Pakistan J. Zool., vol. 58(2), pp 933-938, 2026

DOI: https://dx.doi.org/10.17582/journal.pjz/20250324085133

Isolation and Characterization of Ammonia

and Nitrite Removing Bacteria in Thoothukudi

Region

D. Manimekalai*, K.K. Shrivasanthan, Sridhar Sakthi and M. Ponmani

Department of Aquatic Environment Management, Fisheries College and Research
Institute, Thoothukudi, Tamil Nadu Dr. J. Jayalalithaa Fisheries University,
Nagapattinam, Tamil Nadu, India- 611001.

ABSTRACT

Aquaculture has rapidly expanded as a key contributor to global seafood production but faces significant
challenges due to the accumulation of toxic nitrogenous wastes, particularly ammonia and nitrite, which
pose threats to aquatic organisms and overall ecosystem health. This study aimed to isolate and characterize
ammonia- and nitrite-degrading bacterial strains from shrimp aquaculture wastewater to identify potential
candidates for bioremediation. Samples collected from shrimp farming ponds in Thoothukudi, Tamil Nadu,
India were enriched and screened, leading to the isolation of fifteen distinct bacterial strains. Of these,
seven strains showed effective ammonia degradation, and four demonstrated significant nitrite degradation.
Morphological and molecular characterization identified predominant species from Burkholderia and
Brevibacillus genera, notably Burkholderia cepacia, Burkholderia paludis, Burkholderia territorii, and
Brevibacillus borstelensis. These isolates exhibited robustness under varied environmental conditions,
making them ideal candidates for practical application in wastewater treatment. The use of 16S rRNA
gene sequencing confirmed their identities, underscoring their potential roles in enhancing bioremediation
practices. The study highlights the importance of specific bacterial consortia in mitigating nitrogenous
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waste in aquaculture, promoting sustainability through effective biological wastewater management.

INTRODUCTION

Aquaculture contributes nearly 50% of global seafood
production (FAO, 2021) but faces environmental
challengesduetonitrogenous wasteaccumulation, primarily
ammonia (NHs) and nitrite (NO2z"). These compounds are
toxic to aquatic organisms, causing physiological stress,
gill damage, reduced growth rates, increased disease
susceptibility, and mortality (Boyd and Tucker, 2012;
Chen and Ni, 2012). In natural ecosystems, microbial
communities regulate nitrogen through nitrification and
denitrification (Jiang et al., 2021). However, aquaculture
intensification disrupts this balance due to high organic
loads from uneaten feed, fish excretion, and organic matter
decomposition, leading to harmful nitrogen buildup.
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Effective wastewater treatment is essential for maintaining
water quality and sustainability in aquaculture.

Microbial bioremediation is an eco-friendly and cost-
effective approach to nitrogenous waste management.
Ammonia-oxidizing bacteria (AOB) and nitrite-oxidizing
bacteria (NOB) play a crucial role in this process by
converting ammonia into nitrite and then into nitrate,
which is less toxic and can be assimilated by aquatic
plants or removed through denitrification (Prosser et al.,
2019). Nitrification is a two-step aerobic process: ammonia
oxidation is carried out by AOB such as Nitrosomonas
and Nitrosospira (Kim et al., 2006), which use ammonia
as an electron donor and oxygen as an electron acceptor,
producing nitrite. Nitrite oxidation is performed by NOB like
Nitrobacter, Nitrospira, and Burkholderia, which convert
nitrite into nitrate (Daims et al., 2001). The efficiency of
nitrification depends on environmental factors such as pH,
temperature, dissolved oxygen, and salinity (Liu et al.,
2020). The presence of specific microbial consortia is also
critical. Li et al. (2016) demonstrated that Burkholderia
cepacia and Bacillus proteolyticus exhibit strong ammonia
degradation in aquaculture biofilters, highlighting the
importance of isolating efficient nitrogen-removing
bacteria. Traditionally, Nitrosomonas and Nitrobacter have


https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.17582/journal.pjz/20250324085133
crossmark.crossref.org/dialog/?doi=10.17582/journal.pjz/20250324085133&domain=pdf&date_stamp=2008-08-14

934 D. Manimekalai et al.

been studied as key nitrifiers, but research has revealed other
genera such as Burkholderia, Bacillus, Agrobacterium, and
Rhizobacterium also contribute to ammonia and nitrite
oxidation (Liu ef al., 2020). Kim ef al. (2006) reported that
Burkholderia paludis and Burkholderia territorii exhibited
rapid nitrite oxidation, making them potential candidates
for bioremediation. Similarly, Brevibacillus borstelensis
has been identified as an important ammonia remover in
wastewater treatment plants (Wei ef al., 2018). Molecular
tools such as 16S rRNA sequencing, metagenomics, and
fluorescence in situ hybridization (FISH) have enhanced
bacterial identification and classification (Daims et
al., 2001). This study aims to isolate and characterize
ammonia- and nitrite-degrading bacteria from shrimp
aquaculture wastewater, contributing to improved
bioremediation strategies for sustainable aquaculture.

MATERIALS AND METHODS

Sample collection and enrichment

Water and sediment samples were collected from
aquaculture wastewater sources, including fish and shrimp
ponds in Thoothukudi, Tamil Nadu, India. Sampling
focused on high organic load areas near discharge points
and was conducted early morning before routine activities
(John et al., 2020; Aswiyanti et al., 2021). Samples were
transported on ice and stored at 4°C until processing.
Wastewater was filtered using Whatman No.1 filter paper
and enriched in a mineral salt medium (K-HPO4 1 g/L,
MgS040.5 g/L, CaCl>3.5 g/L, FeS04 0.05 g/L, MnSO4 0.3
g/L, NaCl 0.5 g/L) with ammonium sulfate for ammonia
degraders and potassium nitrite for nitrite degraders (John
et al., 2020). Enrichment was performed at 30+2°C in an
orbital shaker at 200 rpm for three days. Serial dilutions
(107'-107°) were spread-plated on mineral salt medium
(MSM) agar for primary screening of ammonia- and
nitrite-utilizing bacteria.

Isolation of nitrate and ammonia degrading bacteria

Bacterial isolation was conducted using an enrichment
culture technique. Wastewater (10 mL) or sediment (10 g)
samples were inoculated into mineral media containing
ammonium sulphate for AOB and potassium nitrite for
NOB. Cultures were incubated at 30+2°C with continuous
shaking (90 rpm) for seven days, followed by serial
subculturing every seven days to promote bacterial growth
(Huang et al., 2017). Once visible turbidity was observed,
serial dilutions were plated on mineral medium agar with
ammonium sulphate for AOB and potassium nitrite for
NOB. Plates were incubated at 28°C for 48 h, and colonies
were selected based on morphology. Pure isolates were
obtained through repeated quadrant streaking (Elbanna et
al.,2012; Gould and Lees, 1960).

Screening of bacteria for nitrate and ammonia
degradation

To confirm the ability of the isolates to degrade
ammonia and nitrite, primary screening was performed
using phenol red indicator plates. The selected isolates
were inoculated onto mineral medium agar supplemented
with phenol red (0.02%), and a colour change from red
to yellow indicated ammonia oxidation (John et al.,
2020). Similarly, nitrite oxidation potential was assessed
by inoculating the bacterial isolates into nitrite calcium
carbonate medium (NCCM), where degradation efficiency
was determined using the diphenylamine test. Only those
isolates that demonstrated significant colour changes were
selected for further characterization (Gould and Lees,
1960).

Morphological characterization of isolates

Morphological characterization of isolates was
conducted to categorize bacterial isolates based on colony
and cellular features, aiding in preliminary identification
of ammonia-degrading bacteria. Isolates were streaked on
nutrientagar and incubated at 30°C for 24-48 h, with colony
characteristics such as size, shape, elevation, margin,
surface texture, and color recorded. Gram staining was
performed using the crystal violet method to differentiate
Gram-positive and Gram-negative bacteria (Aswiyanti et
al., 2021). The KOH string test was also used for further
confirmation, distinguishing Gram-negative bacteria by
their viscous string formation in a 3% KOH solution (Saha
etal., 2013).

Molecular characterization of isolates

Molecular characterization of bacterial isolates was
conducted using polymerase chain reaction (PCR) and
DNA sequencing, essential for precise species-level
identification (Huang et al., 2017). DNA was extracted
using a commercial kit (Qiagen or Thermo Fisher
Scientific) and assessed for quality and concentration
via a nanodrop spectrophotometer. The /6S rRNA gene,
a conserved marker for bacterial identification (Saha
et al., 2013), was amplified using universal primers
16SF (5’-AGAGTTTGATCMTGGCTC-3') and 16SR
(5’-AAGGAGGTGWTCCARCC-3"). PCR was performed
in a 50 puL reaction containing 10-50 ng genomic DNA, 10
p mol of each primer, 10 uL 5X PCR buffer, 1.5 puL 10
mM dNTP mix, 1.5 uL 25 mM MgCls, and 0.5 pL Taq
polymerase. The cycling conditions included an initial
denaturation (94°C, 5 min), 35 cycles of denaturation
(94°C, 30 s), annealing (55°C, 30 s), and extension (72°C,
1 min), followed by a final extension at 72°C for 10 min.
PCR products were visualized on a 1.5% agarose gel
stained with ethidium bromide, confirming the expected
~1500 bp band. The purified PCR products were sent to
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a sequencing facility for Sanger sequencing using the
same primers used for PCR amplification. The obtained
sequencing data were analyzed using the BLAST tool
in NCBI GenBank to match the sequences with known
bacterial species. The sequences were compared to the
reference database, and the closest match was used to
identify the bacterial species (Huang et al., 2017; Saha et
al.,2013).

Phylogenetic analysis

For phylogenetic analysis, the obtained /6S rRNA
gene sequences were aligned using clustal omega and
MEGA X software to generate a multiple sequence
alignment (MSA). A phylogenetic tree was constructed
using the neighbor-joining (NJ) method or the maximum
likelihood (ML) method, and bootstrap values were
calculated to assess the reliability of the tree (Aswiyanti
etal., 2021).

Fig. 1. Enumeration of NH3 utilizing bacteria (A) and
screening of bacteria (yellow discoloration).

RESULTS

Enumeration and screening of ammonia and nitrite utiliz-
ing bacteria

Enumeration of bacteria colonies were done using
colony counter in which the serially diluted sample plated
10" had 206 CFU, 10 had 164 CFU, 10~ had 123 CFU,
10*had 81 CFU and 10~ had 56 CFU. Fifteen well grown

and morphologically distinct bacterial colonies (N-N,,)
were isolated and purified from all the plate. Further slants
were prepared and stored at 4 °C. For secondary screening
of ammonia degrading bacteria, these fifteen isolates were
inoculated in mineral medium agar plates with 0.05%
phenol red indicator and incubated at 32+2°C for 24 h and
seven isolate plates colour were changed to yellow around
the colonies (Fig. 1). Instantaneously secondary screening
of nitrite degraders, these fifteen isolates were tested in
Griess-Ilosvay reagent and incubated at 30+2°C for 24 h
and four isolates showed the colour changes occurrence
around the colonies.

Morphological characteristics

Morphologically 80% bacteria are rod-shaped while
remaining were cocci shaped about 20%; 30% were
Gram-positive and 70% Gram-negative (Fig. 2). The
colour of the grown bacteria in the mineral salt media were
opaque, creamy white and pale yellow. Isolates (N, -N, )
texture were smooth and mucoid whereas N, were dry
and wrinkled texture (Table I). Majority of the ammonia
and nitrite degraders were motile. The most of the isolates
belonged to facultative anaerobic and some were aerobic.
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Fig. 2. Gram staining showing purple (positive).

e

Fig. 3. 16S rRNA gene of selected bacteria(N1-N10).

Sequence analysis of ten /65 7rRNA gene isolates (Fig.
3) indicated 99% similarities where N, was Brevibacillus
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borstelensis, N, was Burkholderia cepacia strain BS, N,
was Burkholderia paludis, N, was Burkholderia territorii,
N; was Burkholderia seminalis, N, was Burkholderia
cenacepacia, N, was Agrobacterium pusense, N, was
Rhizobacterium sp, Ny was Bacillus proteolyticus and
N,, was Staphylococcus hominis. The sequence similarity
of Brevibacillus borstelensis was 95.89%, Burkholderia
cepacia strain BS was 97.49%, Burkholderia paludis was
97.74%, Burkholderia territorii was 96.52%, Burkholderia
seminalis was 96.78%, Burkholderia cenacepacia was
98%, Agrobacterium pusense was 97.33%, Rhizobacterium
sp. was 95.80%, Bacillus proteolyticus was 94.07%,
Staphylococcus  hominis was 95.37% (Table II). The
phylogenetic tree based on /6S rDNA gene sequences of
the isolates and phylogenetically related bacteria confirmed.
The phylogenetic relationships among the identified
isolates were analyzed using hierarchical clustering, as
represented in the dendrogram (Fig. 4). The clustering
pattern suggests that isolates N. and N, share a close genetic
relationship, forming a distinct clade, while N, appears as
the most divergent among the analyzed isolates. Similarly,
isolates N, N,, and N, grouped together, indicating their
phylogenetic similarity. Isolates N, and N, also clustered,
signifying a shared evolutionary origin. Notably, N, and
N, formed a separate branch, suggesting their genetic
distinctness from other clusters. These phylogenetic
relationships provide insights into the evolutionary lineage
of the isolates, which may have implications for their
functional roles in the studied environment.

DISCUSSION

Nitrate and ammonia degrading bacteria
Our findings align with recent studies on the role of

Table 1. Morphology characteristics of 10 isolates.
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Bacillus spp. in nitrogen removal in aquaculture (Ma et
al., 2020). Predominantly isolating Burkholderia species,
we identified ten bacterial strains capable of nitrite
degradation, with Brevibacillus borstelensis, Burkholderia
cepacia, and Burkholderia paludis exhibiting high affinity
for ammonia and nitrite degradation. Similar to Ma et
al. (2020), who reported Bacillus subtilis demonstrating
aerobic denitrification under varying aquaculture
conditions, our isolates displayed robustness across
pH, temperature, and salinity ranges, reinforcing their
suitability for aquaculture applications. Additionally, our
results parallel Aswiyanti et al. (2021), where Klebsiella
strains showed high nitrification activity (17.26-21.54
ppm nitrate production by day six). Our Burkholderia
isolates demonstrated comparable nitrification potential,
confirming their bioremediation role in aquaculture
systems. These findings emphasize the significance of
Burkholderia and Bacillus species in maintaining water
quality and preventing nitrogen toxicity in aquaculture.
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Fig. 4. Phylogenetic tree based on /6S rRNA gene

sequencing. For details of isolates N -N, , see Table L.

Isolates Color Colony morphology Cell Characteristics
Shape Texture Elevation Shape Gram
N, Off-White Slightly curved Wrinkled Flat Cocci Positive
N, Creamy to yellowish Circular Mucoid Convex Rod Negative
N, Creamy to pale yellow Circular Smooth, mucoid Raised Rod Negative
N, Creamy white Circular Smooth, mucoid Raised Rod Negative
Ny Creamy white Circular Smooth, mucoid Raised Rod Negative
N, Creamy white Circular Smooth, mucoid Raised Rod Negative
N, Creamy white Circular Smooth, mucoid Convex Rod Negative
N, Off-white to yellowish Circular Smooth, mucoid Raised Rod Negative
N, Opaque white Irregular Dry, mucoid Raised Rod Positive
N, White to creamy white Circular Smooth, mucoid Raised Cocci Positive

N, was Brevibacillus borstelensis, N, was Burkholderia cepacia strain BS, N, was Burkholderia paludis, N, was Burkholderia territorii, N, was
Burkholderia seminalis, N, was Burkholderia cenacepacia, N, was Agrobacterium pusense, N, was Rhizobacterium sp., Ng was Bacillus proteolyticus

and N, was Staphylococcus hominis.
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Table II. Partial sequences analysis of 165 rRNA gene
sequences of the isolates.

Isolate Most related Organisms Ss(%) QL

N, Brevibacillus borstelensis 95.89 1433
N, Burkholderia cepacia strain BS 97.49 1371
N, Burkholderia paludis 97.74 1373
N, Burkholderia territorii 96.52 1405
N, Burkholderia seminalis 96.78 1326
N, Burkholderia cenacepacia, 98 1370
N, Agrobacterium pusense 97.33 1392
N, Rhizobacterium sp. 95.80 1352
N, Bacillus proteolyticus 94.07 1303
N, Staphylococcus hominis 9537 1384

Ss(%), sequence similarity; QL, query length.

Secondary screening revealed seven ammonia-
degrading and four nitrite-degrading isolates, with
Burkholderia and Brevibacillus species identified as the
most promising for aquaculture applications. Similar to
Aswiyanti et al. (2021), where Klebsiella spp. exhibited
strong bioremediation potential, our findings highlight the
suitability of these strains for wastewater treatment. Our
screening method, using pH indicators to detect ammonia
oxidation, aligns with Elbanna ez al. (2012), who utilized
phenol red and methyl orange for visual acidification
detection. Both studies confirm the effectiveness of pH
indicator-based methods as a rapid alternative to labour-
intensive chemical analyses for identifying nitrifying
bacteria.

Morphological characteristics

Our isolates were predominantly motile and
facultative anaerobes, similar to Bacillus strains identified
by Qingshan et al. (2020), which thrive under aerobic
conditions and tolerate variable pH, temperature, and
salinity. Burkholderia species were the most prevalent,
with 70% of isolates being Gram-negative and 80%
exhibiting motility, aligning with Aswiyanti et al. (2021),
who reported Klebsiella spp. as non-motile, Gram-
negative, and facultative anaerobes in aquaculture. Our
findings also parallel Kouki et al. (2011), who identified
Bacillus and Exiguobacterium as dominant mixotrophic
ammonia-oxidizers in wetlands, while our isolates
included Burkholderia, Brevibacillus, Agrobacterium
pusense, and Staphylococcus hominis. The predominance
of motile, facultative anaerobic bacteria (80%) supports
their role in wastewater nitrification, as seen in Elbanna et
al. (2012), where motility was a key trait for nitrification
efficiency. These results emphasize the importance of
motility in enhancing nitrogen compound degradation in
aquaculture wastewater treatment.

Molecular characteristics

Our study aligns with Saha ef al. (2013) in utilizing
16S rDNA sequencing for precise bacterial identification,
confirming Nitrosomonas, Nitrobacter, and Burkholderia
species in wastewater samples. Molecular techniques
proved essential for distinguishing nitrifying bacteria,
supporting rapid detection in aquaculture systems
where timely intervention is critical for water quality
management. Burkholderia cepacia and Burkholderia
paludis exhibited 97-99% sequence similarity with known
strains, reinforcing their wastewater treatment potential.
Our findings on genetic diversity align with Kouki ef al.
(2011), who clustered 35 isolates into 10 phylogenetic
groups in wetlands. Additionally, Brevibacillus
borstelensis showed 99% sequence similarity with
previously identified strains, consistent with Elbanna
et al. (2012), where Bacillus and Brevibacillus were
confirmed as ammonium oxidizers. These results highlight
the reliability of molecular techniques in characterizing
nitrifying bacteria in wastewater environments.

CONCLUSION

This study successfully isolated and characterized
Burkholderia and Brevibacillus species from shrimp
aquaculture wastewater, highlighting their efficiency
in ammonia and nitrite degradation. Molecular
characterization via 16S rRNA sequencing confirmed
their taxonomic placement among nitrifying bacteria.
The isolates demonstrated robustness across varying
pH, temperature, and salinity, making them suitable for
practical application in aquaculture. Their morphological
and physiological traits, including motility and facultative
anaerobic nature, align with known nitrifiers. Integrating
these strains into biofiltration and bioremediation strategies
can enhance water treatment efficiency, reduce nitrogen
toxicity, and improve aquaculture sustainability.

DECLARATIONS

Acknowledgement

The authors expressed their gratitude to the dean
of TNJFU-Fisheries College and Research Institute,
Thoothukudi as well as the Professor and Head, Assistant
Professors of the Department of the Aquatic Environment
Management at the same institution for their indispensable
support, encouragement and provision of all necessary
facilities which were crucial for the successful completion
of this research work.

Funding
This study was financially supported by TNSCST



938 D. Manimekalai et al.

(Tamilnadu State Council for Science and Technology) —
Government of Tamilnadu, DOTE Campus, Chennai.

Generative Al or Al-assisted Technology Statement
The authors declare that no Genrative Al was used in
the creation of this manuscript.

Statement of conflict of interest

The authors declare that they have no known
competing financial interests or personal relationships that
could have appeared to influence the work reported in this

paper.
REFERENCES

Aswiyanti, D., Riniarti, M. and Setiyono, W.,
2021. Identification of bacteria isolated from
aquaculture environments using Gram staining and
biochemical tests. IOP Conf. Ser. Earth Environ.
Sci., 674: 012001. https://doi.org/10.1088/1755-
1315/674/1/012001

Boyd, C.E. and Tucker, C.S., 2012. Pond aquaculture
water quality management. Springer Science and
Business Media.

Chen, Q. and Ni, J., 2012. Ammonium removal by
Agrobacterium sp. LAD9 capable of heterotrophic
nitrification—aerobic denitrification. J. Biosci.
Bioeng., 113: 619-623. https://doi.org/10.1016/j.
jbiosc.2011.12.012

Daims, H., Nielsen, J.L., Nielsen, P.H., Schleifer, K.H.
and Wagner, M., 2001. In situ characterization of
Nitrospira-like nitrite-oxidizing bacteria active
in wastewater treatment plants. Appl. environ.
Microbiol., 67: 5273-5284. https://doi.org/10.1128/
AEM.67.11.5273-5284.2001

Elbanna, K., El-Shahawy, R.M. and Atalla, K.M.,
2012. A new simple method for the enumeration
of nitrifying bacteria. J. PL Soil Environ., 58: 375-
380. https://doi.org/10.17221/412/2011-PSE

FAO, 2021. Aquaculture. Food and Agriculture
Organization of the United Nations.

Gould, G.W. and Lees, H., 1960. The isolation and
culture of nitrifying organisms: Part I. Nitrobacter.
Can. J. Microbiol., 6: 299-310. https://doi.
org/10.1139/m60-034

Huang, S., Chen, C., Yang, X., Wu, Q. and Zhang,
R., 2017. The use of molecular techniques in the
detection and identification of nitrifying bacteria
in aquaculture systems. J. Aquat. Anim. Hlth., 29:
81-89.

Jiang, Y., Yin, G., Hou, L., Liu, M., Gao, D., Zhang,
Z. and Han, P., 2021. Variations of dissimilatory

nitrate reduction processes along reclamation
chronosequences in Chongming Island, China. Soil
Tillage Res., 206: 104815.

John, E.M., Krishnapriya, K. and Sankar, K., 2020.
Treatment of aquaculture wastewater using
microbial biofilms: A review. Environ. Sci. Pollut.
Res., 27: 17457-17470.

Kim, D.J., Lee, D.I. and Keller, J., 2006. Effect of
temperature and free ammonia on nitrification
and nitrite accumulation in landfill leachate and
analysis of its nitrifying bacterial community by
FISH. Bioresour. Technol., 97: 459-468. https://doi.
org/10.1016/j.biortech.2005.03.032

Kouki, S., Saidi, N., M’hiri, F. and Ben Moussa, S., 2011.
Identification of ammonia-oxidizing bacteria in a
constructed wetland treating domestic wastewater:
Dominance of Bacillus and Exiguobacterium
species. World J. Microbiol. Biotechnol., 27: 389—
39.

Li, Y., Chen, Y., Xue, H., Tang, C., Yang, S. and Tang,
M., 2016. One-step extraction of antimony in low
temperature from stibnite concentrate using iron
oxide as sulfur-fixing agent. Metals, 6:153.

Liu, Z., Zhang, S. and Li, Y., 2020. Microbial
communities in biofilters used in aquaculture: A
review. Aquacult. Eng., 90: 102823. https://doi.
org/10.1016/j.midw.2020.102823

Ma, B., Wang, Y., Liu, S., Liu, D., Yang, F. and Zhang,
A., 2020. Aerobic denitrification capability and
optimization of Bacillus subtilis for removal of
nitrate from aquaculture wastewater. Sci. Rep., 10:
19274. https://doi.org/10.1038/541598-020-75530-
7

Prosser, Q., Xie, H., Yu, X. and He, Z., 2019. Nitrogen
transformation processes and associated microbial
communities in natural aquatic ecosystems. Appl.
Microbiol. Biotechnol., 103: 681-694.

Qingshan, M., Wang, Y., Liu, D., Yang, F. and Zhang,
A., 2020. Characterization of aerobic denitrifying
Bacillus strains with resilience to environmental
variations for potential application in aquaculture
wastewater treatment. J. Environ. Manage., 276:
111256.

Saha, M., Sarkar, A. and Bandhophadhyay, B., 2013.
Isolation and characterization of ammonia
oxidizing bacteria from industrial wastewater and
soil samples. J. Environ. Biol., 34: 733-739.

Wei, Y., Liu, X., Zhang, Y. and Zhao, X., 2018. Nitrogen
removal characteristics and microbial community
structure analysis of biofilm reactors inoculated
with nitrifying bacteria. Bioresour. Technol., 298:
122450.


https://doi.org/10.1088/1755-1315/674/1/012001
https://doi.org/10.1088/1755-1315/674/1/012001
https://doi.org/10.1016/j.jbiosc.2011.12.012
https://doi.org/10.1016/j.jbiosc.2011.12.012
https://doi.org/10.1128/AEM.67.11.5273-5284.2001
https://doi.org/10.1128/AEM.67.11.5273-5284.2001
https://doi.org/10.17221/412/2011-PSE
https://doi.org/10.1139/m60-034
https://doi.org/10.1139/m60-034
https://doi.org/10.1016/j.biortech.2005.03.032
https://doi.org/10.1016/j.biortech.2005.03.032
https://doi.org/10.1016/j.midw.2020.102823
https://doi.org/10.1016/j.midw.2020.102823
https://doi.org/10.1038/s41598-020-75530-7
https://doi.org/10.1038/s41598-020-75530-7

