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Abstract

Microalgae have gained increased attention as an alternative source of bioenergy and eco-friendly. Wastewater is useful for microalgae
cultivation because the nutrients in wastewater are consumed by microalgae. The salinity also can increase the lipid content of
microalgae. The frozen seafood effluent is utilized for cultivating microalgae because it contains the nutrients and salinity for
microalgae cultivation. The Chlorella vulgaris uses carbon dioxide to produce the renewable energy such as fuels and chemicals. These
productions automatically reduce the consumption of fossil fuel and greenhouse gas emission. Therefore, this research aimed to study
the effect of various salinity concentrations on lipid content of Chlorella vulgaris. The salinity concentrations of frozen seafood effluent
before cultivation for R1, R2, R3, R4 and R5 was 1.34+0.01 ppt, 1.47+0.0 ppt, 2.96+0.04 ppt, 4.33+0.05 ppt and 6.11+0.05 ppt,
respectively. After cultivation, the lipid content of Chlorella vulgaris was 2.82+0.5%, 2.20+0.8%, 1.31+0.7%, 1.83+0.8%, and
0.68+0.1% for R1, R2, R3, R4 and RS5, respectively. According to the experiment, the various salinity concentrations had an effect on
the lipid content of Chlorella vulgaris. The R1 was the original salinity concentration (1.34+0.01 ppt) of frozen seafood effluent which
provided the maximum lipid content of Chlorella vulgaris after cultivation. Thus, the lipid content of Chlorella vulgaris was not
representing the increasing trend under the difference of high salinity concentration. It can be concluded that the salinity concentration
of the frozen seafood effluent from the factory was enough for Chlorella vulgaris cultivation and the nutrients in frozen seafood effluent
were also removed after cultivation.

Keywords: Microalgae, Lipid content, Chlorella vulgaris, Seafood effluent

1. Introduction

Microalgae cultivation in wastewater is interesting because it does not cost much on cultivation [1]. The advantages of microalgae
cultivation are high photosynthesis, growth rate and lipid content. Carbon source is also generated from organic carbon that is used in
phototrophic and mixotrophic cultivation. However, the nutrients contain organic carbon that is able to produce carbon source which
is the major nutrient for microalgae cultivation [2]. The organic carbon is consumed by the capacity of microalgae growth in wastewater
under mixotropic cultivation [3]. However, the microalgae cultivation should be referred to low nutrients mix with the increased
amount of carbon source makes microalgae growth cycle become shorter and enhances production capability [4].

Salinity has an effect on the microalgae growth because it is an essential stress component for microalgae. The salinity leads to
change the metabolic in nutrient absorption and makes oxidative stress [5]. Microalgae are known that withstand in the rank of salinity
condition, but if in this condition is changed by raining and evaporation, it will effect on microalgae cultivation in marine [6]. Moreover,
different types of sodium salt such as sodium chloride (NaCl), sodium thiosulfate (Na2S20z3), sodium bicarbonate (NaHCOQ3), sodium
acetate (C2HsNaO?) are led to increase lipid on various microalgae. In addition, sodium chloride (NaCl) is shown to enhance the lipid
content radically, but the microalgae biomass production is decreased slightly [4].

Normally, the seawater microalgae can tolerate in high salinity condition greater than freshwater microalgae. Several studies
reported that the salinity is the choice for microalgae cultivation. The microalgae grow in less salinity is added some compound such
as sodium chloride (NaCl) and sodium sulfate (NaSOs) to support their growth [7]. However, too much of the light made evaporation
in the water what is led to enhance salinity in the culture site that attacked photosynthesis and growth rate. There are three points which
cause of salinity to attack microalgae such as leading to ion stress, absorption and deprivation of ion that causing ion stress, and ion
ratio in the cell is changed [2, 8]. Additionally, high salinity can make the reaction in the algae cell to be stressed because of the higher
osmotic pressure that is occurring in physiological and biochemical mechanisms [4]. Furthermore, high salinity activates help to
balance export and absorb ions pass through the cell membrane and increment of osmo-protecting solute and stress proteins can induct
high total lipid content in the cell [9].

According to the research of Bajwa and Bishnoi [10], the biomass and total lipid content of microalgae Chlorella sp. were increased
under different level of salinity (5-25 mM). The salinity increment led to increase the lipid content from 12.57+0.56 to 43.84+0.40
%DCW [8]. Moreover, Church et al. [11] described sodium chloride (NaCl) and potassium chloride (KCI) concentrations which effect
on Chlorella vulgaris that have also been shown that high concentration of both NaCl and KClI are cause to reduce microalgae growth
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rate, but low concentration of biomass was investigated with both NaCl and KCI are compared. In addition, the previous research
reported that the microalgae growth and nutrient removal were affected by sodium concentration more than potassium chloride [11].
The Chlorella vulgaris cultivation is almost stopped under the concentration of NaCl at 34 g/L [12]. The Chlorella protothecoides is
also showed that stopped growing under the high concentration of NaCl at 30 g/L due to toxic effecting [ 13]. Moreover, the growth
rate of Botryococcus braunii is inhibited under the amount of salt from 0.3 t0 0.7 M [14]. Therefore, different species of microalgae
have different abilities to tolerate with salinity [4]. Additionally, the microalgae cultivate mixing with the stress of salinity and nitrogen
condition in lab scale is able to increase lipid and cell biomass production for the unique life cycle. The main objective of this research
was to investigate the lipid content of Chlorella vulgaris with the various salinity concentrations.

2. Materials and methods
2.1 Raw material characteristics

The effluent of frozen seafood processing was obtained from Chotiwat Manufacturing Co. Ltd in Songkhla province, Thailand
(Figure 1). The sample was stored in the refrigerator before analyzing. The effluent characteristics such as total kjeldahl nitrogen

(TKN), total phosphorus (TP), chemical oxygen demand (COD), total dissolved solid (TDS), turbidity, pH, salinity and temperature,
were analyzed before cultivation.

Figure 1 The effluent of frozen seafood processing
2.2 Microalgae strain and pre-culture

The Chlorella vulgaris strain was obtained from the Coastal Aquaculture Research Institute in Songkhla province, Thailand
(Figure 2). It was selected due to high lipid content. The Chlorella vulgaris was cultivated in urea fertilizer. The urea fertilizer consists
of urea (0.2 g/L), di-ammonium phosphate (0.003 g/L), CaO (0.2 g/L) and glutamic mother liquid (0.8 mL/L). The sample was
cultivated in 6 L of bottle at the ambient temperature with 6,000 lux of light intensity. The cell density, cell count and lipid content of
Chlorella vulgaris were analyzed before transferring into the photobioreactor.

Figure 2 Chlorella vulgaris
2.3 Experimental design

The effluent of frozen seafood processing used as a controlled medium for microalgae cultivation. The frozen seafood effluent was
used for Chlorella vulgaris cultivation by analyzing the salinity first to know the amount of salinity in the effluent. After that, NaCl
was added for various salinity concentrations into the effluent to get the range of 0 M, 0.025 M, 0.05 M, 0.075 M and 0.10 M of NaCl
for R1 (control), R2, R3, R4 and R5, respectively. Table 1 shows the controlled medium and NaCl addition in each biophotoreactor.
These ranges applied for Chlorella vulgaris strain because they found that their growth rate was inhibited under the amount of NaCl at
34 g/L [15]. All the reactors carried out in duplicate (n=2).
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Table 1 Controlled medium and NaCl addition in each photobioreactor

Reactor R1 R2 R3 R4 R5
NaCl addition (M) 0 (Control) 0.025 0.05 0.075 0.10

The batch experiment used in the photobioreactor (length 60 cm, diameter 20 cm) and filled 10 L of effluent into each reactor
(Figure 3). The cultures were continuously injected the air by the diffuser plate from the bottom of photobioreactors to make Chlorella
vulgaris blend with the effluent but the carbon dioxide was not supplied in these photobioreactors because Chi et al. [16] expressed
that the carbon dioxide in the air is enough for lipid production. All of the photobioreactor was cultured as an indoor scale up which
the microalgae were grown under natural sunlight. The Chlorella vulgaris was cultivated until to reach the stationary phase. The cell
density of Chlorella vulgaris was measured daily to know their growth rate. The cell count was counted before and after cultivation.
At the end of cultivation, the cell count and the residual of effluent were analyzed again to compare with the initial value.
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Figure 3 Photobioreactors
2.4 Microalgae characteristic analysis

The cell density of Chlorella vulgaris was measured daily to know the growth rate of microalgae by spectrophotometer at 680 nm.
The_cel! count was counted by microscope with 40X of objective lens magnification and a Neubauer hemocytometer before and after
Cum‘l\'/ﬁgcl)inr{ear relationship between the optical density (OD680) and the dry cell weight (DCW, g dry weight/L) was presented in
equation 1:

DCW (g dry weight/L)=7.2471x0Dsso; R2 = 0.9996 ()

Biomass productivity (Pbiomass, 9/L/d) was determined by equation 2:

DCW,-DCW,
Pbiomass :7 (2)
274
The growth rate per day was calculated using equation 3:
(In DCW,-InDCW,)
u= 3)

-t

Where: u= growth rate per day (u, d?)
DCW:= dry cell weight at time t1 (g/L)
DCW2= dry cell weight at time t2 (g/L)
t1 = the period of time on d1 (d)
t2 = the period of time on dz (d)

At the end of cultivation, the cell of Chlorella vulgaris was harvested by centrifugation at 5,000 rpm for 10 min. After that, the
Chlorella vulgaris were rinsed with distilled water for 2 times to get rid of the debris and medium. The cleaned cell was taken to dry
in the oven at 105°C until obtaining the constant weight. Dried cell was used for extracting the lipid content by Folch method [17]. The
lipid was extracted by combining the dried cell with Chloroform: Methanol (2:1, v/v) in a fume hood. The samples were mixed using
an ultrasonic cleaner for 30 min. The mixed samples were separated into two phases via centrifugation at 5,000 rpm for 15 min. The
upper phase contained non- lipid substance which it was withdrawn and evaporated in the fume hood. The lower phase contained the
solid which known as lipid. This phase continued to extract with adding Chloroform: Methanol (2:1, v/v) until obtaining the clear
water.

Mass of lipid was calculated using equation 4:

Mass of lipid=(mass of container+extracted lipid)-mass of container 4)
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Lipid content was calculated using equation 5:

Linid content (% _ Total oil extracted (g/L) < 100% 5
ipid content (%)= Biomass dry weight (g/L) ’ )

2.5 Effluent characteristic analysis

The effluent characteristics such as total kjeldahl nitrogen (TKN), total phosphorus (TP), chemical oxygen demand (COD) and
total dissolved solid (TDS) were analyzed before and after cultivation. The monitoring parameters of effluent such as turbidity, pH,
salinity, temperature, and dissolved oxygen (DO) were measured daily. Moreover, temperature in the atmosphere was also measured
daily.

3. Results
3.1 Characterization of the effluent of frozen seafood processing

The initial characterization of frozen seafood effluent shows in Table 2. The initial characterization of frozen seafood effluent such
as TKN, TP, COD, TDS, turbidity, salinity, pH, and temperature were analyzed. The previous study reported that Chlorella vulgaris
growth was inhibited in the concentration of NaCl at 34 g/L (34 ppt) [12]. Whereas, the suitable TKN and TP for Chlorella vulgaris
were known to range from 128-240 mg/L of TKN and 8.9-28.3 mg/L of TP [18]. Thus, it can be expressed that the frozen seafood
effluent is able to use for microalgae cultivation.

The result of various NaCl concentrations in each photobioreactor after adjusting shows in the Table 3. As the inhibiting of NaCl
on Chlorella vulgaris growth is mentioned above, the various concentrations of NaCl in each bioreactor were adjusted for obtaining
the suitable concentration of NaCl on their growth. Moreover, the level of NaCl was organized to realize its effect on the growth rate
and the lipid content of Chlorella vulgaris.

Table 2 Initial characterization of frozen seafood effluent

Parameter Unit Frozen seafood effluent
pH - 7.8+0.06
Turbidity NTU 10.5+4.7
Temperature °C 29.9+2.3

COD mg/L 10248.3

TDS mg/L 1,010+314

TKN mg/L 140+4.8

TP mg/L 18.5+£8.5
Salinity ppt 1.34+0.01

Table 3 Various of salinity concentrations in the photo bioreactor before cultivation

Reactor R1 R2 R3 R4 R5
Salinity concentration (ppt) 1.34+0.01 1.47+0.0 2.96+0.04 4.33+0.05 6.11+0.05

3.2 The monitoring parameters
3.2.1 Salinity change

The amount of salinity was measured daily to observe the changing of it and how does it effect on microalgae. This point would
explain how salinity changes in cultivation bioreactor. The changing of salinity in the frozen seafood effluent shows in Figure 4.
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Figure 4 Changing of salinity in the effluent
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The salinity in R1 and R2 was decreased gradually since Day-0 until the end of cultivation. The decreasing of salinity in R1 and
R2 was from 1.34+0.01 ppt to 1.14+0.0 ppt and 1.47+0.0 ppt to 1.24+0.1 ppt, respectively. Nevertheless, the salinity in R3 was
decreased from Day-0 to Day-5 which was from 2.96+0.04 ppt to 2.75+0.0 ppt, respectively, and increased on Day-6 which was
2.77+0.0 ppt. The salinity is one of an important condition for plant’s life and able to inhibit their photosynthetic metabolism [19].
Thus, the salinity was decreased because the salinity is consumed by microalgae cell. While the evaporation can be a cause of increasing
the salinity in the cultivation medium [6].

3.2.2 pH Change

The changing of pH in the effluent medium is shown in Figure 5. In this research, the pH was differently changed in each
photobioreactor by natural. The pH in R1 and R2 was increased from 8.5+0.1 to 8.7+0.1 and 8.4+0.5 to 8.4+0.2, respectively, from
Day-1 to Day-4. The pH in both R decreased from 8.3+0.7 to 6.5+0.0 in R1 and 8.1+0.6 to 6.2+0.0 in R2 from Day-5 to Day-6.
Whereas pH in R3, R4, and R5 was increased from 8.4+0.3 t0 8.8+0.2, 8.4+0.3 to 9+0.2, and 8.5+0.2 to 9+0.1, respectively, from Day-
1 to Day-3. The pH decreased from 8.5+0.5 to 6.1+0.0 in R3, 8.84+0.2 to 7.6+0.0 in R4, and 8.9+0.1 to 8.9+0.0 in R5. It was observed
that pH increased during 3 to 4 days and decreased after that day until the end of cultivation. The increasing of pH is impacted from
the synthesis and carbon dioxide absorption of microalgae during daytime [4]. Moreover, the microalgae used bicarbonate (HCOs") as
carbon dioxide (COz) then they released hydroxyl ion into the water that cause to decrease bicarbonate (HCOs) and then pH is increased
[20]. Nevertheless, the decreasing pH is revealed that it is impacted from the respiration process of microalgae at night time [4]. The
minimum and maximum pH of all bioreactors were 6.1 and 9.0 which were observed as the suitable condition for Chlorella vulgaris
growth because it could grow well in this range of pH. Therefore, it was demonstrated that Chlorella vulgaris could grow in the range
from 4 to 10 of pH conditions [21].
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Figure 5 Changing of pH in the effluent
3.2.3 Temperature change

The temperature changed differently in each day. This research showed that the minimum and maximum of temperature, which
were 25+0.2°C and 29+0.0°C, respectively. Moreover, it was observed that a range of temperature from 25°C to 29°C is the optimal
temperature for Chlorella vulgaris growth. Similarly, it was reported that the optimum temperature for Chlorella vulgaris growth was
from 25°C to 30°C [22]. The previous study revealed that the suitable temperature for Chlorella vulgaris was at 30°C, but its growth
rate decreased at 35°C and died at 38°C of temperature [21].

3.2.4 Microalgae growth

The Chlorella vulgaris was cultivated for 6 days. It was cultivated under various salinity conditions which operated in each
photobioreactor. The Chlorella vulgaris growth was defined by direct cell count, optical density, dry cell weight, biomass productivity
and specific growth rate.

The microalgae cells were counted initial and final of cultivations to compare each other (Figure 6). The initial cell count of R1,
R2, R3, R4 and R5 was 4.275x10° cells/mL, 3.625x106 cells/mL, 4.65x10° cells/mL, 2.025x108 cells/mL and 4.35x10° cells/mL,
respectively. The final cell count was 6.2x108 cells/mL, 5.925x10° cells/mL, 5.9x106 cells/mL, 7.925x108 cells/mL and 8.075x10°
cells/mL, respectively. As this result, it was observed that the cell number of R1 to R3 were similar and the cell number of the last
other three reactors was also similar. In this research, the cell count of all reactors was increased under various salinity concentrations
at the end of microalgae cultivation. It can be noticed that the cell count of Chlorella vulgaris was increased in high salinity
concentration.

The optical density (OD) and dry cell weight (DCW) are the essential monitoring parameters to recognize microalgae growth daily
(Figure 7). The maximum optical density (OD) of R1, R2, R3 and R4 was 0.16+0.0, 0.25+0.0, 0.22+0.0 and 0.24+0.0, respectively.
The maximum dry cell weight (DCW) of R1, R2, R3, and R4 was 1.18+0.0 g/L, 1.79+0.0 g/L, 1.6+0.0 g/L and 1.7+0.0 g/L,
respectively. The maximum optical density (OD) and dry cell weight (DCW) of R1 to R4 were reached on Day-6. Whereas, the
maximum optical density (OD) and dry cell weight (DCW) of R5 were 0.18+0.04 g/L and 1.29+0.3 g/L which reached on Day-4,
respectively. The previous research found that Chlorella vulgaris reached the maximum biomass concentration was 1.13 g/L, 1.01 g/L,
and 0.74 g/L under 15 g/L, 30 g/L and 45 g/L of NaCl, respectively [11].
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Figure 7 Effect of different salinity concentrations on Chlorella vulgaris growth as dry cell weight (DCW)

The maximum biomass productivity of R1, R2, R3, R4 and R5 was 0.22+0.2 g/L/d, 0.38+0.0 g/L/d, 0.26+0.8 g/L/d, 0.27+0.0
g/L/d and 0.44+0.3 g/L/d, respectively. The maximum growth rate of R1, R2, R3, R4 and R5 was 0.299+0.3 d-%, 0.467+0.3 d*%,
0.356+0.3d?%, 0.333+0.3 d"* and 0.518+0.3 d-%, respectively. The maximum biomass productivity and growth rate of R2 to R5 under
the sodium chloride (NaCl) adding were higher than that R1. The highest biomass productivity and growth rate were observed in R5.
The previous study revealed that Chlorella vulgaris growth was reduced under different salinity increment that were 0 M, 0.26 M, 0.51
M and 0.77 M [11]. Nevertheless, it was able to enhance the growth under the 0.025 M, 0.05 M, 0.075 M, 0.10 M, and 0.125 M of
salinity concentration in this research. The previous research discovered that algae could grow under the 0.05 M, 0.15 M and 0.20 M
of salinity concentration [5]. Thus, it can be assumed that the 0.025 M, 0.05 M, 0.075 M, 0.10 M, and 0.125 M of salinity concentration
were the suitable condition for Chlorella vulgaris cultivation.

3.2.5 Lipid content

Lipid content was extracted before and after cultivations to compare each other. The lipid content of various concentrations of
sodium chloride (NaCl) is shown in Figure 8. The lipid content of Chlorella vulgaris was increased in different concentrations of
salinity. The lipid content of R1, R2 and R4 was found 2.82+0.5%, 2.2+0.8% and 1.83+0.8%, respectively, while the initial value of
lipid content was 1.65+0.8%. It showed that the R1, R2, and R4 were slightly increased, compared to the initial value of lipid content.
However, it was not shown the increasing lipid content trend in salinity increment between these photobioreactors.

These results were similar to the previous study, which reported that the lipid content of some microalgae such as M. subterraneus,
Dunaliella spp., Nannochloropsis sp., Chlamydomonas nivalis and Chlorella vulgaris was enhanced slightly in the increasing of
salinity concentration [11]. However, the lipid content of R3 and R5 was known 1.31+0.7% and 0.68%0.1%, respectively. The lipid
content of R3 and R5 was lower than the initial value. The previous research showed the opposite result that the lipid content of
Chlorella vulgaris increased about 12%, 13.5%, and 16% with 15 g/L, 30 g/L, and 45 g/L of salt (NaCl), respectively [11]. The lipid
content of Chlorella sp. was reported that increased from 12.57+0.56% to 43.84+0.40% under salinity enhancement from 0.005 M to
0.025 M, respectively [10].
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Figure 8 Lipid content of various concentration of salinity
3.2.6 Efficiency of nutrient uptake

The properties of frozen effluent after Chlorella vulgaris cultivation are shown in Table 4. In this research, the frozen seafood
effluent used as the nutrient which the nutrients were TKN and TP for Chlorella vulgaris cultivation. These parameters were analyzed
at the end of cultivation to determine the efficiency of nutrient uptake. The initial concentration of TKN and TP was 143+12.5 mg/L
and 12.5+6.15 mg/L, respectively. The final concentration of TKN and TP was 48.44+35.6 mg/L and 9.28+4.5 mg/L of R1, 41.86+32.3
mg/L and 10.04+5 mg/L of R2, 38.71+28.2 mg/L and 10.08+5.8 mg/L of R3, 53.06+35.4 mg/L and 9.57+4.5 mg/L of R4, 61.39 + 5.8
mg/L and 9.75 £ 5.3 mg/L of R5, respectively. In addition, the efficiency of TKN and TP uptake was 66.13% and 46.97% of R1,
70.73% and 42.63% of R2, 72.93% and 42.40% of R3, 62.9% and 45.31% of R4 and 57.07% and 44.29% of R5, respectively.

Table 4 Properties of frozen seafood effluent after cultivation

Parameter R1 R2 R3 R4 R5

pH 7.5+2.0 7.3£1.9 7.3£1.6 8.0£1.5 8.910.1
TKN (mg/L) 48.4+35.6 41.9+£32.3 38.7+28.2 53.1+35.4 61.4+5.8
TP (mg/L) 9.3t4.5 10.0£5.0 10.1+5.8 9.6£4.5 9.845.3
COD (mg/L) 128+45.2 63.2+4.1 51.9+3.35 30.9+4.25 20.6+3.4
TDS (mg/L) 1,030+42.2 1,156+24.0 2,596+36.6 4,400+48.6 5,5636+77.2
Turbidity (NTU) 46%1.2 41+14 3.4+0.0 4.3+0.1 3.4+0.1
Salinity (ppt) 1.2+0.1 1.3+0.1 2.840.0 4.2+0.2 5.8+0.2
4. Discussion

The pH in all photobioreactors was increased during Chlorella vulgaris cultivation. The previous research reported that the pH
increased when the microalgae synthesized and consumed carbon dioxide at the daytime [4]. The salinity increment leads to increase
the lipid content is known that high salinity may impact on the osmotic concentration in microalgae cell [23]. Additionally, the salinity
is the important stress factor for microalgae, which induces to alter the metabolism for their nutrient uptake, toxic ion accumulation,
osmotic stress, and oxidative stress [24]. In a plant cell, the reactive oxygen species (ROS) are generated under stress condition for
example high salinity. Moreover, the oxidative stress induces to produce the ROS accumulation in microalgae. The ROS causes to
change the function of cell in the structure of lipid peroxidation, protein oxidation and DNA destruction [ 25, 26]. Furthermore, the
superoxide dismutase (SOD) and catalase (CAT) are the anti-oxidation enzymes. The enzymes are related to the detoxification of ROS
and preventing of cell damage under stress condition [25]. Nevertheless, the increasing of salt condition led to reduced polyunsaturated
lipid production [11]. The previous research reported that the salinity could be increased due to the evaporation of the daytime [6]. The
salinity could block the photosynthesis but Chlorella vulgaris was able to grow normally because it was cultivated in the suitable
salinity concentration [5]. Compared to other studies, the microalgae produced the lowest lipid content at 0.88% in freshwater treatment
which was lower than the results above in this research [23].

TKN and TP could be uptake from 55.9% to 72.9% and 42.4% to 46.9%, respectively. The previous study showed that TKN and
TP could be uptake from 72% to 85% and 57% to 77%, respectively, which were higher than the result of this research [18]. However,
the other study demonstrated that total nitrogen (TN) and TP could be uptake from 11.9% to 74.3% and 22.5% to 94.8%, respectively
[27]. Thus, the previous study result showed the similarity of TKN uptake efficiency range, and it was a higher range of TP uptake
efficiency which are compared to this research. It can be assumed that Chlorella vulgaris has efficiently to uptake the nutrient from
frozen seafood effluent. Under saline conditions, Chlorella vulgaris could adjust their biochemical identity, change biomass yield, and
the efficiency of pollutant removal.

5. Conclusions
The effect of salinity concentrations on the lipid content of Chlorella vulgaris cultivation was observed in this research. The salinity

concentrations of frozen seafood effluent before cultivation for R1, R2, R3, R4 and R5 was 1.34+0.01 ppt, 1.47+0.0 ppt, 2.96+0.04
ppt, 4.33+0.05 ppt and 6.11+0.05 ppt, respectively. The lipid content of Chlorella vulgaris after cultivation was 2.82+0.5%, 2.20+0.8%,
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1.31+0.7%, 1.83+0.8%, and 0.68+0.1% for R1, R2, R3, R4 and R5, respectively. The salinity in effluent for cultivation could increase
the lipid content of Chlorella vulgaris. But too high salinity concentration led to the slow growth of microalgae. The R1 (the original
frozen seafood effluent) provided the maximum lipid content of Chlorella vulgaris after cultivation. Therefore, it can be concluded
that the salinity concentration in the original frozen seafood effluent as a saline wastewater from the factory was enough for the
Chlorella vulgaris cultivation, and the nutrients in frozen seafood effluent were also removed.
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