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ABSTRACT

Wastewater pollution from shrimp aquaculture poses a significant environmental challenge, ne-
cessitating effective and sustainable treatment solutions. This study aimed to optimize the shrimp
pond wastewater treatment capacity of Spirulina platensis (S.platensis) in High-Rate Algal Ponds
(HRAPs) through the combined application of nutrient supplementation and light enhancement.
The results demonstrated that the modified Zarrouk medium had yielded the highest growth per-
formance, achieving a dry weight of S.platensis (DW) of 1123.43 & 10.10 mg/L on day 14. Red light
exceeded the performance of blue and white light, resulting ina DW of 1371.52 £ 15.76 mg/L, spe-
cific growth rate (SGR) of 0.18 & 0.01 day™!, doubling time (DT) of 3.93 £ 0.21 days, and biomass pro-
ductivity (BP) of 94.87 + 3.52 mg/L/day (p < 0.05). The HRAPs system, operated under red light and
supplemented with modified Zarrouk medium, achieved removal efficiencies for chemical oxygen
demand (COD) 85.44 + 10.84%, biochemical oxygen demand (BODs) 91.76 £ 1.82%, total phos-
phorus (TP) 92.59 + 6.43%, total nitrogen (TN) 89.10 £8.31%, nitrate nitrogen (NO3~-N) 87.93 +
9.32%, ammonium (NH4"-N) 94.62 4 1.12%, total suspended solids (TSS) 91.00 & 1.77%, and Col-
iforms 99.99 %. The S.platensis biomass effectively absorbed nutrients in its growth from a culture
medium combining shrimp pond waste and heterotrophic microbial community. Biomass pro-
duction of S.platensis reached a DW of 586.91 = 145.12 mg/L and chlorophyll a of 4.62 £ 0.88 mg/L
after 14 days. The findings also suggest that The HRAPs system utilizing S.platensis not only provides
high wastewater treatment efficiency but also promotes green technology, supporting a circular
economy through the reuse of algal biomass for agricultural and energy purposes. The results con-
firm the potential of HRAPs under optimized conditions as a sustainable, environmentally friendly
solution for aquaculture wastewater treatment, with prospects for large-scale implementation (Fig-
ure 1).
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INTRODUCTION

The global shrimp aquaculture industry has emerged
as a critical factor in meeting the increasing demand
for seafood while playing a pivotal role in driving local
economies and generating income for communities .
Vietnam is recognized as one of the world’s leading
shrimp producers®. Small-scale, household-based
shrimp farming is a prevalent practice, particularly in
the Mekong Delta, but it faces numerous challenges.
Despite its potential to provide a stable income, small-
scale shrimp farmers often encounter difficulties re-
lated to financial constraints, farming techniques, and
managing excess wastewater generated from the pro-
duction process. Shrimp pond wastewater contains
high levels of nutrients and organic matter, primarily
originating from feed and fertilizers used in the aqua-
culture environment. Approximately 18-27% of ni-
trogen and 6-11% of carbon is assimilated by farmed
shrimp, with the remainder discharged into the envi-
ronment>. Over time, the accumulation of these nu-
trients fosters the growth of pathogenic microorgan-
isms, leading to eutrophication, water quality degra-
dation, disruption of ecological functions, and a de-
cline in biodiversity*. Consequently, post-harvest
wastewater and water discharged during pond water
exchanges (if applicable) must be treated prior to re-
lease into the environment.

Conventional chemical and physicochemical ap-
proaches for treating shrimp pond wastewater fre-
quently rely on synthetic chemicals and face signif-
icant challenges related to secondary pollution riks.
In contrast, biological methods stand out due to
their low operational costs, ease of implementation,
and environmental friendliness, making them a pre-
ferred choice for treating wastewater containing or-
ganic matter, particularly readily biodegradable com-
pounds®. Microalgae demonstrate effective nutri-
ent uptake, such as nitrogen and phosphorus, from
wastewater, thereby reducing the risk of water pol-
6. 'The S.platensis is dis-
tinguished by the valuable applications of its har-

lution and eutrophication

vested biomass compared to other algal species. The
microalgal biomass obtained after wastewater treat-
ment holds significant potential for wide-ranging ap-
plications in cosmetics, pharmaceuticals, food, and
other value-added products, yielding considerable
economic benefits”. Furthermore, the cultivation
technique for S.platensis is simple, cost-effective, ex-
hibits superior treatment efficiency, and is well-
adapted to the humid tropical monsoon climate of
southern Vietnam.

HRAPs stand out as an advanced system designed
to optimize microalgal growth and efficiently treat

wastewater. HRAPs feature rectangular or oval pond
structures equipped with centrally located paddle-
wheels for mixing, with a depth ranging from 300 to
500 mm, maximizing light and nutrient utilization to
promote algal growth while recovering high-quality
biomass®. This technology is particularly suitable for
treating wastewater from shrimp ponds, where excess
nutrients post-harvest can be sustainably reused”.
Previous studies have separately examined the use
of Spirulina platensis for treating shrimp aquaculture
wastewater and the application of HRAPs in wastewa-
ter treatment. However, studies focusing on optimiz-
ing nutrient conditions and light regimes for HRAPs
systems under conditions in Vietnam are still lim-
ited. For these reasons, the research’s topic “Opti-
mizing Nutrient and Light Regimes for Shrimp Pond
Wastewater Treatment by Spirulina platensis HRAPs”
aimed to enhance wastewater treatment efficiency and
maximize the potential of algal biomass for practical
applications. The research comprises three compo-
nents: (1) Determining optimal nutrient conditions
for algal biomass production; (2) Identifying optimal
light conditions for algal biomass production; and (3)
Evaluating the performance of shrimp pond wastewa-
ter treatment using HRAPs technology and S. platen-
sis.

MATERIALS AND METHODS

Materials

Wastewater samples from shrimp ponds were col-
lected post-harvest in Binh Dai District, Ben Tre
Province, Vietnam, subjected to preliminary settling,
and stored under refrigeration to minimize quality
changes prior to experimentation. Key pollution
parameters analyzed included pH, chemical oxygen
demand (COD), biochemical oxygen demand over
five days (BODs), ammonium, nitrate, total nitrogen
(TN), total phosphorus (TP), total suspended solids
(TSS), and coliforms counts.

The S.platensis strain was sourced from Tra Vinh Uni-
versity and cultivated to increase biomass in the lab-
oratory of Environmental Technology, University of
Sciences. The microalgae was grown in Zarrouk’s nu-
trient medium ' as standard Zarrouk.

To implement the experiments below, S. platensis
was cultivated in both cultures, the standard Zarrouk
medium and a modified Zarrouk medium (NaNO3
replaced with KNO3).

Experimental design
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Optimizing Nutrient Conditions for Algal
Biomass

Determining optimal nutrient conditions for algal
biomass production before conducting wastewater
treatment experiments in HRAPs, five experiments
(NT1, NT2, NT3, NT4, NT5), as detailed in Table 1,
were implemented for this purpose.

These experiments were replicated three times and
conducted in 500 mL Erlenmeyer flasks, placed un-
der white light with an intensity of 3000 lux, follow-
ing a 12/24-hour light cycle (12 hours of artificial light
from lamps and 12 hours of natural light). Continu-
ous aeration was provided throughout the experiment
to ensure optimal conditions for algal growth.

Optimizing Light Conditions for Algal
Biomass

Three treatments (NT6, NT7 and NT8) were arranged
ina completely randomized block design, utilizing red
light (wavelength 664 nm), blue light (wavelength 432
nm), and white light, with a consistent light intensity
of 3000 lux (Table 2).

Table 2: Light Optimization Experimental
Conditions (Source: Authors)

Treatment NT6 NT7 NTS8
Light Color Red Blue White
Light intensity ~ 3000 lux ~ 3000lux 3000 lux

The nutrient medium selected for the optimal light
condition investigation was based on the results from
the most suitable nutrient condition assessment. The
experiment was conducted in the laboratory at room
temperature. Each treatment was replicated three
times and set up in 500 mL Erlenmeyer flasks, with
continuous aeration provided throughout the study.
The light source for the microalgae was supplied by 10
W/h LED lamps manufactured by Phuong Nam Com-
pany, Vietnam.

HRAPs Model
Designed HRAPs Model

The HRAPs system was designed for wastewater treat-
ment under laboratory conditions, with the operating
water level maintained at a depth of 200 mm to op-
timize dissolved oxygen (DO) concentrations within
the range of 6-8 mg/L, and the total tank height set at
300 mm. The tank was constructed from transparent
acrylic material, with dimensions of length x width x
height (600 mm x 400 mm x 300 mm), and the work-
ing water level was 200 mm. To facilitate flow, create

circulation zones, and enhance mixing for improved
contact between wastewater and algae, the tank was
divided into four channels, each with a width of 150
mm (Figure 1).

The system was equipped with a paddle stirrer oper-
ating at 30 rpm, which facilitated uniform flow circu-
lation and maintained stable dissolved oxygen levels,
thereby fulfilling the technical requirements for effec-
tive wastewater treatment.

Operation of HRAPs Model

The experimental model was established with opti-
mal nutritional and light conditions derived from the
two previous studies. The lighting system utilized
red LED lights, ensuring a light intensity of 3000 lux
at the water surface, with a photoperiod of 12/24
hours. S. platensis was cultured in a medium consist-
ing of 90% wastewater combined with 10% modified
Zarrouk medium. The experiment was conducted
over 14 days. Water samples were collected daily at
12:00 for analysis of COD, Nitrate (NO3 ™), and TP. In
contrast, BODs5, Ammonium (NH;T), TN, TSS, and
Coliforms were analyzed only for the influent and ef-
fluent samples. Algal samples were collected daily to
determine chlorophyll-a content and optical density
(OD560) .

Wastewater samples in HRAPs model were collected
daily at 12:00 to analyze the following parameters:
temperature, pH, light intensity, DO (Dissolved Oxy-
gen), COD (Chemical Oxygen Demand), NO3  (Ni-
trate), and TP (Total Phosphorus).
temperature and pH in the algal culture medium for

Among these,

all three experiments were measured once daily at
08:00 using a HANNA pH meter, pH was maintained
between 8.5-10 12, Light intensity was measured using
a TCVN-LMO3 light meter. Dissolved oxygen con-
centration was measured once daily at 16:00.

Assessment of Microalgal Growth

Calibration Curve Relating Optical Density
(OD) to Dry Weight of Microalgae

The dry weight of the biomass was determined based
on the optical absorbance at a wavelength of 560
nm!!. One gram of dried algae was used to pre-
pare standard solutions with varying concentrations.
A linear regression relationship between OD and
dry weight was established following the method of
Lavens and Sorgeloos (1997), with the equation y =
0.0014x + 0.0272, where y represents the optical ab-
sorbance at 560 nm (OD560), and x is the dry weight
of the algae (mg/L)!?. Algal samples were collected

daily to measure optical absorbance at 560 nm, using
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Table 1: Nutrient Optimization Experimental Conditions (Source: Authors)

Treatment NT1 NT2 NT3 NT4 NT5
Nutrient 100% Standard ~ 100% Modified 100% 90% Wastewater ~ 90% Wastewater +
medium Zarrouk Zarrouk Wastewater + 10% Standard 10% Modified

(NaNO3 Zarrouk Zarrouk
replaced with
KNO3)
\1-'\ -
.
e 3

Figure 1: Simulation of the HRAPs system in study (Source: Authors)

a blank sample derived from control flasks prepared
under the same conditions as the experimental flasks
but without algae. The corresponding dry weight was
then calculated based on the calibration curve equa-

tion in Figure 2.

Determining Chlorophyll-a Concentration in
Microalgae

The chlorophyll a content was determined using
UV-Vis spectrophotometry at characteristic wave-

lengths 4

[11.46 X (0D66370D75()) —2.16 x (0D54570D750) 0.10 x <OD63070D750) — 252 x (0D772*0D850)] X Vi

Ct:

0.8

0D560

0.6

0.4

0.2
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DW (mg/L)

Figure 2: Calibration curve for S. platensis dry
weight (Source: Authors)

Vxo

Where:

« V: Volume of the sample (0.04 L)
o VI: Volume of acetone (20 mL)
o: Cuvette path length (1 cm)

« OD: Optical density

Data Analysis

Data were processed using Microsoft Excel software
for basic calculations and data visualization. Two-way
analysis of variance (ANOVA) was conducted using
SPSS version 20.0 and Microsoft Office Excel 2016 to
assess the statistical significance between experimen-
tal groups, with a significance level set at p < 0.05.
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RESULTS AND DISCUSSIONS

Optimal Nutritional Condition

The results of biomass growth assessment for
S.platensis after 14 days under different experimental
treatments were presented in graphs Figure 3.
Statistical analysis revealed significant differences in
algal dry weight among the nutritional conditions
(p < 0.05) and over time (p < 0.05). The average dry
weight of biomass on day 14 for each treatment was
as follows: 1173.43 £ 5.05 mg/L for NT1, 1275.93
+11.62 mg/L for NT2, 634.14 &+ 5.05 mg/L for NT3,
1035.57 & 2.02 mg/L for NT4 and 1123.43 £ 10.10
mg/L for NT5. Analysis of growth kinetics after 14
days using the exponential growth model equation '
showed that the specific growth rate (SGR) ranged
from 0.16 to 0.22 day~!, with NT2 exhibiting the
highest value (0.22 + 0.05 day™!), reflecting optimal
growth efficiency in the modified Zarrouk medium.
Doubling time (DT) varied from 3.20 to 4.26 days,
with NT3 showing the longest duration (4.26 £ 0.35
days), indicating delayed doubling due to suboptimal
nutritional conditions. Biomass productivity (BP)
ranged from 42.88 to 92.25 mg/L/day, with the high-
est value observed in NT2 (92.25 &+ 2.02 mg/L/day),
demonstrating consistency in results and confirming
the superior potential of the modified nutritional
medium in enhancing biomass yield. NT2 got the
highest dry weight (1275.93 £ 11.62 mg/L), SGR
(0.22 £ 0.05 day™!), shortest DT (3.20 + 0.47 days),
and superior BP (92.25 & 2.02 mg/L/day), indicating
that the modified Zarrouk medium promoted algal
growth with the higher biomass concentrations
compared to the control medium. These findings
aligned with the study by Gour et al. (2018), where
replacing NaNOj3 with KNOj significantly improved
microalgal growth rates'®. Potassium is an essential
nutrient for Spirulina development, and growth
performance is enhanced when KNOs is used as a

17 These results

nitrogen source instead of NaNOj3
reinforced the role of KNOj as a potential alternative
nitrogen source, contributing to the optimization of
S.platensis growth.

In contrast, NT1 exhibited a dry weight of 1173.43
=+ 5.05 mg/L, an SGR of 0.21 + 0.04 dayfl, and a
BP of 84.34 + 0.81 mg/L/day. Although high, these
values were inferior to those of NT2, possibly due to
differences in nutrient composition. Treatment NT3
recorded the lowest dry weight among all treatments
(634.14 £ 5.05 mg/L), with a maximum of 738.07 +
3.54 mg/L on day 12 of cultivation, reflecting nutrient
deficiency or the presence of inhibitory compounds.
This resulted in a low SGR (0.16 & 0.03 day_1 ), ahigh

DT (4.26 £ 0.35 days), and a low BP (42.88 £ 0.71
mg/L/day).

Subsequently, treatments 4 (NT4) and 5 (NT5) eval-
uated real wastewater combined with algae under op-
timized light and nutrient conditions as established
previously. NT4 consisted of 90% wastewater blended
with 10% standard Zarrouk medium, while NT5 com-
prised 90% wastewater blended with 10% modified
Zarrouk medium. The results demonstrated that NT4
achieved a DW 0f 1035.57 + 2.02 mg/L, SGR of 0.20 £+
0.05 day~!, DT of 3.47 + 0.28 days, and a BP of 73.74
+ 0.20 mg/L/day. In contrast, NT5 achieved a DW of
1123.43 4= 10.10 mg/L, an SGR of 0.21 £ 0.03 dayil,
the DT of 3.37 4 0.43 days, and the BP of 80.47 & 1.92
mg/L/day. The comparable performance between
NT2 and NTS5 indicated that the modified nutrient
medium not only enhances biomass production but
also reduced the algal doubling time. Consequently,
NT5 was selected as the optimal treatment for shrimp
pond wastewater treatment and utilized for subse-
quent experiments. This treatment provided a bal-
ance between microalgal growth efficiency and pollu-
tant removal capacity. The 90% wastewater blending
ratio contributed to improve treatment efficiency and
reduced nutrient input costs, while the 10% modified
Zarrouk medium provided essential trace elements,
thereby simultaneously optimizing wastewater treat-
ment and biomass of S.platensis. This approach differs
from many previous studies, which primarily focused
on optimizing growth in synthetic media without ade-
quately addressing real wastewater conditions. Thus,
the added value of this study lies not only in identi-
fying optimal nutrient conditions for the growth of
S.platensis, but also in demonstrating that minimal
and selective nutrient supplementation can signifi-
cantly enhance microalgal growth performance and
the practical applicability of the alga in shrimp pond
wastewater treatment systems.

Optimal Light Condition

To determine the optimal light color for microal-
gal growth, NT5 (previously identified as optimal
for nutrient composition) was used as the base-
line for subsequent experiments. The results indi-
cated that red light made the highest growth per-
formance, with a dry biomass weight on day 14 of
1371.52 £ 15.76 mg/L, significantly surpassing blue
light (952.60 £32.37 mg/L) and white light (1265.57
+ 14.27 mg/L), as illustrated in Figure 4.

Two-way analysis of variance (ANOVA) revealed sta-
tistically significant differences in dry biomass weight
between treatments (p < 0.05) and over time (p <
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Figure 3: The optimal nutritional conditions: (a) Dry biomass weight of S. platensis ; (b) Doubling time of S. platen-
sis; (c) Specific growth rate of S. platensis; (d) Biomass productivity of S. platensis (Source: Authors)

0.05). The highest specific growth rate (SGR) was
recorded in treatment 6 (NT6) at 0.18 & 0.01 day_l,
compared to treatment 7 (NT7) at 0.15 + 0.01 day~!
and treatment 8 (NT8) at 0.17 =+ 0.02 dayfl. Dou-
bling times (DT) were 3.93 + 0.21 days for NTé6,
4.63 + 0.32 days for NT7, and 3.97 &+ 0.18 days for
NT8. Biomass productivity in NT6 reached 94.87 £+
3.52 mg/L/day, significantly higher than NT7 (62.82
=+ 2.63 mg/L/day) and NT8 (87.32 +£ 2.75 mg/L/day).
These results consistently support NT6 and confirm
that red-light not only enhances photosynthetic effi-
ciency but also significantly increases the biomass of
S.platensis.

This finding highlights the potential for practical ap-
plications in sustainable wastewater treatment sys-
tems for aquaculture. The results align with previ-
ous studies, such as Prates et al. (2018), who reported
the highest biomass accumulation in microalgae un-
der continuous red-light exposure %, and Chen et al.
(2010), who identified red light as the ideal condition
for promoting algal growth °.

However, the key distinction and novel contribution
of the present study lies in confirming the effective-
ness of red light under real shrimp pond wastewa-
ter conditions, where nutrient composition is com-

plex and interactions between microalgae and het-
erotrophic microbial communities occur. This mech-
anism can be explained by the strong activation of
photosynthetic pigments under red light, which en-
hances nutrient uptake and assimilation compared
with white and blue light. Light intensity and wave-
length are known to significantly influence microal-
gal growth and photosynthetic activity through direct
interactions with photosynthetic pigments, thereby
affecting biomass productivity?’. In the context of
shrimp aquaculture wastewater treatment, light not
only affects microalgal growth but also indirectly gov-
erns pollutant removal efficiency. Enhanced microal-
gal biomass production under red light increases ni-
trogen and phosphorus uptake and promotes syn-
ergistic interactions between microalgae and bacte-
ria, thereby improving wastewater treatment perfor-
mance in HRAPs systems. These findings indicate
that red light is not merely a factor for biomass op-
timization but also a critical operational parameter in
biological treatment systems. Therefore, red light is
recommended as the optimal illumination condition
for microalgae-based applications in shrimp aquacul-

ture wastewater treatment.
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Figure 4: The optimal Light conditions; (a) Dry weight biomass of S. platensis; (b) Doubling time of of S.platensis;
(c) Specific growth rate of S. platensis; (d) Biomass productivity of S. platensis (Source: Authors)

HRAPs Model Operation
S.platensis Biomass

The growth performance of S. platensis biomass in
HRAPs was presented in Figure 5. The study results
indicate that the dry weight of S.platensis biomass in-
creased from 65.76 + 6.36 mg/L to 586.91 & 145.12
mg/L. Correspondingly, the chlorophyll-a content
also rose from 1.47 & 0.35 mg/L to 4.62 % 0.88 mg/L,
reflecting the effective adaptation and growth of the
algae under optimal conditions.
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Figure 5: Dry biomass weight and chlorophyll-a
concentration of S. platensis (Source: Authors)

Kinetic parameter analysis after 14 days revealed the
average parameters of specific growth rate (SGR) of
0.17 4+ 0.03 day’!, a doubling time (DT) of 4.12 +
1.42 days, and biomass productivity of 40.09 % 13.08
mg/L/day during the observation period. These re-
sults not only confirmed the superior growth poten-
tial of S.platensis but also demonstrate its high effi-
ciency in nutrient utilization and wastewater treat-
ment (Figure 6).

Figure 6: S. platensis on the 14th day in HRAPs
model (Source: Authors)

Effectiveness of Shrimp Pond Wastewater
Treatment in HRAPs Model

The efficiency of S.platensis in treating shrimp pond
wastewater under optimal culture conditions was pre-

1382



VNUHCM Journal of Environment and Earth Sciences 2026,10(2):1376-1386

sented in Figure 7. On day 147 of cultivation,
the concentrations of organic matter in the culture
medium were recorded as 87.74 £ 57.04 mg/L for
COD and 29.47 £ 12.08 mg/L for BODs, correspond-
ing to removal efficiencies of 85.44 + 10.84% and
91.76 + 1.82%, respectively. Kinetic analysis of the
data collected throughout the experimental period re-
vealed that COD removal followed a first-order ki-
netic model, with a correlation coefficient R2 = 0.9657
and a rate constant k of 0.155 day~!. This value was
higher than that reported by Selvaraj et al (2025) (k
= 0.114 + 0.05 day~!), confirming the potential of
S.platensis for pollutant removal under optimal con-
ditions?!. These findings highlighted the capability
of microalgae to remove pollutants from water, with
the treatment mechanisms attributed to adsorption,
accumulation, and biodegradation by microalgae??.
S.platensis utilized organic compounds as nutrients to
support its growth and biomass production. Addi-
tionally, algae and bacteria could degrade pollutants
by producing enzymes during their growth phase,
breaking down toxic compounds into simpler, non-

toxic forms?!

. This study showed a significant im-
provement in treatment efficiency. This difference
can be explained by the simultaneous optimization of
nutrient and light conditions, thereby enhancing pho-
tosynthetic activity and the ability of S.platensis to as-
similate organic compounds.

The research results demonstrate that S.platensis ex-
hibited significant nutrient removal capabilities after
14 days, achieving treatment efficiencies of 92.59 +
6.43 % for total phosphorus (TP), 89.10 £ 8.31% for
total nitrogen (TN), 87.93 + 9.32% for nitrate (NO3 ™ -
N), and 94.62 £ 1.12% for ammonium (NH4*-N).
The remaining nutrient concentrations were recorded
as 0.35 +£0.14 mg/L (TP), 11.71 + 3.76 mg/L (IN),
11.01 £ 3.51 mg/L (NO3~-N), and 0.06 £ 0.03
mg/L (NH4-N). These findings highlighted the nu-
trient assimilation capacity of S. platensis and con-
firm its potential in treating shrimp pond wastewa-
ter. Nitrogen and phosphorus significantly were ma-
jor contributors to wastewater pollution, leading to
eutrophication and reduced dissolved oxygen levels
in aquatic environments. Microalgae could be ca-
pable of efficiently assimilating both macro- and mi-
cronutrients from wastewater, converting them into
algal biomass?®. Phosphorus removal in the system
primarily occurred through two pathways: chemi-
cal precipitation and biomass assimilation>*. Nitro-
gen was removed from wastewater through biologi-
cal processes including nitrification, denitrification,

25

and volatilization . Algae contributed to this pro-

cess by directly absorbing nitrogen compounds in the

forms of nitrate (NO3 ™), nitrite (NO, ), and am-
monium (NH41)2!. The concentrations of total sus-
pended solids (TSS) and coliforms significantly de-
creased, with TSS reducing from 41.67 + 11.79 mg/L
to 3.75 = 1.77 mg/L, achieving a treatment efficiency
of 91.00 £ 1.77% (Figure 3.5). Additionally, the col-
iforms concentration in the wastewater markedly de-
creased from 1.01 x 103+ 1.27 x 10 MPN/100 mL
t05.00 &= 7.07 MPN/100 mL, with a removal efficiency
of 99.99%. This reduction was attributed to changes
in pH within the environment. During rapid photo-
synthesis, the algae’s demand for carbon dioxide ex-
ceeds the amount produced by bacterial respiration in
the wastewater. Consequently, algae utilize carbon-
ate and bicarbonate ions, dissociating them to pro-
duce carbon dioxide for their use, which generates hy-
droxyl ions and increases the pH. When photosynthe-
sis slows, free carbon dioxide accumulates, and the pH
returned to normal levels. This pH fluctuation was the
primary mechanism for coliforms removal in the sys-
tem 2%, This research offers a scientific basis for inte-
grating wastewater treatment and microalgal biomass
recovery in HRAPs systems, paving the way for larger-
scale investigations into circular economy approaches
and sustainable aquaculture development.

CONCLUSION AND
RECOMMENDATIONS

This study demonstrates that the High Rate Algal
Pond (HRAPs) system utilizing S. platensis under op-
timized nutrient and light conditions represents an
effective and sustainable solution for treating shrimp
pond wastewater. The modified Zarrouk medium
combined with red light not only promotes microalgal
biomass production but also significantly improves
wastewater quality. These findings underscore the
broad application potential of HRAPs, extending be-
yond aquaculture wastewater treatment to various
other industrial sectors. This approach offers an en-
vironmentally friendly, sustainable, and scalable so-
lution for the aquaculture industry. To facilitate prac-
tical implementation, future research should focus on
optimizing operational costs and conducting a com-
prehensive evaluation of the model’s economic feasi-
bility.
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T6i uu héa ché dé dinh duéng va anh sang cho xt ly nuéc thai ao
nudi tdm bang Spirulina platensis trong hé théng Hé tao cao tai

Tran Huy Nhon'2", Tran Thi Kim Phung'2, Diang Diép Yén Nga'~2

TOM TAT

O nhiém nudc thai tir hoat dong nudi tdm la mot thach thic dang chd y déi vai moi trudng, doi
hoi cac giai phap xU ly hiéu qua va bén vimng. Nghién cliu nay nham téi uu hda kha nang xdr ly nudc
thai ao nudi tém clia Spirulina platensis (S.platensis) trong hé théng ho tao cao tai (High-Rate Algal
Ponds - HRAPs) théng qua viéc két hop bé sung dinh dudng va ting cudng diéu kién chiéu sang.
Két qua cho thdy méi trudng Zarrouk cai tién mang lai khd ndng sinh trudng cao nhat, véi trong
lugng kho (DW) clia S.platensis dat 1123.43 £ 10.10 mg/L vao ngay thit 14. Anh séng dd vugt trdi so
véi dnh sang xanh va anh séng trang, dat sinh khéi khd 1371.52 + 15.76 mg/L, téc do sinh trudng
riéng (SGR) 0.18 + 0.01 ngay !, thdi gian nhan déi (DT) 3.93 + 0.21 ngay va ndng suét sinh khdi (BP)
94.87 £ 3.52 mg/L/ngay (p < 0.05). Hé théng HRAPs van hanh dudi énh séng doé va dugc bé sung
moi truong Zarrouk cai tién dat hiéu sudt loai bd nhu cau oxy hda hoc (COD) la 85.44 + 10.84%, nhu
cau oxy sinh hoa (BODs) 1a 91.76 & 1.82%, t8ng phosphorus (TP) 1a 92.59 4 6.43%, téng nitrogen
(TN) 18 89.10 =4 8.31%, nitrate (NO3~-N) a 87.93 & 9.32%, ammonium (NHz T-N) [ 94.62 & 1.12%,
téng chéat ran o Iing (TSS) 1a 91.00 4= 1.77% va Coliform dat 99.99%. Sinh khéi S platensis hap thu
hiéu qua cac chat dinh dudng trong qué trinh sinh trudng ti moi trudng nudi cdy két hop chat thai
a0 nubi tbm va cdng déng vi sinh vat di dudng. Sau 14 ngay, sinh khéi S.platensis dat trong lugng
kho 586.91 4 145.12 mg/L va ham lugng chlorophyll a dat 4.62 4 0.88 mg/L. Cac két qua cling cho
thay hé théng HRAPs st dung S. platensis khdng chi mang lai hiéu qua x ly nudc thai cao ma con
thic ddy cong nghé xanh, gop phan hé trg moé hinh kinh té tuan hoan théng qua viéc téi st dung
sinh khoi tdo cho cac muc dich ndng nghiép va nang lugng. Két qua nghién ctu khang dinh tiém
'Khoa Mbi truidng, Trudng Dai hoc Khoa nang clia hé théng HRAPs trong diéu kién t6i uu nhu mét gidi phap xt ly nudc thai nudi tréng thiy
hoc Ty nhién, DHQG-HCM, Vigt Nam san bén viing, than thién véi moi trudng va co trién vong trién khai trén quy mo 16n (Hinh 1).
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