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Abstract

The potential of microalgae as a source of bioremediation based on wastewater has received increasing interest throughout
the world. A freshwater microalga Chlorella vulgaris was investigated for its ability to reduce salinity from six different poly-
chem industrial wastewaters which were diluted in microalgae in three different proportions (namely, 1:6, 1:1 and 2:1). The
results reveled that C. vulgaris grew in wastewater of chemical and fertilizer company, obtained value of pH, salinity, DO,
salinity and TDS did not change while absorbance value decreased from day 0 to day 30 due to highly acidic nature. For
polymer, dye, RO, and petroleum industry wastewater, the absorbance and pH value increase for all concentration. The
lowest salinity and TDS for poly, dye, RO and petroleum industry were all at the concentration of 2:1. The result showed that,
Chlorella sp. managed to reduce the salinity for wastewater polymer, dye, RO, and petroleum industry, at concentration of
2:1 which were 3.67 %, 4.53 %, 5.4 %, and 4.91 % respectively. The results suggest that the potential of removing nutrient

from wastewater by microalgae cultivation as production feedstock.
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1. Introduction
Over recent decades, wastewater generation issue has been increased tremendously, mostly caused by activities of
anthropogenic, like industrialization, global urbanization, and agricultural practices [1-3]. The repeated wastewater
disposal in the absence of enough and appropriate treatment may lead to some severe pollution problems.
Eutrophication phenomenon is a part of the serious problems related to the effluents discharge continuously into the
water bodies [4,5]. The peripheral effluents from wastewater contain nutrients, commonly phosphorus and nitrogen.
This situation is accountable for the depletion of oxygen can produce pollutants such as ammonia, and key species
becoming vanish, contributing in the total deterioration of freshwater ecosystems [6]. Thus, effective wastewater
treatment methods are needed. Algae have the potentials for the salinity reduction in wastewater before dispensing

into public usage [7-10].

Industrial system is one of the sources where the wastewater comes from large amount. Despite of how industrial
wastewater is treated, the ‘end product’ is called an effluent. To obey with the environmental protection laws, some of
the specific elements must be removed from the wastewater [11]. This includes organic matter, pathogens, inorganics
(such potassium, sodium, calcium, nickel, lead, and zinc), and nutrients (most notably nitrogen and phosphorus) in
tertiary wastewater treatment. The treated industrial wastewater can then be discharged safely into water bodies,

applied to soil or land, or even can be reused in some plant operations [12,13].

Industrial wastewater has multiplex components and high degree of toxic compounds. In general, wastewater from
industries are remediated by using a sort of hazardous chemicals for the pH correction, removal of sludge, as well as
the removal of color and odor [14,15]. Referred to published reports, industrial wastewater is appropriate for the

growth of microalgae. Several studies have exemplified the microalgae-formed remediation feasibility of various
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specific industrial wastewater like chemical fertilizer industry, animal manure from livestock industry, and palm oil

industry [5,11].

Phosphorus, sodium, magnesium, and nitrogen are nutrients that are aquatic ecosystems natural parts. Besides that,
nitrogen is also the most plentiful component in the air we breathe. Both nutrients encourage the algae growth and
other aquatic plants, which supply food and domain for shellfish, fish, and compact organisms that live in water [5]. Too
much phosphorus and sodium contents in water cause pollution of nutrient in groundwater (millions of people in
Malaysia use it as drinking water source) leads to salinity increment. This can be harmful, even at the low-level contents.
Newborn are unsafe to a nitrogen-formed compound (nitrates) in drinking water. The excess of nitrogen in the
atmosphere can create pollutants like ozone and ammonia that can harm our capability to breathe, cause visibility

limitation and affect the growth of plant [13,15-17].

Microalgae are being used to treat the wastewater due to its ability to use the inorganic nitrogen and also the
phosphorus for their growth and their capability in removing heavy metals and toxic organic compound. It also does
not lead to the secondary pollution from metabolite the product of the microalgae [18]. Microalgae are one of the living
things that have high tolerance to the salinity and, they can survive in the high salinity water. The use of the microalgae
to treat wastewater has been investigated by Oswald since 1960s [11]. The treatment process that use microalgae is

known as Phycoremediation.

The main approaches of this study are about bioactivity of microalgae. The isolated microalgae were studied about their
mechanisms in reducing salinity from industrial wastewater. The optimization of these salts in industrial wastewater
seems to be great significance to raise the compounds removal efficiency. The demand of wastewater treatment is high,
especially in various industrial wastewaters. The effect of microalgae on the compound such as N and P has been
previously studied by multiple researchers but there are not reported salinity reduction of wastewater. Therefore, the
aims of this study were to isolate and identify the potential microalgae species for the reduction of residual nutrients
such as sodium, magnesium, and phosphorus from industrial wastewater and study the effectiveness of microalgae in
reducing the amounts of salinity from industrial wastewater samples by studying growth, pH, salinity, dissolved oxygen,

and total dissolved solids.

Algae samples were collected from Teluk Cempedak east coast region of Peninsular Malaysia. The 5 pm plankton net
was used to trap the microalgae at the subsurface level. The algae from the seawater were brought to laboratory by
sampling bags. The debris or large particles will be filtrated in order to separate the large particles from the sample.

The sample was isolated and cultivated at 20°C. Artificial Illumination was provided for photosynthesis.

BG-11 culture medium is a widely used medium for freshwater algae that can be used as a biomarker for the ecological

screening of Cd-contaminated waters including Chlorella vulgaris [19]. The modified BG-11 medium was prepared
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based on methods used by Stanier et al. [20]. After preparation, the BG-11 medium was autoclaved and adjusted to pH

10.1 prior to use.

2.3 Identification and screening microalgae

Algae strains were isolated and differentiated based on the morphological examinations of colonies like color, shape
and size of colonies once it grew well on the agar plate. The morphological structures were observed through Olympus
BX53 Fluorescence Research Microscope. Cells and sub microscopic cellular components were identified with high
degree specificity. Each isolate in the colonies was labelled and picture was photographed at magnification of 100X. The
microalgae were morphologically identified based on the manual ‘Microalgae Identification for Aquaculture’. The

identification was based on their morphology, color, shape and physical characteristic of microalgae.

2.4 Pre-cultivation of microalgae

The microalgae were pre-cultured in a 500 ml Erlenmeyer flask of BG-11 culture medium. pH was adjusted at 10.1 as it
was the optimum growth of the chosen strain of microalgae, C. vulgaris [9]. The culture was cultivated under light
condition with a regimen of 24 h at 25 * 2°C of temperatures with air (sole source of inorganic carbon) was supplied to
culture by Atman AT-702 air pump. The culture was shaken manually twice a day. The culture was then transferred
into a new 2 L Erlenmeyer flask and BG-11 medium was added until the total culture volume reached 1 L. The culture

was examined daily for growth approximately 2-3 weeks.

2.5 Wastewater collection (Poly-chem industry)

Wastewaters were collected from six different industrial located in Pahang state of Malaysia. Wastewaters were
collected from Chemical company (A), Polymer production Unit (B), Fertilizers Company (C), Dye Manufacturer (D), RO
Plant (E) and Petroleum Industry (F). The wastewaters were kept in white plastic bottles sampling was done in
triplicates. The effluent wastewater samples were filtered through a 0.22-um pore size membrane. The industrial
effluent wastewater samples were kept in white-colored plastic bottles to prevent light penetration which may help in
the growth of algae [17, 21,22]. The wastewaters were then autoclaved at 121°C for 15 minutes. The wastewaters were

labeled with A, B, C, D, E and F easily accessible codes.

2.6 Wastewater and algae mixture preparations

The filtrated wastewater samples and Chlorella sp. microalgae were mixed in certain amounts for each kind of industrial
wastewater. Three different ratios of (microalgae: wastewater) used which were 1:6 (75: 225 mL), 1:1 (150: 150 mL)
and 2:1 (200: 100 mL). The total mixture of wastewater and microalgae were 300 ml. The volume of the wastewater
and microalgae were measured using measuring cylinder to reach the ratio goal. The mixture of wastewater and

microalgae were kept in the 500 mL conical flask for further wastewater treatment.

2.7 Microalgae cultivation in wastewater
The cultures were shaken twice a day in 30 days incubation period. The results were observed and examined every ten

days interval for 30 days. All treatments were in a biological incubator and the cultural conditions were the same as the
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pre-culture conditions. The following parameters such as pH, dissolved oxygen (DO) in mg/mL, salinity, total dissolved

solids (TDS) and optical density for growth were measured every 10 days.

2.8 Determination of growth rate, pH, DO, TDS and salinity

The optical density measurement was done to observe the growth rate of microalgae, the optical density was measured
at wavelength of 700 nm. The blank used for each mixture of microalgae and wastewater must be the from the same
source of wastewater. The pH, salinity and TDS were measured by using OAKTON PC 650 pH/ Conductivity Meter while
the optical density was measured by spectrophotometer at wavelength of 700 nm. For the pH, salinity and TDS the
probe was immersed in distilled water before taking the measurement. The probe was washed with distilled water and
immersed in distilled water before taking the reading for different sample. Dissolved oxygen (DO) was measured by YSI
5100 Dissolved Oxygen Meter. For the measurement of DO the probe was immersed in distilled water before taking the
measurement [4,23]. The probe was washed with distilled water and immersed in distilled water before taking the

reading for different sample to avoid the human error.

3. Results and Discussion
3.1 Identification and Isolation of microalgae
The microalgae that have been collected from Teluk Cempedak that were isolated were observed under fluorescent
microscope to identify according the microalgae manual book. The identification was based on their morphology, color,
shape and the physical of the microalgae. According to the algae manual and morphological identification the

microalgae was identified as Chlorella sp. as observed in Fig. 1.

Fig. 1. Morphological image of Chlorella sp. green microalgae (a) under fluorescent microscope at 100 X magnification

and (b) scanning electron microscopic photograph.

The microalgae that have been isolated were identified by referring to the study done by Selvarajan [24]. The microalgae
observed under the fluorescent microscope Fig. 1a by using fluorescent microscope and Fig. 1b by using scanning

electron microscopy have the same characteristics as Chlorella sp. From the observation, the microalgae were green in
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color thus it indicated that the microalgae are in the division of chlorophyta. Chlorella has round or oval shape with the
diameter between 2-15 um [25]. Chlorella belongs to the class Trebouxiophyceae, order Chlorellales, family Oocystaceae
and genus Chlorella sp. This species usually found cluster or single form. They can be found in salt or fresh water as well
as in soil [12]. Chlorella can be used as food source, biofuel and for the wastewater treatment as they can efficiently
remove nitrogen, phosphorus, COD and at the same time BOD. This microalga can produce oxygen during their
photosynthesis and the oxygen can be used by the bacteria present in the wastewater to converts the nutrients in
wastewater into biomass. They can also utilize nutrients available in the wastewater for their growth and metabolism

[6] as Chlorella can with stand highly saline environment [26].

The Chlorella was exposed to the artificial light for 24 hours as the light play an important role in the growth of
microalgae. The light energy will be converted into chemical energy. The phase of converting the light energy into
chemical energy is called photochemical phase. Chlorella produced Adenosine triphosphate (ATP), Nicotinamide
adenine dinucleotide phosphate oxidase (NADPH) and oxygen (02) [27]. The Chlorella can use the oxygen released from

the photosynthesis for their respiration and produce carbon dioxide (COz).

3.2 Analysis of growth rate

Optical density was measured by UV-Vis Spectrophotometry in terms of absorbance at certain wavelength. As for the
Chlorella, wavelength of 700 nm was used to measure the optical density of the microalgae each 10 days for 30 days.
Wavelength of 700 nm and 750 nm are usually are used to measure the optical density or the absorbance of the
microalgae [20,28]. At these wavelengths, Chlorella absorbs the lightest when the light passes through it. The

absorbance will increase when the growth of Chlorella increased.
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Fig. 2. The growth rate of microalgae cultivated in wastewater for 30 days incubation absorbance at 700 nm.

From Fig. 2, the absorbance value of microalgae in wastewater A all the ratios decrease from in 30 days. There was no

increasing in the value of absorbance in 30 days. The low pH of the wastewater which was in acidic pH was not suitable
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for the growth of Chlorella and causes the microalgae to die. The value of absorbance obtained after the 30 days might
be due to the suspended particles and dead microalgae. For the microalgae in wastewater B with ratio of 1:1 and 2:1,
the absorbance increased from 0.153 A to 0.535 A and 0.286 A to 0.73 A respectively from day 0 to day 30. For the
Chlorella in wastewater C with the ratio of 1:6, the absorbance also decreases while the ratio 1:1 and 2:1, the absorbance
decreases. There was no increase in absorbance for Chlorella in all three concentration of wastewater C. The decrease
of absorbance was due to the death of Chlorella in all three concentrations. The death of those microalgae which was
the Chlorella was due to the acidic pH of the wastewater. Low pH environment or highly acidic environment was not

suitable for the growth of Chlorella.

According to Fig. 2. absorbance for microalgae in wastewater D with ratio 1:6, 1:1 and 2:1 increased from 0 day to 30
days. Absorbance increased from 0.318 Ato 0.812 A, 0.768 Ato 1.373 Aand 0.92 A to 1.462 A respectively for ratio 1:6,
1:1 and 2:1. There was only a slight increased for Chlorella in wastewater D with ratio 2:1 from day 20 to day 30 which
were 1.443 Ato 1.462 A. The slight increase of the absorbance value was due to the Chlorella reach the stationary phase
of their growth where the rate of cell dead is equal to the rate of cell growth. Lack of nutrient and many wastes in the

mixture might be the cause of stationary phase [29].

At the same time, the absorbance of microalgae in wastewater E for the ratio of 1:6, 1:1 and 2:1 was 0.67 A to 1.071 A,
1.114 Ato 1.484 A and 1.55 A to 1.8 Arespectively. This is due to the Chlorella almost reach the stationary phase. Lastly
for the optical density, absorbance of Chlorella in wastewater F at ratio 1:6, 1:1 and 2:1, was 0.271 A to 0.649 A, 0.448
Ato00.879 Aand 0.545 A to 1.09 A respectively from day 0 to day 30. The absorbance of Chlorella in all wastewater with
ratio of (1:6) was lower than Chlorella in the wastewater with ratio of (1:1) and (2:1) because the volume of Chlorella
added was less. Thus, the light absorbed by the Chlorella in the wastewater with ratio (1:6) was lesser compared to
Chlorella in wastewater with ratio 1:1 and 2:1. The results show that for Chlorella in wastewater A and C, they showed
decrease of absorbance value from day 10 to day 30. This is due to the death of Chlorella in wastewater A and C since
they have low pH [20]. The pH was not suitable for Chlorella to survive. For wastewater B, D, E, and F the absorbance

increases for all concentration from day 0 to day 30.

The pH of microalgae and wastewater mixture A, B, C, D, E, and F at three different concentrations for 30 days were
measured by using OAKTON PC 650 pH/ Conductivity Meter. According to the study, the uptake efficiency of nitrogen
and phosphate increase directly proportional to the increase of pH [15]. In real condition, the increase of pH during
algal blooms due to hydroxide that was form as the algae consumes all carbonate alkalinity [30]. The results show that
for Chlorella in wastewater A and C, they do not show changes of pH for all concentrations. For wastewater B, D, E and

F, the pH value increase for all concentration from day 0 to day 30.

Based on Fig. 3, There was not much different of pH for each mixture ratio as the Chlorella was dead. Chlorella cannot
survive in the mixture because the mixture was acidic and not suitable for their growth. According to the data obtained,

the increase of pH from day 0 to day 30 for Chlorella in wastewater B for ratio of 1:6, 1:1 and 2:1 was 6.19 to 6.58, 6.47
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to 6.83 and 6.8 to 7.08 respectively. Chlorella managed to grow at this pH as the suitable pH for them to grow is 6.5 to 8
[19].
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Fig. 3. The Graph representing the pH of microalgae and wastewater at different proportions.

Based on Fig. 3, pH for Chlorella in wastewater D, E, and F increased as the day increased. The increase of pH also
contributes to the growth of Chlorella as the growth of Chlorella in wastewater B, D, E, and F also increase from day 0 to
day 30. There was only a slight increase of pH during day 20 to day 30. This was due to the Chlorella achieve stationary
state during that time. The pH increased because of the assimilation of the photosynthetic CO2 during the photosynthesis
process. Other than that, as the Chlorella absorb or utilize the nitrogen that exists in the wastewater, the pH increased
as OH- ion was produced during the process of absorbing/utilizing nitrogen [12] pH 3 to 6.2 which are acidic and pH
8.3 to 9 which are alkaline are not suitable for the growth of Chlorella as they can hold back the growth of Chlorella [19].
According to [13,31], the increase of pH might be because of the consumption, absorption of COz and the algal release

at the stationary phases [17]. Total uptake of phosphate and nitrogen increased directly proportional to the pH [7].

3.4 Dissolved oxygen (mg/mL)

The dissolved oxygen of microalgae and wastewater mixture were measured by using YSI 5100 Dissolved Oxygen Meter.

The results of dissolved oxygen were plotted as shown in Fig. 4.
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Fig. 4. The dissolved oxygen (mg/mL) level of microalgae and wastewater proportions.

Dissolved oxygen (DO) is the amount of oxygen in the water. Water received oxygen from atmosphere and the aquatic
plants. Low level of DO can be caused by several factors such as algal bloom. As the DO level decrease, it can affect other
marine living things. According to Figure 4, DO of Chlorella and wastewater A mixture and Chlorella and wastewater C
mixture shows no change of value from day 0 to day 30. This is due to the death of Chlorella in the wastewater that
prevents the process of respiration and photosynthesis to occur that involve the utilization of oxygen and carbon

dioxide.

For Chlorella in wastewater B Figure 4, the value of DO increased from day 0 to day 20 and decreased abruptly to from
day 20 to day 30 for concentration ratio of 1:6. The DO value for Chlorella in wastewater D increased from day 0 to day
20 and decreased from day 20 to day 30 for concentration ratio of 1:6 and 1:1. While for concentration ratio 2:1, DO
value only increased from day 0 to day 10 and started to decrease from day 10 to day 30. On the contrary, for Chlorella
in wastewater E, DO value increased from day O to day 20 and decreased from day 20 to day 30 for concentration ratio
1:6 and 1:1. The DO value increased from day 0 to day 10 then decreased as it reached day 30 for the F. The increased
of DO value is due to the decreased of salinity and at the same time, it also due to the photosynthesis process that
produced oxygen that will dissolve in the water. Salts ion attracted molecules of water. Fewer hydrogen and oxygen
ions will be available in order to disassociate gas molecules [32]. Decreased of DO indicated that the excessive growth
of microalgae in the water. DO also become lower as the decomposition of the industrial wastes utilized oxygen and
decreased the concentration of oxygen in the water. In Malaysia, the value surface water DO is from 3.0 to 5.0 mg/mL
[33]- The DO value for wastewater A, B, C, D, E and F exceeded Malaysia standard DO value. From the results obtained,
Chlorella in wastewater A and C does not show any changes of dissolved oxygen for all concentration. Wastewater B
showed the highest dissolved oxygen at concentration 1:1 compared to concentration 1:6 and 2:1. As for wastewater D,
they showed the highest dissolved oxygen at concentration 1:1. Wastewater E also showed the highest dissolved oxygen
at concentration 1:1. Compared to other wastewater, wastewater F showed highest dissolved oxygen at concentration

2:1.
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3.5 Total dissolved solids (TDS)
TDS of microalgae and wastewater mixture were measured by using OAKTON PC 650 pH/ Conductivity

Meter.
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Fig. 5. The total dissolved solids (ppm) of microalgae and wastewater proportions.

Total dissolved solids (TDS) are the dissolved mineral, salts, ions or metals that dissolved in water. According to Fig. 5
total dissolved solids (TDS) for wastewater A and C that contained Chlorella, does not show changes from day 0 to day
30 for all concentration due to the death of Chlorella. As the Chlorella was dead, there was no action of utilizing the
inorganic and salts molecules. Based on Figure 5, TDS (ppm) for wastewater B, C, D and F decreased from day 0 to day

30 for all concentration.

Decrease of TDS in the wastewater was due to the utilizing of dissolved solids for growth and metabolism through the
mechanisms of bio-absorption/adsorption. Many researchers reported the decreased of TDS for water treatment using
microalgae [33]. As Chlorella utilized the dissolved solids, the TDS decreased and at the same time, the salinity decreased
as the dissolved solids also plays a role in the salinity of wastewater. Chlorella in wastewater A and C show no changes
in TDS value for all concentration. On the contrary, wastewater B, D, E and F reduced the most TDS at concentration of

2:1 compared to the other concentration.

3.6 Salinity (psu) Measurement

Salinity (psu) of microalgae and wastewater mixture were measured by using OAKTON PC 650 Conductivity Meter. The
results of dissolved oxygen were plotted as shown in Fig. 6. Industrial wastewaters are prone to be highly saline. This
wastewater contained high salinity due to the presence of high concentration of dissolved mineral such as calcium,

magnesium, potassium, sodium, sulfates and chloride. There are several studies to decrease the salinity of wastewater

10
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such as by using sand bioreactors [34], catalytic wet peroxide oxidation (CWPO) process [35], using salt tolerant

microorganisms [10] and others.
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Fig. 6. The Graph representing salinity (psu) of microalgae and wastewater proportions for 30 days treatment period.

Salinity is the concentration of salts in water such as NaCl, Na2S04, MgS04, CaSO4, MgClz, KCl, and Na2COs3 [36]. Based on
Fig. 6, salinity was measured in ppm unit and the value of salinity for wastewater A and C with Chlorella showed no
changes from day 0 to day 30 for all concentration. Wastewater B, D, E and F with Chlorella shows reduction value for
all concentration from day 0 to day 30. The value of salinity for wastewater A and C shows no reduction of salinity as
Chlorella already dead due to the unsuitable pH. Due to the death of Chlorella, there was no process of utilizing the salts

for metabolisms and growth.

As Chlorella grows, they will utilize and use the salts that present in the wastewater for their growth as a source of
nutrient. As they utilize the salts, the salinity will decrease [5]. Chlorella is considered as salt tolerant microalgae as they
can survive in an environment with 0.4 M of salt concentration [10]. From the study, it shows that the capability of
Chlorella to consume salinity increased as the salinity availability increases. High salinity can cause osmotic stress to
other organisms in the wastewater. As salinity decreased, the concentrations of salts also decrease, and it will decrease
the conductivity of the wastewater as the salts can conduct electrical charges in the wastewater [37]. This is due to the
existence of ionic salts such as Na*and Cl- that dissociates in water and can conduct electrical charges. Results reveled
that, wastewater B, C, D and F, concentration of 2:1 was the most suitable concentration to reduce the salinity as they
reduced the most salinity which were 3.67 %, 4.53 %, 5.4 %, and 4.91 % respectively. Finally, optimum values required

for operational parameters to achieve maximum reduction of salinity was illustrated in Table 1.

11
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Table 1: Optimum Values of Operational Parameters to Achieve Maximum

Efficiency to Treat Wastewater.

Parameters Optimum range
Light intensity 50 pmol m-2 s-1
pH 6.5+0.2t08+0.2
Temperature 25%2°C
Proportion 2:1 (200 mL/100mL)
Optimal media BG 11
Dissolved Oxygen 3.0 to 5.0 mg/mL
Incubation Time 30 ays

In this study, we have investigated the effect of optimal concentration of C. vulgaris for the reduction of salinity in the
industrial wastewater. The result showed that, Chlorella sp. managed to reduce the salinity for wastewater polymer,
dye, RO and petroleum industry, at concentration of 2:1 which were 3.67 %, 4.53 %, 5.4 %, and 4.91 % respectively.
Total dissolved solids were removed more effectively throughout the process. The optimal ratio of C. vulgaris density
concentration caused an enhancement of its removal efficiency. This concentration of microalgae and wastewater (2:1)
reduces the most salinity compared to other concentration. Therefore, microalgae are one of the promising solutions in
wastewater remediation. Further research will help to enhance the modified and more defined methods to treat the

poly-chem industrial wastewater efficiently.
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