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Abstract. Cultivating Artemia (brine shrimp) using whiteleg shrimp (Litopenaeus vannameij) wastewater
is highly effective, providing a sustainable feed source that boosts shrimp growth, survival, and feed
efficiency. This integrated approach, using nutrient-rich effluent to grow natural food (Artemia) that is
then fed back to the shrimp, creates a more circular aquaculture model, cutting costs and environmental
impact. The results of the study indicated that Artemia can be successfully cultured using wastewater
from shrimp farming. The dry biomass of Artemia, on 14" day, cultured in the autotrophic treatment
exhibited significantly greater length, biomass, and nitrogen content (p < 0.05) such as 8.1+0.01 mm,
359.0+£9.30 mg, and 29.1+0.92 mg container?, respectively, in comparision with the mixotrophic,
including 7.9+£0.15 mm, 310.5+5.26 mg, and 25.2+0.77 mg container. The nitrogen recovery in
wastewater could reach up to 9.3%, using the wastewater from an autotrophic shrimp system
supplemented with microalga Chaetoceros muelleri during the shrimp culture cycle. Meanwhile the
nitrogen could be recovered up to 7.1% with using the waster water from the mixotrophic shrimp culture
system. After 14 days, these findings highlighted the potential of this method in effectively recycling
nutrients, reducing environmental pollution and enhancing the sustainability of shrimp farming.
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Introduction. According to the Global Seafood Alliance, global farmed shrimp production
increased from 3.2 million tons in 2010 to 5.6 million tons in 2023 and is projected to
continue rising in the coming years (Jory 2023; FAO 2024). Water consumption for
producing 1 kg of market-size shrimp varies considerably, reaching 45.5 m? in Vietnam,
14 m3 in Thailand, 55 m?3 in Indonesia, 39.2 m?3 in India, and 76.8 m3 in Ecuador;
meanwhile, feed conversion ratios (FCR) range from 1.2 to 1.6 (Boyd et al 2021). One
kilogram of commercial shrimp feed typically contains approximately 35% protein,
equivalent to about 56 g of nitrogen; however, shrimp assimilate only 19-25% of the
nitrogen intake, while the remainder is released into the culture environment as feces,
excretory products, and uneaten feed (Chen et al 2018; Iber & Kasan 2021). The rapid
expansion of shrimp aquaculture has consequently imposed substantial pressure on
natural ecosystems, primarily due to the accumulation of inorganic nitrogen in effluents,
which contributes to eutrophication, disease outbreaks, and biodiversity loss, ultimately
threatening the sustainability of the industry (Iber & Kasan 2021; Tom et al 2021).

To mitigate the adverse environmental impacts of shrimp farming effluents, a
range of advanced aquaculture systems - such as biofloc technology, recirculating
aquaculture systems (RAS), aquaponics, autotrophic systems, mixotrophic systems, and
integrated multi-trophic aquaculture (IMTA) - have been widely implemented (Chang et
al 2020; de Moraes et al 2020; Lothmann & Sewilam 2023). These systems function
based on nutrient transformation along natural food webs, in which inorganic nitrogen is
ingested by microorganisms and microalgae and subsequently converted into biomass
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that can serve as a food source for heterotrophic organisms such as oysters, copepods,
and tilapia fish (Poli et al 2019; Chang et al 2020).

Microalgae are considered a highly promising biological agent for wastewater
treatment due to their ability to absorb dissolved inorganic nitrogen and phosphorus
(Khatoon et al 2016; Magnotti et al 2016). They also serve as a high-quality feed source
for Artemia, oysters, and copepods (Sorgeloos 1985; Magnotti et al 2016; Chang et al
2020). Furthermore, autotrophic shrimp farming systems supplemented with beneficial
microalgae have demonstrated notable improvements in water quality and shrimp
productivity (Godoy et al 2012; Ge et al 2016; Meng et al 2024).

Artemia, a genus comprising filter-feeding zooplankton species, exhibits high
filtration capacity - up to 64 mL individual™ per day - and can consume approximately
6.4 x 106 algal cells per day. It is particularly efficient at removing suspended organic
particles smaller than 50 um (Ogburn et al 2023; Truong & Nguyen 2024). Artemia is
also a widely used live feed for various aquaculture species at the larval stage, including
shrimp, fish, and crabs (Sorgeloos et al 1998; Nguyen 2011). Thus, Artemia represents a
promising candidate for nutrient recovery and wastewater reuse in shrimp aquaculture.

This study aims to evaluate the potential use of nutrient-rich effluents - containing
microalgae and organic matter - from autotrophic shrimp farming systems, compared
with mixotrophic systems lacking microalgal supplementation, for Artemia biomass
production. Additionally, organic nitrogen levels in both shrimp-culture effluents and
Artemia biomass were quantified to assess nitrogen recovery efficiency. The findings are
expected to contribute to environmentally friendly solutions for reducing effluent
pollution, improving the sustainability and productivity of shrimp farming systems, and
providing an economically valuable Artemia biomass source for other aquaculture
species.

Material and Method

Description of the study sites. The experiment was conducted from July to October
2025 at the Cam Ranh Centre for Tropical Marine Research and Aquaculture, Aquaculture
Institute, Nha Trang University, Vietnam.

Microalgae culture. The microalga Chaetoceros muelleri was sourced from the
laboratory of the Aquaculture Institute and cultured in 5-L glass flasks, following Doan et
al (2018). Sterilized seawater (by using chlorine 20 ppm) with a salinity of 25 ppt was
enriched with f/2 medium and maintained under controlled conditions such as the
temperature of 26°C, an initial inoculation density of 50,000 cells mL?, illumination of
4600 lux provided by Phillips 60-W bulbs, and a 24:0 h light:dark cycle. Those cultures
reaching densities above 3 x 106 cells mL! were used for the autotrophic shrimp system
and as feed for Artemia prior to experimentation.

Artemia culture. Artemia franciscana (Vinh Chau strain, Soc Trang, Vietnam) were
hatched and reared in 200L tanks containing filtered seawater at a density of 1500
individuals L'. They were fed C. muelleri according to daily feeding rates described by
Naegel (1999). Artemia aged 7 days were used for the experiment.

Shrimp culture. Shrimp were reared for 60 days in twelve 1 m?3 circular composite tanks
under two systems (six replicates each): 1) autotrophic system: adding C. muelleri +
silicate: 2) mixotrophic system (as the control): adding silicate only. Each treatment
consisted of six replicates. Tanks were sheltered from direct sunlight and aerated
continuously. Shrimp were stocked at 200 individuals per tank with an initial mean
weight of 1.22+0.08 g, and fed a commercial diet (40% protein) at 4-8% body
weight/day in four feedings (07:00, 11:00, 16:00, 21:00). Uneaten feed and waste were
siphoned twice daily (09:00, 18:00), and 10-20% water was exchanged daily. To
maintain autotrophic conditions, C. muelleri was supplemented twice weekly to sustain
algal densities above 30,000 cells mL?! (Meng et al 2024). Silicate (Na2SiOs) was added
to both systems at 5 ppm twice weekly (Emerenciano et al 2022). Alkalinity was
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stabilized by adding NaHCO3z at 10 ppm every three days; CaO at 20 ppm every 3-5 days
was used for pH regulation and algal biomass control. When total ammonia nitrogen
(TAN) exceeded 2 ppm, carbon from refined sugar (50% carbon content) was added at a
C:N ratio of 6:1 following Mohammadi et al (2023).

Water quality was maintained within the following ranges: NHa4* < 2 mg L, NO2~
< 5 mg L?, alkalinity 120-160 mg L!, pH 7.8-8.5, temperature 27-31°C, DO > 5 mg L},
salinity 25-34 ppt.

Shrimp effluent used for Artemia culture. Effluent was collected on day 32 of shrimp
culture, when shrimp reached 7.7£0.46 g and were fed 76 g feed/tank/day. Effluents
from the two systems were filtered through < 50 ym mesh bags and stored separately in
2000 L aerated composite tanks. Water quality parameters (salinity, alkalinity, pH,
temperature, DO, NHa*, NO2-, total Kjeldahl nitrogen (TKN), algal composition, algal
density, and total suspended solids (TSS)) were monitored every seven days throughout
the 21-day Artemia culture.

Experimental design of Artemia culture. Artemia were reared in 24 plastic containers
containing 8 L of water, assigned to 2 treatments (12 containers each) as described
following: treatment A - effluent from the autotrophic shrimp system; treatment B:
effluent from the mixotrophic system (without microalgal supplementation). Initial
stocking density of Artemia sp. was 100 individuals L' with a uniform body length of
3.1£0.04 mm. Total experimental duration was 21 days. Concerning the sampling
schedule, at the day 7%, 14% and 21%t, four containers of each treatment were randomly
collected to determine Artemia length, survival, dry biomass, nitrogen content, total
effluent volume supplied, and nitrogen concentration in effluent.

Experimental management. Containers were kept under shelter and aerated
continuously. Effluent was supplied 2-6 times/day depending on biomass increase. The
daily effluent volume was calculated using Artemia filtration rate based on Li et al
(2024):
FFR = 0.487-BL + 0.067-T - 0.01-D - 0.064:-PS - 1.508

where: FFR = filter-feeding rate, BL = body length (mm), T = temperature (°C), D =
density (ind L't), PS = particle size (um).

Adjustments were made based on water clarity and gut fullness (Thong et al
2024; Nguyen et al 2024). Before each effluent addition, an equivalent volume was
removed to maintain a constant 8 L per container. Discharged water from each treatment
was collected separately in 2000L tanks, and water quality was analyzed on the day 1%,
7th, 14t and 21st,

Data collection and evaluation

Water quality parameters. Dissolved oxygen content, temperature, salinity and pH were
measured using HI 9147 and ENZO 7011 handheld meters. Chemical oxygen demand
(COD) was determined by the Closed Reflux, Titrimetric Method according to SMEWW
5220C:2023; (NH3-N) was detected using the Phenate method (SMEWW 4500- NHs-F),
NO2"-N using the colorimetric method (SMEWW 4500-NO2-B) and Total Kjeldahl Nitrogen
(TKN) via the Kjeldahl method (SMEWW 4500-Norg C); total suspended solids (TSS) was
figured out by gravimetric method (SMEWW 2540D) and chlorophyll-a was found out via
fluorometry (APHA 2017).

Algal density. Algal density was quantified using an improved Neubauer hemocytometer
under a compound microscope (Olympus BX41TF, Japan, 400x). Density was classified
following Thong et al (2024), such as +++ = > 60% (high), ++ = 30-60% (medium), +
= < 30% (low).

Artemia growth and biomass. Growth was measured as body length from the anterior tip
to the base of the furca using a digital caliper (0.1 mm resolution). Dry biomass was
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determined by drying samples at 105-130°C (TCVN 3700-90) and weighing with a
Sartorius CP224S analytical balance (accuracy 0.1 mg). Nitrogen content in Artemia was
quantified by the Kjeldahl method.

Nitrogen recovery. Nitrogen supplied from effluent was calculated as below:

Recovery efficiency (%) = (N taken up / Total N applied) x 100
N taken up = (Bt x %Nt) - (Bo x %No)

where: Bo, Bt: Artemia biomass (g or mg) at the initial and biomass at time T; %No,
%Nt: nitrogen taken up at the initial and biomass at time T.

Day 7": N = (TKN1 + TKN7)/2 x V1-7
Day 14%: N = (TKN1 + TKN7 + TKN14)/3 X V1i-14
Day 215t: N = (TKN1 + TKN7 + TKN14 + TKN21)/4 x V1-21

where: TKN1, TKN7, TKN14, and TKN21 represent total nitrogen concentrations (mg L),
and Vi-7, Vi-14, Vi-21 are cumulative effluent volumes supplied during the respective
intervals.

Statistical analysis. Data were analyzed using IBM SPSS Statistics 26.0. Normality and
homogeneity of variance were confirmed prior to one-way ANOVA. When significant
differences were detected, Duncan’s multiple range test was applied for post-hoc
comparisons at a significance level of p < 0.05. All values are expressed as mean%
standard deviation (SD).

Results

Water quality parameters. The water quality parameters of the influent and effluent
from the autotrophic and mixotrophic treatments during the 21-day Artemia culture
period were presented in Table 1.

Table 1
Water quality parameters of influent and effluent from shrimp-culture wastewater used
for artemia culture in the two treatments

Parameters Autotrophic Mixotrophic
Input Output Input Output

Temperature (°C) 28.3£0.632 28.4+0.652 28.5+0.53° 28.4+0.362
Salinity (ppt) 32.7+0.21° 33.9+0.312 33.2+0.19° 34.1+0.35°
DO (mg L1) 6.2+£0.472 6.0+0.562 5.95+0.662 5.78+0.622
pH 7.9+0.182 7.8+0.212 8.1+0.182 7.94£0.22°
Alkalinity (mg L?) 112.0+£8.42 105.5+12.62 121.3+9.5°2 107.0+£12.82
NH4* (mg L) 0.47+0.16a  0.73+0.17% 0.68+0.09v 0.85+0.13¢
NO2~ (mg L) 0.83+0.252 0.90+0.21° 0.73£0.34= 0.93+0.42°
TKN (mg L) 2.45+0.26° 1.95+0.243 2.75+0.38P 2.12+0.362
Chlorophyll-a (pug L?) 138.3+8.96¢ 39.6+14.432 117.8+12.04°> 36.3+10.312
COD (mg LY) 27.5+4.66° 18.8+3.302 29.04+3.92° 19.2+4.08?
TSS (mg L) 54.8+7.14° 28.5+4,51° 50.5+8.51P 27.8+9.222

Data are expressed as mean£SD. Different superscript letters in the same row indicate statistically significant
differences (p < 0.05).

No significant differences (p > 0.05) were observed between the two wastewater sources
in temperature, salinity, DO, pH, alkalinity, NO2", TKN, COD, and TSS. However,
significant differences (p < 0.05) were detected in NH4", and chlorophyll-a between the
two treatments.

The effluent from artemia culture, in both treatments, exhibited significantly lower
concentrations of TKN, TSS, COD, and chlorophyll-a compared with influent water (p <
0.05). Other parameters - including temperature, salinity, DO, pH, and alkalinity - did not
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differ significantly between influent and effluent (p > 0.05). These results indicate that
Artemia effectively reduced COD, TSS, TKN, and chlorophyll-a concentrations in shrimp-
farm wastewater during the 21-day culture period. However, the results showed that
NHa4* concentrations in the effluent were not reduced in both treatments.

Phytoplankton composition in wastewater. Phytoplankton taxa identified in the
wastewater of both systems are presented in Table 2.

Table 2
Phytoplankton composition in wastewater from the two systems used for Artemia culture

Species Mixotrophic Autotrophic
Bacillariophyta
Chaetoceros muelleri + ++
Nitzschia sp. + +
Navicula sp. + +
Thallassiosira sp. + +
Skeletonema sp. + -
Chlorophyta +
Nannochloropsis sp. + +
Chlorella sp. + +
Other species + +

Density: ++ = > 30-60% (medium), + = < 30% (low).

Analysis revealed seven genera, of which five were diatoms: Chaetoceros muelleri,
Nitzschia sp., Navicula sp., Thalassiosira sp., Skeletonema sp., Nannochloropsis sp.,
Chlorella sp., along with several unidentified low-density species. In the autotrophic
system, C. muelleri dominated (++) to other taxa, while Skeletonema sp. was absent.

Growth performance, biomass, and nitrogen accumulation in Artemia. Artemia
growth, survival, dry biomass, and nitrogen content across treatments and sampling
times are shown in Table 3.

Table 3
Length, survival, dry biomass, and nitrogen content of Artemia cultured in wastewater
from the two systems

Parameters Treatment Day 1%t Day 7 Day 14% Day 21st
Length (mm) Autotrophic  3.1+0.04 6.6+0.189 8.1+0.01a 9.2+0.09a
Mixotrophic  3.1+0.04 6.4+0.17a 7.9%0.15¢p 9.1+0.15=
Survival rate (%) Autotrophic 100 82.3+3.862 68.7+4.032 32.5+4.652
Mixotrophic 100 79.8+42.982 60.2+5.37a  25.5+2.64b
Dry biomass Autotrophic  71.1£0.03 280.8+3.592 359.0+9.302 230.0+23.94a
(mg container') Mixotrophic 71.1+0.03 276.0+5.44a 310.5+5.26° 191.8+4.27v
Nitrogen content in  Autotrophic 5.46+0.01 22.3+0.42a 29.1+0.92a 22.8+2.43a
Artemia Mixotrophic 5.46+0.01 20.5+0.41> 25.2+0.77b 18.3+1.25b
(mg container?)
Cumulative Autotrophic - 16.8+£0.422 23.6+0.932 17.4+2.44a
nitrogen content in
Artemia Mixotrophic - 15.1+0.41> 19.7+0.77>  13.5+1.25b

(mg container?)
Data are expressed as meanxSD. Different superscript letters in the same column indicate statistically
significant differences (p < 0.05).

Initial Artemia size was 3.1+£0.04 mm (71.1+£0.03 mg container! =~ 800 individuals
container!). After 7 days, no significant differences (p > 0.05) were observed between
treatments in length, survival, or biomass. Artemia in the autotrophic treatment reached
6.6+£0.18 mm length, 82.3+£3.86% survival, and 280.8+3.59 mg biomass, similar to the
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mixotrophic values of 6.4£0.17 mm length, 79.8+2.98%, and 276.0+5.44 mg. However,
nitrogen content in Artemia was significantly higher (p < 0.05) in the autotrophic
treatment (22.3+0.42 mg container?!) than in the mixotrophic (20.5+£0.41 mg container
1). On day 14, Artemia in the autotrophic treatment exhibited significantly greater length,
biomass, and nitrogen content (p < 0.05) compared with the mixotrophic such as
8.1+£0.01 mm, 359.0+£9.30 mg, and 29.1+£0.92 mg container?, respectively, versus
7.9£0.15 mm, 310.5+£5.26 mg, and 25.2+0.77 mg container! in the mixotrophic. No
significantly difference was observed in survival rates. By day 21, survival, biomass, and
nitrogen accumulation decreased markedly in both treatments, although Artemia
continued to grow in length. The autotrophic treatment maintained higher values
(32.5+4.65%, 230.0£23.94 mg container! and 22.8+2.43 mg container!) compared
with the mixotrophic system (25.5+2.64%, 191.8+4.27 mg container!, 18.3+1.25 mg
container!). Overall, Artemia cultured in autotrophic effluent consistently showed
superior growth and nitrogen accumulation compared with those cultured in the
mixotrophic effluent.

Nitrogen recovery efficiency. Nitrogen recovery performance in the experiment was
summarized in Table 4.

Table 4
Nitrogen recovery efficiency of rtemia in the two wastewater sources

Parameters Treatment Day 7t Day 14 Day 215t
Total volume of wastewater used Autotrophic 4.7+0.12a 9.8+0.392  20.3+2.762
for 1 mg of Artemia biomass Mixotrophic  5.3+0.14> 11.8+0.47¢ 26.0+2.56P

(Lmg™)
Total nitrogen input (mg) per 1 Autotrophic 10.7+£0.272 23.3+£0.932 49.8+6.762
mg of Artemia biomass Mixotrophic 14.1+0.08> 32.2+1.29¢ 71.6+7.08b
Nitrogen uptake efficiency of = Autotrophic  9.3£0.23a 4.3+0.172 2.0£0.28=
Artemia (%) Mixotrophic  7.1+0.20v 3.1+0.12b 1.4+0.13b

Data are expressed as meanxSD. Different superscript letters in the same column indicate statistically
significant differences (p < 0.05).

These results confirm that the autotrophic system - with additional microalgal biomass
and higher-quality particulate nutrition - enhanced Artemia’s ability to assimilate nitrogen
from shrimp-farm wastewater, consistent with the nutrient assimilation mechanisms
associated with microalgal-microbial pathways.

Discussion. Artemia is considered as an essential food in the rearing of aquatic animals.
Nguyen et al (2024) used Artemia biomass as a supplementary feed for shrimp at the
age of about 20-60 days. At that stage, the shrimp reach a size (6.41+0.31 cm length,
1.42+0.13 g shrimp™?) large enough to effectively utilize the Artemia biomass (6.72+0.84
mm length). The supplementation of Artemia resulted in a substantial increase in shrimp
biomass, 8.16 to 14.89%, compared to the control. Specifically, the shrimp biomass in
the Artemia supplementation groups (10-40% supplemented Artemia: 3.05-3.24 g L)
was significantly higher than that in the control (2.82 g L'!) (p < 0.05). Those research
results have shown the potential and initial effectiveness of using Artemia biomass as
supplementary feed for shrimp in intensive shrimp farming models.

The present study aimed to use of waster water from 2 common systems in
aquaculture: autotrophic and mixotrophic system to produce Artemia biomass.
Environmental parameters in shrimp-farm effluents - particularly salinity, temperature,
microalgal composition, microalgal density, and suspended organic particles < 50 pm -
are primary determinants of Artemia growth and survival (Ogburn et al 2023; Thong et al
2024; Nguyen et al 2024). Other variables such as pH, alkalinity, TAN, and TSS also
affect Artemia, but their influence is limited because the species tolerates broad
environmental ranges compared with the variability typically observed in shrimp-farm
wastewater (Kumar & Babu 2015; Nguyen et al 2020; Thong et al 2024). Artemia can
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grow satisfactorily at salinities > 15 ppt (Nguyen & Huynh 2017). However, lifespan
decreases notably at lower salinity ranges (15-30 ppt), resulting in reduced reproductive
output. Previous studies indicate that salinities > 25 ppt are optimal for biomass
production (Thong et al 2024). Temperature exerts similarly strong control: growth slows
or mortality occurs at < 20°C, whereas temperatures > 36°C cause stress, reduced
reproduction, and slow population recovery. The optimal thermal window for the Vinh
Chau A. franciscana strain is 25-32°C (Tran et al 2018; Thong et al 2024).

Nutritional quality of wastewater - reflected through microalgal assemblages, algal
biomass, TSS, and TKN - is a key driver of Artemia performance, as these components
constitute the primary food available in the aquacultural system (Ogburn et al 2023;
Shyne Anand et al 2024). Numerous reports (Nguyen 2014; Pacheco-Vega et al 2015;
Mohebbi et al 2016) confirmed that diatoms represent the preferred food group for
Artemia and support superior growth to other microalgal taxa. Moreover, a mixture of
microalgae and fine organic particulates enhanced Artemia growth more effectively than
microalgae alone (Tran et al 2018; Shyne Anand et al 2024). In this study, both
wastewater sources displayed a high proportion of diatoms and a diverse microalgal
community, indicating suitable nutritional conditions (Tran et al 2018; Thong et al 2024).
Organic particulates (TSS = 50.5-54.7 mg L) likely provided an additional nutritional
supplement (Yao et al 2018; Nguyen et al 2020).

Early survival and growth of Artemia were strongly linked to food availability,
especially microalgae. Tran et al (2018) reported survival rates > 91% and > 81% on
days 7t and 14 respectively, when microalgae were incorporated into the diet. Magnotti
et al (2016) also demonstrated survival up to 85% with microalgae constituting 25% of
feed. Conversely, Artemia fed only bioflocs exhibited very low survival (16-22%) (Yao et
al 2018). Survival, in the present study, exceeded that of Artemia cultured using shrimp-
hatchery wastewater (Nguyen et al 2020) or grow-out effluent (Nguyen et al 2024;
Thong et al 2024), but remained below that of pond-cultured Artemia (Nguyen 2014) or
systems supplemented with 25% microalgal feed (Magnotti et al 2016). Variations among
studies largely reflected the differences in food quality and composition across
wastewater sources. The marked decline in survival after day 14th likely corresponds to
the onset of reproduction, when energy demands exceeded the nutritional supply
available in untreated wastewater - an interpretation consistent with Hoa et al (2011),
who observed reduced survival when Artemia were fed microalgae alone.

Body growth is influenced by food quality, ration, stocking density, and initial
Artemia condition. Growth in this study was lower than previously reported (Magnotti et
al 2016; Nguyen et al 2020; Thong et al 2024), likely due to differences in stocking
density and daily nutrient input. Although both treatments received equal wastewater
volumes, differences in microalgal composition - especially high C. muelleri abundance
and elevated chlorophyll-a - and differences in fine organic matter (TSS) accounted for
variation in size and survival observed from day 7 onward.

Higher performance in the autotrophic effluent treatment reflects the dominance
of C. muelleri. Prior work showed that Chaetoceros sp. diets produce higher survival,
growth, and biochemical quality of Artemia than Nannochloropsis sp. or Chlorella sp.
(Hoa et al 2011; Nguyen 2014). Consequently, Artemia cultured in autotrophic effluent
achieved greater biomass due to higher survival and larger body size.

Nitrogen recovery was consistently higher in the autotrophic treatment across all
sampling times, despite similar wastewater N concentrations and water replacement
rates. This effect was driven primarily by greater C. muelleri biomass in the autotrophic
effluent. Very few studies quantify nitrogen recovery by Artemia from shrimp-farm
wastewater, although nitrogen removal processes are well documented (Ogburn et al
2023; Truong & Nguyen 2024). Comparatively, the nitrogen recovery efficiency achieved
here (7.1-9.3%) exceeds that reported for bivalves (5.3-7.51%) (Chang et al 2020;
Bayer et al 2024) over one-year periods. Sorgeloos (1985) similarly observed that
Artemia converted microalgal protein (Chaetoceros sp.) into biomass more efficiently
(41.1%) than bivalves such as Tapes japonica (11.7%) over 14 days in flow-through
systems.
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A key finding of this study is that nitrogen recovery by Artemia occurs rapidly,
within 7-14 days. Furthermore, Artemia biomass can be produced at high density in
compact systems (Thong et al 2024), making it suitable for industrial-scale waste-to-
biomass conversion. The resulting biomass can be reused as feed for high-value
aquaculture species (larval shrimp, marine ornamentals, juvenile fish, and mollusks).
Nevertheless, Artemia population biomass remained dependent on initial stocking
density. Lifespan in wastewater-only systems was shorter than in systems supplemented
with formulated diets or combined food sources. Although reproduction occurred during
the 21-day trial, recruitment was insufficient to offset mortality.

This study demonstrates that A. franciscana can effectively recover nitrogen from
shrimp-farm effluents within a short culture period of 7-14 days. Nitrogen recovery
efficiency was strongly influenced by the microalgal composition, microalgal biomass, and
suspended organic matter present in the wastewater, with effluents enriched in C.
muelleri supporting superior Artemia growth, biomass production, and N assimilation.

Conclusions. This study has successfully documented the use of wastewater from
shrimp culture systems for production of Artermia biomass. The findings highlight the
potential of integrating microalgae-Artemia modules into intensive shrimp-farming
systems as a practical strategy to convert nitrogenous wastes into high-value live
biomass, while simultaneously improving effluent quality. Such integration offers dual
benefits: (1) reducing environmental nitrogen loads, and (2) enhancing nutrient
circularity by producing reusable Artemia biomass for larval and juvenile aquaculture
species.

Overall, the results provide a scientific basis for developing circular, resource-
efficient shrimp aquaculture models, where wastewater is not merely treated but
biologically upgraded into a valuable product. Further research is recommended to
optimize stocking density, nutrient supplementation, and system design to maximize
biomass yield and nitrogen recovery under commercial-scale conditions.

Acknowledgements. This research is supported by Nha Trang University, Vietham
(Grant No. Tr2025-13-33). The authors thank Nha Trang University and Cam Ranh
Centre for Tropical Marine Research and Aquaculture for the support of time and facilities.

Conflict of interest. The authors declare that there is no conflict of interest.
References

APHA, 2017 Standard methods for the examination of water and wastewater. 23rd
edition. Washington DC: American Public Health Association, 1545 pp.

Bayer S. R., Cubillo A. M., Rose J]. M., Ferreira J. G., Dixon M., Alvarado A., Barr J.,
Bernatchez G., Meseck S., Poach M., Pousse E., Wikfors G. H., Bricker S., 2024
Refining the farm aquaculture resource management model for shellfish nitrogen
removal at the local scale. Estuaries and Coasts 47:1184-1198.

Boyd C. E., Davis R. P., McNevin A. A., 2021 Comparison of resource use for farmed
shrimp in Ecuador, India, Indonesia, Thailand, and Vietnam. Aquaculture, Fish and
Fisheries 1(1):3-15.

Chang Z. Q., Neori A., He Y. Y., Li J. T., Qiao L., Preston S. I., Liu P., Li J., 2020
Development and current state of seawater shrimp farming, with an emphasis on
integrated multi-trophic pond aquaculture farms, in China - a review. Reviews in
Aquaculture 12(4):2544-2558.

Chen Z., Ge H., Chang Z., Song X., Zhao F., Li J., 2018 Nitrogen budget in recirculating
aquaculture and water exchange systems for culturing Litopenaeus
vannamei. Journal of Ocean University of China 17:905-912.

de Moraes L. B. S., Barros Silva D. L., de Abreu J. L., dos Santos E. P., da Silva Farias R.,
Brito L. O., Galvez A. 0., 2020 Advances in the use of photoheterotrophic,
mixotrophic and multitrophic systems in marine shrimp farming. Borneo Journal of
Marine Science and Aquaculture 4:36-51.

AACL Bioflux, 2026, Volume 19, Issue 1. 212
http://www.bioflux.com.ro/aacl



Doan N. X., Vu M. T. T., Nguyen H. T., Tran H. T. N., Pham H. Q., Dinh K. V., 2018
Temperature-and sex-specific grazing rate of a tropical copepod Pseudodiaptomus
annandalei to food availability: implications for live feed in aquaculture. Aquaculture
Research 49(12):3864-3873.

Emerenciano M. G. C., Arnold S., Perrin T., 2022 Sodium metasilicate supplementation in
culture water on growth performance, water quality and economics of indoor
commercial-scale biofloc-based Litopenaeus vannamei culture. Aquaculture 560:
738566.

FAO, 2024 Fishstat: global capture production quantity (1950-2023). Available at:
https://www.fao.org/fishery/statistics-query/en/capture/capture_quantity.
Accessed: March, 2024.

Ge H., Li J., Chang Z., Chen P., Shen M., Zhao F., 2016 Effect of microalgae with
semicontinuous harvesting on water quality and zootechnical performance of white
shrimp reared in the zero water exchange system. Aquacultural Engineering 72-73:
70-76.

Godoy L. C., Odebrecht C., Ballester E., Martins T. G., Wasielesky Jr. W., 2012 Effect of
diatom supplementation during the nursery rearing of Litopenaeus vannamei
(Boone, 1931) in a heterotrophic culture system. Aquaculture International 20:
559-569.

Hoa N. V., Thu T. A.,, Anh N. T. N., Toi H. T., 2011 Artemia franciscana Kellogg, 1906
(Crustacea: Anostraca) production in earthen pond: improved culture techniques.
International Journal of Artemia Biology 1:13-28.

Iber B. T., Kasan N. A., 2021 Recent advances in shrimp aquaculture wastewater
management. Heliyon 7(11):e08283.

Jory D., 2023 Annual farmed shrimp production survey: a slight decrease in production
reduction in 2023 with hopes for renewed growth in 2024. Available at:
https://www.globalseafood.org/advocate/annual-farmed-shrimp-production-survey-
a-slight-decrease-in-production-reduction-in-2023-with-hopes-for-renewed-growth-
in-2024/. Accessed: May, 2024.

Khatoon H., Banerjee S., Syahiran M. S., Noordin N. B. M., Bolong A. M. A., Endut A.,
2016 Re-use of aquaculture wastewater in cultivating microalgae as live feed for
aquaculture organisms. Desalination and Water Treatment 57(60): 29295-29302.

Kumar G. R., Babu D. E., 2015 Effect of light, temperature and salinity on the growth of
Artemia. International Journal of Engineering Science Invention 4(12):7-14.

Li K., Wang Y., Du G., Yao X., Bao H., Han X., Sui L., 2024 Effects of temperature and
particle size on the filter-feeding rate of brine shrimp Artemia franciscana at
different growth stages and stocking densities. Aquaculture International 32(6):
7355-7367.

Lothmann R., Sewilam H., 2023 Potential of innovative marine aquaculture techniques to
close nutrient cycles. Reviews in Aquaculture 15(3):947-964.

Magnotti C., Lopes R., Derner R., Vinatea L., 2016 Using residual water from a marine
shrimp farming BFT system. Part II: Artemia franciscana biomass production fed
microalgae grown in reused BFT water. Aquaculture Research 47(9):2716-2722.

Meng G., Chen Z., Wang Y., Tian C., Chang Z., Li J., 2024 Effect of Picochlorum sp.
addition on water quality, microalgae community composition and production
performance in the culture of Litopenaeus vannamei. Aquaculture International
32(7):10159-10173.

Mohammadi G., Mortazavi M. S., Hafezieh M., 2023 Evaluation of high stocking densities
on the water quality and growth performance of Pacific white shrimp Litopenaeus
vannamei reared in a mixotrophic biofloc nursery system. Aquaculture
Research 2023:1765366.

Mohebbi F., Hafezieh M., Seidgar M., Hosseinzadeh Sahhafi H., Mohsenpour Azari A.,
Ahmadi R., 2016 The growth, survival rate and reproductive characteristics of
Artemia urmiana fed by Dunaliella tertiolecta, Tetraselmis suecica, Nannochloropsis
oculata, Chaetoceros sp., Chlorella sp. and Spirulina sp. as feeding microalgae.
Iranian Journal of Fisheries Sciences 15(2):727-737.

AACL Bioflux, 2026, Volume 19, Issue 1. 213
http://www.bioflux.com.ro/aacl



Naegel L. C. A., 1999 Controlled production of Artemia biomass using an inert
commercial diet, compared with the microalgae Chaetoceros. Aquacultural
Engineering 21(1):49-59.

Nguyen D. H., Truong T. B. H., Lu T. N. N., 2020 [Effects of the wastewater from shrimp
seed production on survival, growth, and reproduction of Artemia]. Journal of
Fisheries Science and Technology 2:23-30. [in Vietnamese]

Nguyen D. H., Nguyen L. B. T., Nguyen S. T., Le T. V., Tran D. V., 2024 Potential
of Artemia biomass cultivated from white leg shrimp wastewater as a supplemental
daily feed: effects on shrimp growth performance, survival, and feed efficiency.
AACL Bioflux 17(5):2018-2028.

Nguyen T. H. V., Huynh T. T., 2017 [Effect of low salinity levels on growth and
reproduction characteristics of Artemia franciscana Vinh Chau]. Can Tho University
Journal of Science 53b:41-48. [in Vietnamese]

Nguyen T. N A., 2011 [Using Artemia biomass as feed in nursing brackish water aquatic
species]. Can Tho University Journal of Science 19b:168-178. [in Vietnamese]
Nguyen T. S., 2014 [Effect of dominantion algal species in earthen ponds on the
productivity and quality of Artemia franciscana]. Journal of Fisheries Science and

Technology 2:46-50. [in Vietnamese]

Ogburn N. J., Duan L., Subashchandrabose S. R., Sorgeloos P., O'Connor W., Megharaj
M., Naidu R., 2023 Agricultural wastes for brine shrimp Artemia production: a.
review. Reviews in Aquaculture 15(3):1159-1178.

Pacheco-Vega J. M., Cadena-Roa M. A., Ascencio F., Rangel-Davalos C., Rojas-Contreras
M., 2015 Assessment of endemic microalgae as potential food for Artemia
franciscana culture. Latin American Journal of Aquatic Research 43(1):23-32.

Poli M. A., Legarda E. C., de Lorenzo M. A., Pinheiro I., Martins M. A., Seiffert W. Q., do
Nascimento Vieira F., 2019 Integrated multitrophic aquaculture applied to shrimp
rearing in a biofloc system. Aquaculture 511:734274.

Shyne Anand P. S., Aravind R., Balasubramanian C. P., Dayal ]J. S., Kumar S., Rajan R.
V., Balamurugan S., Rajamanickam S., Sivagnanam S., Kannappan S., Vijayan K.
K., 2024 Artemia biomass: a functional live maturation feed for Indian white
shrimp, Penaeus indicus broodstock, and its culture prospective under diverse
management regime. Aquaculture 588:740851.

Sorgeloos P., 1985 Potentials of converting microalgae into brine shrimp Artemia. Archiv
flr Hydrobiologie, Beihefte Ergebnisse der Limnologie 20:147-149.

Sorgeloos P., Coutteau P., Dhert P., Merchie G., Lavens P., 1998 Use of brine shrimp,
Artemia spp., in larval crustacean nutrition: a review. Reviews in Fisheries Science
6(1-2):55-68.

Thong L. V., Hoa N. V., Huy N. D., Bossier P., Nabiu D., 2024 Effluent from whiteleg
shrimp (Litopenaeus vannamei) intensive culture increases Artemia biomass. AACL
Bioflux 17(6):2837-2851.

Tom A. P., Jayakumar J. S., Biju M., Somarajan J., Ibrahim M. A., 2021 Aquaculture
wastewater treatment technologies and their sustainability: a review. Energy
Nexus 4:100022.

Tran H. L., Pham T. N. H., Nguyen V. H., 2018 [Effect of additionally formulated feed at
different levels in combination with wild algae on survival rate, growth and
reproduction of Artemia franciscana Vinh Chau]. HUAF Journal of Agricultural
Science and Technology 2(2):705-714. [in Vietnamese]

Truong H. T. B., Nguyen H. D., 2024 Effects of artemia and tilapia density on the ability
to treat organic matter in wastewater from white leg shrimps (Litopenaeus
vannamei) farming. The Journal of Agriculture and Development 23(5):34-44.

Yao M., Luo G., Tan H., Fan L., Meng H., 2018 Performance of feeding Artemia with
bioflocs derived from two types of fish solid waste. Aquaculture and Fisheries 3(6):
246-253.

AACL Bioflux, 2026, Volume 19, Issue 1. 214
http://www.bioflux.com.ro/aacl


http://www.bioflux.com.ro/docs/2024.2018-2028.pdf
http://www.bioflux.com.ro/docs/2024.2018-2028.pdf
http://www.bioflux.com.ro/docs/2024.2018-2028.pdf
http://www.bioflux.com.ro/docs/2024.2018-2028.pdf
http://www.bioflux.com.ro/docs/2024.2837-2851.pdf
http://www.bioflux.com.ro/docs/2024.2837-2851.pdf
http://www.bioflux.com.ro/docs/2024.2837-2851.pdf

Received: 10 December 2025. Accepted: 27 December 2025. Published online: 08 February 2026.

Authors:

Huy Dinh Nguyen, Institute of Aquaculture, Nha Trang University, 02 Nguyen Dinh Chieu street, North Nha
Trang district, Khanh Hoa Province, postal code 57134, Vietham, e-mail: huynd@ntu.edu.vn

Hong Thi Bich Truong, Institute of Aquaculture, Nha Trang University, 02 Nguyen Dinh Chieu street, North Nha
Trang district, Khanh Hoa Province, postal code 57134, Vietnam, e-mail: hongtbt@ntu.edu.vn

Thong Van Le, College of Aquaculture and Fisheries, Campus II, 3/2 Street, Ninh Kieu District, Can Tho City,
postal code 94000, Vietnam, e-mail: vanthong@ctu.edu.vn

Dai Trong Vu, Institute of Aquaculture, Nha Trang University, 02 Nguyen Dinh Chieu street, North Nha Trang
district, Khanh Hoa Province, postal code 57134, Vietnam, e-mail: daitv@ntu.edu.vn

Giang Thi Thuy Nguyen, Institute of Aquaculture, Nha Trang University, 02 Nguyen Dinh Chieu street, North
Nha Trang district, Khanh Hoa Province, postal code 57134, Vietham, e-mail: giangntt@ntu.edu.vn

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Nguyen H. D., Truong H. T. B., Le T. V., Vu D. T., Nguyen G. T. T., 2026 Ability to convert nutrients from the
wastewater of autotrophic and mixotrophic shrimp farming into Artemia biomass. AACL Bioflux 19(1):205-215.

AACL Bioflux, 2026, Volume 19, Issue 1. 215
http://www.bioflux.com.ro/aacl


mailto:huynd@ntu.edu.vn
mailto:hongtbt@ntu.edu.vn
mailto:vanthong@ctu.edu.vn
mailto:daitv@ntu.edu.vn
mailto:giangntt@ntu.edu.vn

