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The bacterial community plays a crucial role in the nitrogen cycle.
Oxidation ponds act as a natural treatment system for wastewater and are designed to promote the
growth and activity of certain bacterial species that remove contaminants from the water. The nitrogen
cycle in these ponds involves the conversion of nitrogen compounds through biological processes by
bacteria. The presence or absence of certain bacterial species can greatly influence the efficiency of the
nitrogen cycle in these ponds. This research investigates the relationship between bacteria and nitrogen
dynamics, the key components of wastewater treatment, in oxidation ponds. This work aims to identify the
bacterial community composition in oxidation ponds, investigate the role of bacteria in the transformation
and removal of nitrogen compounds from wastewater in oxidation ponds, and evaluate the impact of
environmental factors on the microbial communities and nitrogen dynamics in oxidation ponds. This
study was carried out in the oxidation wastewater treatment at the King’s Royally Initiated Laem Phak Bia
Environmental Research and Development or LERD Project, in Phetchaburi, Thailand.

Wastewater samples were collected from the 1st-5th oxidation ponds at a depth of 30
centimeter from the water surface and analyzed for various quality parameters including temperature,
dissolved oxygen, potential of hydrogen, biochemical oxygen demand, nitrates, ammonia, and total
kjeldahl nitrogen. Next-generation sequencing by lllumina Miseq was used to examine the 16S ribosomal
ribonucleic acid of bacteria in the collected samples. Correlation test was used for statistical analysis.

The temperature, potential of hydrogen (1 to 5th ponds), and dissolved oxygen (2nd to 5th
ponds) in the oxidation ponds were within the standard value. Fifteen bacterial phyla were identified in
the five oxidation ponds, with phylum Proteobacteria accounting for the highest population comprising
47.56% of the total bacterial population.

Genera  Novosphingobium  (phylum  Proteobacteria), Ammonia-11  (phylum
Verrucomicrobiota), and Vicinamibacteraceae (phylum Acidobacteriota) have the strongest relationships
with ammonia, nitrate, and total kjeldahl nitrogen (R? = 0.9710, 0.986, 0.8124). The bacterial population
is a crucial factor in nitrogen nutrient and water quality. Novosphingobium is involved in the removal of
ammoniafrom wastewater, Verrucomicrobiota act as denitrifiers, and Vicinamibacteraceae increases the

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

total kjeldahl nitrogen levels.

NUMBER OF REFERENCES

NUMBER OF FIGURES NUMBER OF TABLES

*Corresponding Author:
Email: thanit.pa@ku.th
Phone: +668 0455 4242
ORCID: 0009-0005-1664-450X

Note: Discussion period for this manuscript open until January 1, 2024 on GJESM website at the “Show Article”.


https://www.gjesm.net/ 
https://www.gjesm.net/jufile?ar_sfile=3885261
https://www.gjesm.net/jufile?ar_sfile=3885261
http://creativecommons.org/licenses/by/4.0/

Increasingurbanizationand rapid populationgrowth
has intensified the generation of waste, including
human excretion, e-waste, garbage food, fat oil and
wastewater (Bajsa et al., 2003). Domestic wastewater
is a complex mixture of suspended and dissolved
materials with extremely high concentrations of
nutrients and organic content, including nitrogen in
the form of ammonia (NH,), nitrates (NOS-), and total
kjeldahl nitrogen (TKN) (Latrach et al., 2015; Vlyssides
et al., 2002). These nutrients can remarkably affect
water quality (Quiros, 2003; Camargo et al., 2006).
When untreated, wastewater is discharged directly
into water bodies, causing contamination and water
quality issues (Wedyan et al., 2016; Noophan et al.,
2018; Kumar et al., 2020). Excess nitrogen can harm
aquatic ecosystems, causing the eutrophication
of amphibian systems and the depletion of
dissolved oxygen (DO) and leading to the death
of fish and other marine organisms (Ahmed et
al., 2022). In addition, nitrate leaching from soil
can contaminate groundwater, which could cause
methemoglobinemia in infants under 3 months
upon ingestion (Ward et al.,, 2018). Wastewater
treatment is essential to maintain the quality of the
environment and protect public health. Oxidation
ponds are a low-cost and widely used wastewater
treatment system that includes five consecutive
ponds and involves interactions with sunlight, wind,
bacteria, and algae: the first one is for sedimentation
(2.43 m in depth with 5 days of retention time),
the second to fourth are for oxidation (2.23, 1.93,
and 1.64 m in depth with 12, 15, and 15 days of
retention time, respectively), and the fifth is for
polishing (1.42 m in depth with 16 days of retention
time) (Pattamapitoon et al., 2013; Jinjaruk et al.,
2018; Nimtim et al., 2020). Biological treatment
using aerobic and facultative heterotrophic bacteria
is an environmentally friendly alternative method
for treating domestic wastewater. This approach
involves using oxygen from a thermosiphon process
(Noikondee et al., 2019) and photosynthesis from
Cyanobacteria, such as Cylindrospermopsis genus
(Sukchinda et al., 2019), to consume biodegradable
soluble organic contaminants, such as sugars, fats,
and organic short-chain carbon molecules. This
process oxidizes the organic matter and nutrients
in the wastewater (Posadas et al., 2013; Bestawy et
al., 2014; Zurano et al., 2021). Biological nitrogen
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removal is preferred over biochemical process
because the former can convert nitrogen compounds
to nitrogen gas (N,). Particulate organic nitrogen is
hydrolyzed to soluble organic nitrogen by aerobic and
facultative heterotrophic bacteria (Sun et al., 2010).
In particular, nitrifying bacteria play a crucial role in
wastewater treatment oxidation ponds by converting
ammonia to nitrite and then to nitrate. This
process is known as nitrification and is essential for
breaking down harmful waste products in the water.
Meanwhile, denitrifying bacteria are responsible for
converting nitrate to N,, which is then released into
the atmosphere. They help reduce nitrogen levels
in the water. Both types of bacteria work together
to provide an effective method of wastewater
treatment in oxidation ponds. However, the
relationship between bacteria and nitrogen dynamics
in oxidation ponds is still not fully understood. This
study aims to determine the relationship between
bacteria and nitrogen dynamics in wastewater
treatment oxidation ponds by investigating the
microbial communities present in these systems and
how they affect the transformation and removal of
nitrogen compounds. The objectives are to identify
the bacterial community composition in wastewater
treatment oxidation ponds, investigate the role
of bacteria in the transformation and removal of
nitrogen compounds from wastewater in oxidation
ponds, and evaluate the impact of environmental
factors, such as temperature and DO levels, on the
microbial communities and nitrogen dynamics in
oxidation ponds. The results will be useful in the
development and management of water quality at
the LERD project in the future. This study was carried
out in the oxidation wastewater treatment at the
LERD project, Phetchaburi, Thailand during the dry
period in 2022.

Study area

The study area is the LERD project (Fig. 1),
which aims to treat community wastewater from
Phetchaburi municipal. The project has five ponds
for treating community wastewater, namely, the 1st
pond (sedimentation pond), 2" to 4" ponds (oxidation
pond), and 5" pond (polishing pond). The project area
is located at latitude 130 02°40” to 130 03'20” N and
longitude 1000 05'10” to 100 06'05" E, close to the
mangrove forest and Phetchaburi coastal area.
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Fig. 1: Geographic location of the study area in the LERD project, Phetchaburi province, Thailand

Wastewater sampling and bacteria analysis

For wastewater collection, 1 liter polyethylene (PE)
bottles were used. Samples were collected down to 30
centimeter (cm) from water surface in oxidation ponds
(1% to 5™ ponds) of the LERD project during the dry
period in February 2022 because of the high nutrient
concentration throughout this season. Compared
with the dry period, the wet period features heavier
rainfall and rain flowing into the pond that affect the
performance of the wastewater treatment (Makuwa
et al., 2022). The increased temperature in the dry
period increases biological activity, respiration of
organisms, and rate of organic matter decomposition
(Kamarudin et al., 2020). The wastewater samples
were kept at 4 °C during transfer to the laboratory
and then centrifuged at 8,000 rpm to separate
the sludge. The lower sediment was collected in a
centrifuge tube for high-efficiency sequencing. For
bacterial analysis using next generation sequencing
(NGS) technique, deoxyribonucleic acid (DNA) was
extracted and sequenced using Illumina Miseq. The
generated data were assembled, annotated, and

compared with other genomes.

Wastewater quality analysis

On-site  measurements of the following three
parameters were conducted to determine wastewater
quality: temperature, DO, and potential of hydrogen
(pH). Four parameters of nutrient concentrations
were measured in the laboratory, namely, biochemical
oxygen demand (BOD), nitrate (NO,’), ammonia (NH,),
and TKN. Nutrient concentrations were measured
using the standard methods for the examination of
water and wastewater (APHA, 2017).

Statistical analysis

A correlation test was used to describe the
relationship between bacterial population and
nutrients (NO,, NH,*, and TKN) in an oxidation
pond. Coefficients of determination are considered
a measure of the degree of linear relationship
between two variables. They express the extent to
which two variables vary together in the same or
opposite direction. They also reveal the magnitude
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and direction of these relationships. A correlation
coefficient can have a value ranging from -1 to 1.
Values close to the absolute value of 1 indicate
a strong positive linear relationship between the
variables, and values close to O indicate no linear
relationship between the variables (Khambete and
Christian, 2014).

RESULTS AND DISCUSSION
Bacterial population diversity

The bacterial populations in the oxidation ponds (1
to 5% ponds) consisted of normal flora bacteria. (Fig.
2) Fifteen bacterial phyla, namely, Proteobacteria,
Actinobacteriota, Cyanobacteria, Planctomycetota,
Verrucomicrobiota, Firmicutes, Bacteroidota,
Chloroflexi, Desulfobacterota, Patescibacteria,
Acidobacteriota, SAR324_clade (Marine_group_B),
Fusobacteriota, Campilobacterota, and Nitrospinota,
were found in the five oxidation ponds. To our
knowledge, most studies on heterotrophic nitrification
and aerobic denitrification have focused on phyla
Proteobacteria, Actinobacteria, and Firmicutes
(Huang et al., 2013; Srivastava et al., 2016; Zhou et
al., 2017; Wang et al., 2019). Proteobacteria were
mainly found in the nitrification and denitrification
systems and belonged to denitrifying bacteria; its
large amount allowed for the effective removal of
nitrate nitrogen (Bruckner et al., 2012). This finding
is consistent with previous studies, indicating
that Proteobacteria are widely spread in wastewater
treatment (Wu et al.,, 2019). Verrucomicrobiota
are mostly free-living bacteria and can be found in
freshwater, marine water, soil, and seawater (Zwart

Relative bacterial abundance (%)
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etal., 1998).

Proteobacteria have the highest population,
accounting for 47.56% of total bacterial population.
Its population decreased from the 1 pond to the 5%
pond (6.21%). Proteobacteria are one of the most
dominant bacterial groups found in wastewater.
Table 1 shows that under aerobic conditions,
Proteobacteria use oxygen as an electron acceptor in
the respiratory chain. As a result, the presence of DO
is essential for their survival and growth. However,
too high DO concentration can lead to the complete
oxidation of organic matter, causing a decrease in the
food base for Proteobacteria. This phenomenon can
cause a reduction in their population. Meanwhile,
the populations of phyla Actinobacteriota, Cyanob-
acteria, Planctomycetota, Firmicutes, Chloroflexi,
Patescibacteria, Acidobacteriota, SAR324_clade
(Marine_group_B), and Nitrospinota increased from
the 1st pond to the 5th pond (27.74%, 22.43%,
20.12%, 6.54%, 2.53%, 0.83%, 0.91%, 0.65%, and
0.07%, respectively). Under aerobic conditions,
bacteria use oxygen as an electron acceptor in the
respiratory chain. As a result, the presence of DO is
essential for their survival and growth. An increase
in DO concentration results in an increase in the
abundance of bacteria in wastewater. In addition, the
BOD values in Table 1 indicated that the presence of
organic matter and nutrients stimulates the growth
of bacteria, which break down the organic matter and
release carbon dioxide and other byproducts. The
amount of BOD in the wastewater is directly related
to the amount of organic matter present and hence
the rate at which it is being broken down by bacteria.
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Fig. 2: Bacterial communities (phylum) at the LERD project, Phetchaburi province, Thailand



SAR324 clade is a marine bacterium species that
was most commonly found in the 2nd pond (0.71%)
because this pond was nearest to a mangrove forest.
The population of Cyanobacteria was the highest in
the 5th pond (22.43%), causing their rapid bloom.
Some Cyanobacteria species can produce toxins
(Sukchinda et al., 2019; Rastogi et al., 2015; Zhang
et al., 2022; Huang et al., 2018; Flanzenbaum et al.,
2022), leading to fish death during winter season
(Srichomphu et al., 2015).

Wastewater quality

The temperature and pH of the wastewater were
within the standard values (23 °C-32 °C and 5.5-9.0,
respectively). The average temperatures in the 1st to
5th ponds were 27.4 °C, 27 °C, 26.7 °C, 26.8 °C, and
26.9 °C, respectively, and their pH values were 8.05,
8.92, 9.13, 9.06, and 9.21, respectively. The average
DO levels in the 2nd to 5th ponds met the standard
value (>3 mg/L), but that in the 1st pond failed to meet
the standard (2.97 mg/L). The highest concentrations
of NO and TKN were observed in the 2nd pond, and
the lowest concentrations were found in the 5th pond.
The highest concentrations of NH * were observed
in pond 1%. The concentration of NH + decreased
from the 1st pond to the 5th pond due to bacterial
decomposition, resulting in a decrease in NH (Table 1).
DO levels increased from the 1st pond to the 5th pond
due to photosynthesis activity from Cyanobacteria
during daytime, resulting in high DO levels. BOD
levels decreased because aerobic bacteria use a large
amount of oxygen during degradation (Sukchinda et
al., 2019; Annisa et al., 2021; Boyd, 2018; Irfan, 2016).
Nutrient concentrations in oxidation ponds tend to
increase because Cyanobacteria can fix nitrogen gas
from the atmosphere and convert it into ammonia and
nitrate (Abbaszadeh et al., 2022; Purwono et al., 2017;
Mahmud et al., 2021).

Bacterial communities and nutrient

Bacterial communities and nitrogen compounds
such as NH NO3 and TKN were analyzed to determine
their relatlonsh|p with each other. As shown in Fig. 3,
phyla Proteobacteria, Planctomycetota, Bacteroidota,
Chloroflexi, Desulfobacterota, Patescibacteria,
Acidobacteriota, Campilobacterota, and Nitrospinota
were highly related to NH_in the oxidation ponds with
R? values of 0.81, 0.84, 6.79, 0.98, 0.82, 0.81, 0.68,
0.79, and 0.75, respectively. Chhimwal et al. (2022)
investigated the treatment efficiency of domestic
wastewater using an oxidation pond and found a
decrease in wastewater quality, including nitrate,
phosphate, COD, and BOD, after treatment, indicating
that the oxidation pond was effective in reducing
nutrient concentrations. In addition, they found that
the dominant bacterial phylum was Proteobacteria
using 16S ribosomal ribonucleic acid (rRNA) gene
sequencing. Studies of Hwang et al. (2005), Chen et
al. (2014), Lawson et al. (2017), and Suto et al. (2017)
on heterotrophic bacteria, such as Proteobacteria,
Chloroflexi, Bacteroidetes, and Acidobacteria, revealed
that these bacteria convert NH, to N, and play a role in
adapting to environmental changes (Egli et al. 2001;
Isaka et al. 2007; lJin et al. 2012). Nitrification mostly
occurs under aerobic and anaerobic conditions. NH,*
oxidation can also occur, mediated by a limited number
of bacteria within Planctomycetota (Strous et al.,
1999). This phylum has a unique metabolic ability to
oxidize NH4‘r with NO, as electron acceptor to produce
N, and a small amount of NO,- under anoxic conditions
without requiring an organic carbon source (Date et
al., 2008; Kuenen, 2008).

Fig. 4 shows that phyla Verrucomicrobiota,
Firmicutes, Chloroflexi, Fusobacteriota Bacteroidota
and Nitrospinota had a high correlation with a NO
the oxidation ponds (R? =0.88, 0.84, 0.64, 0.80, 0. 73
0.86). This finding is consistent with a previous study

Table 1: Water quality in oxidation pond at the LERD project during dry period in February 2022

Parameters Domestic Oxidation pond Wastewater

wastewater 1% pond 2" pond 3“pond 4% pond 5" pond standard

Temp. (°C) 28.5 27.4 27 26.7 26.8 26.9 23-322

DO (mg/L) 0.264 2.97 7.45 8.92 7.7 8.31 >32

pH 7.25 8.05 8.92 9.13 9.06 9.21 5.5-9.0!

BOD (mg/L) 64.3 21 23.1 213 15.8 9 <20?

NO,- (mg/L) 0.726 0.549 2.246 0.947 0.763 0.616 -

NHs (mg/L) 2.728 1.842 1.553 1.165 0.591 0.282 -

TKN (mg/L) 7.0 4.8 6.2 4.8 42 3.9 -

1 Ministry of Natural Resources and Environment, Thailand.
2 Department of Fisheries, Thailand.
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Fig. 3: Correlation between ammonia (NH,) and bacterial communities (phylum)
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that reported a positive correlation between NO;
and the abundance of Chloroflexi and Bacteroidota
(zhang et al, 2018). However, Verrucomicrobiota
do not appear to reduce NO, or other nitrogenous
compounds, but rather take up and use NH, (Shaomi
etal., 2017).

Fig. 5 shows that phyla Cyanobacteria, SAR324_
clade, and Acidobacteriota had a high correlation
with TKN in the oxidation ponds (R*= 0.60, 0.77, 0.63).
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Fig. 4: Correlation between Nitrate (NO,’) and bacterial population (phylum)

Chaffin and Bridgeman (2014) studied the utilization of
organic and inorganic nitrogen by Cyanobacteria and
found that this phylum has preference for NH, but can
assimilate other forms of nitrogen in the presence of
ammonium. These results suggest that Cyanobacterial
blooms assimilate multiple forms of nitrogen to
support their growth. Genomic information indicated
that SAR324_clade has a flexible metabolism that
includes sulfur oxidation, carbon fixation, hydrocarbon
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Fig. 5: Correlation between TKN and bacterial population (phylum)

Table 2: Correlation analysis between bacterial communities at the genus level and nutrient (NH , NO -, and TKN) in oxidation ponds
3 3

Nutrient Phylum Genus R?
Proteobacteria Novosphingobium 0.8944
Methylocystis 0.8731
Polynucleobacter 0.8409
Alsobacter 0.8364
Methyloparacoccus 0.8253
Cc39 0.7837
Planctomycetota Roseimaritima 0.7863
CL500-3 0.7120
NHs Blastopirellula 0.6096
Bacteroidota Fluviicola 0.8909
Flavobacterium 0.8056
Kapabacteriales 0.7843
Chloroflexi JG30-KF-CM45 0.9551
1-20 0.8872
Desulfobacterota Desulfomonile 0.8022
Patescibacteria TM7a 0.8707
Acidobacteriota Luteitalea 0.9120
Campilobacterota Sulfurospirillum 0.7837
Nitrospinta P9X2b3D02 0.8199
Verrucomicrobiota NH3-11 0.9886
LD29 0.8992
Luteolibacter 0.6767
Akkermansia 0.6141
Firmicutes Romboutsia 0.9565
NO,- Clostridium_sensu_stricto_1 0.9261
Chloroflexi G30-KF-CM45 0.8631
RBG-13-54-9 0.8420
Fusobacteriota Cetobacterium 0.7321
Bacteroidota Fluviicola 0.7336
Nitrospinta P9X2b3D02 0.7789
TKN SAR324_clade SAR324_clade 0.7681
Acidobacteriota Vicinamibacteraceae 0.8124

utilization, and heterotrophy (Sheik et al., 2014).
Table 2 shows the bacterial
the genus level. Six genera (Methylocystis, C39,

Methyloparacoccus,

and Polynucleobacter)

Alsobacter,
in phylum

populations at

Novosphingobium,

Proteobacteria,

three genera (Roseimaritima, Blastopirellula, and

CL500-3) in phylum Planctomycetota, three genera
(Flavobacterium, Kapabacteriales, and Fluviicola) in
phylum Bacteroidota, two genera (JG30-KF-CM45 and
1_20)in phylum Chloroflexi, one genus (Desulfomonile)
in phylum Desulfobacterota, one genus (TM7a) in
phylum Patescibacteria, one genus (Luteitalea) in
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phylum Acidobacteriota, one genus (Sulfurospirillum) in
phylum Campilobacterota, and one genus (P9X2b3D02)
in phylum Nitrospinta had a high correlation with NH
in the oxidation ponds. Meanwhile, genera LD29?
Akkermansia, Luteolibacter, and NH3-11 in phylum
Verrucomicrobiota, two genera (Clostridium_sensu_
stricto_1 and Romboutsia) in phylum Firmicutes, and
one genus (G30-KF-CM45, RBG-13-54-9, Cetobacterium,
Fluviicola, and P9X2b3D02) each in phylum Chloroflexi,
Fusobacteriota, Bacteroidota, and Nitrospinta had
a high correlation with N03- in the oxidation ponds.
Finally, genera SAR324_clade and Vicinamibacteraceae
in phylum SAR324 clade and Acidobacteriota,
respectively, had a high correlation with TKN in the
oxidation ponds (Fig. 5).

On the basis of the results of this research, oxidation
ponds exhibit water quality that meets the standard
value. Fifteen different types of bacterial communities
were identified in the oxidation ponds. Among
these communities, phylum Proteobacteria had the
highest population, accounting for 45.7%. Bacterial
communities showed a strong relationship with NH
in the oxidation ponds, and genus Novosphingobiurr?
in Proteobacteria phylum showed a significant
correlation with NH (R? = 0.8944). Novosphingobium
is a genus of bacteria that is capable of metabolizing
a wide range of chemicals, including ammonia. These
bacteria can be found in various environments,
such as soil, water, and plant surfaces, and they play
important roles in nutrient cycling and biodegradation.
Novosphingobium can use ammonia as a nitrogen
source for growth and metabolism. They can convert
ammonia into other nitrogen-containing compounds
such as amino acids, nucleotides, and proteins.
Some strains of Novosphingobium are involved in
the removal of ammonia from wastewater and other
contaminated environments. They can actively take
up ammonia from the surrounding environment
and transform it into less harmful forms. Overall,
Novosphingobium is an important player in the
nitrogen cycle and has versatile abilities to adapt
to different environmental conditions, including in
the presence of ammonia. Genus NH3-11 in phylum
Verrucomicrobiota had a high relationship with NO - (R?
=0.9886). Verrucomicrobiota are a phylum of bacteria
that play a role in the nitrogen cycle, including in the
conversion of nitrate to other forms of nitrogen. Some
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species of Verrucomicrobiota are capable of reducing
nitrate to nitrite or even further to nitrogen gas. This
process is important in the biogeochemical cycling of
nitrogen and can have implications for the availability
of nutrients in ecosystems. Some studies suggested
that Verrucomicrobiota play a role in the treatment of
nitrate-polluted wastewater by acting as denitrifiers.
Overall, the relationship between Verrucomicrobiota
and nitrate is complex and not fully understood.
Research suggested that these bacteria may play an
important role in nitrogen cycling and environmental
remediation. Genus Vicinamibacteraceae in phylum
Acidobacteriota had a high relationship with a TKN
(R? = 0.8124) Vicinamibacteraceae includes bacterial
strains that are capable of degrading complex
nitrogen compounds, including proteins and amino
acids. As a result, the presence of these bacteria in a
sample can impact the levels of TKN, a measurement
of the amount of nitrogen in a sample that can be
converted into ammonia. In particular, the presence of
Vicinamibacteraceae can increase TKN levels because
they break down nitrogen-containing compounds into
ammonia, which contributes to the TKN content. The
presence of Vicinamibacteraceae can be an important
factor to consider when analyzing TKN levels in a
particular sample. Therefore, the management of
bacterial communities is a key factor for nitrogen
removal in oxidation ponds.
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