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Abstract

Aim. This study investigates the biological characteristics of ammonia-oxidizing bacteria
(AOB) isolated from wastewater sludge collected at several wood processing facilities in
Vietnam.

Methodology. To achieve the objectives of the study, composite sludge samples were col-
lected from wastewater treatment units and processed within 6 hours to preserve micro-
bial integrity. Ammonium-oxidizing bacteria were isolated using serial dilution and selec-
tive AMS medium, followed by screening for ammonium removal capability. Physiological
characteristics of the isolates were evaluated under varying pH, temperature, and ammo-
nium concentrations. Molecular identification was performed by PCR amplification and
sequencing of the 16S rRNA gene. The combined use of microbiological and molecular
techniques provided a comprehensive understanding of the diversity and functional traits of
ammonium-oxidizing bacteria in sludge.

Results. From six sludge samples collected at wood processing facilities in Yen Bai, Thanh
Hoa, and Dong Nai provinces, a total of eleven bacterial strains with ammonium-oxidizing
capabilities were isolated. Dong Nai samples yielded the highest number of isolates, suggest-
ing favorable conditions for ammonia-oxidizing bacteria in this region. Among the isolates,
three strains — Bacillus subtilis BT183.1.B1, Bacillus velezensis BT751.1.B2, and Bacillus
amyloliquefaciens BT751.2.B1 — exhibited superior ammonium removal efficiency and were
selected for detailed characterization. These strains showed optimal growth at neutral pH
(7.0—7.5), temperatures between 35°C and 37°C, and ammonium concentrations up to 700
mg/L. Growth and activity decreased significantly at more extreme pH values, temperatures,
and ammonium concentrations. The ability of these Bacillus strains to tolerate high ammoni-
um levels and environmental variability highlights their potential for application in biological
treatment of nitrogen-rich industrial wastewater, particularly in the wood processing sector.
Research implications. Vietnam ranks fifth globally, second in Asia, and first in Southeast
Asia in wood and forest product exports. The rapid growth of the wood industry has brought
substantial economic benefits but has also caused environmental challenges, particularly
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pollution from wood processing wastewater containing high levels of ammonium — a pol-
lutant difficult to treat biologically. These findings contribute to expanding the diversity of
ammonium-oxidizing bacteria and highlight their potential application in treating ammoni-
um-rich wastewater from wood processing industries.

Keywords: Ammonia-oxidizing bacteria, biological characteristics, environmental pollution,
wood processing wastewater, Bacillus
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Annomauus

ens. TaHHOE McclieqoBaHKWE MOCBSIIEHO M3YyYEeHUI0 OMOJIOTUYECKMX XapaKTepUCTUK aM-
MoHU-okucasomux oakrepuit (AOB), BeimeIeHHBIX M3 OcaKa CTOYHBIX BOM, COOpaHHBIX
Ha HECKOJIbKUX JIepeBo00padaThIBaIOIIMX MPeAnpusITusIXx BoeTHaMa.

IIponenypa m meronpl. JIjisi JOCTHXKEHUS 1ieJIeil McClieAOoBaHUSI ObLIM OTOOpaHbI OObEIM-
HEHHBIE TTPOOBI OcCalKa M3 OYMCTHBIX COOPYKEHHMI W 00pabOTaHBI B TEUECHHME 6 YacOB IS
COXpaHEHMUsI LIeJIOCTHOCTA MUKPODIOPbl. AMMOHU-OKUCIISIIOIINE OaKTepUM BBIACIISUIU Me-
TOIOM CEpUIHBIX pa3BeJCHUI Ha CeJEKTUBHOU NMuTarebHOU cpeae AMS ¢ mocienyoimm
CKPMHUHTOM Ha CITOCOOHOCTD YAAIATh aMMOHUIA. PU3NOIOTHUECKIE XapaKTePUCTUKI H30-
JISITOB OLIEHUBAJIM TIPY pa3IWYHbIX 3HaueHusx pH, TemmnepaTypbl U KOHLEHTpaLUU aMMO-
Husl. MonekymsipHasi uaeHTuduKauys npopoauiaack ¢ rnomoinbio IIIP-ammnmudukanum u
cekBeHnpoBaHms reHa 16S pPHK. KoMGmHMpoBaHHOE MCITONB30BAaHUE MUKPOOMOIOTHYC-
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CKHMX Y MOJIEKYJISIPHBIX METOIOB MO3BOJIMJIO MOJYYUTh KOMILIEKCHOE MPEACTaBIEHUE O pPa3-
HOOOpa3uu U (yHKUMOHAIBHBIX MPU3HAKAX aMMOHUI-OKUCISAIOMMNX OaKTEepuii B ocaike.
Pesyabratel. M3 6 mpob ocagka, coOpaHHBIX Ha JepeBOOOPadATHIBAIOIINX MPEATPUITH -
SIX B IIPOBUHIIMSIX Nenbaii, Txanbxoa 1 JIOHTHAN, ObUIO BBIIEJEHO B OOLIEH CIOXHO-
CTU OJAMHHAALAThL IUTAMMOB OaKTepuii, 00Jadal0IIUX CIIOCOOHOCTbIO OKUCISITh aMMOHUIA.
I1po6br 13 JloHrHas gaayd HauOoJbllee KOJIMYECTBO M30JIITOB, UTO CBUIETEILCTBYET O
0JIaroNpUSATHBIX YCIOBUSIX JUISI aMMOHUI-OKUCIISIOIINX 0aKTeprii B 9ToM perruoHe. Cpenu
BbIIEJIeHHBIX I1TaMMOB Tpu — Bacillus subtilis BT183.1.B1, Bacillus velezensis BT751.1.B2
u Bacillus amyloliquefaciens BT751.2.B1 — mpoaeMoHCTpUpOBaad HaUBHICIIYIO 3(PdeK-
TUBHOCTb YAQJIEHUSI aMMOHMUS 1 ObLIM OTOOpaHbl AJISI AETATbHON XapaKTepUCTUKU. DTU
LITAMMBI TIOKA3aJ1 ONTUMAaJbHbII pocT Npu HelTpaasHoMm pH (7,0—7,5), TemnepaType oT
35°C po 37°C u koHueHTpauuu aMmoHusa 10 700 mr/a. PocT u aKTMBHOCTb 3HAYUTEJILHO
CHUXXAJIMCh TIpU OoJiee dKCTpeMalbHbIX 3HAYeHMsIX pH, TeMmepaTypbl U KOHLEHTpalUu
amMoHus. CnocoOHOCTh AaHHBIX ITaMMOB Bacillus mepeHOCUTb BBICOKME YPOBHU aM-
MOHUSI U UBMEHUYMBOCTb YCJIOBUI OKpyKalollleil cpeabl MOMYEPKUBAET MX MOTEHIIMAN s
MPUMEHEHUsI B OMOJOTMYECKON OYMCTKE OOraThiX a30TOM MPOMBILUIEHHBIX CTOYHBIX BOII,
0COOEHHO B AepeBO0OpadaThiBaolleil OTpaciu.

TeopeTnyeckas u/WiM MPaKTHIECKAsA 3HAYMMOCTb. BbeTHaM 3aHUMaeT MsTOe MECTO B MUPE,
BTOpoe B As3um u nepBoe B KOro-BocTouHoil A3uu Mo 3KCHOpTy ApPEeBECHMHBI U JIECHOM
MpoayKUuu. BBICTphIA pocT AepeBooOpabaThiBalOlEei OTpacid HPUHEC 3HAYMTEIbHBIE
9KOHOMMYECKUE BBITOAbI, HO TAKXKE CO3MaJl CEPhE3HBIC IKOJOTMUEeCKKe TPOOIEMbI, B YaCT-
HOCTH, 3arpsi3HEHUE OT CTOUYHBIX BOJ AE€PEBOOOPAOOTKM, COAEPXKAIIMX BHICOKME YPOBHU
aMMOHUS — 3arps3HUTeNs, TPYAHO Moajaarollerocss ouojgornyeckoin ouuctke. IlomydeH-
HbI€ PE3yJIbTaThl CIIOCOOCTBYIOT paCIIMPEeHWIO 3HAHUI O pa3HOOOpa3uyu aMMOHMIi-OKUC-
JISTIOIIUX OaKTepUil U MOAYEPKUBAIOT UX MOTEHIIMAIbHOE MPUMEHEHME IS OUMCTKU Oora-
TBIX aMMOHMEM CTOUYHBIX BOJ JAepeBOo0OpadaThIBaloOIIei TPOMBIIILIEHHOCTH.

Karouegvie caoea: aMMOHUI-OKUCTSIONIME OaKTEpUM, OMOJIOTMYECKME XapaKTePUCTUKMU,
3arpsiI3HeHNe OKpYKalollel Cpebl, CTOUHBIC BOIBI IepeBO0OPaOATHIBAIOIIEH TTPOMBITIICH -
HoctH, Bacillus
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INTRODUCTION

Vietnam is recognized as the fifth largest
exporter of wood and forest products world-
wide, ranking second in Asia and first in
Southeast Asia [1]. The rapid expansion of
the wood processing industry has significantly
contributed to the national economy. How-
ever, this growth has also led to serious envi-
ronmental challenges, particularly the gene-
ration of large volumes of wood processing
wastewater containing high concentrations of
ammonium (NH, ), a nitrogenous compound
that poses considerable treatment difficulties
due to its toxicity and persistence in aquatic
ecosystems [2].

Ammonium in wastewater exists primarily
in two forms: ammonia gas (NH,) and ammo-
nium ion (NH,*), both of which contribute
to nitrogen pollution and eutrophication in
receiving water bodies [3]. High ammonium
levels can lead to dissolved oxygen depletion,
algal blooms, and fish mortality, making its
removal a priority in wastewater treatment
strategies [4].

The biological removal of ammonium is
a complex, multi-step process involving di-
verse microbial communities. Nitrification,
the aerobic oxidation of ammonium to nitrite
(NO, ") and subsequently nitrate (NO,7), is a
critical first step facilitating further nitrogen
removal via denitrification or anaerobic am-
monium oxidation (anammox) processes [3;
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4; 5]. These microbial transformations play an
essential role in reducing nitrogen loads and
mitigating environmental risks associated with
nitrogen pollution.

Ammonia-oxidizing bacteria (AOB) such
as Nitrosomonas and Nitrosospira are key play-
ers in the nitrification process. However, these
bacteria are often difficult to isolate and cul-
tivate due to their slow growth rates and sen-
sitivity to environmental fluctuations such as
pH, temperature, dissolved oxygen (DO), and
chemical oxygen demand (COD) [5]. Auto-
trophic AOB are particularly vulnerable to
competition from heterotrophic microorgan-
isms, which often dominate in organic-rich
wastewaters like those from wood processing
plants [4].

In contrast, heterotrophic bacteria, par-
ticularly those of the genus Bacillus, have
demonstrated robust ammonium oxidation
capabilities. Bacillus species are known for
their rapid growth, environmental resilience,

and ability to metabolize ammonium even at
high concentrations exceeding 1000 mg/L [6].
Several studies have reported that certain Ba-
cillus strains can directly convert ammonium
into free nitrogen gas, bypassing intermediate
accumulation of nitrite or nitrate, offering sig-
nificant advantages for wastewater treatment
applications [7].

Given these characteristics, this study fo-
cuses on isolating and characterizing Bacillus
strains from wastewater sludge at wood pro-
cessing facilities in Vietnam. The aim is to
elucidate their biological properties, including
optimal growth conditions and ammonium
oxidation capacity, to explore their potential
for bioremediation of ammonium-rich indus-
trial wastewater. This research contributes to
expanding the diversity of known ammonium-
oxidizing bacteria and provides a foundation
for developing effective biological treatment
technologies tailored to the wood processing
industry.

MATERIALS AND METHODS

Materials

The research materials (selected samples for laboratory analysis) are presented in Table 1.

Table 1/ Tabauya 1
List of samples / Cnucok o0pa3nos

No. Place Code sample Describe
BT183.1
— = "
01 Yen Bai province Blueish black
BT183.2
Black color, thick consistency

GEOGRAPHICAL ENVIRONMENT AND LIVING SYSTEMS No. 4 2025.
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No. Place Code sample Describe
BT111.1
02 Thanh Hoa province Blueish black
BT111.2
Dark brown
BT751.1
Black color, thick consistency
03 Dong Nai province
BT751.2
Black color, thick consistency
Total 6
Source: compiled by the authors
Methods sure representative coverage. The samples were

Sample Collection: Composite sludge sam- collected in sterile 1 L polypropylene con-
ples were obtained using a sterile stainless-steel tainers, pre-labeled, and stored at 4°C in an
sludge sampler (depth 0—50 cm) at three dif- insulated icebox during transportation to the
ferent points within each treatment unit to en- laboratory. All samples were processed within
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6 hours of collection to minimize microbial
activity loss and compositional changes [8].

Isolation of Microorganisms from Sludge
Samples: To isolate ammonium-oxidizing
bacteria from sludge samples, a serial dilution
and spread plate technique was employed us-
ing selective and enrichment media. All mi-
crobiological procedures were conducted un-
der aseptic conditions in a laminar flow cabi-
net. Approximately 10 g of well-homogenized
sludge was suspended in 90 mL of sterile
0.85% saline solution and vortexed vigorously
for 10 minutes to dislodge microbial cells. The
resulting suspension was allowed to settle for
5 minutes, and the supernatant was serially
diluted (107! to 107 °). Selective enrichment
was performed using a modified ammonium
mineral salts (AMS) medium, containing (per
liter): (NH,),SO, — 1.0 g; MgSO,.7H,0 —
0.2¢g, CaCl, — 0.02g; KH,PO, — 1.0g;
Na,HPO, — 1.0 g; FeSO,.7H,O0 — 0.01 g;
trace elements — 1 mL; pH adjusted to 7.2.
The medium was supplemented with 0.5%
glucose to support heterotrophic nitrifiers [9].
From each dilution, 0.1 mL was spread onto
AMS agar plates and incubated at 30 = 2 °C
for 3—5 days. Colonies exhibiting distinct
morphologies (mucoid, opaque, cream-white,
round) were selected and purified by repeated
streaking on fresh AMS plates [7; 9]. Prelimi-
nary screening for ammonium oxidation ca-
pability was performed by inoculating isolates
into 50 mL of liquid AMS medium contain-
ing 100 mg/L NH, * -N. After incubation for
5 days at 30°C and 120 rpm, ammonium con-
centration was determined using the Nessler’s
reagent method, and positive isolates showing
a significant decrease in NH, * were retained
for further study [7, 8]. Pure cultures were
preserved in glycerol stocks (20%) at —80°C
for long-term storage.

Determination of biological characteristics
of bacterial strains: Effect of pH: Investigation
in culture media with pH levels of 5, 6, 7, 8 and
9; Effect of temperature: Temperature levels of
5, 30, 37, 45 and 50 °C were investigated; Effect
of ammonium concentration: the ammonium
concentrations investigated were 100 mg/L,
300 mg/L, 500 mg/L, 700 mg/L, 1000 mg/L.
Each experiment was repeated 3 times [10].

PCR Amplification and Sequencing of 16S
rRNA Gene: The 16S rRNA gene of bacte-
rial isolates was amplified using the universal

primer pair 27F (5'-AGAGTTTGATCMT-
GCCTCAG-3) and 1492R (5'-TACGGT-
TACCTTGTTACGACTT-3’). The PCR re-
action mixture (25 pL) included 12.5 pL of
24 PCR Master Mix, 1 pL of each primer (10
uM), 1 pL of template DNA, and nuclease-
free water. Thermocycling was performed with
the following conditions: initial denaturation
at 95°C for 5 min; 35 cycles of denaturation
at 95°C for 30 s, annealing at 55°C for 30 s,
and extension at 72°C for 90 s; and a final
extension at 72°C for 10 min [11]. Amplifica-
tion products were confirmed via 1.5% aga-
rose gel electrophoresis stained with ethidium
bromide. Target bands were purified using a
commercial gel extraction kit according to the
manufacturer's instructions and submitted for
Sanger sequencing [12].

Sequence analysis: The sequencing results
were compared to related data in Genbank by
the BLAST search on NCBI.

RESULTS AND DISCUSSIONS

Isolation and identification results

From six wastewater sludge samples col-
lected at wood processing facilities in Yen
Bai, Thanh Hoa, and Dong Nai provinces,
a total of 11 bacterial strains exhibiting am-
monium oxidation activity were successfully
isolated. The highest number of isolates (five
strains) originated from Dong Nai, indicat-
ing a potentially higher microbial diversity or
more favorable conditions for the proliferation
of ammonia-oxidizing bacteria (AOB) in this
region (Table 2).

The variation in isolate numbers among lo-
cations may be attributed to differences in the
physicochemical characteristics of the sludge,
such as ammonium concentration, pH, tem-
perature, organic matter content, and other
site-specific environmental factors. Previous
studies have shown that the environmental
context of sampling sites significantly influ-
ences the abundance and activity of special-
ized microbial groups such as AOB [1; 2].

Moreover, the higher number of isolates
from Dong Nai may serve as a valuable basis
for developing microbial technologies aimed
at nitrogen removal in industrial wastewater
treatment processes in this area.

Among the eleven isolates, three strains
demonstrated superior ammonium metabo-
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Table 2 / Tabauya 2

Statistics of the number of strains isolated in the samples / CraTucTHKa KOJIM4ecTBA IITAMMOB,
BbIJIEJIEHHBIX B 00pa3nax

Samples | BT183.1 BT183.2 BTI111.1 BTI111.2 BT751.1 BT751.2 Total
Strains 3 1 1 1 3 2 11

lism efficiency and were selected for de-
tailed characterization. Molecular identifi-
cation based on 16S rRNA gene sequencing
revealed that these strains shared hight se-
quence similarity with Bacillus subtilis, Bacil-
lus velezensis, and Bacillus amyloliquefaciens,
respectively. These strains were designated as
Bacillus subtilis BT183.1.B1, Bacillus velezen-
sis BT751.1.B2, and Bacillus amyloliquefa-
ciens BT751.2.B1.

The identification of these Bacillus species
is consistent with previous studies that under-
score the genus’s prominent role in ammo-
nium oxidation across diverse wastewater en-
vironments, including both industrial and ag-
Fig. 1/Puc. 1. Isolation results of sample BT175.1/  ricultural effluents. Their occurrence in sludge
Pesynbrarhl nsonaunu oopasuos BT175.1 from wood processing wastewater highlights

Source: compiled by the authors their adaptability to complex and potentially

Table 3 / Tabauua 3

List of bacterial strains / Cnucok mrammoB 0akTepuii

No. Strains Species S“{:i?l‘lty Morphology
Bacillus 99,89% oy
U BTIS3LBLY 0 s | (KT236337) . .
Colony: Colonies are circular with entire margins, slightly
wrinkled or dry surface, opaque white to pale yellow in color.
Cell: Rod-shaped, Gram-positive cells, capable of form-
ing central or subterminal spores, usually non-motile or
weakly motile.
Bacillus 99%
2 | BT751.1.B2 velezensis | (NR116240)
Colony: Colonies are irregular or rosette-shaped, heav-
ily wrinkled surface, with undulate or serrated margins,
cream to deep yellow color, slightly sticky and opaque.
Cell: Rod-shaped, Gram-positive cells, spore-forming,
and motile.
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Okonuanue maba. 3

TP
N y-’?,c, %
',;:-,:‘e\;,x ;
Bacillus &
. 100% ; €
3 | BT751.2.B1 amylo.llque— (NRO41455) ' e .
Jfaciens Colony: Colonies are round with irregular margins, dry

surface, cream to light yellow in color, opaque. Clear
hydrolysis zones may be visible on starch-containing
media.

Cell: Rod-shaped, Gram-positive cells, motile, and

spore-forming.

inhibitory conditions, such as elevated ammo-
nium concentrations and high organic loads.

These results align with recent findings in
Vietnam. For instance, Nguyen Thi Tham et
al. [13] successfully isolated Bacillus subtilis
and other heterotrophic nitrifying bacteria
from aquaculture wastewater, reinforcing the
prevalence and effectiveness of Bacillus species
in ammonium removal across varied waste-
water sources. Similarly, studies on nitrate-
oxidizing bacteria in aquaculture systems in
Thanh Hoa and Soc Trang provinces reported
ammonium conversion efficiencies exceeding
95% under optimized conditions [14], further
demonstrating the potential of indigenous Ba-
cillus strains for practical application in local
wastewater treatment systems [15].

Comparable results have been reported in-
ternationally. For example, Zhang et al. [16]
isolated efficient ammonium-oxidizing Bacil-
lus strains from municipal wastewater treat-
ment plants in China, achieving removal rates
above 90% under aerobic conditions. In anoth-
er study, Yang et al. [17] highlighted the role
of Bacillus megaterium in simultaneous nitrifi-
cation and denitrification in high-ammonium
synthetic wastewater. Likewise, Harshvardhan
and Jha [18] demonstrated the capability of
marine Bacillus spp. to degrade nitrogen-rich
plastic-associated biofilms, underscoring the
genus's environmental versatility.

Effect of pH on growth of bacterial strains

The three Bacillus strains exhibited optimal
growth in culture media with pH values rang-
ing from 7.0 to 7.5, which corresponds close-
ly to neutral conditions commonly found in
natural and engineered wastewater treatment

Source: compiled by the authors

systems. Among them, Bacillus amyloliquefa-
ciens BT751.2.B1 showed the highest growth
rate at this pH range, suggesting a slightly bet-
ter adaptation to neutral pH environments.
Growth rates declined significantly at acidic
(pH 5—6) and alkaline (pH 8—9) conditions,
indicating sensitivity to pH extremes. This pH
preference is consistent with the enzymatic
activity of ammonia monooxygenase (AMO),
the key enzyme catalyzing ammonium oxida-
tion, which functions optimally near neutral
pH. Maintaining pH within this optimal range
is therefore critical for maximizing ammoni-
um removal efficiency in bioreactors employ-
ing these strains.

These results are in line with interna-
tional findings, such as those by Kim et al.
[19], who demonstrated that Bacillus strains
maintain robust ammonium oxidation activity
at neutral pH and mesophilic temperatures,
which are typical for many wastewater treat-
ment systems globally. Furthermore, Bellucci
and Curtis [20] highlighted the challenges of
isolating autotrophic ammonia-oxidizing bac-
teria due to their slow growth and environ-
mental sensitivity, whereas heterotrophic Ba-
cillus species — like those isolated in this study
—exhibit faster growth and greater adaptabil-
ity. This advantage is especially relevant for
practical applications in industrial wastewater
treatment, where environmental conditions
can fluctuate significantly.

Effect of temperature on growth of bacterial
strains

Temperature is a crucial factor influencing
microbial metabolism and enzyme Kkinetics.
The three Bacillus strains demonstrated opti-
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mBTI83.1.B1
12,00
> 10,00
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© 2
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mBT751.1.B2 mBT751.2.BI

7 8 9

pH

Pic. 2 / Puc. 2. Effect of pH on growth of bacterial strains / Bnusaane pH Ha pocT 6akTepuaabHBIX

HITaMMOB

mal growth at temperatures between 35°C and
37°C, with Bacillus subtilis BT183.1.B1 exhib-
iting the highest growth rate within this range.
Growth was substantially inhibited at temper-
atures below 30°C and above 45°C, reflecting
the mesophilic nature of these bacteria.

This temperature range aligns well with
typical conditions in tropical wastewater treat-
ment environments, including those in Viet-
nam, facilitating their practical application
without the need for extensive temperature
control [13]. The ability to maintain high am-
monium oxidation rates at these temperatures
enhances the feasibility of deploying these
strains in large-scale treatment systems.

Similar observations have been reported by
Zhang et al. [16], who found that indigenous

Source: compiled by the authors

Bacillus strains isolated from municipal waste-
water systems in China exhibited optimal ni-
trification activity around 35 °C, with signifi-
cant performance drops outside the 30—40 °C
range. Likewise, Yang et al. [17] confirmed
that Bacillus megaterium maintained simulta-
neous nitrification—denitrification capacity at
mesophilic temperatures, further affirming the
suitability of Bacillus species for mainstream
treatment systems operating under mild ther-
mal conditions.

In addition, Kim et al. [19] noted that while
autotrophic nitrifiers often exhibit narrow op-
timal temperature ranges and decreased activ-
ity under fluctuating conditions, heterotrophic
Bacillus strains display broader thermal toler-
ance and faster recovery from stress. This flex-
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ibility is particularly beneficial for decentralized
or industrial treatment plants where environ-
mental factors may be less controllable [8; 20].

Effect of ammonium concentration on growth
of bacterial strains

The three Bacillus strains were tested for
their capacity to metabolize ammonium at var-
ying concentrations: 100, 300, 500, 700, and
1000 mg/L. All strains completely oxidized
ammonium at concentrations up to 700 mg/L
within five days of incubation, demon-
strating strong tolerance and metabolic ac-
tivity under high ammonium loads typical of
wood processing wastewater. At 1000 mg/L
ammonium, bacterial growth and ammonium
oxidation rates declined markedly, indicating
inhibitory effects likely due to ammonia toxic-
ity or substrate inhibition. This finding is con-
sistent with reports that high ammonium con-
centrations can disrupt cellular processes and
enzyme function in nitrifying bacteria [13; 23].

The ability to efficiently oxidize ammonium
at concentrations up to 700 mg/L positions
these Bacillus strains as promising candidates for
bioremediation of ammonium-rich industrial
effluents. Their performance suggests potential
for integration into biological treatment systems,
either as pure cultures or as part of microbial
consortia, to enhance nitrogen removal efficien-
cy. This tolerance is particularly important for
treating wastewater from wood processing and
food industries, where ammonium concentra-
tions often exceed the thresholds tolerated by
traditional autotrophic nitrifiers [21; 22].
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This outcome is consistent with both do-
mestic and international studies. Vietnamese
research has shown that locally sourced Bacil-
lus strains can achieve high ammonium re-
moval efficiency in both laboratory and field
settings [13; 15]. For example, Pham et al.
[15] reported efficient ammonium oxidation
by indigenous Bacillus species up to 600—
700 mg/L, with minimal performance loss.
Internationally, Kim et al. [19] observed that
selected Bacillus strains maintained nitrifica-
tion activity even at concentrations exceeding
1000 mg/L, although metabolic inhibition was
evident at extreme loads. Similarly, Zhang et
al. [16] found that Bacillus cereus strains tol-
erated up to 800 mg/L ammonium without
significant biomass loss, demonstrating strain-
specific tolerance levels.

Such findings reinforce the value of using
robust, heterotrophic ammonium-oxidizing
bacteria like Bacillus in practical treatment
applications, particularly under high-strength
wastewater conditions where autotrophic ni-
trifiers underperform due to their lower resist-
ance to ammonium toxicity and slower growth
rates [24; 25].

CONCLUSION

This study successfully isolated eleven am-
monia-oxidizing bacterial strains from waste-
water sludge at wood processing facilities in
Vietnam. Three Bacillus strains — B. subtilis
BT183.1.B1, B. velezensis BT751.1.B2, and

BT751.2.B1
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Pic. 4 / Puc. 4. Effect of ammonium concentration on growth of bacterial strains / BnusiHue KoHueH-
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amyloliquefaciens BT751.2.B1 — demon-

strated strong ammonium oxidation capac-
ity under optimal conditions of pH 7-7.5
and 35—37°C. These strains completely me-
tabolized ammonium at concentrations up to
700 mg/L, underscoring their potential for bi-
oremediation applications in wood processing
wastewater treatment.
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