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Abstract— This study evaluated effect of organic carbon
sources and concentrations on nitrate removal in
denitrification tanks specially designed for recirculating
aquaculture system. The experimental units consisted of glass
tank containing 5 cm depth of pumice rock at the bottom and
8 L of water. Effect of organic carbon sources was studied
using methanol or molasses addition to treatment tanks against
control tanks without organic carbon addition. The carbon to
nitrogen ratio was provided by adding methanol or molasses at
COD:NO3--N ratio of 5:1 and denitrification rates were
calculated using Michaelis-Menten kinetics equation. The
results showed that maximum denitrification rate of methanol
or molasses were 4,531.3±186.1 and 4,094.8±254.4 mgN/m2/day, respectively. However, the molasses addition tanks
had higher risk of ammonia accumulation and hydrogen
sulfide production, hence methanol was selected as the
appropriate carbon source. Evaluation of the optimum
COD:NO3--N ratio between 3:1 to 6:1 illustrated that higher
denitrification rate was obtained with high methanol addition
in which the maximum denitrification rate increased from
2,334 to 7,529 mg-N/m2/day.

Denitrification process is an efficient process for nitrogen
removal from aquaculture. Denitrification occurs in natural
anaerobic sediment in the aquaculture pond but addition of
organic carbon can enhance denitrification rate [3].
Methanol, ethanol and acetic acid are organic carbon sources
widely used for enhancing denitrification processes in
organic carbon-limited wastewaters, sludge and soil [4, 5, 6].
The mostly applied organic carbon is methanol which has
high reducing power and low oxidation state. Apart from that,
another consideration is the cost which is a major part of total
wastewater treatment expense. With aquaculture, the nitrate
removal process via anaerobic denitrification process has
been implemented in [7, 8] but not yet accomplished in
commercial scale.
Our previous study [9] illustrated the possibility of
denitrification tank using pumice rock as filtration material
coupling with organic carbon addition. It was found that
pumice rock denitrification tank had high denitrification rate
(3,906±36 mg-N/m2/day) and low risk of hydrogen sulfide
production. Moreover pumice rock had low weight to
volume than other materials such as natural aquaculture pond
soil, sand, and vermiculite.
This study evaluated the effect of organic carbon sources
and concentrations on nitrate removal in pumice rock
denitrification tank under laboratory condition. This leads to
the future development of the low-cost RAS with nitrate
treatment.
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I.

INTRODUCTION

The advantageous of Recirculating Aquaculture Systems
(RAS) is due to its capability to cultivate high fish density
with minimum effluent discharge [1]. During operation, RAS
must withstand large amount of waste, especially toxic
nitrogenous compounds i.e. ammonia and nitrite which are
continuously produced by fish excretion and organic waste
decomposition. The most capable nitrogen treatment process
in the RAS is nitrification in which ammonia is oxidized to
nitrite and nitrate respectively. Although nitrification can
prolong water exchange but accumulation of nitrate is
generally found and water exchange is therefore
recommended when nitrate reach 50 mg-N/L. Discharge of
high nitrate wastewater directly to the environment can
probably cause impact such as eutrophication in natural
water bodies [2].

II.

MATERIALS AND METHODS

A. Denitrification tank
Glass tanks with a dimension of 20 x 20 x 35 cm3 (surface
area at 0.04 m2) were used as a denitrification tank in this
experiment (Figure 1). Pumice rock were cleaned, dried and
sieved to 1-3 mm particle size before packed at the bottom of
the glass tank with 5 cm layer thickness. Continuous aeration
in the denitrification tank was provided by an airstone and
water in the tank was mixed using a small aquarium pump
hence the dissolved oxygen (DO) in the water was
maintained at higher than 2.0 mg/L. Oxidation-reduction
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The half-maximum constant (Km) was the X-axis intersection
on the graph [12].

potential (ORP) in the water and at 2.5 cm depth of the
media layer was monitored with daily basis.
At the beginning, 8 L of fresh water containing 100 mgN/L KNO3 was added into the tanks. Thereafter, during the
experiment, water was exchanged with freshwater containing
100 mg-N/L when nitrate concentration in the denitrification
tanks was lower than 5 mg-N/L.

V=

(1)

For statistical analysis, analysis of variance (ANOVA)
with further Duncan’s multiple range test was used to
compare differences among treatment groups.

ORP controller

III. RESULTS AND DISCUSSION
Chemical properties analysis in Table I illustrated that
molasses had high in COD and nitrogen content. With
carbon content calculation, addition of carbon source into
each denitrification tank was 3.4 ml or 5.61 g for methanol
or molasses, respectively.

Circulating pump

3 cm
Sediment level

Pumice rock

Vmax .S
K m +S

TABLE I.

5 cm

CHEMICAL AND PHYSICAL PROPERTIES OF METHANOL AND
MOLASSES

2 cm

Figure 1. Side view illustration of denitrification tank in this study

B. Experiment I: Effect of organic carbon sources
The experiment consisted of control (without carbon
addition) and treatments with methanol or molasses were
added at COD:NO3--N ratio of 5:1. To obtain physical
characteristics of molasses which is the byproduct of sugar
processing, Chemical Oxygen Demand (COD), Total
Kjeldahl Nitrogen (TKN), and pH were analyzed.

Parameters

Methanol

Molasses

Physical characteristics

Colorless
liquid

Dark brown,
Viscous liquid

COD (mg/L)

1.5 g COD/g
MeOHa

993,549

TKN (mg/L)

-

11,456

6.84

6.70

3.4 ml

5.61 g

pH
Amount required for COD:NO3--N
ratio of 5:1 (per tank)

a. COD was calculated based on the theoretical values of methanol.

At initial, the denitrification tanks were acclimated for
20 days before starting the experiment. It was found that,
after carbon addition at COD:NO3--N of 5:1 in day 20,
nitrate removal in both treatments were found (Figure 2) in
which nitrate concentration was reduced to 6.26±0.6 or
28.8±4.1 mg-N/L for methanol or molasses addition,
respectively. On the other hand, it was clearly that
denitrification was not occurred in control tanks without
external carbon addition.
As shown in Table II, calculation of maximum
denitrification rate (DNRmax) using Michaelis-Menten
kinetics equation showed that DNRmax of methanol and
molasses supplement were 4,531.3±186.1and 4,094.8±254.4
mg-N/m2/day, respectively. Nitrate concentration in the
outlet water of treatment tanks had low nitrate concentration
but small amount of nitrite (0.1-1.8 mg-N/L) was found as
nitrite is the intermediate product of the denitrification
process [13, 14].

C. Experiment II: Effect of C/N ratio
The experiment consisted of control (without carbon
addition) and treatments with methanol addition various
COD:NO3--N ratio of 3:1, 4:1, 5:1 and 6:1.
D. Water quality analysis
Ammonia-N and nitrite-N were analyzed using the
colorimetric method [10] and nitrate-N was measured with
the ultraviolet spectrophotometric screening method [11].
Alkalinity was measured based on titration. Monitoring of
pH, temperature and dissolved oxygen was performed using
pH meter (HANNA HI98240), thermometer and DO meter
(HANNA HI964400), respectively. Oxidation-reduction
potential (ORP) was monitored daily with ORP probe
(HANNA HI3010) at 2.5 cm depth in the pumice layer and
in the middle of water column. Residual methanol in the
outlet water was analyzed using the COD closed reflux
method.
E. Denitrification Rate
Denitrification rate was expressed using MichaelisMenten kinetics (equation 1) between nitrate concentration
(S) and denitrification rate (V). A linear regression between
S and S/V was used for the calculation of maximum
denitrification rate (Vmax or DNRmax) in which Vmax = 1/slope.
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TABLE II. THE AVERAGE WATER QUALITY PARAMETERS IN CONTROL
TANK AND TREATMENT TANKS WITH METHANOL OR MOLASSES ADDITION

Max. denitrification
rate
- mg-N/m2/day
- mg-N/L of packing in
pumice/day

Control

Methanol

Molasses

-

4,531.3±186.1
90.6±3.7

4,094.8±254.4
81.9±5.1

Water quality
- Amonia (mg-N/L)
- Nitrite (mg-N/L)
- Nitrate (mg-N/L)
- Alkalinity
(mg/L as CaCO3)
- pH
- ORP in water (mV)
- ORP in pumice layer
(mV)

0.0a
0.0a
104.5±2.4c
116.4±35.3a
a

7.6±0.2
186.7±8.4
178.1±8.8c

0.0a
0.1±0.0a
6.2±0.6a
331.3±90.2c

Figure 2. Nitrate (A), nitrite (B) and ammonia (C) in treatment tanks
(methanol or molasses addition) and control tanks (without organic carbon
addition). Nitrate addition was repeated 5 times during the experiment.

5.1±0.6b
1.8±0.5b
28.8±4.1b
248.3±73.7b

b

The second experiment evaluated the denitrification rate
of pumice rock denitrification tank with methanol addition at
COD-NO3--N ratio between 3:1, 4:1, 5:1 and 6:1. The result
in Figure 4 showed that higher methanol concentration could
significantly increase denitrification rate. Calculation of
maximum denitrification rate in Table III revealed that
DNRmax was increased from 2,334 to 7,529 mg-N/m2/day
when COD-NO3--N ratio was increased from 3:1 to 6:1.
Nitrite and ammonia analysis showed low concentration of
these two compounds compared to nitrate.
Increase of alkalinity in treatment tanks was in proportion
to the denitrification rate. This was due to an accumulation
of bicarbonate (HCO3-) [17]. Nevertheless, organic addition
at high COD:NO3--N ratio e.g. 6:1 or higher would possibly
resulted in excess methanol in the water. Results from COD
analysis in Table III illustrated that COD in outlet water was
detected only in treatment with 6:1 methanol addition. Hence
the COD:NO3--N ratio of less than 5:1 was recommended to
prevent methanol residue in the outlet water because high
concentration of methanol could affect growth, maturity
index and fecundity of fish [18].

a

8.4±0.3
190.6±9.0
-217.9±26.3b

7.82±0.5
191.5±9.2
-274.3±37.4a

a. to c. in the same row indicates significant different (P<0.05).

(A) 140

Control

Metha nol

ORP (mV)

Results from Figure 2-C showed that higher ammonia
concentration (5.1±0.6 mg-N/L) was found in the outlet
water of molasses treatment. The higher average ammonia
concentration was probably due high initial TKN value in
molasses (11,456 mg/L). Furthermore, it was found that
molasses addition could highly risk in oxygen depletion, as
well as the occurrence of sulfate reduction to odorous and
toxic hydrogen sulfide. As illustrated in Figure 3, ORP of
water phase in denitrification tank was about 200 mV which
indicated the sufficient amount of oxygen for aerobic
condition. While in the material phase, the ORP value was
below -100 mV, clearly confirmed for the anoxic or
anaerobic conditions. ORP in the pumice rock media layer of
molasses tanks were between -210 to -345 mV which were
lower than that of methanol system which was between -160
to -260 mV. In general, complete denitrification process
resulting the ORP value at less than -200 mV but hydrogen
sulfide (H2S) from sulfate reduction process was detected
when ORP decreased below -300 mV [15]. The occurrence
of toxic hydrogen sulfide results in a lower pH and alkalinity
value, which was opposite from that taken place in complete
denitrification process [16]. With these reasons, methanol
was hence selected for further experiment.
Mola sses

mg NO3 - -N/L

120
80

Methanol

Molasses

water phase Day
25
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35
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ma terial phase (pumice rock layer)
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40

TABLE III. COD OF EFFLUENT WATER AND MAXIMUM DENITRIFICATION
RATE (DNRMAX) OF PUMICE ROCK DENITRIFICATION TANK SUPPLEMENTED
WITH METHANOL AT VARIOUS COD:NO3 -N RATIO

20
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(B) 8

mg NO2 - -N/L

Control

Figure 3. ORP in denitrification tanks of control (without organic carbon),
and treatment tanks (with methanol and molasses addition)

100

COD:NO3--N

mg-N/m2/day
DNRmax-Methanol

COD (mg/L)

3:1

2,333.9±55.3

ND.

4:1

3,641.1±233.3

ND.

5:1

4,604.9±185.6

ND.

6:1

7,528.6±794.6

63.0±15.6

6
4
2
0

(C) 8

mg NH4 + -N/L
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0
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ND. = Not Detectable.
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Figure 4. Concentrations of nitrate in the denitrification tanks of control (without carbon addition) and methanol addition treatment tanks at various
COD:NO3--N ratio from 3:1 to 6:1.

IV.

[4]

CONCLUSIONS

Organic carbon addition in either methanol or molasses
could accelerate denitrification rate in the pumice rock
denitrification tanks under laboratory condition. However,
methanol is more suitable for aquaculture application since
molasses could cause problems regarding darken water color,
ammonia accumulation, as well as the risk of toxic hydrogen
sulfide production. With methanol, addition at COD:NO3--N
ratio between 3:1 to 6:1, denitrification rate would increased
from 2,334 to 7,529 mg-N/m2/day.
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