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ABSTRACT

Denitrifying bacterial strain 11I-8, isolated froraguaculture processing wastewater and
selected based on their ability to reduce nitratkratrite without ammonification was identified
by traditional culture methods combined with 16NARgene sequencing and searching the
Genbank. As the results, 11I-8 was identifiedAahromobacter xylosoxidanEactors affecting
denitrification efficiency such as NaCl concentratibiofilm carrier presence and microbial cell
density were investigated in an experimental moyiad biofilm reactor (MBBR) system using
artificial wastewater as well as aquaculture preiceswastewater. In artificial wastewater with
a loading of 140 mg MIN-NO;, strain 111-8 showed a nitrogen removal efficiengy to 100 %
in the salt free medium and 88 % in 3 % salt cotreéion biofilm carrier containing system
with an initial cell density of 10cfu mI'. In aquaculture processing wastewater with theesam
loading, the average nitrogen removal rate aften@@s of treatment was found to be of 9.1 gN
m? h! with 100 % efficiency. The high initial microbialensity could be secured by aerobic
propagation in a proper culture medium.

Keywords:denitrification, microbial density, moving bed film reactor (MBBR), nitrite
accumulation.

1. INTRODUCTION

Nitrate-rich effluent is the product of ineffectivetrogen removal processes due to the
simple application of aerobic activated sludge psscwhich stopped after the ammonification
followed by nitrification [1]. In aquaculture sectoammonia decrease is one of the most
important objectives, therefore almost microbiagégarations used in treatment aquaculture
effluent contain ammonium assimilating microorgamé and/or nitrifying bacteria which could
lead to the accumulation of NCand NQ' in the aquatic environment. Complete removal of
nitrogen requires denitrification or anammox preess both of them occur under anoxic
conditions. Anammox technology is now still undesearch attempting to be applied for
centralized wastewater treatment systems. Besidesyentional nitrogen removalia
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nitrification followed by denitrification technolgg continue to be the focus of many
improvement research projects based on their siihypland efficiency [2]. With respect to
aquaculture wastewater and nitrate-rich lakes,tdiécation process is still the unique solution
for nitrogen removal up to now. In Vietnam, bioawntation has been an emerging trend in
environmental management in recent years and tverepreliminary results on denitrifier
isolation have been obtained [3, 4].

Denitrifiers (which are also called respiratoryraii¢ reducers) are bacteria which mainly
reduce nitrate to nitrite under anoxic conditidrert reduce nitrite to NO thernp® and finally to
N,. As the results, nitrogen is transferred from diguenvironment into the atmosphere. From
aquaculture processing wastewater of an agricliltun@lesale market, we have isolated and
successfully selected several denitrifiers whichalestrated to remove more than 90 % nitrate
nitrogen without nitrite accumulation and ammoridfion, as required in National technical
regulation on the effluent of aquatic products pssing industry QCVN 11:2008/BTNMT [4].

In this study, we investigated influencing factorsthe nitrogen removal efficiency and the
conversion rate of a selected denitrifier straiR8Il In order to use this bacterial strain in
wastewater treatment practices, identification steg for risk assessment purpose which cannot
be omitted.

2. MATERIALS AND METHODS
2.1. Materials

Bacterial strain IlI-8 was isolated from aquactdtuprocessing wastewater of an
agricultural wholesale market and selected basedit®mitrogen removal efficiencyia
denitrification pathway [4]. Experimental wastewateas collected from wastewater treatment
unit belonging to Food Processing Plant Tan Phungr&eafood Joint Stock Company No 1.
Lot C2-1, D4 Street, National Road 22, Tram Bom kamTan Phu Trung Ward, Cu Chi
District, Ho Chi Minh City.

2.2. Methods
2.2.1.ldentification of denitrifier strain 111-8

Morphological, physiological and biochemical chaeaistics of strain 11I-8 such as Gram
stain, endospore presence/ absence, motility, assaloxidase, oxidation/ fermentation (O/F)
tests were determined according to routine micidolgioal methods. Its other biochemical
characteristics were analyzed using APl 20NE Kib(Berieux) according to the manufacturer’s
recommendation and the results were obtained bas&dPIWEB search. Its biofilm formation
capacity was investigated using crystal violetttonsadhering cells to the test tube walls at first
then 30 % acetic acid to wash the stained cells tlam washed suspension was finally measured
at 550 nm [5].

The 16S rRNA gene sequencing was carried out byK¥ea Biotek. DNA from the pure
culture was extracted and 16S rRNA gene was areglifising universal primers 16SA&GA
GTT TGA TCC TGG CTC A@nd 16S-R:ACG GCT ACC TTG TTA CGA CTWith the
following thermal regime: after an initial denattioa at 95°C for 5 min, 40 cycles were carried
out including denaturation at 9€ for 30 s, annealing at 56 for 30 s, and extension at 72
for 1 min. The final extension was performed at’Cor 10 min. The reaction products were
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separeted in agarose gel by horizontal electrogiste verify bands with a size of 550 bp. The
DNA purification was performed using The DNA seqcieg was performed on 3130 Genetic
Analyzer (Applied Biosystems). A search for strains from Gamb (NCBI) with 16S rRNA
genes identical more than 99 %, compared with btailmed sequence using program BLASTN
2.2.28+ was performed.

2.2.2 Factors influencing the denitrification activity thfe selected strain

Anoxic reactor with biofilm carriets100 ml glass flasks with 80 ml of experimental
medium were connected to a plastic syringe to obbacterial metabolite gas. Every flask
contained 5 g of biofilm carriers which were cudrfr plastic drinking straws with the following
parameters: height 1.5 cm, diameter 0.6 cm, wéigl94 g, specific surface areas 19.3%gt and
1177 nf m® to mimic the moving bed bioreactor (MBBR) [6].

Inoculum The selected strain 1lI-8 was propagated fromlamtswith Giltay nitrate
medium on a shaker with 150 rpm. Bacterial densigs determined by optical density
measurement at 600 nm and using its cell standankcinoculation ratio was performed at
10 %.

Nitrate-rich synthetic wastewater was prepared faows: Giltay medium with the
replacement of citric acid by sodium acetate anmhgjine by peptone (it was called medium
MT3). N-NO; concentration was fixed at 140 mifor all experiments.

Effect of different salt concentrationditrogen removal efficiency was determined under
the conditions described above in the same flaskkout biofilm carriers with the addition of O
%, 3 %, 5 %, 7 % NacCl.

Effect of biofilm carriers: Nitrogen removal efficiency was determined undee th
conditions described above in the same flasks avithwithout biofilm carriers.

Effect of initial bacterial densityNitrogen removal efficiency and conversion rate aver
determined under the conditions described above iitial bacterial density of £01C, 10,
10° cfu mI* inoculated into flasks containing biofilm carriers

In all experiments, free bacterial biomass (if #sathe case) was analyzed based on optical
density measurement at 600 nm. Samples were tdt@raacertain period of time. N-NQwvas
determined colorimetrically at 410 nm after its gdexation with phenol disulfonic acid, N-
NO, was quantified by colorimetric measurement at 520atfiter its complexation with Griess
reagent, N-NH was analyzed through reaction with Nessler reagedtmeasured at 430 nm on
spectrophotometer Spectro UV-VIS 2500 (Labomed)Inc.

Nitrogen removal efficiencyvas evaluated based on nitrate reduction activiiyomt
nitrite accumulation and ammonification and caltedeaccording to formulg.1):

H % = [1-(N-NQ; fin+N-NO, fin+N-NH,fin)/(N-NOs'ini+N-NOini+N-NH4'ini)]x100 (2.1)
Average nitrogen conversion rateas calculated according to formula (2.2):
Vave= [(N-NOs3ini+N-NO,ini+N-NH,4 ini)-(N-NO5 fin+N-NO, fin+N-H, fin) /T (2.2)

where, N-NQfin, N-NO,fin, N-NH,'fin consecultively are final concentrations of N-NO
N-NO,, N-NH," (measured after a certain period of time in flaskgulated with bacteria) and
N-NOsini, N-NOyini, N-NH,'ini are initial concentration of N-NQ N-NO,’, N-NH,", gN ni%;

T = conversion time, h.
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Experiments for study on factors influencing nigagemoval efficiency were carried out
with 3 repetitions. The data were subjected toyeiglof variances (ANOVA) with p < 0.05 to
assess the difference in each parameter amonget using software Statgraphics Centurion
XV (Statpoint Technologies, Inc.).

3. RESULTS AND DISCUSSIONS
3.1. Bacterial identifiation

In the previous paper, we have already presentedstiiation and selection of potential
denitrifiers from aquaculture processing plants agdaculture wholesale markets [4]. In this
study, we investigated strain 11I-8 which proved e the most potent denitrifier under
experimental conditions without nitrite accumulati@and ammonification. This is Gram
negative, separate rods without endospore formatmatile, monotrichous, catalase positive,
oxidase positive, oxidative but non fermentativé/EQ, indol negative, Methyl Red negative,
Voges-Proskauer negative, citrate positive, andilivicformation positive. Biochemical test
using API20 NE kit arranged strain I1I-8 into theesiesAchromobacter xylosoxidangth 97.4
% similarity. 16S rRNA gene sequencing of strair8liand a Blast search of available data in
the Genbank database showed its high similaritp4>0) with Achromobacter xylosoxidans
(Table 1). These combined results allowed us tcloole that strain 111-8 belongs to species
Achromobacter xylosoxidans.

According to the literature on the genekahromobacter/ AlcaligengesAchromobacter
xylosoxidas is one of potential denitrifiers, with the formsmeAlcaligenes xylosoxidangr
Pseudomonas denitrificarend classified as a safety level 2 organism [hlesE bacteria are
essentially isolated from the soil, water environin@lants and are capable to degrade different
kinds of organic compounds as well as to inhibé phant pathogens. Recenthchromobacter
xylosoxidanshas been also isolated from the respiratory trhgtensons with cystic fibrosis
(Table 1). Therefore, to ensure the biosafety reguent, the use of this bacterial strain shoud be
carried out in centralized wastewater treatmenttpland the effluent should be well disinfected
prior to discharge into the environment. 16S rRf§&%e sequence of the strain of interest was
submitted to Genbank (NCBI) and can be retrievetl atcession number KF534510.

Table 1.Comparison results of 16S rRNA gene sequences.

Compared Identity Accession
No Retrieved records nucleotide | percentageg  Source/ Features
number
number (bp) (%)
Endophytic strain in
Ach. xylosoxidans Chinese cabbage,
1 TPL14 512 998 |antimicrobial activity EU373389
against pathogens
Bacterial strain isolatec
. from a PAHs
2 | Ach. xylosoxidan53B 499 99.8 wastewater treatment EF396325
plant
. Plant pathogen
3 Ach. xylosoxidans 511 99.6 | irulence silencer DQ414679
4 Ach. xylosoxidan&5 510 99.4 Thiodiglycol degrader EF186004
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Ach. xylosoxidans Aflatoxin biosynthesis|
5 NERI-AL 508 99.4 inhibitor AB161691
6 | Ach. xylosoxidana8 510 99.2 Haloaromatic acid | ~p559g7
degrader
7 Ach. xylosox[dans 508 99.2 From cystic fibrosis AFE411021
subspxylosoxidans patient
Ach. xylosoxidans
8 subspxylosoxidans 508 99.0 Ortho é:hlorobenzoate AF439314
A19 egrader

3.2. Factors influencing the denitrification activty of the selected strain

The greatest challenge of bioaugmentation appticati pollution treatment is that isolated
microorganisms cannot survive in the real enviromaeconditions. Therefore, the next step
after the isolation and selection of microorganidram natural environments - the investigation
on factors influencing treatment efficiency andension rate is an important bridge to scale up
the bioaugmentation from the laboratory condititmgilot experiments using real wastewater.
In this study, we investigated the effect of salb@entration, the role of biofilm carriers and the
initial microbial density on the nitrogen removaffidency from synthetic nitrate-rich
wastewater and then aquaculture processing plastewater.

3.2.1.Effect of salt concentrations
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Figure 1 Effect of salt concentrations on denitrificatiométics; a) N-N@ change against the time,
b) N-NO;, ¢) N-NH,", d) Effect of salt concentrations on bacteriavgig e) Nitrogen removal efficiency
change against the time.
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Aquaculture processing wastewater usually conthiigh salt concentrations. Most of
microorganisms are salt intolerant and hence, #neyestricted in real environment application.
The effect of salt concentrations on bacterial dhoand denitrification process is presented in
Figures 1. Figures 1a, 1b, 1c show that at sateatrations of 5 % and 7 %, almost N-NO
was not reduced, after the adaption period, N-NM@d N-NH," appeared at low concentrations.
This was compatible with the results shown in Fegad, namely, at 3 % NacCl, strain III-8
showed the growth as high as at 0 % NaCl; at saltentration higher than 5 %, almost bacteria
could not grow. 3 % NacCl did not significantly ibitithe bacterial growth, but reduced N-NO
slower than in the case without the salt, in spitehe same range of N-NOand N-NH"
accumulation. N-N@ concentration decreased only after 24 h, leadinghé increase of N
removal efficiency which reached the same levé&l®$6 after 96 h as for salt free environment.
(Figure 1e).

Thus, strain IlI-8 was able to growth and redudeate in rather high salinity environment
with tolerable salt concentration of 3 %. Accoglio Ghevariya et al., 201Ach. xylosoxidans
was reported to degrade chrysene at 1.5 M NaClyaent to 8.7 % [8]. Hence, salt tolerance
of Achromobacter xylosoxidaris one of prominent advantages of this specie®mparison to
other potential denitrifiers.

3.2.2.Adhesion ability to carriers

To increase the contact surface between bactedithermedium, plastic carriers were used
to mimic moving bed biofilm reactor (MBBR) usedwastewater treatment. Biofilm formation
of strain 111-8 was demonstrated through the adiresf cells stained by crystal violet to the test
tube walls (Figure 2a). To quantify the biofilmethptical density at 550 hm was obtained from
destaining solution of this test tube with acetiameanwhile to quantify the free biomass, the
optical density at 600 nm of the suspension osaghich were not attached to the test tube wall
was measured. From the ratio between these tweabpdiensities (Figure 2b), it could be
assumed that in the real aquaculture processintgwater, strain I11-8 would be able to adhere
well to carriers.
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Figure 2.Biofilm formation ability of strairlll-8, a) Biofilm formation on the test tube waltl)
Optical densities of attached cells to the tes¢ twiall measured at 550 nm (OD550) and of free cells
measured at 600 nm (OD600).
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Results of the following experiment (Figure 3) dewstoated that in the carrier model
reactor, the nitrogen conversion occurred fasten fh that without carriers for both media 0 %
NaCl and 3 % NaCl, leading to nitrogen removalaidficy of 100 % after 24 h for medium
without NaCl and 88 % after 48 h for medium coritain3 % NaCl. N-NG and N-NH" also
decreased sharply after 48 h in the carrier reantmtel, even for 3 % NaCl medium. Hence,
moving bed biofilm reactor (MBBR) was the propestgyn for anoxic treatment thanks to the
possibility to increase the contact between migganisms and wastewater for purpose of
energy savings from agitation [6].
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Figure 3.Effect of biofilm carriers on denitrification; &itrogen removal efficiency, b) N-NOand
NH," accumulated in case of with and without carri€gdfter 48 h of treatment.

3.2.3.Effect of initial inoculation density

In order to successfully apply bioaugmentatiom, ¢bntrol of initial inoculation density,
especially in anoxic condition, was necessary stheelack of oxygen restricted the growth.
However, high inoculum ratio increased the treatmewst. In this experiment, the initial
inoculation density was adjusted ta’100, 10 va 16 cfu mi'. Experiment results are shown in
Figure 4.
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Figure 4.Effect of initial inoculation density on denitifition; a) Nitrogen removal efficiency and b)
Conversion rate.

Indeed, significant effect of initial inoculatioredsity on denitrification efficiency was
seen, its low density led to longer lag phase ameet final biomass in comparison with high
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density at 1bcfu mI™. At this high bacterial density, evidence that niteate reduction occurred
rapidly was large released gas volume and neafly2A®f nitrogen removal efficiency after 36
h without N-NQ™ and N-NH" accumulation. These resuétgesimilar to those obtained during
the selection of potential denitrifiers which wasdribed in the previous paper [4]. In this study,
average conversion rate was 5.25 gN Iit, comparable to 0.15 kgN frday’, equivalent to
6.25 gN n? h* from other studies on MBBR [6].

3.2.4. Application of bioaugmentation in nitratelri aquaculture processing wastewater
treatment

The composition of collected aquaculture procepsiastewater was analyzed, its N-NO
loadingwas adjusted to 140 mg,Ito which sodium acetate was added so that CiN ral.2,
the bacteria were inoculated at a density dfcfd mI™* to 5 liter bioreactor with biofilm carriers
with the specific surface area of 1177 mi>. Treatment kinetics, nitrogen removal efficiency
and average conversion rate were monitored afte24,236 and 48 h and presented in Figure 5.
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Figure 5 Aquaculture processing wastewater treatment ieexgntal model of MBBR,
a) Kinetics of N-NQ removal, b) Kinetics of N-N@conversion, c) Kinetics of N-NFconversion,
d) Kinetics of nitrogen removal efficiency, e) Deifying rate in the course of time.

The control sample was supplemented with wastevgat¢inat the composition was similar
to that of the investigated sample, except thairtbeulum was omitted. Figure 5 shows that in
the control sample, denitrifying bacteria existipgeviously in the wastewater were activated
and hence, after 36 h under experimental conditgmilar to those of investigated sample,
N-NOs; decreased totally to 0, however, N-N@ccumulated 50 mg‘llafter 36 h and still
remained 30 mg'after 48 h. Similarly, N-NH in the control sample remained at high level
after 36 h, and decreased to nearly 10 thgnlly after 48 hMeanwhile, in the investigated
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sample, N-N@ and N-NQ' decreased to 0 after 24 h of treatment, NyNidduced to 10 mgll
after 36 h, meeting the requirements for type Auefit according to National technical
regulation on the effluent of aquatic products pssing industry QCVN 11:2008/BTNMT. The
nitrogen removal efficiency of the investigated ptareached > 90 % after 24 h and nearly 100
% after 36 h of treatment. The denitrifying rateboth the control and the investigated samples
were found rather high, however, in the investigasample it was higher than that in the
control, especially during the first 12 hour peridtith regards to the average denitrifying rate
in the time period for totally nitrogen removal,nm@ly 48 h for the control and 36 h for the
investigated sample, its value was found 9.1 glHhhin the investigated sample, compared to
6.2 gN mh™ in the control. It could be explained that in thastewater collected from the
seafood processing plant, certain denitrifiers pbiy already existed. Under proper conditions
such as appropriate C/N ratio, limited dissovedgexy the denitrification process occurred.
However, due to the insufficiency of denitrifiers tiominate the microbial population, the
nitrogen removal was not complete, leading to teitand ammonium accumulation. This
experiment demonstrated thath. xylosoxidansll-8 well adapted to real seafood processing
wastewater and can be applied for aquaculture psirog wastewater treatment in general.

3.2.5 Insurance of inoculum during the course of dendtaifion

It was found earlier that the denitrifier inocul@ndensity of 1%cfu mI* should be ensured
for successful nitrogen removal and it is very hagnsity. To investigate the conditions to
ensure the inoculum, experiment on biomass projmagander aerobic and anoxic conditions
was carried out.
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Figure 6.The growth curve of strain I11-8 obtained underadéc and anoxic conditions.

Figure 6 displayed the optical density at 600 nrairzg} the time to evaluate the growth
under both aerobic and anoxic conditions, amonghvktie former is for biomass propagation
and the latter is for denitrification. Under ther@bic condition, the bacterial growth was rather
high with the generation timg £ 1.3 h, compared toq £ 3.1 h under anoxic condition. The
denitrification occurs under anoxic condition, miegnthat the biomass generated during this
process is not high. As the result of this expenimi was proposed that the bacterial biomass
can be propagated under aerobic condition and dldeed to nitrate — rich treatment systems
which work under anoxic conditions. Alternativetyynsecutive aerobic - anoxic systems can be
used to ensure the bacterial inoculum for the déoétion process.
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4. CONCLUSIONS

This study confirmed that strain IlI-8 isolatearfr aquaculture processing wastewater
belongs to the specieAchromobacter xylosoxidanone of potential denitrifiers, which can be
applied in bioaugmentation for nitrogen removalteys in centralized treatment units. In order
to reach 100 % of nitrate removal efficiency aRérh of treatment for a loading of N-NQ40
mg I without nitrite and ammonium accumulation and witl average treatment rate of 9.1 gN
m* h?, it was necessary to maintain the denitrifier dgrat 1¢ cfu mi* in a MBBR type with
specific surface area of 1177 m>. The tolerable salt concentration fach. xylosoxidang!-8
was 3 %.
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TOMAT

HIEU QUA XU LI NITO TRONG MOI TRUONG GIAU NITRATE CUA VI KHU AN PHAN
NITRATE PHAN LAP TU' NUGC THAI CHE BIEN THUY SAN

Nguyén Hoai Hrong', Huynh Vin Thanh

Truwong Pai hoc Cong ngh TP. H> Chi Minh (HUTECH), 475/i¢n Bién Phi,
Qugn Binh Tlinh, TP. HCM

"Email: nh.huong@hutech.edu.vn

Vi khuan phan nitrate 111-8, phanap tir nudc thai ché bién thiy sin va chon loc theo kia
nang laai trir N-nitrate, khéng tichily N-nitrite va khéng sinh N-amédwoc dinh danh Bng
phuong phép trugn thing Kt hop giai trinh tr gene rRNA 16S va so sanh trén Genbarft. K
qua cho thy ching 1l1-8 thusc loai Achromobacter xylosoxidan€ac ¥u t6 anh hrong dén
hiéu qua xir Ii nito tir nitrate nlr ndng dd6 mudi, gia the bam dinh va it do vi sinh \at dugc
khao sat trong mé hinh moving bed biofilm reactor (MBBar dung nréc thai nhan to va nréc
thai tir nha may ch bién thiy san. Trong mdc thai nhan to, ching 111-8 c6 khi nang xir li
nitrate #i trong 140 mg mit N-NO; trong méi trong 0 va 3 % NaCl c6 gia ébam dinh va
mat do vi sinh \at bandau 1a 1 cfu mi* véi hiéu qua x If twong itng 100 % va 88 %. Trong
nudce thai ché bién thay san & cuing &i trong N-NOy, van t6c x |i trung binh sau 36 gidé dat
100 % héu qua 1a 9,1 gN n? gio™. Mat d6 vi khuan bandau cao c6 th dugc bao ¢am bing ting
sinh héu khi trong méi trong dinh drdng thich kp.

Tur khoa:biofilm, mat d6 vi sinh \at, MBBR, phan nitrate, tichdy nitrite.
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