Singh et al. (2017) revealed the high ability of the alga Chlorella to
remove the total nitrogen and total phosphorous by using urban
wastewater (UWW).

In autoclaved and non-autoclaved samples, the total phosphorous
was reduced by 79.0 and 80.9%, respectively, and algal treatment
removed more than 93% of NH4-N and 89% of total nitrogen (Li et al.,
2011). According to an experiment done by Lodi et al. (2003) using
A. platensis biomass to lower the concentrations of nitrogen and phos-
phorus in wastewater, all of the eliminated nitrate was used for biomass
development (biotic removal), but phosphate didn’t seem to be removed
(Dalrymple et al., 2013).

4.3.2. Electrical conductivity and dissolved oxygen

Physicochemical parameters of treated and untreated wastewater
were estimated. In general, the amount of dissolved salts is related to
conductivity (Iyasele and Idiata, 2015). In agreement with this study,
Kulkarni et al. (2016) cultured S. platensis on different concentrations of
dairy effluent (control before treatment), 1, 2.5, 5, 7.5 and 10%) and
reported extremely effective COD/Phosphate/EC removal in all con-
centrations. All concentration of S. platensis reduced conductivity. The
maximum reduction following S. platensis treatment was 55.71% in
dairy effluent with a 7.5% concentration, whereas the minimum
reduction was 54.59% in the set. In addition, all algal treatments
decreased electric conductivity values over the course of the initial
phase to stationary phase.

Additionally, the estimated ammonia, nitrate, phosphorous, and
BOD parameters appear to be decreased, whereas DO appeared to
significantly rise in the tenth day. Consequently, microalgae are useful
for treating wastewater (Shekhawat et al., 2012). Due to the high BOD
value, this prevented the water from absorbing dissolved oxygen and
caused anaerobiosis, which killed the aquatic organisms. The minimum
concentration of dissolved oxygen was 0.2, while the maximum was 18
mg/], and rose during the course of both experiments as whole and in-
dividual batches. In addition, there was a strong correlation between
nitrogen removal and dissolved oxygen (Gentili and Fick, 2017).

5. Conclusions

The current work might serve as confirmation for a wastewater
treatment method which produces algal fatty acid for possible use as
feedstock for biodiesel. Overall, it can be said that using the household
wastewater as nutrient media for microalgae growing is more environ-
mentally friendly and has a lower impact than using the traditional
cultivation techniques for long-term use in biodiesel and biofuel pro-
duction. Also, cultivation of A. platensis in municipal wastewater
reduced EC, nitrate, and phosphate concentrations as well as increased
DO.
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