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Abstract

The aim of this research was to treat wastewater from grease traps by cultivating Chlorella
vulgaris, a valuable commercial phytoplankton in biodiesel production and aquatic animal
feeding. However, there is lack of information about its cultivation capability. Therefore, the
most suitable medium and optimal inoculum cell density for its cultivation were examined.
Chilorella vulgaris was cultured in pre-treated grease trap wastewater that had undergone
sterilization and sedimentation with the addition of three different medium formulations.
Then, the initial cell densities were varied to 5 x 104, 5 x 105, and 5 x 10° cells/mL. Cell
density analysis was conducted daily for 7 days. Water quality parameters such as pH,
temperature, dissolved oxygen (DO), chemical oxygen demand (COD), nitrate, and
phosphate were measured before and after cultivation. The results showed that the
medium with the addition of calcium hydroxide 1 g/L supported the highest algal specific
growth rate at 0.318 day-'. An initial quantity of 5 x 108 cells/mL yielded the highest algal
growth and density. During cultivation in all experiments, the water temperature remained
stable at 25°C. DO concentrations and pH ranged from 5.82-9.82 mg/L and 5.49-8.82,
respectively. After the cultivation period, COD decreased from an initial range of 228.00-
276.80 mg/L to 66.67-212.80 mg/L. Nitrate and phosphate were removed at 91.03% and
75.36% from the initial concentration, respectively. Finally, it can be concluded that to
improve the growth efficiency of C. vulgaris in wastewater from grease traps, the addition
of a nutrient medium consisting of calcium hydroxide with an initial algal density of 5 x 108
cells/mL should be provided. This inoculum condition offers potential applications in
microalgal biotechnology and sustainable wastewater treatment.
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1. Introduction

Wastewater from grease traps is a significant pollution load originating from food and
restaurant industries. This becomes a critical environmental issue, with profound impacts
on natural aquatic ecosystems. Grease traps are designed to remove fats, oils, and grease
(FOG) from wastewater (Tchobanoglous et al., 2014). These systems operate on the
principle of density separation, in which low-density substances such as oils and grease
float to the surface and are retained. The heavier particulates settle to the bottom of the
trap (Wang et al., 2010). However, grease traps are limited in their ability to remove other
pollutants from wastewater. The physicochemical characteristics of grease-trap
wastewater include high organic matter and nutrient concentration, which are accompanied
by a lower pH (5-6) condition (Tang et al., 2024). This requires more post-treatment to
remove these substances from the wastewater before it is discharged into the body of
water. The cultivation of phytoplankton in wastewater is a potential water treatment option,
offering benefits in both environmental and economic terms. The use of microalgae has
emerged as a promising approach due to their ability to adsorb pollutants, remove organic
compounds, and alter wastewater composition, thereby reducing its toxicity.

Generally, there is absent of phytoplankton in grease trap wastewater. However,
the wastewater quality may support phytoplankton growth. Green algae, Chlorella
vulgaris, is the best alternative option for treating wastewater due to its rapid growth and
tolerance of wastewater environments with varying pH levels and organic content. Several
studies reported the successful cultivation of C. vulgaris in various types of industrial
wastewater, including effluents from livestock farms and manufacturing plants (Wang et
al., 2010; Vovk et al., 2020). This alga shows strong potential for wastewater treatment
due to its ability to remove nitrates, phosphates, and heavy metals from contaminated
water sources. Additionally, C. vulgaris is a sustainable and economically valuable
bioresource. This alga can perform photosynthesis, which captures atmospheric carbon
dioxide and contributes to effective climate change mitigation. Its growth also produces
valuable biomass rich in proteins, lipids, and carbohydrates, which can be used for
aquatic animal feed and biodiesel production, thereby adding economic value to the
treatment process (Mata et al., 2010; Wang et al., 2010). Its biochemical composition is
rich and diverse, with protein content ranging from 50-60% dry weight, and includes
essential amino acids, vitamins, minerals, and antioxidant compounds such as
chlorophyll, carotenoids, and phycobilins (Becker, 2007). These properties have made C.
vulgaris a popular raw material for dietary supplements, functional foods, and animal
feed. In the field of bioenergy, C. vulgaris is recognized as a viable source for biodiesel
production due to its ability to accumulate high levels of intracellular lipids, particularly
long-chain fatty acids, which are suitable for the synthesis of high-quality biodiesel under
optimized conditions (Chisti, 2007). This presents an essential alternative to fossil fuels
and contributes to greenhouse gas reduction. Therefore, integrating the cultivation of C.
vilgaris into wastewater not only improves water quality by removing nutrients and organic
matter but also provides high value for use in the aquaculture and biodiesel industries.
However, limited research has been conducted on its cultivation potential in grease trap
wastewater, which may require further adjustment to support the suitable growth
conditions of this microbial species.

The cultivation of C. vulgaris has gained considerable interest in both laboratory
and industrial-scale research due to its broad potential in various fields, including nutrition,
bioenergy, environmental remediation, and biotechnology (Al-Hammadi & Gungdrmusler,
2024). However, there has been limited information on the algal production efficiency
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cultivated in treated or untreated grease trap wastewater. The basic requirement for C.
vulgaris cultivation has been documented in many studies (Farooq et al., 2022; Peter et
al., 2023). The addition of glucose 20 g/L as a carbon source and nitrate 0.5 g/L as a
nitrogen source into the cultivation medium resulted in the best C. vulgaris production.
Reduction in algal growth was observed at low nitrogen concentrations of less than 0.37
g/L (Farooq et al., 2022). Furthermore, C. vulgaris requires alkaline conditions for better
production (Peter et al., 2023). An acidic environment weakens electrostatic forces
between microalgae and flocculants, thereby reducing biomass production capacity. The
highest yield of C. vulgaris was obtained in an alkaline medium (pH 11), and it could be
grown at pH 8-10 (Al-Hammadi & Gungoérmdsler, 2024). In phytoplankton cultivation, pH
can be adjusted with sodium hydroxide or calcium hydroxide. These chemical substances
are commonly used in industrial wastewater plants (Mehrpour et al., 2023). Therefore,
these chemical substances are readily available to treat wastewater for algae cultivation.
Using wastewater in algae cultivation instead of pure water effectively reduces water use,
resulting in a smaller water footprint. This supports the sustainability of responsible
consumption and production (SDG 12). Although C. vulgaris has been extensively studied
in various wastewaters, few studies have examined its growth, nutrient removal, and
biomass production in grease trap wastewater, which contains high concentrations of fats,
oils, grease, and organic matter. Enhancing the growth of C. vulgaris in this type of
wastewater requires nutrient supplementation and pH adjustment. Recently, there has
been a lack of information about these cultivation details.

Therefore, the ability of C. vulgaris cultivation in wastewater collected from grease
traps was investigated. The objective of this study was to determine the optimal nutrient
formulation and inoculum density for effectively cultivating C. vulgaris in this type of
wastewater. The findings offer insights into efficient microalgal cultivation strategies that
enable the use of grease trap wastewater. This can help reduce aquatic pollution and
mitigate the environmental and public health impacts of untreated wastewater discharges
into natural water bodies. Finally, a dual benefit in both environmental remediation and
simultaneous algal biomass production can be successfully achieved.

2. Materials and Methods

2.1 Microalgae preparation

The green microalga Chlorella vulgaris TISTR 8580 was obtained from the Thailand
Institute of Scientific and Technological Research (TISTR). The algal pure culture was
propagated using BG-11 medium at 10% of the inoculum volume. All equipment used
during the cultivation process was sterilized using an autoclave. Aseptic techniques were
applied throughout the process. Subculturing was performed every seven days using a
1:10 ratio of inoculum to culture volume. Distilled water sterilized at 121°C for 20 min via
autoclaving was used in all cultivation procedures.

2.2 Wastewater preparation

Fifty liters of wastewater were collected from a grease trap at the food center of
Bansomdejchaopraya Rajabhat University. The wastewater was first filtered through a 50-
micron mesh bag. To eliminate other microorganisms that may interfere with C. vulgaris
growth, chlorine was then added to the sample at 50 mg/L (Jefri et al., 2022), followed by
continuous aeration for 3 days to remove residual chlorine and increase dissolved oxygen
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levels. To remove suspended solids, aluminum sulfate (Al2(SO4)3) was added to promote
flocculation. The clarified supernatant was decanted and used as the experimental
medium. Finally, the pH levels were measured before and after wastewater preparation,
with values of 5.93-7.50 and 3.83-5.49, respectively, being recorded.

2.3 Determination of suitable nutrient formulations for Chlorella vulgaris
cultivation in grease trap wastewater

Cultured Chlorella vulgaris cells were inoculated into pre-treated grease trap wastewater
at an initial cell density of 5 x 108 cells/mL, with a total working volume of 5 L per sample.
The nutrient formulas A, B, and C, which were chosen from the literature, had been
effectively used in algal mass culture (Table 1). These media were generally used in clean
water and had never been employed in grease trap wastewater studies. Therefore, to
identify the most effective nutrient solution for mass culture in grease trap wastewater,
these three different nutrient formulations were added separately into designated
experimental jars containing C. vulgaris and grease trap wastewater. Each treatment was
performed in triplicate. The control group consisted of cultivating C. vulgaris (5 x 108
cells/mL) in grease trap wastewater without nutrient addition.

Table 1. Nutrient supplementation in the experiment

Formula A Formula B2 Formula C3
Urea (46-0-0) 1200  Urea (46-0-0) 0.005  Urea (46-0-0)  0.150
(g/L) (g/L) (g/L)
Fertilizer 0.100 Fertilizer 0.015 Fertilizer 0.100
(18-46-0) (g/L) (16-20-0) (g/L) (16-20-0) (g/L)
Rice bran (g/L) 0500  (NH4)2SO4 0100  KNOs (g/L) 0.200
(g/L)

Ca(OH)2 (g/L) 1.000
C/N (mol/mol) 0.476
N/P (mol/mol) 27.411

C/N (mol/mol) -
N/P (mol/mol) 19.091

C/N (mol/mol) -
N/P (mol/mol) 8.310

Note: '"Thewaratmaneekul et al. (2006); 2Petchmanee (1999); 3Lohalaksanadech et al.
(2011)

During the experiment, continuous aeration was provided to ensure water
circulation and prevent algal sedimentation. According to the grease trap wastewater
temperature at 25-29°C (Tang et al., 2024), all treatments were maintained under
fluorescent lighting at a constant room temperature of 25°C for a period of 7 days. Daily
sampling of 5 mL was conducted to quantify the algal population using a hemacytometer
under a light microscope. Cell density was recorded and calculated as cells per milliliter
(cells/mL). Additionally, water parameters—including pH, temperature, and dissolved
oxygen (DO)—were measured before and after the cultivation period using a handheld
pH meter Cybercan PC 300 (EUTECH Instruments, Singapore) and DO meter Cybercan
DO 110 (EUTECH Instruments, Singapore).
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2.4 Determination of the optimal inoculum Chlorella vulgaris density for
cultivation in grease trap wastewater

To determine the optimal inoculum density for Chlorella vulgaris cultivation, pre-cultured
C. vulgaris cells were inoculated into prepared grease trap wastewater at three different
initial cell concentrations: 5 x 104 cells/mL (A1), 5 x 10% cells/mL (A2), and 5 x 108
cells/mL (A3), each with a total volume of 5 L and conducted in triplicate. Nutrient
supplements were added to each treatment group after inoculation.

Control groups were established as follows: 1) WW was grease trap wastewater
without algal inoculation or nutrients; and 2) Controls A1, A2 and A3 were C. vulgaris
cultivated at 5 x 104, 5 x 105, and 5 x 108 cells/mL, respectively, in grease trap wastewater
without nutrient addition.

All experimental units were maintained under continuous aeration to ensure
adequate water circulation and to prevent algal sedimentation. According to the grease
trap wastewater temperature at 25-29°C (Tang et al., 2024), cultures were exposed to
fluorescent light at a controlled room temperature of 25°C for 7 days. A daily sample of 5
mL was taken from each unit, and the algal cell density and cell concentrations were
determined.

Before and after the cultivation period, water parameters such as temperature,
pH, and dissolved oxygen (DO) were monitored. Then, water was collected and analyzed
for chemical oxygen demand (COD). Additionally, during the experiment, water samples
were taken daily from each treatment to determine ammonia-nitrogen (NH3-N), nitrate-
nitrogen (NO3-N), and phosphate-phosphorus (PO43-P) concentrations, following the
standard methods (APHA, 2012).

2.5 Data analysis
The growth rates of the alga Chlorella vulgaris were computed using the following equation.
M = (InNt - InNo) / t

Where: y is the specific growth rate (day™), Ntis cell concentration at time t (cells/ml), No
is initial cell concentration at time 0 (cells/ml), and t is time (days).

Then, statistical analyses, including minimum, maximum, mean, and standard
deviation of wastewater parameters and algal growth rates, were computed using
Microsoft Excel 365 to evaluate treatment performance and identify trends. Finally, in
each experimental design, a paired t-test was employed to compare water parameters
before and after the experiment, with a significant level of 0.01

3. Results and Discussion

3.1 Suitable nutrient formula

As shown in Figure 1, the growth of Chlorella vulgaris in grease trap wastewater
supplemented with nutrient formula A showed significantly higher algal growth. In contrast,
formulas B, C, and the control showed minimal or negative growth trends. At the end of the
7-day cultivation period, the final cell densities of aga cultured in nutrient formulas A, B,
and C were 46.37+10.01 x 10%, 5.17+0.78 x 10%, and 1.68+0.65 x 108 cells/mL,
respectively. The highest specific growth rate was observed in nutrient medium A, at 0.318
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day, followed by media B and C, with growth rates of 0.005 and -0.156 day-", respectively.
Although these nutrient formulas had been used for algal cultivation (Petchmanee, 1999;
Thewaratmaneekul et al., 2006; Lohalaksanadech et al., 2011), the results from this study
demonstrated that nutrient formula A was the most suitable for C. vulgaris cultivation in
grease trap wastewater. The superior performance of medium A was attributed to its higher
nutrient content compared to the other media, which provided C. vulgaris with ample
essential nutrients necessary for growth. As shown in Table 1, nutrient formula A contains
the highest nutrient concentration and the highest N/P ratio (27.411). According to the
Redfield ratio, which states that the N/P atomic ratio required for phytoplankton growth is
16, the composition of nitrogen and phosphorus in this medium was suitable for C. vulgaris
cultivation. This abundance of nutrients likely enhanced the efficiency of photosynthesis
and cell division (Stevenson et al., 1996). Meanwhile, the addition of formulas B and C did
not promote algal growth in grease trap wastewater (Figure 1). This may be because the
lower N/P ratio in nutrient formulas B and C (Table 1) resulted in less capacity for cell
enhancement. In this study, background nutrient levels in the grease trap wastewater
before culturing were measured. The concentrations of ammonia-nitrogen, nitrate-nitrogen,
and phosphate-phosphorus were 0.54 ug/L, 0.16 mg/L, and 0.12 mg/L, respectively. These
nitrogen concentrations were sufficient for phytoplankton growth (Mata et al., 2020).
However, phosphorus may be limited. The N/P ratio was only 1.783, well below the
minimum requirements for phytoplankton element composition (Sharoni & Halevy, 2022).
These results suggest that grease trap wastewater may have initially inhibited growth under
this nutrient condition. Nutrient supplementation, especially phosphorus, is highly required.
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Figure 1. The cell density of Chlorella vulgaris in grease trap wastewater supplemented
with nutrient formulas A, B, and C compared to the control

The results of the water quality observations are summarized in Table 2. The
temperature and dissolved oxygen (DO) of the samples before and after the experiment
did not differ significantly. Meanwhile, the paired t-test showed that the pH values differed
significantly across treatments (P value < 0.01). The control showed that the grease trap
wastewater was initiated with a highly acidic condition (pH 3.87+0.06). The addition of
medium A increased the pH to 6.431£0.03, whereas media B and C had no significant



Chunharat et al. Curr. Appl. Sci. Technol. , Vol. ... (No...), €0268841

effect on pH levels compared to the control (Table 2). This was because medium A was
the only formulation containing lime (Ca(OH)z), which contributed to pH adjustment of the
wastewater. This pH elevation resulted in a more alkaline environment, which was
favorable for the growth of microalgae. This was consistent with previous studies by
Thakwang (2007) and Zhu et al. (2013), who reported that C. vulgaris grew optimally at
neutral to slightly alkaline pH values, typically between 6.0 and 8.0. The acidity of the
aquatic environment plays a crucial role in regulating phytoplankton growth and
photosynthetic efficiency. Most phytoplankton species thrive under near-neutral to slightly
alkaline conditions (pH 7-8.5), whereas acidic conditions (pH < 6.0) negatively affect
carbon fixation and enzymatic activity, thereby reducing growth and biomass production.
Moreover, low pH increases the solubility of toxic metals, which can further inhibit cell
metabolism and chlorophyll synthesis. Conversely, highly alkaline conditions (pH > 9.0)
limit the availability of essential nutrients such as phosphate and nitrogen, leading to
growth suppression. These findings highlight that maintaining optimal pH is critical for
sustaining phytoplankton populations in both natural waters and wastewater-based
cultivation systems (Hinga, 2002).

Table 2. Preliminary water parameters measured for grease trap wastewater
supplemented with nutrient formulas A, B, and C before and after the cultivation. (The
control had no additional nutrients.)

Before Experiment After Experiment
Temp (°C) DO (mg/L) pH Temp (°C) DO (mg/L) pH
Control  25.00+0.00 4.80+0.20 3.87+0.06 25.00+0.00 6.27+0.23 3.78+0.03
A 25.00+0.00 5.88+0.20 6.43+0.03* 25.00£0.00 5.07+0.06 8.48+0.14*
B 25.00+0.00 4.39+0.21  3.97+0.08* 25.00£0.00 5.42+0.27 4.37+0.13*
C 25.00+0.00 5.79+0.08 3.68+0.02* 25.00£0.00 5.73+0.03 5.77+0.05*

Note: *Significance level of Paired t-test at P < 0.01
3.2 The optimum inoculum cell density

The optimal initial cell density for initiating Chlorella vulgaris mass culture with the highest
growth rate and cell production was investigated in this research. The hypothesis was that
with higher initial cell density, phytoplankton could achieve higher growth rates and mass
production within the same cultivation period. To determine whether differences in initial
cell density resulted in higher or lower specific growth rates and mass production, the
growth of C. vulgaris at various inoculum densities was investigated. As shown in Figure
2, the initial inoculum densities of 5 x 104 (Control A1), 5 x 105 (Control A2), and 5 x 108
(Control A3) cells/mL resulted in C. vulgaris cell densities ranging from 0.01 to 0.07 x 108,
0.28 to 0.50 x 108, and 4.40 to 8.10 x 10% cells/mL, respectively. The corresponding
specific growth rates were -0.015, -0.066, and 0.069 day-' for these inoculum levels.

When grease trap wastewater supplemented with nutrients was used, and C.
vulgaris was inoculated at initial densities of 5 x 10 (A1), 5 x 10% (A2), and 5 x 108 (A3)
cells/mL, the final cell densities reached the ranges of 0.01 to 0.05 x 108, 0.21 to 0.50 x
108, and 3.57 to 14.43 x 108 cells/mL, respectively. The specific growth rates under these
conditions were -0.271, -0.126, and 0.151 day-" for inoculum densities A1, A2, and A3,
respectively.
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These results indicated that grease trap wastewater supplemented with nutrients
and inoculated with C. vulgaris at 5 x 108 cells/mL supports significantly higher algal
growth compared to lower inoculum densities. This was likely due to the sufficiently high
initial cell density, which allowed for rapid population increase before degradation by
contaminant bacteria could occur. Although the wastewater in this experiment was pre-
treated with chlorine and sedimentation using aluminum sulfate, bacteria and other
microorganisms may remain in the water. By observing phytoplankton density under a
compound light microscope, contamination with bacteria was found in all treatments.
Bacteria play a crucial role in regulating phytoplankton growth by inhibiting their
proliferation through multiple mechanisms. One primary mechanism is nutrient
competition, particularly for nitrogen and phosphorus, which are essential for
photosynthesis and cell division in phytoplankton (Thingstad, 2000; Seymour et al., 2017).
Additionally, certain bacteria can produce toxic or allelopathic compounds that reduce
photosynthetic efficiency and damage the cell membranes of phytoplankton (Mayali &
Azam, 2004). Bacteria can also create unfavorable microenvironments for algal growth as
they may release organic acids, or gases like CO, and H,S, which alter pH and dissolved
oxygen levels, and they may form biofilms on surrounding surfaces that interfere with
nutrient and light availability. Collectively, these interactions can significantly reduce cell
division rates and the population growth of phytoplankton (Amin et al., 2012; Dang &
Lovell, 2016).

18 - ---3--- Control A1 —m— A1
16 4 B Control A2 —a— A2
14 1 O Control A3 —— A3

C. vulgaris (108 cells/mL)

Figure 2. Cell density of Chlorella vulgaris in grease trap wastewater inoculation at initial
concentrations of 5 x 104 (A1), 5 x 105(A2), and 5 x 108 (A3) cells/mL

Furthermore, the results of this study revealed that grease trap wastewater
supplemented with nutrient medium and inoculated with high initial densities of C. vulgaris
exhibited greater algal growth. This result was consistent with other research, which found
that an initial cell inoculum of Chlorella sp. exceeding 108 cells/mL was successfully
enhanced for mass cultivation in wastewater. Baldisserotto et al. (2023a) reported that an
initial density of Chlorella sp. 1.3 x 108 cells/mL in distillery wastewater reached maximum
density of 6 x 108 cells/mL after 7 days. Meanwhile, Chlorella sp. cultured in soybean
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sauce factory wastewater and under photoautotrophic conditions in community
wastewater reached peak cell densities of 6.48 x 108 and 11.9-13.6 x 108 cells/mL within
7 days, respectively (Canedo-Loépez et al., 2016; Mohammadi & Arabian, 2023). This
evidence shows that wastewater from a grease trap with a satisfactory initial algal density
has the potential to be an effective and sustainable substrate for microalgal biomass
production, with performance comparable to or superior to that of other industrial and
agricultural wastewaters.

Comparison of the phytoplankton growth rate in the same medium (formula A) with
the same initial cell density (5%108 cells/L) showed that the specific growth rate in the
experiment with the suitable nutrient formula (Figure 1) was much higher than that
determined in the experiment with the optimal inoculum density (Figure 2). This may be
due to differences in cell integrity. In this study, the experiment on the suitable nutrient
formula was implemented first. Then, the second experiment (the optimal inoculum density)
was run afterward. The Chlorella vulgaris cell used in the first experiment was a pure
culture directly obtained from TISTR. The integrity of algal cells was checked under the
compound light microscope. Meanwhile, the C. vulgaris cell employed in the second
experiment was subcultured many times. During the subculture, cells may lose their
integrity. Under the compound light microscope, cell color faded, and cell size decreased.
Therefore, the algal cells used in the first experiment may have produced more efficiently
than those used in the second experiment. These results suggest that to achieve the most
efficient cell production, algal cell integrity should be checked before use.

3.4 Water quality assessment before and after the experiment

The preliminary water characteristics before and after the experiments are summarized in
Tables 2 and 3. Throughout the experimental period, the water temperature was
consistently maintained at 25°C, which is within the optimal temperature range for green
algae growth (Becker, 2007). Green algae exhibit optimal growth between 25-30°C.
Temperatures above this range can reduce photosynthetic rates and growth, ultimately
leading to cell death, while lower temperatures similarly limit biomass production.

The dissolved oxygen (DO) levels before the experiment ranged from 5.82-6.02
mg/L, increasing to an average range of 7.14-9.82 mg/L after the experiment (Table 3).
These DO concentrations are within or above the optimal range for Chlorella vulgaris
cultivation, typically 4-8 mg/L (Wang et al., 2010). The increase in DO after the experiment
was attributed to continuous aeration. More oxygen can enhance phytoplankton growth
because it is required for their respiration (Wang et al., 2010). During cell development,
phytoplankton uses organic matter to produce cell organelles such as the nucleus,
mitochondria, and ribosomes. Therefore, oxygen enrichment supports the growth of
phytoplankton and other microorganisms involved in wastewater treatment, subsequently
enhancing the overall remediation process. The oxygen level in water is not directly
affected by pH because there is no physical-chemical connection between the two
parameters. However, the pH of a water column can be influenced by carbon dioxide, a
byproduct of respiration or dissolved from the atmosphere (Emerson & Hedges, 2008).

The statistical analysis, a paired t-test, showed that the pH values differed
significantly across treatments (P value < 0.01). As shown in Table 3, the pH values of the
water ranged from 5.49-6.82 prior to the experiment and increased to 6.19-8.82 afterward.
This pH range was consistent with Williams et al., (2012), who noted that grease trap
wastewater typically exhibits acidic conditions (pH values between 5.5 and 7.5) depending
on the wastewater source and grease filtration processes. The post-experiment pH, which
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exceeded 6 in all treatments, indicated favorable conditions for C. vulgaris growth, as
green algae thrive in neutral to slightly alkaline environments (pH 8.0-10.0) (Al-Hammadi
& Gungormusler, 2024). As shown in Table 2, the pH values increased only in medium A.
This was because the medium contained calcium hydroxide, which allowed more alkaline.
Adding medium to the experiment may increase pH level in A1-A3 (Table 3). Meanwhile,
the pH values increased in Controls A1-A3. This may be due to the addition of pure
culture during the algal cell adjustment. The leftover medium in the pure culture may alter
the pH level in the experiment. Moreover, the pH increase was likely due to CO2 uptake
during photosynthesis, which reduced the concentration of carbonic acid in the water,
thereby stabilizing the pH and enhancing microbial degradation efficiency (Wang et al.,
2010).

Table 3. Water characteristics before and after cultivation, temperature (°C), dissolved
oxygen (DO, mg/L), pH, and chemical oxygen demand (COD, mg/L) in grease trap
wastewater samples

Before Experiment

Temp (°C) DO (mg/L) pH COD (mg/L)

ww 25.00£0.00 6.02+0.00 5.49+0.00 228.80+0.10

Control A1 25.00+0.00 5.88+0.00 6.40+0.00 276.80+0.14

Control A2 25.00+ 0.00 5.90+0.00 6.00+£0.00 244.80+0.17

Control A3 25.00+0.00 5.9040.00 6.01+0.00 224.00+0.12

A1 25.00+0.00 5.98+0.01 6.67+0.01* 225.33+0.10*

A2 25.00+0.00 5.88+0.01 6.6910.02* 232.00+0.12*

A3 25.00+0.00 5.82+0.02 6.8210.01* 228.00+0.11*
After Experiment

Temp (°C) DO (mg/L) pH COD (mg/L)

Www 25.00+0.00 8.2910.00 6.19+0.00 212.80+0.25

Control A1 25.00+0.00 8.8310.00 7.9940.00 158.40+0.06

Control A2 25.00£0.00 7.141£0.00 7.96+0.00 132.80+0.12

Control A3 25.00+0.00 9.82+0.00 8.52+0.00 126.40+0.06

A1 25.00£0.00 7.8610.20 8.60+0.04* 125.33+0.05*

A2 25.00£0.00 7.6710.22 8.631+0.03* 74.67+0.13*

A3 25.00+0.00 7.57+0.83 8.82+0.11* 66.67+0.04*

Note: WW is grease trap wastewater without nutrient supplementation; Controls A1, A2,
A3 are grease trap wastewater without nutrient supplementation, inoculated with Chlorella
vulgaris at 5 x 104, 5 x 105, and 5 x 106 cells/mL, respectively; A1, A2, A3 are
supplemented with nutrient formula A, inoculated at 5 x 104, 5 x 105, and 5 x 108 cells/mL,
respectively. *Significance level of Paired t-test at P < 0.01
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Chemical oxygen demand (COD) values, indicating the amount of oxygen
required to chemically oxidize organic compounds, decreased from an initial range of
228.00-276.80 mg/L to 66.67-212.80 mg/L after the cultivation period (Table 3). Statistical
analysis also revealed that COD values were significantly different before and after the
experiment (P value < 0.01). The highest removal efficiency, 70.76% was achieved at an
initial cell concentration of 5 x 108 cells/mL, followed by 67.81% and 44.38% at initial cell
concentrations of 5 x 10% and 5 x 104 cells/mL, respectively. The observed reduction in
COD post-cultivation suggested that organic substances were consumed and degraded
by C. vulgaris and associated microorganisms, consistent with findings that microalgae
could reduce COD by absorbing nutrients and organic matter (Wang et al., 2010). The
COD removal efficiency observed in this study (70.76%) was comparable to that reported
by Li et al. (2021) in distillery wastewater (72.24%), higher than Scenedesmus sp. in
municipal wastewater (45-50%) (Rawat et al., 2011), but lower than that achieved by a
mixed microalgal consortium in swine wastewater (72.1%) (Chen et al., 2022) and
Chlorella sp. in hospital wastewater (80.8%) (Le & Nguyen, 2024). These results indicate
that COD removal is influenced not only by the algal species but also by wastewater
composition, organic matter concentration, and cultivation conditions.

As shown in Figure 3, during the cultivation of Chlorella vulgaris in grease trap
wastewater, ammonia-nitrogen (NHs- N) concentration tended to increase over time within
the range of 0.50-3.14 ug/L. The results revealed that nutrient formula A combined with
an inoculum density of C. vulgaris at 5 x 10* (A1) cells/mL in grease trap wastewater
resulted in higher concentrations of ammonia-nitrogen (NHs-N) compared to samples
inoculated at 5 x 108 (A3) and 5 x 10% (A2) cells/mL, respectively. This outcome can be
attributed to the high urea content in the nutrient formula and the biodegradation of
organic matter by other microorganisms contaminated in the water, resulting in increased
ammonia levels. In addition, fewer algal cells resulted in less ammonia use for cell growth.
Therefore, higher ammonia accumulation in water was observed at lower inoculum
densities. Ammonia-nitrogen levels in grease trap wastewater are a common pollutant
resulting from the degradation of protein and organic matter in food processing effluents
(Tchobanoglous et al., 2014). Elevated NHs-N towards the experiment’s end, particularly
in nutrient-amended samples, may be attributed to urea content in the added media and
metabolic waste released by algal cells. Nevertheless, NHs-N concentrations remained
within the optimal growth range for C. vulgaris (0.5-5 pg/L) (Mata et al., 2010). These NHs
-N levels were lower than those reported by Rawat et al. (2011), who observed ammonia
concentrations of 50-300 mg/L in grease trap wastewater, reflecting differences in effluent
source and treatment. The efficient uptake of NHs -N by C. vulgaris as a nitrogen source
for growth highlights its suitability for nitrogen removal in wastewater treatment (Wang et
al., 2010).

Conversely, concentrations of nitrate-nitrogen (NO3™-N) significantly decreased
over time during the experiment. As shown in Figure 3, samples inoculated at the highest
density 5 x 108 cells/mL (A3) showed greater NOs-N reduction than those at 5 x 104 (A1)
and 5 x 105 (A2) cells/mL resulting in the removal efficiency at 91.03%, 18.09%, and
4.55%, respectively, within 3 days of the cultivation. This was because nitrates were
actively utilized by the algal cells at higher densities. Phytoplankton, like other primary
producers, requires nitrogen as a key macronutrient to support their growth and
metabolism. Nitrates (NO;~) are the most common and bioavailable form of dissolved
inorganic nitrogen in aquatic ecosystems. Phytoplankton assimilate nitrates through
specific transport systems and reduce them enzymatically (via nitrate reductase and
nitrite reductase) to ammonium (NH,"), which is then incorporated into amino acids,
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Figure 3. Concentration of ammonia-nitrogen (NHs-N) (a), nitrate-nitrogen (NOs-N) (b),
and phosphate-phosphorus (PO4%-P) (c) in grease trap wastewater inoculation at initial
Chlorella vulgaris of 5 x 10* (A1), 5 x 105(A2), and 5 x 108 (A3) cells/mL
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nucleotides, and chlorophyll molecules. These nitrogen-containing compounds are
essential for protein synthesis, photosynthetic activity, and cell division. Therefore, nitrate
availability strongly regulates primary productivity and biomass accumulation in both
marine and freshwater systems. Limited nitrate supply can restrict phytoplankton growth,
while elevated concentrations can promote algal blooms (Falkowski & Raven, 2007). The
results from this study demonstrate that the reduced nitrate in algal treatments suggested
effective assimilation by C. vulgaris during photosynthesis, indicating its capacity to
mitigate nitrate pollution.

Similar to NO3-N, the concentration of phosphate-phosphorus (PO43-P) in all
treatments decreased rapidly within the first 3 days of the cultivation period (Figure 3).
Consequently, the PO4%-P removal efficiencies were found at 76.31%, 69.94%, and
75.36% in the inoculum cell densities of 5 x 10* (A1), 5 x 10% (A2), and 5 x 10 (A3)
cells/mL, respectively. These results demonstrate that the green algae Chlorella vulgaris
effectively took up phosphate for new cell synthesis. Phytoplankton requires phosphorus
for growth and cell enlargement. Our hypothesis was that a higher density of algal cells
could perform more phosphorus utilization from the water column. However, this study
found that the initial cell inoculum did not affect phosphorus removal. This may be due to
the high efficiency of phosphorus accumulation by the phytoplankton cells. When
phosphorus is enriched in the water column, phytoplankton attempts to accumulate
phosphorus as much as they can in their cells so that they can later assimilate it into the
cell tissues (Tantanasarit et al., 2013). Therefore, the results imply that phytoplankton can
effectively remove phosphorus from the water column, even at low density. Phytoplankton
primarily assimilate phosphorus in the form of inorganic phosphate (PO,37) to sustain
growth and metabolic activity. Phosphate is a critical constituent of nucleic acids (DNA
and RNA), adenosine triphosphate (ATP), phospholipids of cellular membranes, and
various coenzymes, which collectively support energy transfer, biosynthesis, and cell
division. The availability of phosphate in aquatic environments directly influences
phytoplankton productivity, photosynthetic efficiency, and biomass accumulation.
Limitation of phosphate can substantially constrain growth, whereas sufficient phosphate
concentration promotes cellular proliferation and ecosystem-level productivity (Sharoni &
Halevy, 2022). Hence, our results indicate that C. vulgaris effectively absorbed phosphate
for growth, contributing to a significant reduction in phosphorus in wastewater.

3.5 Capability of Chlorella vulgaris cultivation in grease trap wastewater

The efficiency of Chlorella vulgaris cultivation in wastewater is influenced by several
factors, most notably the nutrient formulation and the initial inoculum density. These
parameters have a significant impact on algal growth rates, nutrient uptake efficiency, and
system stability. Excessively high inoculum densities may lead to overcrowding, nutrient
depletion, or cell mortality due to self-shading and oxygen limitation. Conversely, low
inoculum densities may result in delayed growth and unstable treatment performance.
The results from this study showed that grease trap wastewater contained
available essential nutrients for phytoplankton growth. Phytoplankton requires carbon,
nitrogen, and phosphorus for cell development-related processes such as DNA
replication, respiration, and cell division (Thingstad, 2000; Seymour et al., 2017). In this
study, organic matter, the carbon source in grease trap wastewater, was expressed as
COD. The results demonstrated that the wastewater contained COD 228.80 mg/L (Table
3). This value fell within the range of algal cultivation conditions (Wang et al., 2010). The
concentrations of ammonia-nitrogen and nitrate-nitrogen in the wastewater were 0.54
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pg/L and 0.16 mg/L, respectively, which were within the suitable conditions for algal cell
enhancement (Mata et al., 2010). However, phosphate-phosphorus (PO4%-P) may not be
sufficient for algal mass culture. The concentration of PO4%-P in the grease trap
wastewater was only 0.12 mg/L, which was relatively low level compared to other
wastewater effluents (Wang et al., 2010; Rawat et al. 2011). Phosphorus is an essential
nutrient for phytoplankton due to the importance of biochemical substances such as ATP,
cell membranes, and lipids. Lack of this nutrient results in a limitation of algal growth.
Hence, nutrient supplementation, especially PO43--P is required for enhancing mass
culture of C. vulgaris in grease trap wastewater.

Additionally, our results showed that pH level had a significant influence on the C.
vulgaris mass culture. The medium A used in this study was the only nutrient formula that
contained calcium hydroxide. This allowed the adjustment of the pH of wastewater from
acid (3.8710.06) to base (8.48+0.14) (Table 1), which was suitable for C. vulgaris growth.
Acidic wastewater can inhibit algal growth, and mass mortality can be observed. Acidic
conditions inhibit algae because low pH can disrupt enzyme activity, damage cell
membranes, and reduce nutrient uptake, all of which impair photosynthesis and cell
division (Falkowski & Raven, 2007). Chlorella vulgaris, like many green microalgae,
thrives in slightly basic conditions (pH 7-8) where photosynthetic efficiency, nutrient
assimilation, and growth rates are optimized (Wang et al., 2010; Rawat et al., 2011).
Therefore, prior adjustment of the acid-base balance of the culture medium is essential
for successful mass cultivation of C. vulgaris.

This study is initial research on the cultivation of Chlorella vulgaris in grease trap
wastewater. Although there is limited information on C. vulgaris cultivation in this
wastewater, our results are comparable to those in other types of wastewaters. Compared
to other researchers, the C. vulgaris cultivation in this study had low mass production.
The present study revealed that cultivating C. vulgaris in grease trap wastewater yielded
a final biomass concentration of 0.76 g/L. This estimate was derived from a preliminary
experiment that determined the dry weight of C. vulgaris to be 15.74 pg/cell. When
compared to the findings of Sasiboonyarat (2014), the biomass yield from C. vulgaris
cultured in grease trap wastewater was lower than that obtained from swine farm
wastewater, seafood processing wastewater, and concentrated latex factory effluent, for
which biomass concentrations of 0.96, 0.82, and 0.76 g/L, respectively, were reported.
The lower cell biomass and density in this study may be due to cultivation conditions that
were suffocating, including water temperature, sterile conditions, pH, nutrient levels, and
other contaminants in the wastewater. However, our results provide unique information for
the mass culture of this algal species using recycled water, especially wastewater from
the grease trap. When supplemented with nutrients and adjusted to a suitable pH, grease
trap wastewater can support C. vulgaris cultivation. This is relevant to Sustainable
Development Goal 12: responsible consumption and production, particularly in minimizing
water use, nutrient removal, and commercial algal mass production.

4. Conclusions

The findings of this research highlight the potential of Chlorella vulgaris as an efficient
microalgal species for biomass production and bioremediation applications in grease trap
wastewater environments. The results demonstrated that nutrient formula A, which
included calcium hydroxide, provided the most suitable nutrient environment for promoting
the growth of C. vulgaris in grease trap wastewater. This was because the medium
adjusted the pH from acidic to slightly alkaline, which was appropriate for C. vulgaris cell
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division. The acidity of water can inhibit the photosynthesis process and algal growth. Our
results also revealed that the maximum growth rate was found in the algal cell culture
initiated at 5 x 108 cells/mL. This indicated that a sufficiently high initial algal density may
enable rapid cell proliferation. Water observation during the experiment period
successfully demonstrated that C. vulgaris had strong potential for the sustainable
bioremediation of grease trap wastewater, effectively reducing nitrate-nitrogen and
phosphate-phosphorus concentrations while improving the dissolved oxygen and pH
conditions that were conducive to microbial degradation and algal proliferation. To achieve
algal mass production and bioremediation in grease trap wastewater, the suitable nutrient
concentration at N/P ratio 27.411 with an optimal acid-base balance at pH 8-10 must be
considered, and the initial cell density must be adequate (at least 5 x 10° cells/mL).
Further studies should focus on the details of algal mass culture, the cost of the operation,
and the overall worthiness, which refers to the benefits in both environmental remediation
and financial assets.
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