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ABSTRACT: Bioremediation technology has been emergently considered as an economic and
environmental-friendly manner to treat inorganic nitrogen in tropically coastal aquaculture ponds.
Two laboratory scale experiments were conducted to examine efficacy of nitrogen removal of some
bioremediators. The results indicated that total ammonia nitrogen (TAN) and nitrite concentrations
of treatments with inoculation of the nitrifying bacterial cultures were significantly lower than those
of the treatments without inoculation just after three days and one day of experiment, respectively.
TAN in treatments with inoculation was removed at 76.0% while that without inoculation was just
removed at 53.7%. Nitrite in treatments without inoculation increased duration of first 20
experiment days while nitrite in treatments with inoculation decreased to 50% just after one day. For
treatments with inoculation of denitrifying bacterial cultures, effect of nitrate removal was clear
within one day after beginning of the experiment. The present of macroalgae Gracilaria sp.
promoted TAN and nitrite removal after two to three days of the experiment. Moreover, the addition

of CaCO; could enhance TAN and nitrite removal in comparison to the control treatments.

Keywords: Coastal aquaculture, inorganic nitrogen, bioremediation, nitrifying bacteria,

denitrifying bacteria.

INTRODUCTION

Reduced fishery harvests and increased
consumer demand for seafood have precipitated
an increase in intensive aquacultural farming,
particularly in coastal shrimp culture. However,
the rapid development of coastal aquaculture
has led to adverse environmental impacts.
Metabolic waste of culture organisms and
decomposition of uneaten feed, particularly
inorganic  nitrogen  compounds  usually
accumulate at concentrations much higher than
environmental carrying capacity. The excess
inorganic nitrogen became toxicity and reduced
shrimp growth rate and suppressed immune
competence [1-4]. One of the major
environmental concerns in aquatic animal
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cultivation is the discharge of wastewaters
directly into coastal waters. Wastewater
pollutants promote organic  enrichment,
sedimentation and toxicity. This set of factors
results in the deterioration of coastal
ecosystems and consequent loss of biodiversity
and primary productivity [5-10].

In order to solve the pollutant issues in
coastal  intensive  aquaculture,  several
approaches have been developed in recent
years for control of nitrogen compounds.
Bioaugmentation well-known as the seeding of
enriched nitrifying and denitrifying cultures
into intensive aquaculture has been studied.
Application of nitrifiers into shrimp ponds can
lead to decrease in ammonia and nitrate
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nitrogen in shrimp ponds [11-16]. In contrast,
other studies have indicated that effect of the
probiotics containing non-indigenous nitrifying
cultures is not stable as they will be edged out
by the competing native microorganisms,
besides facing growth inhibition and prolonged
acclimation period [17, 18].

Biostimulation ~ known as  nutrient
supplementation, oxygen aeration, surface
substrata and so on is still limited but the
primary results showed the prospects. Diab and
Shilo [19] reported that Nitrosomonas sp. and
Nitrobacter sp. attached to the particles of
bentonite, CaCOs, amberlite had activity much
stronger than free-living strains; the attached
bacteria survived in anaerobic conditions for
several weeks while free-living bacteria only
survived for few days. Preceding studies also
showed that activities of nitrifying bacteria
improved significantly if attached to other
substrata such as zeolite, good particle [20, 21].
In addition, Barik et al., [16] indicated that the
application of enriched nitrifying bacteria
together with oxygen aeration improved
ammonia removal. Alkalinity in the form of
carbonate and bicarbonate has been used as a
nutrient element for nitrifying bacteria and
additive for maintenance of pH buffering
capacity in the nitrification in recirculating
aquaculture systems. Chen et al, [22]
recommended that a higher alkalinity
concentration of 200 mg.L™' was needed to
maintain  maximum nitrification rate in
recirculating aquaculture systems.

The wuse of macro-algae as nutrient
absorbers has proven to be a valid alternative
for nutrient bioremediation. The most
frequently tested organisms were Gracilaria sp.
which absorbs dissolved inorganic nutrients [5,
23-25]. The present study examined in
laboratory-scale the in-situ bioremediation
potential of indigenous nitrifier and denitrifier
cultures, substrata, macroalgae Gracilaria sp.
and alkalinity on inorganic nitrogen removal in
coastal intensive aquaculture ponds.

MATERIAL AND METHODS

Enrichment of nitrifying bacterial cultures
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The nitrifying bacterial strains isolated
from shrimp pond sediments along coastal zone
of Hai Phong city, in the northeast of Vietnam,
were enriched primarily in sterilized 250 mL
conical flasks containing a working volume of
100 mL of mineral culture media (according to
Watson et al., [26]) at 28°C on a rotary shaker,
and substrate concentrations were 20 mg.L ™" for
Nitrosomonas sp. and 10 mgL™" for
Nitrobacter sp. All of the flasks were
monitored daily for substrate concentrations
and pH adjustment. Sub-culture into secondary
media at a 1:9 ratio (v/v) was carried out when
the growth of cultures entered near stationary
phase, marked with the cessation of substrate
consumption. Sub-culturing is terminated when
time for substrate removal was considerably
shortened down to 30 - 40 h.

To prepare immobilized nitrifying bacterial
cultures (INBC), the inoculums of secondary
enriched nitrifying bacterial culture (NBC)
were incubated into 500 mL conical flasks with
an initial TAN and nitrite concentration of
20 mg.L™" and 10 mg.L™", respectively. The
flasks were kept in darkness and continuously
aerated; pH was maintained between 7.5 and
8.0. When the log phase of TAN and nitrite
removal was detected, sterile zeolite particles
(autoclaved at 121°C, 15 min) were added into
cultures. Culture immobilization onto zeolite
particles was then undertaken at 10 h, 30 h and
60 h to determine the optimal immobilization
period [20].

Enrichment of
cultures (DBC)

The isolated denitrifying bacterial strains
were enriched primarily in 100 mL sterile
conical flasks containing a working volume of
50 mL glucose-yeast extract media with N-
NO; 0.1 g.L™" at 28°C without shaking. All
flasks were monitored every 10 hours for
substrate concentrations.  Sub-culture into
secondary media at a 1:9 ratio (v/v) was carried
out when the growth of cultures entered near
stationary phase, marked with the cessation of
substrate consumption. Sub-culturing was
terminated when time for substrate removal
was considerably shortened down to 8 - 12 h.

denitrifying  bacterial
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Acclimatization of macroalgae Gracilaria sp.

Specimens of Gracilaria sp. were collected
at Lach Tray estuary (20°45’27"N;
106°46°32”E) located in the northeast of
Vietnam. After collection, the specimens were
taken to the laboratory where they were washed
with seawater to remove sediment. Then the
macroalgae were kept in an aquarium
containing 50 L of seawater that was collected
from aquaculture canal of Lach Tray estuary,
under constant aeration and photoperiod of
12:12 h light:dark cycle. The conditions were
maintained for 10 days of pre-acclimatization
until starting of the experiment.

Experimental design
Experimental design 1

The experiment was set up to focus on
effect evaluation of the additive of enriched
nitrifying bacterial cultures and different
substrata on the removal of TAN and nitrite.
The experiment was designed into ten
treatments in duplicates as follows:

I1S: with inoculum of NBC at 100 pL.L ™,
without substratum;

12S: without inoculum of NBC, without
substratum;

11ZB: with inoculum of NBC at 100 pL.L ™",
with zeolite substratum;

12ZB: without inoculum of NBC, with
zeolite substratum;

11SB: with inoculum of NBC at 100 pL.L ™,
with sand substratum;

12SB: without inoculum of NBC, with
sand substratum;

I1GB: with inoculum of NBC at
100 pL.L™", with gravel substratum;

12GB: without inoculum of NBC, with
gravel substratum;

I1CB: with inoculum of NBC at
100 pL.L™", with coral fragment substratum;

12CB: without inoculum of NBC, with
coral fragment substratum.
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Experiment was carried out in twenty
aquaria (25 x 25 x 30 cm) that were stocked
with four of Asian tiger shrimp (Penaeus
monodon), post 15. Because the seawater in
aquaculture canal was received directly from
the discharge of many aquaculture ponds, we
chose the water sources to carry out
experiment. Each aquarium was filled up to
15 L with the seawater collected from
aquaculture canal in Lach Tray estuary. Twenty
aerators were used in aquaria for aeration.
Aeration in aquaria tanks was achieved by
passing of the air from air pump through a
submerged block of porous material called air
stone along with regulators. Shrimp was fed 5
times a day for 37 days, 24 mg food per each
time for each aquarium. Temperature, pH, DO
and dissolved nutrients (TAN, nitrite and
nitrate) were monitored daily.

Experiment design 2

The experiment was set up to clarify further
the effect of individual bioremediators as well
as the comprehensive effect of those
bioremediators on inorganic nitrogen removal.
The experiment was designed into six
treatments in triplicate as follows:

Control: without any additives.

INBC-DBC: with inoculums of INBC and
DBC at 100 pL.L™".

Zeolite: with TAN saturated zeolite.
Gracilaria: with Gracilaria sp.
CaCOs: with CaCOs.

INBC-DBC-Zeolite-CaCO3:  with inocu-
lums of INBC and DBC, and addition of zeolite
and CaCOs;.

Experiment was carried out in eighteen
aquaria (45x45x40 cm) that were stocked with
twelve of Asian tiger shrimp (Penaeus
monodon), post 15 each aquarium. The
aquarium was added a layer of 5 cm of sand
bed and filled with seawater up to 50 L. The
sand and seawater were collected from
aquaculture canal in Lach Tray estuary. Twelve
aerators were used in aquaria for aeration.
Aeration in aquaria tanks was achieved by
passing of the air from air pump through a



submerged block of porous material called air
stone along with regulators. Shrimp were fed 4
times a day for 11 days, 0.4 g food per each
time. Temperature, pH, DO and dissolved
nutrients (TAN, nitrite and nitrate) were
monitored daily.

Analytical procedures

Dissolved oxygen, water temperature and
salinity were measured by using YSI model 57
dissolved oxygen meter (YSI Incorporated,
Ohio, USA) and Atago refractometer (Atago
Co., LTD, Tokyo, Japan), respectively. pH was
measured with the help of a pH meter (704,
Metrohm, Germany). TAN was analyzed by
phenate method described by Solérzano [27].
Nitrite-nitrogen (N-NO, ) was measured by
diazotization method described by Strickland
and Parson [28]. Nitrate nitrogen (N-NO3") was
firstly reduced into NO, by cadmium column,
and then formed nitrite measured by
diazotization method [28].

Statistical analysis

Significant differences of variables (TAN,
N-NO,, N-NO;3) between treatments with
inoculation of NBC and treatments without
inoculation of NBC in the first experiment were
analyzed by t-Test. Those of the variables
among six treatments in second experiment
were analyzed by simple analysis of variance
(ANOVA). The statistical analysis was
performed using Excel package 2010
(Microsoft).

RESULTS AND DISCUSSION

Effect of enriched nitrifying bacteria
cultures on TAN removal

In the first experiment, TAN concentration
of all treatments tended to decrease during
experimental time course. TAN concentration
of the treatments with inoculation of nitrifying
bacteria cultures (NBC) was lower than that of
the treatments without inoculation of NBC. Just
after three days of the experiment, average
TAN concentration of the treatments with
inoculation of NBC was significantly lower
than that of the treatments without inoculation
of NBC (p < 0.005) (fig. 1a). TAN
concentrations in treatments with inoculation of
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NBC decreased 76.0% while those without
inoculation just decreased 53.7% in comparison
with the first experiment day. After five days of
the experiment, TAN concentration of the
treatments with inoculum was about 0.016
mg.L™" TAN removal at 99.4% while TAN
concentration of the treatments without
inoculum was about 0.835 mg.L"' TAN
removal at 67.8%.
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Fig. 1. Temporal variation of TAN
concentration of different treatments,
(a): Treatments with inoculation and without
inoculation in the first experiment,
(b): Treatments with inoculation of INBC-DBC
and treatments with the addition of different
bioremediators in the second experiment

In  the second experiment, TAN
concentration of the treatments with inoculation
of INBC-DBC, zeolite particles, and INBC-
DBC-Zeolite-CaCO; all tended to be higher
than that of the control treatment during first
four days of the experiment. Then, TAN
concentration of the treatment with inoculation
of INBC-DBC and INBC-DBC-Zeolite-CaCO4
tended to be lower than that of the control
treatment while TAN concentration in
treatment with zeolite particles was higher than
TAN concentration in control treatment
(fig. 1b). The result showed that in the first four
days of the experiment, TAN of the treatments
with inoculation of INBC-DBC, zeolite particle
and INBC-DBC-Zeolite-CaCO; were produced
by ammonification of DBC and TAN release of
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ammonium-saturated zeolite particles. TAN of
the treatment with INBC-DBC lower than TAN
of the control treatment from 5" - 9" day
proved that the inoculation of INBC distributed
the removal of TAN of the treatments with
INBC-DBC and INBC-DBC-Zeolite-CaCOs.
TAN of the treatment with INBC-DBC-Zeolite-
CaCO; much lower than TAN of the treatment
with INBC-DBC showed synergy effect of
immobilized nitrifying bacteria and addition of
CaCOs in TAN removal.

The enriched inoculums of indigenous
nitrifying bacteria in both suspended and
attached states had significant effect on TAN
removal within five days of the experiment.
Study results of Grommen et al., [29] and Barik
et al., [16] had shown that ammonia nitrogen
concentration in treatments with Nitrosomonas
and Nitrobacter inoculums decreased from 10
mg L' to below the minimum limit
(0.3 mg.L™") within 3-5 days after inoculation.

Effect of enriched nitrifying bacterial
cultures on nitrite removal

Just after one day of the first experiment,
average NO, concentration of the treatments
with inoculation of NBC was significantly
lower than that of the treatments without
inoculation of NBC (p < 0.001). Nitrite
concentration in treatments with inoculation
decreased 50% compared to that on the first
day while nitrite concentration in treatments
without inoculation increased twice. During
sixteen days of the experiment, NO,
concentration of the treatments with inoculation
of NBC tended to decrease from 0.06 mg.L™"
on the first day to 0.03 mg.L™" on the sixteenth
day while NO, concentration of the treatments
without of NBC tended to increase from 0.06
mg.L™" on the initial day to 0.13 mg.L™" on the
sixteenth experimental day. Since twenty days
of the experiment, there were significant
differences (p < 0.05) in NO, concentrations
between treatments with and  without
inoculation of NBC at the same time (fig. 2a).
The result showed that NBC could improve
considerably nitrite removal only after one day
and the effect of nitrite removal could last for
sixteen days.
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Fig. 2. Temporal variation of nitrite
concentration of different treatments,
(a): Treatments with inoculation and without
inoculation in the first experiment,
(b): Treatments with inoculation of INBC-DBC
and treatments with the addition of different
bioremediators in the second experiment

Just after one day of the second experiment,
NO, concentration of the treatments with
inoculation of INBC-DBC and INBC-DBC-
Zeolite-CaCO; was significantly higher than
that of the control treatment (p < 0.05). After
two days of the experiment, NO,
concentration of the treatment with supplement
of zeolite was significantly higher than that of
the control treatment (p < 0.05) (fig. 2b). Being
similar to the dynamic trend of TAN
concentration, NO, concentration of the
treatments with inoculation of INBC-DBC and
INBC-DBC-Zeolite-CaCO; was higher than
that of the control treatment during first five
days of the experiment and then that of the
treatments was much lower than that of the
control treatment. Meanwhile NO, ™
concentration of the treatment with supplement
of zeolite was not significantly lower than that
of the control treatment since next days of the
experiment. The result showed that INBC
distributed considerably the removal of NO, of
the treatment with inoculation of INBC.
However, during the first day of the
experiment, high NO, concentration of the



treatments was caused by ammonification of
DBC, TAN and NO, release from zeolite
particles.

Effect of enriched denitrifying bacterial
cultures on nitrate removal

Effect of denitrifying bacterial cultures
(DBC) on nitrate removal was proven in the
second experiment, nitrate concentration of the
treatments with inoculation of DBC including
of INBC-DBC and INBC-DBC-Zeolite-CaCO4
decreased strongly from 1.10 mg.L™" on initial
day to 0.06 mg.L™" on first day of the
experiment. Then nitrate concentration of the
treatments was always maintained at low level
in comparison to the control treatment (fig. 3).
The wvast majority of aquaculture ponds
accumulated nitrate but there were very few
studies interested in the nitrate removal in
coastal aquaculture. Recently, there were some
studies interested in  development of
denitrification  reactors  integrated into
recirculating aquaculture systems [30-32].
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Fig. 3. Temporal variation of nitrate
concentration in treatments with different
bioremediators in second experiment

Effect of substrata on TAN removal

In the first experiment, we used four
different substrata to assess their effect on
removal of TAN and nitrite. For the treatments
with inoculation of NBC, there were no
significant differences in TAN concentration
among those treatments on first day of the
experiment. Except the treatment with
substratum of sand, TAN of the treatment was
maintained at concentration significantly lower
than that of the other treatments. From the third
day of the experiment, average TAN
concentration of the treatments  with
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supplement of substrata tended to be lower than
TAN of the treatment without supplement of
substrata (fig. 4a). For the treatments without

inoculation of NBC, average TAN
concentrations  between  treatments  with
supplement of substrata and  without

supplement of substrata were not significantly
different on the first day of experiment. From
the third day of the experiment, average TAN
concentrations of the treatments with
supplement of substrata tended to be lower than
those of the treatments without supplement of
substrata (fig. 4b). The result showed that
presence of substrata in environment could
contribute to improving TAN removal in both
conditions with and without inoculation of
NBC.
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Fig. 4. Temporal variation of TAN in
treatments with different substrata,
(a): With inoculation of NBC, (b): Without
inoculation of NBC

For the treatments with inoculation of
NBC, TAN concentration of the treatment
supplied with substratum of sand was much
lower than that of the other treatments on the
first and third days of the experiment. From the
fifth day of the experiment, because TAN in all
treatments at different times was maintained at
low concentration, less than 0.163 mg.L™", we
could not find considerable difference in TAN
concentrations among treatments with different
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substrata. For the treatments  without
inoculation of NBC, on the first day of the
experiment, TAN concentration of the
treatment with supplement of sand substratum
was lower than that of the other treatments. But
on the third day of the experiment, TAN
concentration of the treatment was higher than
that of the other treatments. On the fifth day of
the experiment, TAN concentration in the
treatment with supplement of coral was lowest,
followed by that with supplement of gravel,
zeolite and sand (fig. 4a, 4b). From the eighth
day of experiment, we could not find a clear
trend in TAN removal of the treatments with
different substrata. The results showed that
although different substrata had TAN removal
effect at different levels, we could not find out
considerable difference in TAN removal among
those treatments with supplement of the four
different substrata.

Effect of substrata on nitrite removal
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Fig. 5. Temporal variation of nitrite in
treatments with different substrata,
(a): With inoculation of NBC; (b): Without
inoculation of NBC

For the treatments with inoculation of
NBC, average nitrite concentration in the
treatments with supplement of substrata was
lower than that in the treatments without
supplement of substrata during time course of
the experiment. However, for the treatments
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with inoculation of NBC, average nitrite
concentrations in  the treatments  with
supplement of substratum were lower than
those in the treatments without substratum on
the first and third days of the experiment. From
the eighth to twenty fifth days of the
experiment, average nitrite concentration of the
treatments with substrata was much higher than
nitrite in the treatments without substratum.
From thirty seventh to forty fourth days,
average nitrite concentration in the treatments
with substrata was much lower than nitrite
concentration in the treatments without
substratum (fig. 5a). The result showed that
effect of the application of substrata on nitrite
removal was enhanced in synergy with
inoculation of NBC.

Effect of nitrite removal of different
substrata in treatments with inoculation of NBC
is showed in fig. 5a. Although nitrite
concentrations in treatments with different
substrata were not similar at given time, we
could not find a clear trend of distinction in
nitrite concentration throughout time course of
experiment. Except treatment with supplement
of coral substratum, nitrite concentration in the
treatment was lower than that in other
treatments, particularly at the last time of the
experiment. In treatments without inoculation
of NBC, effect of nitrite removal of different
substrata is showed in fig. 5b. Similar to
treatments with supplement of substrata, there
was not a general trend of distinction in nitrite
concentration throughout time course of the
experiment. However, nitrite concentration in
the treatment with supplement of coral
substratum was lower than that in the other
treatments, particularly at the last time of the
experiment.

TAN and nitrite in the treatments with
supplement of substrata were maintained at
concentrations lower significantly than those in
the treatments without supplement of substrata.
The trend was clearer in the treatments with
inoculation of NBC. However, the study has
not revealed removal effect of the inorganic
nitrogen of four chosen different substrata.

Effect of Gracilaria sp. on inorganic nitrogen
removal



Fig. 1b showed effect of Gracilaria sp. on
TAN removal in the second experiment. TAN
concentration of the treatment with application
of the macroalgae Gracilaria was significantly
lower than that of the control treatment after
second day of the experiment (p < 0.05). Then
TAN concentrations in the treatment with
application of the macroalgae Gracilaria were
lower than those in the control treatment
throughout time course of the experiment.

Fig. 2b showed effect of Gracilaria sp. on
nitrite removal in the second experiment.
Nitrite concentration of the treatment with
application of Gracilaria sp. was significantly
lower than that of the control treatment after
three days of the experiment (p < 0.05). Then,
nitrite concentrations in the treatment with
application of the macroalgae Gracilaria were
much lower than those in the control treatment
throughout time course of the experiment
(p < 0.001).

Fig. 3 showed effect of Gracilaria sp. on
nitrate removal in the second experiment.
Nitrate concentrations in treatment with
application of macro-algae Gracilaria tended to
be higher than those in control treatment
throughout time course of experiment. Just
after one day of the experiment, nitrate
concentration of the treatment with application
of the macroalgae Gracilaria was significantly
higher than nitrate of the control treatment
(p < 0.05).

The present study showed that Gracilaria
sp. could be used as a bioremediator in the
treatment of TAN and nitrite in coastal
aquaculture. According to study results of
Marinho-Soriano et al. [24], macro-algae
Gracilaria caudata performed well in
absorbing nitrogen forms. According to
McGowan [33], Ando et al. [34], sediment
characteristics decided nitrification rate of
indigenous bacteria, sand sediment with
seagrass Zostera marina was demonstrated to
effectively remove ammonia compared with the
sediment without the seagrass.

Effect of alkalinity on inorganic nitrogen
removal

Effect of alkalinity on TAN removal in the
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second experiment is showed in fig. 1b. TAN
concentration of the treatment with application
of CaCO; was significantly lower than TAN
concentration of the control treatment
(p < 0.05). Then, nitrate concentrations of the
treatment with application of CaCO; were
much lower than those in the control treatment
throughout experimental time.

Effect of alkalinity on nitrite removal in the
second experiment is showed in fig. 2b. Nitrite
concentration of the treatment with application
of CaCO; was significantly lower than that of
the control treatment after three days of the ex-
periment (p < 0.05). Then nitrite concentrations
in the treatment were much lower than those in
the control treatment (p < 0.001).

Effect of alkalinity on nitrate removal in the
second experiment is showed in fig. 3. Nitrate
concentration in treatment with application of
CaCO; was lower significant than that in
control treatment (p < 0.05) after just one day
of experiment. Then nitrate concentrations of
the treatment with application of CaCO; were
much higher than those in the control treatment
(p < 0.001).

According to Chen et al. [35], the rate of
nitrification would be reduced when alkalinity
was below 40 gm”. For the case of
nitrification, Gujer and Boller [36] reported that
alkalinity level of at least 75 mg.L™' was
needed to maintain maximum nitrification rate
in nitrifying biofilters of municipal wastewater
treatment. In fact, alkalinity in the form of
carbonate and bicarbonate was a nutrient
element for nitrifying bacteria. In addition,
alkalinity provided the buffering capacity that
was necessary to prevent pH changes due to
acid production nitrification process [22].

CONCLUSIONS

The study demonstrated that the indigenous
nitrifying and denitrifying bacterial cultures,
the macro-algae Gracilaria sp. and CaCOs;
were potential bioremediators in treatment of
TAN, nitrite and nitrate in tropically coastal
intensive aquaculture. These technologies were
feasible options in terms of economics and
environmental concerns. In this study, we also
demonstrated effect of substrata on TAN and
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nitrite removal, TAN and nitrite in the
treatments with supplement of substrata were
maintained at concentrations lower than those
in the treatments without supplement of
substrata. The trend was clearer for the
treatments with inoculation of NBC.
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