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Ideal bacterial support medium for fixed film denitrification processes/bioreactors must be inexpensive,
durable and possess large surface area with sufficient porosity. The present study has been focussed on
removing nitrate nitrogen at two different nitrate nitrogen loading rates (60 (NLR I) and 120 (NLR II) mg l-1) from
simulated aquaculture wastewater. Coconut coir fibre and a commercially available synthetic reticulated
plastic media (Fujino Spirals) were used as packing medium in two independent upflow anaerobic packed bed
column reactors. Removal of nitrate nitrogen was studied in correlation with other nutrients (COD, TKN,
dissolved orthophosphate). Maximum removal of 97% at NLR-I and 99% at NLR – II of nitrate nitrogen was
observed in with either media. Greater consistency in the case of COD removal of upto 81% was observed
at NLR II where coconut coir was used as support medium compared to 72% COD removal by Fujino
Spirals. The results observed indicate that the organic support medium is just as efficient in nitrate nitrogen
removal as conventionally used synthetic support medium. The study is important as it specifically focuses
on denitrification of aquaculture wastewater using cheaper organic support medium in anoxic bioreactors for
the removal of nitrate nitrogen; which is seldom addressed as a significant problem.
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Introduction
In India, one of the major activities for economic sustenance
of communities along coastal areas is aquaculture. Farmed shrimp is
the most profitable commodity and also the most polluting (Naylor et
al., 2000; Treece, 2002). The aquaculture industry has been
challenged to develop economically viable systems that not only
produce species at high density but also must contend with limitations
of location, water availability and environmental impact (Schreier,
2010). Removal of carbonaceous and nitrogenous pollutants before
discharging the wastewater into a water body is therefore essential to
avoid oxygen depletion and eutrophication (Sudarno, 2010). Nitrogen
compounds are among the most important pollutants in wastewater
due to their role in eutrophication (Paredes et al., 2007). To maintain
healthy ecosystem in aquaculture ponds, bioremediation in zero
exchange and integrated recirculating systems and treatment of wastes
prior to discharge are the best eco-friendly practices (Krishnani et al.,
2010). In India, recirculation technologies are not popular owing to
the fact that much of brackishwater shrimp aquaculture is still largely
practiced as a semi-intensive enterprise. Development of an effective,
low-cost treatment is therefore imperative if aquaculture is to expand
continually at the present rate (Zachritz and Jacquez, 1993).

Nitrate accumulation and its management is a recurrent
problem in recirculating aquaculture systems. Nitrate levels can
reach as high as 400-500 mg l-1 (Otte and Rosenthal, 1979; Honda
et al., 1993) in recirculating systems where nitrifying filters are used
for ammonia removal. While nitrifying filters are incorporated in most
recirculating systems according to well established protocols,
denitrifying filters are still under development (Rijn et al., 2006).
Fixed film processes are more superior when compared to
suspended processes in several aspects. Small reactor size, simple
operation and high reliability make this process a cost-effective
system for biological treatment. Biomass accumulation and retention
in biomass systems are enhanced by attachment to a fixed medium.
The ideal packing material/media for such systems should be
inexpensive, durable, have large surface area and with sufficient
porosity. In general, several synthetic media are being used such
as ceramic rings, PVC tubes etc., but their biggest disadvantage is
the relatively high cost (Saliling et al., 2007). In this context, coconut
coir is a relatively inexpensive and easily available natural medium
and can be used for such systems in place of synthetic media.
However, it is important to compare their performance to serve as
support medium for microorganisms to colonize and remove nutrient
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load in wastewater to within prescribed discharge standards. In the
present study, the suitability of coconut coir fibre as a bacterial
support medium for nutrient removal from simulated aquaculture
wastewater was compared against a commercially available
reticulated plastic support medium (Fujino spirals).
Materials and Methods
Experimental setup: Two independent acrylic cylindrical columns,
each with an inner diameter of 5.25 cm and a height of 45.72 cm
were used as biofilters with a volume of 3.9 l each in the study. The
biofilters were each packed with coconut coir fibres (Reactor A) and
Fujino spiralsTM (Reactor B). Prior to packing, the amount, physicochemical characteristics, and nature of media were duly noted.
Circular plastic displacer plates with uniform pores of 1-2 mm size
arranged in circular fashion to contain the packed media were
placed. Three sampling ports of 5 mm diameter were placed along
the height of the reactors at 10 cm intervals. A common influent
storage tank of 40 l capacity was placed above the reactors. A gas
tube was connected to the top portion of the influent tank, which was
in turn connected to a nitrogen gas cylinder so as to remove dissolved
oxygen by purging. By force of gravity, the flow into each reactor
from the influent tank was regulated in an “upflow” mode by two
independent gate valves at the base of each reactor. The top of

each column contained a perpendicular pipeline which diverted
into a T-shape, with one “U-shaped” end leading to effluent collection,
while the other led to a “gas port”, which led to gas collection
assembly by water displacement method.
Operating conditions: During startup, “real” aquaculture
wastewater was cycled through the columns for an initial period until
there was atleast a 70% reduction in the effluent COD from the
principal. The columns were fed with simulated aquaculture
wastewater (Morsi, 2002) at a constant flow rate of 6 l d-1 (Table 1).
The hydraulic residence time (HRT) of the simulated wastewater in
the bioreactors were 6.72 hr. Two different nitrate nitrogen loading
rates (NLR) namely 60 and 120 mg l-1 nitrate nitrogen were used to
compare the two columns with different packing media. 60 NLR
experiments were run for 10 weeks after startup period immediately
followed by 120 NLR for a period of 28 weeks. Methanol was used
as the carbon source at the rate of 1 g of methanol equalling 1.5 g
of COD (Tchobanoglous et al., 2003). pH was maintained at a
range of 7.5 to 8.0. Ambient temperature was at 28oC. Effluent
samples were collected in cleanly labelled 1 l sampling bottles during
operation on a weekly basis for analysis. The analytical procedures
were carried out according to APHA (2005). The coconut coir
packed column bioreactor is termed as “CC” and the Fujino spirals

Time (weeks)
Influent COD (mg l-1)
Effluent COD (FS)
Removal % (FS)

Nitrate removal (%)

COD removal (%)

Nitrate-nitrogen concentration
(mg l-1)

[a]

COD concentration (mg l-1)

[a]

Time (weeks)
Influent nitrate-nitrogen (mg l-1)
Effluent nitrate-nitrogen (FS)
Percentage removal (FS)

Effluent COD (CC)
Removal % (FS)

Influent COD

Effluent COD (CC)

Removal % (CC)

Removal % (FS)

Effluent COD (FS)

Fig. 1: Removal of chemical oxygen demand (COD) at (a) 60 and (b) 120
Nitrate nitrogen loading rates (NLR) at different time intervals.
CC = Coconut coir, FS = Fujino spirals
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(mg l-1)
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Percentage removal (CC)

Time (weeks)
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Removal % (CC)
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Effluent nitrate-nitrogen (FS)
Removal % (FS)

Fig. 2: Removal of nitrate nitrogen (NO3-N) at (a) 60 and (b)120 nitrate
nitrogen loading rates (NLR) at different time intervals.
CC = Coconut coir, FS = Fujino spirals

Aquaculture wastewater treatment with natural and synthetic media
packed column bioreactor is termed as “FS” in the explanation of
results.The daily generation of gas from the anaerobic activity in the
columns were measured using a calibrated water displacement
meter (Lo and Liao, 1986). Gas samples were also collected in 5 ml
sterile exetainers for qualitative determination of methane and
carbon-di-oxide, using Gas chromotograph (Chemito), fitted with
Poropak column and FID detector using N2 as carrier gas. The
flow rate was 30 ml min-1 and the oven temperature was 70oC.
Physico-chemical studies on support medium: After the
completion of nutrient removal studies at two different nitrate loading
rates, it was deemed important to check, to which extent the organic
medium (coconut coir) has undergone changes in it’s physical and
chemical properties. The coir fibres were subjected to biochemical
tests and physical examination. Tensile strength was tested in a
Tinius Olsen H10 KS Universal testing machine for the determination
of breaking load and elongation at break of single strand in
accordance with Indian standard IS 1670 (1991). Scanning electron
microscopy (JEOL JSM-6360) was used to examine the changes
in the medium brought about by the activity and growth of microbial
populations. The preparation of sample for SEM was carried out
according to the method of Prior and Perkins (1974). As a control,
raw coir fibres were observed to appreciate the changes. For
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changes in the chemical properties, the extent of change in the
Cellulose, hemi-cellulose and lignin was observed.
Results and Discussion
At NLR 60 mg l-1 nitrate nitrogen concentration, the maximum
removal was observed for a period of 10 weeks. It took an average
time of 4 weeks for the COD removal to become stabilized to about
71% reduction. The following weeks showed COD removal in the
range of 82 to 87%. The maximum COD removal recorded in CC
was 87% and with FS as support, it was 82%. The average
removal percentages were 75 and 61% respectively. At NLR 120
mg l-1 nitrate nitrogen, the maximum COD removal recorded in CC
was 81% (64 mg l-1), and the maximum COD removal recorded in
FS as support was 72% (96 mg l-1). The average removal rates
were 74 and 72% respectively. The column stabilized by the 8-12th
week where it showed 64% COD removal in CC as support. The
column with FS however stabilized to 70% COD reduction by the
8th week. It is observed that it takes longer time for the organic
support medium to influence the nutrient removal than synthetic
media at higher nitrate nitrogen loading rates. However, both
columns showed a very parallel trend in the COD removal in the
range of 79 to 81% from the 18th week (Fig. 1). In both NLR’s, the

Time (weeks)
Effluent TKN (CC)

Time (weeks)
Influent phosphate (mg l-1)
Effluent phosphate (FS)
Percentage removal (FS)

Effluent TKN (FS)
Removal % (FS)

Removal % (CC)

Phosphate removal (%)

TKN removal (%)

Phosphate concentration
(mg l-1)

[a]

TKN concentration (mg l-1)

[a]

Effluent TKN (CC)

Effluent TKN (FS)

Removal % (CC)

Removal % (FS)

Fig. 3: Presence of total kjeldahl nitrogen (TKN) in (a) 60 and (b) 120 nitrate
nitrogen loading rates (NLR) at differant time intervals.
CC = Coconut coir, FS = Fujino spirals

Phosphate removal (%)

TKN removal (%)
Time (weeks)

Phosphate concentration
(mg l-1)

[b]

TKN concentration (mg l-1)

[b]

Effluent phosphate (CC)
Percentage removal (CC)

Time (weeks)
Effluent phosphate (CC)
Influent phosphate
Effluent phosphate (FS)
Percentage removal % (CC)
Percentage removal % (FS)

Fig. 4: Removal of orthophosphate (PO4 ) at (a) 60 and (b) 120 nitrate
nitrogen loading rates (NLR) at different time intervals.
CC = Coconut coir, FS = Fujino spirals
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Table - 1: Composition of the simulated aquaculture wastewater with
methane as carbon source used
Chemicals

g l-1

Sodium chloride
Potassium chloride
Sodium bicarbonate
Magnesium sulphate
Magnesium chloride
Calcium chloride
Potassium nitrate
Potassium di-hydrogen phosphate
Distilled water

10.547
0.287
0.0719
2.695
1.994
0.445
0.728
0.5
1 lit.

performance of the column packed with coconut coir (CC) has
shown consistent and marginally better removal efficiency than plastic
medium. This could be attributed to the organic nature of coconut
coir, which could have added some COD, thus lowering the net
carbon requirement. Such a situation has been reported by
Robertson et al. (2005) where carbonaceous COD was leached
out of the media into the reactor’s reaction during early stages with
wood chip filters.
Removal of nitrate nitrogen: Nitrate nitrogen levels were
significantly reduced at both nitrate nitrogen loading rates. At NLR 60
mg l-1 nitrate nitrogen loading, maximum removal recorded in both
column reactors reached upto 97%. The average removal
percentages were 86 and 80% respectively for CC and FS as
support medium. At 120 mg l-1, nitrate nitrogen removal was not
significant till 13 weeks, reducing to only up to 80 mg l-1 (Fig.2). The
reason was attributed to insufficient carbon source. On subsequent
increase of carbon source from an initial amount of 0.5 ml l-1 to 1.5 ml
of methanol l-1, nitrate nitrogen removal became pronounced from the
16th wk and reached a maximum of 99% removal on the 28th wk.
The average values taken from the 16th to the 28th wk in terms of
nitrate nitrogen removal efficiency for CC and FS were 76 and 74%.
Denitrification rates based on volumetric measurements have been
measured and are consistent. The initial nitrate loading rates were
153.8 (60 NLR) and 307 (120 NLR) g NO3-N m-3 day-1. The average
denitrification rates when coconut coir was used were 132.3 (60
NLR) and 258.1 (120 NLR) g NO3-N m-3 day-1. The average
denitrification rates with Fujino spirals as support medium were 114.3
(60 NLR) and 250.5 (120 NLR) g NO3-N m-3 day-1. An indicator of
denitrification is the production of alkalinity or it’s increase thereof. In
denitrification, alkalinity is regenerated with a concomitant increase in
pH. In the present study at 60 and 120 NLR with either support
medium, there was alkalinity production and increase in pH; which
corresponded with the nitrate nitrogen removed. The increase in pH
observed in the present study at both NLR s indicative of an increased
buffering effect by the alkalinity produced. Approximately 3.6 mg of
alkalinity are produced for every mg of nitrate nitrogen reduced (EPA,
1993). Alkalinity values are seen to increase in correspondence with
the amount of nitrate nitrogen removed; indicative of the denitrification
process. pH ranged between 7.5 and 8 on average with both support
medium.
Journal of Environmental Biology March 2012

Presence of TKN upflow anaerobic packed bed column
bioreactors: TKN levels were monitored during the denitrification
studies at 60 mg l-1 nitrate nitrogen and 120 mg l-1 nitrate nitrogen (Fig.
3). The total kjeldahl nitrogen (TKN) is a measure of the sum of the
ammonia and organic nitrogen. Organic nitrogen can be classified as
biodegradable and non-biodegradable (Metcalf and Eddy, 2003). It
is interesting to note the presence of TKN in the anaerobic packed
bed bioreactor, since there is no ammonia and organic nitrogen
directly adding to the synthetic wastewater, which was used as the
influent. It must also be noted that TKN only takes into account,
ammonium nitrogen and organic nitrogen; and not nitrate nitrogen.
This could imply that there is some contribution of nitrogenous
compounds (ammonia from undegraded nitrogen, nitrite). The
presence of ammonia as such a source could be attributed to an
occasionally possible case of dissimilatory nitrate reduction to ammonia
(DNRA) ; which refers to the reduction of nitrate to more reduced
inorganic nitrogen species with the concomitant release of energy
(Rijn et al., 2006). Recirculating aquaculture systems biofilter
compartments having high C/N ratios are capable of supporting DNRA
(Schreier et al., 2010). This phenomenon is usually conducted by
fermentative bacteria using nitrate as a final electron acceptor when,
for bioenergetic reasons, reduction of organic matter is not possible
(Tiedje, 1990). In this study, the phenomenon of DNRA was not
separately investigated. Generally, all of the nitrate should be converted
to elemental nitrogen. Rijn et al. (2006) has stated that there is always
the chance of intermediate accumulation of nitrite, nitric oxide and
nitrous oxide, which indirectly add up in the TKN measured. Such
intermediates formation, especially nitrite accumulation can also be
caused by incomplete reduction of nitrate to such products at low
oxygen concentrations, due to differential repression of oxygen on
enzymes involved in the nitrate reduction pathway (Betlach and
Tiedje, 1981). It is now important to discuss specifically as to how the
TKN values observed reduced over time in both 60 and 120 NLR
when the “Nitrification” phenomenon resulting in the oxidation of
ammonia to nitrate is primarily an aerobic process. However, the
reduction of ammonia observed as TKN (ammonia with organic
nitrogen) within the upflow anaerobic packed bed bioreactor is not
due to nitrification. Initially, the amount of carbon was insufficient for
the bacteria to utilize nitrate for their energy requirements. Therefore,
though nitrate was adequately present, bacteria within an anaerobic/
anoxic environment such as in the present study can take a
preference for ammonia over nitrate nitrogen when available. Saliling
(2007) has also reported the preference towards ammonia to nitrate
where available, owing to it’s assimilation for bacterial growth.
Sorption by media is an additional possibility for the removal of
TKN. Apart from the inherent pathways and mechanisms within the
anoxic environment from the conversion of ammonia represented
as TKN; there is the inherent possibility of anaerobic ammonium
oxidation (ANNAMOX) within the bioreactor (Reginnato, 2005).
Initially, with an increased TKN level prior to the beginning of
denitrification, anaerobic ammonium oxidation could have played a
major part. Jetten et al. (1999) has suggested that ammonium nitrogen
reduction within denitrifying reactors can be caused by ANNAMOX
process.
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Fig. 5: Stress-strain graph of coconut coir fibre (A) Raw fibre (B) Fibre from column reactor

Fig. 6: Scanning electron microscopic photographs of coconut coir fibres (A) Raw coir fibre at 230x magnification, (B) Coir fibre from reactor at 230x
magnification, (C) Raw coir fibre at 5,000x magnification, (D) Coir fibre from reactor at 5,000x magnification,(E) Raw coir fibre at 7,000x magnification, (F)
Coir fibre from reactor at 7,000x magnification.

Dissolved orthophosphate removal: At 60 mg l-1 nitrate nitrogen
concentration, the maximum orthophosphate removal recorded in
CC as support was 54% and with the FS as support, it was 55%.
The average removal were 49 and 47% respectively. At 120 mg l-1,
the maximum orthophosphate removal recorded in column with

coconut coir was 60%, and the maximum orthophosphate removal
recorded in column with Fujino spirals as medium was 63%. The
average removal rate for both was 47% respectively (Fig. 4).
Orthophosphate removal was not very high at both NLR’s, which is
an expected outcome. Assimilation of phosphate in anaerobic phase
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is only under excess of their own metabolic requirements and can be
observed only under optimal denitrifying conditions with the
presence of such heterotrophic denitrifying micro-organisms.
Physical and biochemical tests: Physical and biochemical tests
were conducted on coconut coir and Fujino spirals (where applicable)
after 28 weeks of nutrient removal studies. The energy required to
break a strand of coconut coir fibre was tested in a universal testing
machine. 6.35 N of energy was required to break a raw coconut coir
fibre while only the energy required to break a fibre after 28 weeks of
exposure to reactor conditions was 3.78 N (Fig. 5). The retention of
residual tensile strength after prolonged exposure is a useful indicator
of the physical durability of coconut coir. Scanning electron microscopy
carried out for both support medium at their raw state and after 28
weeks showed significant attachment of biofilm. Biochemical tests carried
out on coconut coir fibres showed good retention of moisture of upto
0.6%, an increase of 0.53% from an initial of 0.07% in the raw fibre.
The fibre had an initial solids content of 99.93% which remained largely
unaffected and ash analysis showed the added contribution of biomass;
as it increased from 0.97% in raw fibre to about 6.64% in the fibre postnutrient removal studies. The most important results which imply a
demonstration of the structural integrity is the amount of total percentage
lignin (acid soluble and acid insoluble) which reduced to 45% from an
initial of 61% in the raw coconut coir fibre during the course of the study.
The comparison of coconut coir fibre with synthetic bacterial
support medium revealed closely comparable results. During the
nitrate nitrogen removal studies at both 60 and 120 mg l-1 of influent
nitrate nitrogen in the synthetic wastewater, the performance of the
column packed with coconut coir has been consistent and marginally
better than Fujino spirals. This has been attributed to the organic
nature of coconut coir, which could have added some COD; lowering
the net carbon requirement. The presence of micronutrients such as
Ca, K, Mg, Na, etc., in coconut coir fibre could also serve as an
influencing factor for denitrification, which is independent of the nutrients
obtained from the wastewater going into the reactor system (Saliling
et al., 2007). Such advantages cannot be observed in synthetic
medium though they may offer non-degradability and increased
surface area. Physical and biochemical changes to the support medium
indicated that coconut coir fibre could withstand significant exposure to
the experimental conditions. These observations indicate that coconut
coir fibre could be utilized as effectively as commonly available synthetic
bacterial support medium, for the removal of nutrients from aquaculture
wastewater.
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