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mariculture wastewater by
nutrient regulation and UV-C
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College of Life Sciences, Hubei Normal University, Huangshi, China

Mariculture wastewater poses environmental challenges due to pollution and
eutrophication. Targeted cultivation of diatoms in wastewater can help alleviate
these issues while generating beneficial algae biomass, however reliable
operating methods are lacking. We proposed a novel method for treating
mariculture wastewater that employed UV-C irradiation and nutrient regulation
to achieve targeted diatom cultivation. This study first examined growth of
four diatom species (Nitzschia closterium, Chaetoceros muelleri, Cyclotella
atomus, and Conticribra weissflogii) in mariculture wastewater. C. muelleri and
C. weissflogii demonstrated better adaptability compared to N. closterium and
C. atomus. Additionally, the growth and nutrient utilization of C. muelleri were
studied under varying concentrations of silicate, phosphate, ammonium, and
trace elements in wastewater. Optimal growth was observed at 500 pmol/L
silicate, 0.6 mg/L phosphate, and 4mg/L ammonium. Ammonium proved to
be a more effective nitrogen source than urea and nitrate in promoting growth
at this low level. Surprisingly, trace element supplementation did not significantly
impact growth. Finally, this study utilized UV-C irradiation as a pre-treatment
method for wastewater prior to nutrient adjustment, significantly enhancing the
growth of C. muelleri. Overall, this study provides guidance on regulating key
nutrients and pre-treatment method to optimize diatom biomass production
from mariculture wastewater. This approach not only addresses environmental
challenges associated with mariculture but also contributes to sustainable
aquaculture practices through the recovery of valuable aquatic resources.
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1 Introduction

Mariculture, also known as marine aquaculture, is a rapidly growing food-producing
industry globally, effectively addressing the supply—demand gap for aquatic food (Food and
Agriculture Organization (FAO) of the United Nations, 2022). Beyond optimizing diets through
high-protein seafood provision, mariculture can reshape marine fisheries and improve coastal
rural incomes (Xie et al., 2013; Zou and Huang, 2015). However, large-scale mariculture
expansion places significant environmental pressures on the natural environment (Joesting et al.,

01 frontiersin.org


https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmicb.2024.1371855﻿&domain=pdf&date_stamp=2024-03-13
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1371855/full
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1371855/full
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1371855/full
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1371855/full
mailto:zhengxiafei@hotmail.com
mailto:helin@zwu.edu.cn
https://doi.org/10.3389/fmicb.2024.1371855
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://doi.org/10.3389/fmicb.2024.1371855

Shen et al.

2016; Bambaranda et al., 2019). Aquaculture wastewater containing
residual feed, organism waste, drugs, and debris causes substantial
coastal pollution and eutrophication, hindering industry and ecosystem
development (Yu and Yin, 2019). According to the Chinese Marine
Ecological Environment Bulletin in 2022, the areas of water classified
as inferior to Class IV quality standards due to excessive levels of
inorganic nitrogen and phosphate were 24,580 and 6,070 square
kilometers, respectively (Ministry of Ecology and Environment (MEE)
of the People's Republic of China, 2023). Moreover, China encountered
67 red tide events spanning 3,328 square kilometers in 2022 (Ministry
of Ecology and Environment (MEE) of the People's Republic of China,
2023). Consequently, proper treatment of mariculture wastewater is
imperative for sustainable marine aquaculture.

The primary goal of wastewater treatment is to reduce pollutants
and achieve nutrient recycling (Ramesh Kumar et al., 2019). Since
aquaculture wastewater contains fewer toxic substrates than
industrial wastewater, it presents a higher potential capacity for
recovery and sustainable reuse (Puyol et al., 2017). However, our
investigation found that the typical lease term for aquaculture ponds
is only 3-5years in eastern China, which deters farmers from
investing in constructing wastewater treatment facilities. Recently,
centralized mariculture wastewater treatment has become a trend in
China, especially in large-scale concentrated pond areas and
industrial mariculture garden areas (Zheng et al., 2022). Non-feeding
shellfish culture is commonly employed for this purpose, although its
efficiency in removing inorganic nutrients is limited (Rose et al.,
2015). An optimal approach would involve stimulating phytoplankton
growth before the wastewater enters into the shellfish culture sector.
Our team previously proposed a novel method for treating
mariculture wastewater, which combined microalgae, shellfish,
macroalgae, and microbial treatment (Supplementary Figure S1).
We suggest adding a diatom targeted culture unit prior to shellfish
filtration to improve inorganic nutrient removal and recovery.
However, a key technical challenge is how to regulate the algal
community structure to maximize benefits for shellfish consumption.

Diatoms, accounting for 40% of oceanic primary production, are
essential for bivalve culture due to their nutritional value (Gonzalez-
Gonzalez et al,, 2019). They are highly valuable for their rapid growth,
easy maintenance, and suitability as an aquacultural feed (Minggat
et al,, 2021). Additionally, their bioremediation capability through
efficient wastewater pollutant removal has been recognized (Zhi et al.,
2019; Tanaka et al., 2020; Minggat et al., 2021). Diatom growth is
influenced by various environmental factors such as temperature,
light, salinity, pH, CO, concentration, and particularly nutrient
availability (Iwasaki et al., 2021). However, centralized mariculture
wastewater presents a challenge due to its complexity, originating from
various ponds and factories. Optimizing nutrient structures in such
wastewater to promote diatom growth is crucial. Besides, the
mariculture wastewater also contains a diverse mix of algae and
bacteria, leading to both synergistic and antagonistic interactions
(Zheng et al., 2023). A major challenge in the targeted cultivation of
diatom is the competition for nutrients with native microorganisms
(Diner et al., 2016; Zhou et al., 2017). While lab-scale studies often use
autoclave sterilization (Joesting et al., 2016; Xing et al., 2018;
Bambaranda et al., 2019; Saxena et al., 2022), large-scale applications
of targeted diatom culture require practical methods to minimize this
competition. UV-C irradiation has been identified as an effective
technique to eliminate algae and bacteria in wastewater, showing
promise for large-scale use (Tao et al., 2010; Passero et al., 2014).

Frontiers in Microbiology

10.3389/fmicb.2024.1371855

The objective of this study was to develop a technical method for
the targeted cultivation of diatoms in mariculture wastewater by
regulating nutrients and microorganisms. Initially, we assessed the
growth of four diatom species (Nitzschia closterium, Chaetoceros
muelleri, Cyclotella atomus, and Conticribra weissflogii) in mariculture
wastewater, finding C. muelleri and C. weissflogii to be the most
adaptable. We then manipulated concentrations of silicate, nitrogen,
phosphate, and trace elements to optimize diatom growth and nutrient
utilization. The study also explored the combined effects of UV-C
irradiation and nutrient regulation on diatom growth. Based on our
experimental findings, an in-situ diatom targeted culture technique
utilizing mariculture wastewater was developed. This technology can
be applied to mariculture wastewater treatment and achieve resource
recovery in combination with shellfish culture.

2 Materials and methods

2.1 Measurement of chlorophyll content
and water quality parameters

The mariculture wastewater used in this study was collected from
the drainage channel of the She Pan Tu mariculture garden
(29.1538N, 121.5056E) in Ninghai, Zhejiang, China. This 2,141-acre
garden encompassed diverse aquaculture practices, including pond
aquaculture, aquaculture integrated with photovoltaic power
generation, and industrialized aquaculture, thus contributing to the
varied composition of the wastewater. Pond aquaculture and
photovoltaic-integrated aquaculture primarily cultured Pacific white
shrimp (Penaeus vannamei), razor clam (Sinonovacula constricta),
blood clam (Tegillarca granosa), and green crab (Scylla serrata),
whereas industrialized aquaculture focused on Pacific white shrimp
and black tiger prawn (Penaeus monodon). In each experiment, the
concentrations of silicate, phosphate, ammonium, nitrite, and nitrate
in the mariculture wastewater were measured with various
spectrophotometric assays according to National Standards of the
PRC (GB/T 12763.4-2007, 2007). The measurement methods
included the silico-molybdenum blue method for silicate, phosphor
molybdenum blue spectrophotometry for phosphate, hypobromite
oxidation for ammonium, diazotization azo method for nitrite, and
cadmium-copper reduction method for nitrate. Additionally, the
concentration of chlorophyll a was measured using a PHYTO-
PAM-II phytoplankton classification fluorometer (Walz GmbH,
Effeltrich, Germany).

2.2 Algae choice

For this study, four diatom species were selected based on their
common use as bait algae in shellfish nurseries. The diatoms Nitzschia
closterium, Cyclotella atomus, and Conticribra weissflogii were acquired
from Professor Pengfei Cheng at Ningbo University, and Chaetoceros
muelleri was obtained from Ninghai Bei Bei Le Aquaculture Company.
These species were chosen to assess their growth potential in
mariculture wastewater compared to the /2 medium, a standard
culture medium for marine microalgae (Guillard and Ryther, 1962).
Initially, mariculture wastewater was collected from the drainage
channel, immediately transported to the lab, and sterilized by
autoclaving at 121°C for 30 min. The nutrient status of the wastewater
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was then analyzed (Supplementary Table S1). To ensure consistency,
the four diatom species in the logarithmic growth phase were diluted
to a same chlorophyll a concentration. Then, 15mL aliquots of each
species were inoculated into both the wastewater and f/2 medium,
with each treatment replicated three times. Cultures were incubated
in a smart light incubator (GXZ-380A, Ningbo Jiangnan Instrument
Factory) at 25+ 1°C with 4000 lux irradiance under a 12h:12h light/
dark cycle. Diatom growth was monitored over 7 days by daily
chlorophyll a concentration measurements.

2.3 Regulation of silicate

This part of the study focused on determining the optimal silicate
concentration for the growth of C. muelleri. Five silicate levels (50,
100, 500, 1,000, 4,000 pmol/L) of Na,Si0;-9H,0 were evaluated, along
with blank and f/2 medium controls, each in triplicate. Mariculture
wastewater, collected from the drainage channel, was immediately
transported to the lab for autoclaving sterilization at 121°C for 30 min.
After assessing its nutritional content (Supplementary Table S1),
silicate concentrations were adjusted in the experimental groups.
Subsequently, 15 mL of C. muelleri from the logarithmic growth phase
was inoculated into the wastewater, mixed thoroughly, and incubated
at 25+ 1°C in a light incubator with 4,000 lux irradiance, following a
12h:12h light/dark cycle. Chlorophyll a concentration and silicate
content in the culture medium were measured daily and bi-daily,
respectively. The experiment was monitored for 7 days.

2.4 Reqgulation of phosphate

Mariculture wastewater, collected from the drainage channel, was
immediately transported to the lab and sterilized. Its nutritional
content was analyzed (Supplementary Table S1). In the first
experiment, five concentration gradients (0.2, 0.4, 0.6, 0.8, and
1.0mg/L) of phosphate were used, as well as blank and f/2 medium
controls, with three replicates for each group. In all experimental
groups and blank control, the silicate concentration was regulated to
500 umol/L. In the second experiment, a total of five concentration
gradients (0.6, 0.9, 1.2, 1.5, and 1.8 mg/L) were used, along with blank
and f/2 medium controls, with three replicates for each group. In all
experimental groups and blank control, the ammonium and silicate
were regulated to 4 mg/L and 500 pmol/L, respectively. The phosphate
concentration in wastewater was adjusted according to the
experimental design. Subsequently, 15mL of C. muelleri from the
logarithmic growth phase was inoculated into the wastewater, mixed
thoroughly, and incubated at 25+ 1°C in a light incubator with 4,000
lux irradiance, following a 12 h:12h light/dark cycle. The concentration
of chlorophyll a was measured daily, while the phosphate content of
the culture medium was determined every 2 days for 7 days.

2.5 Regulation of nitrogen

Mariculture wastewater, collected from the drainage channel,
underwent sterilization for subsequent use. Its nutritional content was
analyzed (Supplementary Table S1). NH,CI was used as the nitrogen
source, with five concentration gradients established at 2, 4, 6, 8, and
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10 mg/L, as well as blank control and f/2 medium controls, with three
replicates for each group. In the experimental group and blank control,
the silicate and phosphate were regulated to 500 pmol/L and 0.6 mg/L,
respectively. Subsequently, 15mL of C. muelleri from the logarithmic
growth phase was inoculated into the wastewater, mixed thoroughly,
and incubated at 25+1°C in a light incubator with 4,000 lux
irradiance, following a 12h:12h light/dark cycle. The concentration of
chlorophyll a was measured daily, while the ammonium and nitrite
concentrations were determined every 2 days over a period of 7 days.

2.6 Comparison of different nitrogen
sources

In this experiment, the effects of three nitrogen sources, namely
urea, ammonium, and nitrate, on diatom growth were examined.
First, the collected mariculture wastewater was sterilized and its
nutritional content was determined for subsequent use
(Supplementary Table S1). Each nitrogen source was added at a final
concentration of 4mg/L. The experiment included a blank control and
an f/2 medium control. All the groups had three replicates for each
group. In both the experimental and blank control groups, silicate and
phosphate levels were regulated to 500pmol/L and 0.6mg/L,
respectively. Subsequently, 15mL of C. muelleri from the logarithmic
growth phase was inoculated into the wastewater, mixed thoroughly,
and incubated at 25+1°C in a light incubator with 4,000 lux
irradiance, following a 12h:12h light/dark cycle. The concentration of
chlorophyll a was measured daily, while the ammonium, nitrite, and
nitrate contents in the medium were measured every 2 days. The

experiment was monitored for a duration of 7 days.

2.7 Regulation of trace elements

The collected mariculture wastewater was sterilized and its

nutritional content was determined for subsequent use
(Supplementary Table S1). The experimental gradients of trace
elements were established at concentrations of 0.5, 1, 2, 4, and 8 mL/L
in the wastewater, along with a blank control and an /2 medium
control, with three replicates per group. The 1L trace element solution
comprised 3.15g FeCl;:6H,0, 4.36g Na,EDTA-2H,O, 9.8mg
CuSO,-5H,0, 6.3 mg NaMoO,-2H,0, 22.0mg ZnSO,-7H,0, 10.0 mg
CoCl,-6H,0, and 180.0 mg MnCl,-4H,O. In both the experimental and
blank control groups, the silicate, phosphate, and nitrogen were
regulated to 500 pmol/L, 0.6 mg/L, and 4mg/L, respectively. Trace
elements were added according to the experimental design.
Subsequently, 15 mL of C. muelleri from the logarithmic growth phase
was inoculated into the wastewater, mixed thoroughly, and incubated
at 25+ 1°C in a light incubator with 4,000 lux irradiance, following a
12h:12h light/dark cycle. Chlorophyll a concentration was measured

daily for 7 days.

2.8 Combination of UV irradiation and
nutrient regulation

The mariculture wastewater, collected from the drainage channel,
was initially subjected to different pre-treatments, including autoclave
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sterilization (121°C, 30min), UV-C irradiation (254nm, 20W,
10min), and a control group without any treatment. Each group
consisted of three replicates. Then the nutritional content of
wastewater was analyzed (Supplementary Table S1). Following the
pre-treatment, all groups were subjected to the same nutrient
regulation strategy with the silicate, phosphate, and ammonium
adjusted to 500 pmol/L, 0.6mg/L, and 4mg/L, respectively. The
mariculture wastewater was placed in the dark for 24h after
pretreatments. Subsequently, 15mL of C. muelleri from the logarithmic
growth phase was inoculated into the wastewater, mixed thoroughly,
and incubated at 25+1°C in a light incubator with 4,000 lux
irradiance, following a 12h:12h light/dark cycle. The chlorophyll a
content of diatom and green algae was then examined using the
PHYTO-PAM-II phytoplankton classification fluorometer for 7 days.

2.9 Microbial community analysis

During the UV irradiation experiment, phytoplankton samples were
collected from both raw and 7-day cultivated wastewater using 0.22 pm
polyethersulfone (PES) filters (Pall, United States). The phytoplankton
DNA on the filters was extracted using the PowerWater DNA Isolation
Kit (MoBio Laboratories, Carlsbad, United States). For the microalgae
community, the V4 region of the 18S rRNA gene was amplified using the
TAReuk454FWD1 and TAReukREV3 primers (Stoeck et al., 2010),
following the PCR procedure in our previous study (Zheng et al., 2021).
For the bacterial community, the V3-V4 region of the 16S rRNA gene
was amplified by the 338F/806R primer pair, with a PCR program
consisting of initial denaturation at 95°C for 5 min, followed by 25 cycles
of denaturation, annealing, and extension at 95°C for 305, 50°C for 305,
and 72°C for 40s, respectively, and a final extension at 72°C for 7 min.
The PCR products were sequenced on an Illumina NovaSeq 6000 PE 250
platform (Biomarker, China). Quality control and removal of chimeric
sequences were conducted using USEARCH v.11 software (Edgar, 2010).
A zero-radius operational taxonomic unit (ZOTU) table was generated
using the USEARCH denoising algorithm. Representative sequence and
taxonomy classification were identified for each ZOTU and aligned
against Protist Ribosomal Reference (PR2) database 4.14 (18S rRNA
gene) (Guillou et al,, 2013) and RDP v18 database (16S rRNA gene)
(Cole et al., 2014). The raw sequence data are available in the NCBI
database under BioProject accession numbers PRINA1058243 (18S) and
PRJNA1058104 (16S).

2.10 Statistical analysis

The experimental data were analyzed using one-way ANOVA,
followed by Duncans test for pairwise comparisons using the
GraphPad Prism 9. All statistical analyses were conducted with a
significance level set at p <0.05.

3 Results and discussion

3.1 Growth comparison of four diatom
species in mariculture wastewater

In order to assess the adaptability of four diatom species in the
mariculture wastewater, the growth characteristics of four diatom
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species in the wastewater and f/2 medium were compared. The results
indicated no significant growth difference among the species in /2
medium (Figure 1). However, their growth in mariculture wastewater
significantly differed from that in f/2 medium (p <0.05, Figure 1). In
the first 3 days, N. closterium showed a marked increase in growth,
followed by a decrease. C. atomus exhibited a similar trend, but its
growth was slow, with no significant biomass increased after 3 days.
C. muelleri and C. weissflogii displayed better adaptability in the
mariculture wastewater, with C. muelleri exhibiting a consistent
increase in biomass. C. weissflogii initially declined but recovered after
4 days, eventually equalling the final biomass of C. muelleri. Given its
robust growth in wastewater, as also supported by previous studies
(Karthikeyan et al., 2013; Hemalatha et al., 2014; Saxena et al., 2022),
C. muelleri was chosen for subsequent targeted diatom culture
experiments. Based on our findings, although the nutrients in the
wastewater supported a certain growth capacity for the diatoms, it was
insufficient to ensure optimal growth compared to the /2 medium.
Therefore, adjusting the nutrient composition of mariculture
wastewater is crucial for optimizing diatom growth.

3.2 Diatom growth after silicate regulation
in mariculture wastewater

Silicon is abundant in the earth’s crust and plays a crucial role in
diatoms, as they utilize silicon to build their cell walls. Marine diatoms
primarily absorb silicon in the form of Si(OH), for cell wall
biosynthesis, however the solubility of Si(OH), is relatively low in
seawater (<2mM) (Martin-Jézéquel et al., 2000). Arsad et al. (2019)
examined the culture of Haslea ostrearia through different mediums,
and found the seawater added with silicate showed better growth.
Saxena et al. (2022) found that the addition of inductively coupled
plasma nanosilica (ICP-SiO,) improved diatoms to utilize nutrients
from aquaculture wastewater. Hemalatha et al. (2012, 2014) reported
that a high chlorophyll a content of Chaetoceros simplex was obtained
when the SiO;*~ was 265 pmol/L. In our experiment, we observed a
significant improvement in diatom growth with the addition of
500 pmol/L silicate compared to control and lower silicate levels (50
and 100 pmol/L) (Duncan’s test, p <0.05, Figure 2A). However, further
increasing the silicate concentration to 1,000-4,000 pmol/L did not
yield additional biomass enhancement (Duncan’s test, p>0.05,
Figure 2B). In all experimental groups, the silicate concentration
decreased to below 30 pmol/L after a 7-day culture cycle. This finding
is consistent with a previous study, which has shown that 1.5mM Si
(Na,SiO;) can be consumed within 5 days by Cyclotella sp. (Ozkan and
Rorrer, 2017). These results indicate a high silicate utilization rate and
demand in C. muelleri.

Although silicate addition significantly improved biomass in our
experiment, the total biomass was still lower than that observed in the
{/2 medium control (p <0.05, Figure 2C). This suggests that there may
be other limiting nutrient factors affecting the growth of C. muelleri.

3.3 Diatom growth after phosphate
regulation in mariculture wastewater

In the first phosphate regulation experiment, diatom growth in all
experimental groups plateaued after 3 days, showing no significant
difference in the final biomass among these groups (Figure 3A).
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However, a significant difference was found between the blank control
and experimental groups (0.6-1.0mg/L phosphate) (p<0.05,
Figure 3E), with the final biomass in experimental groups was
significantly lower than in the f/2 medium control. The phosphate
concentration in all experimental groups was nearly reduced to
0.01 mg/L after 5days (Figure 3B). It is noteworthy that the ammonium
concentration in the mariculture wastewater used in this experiment
was relatively low with only 0.3 mg/L (Supplementary Table S1), which
may also be a contributing factor to the poor overall growth of
C. muelleri.

Therefore, to exclude the potential influence of low nitrogen
content on the poor growth of C. muelleri, a second phosphate
regulation experiment was conducted. The gradients were adjusted
based on the high phosphate utilization rate in the first experiment.
Based on the results of silicate regulation experiments, the ammonium
and silicate were adjusted to 4mg/L and 500 pmol/L, respectively. In
this experiment, the initial concentration of phosphate is 0.36 mg/L in
the control. In contrast to the first experiment, the diatoms in all the
experimental groups exhibited robust growth, with higher biomass
compared to the f/2 medium control (Figure 3C). However, no
significant growth differences were observed between the groups
(Figure 3F). The results also revealed that the utilization rate of
phosphate by C. muelleri is still very high (Figure 3D). On day 5, the
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phosphate content of the experimental group with a concentration
below 0.9 mg/L was reduced to below 0.01 mg/L, which was similar to
the results of the first experiment. Hemalatha et al. (2014) found
Chaetoceros simplex obtained maximum growth with the phosphate at
72.4pM (2.2mg/L) for 16 days. In the previous study, the dry biomass
of C. muelleri with the phosphate at 0.6 and 4.46mg/L had no
significant difference (Lovio-Fragoso et al., 2019). Our results
indicated C. muelleri requires limited phosphate, likely around
0.6 mg/L, which can support growth while minimizing environmental
phosphorus discharge.

3.4 Diatom growth after ammonium
nitrogen regulation in mariculture
wastewater

Ammonium is a key nitrogen pollutant in mariculture
wastewater (Hargreaves, 1998). Reis Batista et al. (2015) indicated
that ammonium nitrogen in the media leads to a longer stationary
phase, higher dry weight production, and higher lipid content of
C. muelleri compared to nitrate nitrogen. In this study, the silicate
and phosphate regulation experiments all indicated that ammonium
seems to be critical for the growth of diatoms. Our study examined
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ammonium nitrogen on diatom growth, finding the diatom biomass
in all the experimental groups was higher than in the blank control
and the f/2 medium control. The diatom biomass in all experimental
groups increased from day 0 to day 5, and exhibited a downward
trend from day 6 (Figure 4A). Notably, the diatom biomass
increased from the 2 mg/L to 4mg/L ammonium nitrogen group
but decreased from the 4mg/L to 10 mg/L ammonium nitrogen
group on day 5 (Figure 4B). Moreover, ammonium concentrations
in 2mg/L and 4 mg/L groups, as well as the blank and f/2 medium
control groups, all dropped below 0.1 mg/L on day 5 (Figure 4C).
Additionally, diatoms began to use nitrite nitrogen in the control
and 2mg/L ammonium groups from day 3 to day 7, indicating the
shortage of ammonium nitrogen in these groups (Figure 4D). Our
results showed ammonium with 10 mg/L had adverse effects on the
growth of C. muelleri (p <0.05, Figure 4B). A previous study also
showed that ammonium with 1.18 mM (16.5mg/L) had toxicity to
some algae, but the toxicity disappeared when the concentration
decreased to 0.3-0.4pM (4.2-5.6 mg/L) (Lourenco et al., 2002).

Frontiers in Microbiology

Considering the diatom growth patterns and ammonium utilization
efficiency, the optimal ammonium concentration for mariculture
wastewater appears to be 4mg/L.

3.5 Comparison of different nitrogen
sources on the diatom growth in
mariculture wastewater

Based on the results of the ammonium regulation experiments,
this experiment further compared the effects of different nitrogen
sources on the growth of C. muelleri. Diatom abundance generally
increased from day 0 to day 5, but showed a decreasing trend since day
6 (Figure 5A). On day 5, the diatom biomass was the highest in the
ammonium group, followed by the urea and nitrate groups, and then
the f/2 medium group. There was no significant biomass difference
between the urea and nitrate groups on day 5 (p <0.05, Figure 5B).
Our study found that C. muelleri with ammonium source had the
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highest peak in the exponential phase, but the final biomass had no
significant difference among the groups with different nitrogen
sources in the stationary phases. Liang et al. (2006) found that
nitrogen source had no significant effect on the final cell density of
C. muelleri at a concentration of 11 mg/L. Reis Batista et al. (2015) also
found nitrate source will more easily lead to collapse, and ammonium
source has more longer stationary phase and leads to higher biomass
finally with a concentration of 16.5mg/L. Chen et al. (2023) found
urea was more favorable than ammonium for the growth of
Chaetoceros sp. when nitrogen concentration was 750mg/L. It is
important to note that high concentrations of ammonium have
adverse effects on diatom growth. In our study, the ammonium
concentration exceeding 10mg/L significantly inhibited diatom
growth. In the previous studies, the ammonium concentration is all
above 10 mg/L, which can be a critical factor influencing the results.

During the experiment, the diatoms efficiently utilized both
ammonium and nitrate nitrogen, lowering their concentrations in
the wastewater (Figures 5C-E). This high efficiency in nitrogen
uptake helps explain why the final biomass of diatoms showed no
significant differences among the different nitrogen sources. The
nitrite concentration initially increased and then decreased in the
ammonium and nitrate groups, ultimately being fully utilized by the
end of the experiment. The nitrate concentration in the ammonium
and urea groups remained at a low level throughout the experiment.
We acknowledge that at higher nitrogen concentrations, e.g.,
10 mg/L or above, nitrate and urea nitrogen can indeed contribute
to higher diatom biomass (Karthikeyan et al., 2013). However, it is
not ideal to regulate the nitrate or urea to high concentrations in
mariculture wastewater treatment. Manipulating high nitrogen
concentrations in the algae pool requires more hydraulic retention
time, which is impractical. Overall, our study revealed that
ammonium is a beneficial nitrogen source when adjusted to a
concentration of 4mg/L.

3.6 Diatom growth after trace element

regulation in mariculture wastewater
In order to investigate the necessity of artificially

supplementing trace elements to promote the growth of

10.3389/fmicb.2024.1371855

C. muelleri, an experiment was conducted in which varying
concentrations of trace elements were added into mariculture
wastewater and the resulting diatom growth was compared.
Specifically, the growth trend of C. muelleri and the diatom
biomass on day 7 were examined. Our results indicated that the
supplementation of trace elements did not improve the diatom
growth (Figure 6). Furthermore, there was no significant difference
among the experimental groups (Figure 6), suggesting that there
was no shortage of trace elements in aquaculture wastewater. It is
worth considering that the formulated feed used in aquaculture
contains various trace elements (Sarkar et al., 2022). Besides,
aquaculture sediment can serve as a source of trace elements and
may release trace elements into the overlaying water (Chen et al.,
2007). Additionally, the frequent application of fertilizers in
aquaculture, primarily composed of nitrogen and phosphorus
compounds, may also contribute trace elements to the wastewater
(Boyd and Massaut, 1999). Consequently, our findings suggest that
elements to mariculture

supplementing additional trace

wastewater during algae cultivation may be unnecessary.

3.7 Enhancing diatom cultivation through
UV-C irradiation and nutrient regulation

To develop a practical sterilization technology for diatom
targeted cultivation in mariculture wastewater, the effects of UV-C
irradiation and autoclave sterilization as pretreatment methods for
subsequent diatom growth in wastewater were compared. The results
showed that both methods significantly improved diatom growth
through the experiment, with the highest diatom abundance
observed in the UV-C irradiation group, followed by the autoclave
sterilization group, and the least in the control group (p<0.05,
Figures 7A,C). In contrast, green algae was suppressed in the UV-C
irradiation and autoclave sterilization groups, but flourished in the
control group (p <0.05, Figures 7B,D). The 18S rRNA gene analysis
revealed that UV-C irradiation and autoclave sterilization groups
were dominated by Ochrophyta (particularly Chaetoceros), while the
control group showed a predominance of Chlorophyta
(Schizochlamydella and Picochlorum) (Figures 8A,B). Both UV-C
irradiation and autoclave sterilization significantly decrease the

34567
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Diatom growth after trace element regulation. (A) Growth trend of C. meulleri under different gradients of trace element. (B) Comparison of diatom
biomass on day 7. Different letters indicate statistical differences at 0.05 significance level (One-Way ANOVA).
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relative abundance of Marivita genus (Figure 8D). Interestingly,  growth (Figure 8D). These findings indicate that the pre-treatment
UV-Cirradiation initially increased the relative abundance of Vibrio  of mariculture wastewater with UV-C irradiation, in combination
and Pseudoalteromonas, which subsequently declined after diatom  with the adjustment of nutrients and addition of exogenous diatoms,
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significantly enhances diatom growth in mariculture wastewater.
This method not only lowers microbial diversity but also minimizes
the impact on dissolved trace metals, thereby promoting
phytoplankton growth (Passero et al., 2014; Chifflet et al., 2019).
Moreover, UV-C irradiation did not completely eliminate native
Chaetoceros diatom in the wastewater, allowing them to grow
alongside the exogenous diatoms after nutrient regulation (Sun et al.,
2021). The lower algal and bacterial diversities observed in the
treated groups (Figure 8; Supplementary Figure S2) combined with
silicate regulation further support the growth advantage for diatoms
(Sommer, 1994). However, optimal UV-C irradiation doses and
duration for maximizing diatom growth require further
investigation. Consequently, UV-C irradiation can replace autoclave
sterilization as a pre-treatment method for mariculture wastewater,
enabling large-scale wastewater treatment and facilitating diatom
targeted culture.

4 Conclusion

This study has successfully demonstrated the feasibility of
targeted cultivation of the marine diatom C. muelleri in mariculture
wastewater through precise nutrient regulation. Optimal
concentrations of key nutrients, specifically silicate, phosphate, and
ammonium, identified to maximize diatom biomass

production. Additionally, this study revealed that trace element

were

Frontiers in Microbiology

supplementation was unnecessary as mariculture wastewater
inherently provides adequate amounts. A significant advancement
was the use of UV-C irradiation for wastewater pre-treatment, which
effectively reduced competition from native microbes during diatom
cultivation. This innovative approach not only enhances the
efficiency of wastewater treatment but also generates valuable algal
biomass suitable for aquaculture feed (Figure 9). Our findings offer
practical insights for the widespread adoption of sustainable
wastewater bioremediation and resource recovery systems. Further
research should focus on pilot-scale implementations and integrating
this method with bivalve culture, offering a comprehensive solution
to mariculture wastewater management.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found at: https://www.ncbinlm.nih.gov/,
PRJNA1058243; https://www.ncbi.nlm.nih.gov/, PRINA1058104.

Author contributions

JS: Data curation, Formal analysis, Investigation, Writing —
original draft. XZ: Conceptualization, Project administration,

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1371855
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/

Shen et al.

Supervision, Writing - review & editing. ML: Investigation, Resources,
Writing - review & editing. KX: Writing - review & editing. LH:
Funding acquisition, Writing - review & editing, Conceptualization,
Supervision. ZL: Funding acquisition, Writing - review & editing,
Resources.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This research
was supported by Zhejiang Provincial Natural Science Foundation
of China (LTGN24C190006), the National Natural Science
Foundation of China (32102821), the Natural Science Foundation
of Ningbo (2022]J050), Zhejiang Major Program of Science and
Technology (2022SNJF063, 2023SNJF064, 2021C02069-5-4,
2022C02027), the Key Research and Development Program of
Ningbo (20227172, 20227059, 2023Z113), the Yongjiang Talent
Introduction Programme, and China Agriculture Research System
of MOF and MARA.

References

Arsad, S., Stavrakakis, C., Turpin, V., Rossa, P, Risjani, Y., Sari, L. A,, et al. (2019).
Optimization of diatom Haslea ostrearia cultivation in different mediums and nutrients.
Earth Environ. Sci. 236:012044. doi: 10.1088/1755-1315/236/1/012044

Bambaranda, B. V. A. S. M, Tsusaka, T. W., Chirapart, A., Salin, K. R., and Sasaki, N.
(2019). Capacity of Caulerpa lentillifera in the removal of fish culture effluent in a
recirculating aquaculture system. PRO 7, 440-454. doi: 10.3390/pr7070440

Boyd, C. E., and Massaut, L. (1999). Risks associated with the use of chemicals in pond
aquaculture. Aquac. Eng. 20, 113-132. doi: 10.1016/S0144-8609(99)00010-2

Chen, C. W, Kao, C. M., Chen, C. E, and Dong, C. D. (2007). Distribution and
accumulation of heavy metals in the sediments of Kaohsiung Harbor, Taiwan.
Chemosphere 66, 1431-1440. doi: 10.1016/j.chemosphere.2006.09.030

Chen, H., Shan, S., Wang, C., Namsaraev, Z., Dubovskiy, I., Zhou, C., et al. (2023).
Mixotrophic culture of Chaetoceros sp. and its response to circadian rhythm. Algal.
Research 73:103119. doi: 10.1016/j.algal.2023.103119

Chifflet, S., Quéméneur, M., Barani, A., Angeletti, B., Didry, M., Grégori, G., et al.
(2019). Impact of sterilization methods on dissolved trace metals concentrations in
complex natural samples: optimization of UV irradiation. MethodsX 6, 1133-1146. doi:
10.1016/j.mex.2019.04.020

Cole, J. R., Wang, Q,, Fish, J. A., Chai, B., McGarrell, D. M., Sun, Y,, et al. (2014).
Ribosomal database project: data and tools for high throughput rRNA analysis. Nucleic
Acids Res. 42, D633-D642. doi: 10.1093/nar/gkt1244

Diner, R. E., Schwenck, S. M., McCrow, J. P, Zheng, H., and Allen, A. E. (2016).
Genetic manipulation of competition for nitrate between heterotrophic bacteria and
diatoms. Front. Microbiol. 7:880. doi: 10.3389/fmicb.2016.00880

Edgar, R. C. (2010). Search and clustering orders of magnitude faster than BLAST.
Bioinformatics 26, 2460-2461. doi: 10.1093/bioinformatics/btq461

Food and Agriculture Organization (FAO) of the United Nations. (2022). The state of
world fisheries and aquaculture 2022. Towards Blue Transformation. Rome: FAO. doi:
10.4060/cc0461en

GB/T 12763.4-2007. (2007). Specifications for oceanographic survey-part 4: Survey
of chemical parameters in sea water. National Standards of the PRC.

Gonzilez-Gonzalez, L. M., Eltanahy, E., and Schenk, P. M. (2019). Assessing the
fertilizing potential of microalgal digestates using the marine diatom Chaetoceros
muelleri. Algal Res. 41:101534. doi: 10.1016/j.algal.2019.101534

Guillard, R. R. L., and Ryther, J. H. (1962). Studies of marine planktonic diatoms: I.
Cyclotella nana Hustedt, and Detonula confervacea (Cleve) gran. Can. J. Microbiol. 8,
229-239. doi: 10.1139/m62-029

Guillou, L., Bachar, D., Audig, S., Bass, D., Berney, C,, Bittner, L., et al. (2013). The
Protist ribosomal reference database (PR2): a catalog of unicellular eukaryote small
sub-unit rRNA sequences with curated taxonomy. Nucleic Acids Res. 41, D597-D604.
doi: 10.1093/nar/gks1160

Hargreaves, J. A. (1998). Nitrogen biogeochemistry of aquaculture ponds. Aquaculture
166, 181-212. doi: 10.1016/S0044-8486(98)00298-1

Frontiers in Microbiology

11

10.3389/fmicb.2024.1371855

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmicb.2024.1371855/
full#supplementary-material

Hemalatha, A., Karthikeyan, P, Girija, K., Saranya, C., Anantharaman, P,, and
Sampathkumar, P. (2014). Effect of nutrients on the growth and biochemical composition
of the marine diatiom, Chaetoceros simplex (Ostenfeld, 1901). Phytopharmacy Res. 5,
30-35. Available at: https://www.phytopharmacyresearch.com/view_content.php?quat=
5&year=2014&issue=1.

Hemalatha, A., Karthikeyan, P, Manimaran, K., Anantharaman, P, and
Sampathkumar, P. (2012). Effect of temperature on the growth of marine diatom,
Chaetoceros simplex (Ostenfeld, 1901) with different nitrate: silicate concentrations.
Asian Pac. J. Trop. Biomed. 2, $1817-S1821. doi: 10.1016/S2221-1691(12)60501-2

Iwasaki, K., Evenhuis, C., Tamburic, B., Kuzhiumparambil, U., O'Connor, W., Ralph, P,
et al. (2021). Improving light and CO, availability to enhance the growth rate of the
diatom, Chaetoceros muelleri. Algal Res. 55:102234. doi: 10.1016/j.algal.2021.102234

Joesting, H. M., Blaylock, R., Biber, P, and Ray, A. (2016). The use of marine aquaculture
solid waste for nursery production of the salt marsh plants Spartina alterniflora and
Juncus roemerianus. Aquacult. Rep. 3, 108-114. doi: 10.1016/j.aqrep.2016.01.004

Karthikeyan, P, Manimaran, K., Sampathkumar, P,, and Rameshkumar, L. (2013).
Growth and nutrient removal properties of the diatoms, Chaetoceros curvisetus and C.
simplex under different nitrogen sources. Applied water. Science 3, 49-55. doi: 10.1007/
s13201-012-0056-z

Liang, Y., Beardall, J., and Heraud, P. (2006). Effects of nitrogen source and UV
radiation on the growth, chlorophyll fluorescence and fatty acid composition of
Phaeodactylum tricornutum and Chaetoceros muelleri (Bacillariophyceae). J. Photochem.
Photobiol. B Biol. 82, 161-172. doi: 10.1016/j.jphotobiol.2005.11.002

Lourengo, S. O., Barbarino, E., Mancini-Filho, J., Schinke, K. P, and Aidar, E. (2002).
Effects of different nitrogen sources on the growth and biochemical profile of 10 marine
microalgae in batch culture: an evaluation for aquaculture. Phycologia 41, 158-168. doi:
10.2216/i0031-8884-41-2-158.1

Lovio-Fragoso, J., Hayano-Kanashiro, C., and Lépez-Elias, J. (2019). Effect of different
phosphorus concentrations on growth and biochemical composition of Chaetoceros
muelleri. Lat. Am. . Aquat. Res. 47, 361-366. doi: 10.3856/vol47-issue2-fulltext-17

Martin-Jézéquel, V., Hildebrand, M., and Brzezinski, M. A. (2000). Silicon metabolism
in diatoms: implications for growth. J. Phycol. 36, 821-840. doi: 10.1046/j.1529-8817.
2000.00019.x

Minggat, E., Roseli, W, and Tanaka, Y. (2021). Nutrient absorption and biomass
production by the marine diatom Chaetoceros muelleri: effects of temperature, salinity,
photoperiod, and light intensity. J. Ecol. Eng. 22, 231-240. doi:
10.12911/22998993/129253

Ministry of Ecology and Environment (MEE) of the People's Republic of China
(2023). Chinese marine ecological environment bulletin in 2022. Available at: https://
www.mee.gov.cn/hjzl/sthjzk/jagb/.

Ozkan, A., and Rorrer, G. L. (2017). Lipid and chitin nanofiber production during
cultivation of the marine diatom Cyclotella sp. to high cell density with multistage
addition of silicon and nitrate. J. Appl. Phycol. 29, 1811-1818. doi: 10.1007/
s10811-017-1113-7

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1371855
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1371855/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1371855/full#supplementary-material
https://doi.org/10.1088/1755-1315/236/1/012044
https://doi.org/10.3390/pr7070440
https://doi.org/10.1016/S0144-8609(99)00010-2
https://doi.org/10.1016/j.chemosphere.2006.09.030
https://doi.org/10.1016/j.algal.2023.103119
https://doi.org/10.1016/j.mex.2019.04.020
https://doi.org/10.1093/nar/gkt1244
https://doi.org/10.3389/fmicb.2016.00880
https://doi.org/10.1093/bioinformatics/btq461
https://doi.org/10.4060/cc0461en
https://doi.org/10.1016/j.algal.2019.101534
https://doi.org/10.1139/m62-029
https://doi.org/10.1093/nar/gks1160
https://doi.org/10.1016/S0044-8486(98)00298-1
https://www.phytopharmacyresearch.com/view_content.php?quat=5&year=2014&issue=1
https://www.phytopharmacyresearch.com/view_content.php?quat=5&year=2014&issue=1
https://doi.org/10.1016/S2221-1691(12)60501-2
https://doi.org/10.1016/j.algal.2021.102234
https://doi.org/10.1016/j.aqrep.2016.01.004
https://doi.org/10.1007/s13201-012-0056-z
https://doi.org/10.1007/s13201-012-0056-z
https://doi.org/10.1016/j.jphotobiol.2005.11.002
https://doi.org/10.2216/i0031-8884-41-2-158.1
https://doi.org/10.3856/vol47-issue2-fulltext-17
https://doi.org/10.1046/j.1529-8817.2000.00019.x
https://doi.org/10.1046/j.1529-8817.2000.00019.x
https://doi.org/10.12911/22998993/129253
https://www.mee.gov.cn/hjzl/sthjzk/jagb/
https://www.mee.gov.cn/hjzl/sthjzk/jagb/
https://doi.org/10.1007/s10811-017-1113-7
https://doi.org/10.1007/s10811-017-1113-7

Shen et al.

Passero, M. L., Cragin, B, Hall, A. R,, Staley, N., Coats, E. R., McDonald, A. G,, et al.
(2014). Ultraviolet radiation pre-treatment modifies dairy wastewater, improving its
utility as a medium for algal cultivation. Algal Res. 6, 98-110. doi: 10.1016/j.
algal.2014.09.008

Puyol, D., Batstone, D. J., Hiilsen, T., Astals, S., Peces, M., and Kromer, J. O. (2017).
Resource recovery from wastewater by biological technologies: opportunities,
challenges, and prospects. Front. Microbiol. 7:2106. doi: 10.3389/fmicb.2016.02106

Ramesh Kumar, B., Deviram, G., Mathimani, T, Duc, P. A., and Pugazhendhi, A.
(2019). Microalgae as rich source of polyunsaturated fatty acids. Biocatal. Agric.
Biotechnol. 17, 583-588. doi: 10.1016/j.bcab.2019.01.017

Reis Batista, I, Garcia, A. B., van Dalen, P,, Kamermans, P, Verdegem, M., and
Smaal, A. C. (2015). Culturing Chaetoceros muelleri using simplified media with
different N sources: effects on production and lipid content. Eur. J. Phycol. 50, 92-99.
doi: 10.1080/09670262.2014.994137

Rose, J. M., Bricker, S. B., and Ferreira, J. G. (2015). Comparative analysis of modeled
nitrogen removal by shellfish farms. Mar. Pollut. Bull. 91, 185-190. doi: 10.1016/j.
marpolbul.2014.12.006

Sarkar, M. M., Rohani, M. E, Hossain, M. A. R., and Shahjahan, M. (2022).
Evaluation of heavy metal contamination in some selected commercial fish feeds
used in Bangladesh. Biol. Trace Elem. Res. 200, 844-854. doi: 10.1007/
s12011-021-02692-4

Saxena, A., Kumar Singh, P,, Bhatnagar, A., and Tiwari, A. (2022). Growth of marine
diatoms on aquaculture wastewater supplemented with nanosilica. Bioresour. Technol.
344:126210. doi: 10.1016/j.biortech.2021.126210

Sommer, U. (1994). Are marine diatoms favoured by high Si:N ratios? Mar. Ecol. Prog.
Ser. 115, 309-315. doi: 10.3354/meps115309

Stoeck, T., Bass, D., Nebel, M., Christen, R., Jones, M. D. M., Breiner, H.-W,, et al.
(2010). Multiple marker parallel tag environmental DNA sequencing reveals a highly
complex eukaryotic community in marine anoxic water. Mol. Ecol. 19, 21-31. doi:
10.1111/j.1365-294X.2009.04480.x

Sun, Y., Chen, Y., Wei, J., Zhang, X., Zhang, L., Yang, Z., et al. (2021). Ultraviolet-B
radiation stress alters the competitive outcome of algae: based on analyzing population
dynamics and photosynthesis. Chemosphere 272:129645. doi: 10.1016/j.
chemosphere.2021.129645

Frontiers in Microbiology

12

10.3389/fmicb.2024.1371855

Tanaka, Y., Ashaari, A., Mohamad, F. S., and Lamit, N. (2020). Bioremediation
potential of tropical seaweeds in aquaculture: low-salinity tolerance, phosphorus
content, and production of UV-absorbing compounds. Aquaculture 518:734853. doi:
10.1016/j.aquaculture.2019.734853

Tao, Y., Zhang, X., Au, D. W. T., Mao, X., and Yuan, K. (2010). The effects of sub-lethal
UV-C irradiation on growth and cell integrity of cyanobacteria and green algae.
Chemosphere 78, 541-547. doi: 10.1016/j.chemosphere.2009.11.016

Xie, B., Qin, ], Yang, H., Wang, X., Wang, Y., and Li, T. (2013). Organic aquaculture
in China: a review from a global perspective. Aquaculture 414-415, 243-253. doi:
10.1016/j.aquaculture.2013.08.019

Xing, R., Ma, W, Shao, Y., Cao, X., Su, C., Song, H., et al. (2018). Growth and potential
purification ability of Nitzschia sp. benthic diatoms in sea cucumber aquaculture
wastewater. Aquac. Res. 49, 2644-2652. doi: 10.1111/are.13722

Yu, J,, and Yin, W. (2019). Exploring stakeholder engagement in mariculture
development: challenges and prospects for China. Mar. Policy 103, 84-90. doi: 10.1016/j.
marpol.2019.02.036

Zheng, L., Liu, Q,, Liu, ], Xiao, J., and Xu, G. (2022). Pollution control of industrial
mariculture wastewater: a mini-review. Water 14:1390. doi: 10.3390/w14091390

Zheng, X., Xu, K., Naoum, J., Lian, Y., Wu, B., He, Z, et al. (2023). Deciphering
microeukaryotic-bacterial co-occurrence networks in coastal aquaculture ponds.
Marine life. Sci. Technol. 5, 44-55. doi: 10.1007/s42995-022-00159-6

Zheng, X., Zhang, K., Yang, T., He, Z., Shu, L., Xiao, F, et al. (2021). Sediment
resuspension drives protist metacommunity structure and assembly in grass carp
(Ctenopharyngodon idella) aquaculture ponds. Sci. Total Environ. 764:142840. doi:
10.1016/j.scitotenv.2020.142840

Zhi, R, Yang, A., Zhang, G., Zhu, Y., Meng, F,, and Li, X. (2019). Effects of light-
dark cycles on photosynthetic bacteria wastewater treatment and valuable
substances production. Bioresour. Technol. 274, 496-501. doi: 10.1016/j.
biortech.2018.12.021

Zhou, Y., Zhang, Y., Li, F, Tan, L., and Wang, J. (2017). Nutrients structure changes
impact the competition and succession between diatom and dinoflagellate in the East
China Sea. Sci. Total Environ. 574, 499-508. doi: 10.1016/j.scitotenv.2016.09.092

Zou, L., and Huang, S. (2015). Chinese aquaculture in light of green growth. Aquacult.
Rep. 2, 46-49. doi: 10.1016/j.aqrep.2015.07.001

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1371855
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1016/j.algal.2014.09.008
https://doi.org/10.1016/j.algal.2014.09.008
https://doi.org/10.3389/fmicb.2016.02106
https://doi.org/10.1016/j.bcab.2019.01.017
https://doi.org/10.1080/09670262.2014.994137
https://doi.org/10.1016/j.marpolbul.2014.12.006
https://doi.org/10.1016/j.marpolbul.2014.12.006
https://doi.org/10.1007/s12011-021-02692-4
https://doi.org/10.1007/s12011-021-02692-4
https://doi.org/10.1016/j.biortech.2021.126210
https://doi.org/10.3354/meps115309
https://doi.org/10.1111/j.1365-294X.2009.04480.x
https://doi.org/10.1016/j.chemosphere.2021.129645
https://doi.org/10.1016/j.chemosphere.2021.129645
https://doi.org/10.1016/j.aquaculture.2019.734853
https://doi.org/10.1016/j.chemosphere.2009.11.016
https://doi.org/10.1016/j.aquaculture.2013.08.019
https://doi.org/10.1111/are.13722
https://doi.org/10.1016/j.marpol.2019.02.036
https://doi.org/10.1016/j.marpol.2019.02.036
https://doi.org/10.3390/w14091390
https://doi.org/10.1007/s42995-022-00159-6
https://doi.org/10.1016/j.scitotenv.2020.142840
https://doi.org/10.1016/j.biortech.2018.12.021
https://doi.org/10.1016/j.biortech.2018.12.021
https://doi.org/10.1016/j.scitotenv.2016.09.092
https://doi.org/10.1016/j.aqrep.2015.07.001

	Targeted cultivation of diatoms in mariculture wastewater by nutrient regulation and UV-C irradiation
	1 Introduction
	2 Materials and methods
	2.1 Measurement of chlorophyll content and water quality parameters
	2.2 Algae choice
	2.3 Regulation of silicate
	2.4 Regulation of phosphate
	2.5 Regulation of nitrogen
	2.6 Comparison of different nitrogen sources
	2.7 Regulation of trace elements
	2.8 Combination of UV irradiation and nutrient regulation
	2.9 Microbial community analysis
	2.10 Statistical analysis

	3 Results and discussion
	3.1 Growth comparison of four diatom species in mariculture wastewater
	3.2 Diatom growth after silicate regulation in mariculture wastewater
	3.3 Diatom growth after phosphate regulation in mariculture wastewater
	3.4 Diatom growth after ammonium nitrogen regulation in mariculture wastewater
	3.5 Comparison of different nitrogen sources on the diatom growth in mariculture wastewater
	3.6 Diatom growth after trace element regulation in mariculture wastewater
	3.7 Enhancing diatom cultivation through UV-C irradiation and nutrient regulation

	4 Conclusion
	Data availability statement
	Author contributions

	References

