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INTRODUCTION

Water is the primary resource needed by liv-
ing things. Water is widely used for individual 
needs, groups, domestic activities, agriculture, 
and industrial-scale needs. Population and indus-
trial growth increase the need for clean water. All 
forms of human activity that utilize water cannot 
be separated from the residue or waste produced. 
Environmental contamination, particularly wa-
ter pollution, can result from the usage of water 
without the waste being processed. Water pollu-
tion can result from all forms of water utilization 
activities above. Pollution can occur due to a lack 

of processing of the wastewater produced and us-
ing chemicals or other materials in massive quan-
tities, so they become the primary source of water 
pollution. The presence of heavy metals in aquatic 
systems became one of the water contaminations.

Pb is one of the environmental pollutants in 
soil, water, and air, and it is widely discussed be-
cause of its impacts. The Pb pollution in water 
can come from various activities, such as leach-
ate from final disposal sites, industrial activities, 
byproducts from industrial processes, and daily 
human activities, which then pollute surface wa-
ter, such as reservoirs, rivers, and marine pollu-
tion (Adani et al., 2018; Chowdhury et al., 2022; 
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Handriyani et al., 2020; Putra et al., 2020). Many 
human activities are also conducted in sea waters, 
especially ports. Some examples of activities in-
clude loading and unloading coal, ship passenger 
activities, and other activities that can pollute 
seawater quality in ports or coastal areas. Recent 
research states that there has been Pb pollution in 
the waters of Tanjung Emas Port, Semarang City, 
Central Java (Sulistyo et al., 2024). The concen-
tration of Pb found ranged from 0.390 - 0.640 
mg/L. This concentration value has exceeded 
the applicable quality standards. Referring to At-
tachment VIII of the Government Regulation of 
the Republic of Indonesia Number 22 of 2021 
concerning the Implementation of Environmen-
tal Protection and Management (Lampiran VIII 
Peraturan Pemerintah Republik Indonesia Nomor 
22 Tahun 2021 Tentang Penyelenggaraan Per-
lindungan Dan Pengelolaan Lingkungan Hidup), 
the maximum limit for the concentration of Pb in 
seawater for port use is 0.05 mg/L.

The presence of Pb is also a concern for liv-
ing things, especially fish. Several types of ma-
rine fish can accumulate heavy metals in massive 
quantities, which can become a food chain path-
way until human consumption. Various kinds of 
marine fish also have heavy metal quality stan-
dards to fulfill the requirements of ingredients 
that humans can consume. Another study stated 
that there has been a significant accumulation of 
lead in green mussels that live in seawater with 
a concentration of Pb that does not exceed the 
quality standard (Simbolon, 2018). Therefore, Pb 
can also cause unfavorable conditions at small 
concentrations and be dangerous for other living 
things. Accumulation of Pb in the human body 
can cause various negative impacts such as in-
hibiting enzyme activity, disrupting metabolism, 
inhibiting fetal development, and causing kidney 
damage (Malik et al., 2021). 

On the basis of the conditions of Pb pollution 
in port and coastal waters, a form of wastewater 
treatment and environmental management of wa-
ter contaminated with heavy metals is needed. 
In managing an environment contaminated with 
heavy metals, the treatment must focus on the 
contaminated media, such as seawater in the port 
area. From the perspective of sustainable environ-
mental management, addressing seawater con-
tamination by heavy metals is a critical priority, 
as it poses significant threats to both aquatic eco-
systems and human health. The urgency of sea-
water management, processing polluted seawater, 

and maintaining aquatic ecosystems are among 
the main focuses in realizing the Sustainable De-
velopment Goals (SDGs), which are currently 
being widely promoted. Indonesia is one of the 
countries that support and participate in realizing 
the 17 Global SDGs. One of the goals for manag-
ing seawater pollution is the SDGs number 14, 
Marine Ecosystems (BAPPENAS, 2023).

There are various methods for managing con-
tamination with heavy metals in seawater. One of 
the management methods that can be applied is 
the remediation method. Remediation technology 
provides multiple methods to restore water con-
taminated with heavy metals. This management 
can be done physically, chemically, biologically, 
and integrated between them. Remediation meth-
ods have also been widely developed so that exist-
ing natural resources could be can utilized in the 
processing of contaminated media. Several con-
siderations need to be taken into account in choos-
ing a remediation method, such as the amount of 
pollution, the contaminated area, environmental 
conditions, the remediation method, and the ap-
plication of the selected method. On the basis of 
those considerations, remediation by utilizing liv-
ing things became an option that can be used and 
offers more significant advantages. The bioreme-
diation method using microalgae is one solution 
for treating water contaminated with heavy metals 
by combining sustainable natural resources.

Many types of microalgae can be used to re-
mediate the water contaminated with heavy met-
als, especially in seawater. Chlorella vulgaris is 
one type of microalgae that can be used to reme-
diate the water contaminated with Pb. Research 
on the ability of Chlorella vulgaris has begun to 
be conducted to determine its ability to remove 
heavy metals. Chlorella vulgaris can also remedi-
ate heavy metals, such as Cr and Hg. Chlorella 
vulgaris can remove 11% chromium (VI) at a con-
centration of 5 mg/L (Maysitha and Titah, 2024), 
and remove mercury content by 61.34% at a mer-
cury concentration of 0.3 mg/L (Dienullah and Ti-
tah, 2023). These microalgae can survive in the 
media contaminated with heavy metals and high 
salinity. In addition, Chlorella vulgaris can reduce 
the concentration of heavy metals in water media 
through several mechanisms. Microalgae emerge 
as a favorable option for remediation methods that 
prioritize cost-effectiveness and ecological sus-
tainability (Chakravorty et al., 2023).

Microalgae are single-celled organisms 
capable of harnessing light energy through 
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photosynthesis, using CO₂ from their growth me-
dium and converting it into chemical energy (Es-
teves et al., 2024; Razzak et al., 2024). They play 
a vital role in environmental quality restoration, 
and numerous studies have examined their poten-
tial to remediate polluted environments. Micro-
algae have several mechanisms or strategies for 
protecting themselves, such as metallothionein 
synthesis, biosorption, antioxidant production, 
and anticancer potential (Hamai-Amara et al., 
2024). The strategies used by microalgae in re-
moving heavy metals include passive extracellu-
lar adsorption/biosorption on the cell surface and 
active intracellular diffusion and accumulation/
bioaccumulation (Chakravorty et al., 2023).

Chlorella vulgaris is included in the group 
of single-celled green microalgae and contains 
chlorophyll, which is used for photosynthesis. 
Chlorella vulgaris can also accumulate high 
amounts of carbohydrates under certain condi-
tions (Ammar, 2016). Chlorella vulgaris has 
walls composed of cellulose with a chemical 
structure consisting of OH groups. Therefore, 
cellulose in Chlorella vulgaris can be an adsor-
bent in capturing heavy metal ions (Dewi and 
Nuravivah, 2018). Chlorella vulgaris is one of 
the most abundant and easily found algae in 
waters. Chlorella vulgaris can be found in both 
freshwater and seawater. Chlorella vulgaris has 
the following classification:
 • Domain: Eukaryota,
 • Kingdom: Plantae,
 • Division: Chlorophyta,
 • Class: Tre-bouxiophyceaefig,
 • Order: Chlorellales,
 • Family: Chlorellaceae,
 • Genus: Chlorella,
 • Species: Chlorella vulgaris.

On the basis of the explanation above, Chlo-
rella vulgaris has excellent potential to restore 
environmental quality. Therefore, a study was 
conducted to determine the response of microal-
gae in media with salinity levels and heavy metal 
concentrations of Pb. This study served as the 
first stage in determining the potential that could 
be produced from Chlorella vulgaris.

MATERIAL AND METHODS

The research was conducted at the en-
vironmental remediation laboratory of the 

Environmental Engineering Department at Insti-
tut Teknologi Sepuluh Nopember, Surabaya. The 
study was conducted on a laboratory scale using a 
plastic reactor with 1 L capacity.

Microalgae stock

The Chlorella vulgaris microalgae were 
obtained from Balai Perikanan Budidaya Air 
Payau (Brackish Water Aquaculture Develop-
ment Center), Situbondo Regency, East Java, 
Indonesia. As a source of nutrition for microal-
gae, additional nutrients are used in the form of 
walne, vitamins, and trace metals. The number 
of Chlorella vulgaris microalgae stocks used in 
this study was 10% of the total observation vol-
ume with the initial cell density being + 347 × 
104 cells/mL. Nutrients were added at a dose of 1 
mL/L on day 0 and day 7.

Media preparation

The heavy metal lead media contamination 
used in this test was artificial. The media consist-
ed of distilled water, NaCl as a source of media 
salinity, lead heavy metal, and added nutrients. 
The salinity level used in this test was 20‰, pre-
pared by diluting NaCl salt in distilled water. The 
20‰ salinity was chosen regarding the previous 
research which stated that the Chlorella vulgaris 
microalgae can grow well at a salinity level of 
20‰ (Maysitha et al., 2024). The concentrations 
of heavy metals used in this study were 0 mg/L 
as a control, 1 mg/l, 3 mg/l, 5 mg/l, 7 mg/l, and 
9 mg/l. The difference in the concentration of Pb 
was carried out using the dilution method from 
the stock solution. The Pb stock solution was 
diluted by 0.16 grams of Pb(NO3)2 in 100 mL 
of distilled water. In addition, additional nutri-
ents were also used in the media. The nutrients 
used consist of walne, vitamins, and trace met-
als. The composition of walne nutrients consisted 
of NaNO2, NaH2PO4, Na2EDTA, H3BO3, MnCl2, 
and FeCl3. The vitamins consisted of B1 and B12. 
The trace metal consisted of ZnCl2, CoCl2∙6H2O, 
(NH4)6∙MO7O24∙4H2O, and CuSO4∙5H2O. The nu-
trients were added at a dose of 1 ml/L on days 0 
and 7. The nutrients consisting of walne, vitamin, 
and trace metal were added at an amount of 0.5 L 
for each reactor. The total volume of the research 
was 500 mL for each reactor, consisting of 10% 
or 50 mL of microalga stock, and 90% or 450 mL 
of lead media contaminated and nutrients.
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Photobioreactor

The research used a plastic reactor equipped 
with additional lighting and an aerator as shown 
in Figure 1. The aerator operated continuously 
(24 hours) at a rate of 3 to 4 L/minute. LED cool 
daylight lights, providing approximately 1400 
lux, enhanced illumination with a daily cycle of 
12 hours on and 12 hours off. Microalgae metabo-
lism was greatly influenced by the availability of 
light or energy sources in carrying out the photo-
synthesis process (Acién et al., 2017). The supply 
of light in the cultivation process was the factor 
that most influenced the growth process of auto-
trophic microalgae (Esteves et al., 2024). Light 
was utilized by microalgae to produce ATP (ade-
nosine triphosphate), which was used for cell syn-
thesis (Razzak et al., 2024). For a certain purpose, 
artificial light sources, such as LED lamps were 
used to produce high-value products of microal-
gae and to facilitate the control of the required 
light (Mahari et al., 2024).

The monitoring of Chlorella vulgaris and 
parameters in the media

The microalgae cell density of Chlorella vul-
garis, pH, temperature, and CO2 concentration 
in the reactor are all examined in the research. 
A Yazumi microscope, made in China, was used 
to observe the number of microalgae cells. Mi-
croalgae counting field was carried out using a 
Neubauer-improved hemocytometer made in 
Germany. An EZ 9909 pH meter was used to 
measure the temperature and pH of the media. 
The CO2 concentration in the reactor was mea-
sured using a Lutron GC-2028, which was made 

in Taiwan. To determine the influence and ef-
fect of the changes on Chlorella vulgaris growth 
rate, all parameters were tracked every 24 hours 
for 14 days. The cell density and the growth rate 
of microalgae can be calculated using the col-
lected data of cells counted in a hemocytometer 
through Equation 1 and Equation 2. 
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where: N2 and N1 – number of cells in the exponen-
tial phase; T2 and T1 – time from N1 to N2.

Statistical analysis

The statistical analysis in this study was con-
ducted using the ANOVA method with the De-
sign Expert 13 by Stat-Ease 360 Trial program. 
ANOVA was employed to determine whether the 
input data were statistically significant based on 
the applied model. The primary inquiries in this 
research were whether variations in aeration in-
fluence cell density and whether different con-
centrations of lead (Pb) impact cell density over 
a 14-day observation period. There were 3 fac-
tors analyzed for the ANOVA, i.e. aeration, day 
of observation, and Pb concentration. There were 
2 aerators with capacities of 3 L/min and 4 L/min. 
The observation times were days of 0, 1, 2, 5, 6, 
7, 8, 9, 12, 13, and 14, and the Pb concentrations 
were 0 mg/L as control, 1 mg/L, 3 mg/L, 5 mg/L,7 

Figure 1. Design photobioreactor for the observation
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mg/L, and 9 mg/L. There were 132 responses to 
the microalgae cell density values. The responses 
were recorded and analyzed using ANOVA. 

RESULT

The observation of the number of microalgae 
cells shows the fluctuation and increases in the 
growth rate of microalgae. During the 14 days 
of observation, the number of Chlorella vulgaris 
cells increased and fluctuated. Compared to the 
control photobioreactor (the reactor without ad-
ditional lead heavy metal), Chlorella vulgaris 
in media with the lead concentrations 1 mg/L, 
3 mg/L, 5 mg/L, 7 mg/L, and 9 mg/L showed a 
lower increase of cells. Despite this, Chlorella 
vulgaris is still capable of surviving and prolifer-
ating. The results of this study are similar to the 
previous study, which stated that Chlorella vul-
garis with an initial cell density of 10 × 104 cells/
mL can survive in media with a Pb concentration 
of up to 9 mg/L (Anggraini et al., 2022), and also 
survive and grow in seawater media with a con-
centration of heavy metal Pb reaching 10 mg/L 
(Halima et al., 2020).

Daily observations were made on the growth 
rate of microalgae cells and media parameters to 
determine the differences in responses produced 
by microalgae to saline media contaminated 
with lead heavy metals. In addition to the data 
presented in graphical form, the response data 
of Chlorella vulgaris microalgae, consisting of 
maximum cell density, microalgae growth rate, 
and parameters produced during the observation, 
are also presented in Table 1 and Table 2.

The response of microalgae in media contam-
inated with heavy metal lead with a 20‰ salinity 
level and aeration of 3 L/min has various data. 
The maximum number of cells produced varies. 
The maximum number of cells of 16.58 × 106 
cells/mL was produced by microalgae living in 
saline media contaminated with heavy metal Pb 
of 3 mg/L. The maximum number of cells was 
produced on the 13th day of observation. Then, at 
concentrations of 4 mg/L, 7 mg/L, and 9 mg/L, 
microalgae could produce a smaller maximum 
number of cells sequentially. The maximum 
number of cells was produced on the 13th day, 14th 
day, 8th day, and 9th day, respectively. In general, 
microalgal cells experienced an increase in the 
number of cells until the 7th day, then experienced 
a decrease on the 8th day, and again experienced 

an increase in the number of cells on the 9th day 
after the re-addition of nutrients to the microalgal 
growth medium.

The response of microalgae in the media 
contaminated with lead, a salinity level of 20‰, 
and aeration of 4 L/min also yields various data. 
The graph shows the growth of microalgae cells, 
which tends to increase daily. The maximum 
number of cells produced varies. The maximum 
number of 15.12 × 106 cells/mL is produced by 
microalgae living in saline media contaminated 
with Pb in an amount of 3 mg/L. Chlorella vul-
garis microalgae in the media with heavy metal 
concentrations of 1 mg/L, 5 mg/L, 7 mg/L, and 9 
mg/L have a smaller maximum number of cells. 
The smallest maximum number of cells produced 
is in media with a lead-heavy metal concentra-
tion of 9 mg/L, 8.86 × 106 cells/mL. Observations 
were also conducted using a control reactor to 
determine the difference in response in the me-
dia with and without lead. The maximum number 
of cells produced with 3 L/minute aeration was 
16.58 × 106 cells/mL, while with 4 L/minute aera-
tion, it was 15.12 × 106 cells/mL.

Tables 1 and 2 show the maximum number 
of cells produced from each variation of heavy 
metal concentration. In addition to determining 
the maximum number of cells produced during 
the observation period, the growth rate of micro-
algae cells was also calculated in this research. 
the growth rate of microalgae was calculated dur-
ing the logarithmic growth phase. The parameters 
of the study were also measured daily. The results 
of observations of CO2 parameters in the air in the 
research reactor show a fluctuating graph with a 
downward trend. Observations on pH parameters 
show results that increase every day. While con-
ducting observations on temperature parameters, 
the data obtained fluctuated during the observa-
tion. The graph of data from observations of CO2, 
pH, and temperature parameters is presented in 
Figure 4. Data showing the most minor and most 
significant data ranges of the parameters pro-
duced are also presented in Tables 1 and 2.

Figures 2 and 3 show the response of micro-
algae in the study with variations in Pb concentra-
tions in the media and variations in aeration dis-
charge. The observation results showed that aera-
tor use affected the growth rate of microalgae cells 
within 14 days of observation. Figure 3 shows the 
reactor with 4 L/minute aeration, the Chlorella 
vulgaris microalgae continued to grow until the 
14th day of observation. Figure 2 indicates, the 
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Table 1. Empirical data on the response of the Chlorella vulgaris microalgae to media contaminated with lead at 
3 L/minute

Parameter
Concentration of heavy metal Pb (mg/L)

0 1 3 5 7 9

Growth rate (µ) (cells/mL/day) 0.263 0.514 0.412 0.280 0.251 0.360

Maximum cell density ( × 106 cells/mL) 18.78 16.24 16.58 10.44 8.92 8.88

pH 7.07–8.69 6.9–8.68 7.21–8.62 6.98–8.61 7.1–8.6 7.12–8.5

Temperature (°C) 28.9–30.9 28.8–30.9 28.4–30.1 28.7–30.3 28.8–30.4 28.1–29.8
CO2 concentration in the air of the 
reactor (ppm) 423–518 425–524 429–521 412–523 414–521 420–528

Table 2. Empirical data on the response of the Chlorella vulgaris microalgae to lead-contaminated media at 4 L/minute

Parameter
Concentration of heavy metal Pb (mg/L)

0 1 3 5 7 9

Growth rate (µ) (cells/mL/day) 0.370 0.306 0.510 0.399 0.204 0.195

Maximum cell density ( × 106 cells/mL) 25.46 14.24 15.12 11.36 11.78 8.68

pH 6.8–8.72 6.92–8.67 7.01–8.7 7.06–8.61 7.26–8.7 7.13–8.82

Temperature (°C) 28.5–30.4 28.4–30.7 28.6–30.6 28.7 - 30.5 28.6–30.8 29.2–31.4
CO2 concentration in the air of the 
reactor (ppm) 424–536 430–538 431–541 433–538 431–543 429–543

Figure 2. Microalgal responses by the 3 L/minute of aeration

Figure 3. Microalgal responses by the 4 L/minute of aeration
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reactor with 3 L/minute aeration, the Chlorella 
vulgaris microalgae began to die after the 13th day 
of observation. This condition is related to carbon 
availability in the microalgal growth medium. In 
addition, the stirring process caused by aeration 
and nutrient content also affects the growth rate 
of microalgae in controlled reactors. Similar stud-
ies also stated that the growth rate of microalgae 
increased along with the airflow rate in the batch 
reactor and the increase in nutrient concentration 
in the reactor (Ammar, 2016). The observation of 
the parameters can be seen in Figure 4. There was 
a decrease in CO2 concentration in all the reactors. 
The decrease in CO2 is related to microalgal mech-
anism in photosynthesis. Most microalgae are pho-
tosynthetic and use CO2 as well as light energy to 

synthesize carbohydrates and reduce greenhouse 
gas emissions (Devi et al., 2023). The pH value in 
the media increased during 14 days of observation. 
This is related to the mechanism of microalgae in 
carrying out photosynthesis. Microalgae can pro-
duce oxygen, which can bind to free H+ ions in the 
media to form OH- ions and increase the pH value 
in the media (Ding et al., 2020). The pH directly 
affects microalgal biochemical and physiological 
activities, which impacts their respiration, growth, 
and productivity. In addition, pH also plays a role 
in regulating the availability of CO2 and the ab-
sorption of nutrient ions. During photosynthesis, 
using CO2 and HCO3

- often causes an increase 
in pH to exceed 11. Too high pH can inhibit the 
growth of microalgae (Devi et al., 2023).

Figure 4. Chlorella vulgaris microalgae response on the parameters: (a) CO2 concentration with 3 L/minute of 
aeration, (b) CO2 concentration with 4 L/minute of aeration, (c) pH with 3 L/minute of aeration, (d) pH with 4 L/
minute of aeration, (e) Temperature with 3 L/minute of aeration, and (f) Temperature with 4 L/minute of aeration
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DISCUSSION

The Chlorella vulgaris microalgae with an 
initial cell density of + 347 × 104 cells/mL can 
survive in the media contaminated with lead up 
to a concentration of 9 mg/L. This is a reference 
or guideline for further research on the ability 
of the Chlorella vulgaris microalgae to remedi-
ate media contaminated with heavy metals in 
water media. Microalgae have several forms of 
mechanisms and strategies for protecting them-
selves i.e. metallothionein synthesis, biosorption, 
and antioxidant production (Hamai-Amara et al., 
2024). The mechanisms used by microalgae in 
bioremediation consist of biosorption, bioac-
cumulation, and biodegradation (Abdelfattah et 
al., 2023). With these mechanisms, the Chlorella 
vulgaris microalgae can survive in the media 
contaminated with Pb.

The results of this study were also in line 
with the findings of the research that used the 
Chlorella vulgaris microalgae with an initial 
cell density of 100 × 104 cells/mL, which was 
able to remediate the seawater contaminated 
with Pb at concentrations up to 5 mg/L (Dewi 
and Nuravivah, 2018). On the basis of the values   
and results of this study, the Chlorella vulgaris 
microalgae also has the potential to remediate 
the seawater contaminated with Pb in Tanjung 
Emas Port, Semarang City, Central Java which 
has a Pb concentration of up to 0.64 mg/L (Su-
listyo et al., 2024), textile industry wastewater 
with 0.058 mg/L of Pb concentration (Febri-
yanti et al., 2023), pulp and paper wastewater 
with 0.864 mg/L of Pb concentration (Novita et 
al., 2012), and also the tanning wastewater with 
0.83 mg/L of Pb concentration (Nabila and Ibra-
him, 2020). Further research can be designed by 

evaluating the initial and final concentrations of 
Pb throughout the study. Various previous stud-
ies have explored the role of this microalga in 
removing heavy metals from water.

The control reactor with 4 L/min aeration 
showed a higher maximum cell density value 
than the control reactor with 3 L/min aeration. 
The maximum cell density values   achieved by 
4 L/min and 3 L/min aeration are 25.46 × 106 
cells/mL and 18.78 × 106 cells/mL, respectively. 
The highest maximum cell density in the reactor 
with Pb was produced with 3 L/min aeration at 
a Pb concentration of 3 mg/L, 16.58 × 106 cells/
mL, while in the reactor with Pb concentrations 
of 1 mg/L, 5 mg/L, 7 mg/L, and 9 mg/L had a 
lower value. The maximum cell density values   
were not much different between the reactor 
with 3 L/min aeration and the reactor with 4 L/
min aeration. The results of this study indicate 
that the use of 3 L/min aeration yields reliable 
results and is sufficient to support the growth 
rate of Chlorella vulgaris microalgae cells. In 
addition, the results of this study indicate that 
for the need to increase the number of micro-
algae cells/propagation purposes, 4 L/minute 
aeration can be a viable choice. This study also 
supports the results of previous studies which 
stated that aeration with 3 L/minute resulted 
in a better cultivation of the Chlorella vulgaris 
microalgae in a controlled reactor than the one 
with 2.5 L/minute (Dienullah and Titah, 2023). 
However, for aeration needs with the aim of sup-
porting the growth of microalgae in the media 
contaminated with Pb, 3 L/minute aeration can 
be a more appropriate choice. The Chlorella vul-
garis microalgae with 3 L/minute aerations can 
still grow well in an environment with a salinity 
level of 20‰ and a heavy metal concentration 

Table 3. ANOVA Result for the cell density of the Chlorella vulgaris microalgae
Source Sum of squares df Mean square F-value p-value

Model 1.264E+07 6 2.107E+06 39.04 < 0.0001 significant

A - aeration 1.328E+05 1 1.328E+05 2.46 0.1193
B - day of 

observation 6.364E+06 1 6.364E+06 117.93 < 0.0001

C - lead 
concentration 3.285E+06 1 3.285E+06 60.87 < 0.0001

AB 2793.73 1 2793.73 0.0518 0.8204

AC 1785.45 1 1785.45 0.0331 0.8560

BC 1.929E+06 1 1.929E+06 35.75 < 0.0001

Residual 6.691E+06 124 53961.14

Cor total 1.933E+07 130
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of 3 mg/L. In future research, selecting the ap-
propriate aeration method is a crucial factor to 
consider. Additional factors, i.e. cost and opera-
tional efficiency, can aid in determining the opti-
mal aeration specifications.

ANOVA analysis

ANOVA analysis was conducted using a de-
sign expert. It can analyze the significance of 
each data obtained based on the variables. The 
fit model for microalgal cell density was two 
factors interaction (2FI) model. The ANOVA 
analysis was presented in Table 3. The model 
showed a significant value, with a p-value < 
0.0001. In addition, the observation time and Pb 
concentration had a significant effect on the den-
sity of Chlorella vulgaris cells with p-values < 
0.0001 and < 0.0001, respectively. Meanwhile, 
the aeration factor had a p-value of 0.1193. It 
indicated an insignificant value (p-value > 0.05). 
It was suggested that aeration with 3 L/minute 
and 4 L/minute did not have a significant effect 
on the microalgal cell density produced in the 
observation. The results of the ANOVA analy-
sis supported the statement that the presence of 
heavy metals in the media can affect the growth 
and number of Chlorella vulgaris cells. In other 
considerations i.e. cost and maintenance, aera-
tion of 3 L/minute was considered sufficient to 
be used in microalgal cultivation.

CONCLUSIONS

On the basis of the results of this research, Chlo-
rella vulgaris with an initial cell density of + 347 × 
104 cells/mL could still survive and grow in media 
with a salinity of 20‰ and a heavy metal concentra-
tion of 9 mg/L. The response of Chlorella vulgaris 
was shown through microalgal cell density data for 
14 days of observation. The best response of the 
Chlorella vulgaris microalgae was demonstrated in 
a reactor with aeration of 3 L/minute, a salinity level 
of 20‰, and a lead concentration of 3 mg/L.

Acknowledgements

The author gratefully acknowledges funding 
support for the research provided by The Ministry 
of Education and Culture, Directorate of Higher 
Education, under contract numbers No. 038/E5/
PG.02.00.PL/2024 and 1756/PKS/ITS/2024.

REFERENCES

1. Abdelfattah, A., Ali, S. S., Ramadan, H., El-Aswar, 
E. I., Eltawab, R., Ho, S. H., Elsamahy, T., Li, S., 
El-Sheekh, M. M., Schagerl, M., Kornaros, M., 
& Sun, J. (2023). Microalgae-based wastewater 
treatment: Mechanisms, challenges, recent ad-
vances, and future prospects. Environmental Sci-
ence and Ecotechnology, 13, 100205. https://doi.
org/10.1016/j.ese.2022.100205

2. Acién, F. G., Molina, E., Reis, A., Torzillo, G., Zit-
telli, G. C., Sepúlveda, C., & Masojídek, J. (2017). 
Photobioreactors for the production of microalgae. In 
Microalgae-Based Biofuels and Bioproducts: From 
Feedstock Cultivation to End-Products 1–44. https://
doi.org/10.1016/B978-0-08-101023-5.00001-7

3. Adani, J. P., Wardhani, E., & Pharmawati, K. (2018). 
Identifikasi pencemaran logam berat timbal (Pb) dan 
seng (Zn) di air permukaan dan sedimen waduk Sa-
guling Provinsi Jawa Barat. Reka Lingkungan Jur-
nal Online Institut Teknologi Nasional, 6(1), 1–12.

4. Ammar, S. H. (2016). Cultivation of microalgae 
Chlorella vulgaris in airlift photobioreactor for 
biomass production using commercial NPK nutri-
ents cultivation of microalgae Chlorella vulgaris 
in airlift t photobioreactor for biomass production 
using commercial NPK nutrients N. Al-Khwarizmi 
Engineering Journal, 12(1), 90–99.

5. Anggraini, W. O. L. R., Iba, W., Ambardini, S., 
Bioteknologi fakultas matematika dan ilmu pen-
getahuan alam, P., Kendari, U., & Perikanan dan 
Ilmu Kelautan, F. (2022). Pertumbuhan dan Daya 
Serap Chlorella vulgaris Beyerinck (Beijerinck) 
1890 Terhadap Logam Berat Timbal (Pb) Growth 
and Lead (Pb) Absorption Rate of Chlorella vulgaris 
Beyerinck (Beijerinck) 1890 in Seawater. Journal of 
Fishery Science and Innovation, 6(1), 27–35. http://
dx.doi.org/10.33772/jspi.v6i1.14992

6. BAPPENAS. (2023). Metadata Indikator Tujuan 
Pembangunan Berkelanjutan (TPB)/Sustainable 
Development Goals (SDGs) Indonesia Pilar Pem-
bangunan Lingkungan.

7. Chakravorty, M., Nanda, M., Bisht, B., Sharma, R., 
Kumar, S., Mishra, A., Vlaskin, M. S., Chauhan, P. 
K., & Kumar, V. (2023). Heavy metal tolerance in 
microalgae: Detoxification mechanisms and appli-
cations. Aquatic Toxicology, 260, 1–13. https://doi.
org/10.1016/j.aquatox.2023.106555

8. Chowdhury, I. R., Chowdhury, S., Mazumder, M. 
A. J., & Al-Ahmed, A. (2022). Removal of lead ions 
(Pb2+) from water and wastewater: a review on 
the low-cost adsorbents. In Applied Water Science 
12(8). Springer International Publishing. https://doi.
org/10.1007/s13201-022-01703-6

9. Devi, A., Verma, M., Saratale, G. D., Saratale, R. 
G., Ferreira, L. F. R., Mulla, S. I., & Bharagava, R. 



138

Journal of Ecological Engineering 2025, 26(5), 129–138

N. (2023). Microalgae: A green eco-friendly agents 
for bioremediation of tannery wastewater with si-
multaneous production of value-added products. 
Chemosphere, 336, 1–17. https://doi.org/10.1016/j.
chemosphere.2023.139192

10. Dewi, E. R. S., & Nuravivah, R. (2018). Potential 
of microalgae Chlorella vulgaris As Bioremedia-
tion Agents of Heavy Metal Pb (Lead) On Culture 
Media. E3S Web of Conferences, 31, 3–6. https://
doi.org/10.1051/e3sconf/20183105010

11. Dienullah, R. M. A., & Titah, H. S. (2023). Pen-
golahan Logam Berat Merkuri Dengan Chlorella 
vulgaris Dan Spirulina Platensis. https://www.
google.co.id/books/edition/Teknologi_Pengola-
han_Logam/IX6ODwAAQBAJ?hl=en&gbpv=1&
dq=logam+tembaga&printsec=frontcover

12. Ding, G. T., Mohd Yasin, N. H., Takriff, M. S., Kama-
rudin, K. F., Salihon, J., Yaakob, Z., & Mohd Hakimi, 
N. I. N. (2020). Phycoremediation of palm oil mill ef-
fluent (POME) and CO2 fixation by locally isolated 
microalgae: Chlorella sorokiniana UKM2, Coelastrella 
sp. UKM4 and Chlorella pyrenoidosa UKM7. Journal 
of Water Process Engineering, 35(September 2019). 
https://doi.org/10.1016/j.jwpe.2020.101202

13. Esteves, A. F., Gonçalves, A. L., Vilar, V. J., & Pires, 
J. C. M. (2024). Comparative assessment of micro-
algal growth kinetic models based on light intensity 
and biomass concentration. Bioresource Technolo-
gy, 394(December 2023). https://doi.org/10.1016/j.
biortech.2023.130167

14. Febriyanti, F., Taroepratjeka, D. A. H., & Margan-
ingrum, D. (2023). Pengaplikasian MPMO dalam 
Penyisihan Logam Timbal (Pb) pada Limbah Cair 
Industri Tekstil Menggunakan Reaktor Batch. FTSP 
Series : Seminar Nasional Dan Diseminasi Tugas 
Akhir 2023, 2047–2051.

15. Halima, A., Nursyirwani, N., Effendi, I., & Ambar-
sar, H. (2020). Potential microalga Chlorella vul-
garis for bioremediation of heavy metal Pb. Asian 
Journal of Aquatic Sciences, 2(3), 224–234. https://
doi.org/10.31258/ajoas.2.3.224-234

16. Hamai-Amara, H., Abou-Saleh, H., A. Al-Ghouti, M., 
Crovella, S., Saadaoui, I., & Soubra, L. (2024). Micro-
algae potential to protect from heavy metals-induced 
carcinogenicity. Algal Research, 78(October 2023), 
103411. https://doi.org/10.1016/j.algal.2024.103411

17. Handriyani, K. A. T. S., Habibah, N., & Dhy-
anaputri, I. G. A. S. (2020). Analisis kadar tim-
bal (Pb) Pada air sumur gali di kawasan tempat 
pembuangan akhir sampah banjar suwung batan 
kendal denpasar selatan. JST (Jurnal Sains Dan 
Teknologi), 9(1), 68–75. https://doi.org/10.23887/
jstundiksha.v9i1.17842

18. Mahari, W. A. W., Razali, W. A. W., Waiho, K., 
Wong, K. Y., Foo, S. S., Kamaruzzan, A. S., Derek, 
C. J. C., Ma, N. L., Chang, J. S., Dong, C. Di, Chis-
ti, Y., & Lam, S. S. (2024). Light-emitting diodes 
(LEDs) for culturing microalgae and cyanobacte-
ria. Chemical Engineering Journal, 485. https://doi.
org/10.1016/j.cej.2024.149619

19. Malik, D. P., Yusuf, S., & Willem, I. (2021). Analisis 
kandungan logam berat timbal (Pb) pada air laut 
dan sedimen di perairan tanggul soreang kota pare-
pare. Jurnal Ilmiah Manusia Dan Kesehatan, 4(1), 
135–145. https://doi.org/10.31850/makes.v4i1.517

20. Maysitha, A. D., & Titah, H. S. (2024). Penyisi-
han Kromium (VI) Oleh Mikroalga Menggunakan 
Fotobioreaktor.

21. Maysitha, A. D., Titah, H. S., Pratikno, H., Ward-
hani, W. K., & Dienullah, R. M. A. (2024). De-
termination of Minimum Inhibitory Concentration 
of Chromium and Salinity on Chlorella vulgaris. 
25(8), 130–140.

22. Nabila, T. I., & Ibrahim, S. (2020). Physico-chem-
ical properties of tannery effluents from challawa 
industrial area in kano and evaluation of bioreme-
diastion potentials of spirogyra porticalis and Chlo-
rella vulgaris on the effluents. Bayero Journal of 
Pure and Applied Sciences, 12(1), 156–161. https://
doi.org/10.4314/bajopas.v12i1.26s

23. Novita, N., Yuliani, Y., & Purnomo, T. (2012). Pe-
nyerapan logam timbal (Pb) dan kadar klorofil elo-
dea canadensis pada limbah cair pabrik pulp dan 
kertas. LenteraBio, 1(1), 1–8.

24. Putra, W. E., Setiani, O., & Nurjazuli. (2020). Kan-
dungan logam berat Pb pada air bersih dan pada 
darah wanita usia subur di kota semarang. Jurnal 
Kesehatan Masyarakat, 8(6), 840–846. https://
ejournal3.undip.ac.id/

25. Razzak, S. A., Bahar, K., Islam, K. M. O., Haniffa, 
A. K., Faruque, M. O., Hossain, S. M. Z., & Hos-
sain, M. M. (2024). Microalgae cultivation in pho-
tobioreactors: sustainable solutions for a greener fu-
ture. Green Chemical Engineering, October. https://
doi.org/10.1016/j.gce.2023.10.004

26. Simbolon, A. R. (2018). Analisis risiko kesehatan 
pencemaran timbal (Pb) pada kerang hijau (Perna 
viridis) di perairan cilincing pesisir DKI Jakarta. 
Oseanologi Dan Limnologi Di Indonesia, 3(3), 197. 
https://doi.org/10.14203/oldi.2018.v3i3.207

27. Sulistyo, A. A. H., Suprijanto, J., & Yulianto, B. 
(2024). Analisis kualitas air dan kandungan logam 
berat timbal (Pb) pada air laut di perairan pelabuhan 
Tanjung Emas Kota Semarang Jawa Tengah. Jour-
nal of Marine Research, 13(1), 108–114. https://doi.
org/10.14710/jmr.v13i1.38751


