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Abstract
Cultivation of the microalgae in the wastewater has gained profound interest in recent years owing to the significant advan-
tages like removal of nutrients from the wastewater. In general, the growth of the microalgae Coelastrella sp. on the swine 
wastewater is effective despite the presence of pollutants. The current study discusses the removal of concentration of nitrate, 
ammonia and phosphorous in the wastewater. Further, the biomass productivity and lipid content of Coelastrella sp. were also 
determined. Based on the procured results, the concentrations of the total phosphorus and ammonia nitrogen were decreased 
with the culturing duration. On the other hand, the copper oxide recorded the spike pattern along the cultured time. In contrast 
with the content of the ammonia and copper inhibiting the growth of the Coelastrella sp., with regard to the biomass and 
lipid productivity rate, the pre-treated wastewater reported superior growth rate of microalgae then untreated water. Aeration 
pre-treatment reduced the ammonia and copper contents in the wastewater which enable the impressive growth rate. The 
obtained average biomass and lipid productivity were 81.5 mg/ld and 19.5 mg/ld, respectively.

Keywords  Microalgae · Heavy metal · Wastewater · Lipid content · Nitrate

Introduction

Handling of the swine wastewater remains challenging dur-
ing the purification process owing to the chemical oxygen 
demand (COD) and biological oxygen demand (BOD). 
Due to the presence of highly suspended solids and sludge, 
the pre-treatment procedure is environmentally hazardous 
(Anushree and Sharma 2017; Brindhadevi et al. 2020). Fur-
ther, the use of the swine wastewater to the value-added pur-
pose, such as agriculture, is not viable due to the presence 
of heavy metal. Thus, removal of the toxic heavy metals is 
seemingly important to re-use the wastewater. One of the 
best and inexpensive techniques to absorb the metals in the 
wastewater is the cultivation of microalgae. Microalga is an 
important source for the production of the biomass to sat-
isfy the energy demand via bio-fuel production (Sekar et al. 
2021; Ganesan et al. 2020). As the fossil fuels are depleting, 

many scholars believe that the utilization of renewable 
resources found to be crucial source for environmental pro-
tection and promote sustainability, microalga is considered 
to be better solution for its impressive productivity and its 
environmentally friendly nature (Praveenkumar et al. 2019; 
Meddah et al. 2020; Anderson et al. 2020). Besides, the 
rate of the photosynthesis is nearly 50 times higher than 
the terrestrial plants. Another key thing to remember is that 
the algae can be used as the major food source when they 
are commercialized sufficiently but the microalga has not 
been treated as the primary source of energy due to the high 
requirements of nutrients and water requirements (Kim et al. 
2021; Brindhadevi et al. 2021). Hence, cultivating them in 
the wastewater in an optimized way expected to be phenom-
enal. Typically, microalgae grow in all sorts of the waste-
waters without any difficulty. From the municipal wastewa-
ter to industrial wastewater, the algae have the capacity to 
grow without any difficultly. However, the growth is affected 
due to the presence of high toxic metal content, such as 
ammonia, nitrogen and phosphorous (Rashid et al. 2019; 
Sliesarenko et al. 2020; Zhu et al. 2018). The growth rate 
of the microalgae is hindered due to the large consumption 
of the harmful pollutants. Many investigations proved the 
production of bio-fuel from the biomass and use of them as 
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the energy source to power the automotive engines (Gaikwad 
et al. 2021).

Li et al. (2018) studied the Coelastrella sp. growth in 
the swine wastewater. It is revealed that the concertation 
of Zn (II) reduced the growth of the microalgae and nutri-
ent removal. The presence of the Zn (II) in the wastewater 
reduces the value of pH and volatilization. On the other 
hand, the Coelastrella sp. reported the 62.3% removal effi-
ciency of NH3–N for the lower concentration of Zn (II) 
(Li et al. 2018). Besides that, the growth of the algae also 
dropped the level of total phosphorous to 77% for 8 mg/l. 
Cheng et al. reported the toxic contents in the wastewater 
that impact the microalgae growth and cultivation. Alga in 
the swine wastewater depends on the nutrients, toxic level 
and cultivation. The above review presented the various 
types of the microalgae species and its treatment for higher 
productivity rate (Cheng et al. 2019). Pengfeicheng et al. 
cultivated the microalgae Tribonema sp. and Synechocystis 
which spin the wastewater with rich lipid and protein con-
tents. Cultivation of the microalgae typically reduces the 
requirement of the nutrient intake and make the microalgae 
economical and inexpensive. Besides, the growth of micro-
algae removes the toxic metal presence, such as ammonia, 
phosphorus, copper and nitrogen. To enhance the process 
of the treatment, the TiO2 nanoparticles were employed. On 
the other hand, the growth of microalgae with the pre-treated 
wastewater generates higher biomass productivity compared 
to non-treated wastewater (Salama et al. 2017). Meanwhile, 
the pre-treated wastewater reduces the pollutant NH3–N, 
TP, and COD concentrations at higher rates than the non-
intense pulsed light wastewater (Cheng et al. 2020a). From 
the above, it is clear that growing the microalgae serves two 
purposes with the removal of toxic metallic content in waste-
water by the absorption of nutrients abilities and production 
of the biomass. In this study, microalgae strains were culti-
vated in the swine wastewater to capture the heavy metals’ 
presence in the wastewater.

Materials and methods

Microalgae cultivation and wastewater collection

Initially, the microalgae were isolated from the local pond 
near the piggery farm located in Tamil Nadu, India. After 
procuring the strain, they were identified based on the 
morphology and rDNA sequencing. The obtained micro-
algae were cultivated in incubator at 26 ± 1 °C using the 
blue–green BG11 medium in a 500 ml flask (Luo et al. 
2016; Wan et al. 2019). Twice in a day, they were shaken 
to radiate light evenly. The collected swine wastewater was 
pre-treated before the cultivation of the microalgae. Three 
types of the wastewater are considered, such as ordinary, 

aerated wastewater and diluted wastewater. The swine waste-
water was diluted with distilled water and forms DSW. On 
the other hand, the collected water was aerated in an open 
atmosphere for one week to form ASW. All three collected 
samples underwent sedimentation and filtration. After the 
filtration (using the 100 µm sieve mesh), they were centri-
fuged at 8000 rpm for 8–10 min and autoclaved at 120 °C 
for at least 40 min. The concentration of the pollutants was 
measured and the treated water was maintained for future 
process at 3 °C.

Analytical methods

The concentrations of the NH3–N and TP were measured 
using standard wastewater monitoring and analysis proce-
dure was done using the atomic absorption spectroscopy 
(Franchino et al. 2016). The mass of the algal biomass yield 
and productivity in mg/l day were measured using the below 
Eqs. (1) and (2).

where Xmc maximum concentration, Xic initial concentration, 
dt duration of days, W dry weight of the microalgae.

The ammonia nitrogen and total phosphorus were 
obtained from the first-order kinetic model based on the 
earlier studies (Li et al. 2020). Further, the fatty acid methyl 
ester (FAME) and lipid were also determined. The FAME 
content of the dried algae samples was found using transes-
terification technique (Gao et al. 2018).

Results and discussion

Effect of cultivation time on removal of total 
nitrogen (TN)

Figure 1 represents the Coelastrella sp. strain on the removal 
of the toxic pollutant NH3–N. From the obtained results, 
it is evident that the NH3–N content has been decreased 
significantly as the number of cultivation days increased. 
Until 8 days, the content of the NH3–N was dropped mas-
sively. Once the cultivation day goes beyond the day 10, 
the removal efficiency is dropped for all test samples (Luo 
et al. 2016; Li et al. 2020). In specific, the ASW sample 
reported higher removal of the pollutant compared to DSW 
and SW. Besides, the DSW and SW are not creating high 

(1)Algal biomass yield(mg∕l) = Xmc − Xic

(2)Algal biomass productivity(mg/ld) =
Xmc − Xic

dt

�

(

1

d

)

=
lnW2 − lnW1

Final time − beginning time
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impact on the removal of the toxic pollutants like DSW due 
to the volatilization and dominant removal mechanism. For 
instance, at day 4, the contents of the NH3–N for SW, DSW 
and ASW were 100 mg/l, 60 mg/l and 120 mg/l, respec-
tively. On comparing with the DSW, the ASW reported 50% 
higher removal efficiency. The obtained results revealed that 
the pre-treated wastewater is essential for the removal of 
toxic metallic contents in the swine wastewater (Cheng et al. 
2020b; Bhatia et al. 2021). The ASW increased the removal 
of NH3–N content due to the better removal ability of the 
Coelastrella sp. cells (Tong et al. 2020). Meanwhile, the 
distilled water reduces the volatilization of the pollutants 
(Muñoz and Guieysse 2006; Gonçalves et al. 2017). On the 
other hand, as the cultivation time increased Coelastrella sp., 
performance was lowered as represented in Fig. 2. For exam-
ple, the removal of TN for the day 4 of SW, DSW and ASW 
was 122 mg/l, 55 mg/l and 95 mg/l which is 23%, 20%, and 
14% of the removal efficiency compared to day 1. However, 
from the day 4 to day 10, values were not significant. The 
ASW reported superior removal efficiency.

Effect of cultivation time on the total phosphorus 
(TP) removal

Figure  2 represents the effect of coelastrella sp. strain on 
phosphorus removal. The content of the phosphorous in 
the wastewater restricts the growth of microalgae. Removal 
of the P-loads from the wastewater increases the growth 
and biomass productivity of the microalgae. Initially, the 

concentrations of the total phosphorous were impressively 
dropped until day 8. Once the cultivation time reached 
beyond the day 8, the removal of TP decreased. Further-
more, the role of pre-treatment was crucial. At day 4, the TP 
contents for the SW, ASW and DSW were 35 mg/l, 19 mg/l 
and 11 mg/l which were further reduced to 26.55 mg/l, 
10.55 mg/l and 9 mg/l on day 10. The TP content was 
decreased as the cultivation time was increased. After the 
keen observation, it is noted that the TP content was not 
dropped below 3.2 mg/l despite the treated test wastewater 
samples.

The removal efficiency of the phosphorous is low due to 
the significance of the presence of zinc in the wastewater. In 
general, zinc concentration on the wastewater decreases the 
growth rate of the microalgae and also decreases the P recov-
ery from the wastewater. According to the previous report, 
the TP can be removed through sedimentation process. Thus, 
the aeration treatment considered to be the effective method 
in the removal of the pollutants. However, with regard to 
the P recovery, the ASW method is considered to be more 
effective since the recovery of the TP, which is twofold times 
higher than DSW. However, compared to ASW and DSW, 
the neat SW reported the profound response on removal of 
the TP pollutants in the swine wastewater.

Effect of the microalgae biomass on pretreatment

Figure 3 represented the dynamic changes in the cultiva-
tion of the biomass based on the pre-treatment process. The 

Fig. 1   Changes in total nitrogen 
concentration at various waste-
water pretreatment
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biomass production rate was calculated for different pre-
treatment procedures and compared to each other to analyze 
the effects of the metallic content affecting the growth of 

the microalgae (Tong et al. 2020). From the representation, 
it is crystal clear that the algal biomass was tremendously 
increased at the initial stage of the cultivation time, i.e., 

Fig. 2   Changes in total phos-
phorous concentration at vari-
ous wastewater pretreatment

Fig. 3   Algal biomass produc-
tivity for various wastewater 
pretreatment



Applied Nanoscience	

1 3

0–4 days. As the cultivation days exceeded beyond 10 days, 
the accumulation of the biomass was dropped massively. 
This effect was observed for all types of the treated and non-
treated samples. The DSW sample reported less biomass 
production compared to ASW and SW. On the other hand, 
the ASW reported the higher biomass yield and biomass 
productivity which was more than 0.5-fold times large. 
Another key thing to remember is the concentration of the 
TP and TN resisting the growth of the Coelastrella sp. (Luo 
et al. 2016). Compared to the other treatment procedures, 
the ASW reported high biomass productivity than SW 
and DSW. For instance, at day 2, the ASW, SW and DSW 
biomass productivities were 0.28 g/l, 0.24 g/l and 0.19 g/l 
which were not increased until the day 6. After day 6, the 
productivity of the biomass took a huge spike in the algal 
biomass rate. For better clarity, compared to the day 2, the 
day 8 reported 72.7%, 70.9% and 50% increase in the algal 
biomass. Compared to the SW and DSW, the ASW reported 
25% and 34% increase in the productivity.

Effects of pre‑treatment on the chlorophyll 
contents, lipid content and productivity

Figure 4 shows the variation of the chlorophyll accord-
ing to the cultural time. Initially the chlorophyll contents 
for the collected samples were 1.51 mg/l, 1.55 mg/l and 

1.45 mg/l. The requirement of the chlorophyll content was 
close until day 6. After day 6, there was a drastic change in 
the chlorophyll content on day 10. For instance, on day 10, 
the chlorophyll was threefold, fivefold, and 2.5-fold higher 
compared to the day 2. This is due to the cultural growth 
of the microalgae. However, the chlorophyll content was 
close to each other at the end of the cultivation time of 
22 g/l, 25 g/l and 19 g/l, respectively, for SW, ASW and 
DSW (Narayanan et al. 2018).

The lipid content for the algal biomass was determined 
using the sulpho-phospho-vanillin (SPV) colorimetric 
method. Figure 5 shows the lipid content and productivity 
of Coelastrella sp. cultured in the SW, DSW and ASW. 
The samples SW, DSW and ASW reported 6.55 mg/ld, 
12.55 mg/ld and 18.5 mg/ld, respectively. The productiv-
ity of the lipids for the ASW-treated swine wastewater 
was threefold times higher than the SW and twofold times 
higher than DSW (Luo et al. 2016). Despite the huge dif-
ference in the productivity, the lipid content of the SW, 
DSW and ASW was close to one another. For instance, the 
SW, ASW and DSW lipid content was 17.2%, 16.5% and 
15.5%. Due to the higher growth of algal in ASW, the lipid 
productivity was impressively higher than other samples 
reaching 18.5 mg/ld. Compelling all the above, the aera-
tion pre-treatment procedure is one of the best practices 
compared to dilution process.

Fig. 4   Chlorophyll content 
for various wastewater pre-
treatment
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Conclusion

This study demonstrated the removal of the toxic pollutants 
from the swine wastewater using the Coelastrella sp. On the 
other hand, the effects of the pretreatment procedures on the 
total nitrogen, total phosphorous, biomass yield, chlorophyll 
and lipid content were analyzed. From the findings, it is clear 
that the SW reported higher total nitrogen and total phos-
phorus removal compared to the ASW and DSW. Pre-treat-
ment procedures reduced the volatilization and assimilation 
of the total nitrogen. On the other hand, the growth of the 
Coelastrella sp. was limited due to the presence of the TN 
and TP and the long cultivation time. Besides, Coelastrella 
sp. growing on the ASW reported the higher biomass yield 
than DSW and SW. The maximum biomass production was 
1.35 mg/l for ASW. Furthermore, the lipid productivity was 
40% and 89% higher than the DSW and SW. With regard to 
the chlorophyll content, the ASW recorded 27% and 12% 
higher values than DSW and SW.
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