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ABSTRACT: Microalgae, as unicellular eukaryotic aquatic microorganisms, can treat various urban
and industrial wastewater types. Due to the high cost of synthesis of culture medium on an industrial

nanoengineering have facilitated the application of nanotechnology in wastewater treatment. As a
relatively new field, nanomaterials engineering has proposed effective solutions for most technical
problems in microalgae biodegradation. This research aimed to experimentally investigate the effect

of amino-clay-magnesium nanomaterial on the growth of native microalgae Chlorella. sorokiniana  Keywords:

pa.19 biomass in the sewage culture medium of Sari city. In this regard, the effect of the concentration Microalgac

of magnesium-amino clay nanomaterial on biomass dry weight, specific growth rate, ammonia, and Wastewat
. . . . . . astewater
phosphate removal in an urban sewage culture medium was investigated. X-ray diffraction (XRD)

analysis, scanning electron microscopy (FE-SEM) on the nanomaterial, and atomic force microscopy Magnesium-Amino clay Nanomate-
(AFM) analysis were performed on the microalgae. Biomass dry weight values, specific growth rate, rial

ammonia, and phosphate removal efficiency are 16.67,43.01, 98.33, and 96.87%, respectively, at28 0 C, XRD

2800 lux radiation intensity, and 0.2 grams per liter nano magnesium-amino clay material was observed.  Fg-SEM
At a low concentration of magnesium-amino clay nanomaterial, a quantitative and qualitative increase in

the biomass of Chlorella. sorokiniana pa.19 microalgae was observed, and at concentrations higher than

the optimal dose, it caused a decrease in the growth rate of the species.

1- Introduction

The increase in population, agricultural and economic
activities will lead to the pollution of water resources in
developed and developing countries, and the unwanted
production of all kinds of industrial, urban, and agricultural
wastewaterl] ]. The direct discharge of raw sewage into
receiving environments has become a serious environmental
threat. Therefore, any pollution must be treated before the
wastewater is discharged into the ecosystem. The usual
methods of wastewater treatment (aerobic, anaerobic,
physical, and chemical, removing nitrogen and phosphorus)
are used to reduce the amount of nutrients in wastewater.
However, despite the removal efficiency of 10 to 93%, these
methods require equipment with high energy consumption,
the tertiary treatment process, and the production of
high amounts of sludge. Due to sludge treatment, energy
consumption occupies almost 50% of the wastewater
treatment area and is not economically sustainable [2].
The usual wastewater treatment methods are not entirely
sustainable from an environmental point of view, as the
wastewater produced from these centers does not meet the
issue of water reuse according to the country’s environmental
standards. Biological treatment of urban wastewater is an
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environmental approach to preserve nutrients and store
them in biomass and recover these valuable resources in
sludge treatment and return them to nature, that is, from the
place of production to the place of production, which brings
sustainability [3].

In the preliminary wastewater treatment, garbage, fat,
seeds, and Suspended materials are separated in the primary
sedimentation pond. In secondary treatment, suspended and
dissolved organic matter is removed through a biological
process. Various common treatment processes, such as
activated sludge, trickling filters, and lagoons, are more
commonly used for urban wastewater in the country, in
which they are used to remove various pollutants from
wastewater. Therefore, it is necessary to find a cost-effective
and integrated wastewater treatment process to completely
remove various pollutants (organic and inorganic) from
wastewater [4]. Researchers have focused on a method of
wastewater treatment based on microalgae for industrial,
agricultural, and domestic wastewater. Oswald and Golueke
first proposed the potential of microalgal bioremediation of
wastewater in the early 1950s. Microalgae can use abundant
sunlight as the energy they need to grow and remove
pollutants simultaneously. In the existing process, kilowatt
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hours of energy are usually required for one kilogram of
biochemical oxygen (BOD). Cultivation of microalgae in the
wastewater environment not only does not require oxygen
supply, but also removes the produced carbon dioxide and
also produces biofuel, and methane gas can be produced from
its residues using anaerobic digestion. In other words, the
produced microalgal biomass can be processed by anaerobic
digestion to produce 1 kWh/kg BOD [5].

2- Materials and methods
2- 1- Wastewater properties

In this research, the wastewater entering the treatment
plant of Sari City was used. After separating the solids from
the output of the degreasing pond, the wastewater was used
as a microalgae culture medium. Before use, it is necessary
to autoclave the wastewater, because large populations
of fermenting microorganisms and anaerobic bacteria in
raw sewage compete with microalgae cells for nutrients.
Therefore, the microalgae culture medium (urban sewage)
was sterilized in an autoclave at 121 degrees Celsius for 15
minutes before inoculation, then 10% volume inoculation
was performed under a laboratory hood to maintain sterile
conditions. The characteristics of wastewater as a microalgae
culture medium are presented in Table 1. Before each test,
the solid particles in the wastewater were separated from the
target sample using a centrifuge at 3500 rpm for 15 minutes.

3- Results and Discussion
3- 1- Investigating different concentrations of amino-clay-
magnesium nanomaterial on the growth of microalgae

Magnesium aminoclay nanoparticles (MgAC-NPs) are
3-aminopropyl magnesium phyllosilicate (APTES). APTES
and magnesium ions make this amine-rich compound through
sol-gel reactions [6], [7]. The unique physicochemical
properties of magnesium amino-clay nanomaterial have led
to its use as a helpful additive in microalgae growth. High
dissolution and low diffusion make the solution transparent.
Magnesium Aminoclay nanomaterial with a positive cationic
charge causes the absorption of harmful biological molecules
[8]. Due to the presence of amines, MgAC causes faster
absorption of CO2 in aqueous environments [7]. MgAC is
used to stimulate microalgae to obtain carbon dioxide faster.
In addition, MgAC increases the amount of reactive oxygen
species (ROS) in the environment, causing environmental
stress and promoting microalgae growth in mixotrophic
culture. The synthesis of magnesium aminoclay can be done
by the sol-gel method at room temperature and away from
complicated equipment.

This method is applicable on an industrial scale and
has economic justification due to the low consumption of
nanomaterials to increase the growth of microalgae and, as a
result, the efficiency of nutrient removal from wastewater. In
addition to this, magnesium aminoclay is removed from the
environment after being absorbed by microalgae, and the very
small amount that remains in the wastewater loses its effect
with time. Therefore, the magnesium aminoclay nanomaterial
is environmentally friendly.
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Fig. 1. The effect of magnesium-aminoclay nanomate-

rial on the growth of microalgae a) the dry weight of

biomass, b) comparison of the dry weight of biomass at
different times

4- Conclusions

The results of this research showed that the native
microalgae Chlorella sorokiniana pa.91 has a very good
potential to produce high biomass concentration and remove
nutrients from wastewater under the influence of magnesium
amino-clay nanomaterial. In this research, different
concentrations of amino-clay-magnesium nanomaterials were
investigated on microalgae growth rate, cell size, ammonia,
and phosphate removal from wastewater. According to the
obtained results, the appropriate concentration of amino-
clay-magnesium nanomaterial was determined as 0.2 g/liter.
The amount of cell growth rate, cell size, and removal of
ammonia and phosphate was 0.186, 0.285-0.475 micrometers,
and 98.33, 96.87% removal efficiency, respectively. These
results show that small amounts of magnesium amino-
clay nanomaterial with a positive effect on the indigenous
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microalgae Chlorella sorokiniana pa. 91 are very suitable for
the biological treatment of wastewater.
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Fig. 3. Fe-SEM images of the synthesized magnesium-aminoclay nanomaterial (MgAC), a)
with 200 nm accuracy, b) particle size distribution
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Fig. 4. XRD results of magnesium-aminoclay nanomaterial (MgAC) a) recognized structure; b)
detected phases
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Fig. 5. The effect of magnesium-aminoclay nanomaterial on the growth of microalgae a) the
dry weight of biomass, b) comparison of the dry weight of biomass at different times

ol Gy jlawzee jIdCungd
391 Cato majrio S ginel 03logil il Cov edgicam; SS9
2605 o i o jrie S giel 03l b jluie yial5al (il & JSC3)
@ 039 j SutS 59 Mo LIS jiwgmd Aoy plbl g ) e
o2 jao IS ginel o3lo 93 Jlade il 31 b ol il iol58] ZOY/Y 5
OVA Jslas) uS'sd YA+ ol il s p3 yid 3 p)S +/Y @y +/+0 )
0395 o 1) b a2 3 YA (5lod g (450 2 qupeyio 2 Jgo 9,50
VO loj e p3 41w p SEIVYA & il 3 p SYIY 51 Sl g, Sis
Sjgy » Sulajy Ad) Ny duglie b (10 JSS) 8L il o)
O o sie IS el o3lo g3l Galisee claclale 3l cov cilise
(ua ng)) A5 odalie )A.AJ » 'D)f A )‘.ﬁn 30 03¢ Sis )9
5 3 p)5 o I0 ) aS pole 1> majite JS ghiel ool g (1395
25 105 VL plie p3 g a5 daled Suka o) a3y Bl g
wlo il Custe (SU Jously 9 Silo iy (o U Jpuily 4 g5 b 2
Sl 33, domeis 3 0,5 oo JSub 45 g 03lidl 5151 Soilioly S| il
@ o juio IS ginel 03logili [V¥] g amlgs bl odlal g oAb puiiias
Crgo S Lo G3lads Moul 51 5 SagS 0jlil b )b gjgs s
S 4 B b o S Lagma | (S mSles gy o

Jimde oSty @b 5l mie cloos 5 APTES ol
ologil iy o plewd— S5d ol [Ye] VF] 2ad o bl
3 dbe (33938 G plaisar o] 51U ol ond Cage m juie, JS gl
o e o Ll 5 Y Mool Y] 36d oolitl lacSils 3, 1)
St 9515 3 b passto IS sizel 03logil 255 0 Jlmo Cudlas o
J> aMEAC [Y0] 35500 pie (Selsm s Jsse i g
D] 2980 o slobms 9 CO, Jigyw o cage dagyel 32
OS5 3mS1ed S il > Sajy S5 gl MgAC
(ROS) Jlb 5] o MEAC ] s ogdle 3945 o adlizl
P Sy My cage asme (il bl b oy (Il b
J5m o b9y b st S sl it VY] 208 oo Sy pigusn i
a g b VY] canl plosl BB osuom Sliaaas 5l )90 45 361 slod
Oleily ol jal aois )3 9 Sl a8y Gl 3l (sl 03le b 087 B puae
a2 g 1l BB o wlide )3 gy cal (MSB | iy i Sl
Silr o) baog Gl 5l any o site Sgisel 2 ogMle 0l (oola
Slam sl o OSB3 &S 3ol Hlaws Jlide wid z)B Lo

o2 5in S giel 03lagil oyl plis Amd o s 11 295 15 o S

1. Reactive oxygen species

&



FEF U FYY docio AP F Jlo o o5leds @Y 093 (S puol (jly0s (awidizes 4yl

o o IS gine] 23lo 9l Lilisee yu3lie ,5 Chlorella sorokiniana pa.91 og Sl 33y duii y (Swiiow 51 wiol )by .Y Jgun

Table 2. The synthetic parameters of the growth of Chlorella sorokiniana pa.91in different
amounts of magnesium-aminoclay nanomaterial
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