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Abstract

This study utilized Chlamydomonas reinhardtii, an
algal strain isolated from shrimp aquaculture
wastewater ponds in Ca Mau province to investigate its
capacity for ammonium and phosphate removal from
wastewater.  Cultivation occurred in both Tris-
Phosphate-Acetate (TAP) and Bold's Basal Medium
(BBM) under controlled conditions: a temperature of
25 = 1 °C and a 24-hour light cycle provided by light-
emitting diodes (LEDs). Over 28 days, four different
concentrations of ammonium and phosphate were
tested.

Results demonstrated that algal biomass in the BBM
medium exceeded threefold. Optimal algal biomass
was observed at approximately 1.0 mg N.L™
ammonium concentration and about 5.0 mg P.L™
phosphate concentration. Notably, in the BBM medium,
ammonium levels decreased rapidly within 7 days at a
concentration of 4.0 mg N.L™ whereas in the TAP
medium, it required 14 days. Conversely, phosphate
concentration decline commenced after 14 days in both
algal culture environments.

Keywords: Chlamydomonas reinhardtii, Ammonium,
Phosphate, TAP, BBM, Aquaculture wastewater.

Introduction

Over recent decades, water pollution has become a pressing
environmental concern, mirroring the emergence as a
significant environmental concern, paralleling the persistent
issue of water scarcity. The discharge of nutrient-rich
wastewater poses the potential for eutrophication, a serious
problem particularly prevalent in enclosed water bodies®.
The rapid growth of microalgae in nutrient-rich water can be
harnessed positively in wastewater treatment to extract
nutrients before discharging treated water into rivers.

Both microalgae and cyanobacteria require nitrogen (N) and
phosphorus (P) to synthesize essential compounds like
nucleotides, amino acids, lipids and carbohydrates, crucial
for metabolic processes®. However, elevated levels of N and
P can exacerbate eutrophication, leading to harmful blooms
of microorganisms such as bacteria, cyanobacteria and
microalgae. These blooms release toxins that can severely
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impact ecosystems and biodiversity. The increased presence
of ammonium (NH,4*) and phosphate (PO4®) in water bodies
stems from various human activities including domestic
wastewater discharge, intensive fertilizer uses and agro-
industrial activities®.

The use of green microalgae in tertiary wastewater treatment
was first proposed in the 1980s. Since then, numerous
studies have explored their efficacy, employing species like
Chlorella sp.219%, Scenedesmus sp.'??23°, Nannocloropsis
salina, Spirulina major and Isochrysis galbana®.
Furthermore, the biomass generated through bioremediation
procedures holds potential for various biotechnological
applications such as biogas, biofuel, or biofertilizer
production®?,

While nitrogen exists in various forms in wastewater,
microalgae can only assimilate inorganic nitrogen. Despite
its significance for growth, elevated nitrogen
concentrations*’#? can be toxic to microalgae cells,
particularly when ammonia levels exceed 20 mg.L™.
Similarly, phosphorus, essential for microalgae, primarily
exists in the form of orthophosphate (PO43). While
phosphate itself is not toxic, excessive concentrations can
trigger algal and aquatic plant overgrowth3®, leading to
eutrophication and oxygen depletion in water bodies. To
combat this, the EPA recommends maximum phosphate
concentrations of 50 p.L! at points where phosphates enter
natural water and 100 ug.L' where direct entry does not
occurt4,

This study aims to compare Chlamydomonas reinhardtii's
biomass production capabilities in artificial environments
(TAP and BBM). By evaluating the algae's performance in
processing ammonium and phosphate over 28 days using
TAP and BBM media, it seeks to provide insights into their
potential for wastewater treatment.

Material and Methods

Study sites and aquaculture wastewater: The study was
conducted in Dat Moi Commune, Nam Can district, Ca Mau
province (8°47°50.5” N-104°58’40.2” E), a coastal area
situated within the Mekong delta region in southern
Vietnam. The wastewater utilized in the study originated
from an extensive shrimp farming system cultivating
Litopenaeus vannamei Boone in 1931, commonly referred
to as white-leg shrimp (Figure 1). Two primary aquaculture
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methods, open and closed systems, exhibit distinct
characteristics. In an open aquaculture system, water
undergoes a single pass before the effluents are treated and
discharged. Consequently, these systems consume
significant amounts of water and the discharged effluents
can have adverse environmental effects in the local area.
This wastewater is directly released into the river without
undergoing any mechanical or biological treatment.

The wastewater sources' characteristics were analyzed for
various parameters including pH, temperature, alkalinity,
total suspended solids, Dissolved Oxygen (DO),
Biochemical Oxygen Demand (BODs?°), Chemical Oxygen
Demand (CODs), Ammonium (NH4™-N), Total Nitrogen,
Phosphate (PO+*-P), Total Phosphorus (TP), Nitrite and
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Nitrate (Table 1). These samples were analyzed at the
Microbiology laboratory, University of Science Ho Chi
Minh city to identify algae strains. Subsequently, an
experimental pilot study was conducted in the laboratory.
The isolated samples underwent molecular biology analysis
of the algae strains at the Faculty of Sciences Pedagogy,
University of Saigon. Algae biomass was cultured in both
Tris-Phosphate-Acetate (TAP) and Bold's basal medium
(BBM).

Organism and cultural conditions: The investigation
focused on Chlamydomonas reinhardtii P.A. Dangeard,
1888, a small unicellular green alga, with a diameter of less
than 10 um characterized by a single eyespot!3. This mobile
organism is from a wastewater pond.
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Figure 1: Diagram illustrating the sample collection location and the laboratory analysm of sample parameters.

Table 1

Wastewater source characteristics
Parameters Unit | Value
pH 7.1
Temperature °C | 30.05
Dissolved oxygen mg/L | 94
Alkalinity - 104
TSS mg/L | 106.3
BODs mg/L | 66.0
CODs mg/L | 136.0
Ammonium (NH4*-N) | mg/L | 0.76
Total Nitrogen (N) mg/L | 26.1
Total Phosphor (P) mg/L | 0.65
Phosphate (POs*>-P) | mg/L | 0.48
Nitrit (NO2) mg/L | 0.084
Nitrate (NO3Y) mg/L | 7,12
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Algal cells were cultured in Tris-Phosphate-Acetate (TAP)
and Bold's basal medium (BBM)°. TAP medium supports
heterotrophic ~ or  photo-heterotrophic ~ growth  of
Chlamydomonas spp., while BBM is suitable for cultivating
various green algal cultures like Trichosarcina spp.,
Chlorococcum spp. and Chlorella spp. without the
requirement of soil extract or vitamins®’.

Cultivation occurred at 25 + 1 °C under a 24-hour light cycle
with LED light intensity regulated between 664 — 737 Lux.
The laboratory maintained humidity at approximately 51 +
1%. Medium preparation followed table 2 specifications.
Experiments used 2,000 mL flasks with 1,200 mL of
medium in a controlled environment. Glassware was cleaned
with 10% HCI autoclaved at 170°C.

The culture temperature was kept at 25 + 1 °C and pH ranged
from 6.4 to 6.8 for BBM and 6 to 8 for TAP to avoid growth
inhibition. The initial pH was set at 7.0, monitored daily and
adjusted using diluted HCI. Carbon dioxide (CO2) supply
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and daily pH adjustments to 7 prevented POs*P
precipitation and NH4*-N degassing. Cell growth was
measured daily at 750 nm using the SP-UV 1100 UV-VIS
Spectrophotometer from DLAB in Selangor, Klang, Kuala
Lumpur (KL), Malaysia.

Experimental design: The experiment began with
harvesting algal cells in the log phase using centrifugation
(Hettich, model EBA 20, Germany). These cells were then
suspended in filtered sterile distilled water three times to
eliminate any remaining TAP and BBM nutrients. Trials
were conducted in 100 mL glass bottles, each containing the
culture medium and a stock solution of either ammonium or
phosphate at four varying concentrations, totaling 100 mL.
The experiment lasted 28 days (or 4 weeks), with cultures
maintained in the laboratory at a temperature range of 24-26
°C and a light intensity of 700 Lux, measured on the surface
of the cultures using a standard digital illuminance (Light)
meter ST-1308. All experiments were conducted under
continuous illumination.

Table 2

Comparison of chemical ingredients in TAP and BBM growth media, highlighting the inclusion of Hunter’s trace
element in TAP. The TAP Trace elements and EDTA listed are from Hunter’s trace element solution, adjusted to 6.5
with KOH pellets before formulating TAP. Both media maintain a pH range of 7-7.2.

Chemical Component Final concentration in 1 liter TAP Tris- | Final concentration in 1 liter BBM Bold
Phosphate-Acetate Basal Medium

NaNO3 2.94 mN
CaCl*2H,O 0.35 mM 0.17 mM
MgS0O4+7H,0 0.4 mM; TAP salt 0.3 mM
K>HPO4 0.6 mM; phosphate solution 0.43 mM
KH,PO4 0.4 mM; phosphate solution 1.29 mM
NaCl - 0.43 mM
EDTA Stock ~8.5uM
Iron Stock ~0.9 uM
Borron Stock ~9uM
Bold Trace Stock

H>S04 conc.

ZnSO4*7H,0O 0.077 mM; trace element 1.50 uM

MnCl4*H,O 0.026 mM; trace element 0.36 uM

MoOs3 0.26 uM

CuS04+5H,0 0.005 mM; trace element 0.31 uM

Co(NO3)2¢6H,O 0.084 uM
NH4Cl 7.5 mM; TAP salt
Na,HPO4 -
Hunter’s Trace Stock

Na,EDTA<2H,0 0.134 mM

H;BO3 0.184 mM; trace element

FeSO427H,0 0.018 mM; trace element

CoCl*6H,0 0.007 mM; trace element

(NH4)sM07024°4H,0 0.0008 mM; trace element
Tris Acetate Stock

Trisma Base 0.02 M (or 19.97 mM)

Glacial Acetic Acid 0.017 M (Carbon source) (or 0.1%)
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The average concentrations of NH4*-N stock solution (10 mg
N/mL) in the experimental cultures were 0.5, 1.0, 2.0 and 4.
mgN.L™* respectively, after adding the culture medium (TAP
or BBM) to 100 mL bottle samples. Similarly, for
experimental phosphate, the average concentrations of
PO.*>-P stock solution (50 mg P/mL) were 5.0, 10.0, 15.0
and 20.0 mgP.L1, with the culture medium added to achieve
a total volume of 100 mL. Additionally, a control sample
without the stock solution of ammonium or phosphate,
containing only algal cells with either TAP or BBM medium,
was prepared and was maintained under identical conditions
to the experimental samples.

Collected data: Weekly samples were taken from each
treatment bottle to measure NH4-N and PO4-P
concentrations. NH4*-N concentrations were determined
using the Nessler method while PO4*-P concentrations were
measured using the acid ascorbic method, following
procedures outlined in the Standard Methods for the
Examination of Water and Wastewater (APHA, 1998).
Concurrently, controls were assessed to detect any potential
loss of NH.-N due to outgassing or PO.*-P due to
precipitation. Cell dry weight determination occurred at the
experiment's conclusion. Each sample underwent filtration
through a 0.45 pum pore size pre-weighted glass fiber filter
(Whatmann, Maidstone, UK) and subsequent drying at
105°C for two hours. Following this, samples were
centrifuged at 6,000 rpm for five minutes to separate the
algal cells.?

The mean productivity of each batch test, Qx (mg.L™"), was
calculated as equation 13:

X1 - Xo
t- 1o (D
where X; (mg.L") is the dry weight measured at the time t;
(day) and Xo (mg.L") is the dry weight at the time to (day).
The growth rate of algae was calculated according to the
equation 2'3:

- @)

where N> and N are the number of cells at times t; and ti,
respectively.

The total amount of NH4*-N removal during the experiment,
Qn (mg.L"), was calculated as per eq. 3%

Qn=No—Nmn (€))
where Ny (mg.L!) is the initial NH4*-N concentration. Ny,
(mg.L") is the NH4" -N concentration remaining in the

medium at the end of the experiment.

The total amount of PO4* -P removal during the experiment
(mg.L") was calculated as per eq. 43:
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Qr=Po—Pn “4)

where Py (mg.L") is the initial PO43-P concentration and Py,
(mg.L") is the PO4-P concentration remaining in the
medium at the end of the experiment.

Statistical analysis: A two-way analysis of variance
(ANOVA) was employed to compare the variables of
ammonium and phosphate concentrations across different
periods and concentrations. Student’s t-test was used to
compare ammonium (or phosphate) concentrations between
the TAP and BBM media. Regression testing was conducted
to assess the relationship between algae density and
ammonium (or phosphate) concentration, with significance
set at p-values < alpha = 0.05. All analyses were executed
using the R statistical software version 4.3.1.

Results and Discussion

Comparison of Ammonium concentrations (mgN.L™?)
between TAP and BBM Media: After a 28-day evaluation
of Chlamydomonas reinhardtii strains cultured in TAP and
BBM mediums supplemented with NH4*-N stock solutions
at concentrations of 0.5, 1.0, 2.0 and 4.0 mgN.L™!, alongside
a controlled trial without NH4™N supplementation, no
statistically significant differences were observed in
ammonium concentrations (p > 0.05) (Table 3).

However, when examining NH4™-N processing capability at
each stage (a stage lasting 7 days) under similar
environmental conditions of light, temperature, pH and
humidity, NH4™-N concentration began to gradually decrease
from the 2nd week (after 14 days). At a test concentration of
4.0 mgN.L! in the TAP medium, the initial NH4"-N
concentration of 3,254 mgN.L™' had reduced to 2,704
mgN.L™" by the 14th day, indicating an approximate 83%
reduction.

In contrast, the BBM culture medium exhibited a decrease
in ammonium concentration after 7 days of testing. The
initial concentration of 4,887 mgN.L™' sharply decreased to
3,194 mgN.L' (approximately 65%). Previous studies
utilized TAP medium for culturing Chlamydomonas sp. in
the laboratory due to its ability to support heterotrophic or
photo-heterotrophic growth at room temperature, while
BBM medium is rich in nutrients. The results of ammonium
concentration in TAP and BBM media at 0.5, 1.0 and 2.0
mgN.L™ showed minimal change compared to the initial
concentration (Figure 2).

Chlamydomonas preferentially utilizes ammonium as
inorganic nitrogen for growth. When ammonium is limited,
other inorganic or organic nitrogen sources can be
assimilated after their transformation into ammonium,
subsequently incorporated into carbon skeletons by the
glutamine synthetase/glutamate synthase (GS/GOGAT)
cycle. The oxidized nitrogen forms nitrate and nitrite
constitutes inorganic sources efficiently assimilated after
reduction to ammonium.
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TAP and BBM Media
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C. reinhardtii can use most extracellular amino acids as a
sole nitrogen source; however, their assimilation is strongly
dependent on a supply of acetate as a carbon source. Only
ammonium enters the cell readily and is subsequently
incorporated; the derived oxoacids cannot be used in acetate-
containing media.®?

Chlamydomonas efficiently utilizes the inorganic nitrogen
forms ammonium, nitrate and nitrite for growth. Ammonium
is preferred over the oxidized compounds since its
assimilation has a lower energetic cost and many genes
involved in nitrate/nitrite assimilation are repressed in the
presence of ammonium. Despite this, Chlamydomonas can
utilize oxidized forms in the presence of ammonium under
natural CO: conditions (air). In other words, ammonium
repression is more efficient than nitrate induction at high
CO2, but nitrate can induce the assimilation route for
oxidized nitrogen at low CO-, even in the presence of
ammonium. In Chlamydomonas, as in plants, nitrate is not
only a major nutrient but also confers strong regulatory
effects on both metabolic and developmental pathways and
in Chlamydomonas, gametogenesis.3*

Ammonia (NHs™-N) concentrations, though typically lower
than ammonium (NH4"-N), are highly toxic and should be
closely monitored. High concentrations of
ammonia/ammonium stimulate plankton communities'
primary production, leading to rapid algae growth and water
eutrophication, which can severely impact aquatic
ecosystems. The subsequent decline in algae populations
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increases dissolved organic matter, promoting microbial
respiration and reducing dissolved oxygen levels.

Anoxic waters increase marine fish and vertebrates'
sensitivity to ammonia toxicity. Ammonia and its salts are
also toxic to humans, fish and crustaceans, with a
disproportionately greater impact on aquatic organisms'
growth and infancy. Accumulation of ammonia in fish and
invertebrate larvae can lead to population extinction,
threatening ecosystems and fisheries worldwide* 2.
Additionally, ammonia can convert into nitrite and nitrate
via nitrification under certain conditions, both of which have
toxic effects” 28. Given the importance of ammonia nitrogen
in production, life and environmental ecology, it is crucial to
detect, sense and monitor ammonia nitrogen levels in
various water bodies.

Furthermore, ammonia nitrogen (NHs™-N) is a vital analyte
in agricultural, biotechnological and clinical industries®,
encompassing ammonia and free ammonium ions (NH4*-N),
with composition dependent on water pH. At pH less than
8.75, NH4"-N predominates, while at pH greater than 9.75,
ammonia nitrogen exists primarily as NHs?4, High ammonia
concentrations can significantly impact the environment
with ammonium concentrations above 20 mg NH4™-N per
liter posing toxicity risks?. Apart from ammonia, urea NH2
CONH: and nitrite (NOz) serve as nitrogen sources,
although nitrite's high toxicity at elevated concentrations
makes it less desirable®®.

Table 3
Comparison of ammonium concentrations (mgN.L™?) and phosphate concentrations (mgP.L!) between BBM and
TAP culture mediums across the 5 experimental designs over time (weeks).

Culture medium BBM TAP Overall p-overall
(N=50) (N=50) (N=100)
Ammonium (mgN.L")
Mean (SD) 1395 (1328) | 1394 (1186) 1390 (1250) 0.998
Phosphate (mgP.L-")
Mean (SD) 54957 (4116) | 28905 (6255) | 41900 (14100) | <0.001***
Time (Weeks) TO T1 T2 T3 T4 Overall j 2
(N=20) (N=20) (N=20) (N=20) (N=20) (N=100) overall
Ammonium
Mean (SD) 1500 (1500) | 1419 (1306) 1287 1453 (1360) | 1314 (1076) | 1390 (1250) | 0.984
(1084)
Phosphate
Mean (SD) 43674 43905 44467 40636 36971 41900 0414
(14026) (14581) (13840) (14116) (13954) (14100)
Experimental E0 E1 E2 E3 E4 Overall D.
design (N=20) (N=20) (N=20) (N=20) (N=20) (N=100) overall

Ammonium

Mean (SD) 36.1(32.2) | 553(44.1) | 1059 (78.0) | 1832 (62.8) | 3503 (682) | 1390 (1250) | <0.001***
Phosphate

Mean (SD) 35764 39071 42331 45057 47431 41900 0.066

(15613) (14492) (13765) (12566) (12063) (14100)
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Comparison of Phosphate Concentration (mgP.LY)
between TAP and BBM Media: Similar to the ammonium
test, Chlamydomonas reinhardtii strains were exposed to
identical temperature, light, pH and humidity conditions.
Four different concentrations of phosphate stock solutions
(5.0, 10.0, 15.0 and 20.0 mgP.L" respectively) were utilized,
along with a control trial without phosphate stock solution
supplementation. The experiment spanned 28 days,
employing both TAP and BBM media. Results revealed a
significant statistical difference between the two culture
environments (p < 0.001) (Table 3). By week 2 (after 14
days), most tests at varying concentrations exhibited a
decline. In the TAP medium, at a test concentration of 15.0
mgP.L™, signs of an increase were observed in the third
week. In contrast, the BBM medium showed a consistent
decrease in phosphate concentration at all tested
concentrations over time (Figure 2).

Phosphorus is another essential macronutrient for growth,
taken up by algae as inorganic orthophosphate (PO+*"). The
uptake of orthophosphate is an energy-dependent process.
Microalgae can assimilate excess phosphorus, storing it
within cells as polyphosphate granules. These reserves
sustain prolonged growth in the absence of available
phosphorus. Unlike immediate responses to temperature and
light, an alga's growth rate may not immediately respond to
changes in external phosphorus concentration'®4!, Since
1987, Mostert and Grobbelaar?® found that phosphorus
concentration in cells varied with supply concentration from
a maximum of 1,170 mg dry mass per mg P at a supply
concentration of 0.1 mgP.L™" to as low as 10 mg dry mass
per mg P at supplies of 5 mg P.L! and greater.

Natural water becomes eutrophic when phosphate
concentrations range from 0.035 to 0.1 ppm. To control
eutrophication, the Environmental Protection Agency (EPA)
regulates the maximum phosphate concentration in streams
not directly entering natural water at 100 pug.Lt. Therefore,
routine analysis of phosphate content in both wastewater and
natural waters is essential.

The growth and development of microorganisms, soil-
dwelling algae like Chlamydomonas and plants in natural
environments and agricultural settings are often limited by
phosphorus availability. To optimize crop yields, PO+ is
included as a significant component of commercial
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fertilizers. Much of this supplemental PO+*" leaches from
soil and flows into nearby lakes and rivers inducing algal
blooms that generate anoxic conditions and cause massive
fish kills*°. The sustainability of agricultural yields and the
quality of aquatic ecosystems will benefit from more
efficient use of PO~ by crop plants, reducing farmers'
dependence on rock PO.*" reserves, which can have serious
economic and ecological consequences®.

Algae are autotrophs, synthesizing organic molecules from
inorganic nutrients. The stoichiometric formula for the most
common elements in an average algal cell is CiosHis1OsNi6P
and these elements should be present in these proportions in
the medium for optimal growth3. High nitrogen-to-
phosphorus ratio, about 30:1, suggests phosphorus
limitation, whereas low ratio, about 5:1, suggests nitrogen
limitation*2. However, since wastewater often exposes algae
to nutrient concentrations up to three orders of magnitude
higher than under natural conditions, growth is more likely
limited by carbon and light?’. The rate at which an algal cell
uptake a specific nutrient, depends on the concentration
gradient and diffusion rates through the cell wall. The
thickness of the unstirred water layer outside the cell wall
also affects diffusion rates, with thicker layers resulting in
slower diffusion rates. Turbulence in water is essential to
minimize such thick boundary layers and enhance mass
transfer rates of nutrients and metabolites? 42,

Comparison of Cell density in TAP and BBM Culture
Media: To collect Chlamydomonas reinhardtii biomass for
our experiment, we cultured it in both TAP and BBM media.
Cell density was measured at the optimal 750 nm
wavelength and a standard curve was used to calculate algae
biomass. Biomass increased from the first to the twelfth day
and then decreased from the thirteenth day onward (Figure
3). Therefore, biomass collection began on the twelfth day,
maintaining equal cell density in both TAP and BBM media.
The initial algae density in the TAP medium for the
ammonium experiment was 2.2 x 107 cells. L™ while in the
BBM medium, it was 6.1 x 107 cells. L. Results indicated
significantly higher biomass productivity in the BBM
medium. Most microalgae are fast-growing and produce
valuable biomass suitable for various industrial applications,
boasting high protein and lipid content, rendering it highly
energy-efficient.
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After assessing the effects of different ammonium
concentrations on C. reinhardtii algae growth, it was
observed that at approximately 0.5 mgN.L™!, algal cell
density exhibited robust growth in TAP medium (2.7 x 10°
cells. L™"). However, algae density gradually decreased at
1.0 mgN.L™* (0.2 x 10° cells. L™") and sharply decreased at
2.0 and 4.0 mgN.L™, reaching 0.3 x 10* and 0.2 x 10* cells.
In contrast, algal cell density in the BBM medium did not
show the same level of growth as in the TAP medium,
developing weakly and slowly, ranging only from 4,000 to
5,000 cells L'. Furthermore, culturing them in an
environment without ammonium supplementation also
revealed that algae density in the TAP medium continued to
grow stronger than in the BBM medium (density in TAP: 1.3
x 10°; density in BBM: 0.6 x 10* cells. L™).

This test underscores the clear dependence of cell density on
ammonium concentration in the environment, following the
equation:

Density of cells = (0.9 x 10%) — 33.94 x Concentration of
ammonium (p = 0.06 <o =0.1).

Conversely, in the phosphate testing environment, algal cell
density sharply decreased at a concentration of 15 mgP.L*
(0.3 x 10° cell.L!) and 20 mg P.L* in TAP medium (0.2 x
105 cells. L) with the equation:

Density of cells = (2.03 x 10% — 3.9 x Concentration of
phosphate (p =5.5 x 108 < a=0.001).

Microalgae biomass has been successfully cultivated in
large-scale reactors in an artificial broth medium for
commercial purposes. Algae biomass production in
wastewater treatment offers a cost-effective way to recycle
nutrients and recover energy, as the needed nutrients are
abundantly present in wastewater'® 31, However, wastewater
is typically not utilized for commercial microalgae biomass
production?®. Using microalgae in wastewater treatment can
significantly enhance biomass quantity, making it cost-
effective for various industrial applications, particularly for
biogas and biofuel production. Nevertheless, algal biomass
grown on wastewater may not be suitable for some
industries, such as food processing, or even for use as
fertilizer, if the wastewater contains high levels of heavy
metals and other contaminants.

Conclusion

After a 4-week experiment utilizing Chlamydomonas
reinhardtii algae to remediate environments with elevated
nutrient concentrations (ammonium and phosphate),
significant findings emerged. It was noted that in the BBM
culture medium, algal biomass reached three times higher
levels compared to the TAP culture medium. Particularly,
the highest algal biomass was observed in a culture with
approximately 1.0 mgN.L™" ammonium concentration and 5
mgP.L™" phosphate concentration, suggesting potential
applications in biomass production and aquatic animal feed.
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Furthermore, the efficiency of ammonium treatment in water
environments using this Chlamydomonas strain was notably
superior in the BBM medium compared to the TAP medium.
At 4.0 mgN.L™' concentration, ammonium levels decreased
rapidly within 7 days in the BBM medium whereas it took
14 days in the TAP medium for a similar reduction.

In contrast, phosphate concentrations began declining after
14 days in both algae culture environments, across almost all
tested concentrations. These findings imply the feasibility of
utilizing natural nutrient sources in aquatic wastewater
ponds. However, further exploration into the activities of
symbiotic microbial groups is warranted, as they could
significantly enhance processing efficiency.
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