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ABSTRACT
Nannochloropsis oculata is a unicellular marine microalgae that has a role as an important food
source and additive for marine organisms. Nannochloropsis oculata contains high levels of
carbohydrate, protein, and chlorophyll so it has the potential as a bioremediation agent. In its growth, it
needs an important component of nutrients as a growth medium, one of which is a source of phosphate.
Phosphate itself acts as a constituent of protein compounds to bind metal ions in cells. This research
aims to determine the effect of the addition of KH2PO4 as a phosphate source on the growth of
Nannochloropsis oculata as a bioremediation agent to reduce levels of heavy metal pollution (Cd2+).
This research was conducted from June to August 2019 in the Laboratory of Microbiology and
Molecular Biotechnology of FIP-UNIDA, Bogor, West Java. Nannochloropsis oculata microalgae were
obtained from UGO Plankton Shop, Purwodadi, Central Java. The research method used is a Completely
Randomized Design (CRD) with 4 treatments and two replications. The Cd2+ concentration used is 2
ppm in this research. The addition of KH2PO4 as a phosphate source is 0 ppm (control), 3, 4, and 5 ppm.
The results of this research showed that the highest growth peak of Nannochloropsis oculata was
achieved at 4 ppm treatment on the 9th day with cell density reaching 17.8 × 106 cells/mL, while the
highest absorption of cadmium (Cd2+) was found in the 4 ppm phosphate treatment with the absorption
efficiency reaching 39.23%.
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1. INTRODUCTION
Contamination of pollutants in Indonesia originating from industrial activities,
agriculture, and household activities has caused a significant decrease in water quality in water
bodies such as rivers, lakes, and reservoirs [1-4]. Pollutant sources generated by industrial
activities can be either organic or non-organic waste. Non-organic waste is very dangerous for
the ecosystem because it is very difficult to be decomposed, especially heavy metal waste [3,
4]. During the crude oil extraction activities, large amounts of water effluent were generated
called produced water which is extracted along with petroleum from oil reservoirs. Produced
water contains several impurities with complex composition, such as hydrocarbons, inorganic
salts, metals, phenols, and naturally occurring radioactive materials [1, 4]. The impurities types
and levels present in produced water vary depends on several factors including the geology of
the oil reservoir, the hydrocarbon composition of crude oil extracted, geographical location,
and history of water injection [3-5].
Biological treatment methods are an effective and economical approach that can be used
to remove harmful chemicals, and pollutants in the environment [4-5]. Several hydrocarbondegrading microorganisms such as bacteria, algae, yeast, and fungi can grow in high
hydrocarbon and salinity levels produced water [6, 7]. Algae bioremediation is featured because
it is a self-sustaining cycle. Algae use photosynthesis which requires CO2 and H2O and releases
O2. O2 utilizes for oxidizing contaminants into less hurtful metabolites including CO2 and H2O.
Microalgae have shown high activity to remove pollutants such as heavy metals,
nutrients, and complex organic materials from different types of wastewater such as anaerobic
digestion effluent, sewage waste, and municipal wastewater [8-10]. Microalgae have gained
high attention as renewable bioenergy resources due to their fast photosynthetic growth rate
and its use for the production of biodiesel [11]. The details concerning microalgae
bioremediation of oil are still vague [9-11]. There have been many works on wastewater
treatment using microalgae in the literature.
Depending on the application requirements, treatment strategies, and reuse or recycling
of produced water, different methods focused on treating the produced water to reduce oil
content and salinity of produced water including physical, chemical, and biological methods
[3-5]. Traditional chemical and mechanical methods used to treat produced water effluent are
complex and expensive and depend significantly on the specific characteristics of the produced
water [6]. On the other hand, the use of microalgae for the purification of produced water may
represent an important advance in the bioremediation of this type of effluent.
According to [7-9], Cd is the most poisonous heavy metal after Hg. Less than 10% of Cd
metal is used in the main products of the recycled industry and the rest is assumed to be released
into the environment. According to [9-11], cadmium (Cd2+) is often used as the main ingredient
or additional material in the industry, including the nickel-cadmium battery industry (50-55%
of world consumption), pigments (18-20%), coating materials (8-12%), stabilizers in the
plastics industry and other synthetic goods (6-10%). Based on [12] concerning the management
of hazardous and toxic waste, cadmium (Cd2+) included in the dangerous heavy metal. The
Quality standard of Cd2+ concentration in waters according to [13], that was 0.01 ppm.
Nannochloropsis oculata microalgae have a good tolerance to extreme environments.
This is proven by [14] research, which states that the type of microalgae Nannochloropsis sp
can grow in a medium with metal exposure of Ni2+, Cu2+, and Zn2+. The research of [10, 15]
also reported that the type of microalgae is Nannochloropsis sp. can be used as Zn2+ and Cd2+
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biosorbents in both single metal ions and two metal systems. Nannochloropsis oculata
microalgae are also easy to culture so it is possible to use this type of microalgae in research
[10, 14-16].
Nutrients are important components for microalgae growth, one of the nutrients in the
growth of microalgae is phosphate. Phosphate (PO4) is one of the nutrients (nutrients) needed
by aquatic organisms, plays a role in the transfer of energy ADP (Adenosine Diphosphate) to
ATP (Adenosine Triphosphate) that occurs in cell mitochondria [1]. Meanwhile, according to
[6, 16-18] states that phosphate can function in the genetic system. The Phosphate group is one
of the compilers of DNA and RNA genetic material, which genetic material plays a major role
in protein synthesis so that the lack of phosphate causes the microalgae cells to decrease in
protein content which causes the binding of heavy metal binding [11, 19-22]. Therefore, this
research is important to find the right addition of phosphate concentration to the ability of
Nannochloropsis oculata as a cadmium heavy metal bioremediator agent.

2. MATERIALS AND METHOD
This research was conducted from June to August 2019 at Microbiology and Molecular
Biotechnology Laboratory of the FIP-UNIDA, Bogor, West Java. Nannochloropsis oculata
microalgae were obtained from UGO Plankton Shop, Purwodadi, Central Java. The research
method used was a Completely Randomized Design (CRD) with 4 treatments and two
replications. The Cd2+ concentration used was 2 ppm and the addition of KH2PO4 as a phosphate
source was 0 ppm (control), 3, 4, and 5 ppm.
2. 1. Treatment of Nannochloropsis oculata culture
The bach microalgae culture system of Nannochloropsis oculata was carried out in 1 L
of sterile seawater with the treatment of adding medium F/2, Cd+ ppm and phosphate (0; 3; 4;
and 5 ppm), the initial density of Nannochloropsis oculata was 0.3 × 106 cells / mL. The
specified lighting is 4,000 lux. Observation of water quality and growth parameters is carried
out every day until the growth decreases.
2. 2. Making Cadmium (Cd) Solution
1.05 gram Cd(NO3)2 powder was weighed and put into a measuring flask. Then it was
dissolved with distilled water with a volume of 500 ml and homogenized. The Cd2+ 1,000 ppm
parent solution was diluted to 2 ppm.
2. 3. Making KH2PO4 Solution
1,000 ppm phosphate mother liquor is prepared by dissolving 2.19 grams of KH2PO4
powder, then dissolving it with distilled water in a volume of 500 ml and homogenized. 1000
ppm phosphate solution is diluted to 3, 4, and 5 ppm.
2. 4. Growth of Nannochloropsis oculata
The growth of Nannochloropsis oculata observed was growth rate and culture density.
The growth rate is calculated using the equation:
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Growth rate (µ) (day) -1 =

𝐼𝑛 𝐹1⁄𝐹0
𝑡1−𝑡0

where F1 is the amount of biomass at the time (t1) and F0 is biomass at the time of initial
observation (t0). Whereas the density measurement is done using a Haemocytometer [23-25].
The amount is calculated using the following formula:
𝑛𝐴 +𝑛𝐵+𝑛𝐶+𝑛𝐷+𝑛𝐸

Density (cell / ml) =

5

× 10,000

where nA, nB, nC, nD, nE is several microalgae cells in boxes A, B, C, D, and E. A value of 5
is the number of boxes calculated, and 10,000 refer to the area of a small boxes A, B, C, D, and
E
2. 5. Phosphate and Cadmium Concentrations in Culture Medium
Phosphate and cadmium testing in the culture was carried out at the beginning and end of
the culture which was transferred to vial bottles and centrifuged, measurement of phosphate
concentration was carried out with UV-Vis spectrophotometer while measurement of cadmium
uptake with Atomic Absorption Spectrophotometer (AAS), for measurement of phosphate the
solution was added by SnCl2 and NH4 molybdate. The content of phosphate and cadmium is
determined by the formula:
Eff =

𝐶0−𝐶1
𝐶0

× 100 %

where Eff is the absorption efficiency, C0 is the initial metal concentration, and C1 is the
concentration of the metal after absorption.
2. 6. Data Analysis
Cell density and specific growth rate of Nannochloropsis oculata data for 11 days were
analyzed descriptively. While the maximum cell density of Nannochloropsis oculata, the
percentage of phosphate reduction, and Cd2+ heavy metal data were analyzed statistically in the
form of ANOVA and Duncan tests.

3. RESULTS AND DISCUSSION
3. 1. Growth of Nannochloropsis oculata
Based on the growth curve shows that the four treatments did not experience an adaptation
phase (lag). The absence of lag phase indicates that the isolates used have been able to adapt to
the new environment. The next phase is the exponential phase, this phase begins with an
increase in the speed of cell division marked by an increase in the rate of growth so that
population density increases [11]. The exponential phase (log) occurred on day 2, for treatment
A (control) the exponential phase lasted until the 5th day, for treatment B lasted until the 7th
day, whereas for treatment C and treatment D lasted until the 6th day, which then experiences
an increase in growth to the optimum day.
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Fig. 1. Growth curve of Nannochloropsis oculata

The next phase is the stationary phase, this phase occurs because the amount of nutrients
utilized by microalgae has reached the maximum growth limit so that the growth is static [11].
In the growth curve shows the absence of stationary phase, this is because the calculation of the
microalgae Nannochloropsis oculata is done 24 hours, this causes the calculation of cell density
in the stationary phase is not observed. After achieving optimum growth, the culture of
Nannochloropsis oculata experiences a death phase, this phase occurs because the amount of
nutrients continues to decrease so that the cell's ability to divide decreases [11]. Based on the
growth curve (Fig-1), the death phase at treatment A (control) and treatment D starts on day 8,
whereas on treatment B and treatment C begins on day 9.
Based on the results of the culture carried out using different phosphate concentrations in
Nannochloropsis oculata with exposure (Cd2+) 2 ppm showed that the highest peak density was
achieved in treatment C, namely treatment with the addition of 4 ppm phosphate (9th day) with
a density reaching 17.8 × 106 cells / further mL followed by treatment D with a density of 16.7
× 106 cells / mL on the 8th day, treatment B with a density of 14.2 × 106 cells / mL on the 9th
day, and treatment A (control) with a density the lowest is 9.7 × 106 cells / mL on the 8th day.
The value of the maximum growth rate (maximum growth rate) for each treatment is
calculated by the formula of the growth rate (µmax) obtained results where the highest value is
in the treatment D 1.38 / day with a value not significantly different from treatment C that is
1.36 / day, for treatment B 1.3 / day and treatment A (control) had the lowest growth rate of 1.0
/ day.
The results of calculations for each treatment were then statistically analyzed using
ANOVA, followed by a follow-up test at a significant level of p = 0.05. ANOVA test results
for each phosphate treatment showed that the value of p <0.05, which means H0 is rejected or
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there is a real effect of the treatment of different concentrations of phosphate on the growth of
Nannochloropsis oculata in culture batch systems.

Fig. 2. Growth rate of Nannochloropsis oculata

Phosphate is a limiting factor for growth. Phosphate plays a role in the energy transfer of
ADP (Adenosine Diphosphate) to ATP (Adenosine Triphosphate) that occurs in the
mitochondria of cells [1]. The phosphate group is also one of the compilers of DNA and RNA
genetic material, in which genetic material plays a major role in protein synthesis so that
phosphate deficiency causes microalgae cells to decrease in protein content which causes
inhibition of heavy metal binding [11, 23-26]. However, phosphate concentrations that are less
or excess can negatively impact the growth of microalgae cells. According to [27-32] states that
if excess phosphate concentrations will inhibit the process of assimilation of phosphate
compounds for growth, while low phosphate concentrations will disrupt the process of ATP
formation so that cell growth is limited [1,11].
3. 2. Phosphate Concentrations in Culture Medium
The calculation of phosphate absorption (KH2PO4) is done in two phases, namely the
beginning of culture (the first day) and the end of culture. Measurements were made using a
UV-Vis Spectrophotometer. ANOVA test results in each treatment of phosphate concentration
(KH2PO4) against phosphate uptake showed that the value of p <0.05, which means H0 is
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rejected or there is a real influence of the treatment of phosphate concentration on phosphate
uptake (KH2PO4).

Fig. 3. Percentage of Phosphate Uptake

Based on Fig. 3 it can be seen that treatment A (control) showed the highest phosphate
uptake of 79.68%, and the lowest uptake was at treatment D (5 ppm) of 65.24%. The nutrient
source in treatment A (control) is limited because the nutrient is entirely only from the F/2
medium added to each treatment at the beginning of the culture so that Nannochloropsis oculata
cells utilize the optimum source of phosphate nutrients which is indicated by the highest
absorption value in the culture medium. While the low phosphate uptake in treatment D can be
influenced by the high concentration of phosphate in the treatment. Phosphate is a limiting
nutrient for growth. Phosphate nutrient concentrations that are too high will cause inhibition of
the biosynthesis process, especially protein biosynthesis [1, 8-10]. [9-11] explained that
turbidity can inhibit light penetration and interfere with the photosynthesis process carried out
by microalgae so that the efficiency of nutrient absorption is less than optimal for growth.
3. 3. Cadmium concentration in culture medium
The calculation of phosphate absorption (KH2PO4) is done in two phases, namely the
beginning of culture (the first day) and the end of culture. Measurements were made using the
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Atomic Absorption Spectrophotometer (AAS). The results of statistical analysis (ANOVA)
showed a P-value <0.05, which means that there were significant differences from each
treatment of phosphate concentration. This research shows that the addition of phosphate
concentration treatment can affect the rate of absorption of heavy metals (Cd2+) in the picoremediation process.

Fig. 4. The percentage of cadmium uptake
Based on Fig. 4, the highest Cd2+ absorption results were achieved by C qualification (4
ppm), which was 39.23%. This increases the amount of coverage at the time of maintenance C
which is the coverage with the best number of cells compared to the number that reaches 17.8
x 106 cells/mL. According [10, 19-22] states the amount of biomass increase increases the
amount of metal absorbed, this happens because of the increasing amount of biomass the more
sites (centers) that are active in cell walls that use metal ions in the solution. Related to the
higher growth in C treatment this encourages higher absorption (Cd2+) compared to other
maintenance.
Furthermore, in setting A (control) shows the lowest absorption value of Cd2+ is 12.06%.
Low Cd2+ uptake because there is no phosphate concentration in culture medium processing A,
nutrients are only available from F/2 medium only. In the study of [9-10, 22-24], quoting cell
loss needed in metal injection would reduce the percentage of absorption. If seen in the growth
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curve (Fig. 1) also sets the lowest growth control with a reserve amount of 9.7 × 106 cells / mL.
[22-24] also stated in their research that the presentation of the percentage of phosphate
nutrition affects the physiology of microalgae and affects the growth and processing of proteins
in cells.
Based on the absorption results (Cd2+) shows that the microalgae Nannochloropsis
oculata can absorb (Cd2+) with a concentration of 2 ppm in each treatment, in line with the
results of [10-11]'s research showing that the type of microalgae Nannochloropsis sp. can grow
and absorb metal (Cd2+) at 2 ppm concentration exposure. The biosorption mechanism is
generally based on physics-chemical interactions between metal ions and functional groups on
the biosorbent surface [11]. According to [8-10, 23-24], the biosorption process of
Nannochloropsis oculata begins with microalgae cells by binding of Cd ions to the sulfur group
(S) of the amino acid cysteine in cell walls. After the receptor protein recognizes the presence
of foreign metals (non-essential), genes will form metallothionein in cells. So that the Cd ion
will be detoxified in the metallothionein structure. Then metallothionein which has been bound
to Cd will be transported to vacuoles. Cells will continue to form metallothionein as long as
there are Cd ions in a solution that are bound to the S group of proteins in the cell wall, at certain
times the cell will experience saturation and are in a phase of death.
There are strategies used to control and prevent pollution in the cultivation of microalgae.
Allelopathy phenomenon is one of these strategies. Nannochloropsis oculata microalgae may
follow this technique. It is believed that harsh conditions such as high salinity and low nutrients
in relation allowed the growth of Nannochloropsis oculata microalgae without other
microorganisms and it is closely associated with competition for limiting nutrient resources
[20-21].
3. 4. Water Quality
Measurement of water quality in culture medium was carried out to maintain the
Nannochloropsis oculata culture growth environment so that it remained in a good cultural
environment. Water quality parameters measured are temperature, salinity, and the degree of
acidity (pH). The results of the measurement of water quality parameters in culture can be seen
in Table 1 below.
Table 1. Water Quality Data Culture Medium.
Parameter
Observation

A range
Research Data

Literature

Temperature

28 – 30 ºC

25 – 35 ºC

Salinity

28 – 30 ºC

25 – 35 ppt

8.4 – 8.7

7–9

pH

Based on the results of water quality measurements during research in Table 1 shows that
the temperature range is in the range 28-30 ºC, for salinity 28-30 ppt, and the pH is in the range
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8.4-8.7. The research data is still intolerant for growth in the Nannochloropsis oculata culture
medium, which according to [10-11, 23-25] states that Nannochloropsis oculata can grow well
at temperatures of 25 – 35 ºC, salinity 25 - 35 ppt, and pH 7-9. So that the quality factor water
in the culture medium of Nannochloropsis oculata did not affect the research results.

4. CONCLUSION
Based on the results of research that has been done it can be concluded that the Ctreatment or the treatment with the addition of 4 ppm phosphate concentration is the treatment
with the highest growth and absorption value (Cd2+) in culture, ie the peak cell density reaches
17.8 º 106 cells / mL on day-to-day 9 with absorption efficiency (Cd2+) of 39.23%. The high
density and absorption value (Cd2+) shows that the addition of 4 ppm phosphate concentration
with 71.81% phosphate uptake value is the most optimal condition for Nannochloropsis oculata
cells to support growth and absorption rate (Cd2+) 2 ppm.
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