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Studies on COD Removal in Upflow Anaerobic Attached Growth 
Bioreactor Treating Simulated Aquaculture Wastewater 

V ALSA REMONY MAN OJ· AND NAMASIV A YAM VASUDEVAN 

In the present study, the suitability of coconut coir libre as a bacterial support 
medium was compared against a commercially available reticulated plastic support 
medium (fujino spirals) for nutrient removal. The suitability was studied using 
anaerobic packed bed columns using Methanol as exogenous carbon source. 
Simulated aquaculture wastewater was used. The most important evaluator on 
the extent of denitrilication is the consumption of organic carbon measured as 
Chemical Oxygen Demand (COD). The average removal rates were 74% and 
72% for coconut coir and fujino spirals respectively. The performance of the 
column packed with coconut coir has shown consistent and marginally better 
removal efficiency than fujino spirals. 
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Introduction 

Farmed shrimp vide aquaculture is the most 
profitable commodity, and also the most polluting 1-=. 
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'. To maintain healthy ecosystem 
in aquaculture ponds, bio-remediation in zero exchange 
of water and integrated recirculating systems and 
treatment of wastes prior to discharge arc the best 
eco-friendly practiccs4. Development of an effective, 
low-cost treatment is therefore imperative if 
aquaculture is to expand continually at the present 
rate5. 

The results presented here represent the 
observations on COD removal during studies in an 
uptlow anaerobic packed bed column used to study 
the comparative efficiency of nitrate nitrogen removal 
from simulated aquaculture wastewater by two bacterial 
support media namely reticulated plastic medium 
(fujino spirals) and naturally available coconut coir. 
The major objective of this study was to determine 
whether coconut coir fibre could be utilized as 
effectively as commonly available synthetic bacterial 
support medium, for the removal of nutrients 
(particularly nitrate nitrogen) from aquaculture 
wastewater. The COD in this case was mainly 

contributed from methanol used as the exogenous 
carbon source. The most important evaluator on the 
extent of denitrilication is the consumption of organic 
carbon measured by the Chemical Oxygen Demand 
(COD). carbon in this study was mainly sourced from 
the addition of methanol which is a C-1 carbon 
containing solvent. 

Therefore, the principal purpose to provide a 
carbon source was for the removal of the said amount/ 
concentration of nitrate. However during the study, 
certain interesting observations with reference to the 
removal of COD were made, which are explained in 
this paper. Reducti0n of Nitrate nitrogen at two different 
Nitrate nitrogen loading rates (NLR-1 and NLR II) by 
the process of biological denitrilication was studied. 
Along with Nitrate nitrogen reduction, the reduction in 
Chemical Oxygen Demand (COD), Total Kjeldahl 
Nitrogen (TKN) and Dissolved Orthophosphate (P0

4
) 

were also studied. 

The Chemical Oxygen Demand (COD) of the 
aquaculture wastewater tested in this study ranged 
from 314 - 354 mg/L. There are several sources of 
COD for the aquaculture wastewater. The major types 
of COD are soluble and particulate COD. These can 
further be understood as fractions namely: (I) readily 
biodegradable soluble COD, (2) slowly biodegradable 
colloidal and particulate (enmeshed) COD, (3) non
biodegradable soluble COD, and (4) non-biodegradable 
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colloidal and particulate CODh. I II this study, the 
biodegradable and non-biodegradable COD was 
analyzed together using the open rellux method. 

Materials and methods 

Two independent acrylic cylindrical columns 
were used as the biofilters with a volume of 3.9 Leach 
in the study. The size of the reactors was determined 
based on preliminary studies carried out using 1.5 L 
PVC cylindrical columns. The biofilters were each 
packed with coconut coir fibres (Reactor A) and fujino 
spirals (Reactor B). Prior to packing, the amount, 
physico-chcmical 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 
\lf 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 !low into each 
reactor from the intluent tank was regulated in an 
"uptlow" mode by two independent gate valves at the 
base of each reactor. The top of each column contained 
a cftlucnt collection port and gas collection port by 
water displacement ·method. A line diagram of the same 
is presented in Fig I. 

During startup, "real" aquaculture wastewater 
was cycled through the columns for an initial period 
until there was atleast 70% reduction in the cftluent 
COD from the principal. The columns was fed with 
simulated aquaculture wastewatcr7 at a constant !low 
rate of 6 L/<l. The Hydraulic Residence Time (HRT) 
of the simulated wastewater in the bioreactors was 
6.72 h. Two different Nitrate nitrogen loading rates 
(NLR) namely 60 mgJ·1 and 120 mgl· 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 equivalent to 1.5 grams of 
COD". pH was maintained at a range of 7.5 to 8.0. 
Ambient temperature was at 28"C. Effluent samples 
were collected in cleanly labelled I L sampling bottles 
during operation, on a weekly basis for analysis. The 
analytical procedures were carried out according to 
APHN.The daily generation of gas from the anaerobic 
activity in the columns was measured using a calibrated 
water displacement meter10. 
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Results and discussion 

COD removal 

At NLR of 60 mg/L nitrate concentration, th 
maximum removal was observed for a period of 11 
weeks. It took an average time of 4 weeks for th, 
COD removal to become stabilized to· about 71 : 
reduction. The following weeks showed COD remova 
in the range of 82 % to 87 %. The maximum COi 
removal recorded in column with coconut coir a 
medium was 87 % and. with the column packed wit 
fujino spirals as support, it was 82 %. The averag 
removal was 75 % and 61 % respectively. The result 
arc indicated in Fig 2. At NLR of 120 mg/L nitrate 
the column stabilized by the 12th week where it reache, 
64 % COD removal in column with coconut coir a 
support. Interestingly, the column with fujino spiral 
as suppPrt medium showed stabilized values of up t, 
70 '.!'. u~ carly as the 8'h week. This condition wa 
unique to the higher nitrate loading rate of 120 mg/I 
and showed almost equal trends in COD removal 
This trend would in<;licate that it takes longer time fo 
the organic support medium to influence the nutrien 
removal than synthetic media at higher nitrate loadin, 
rates. However, both columns showed a very paralle 
trend in the COD removal in the range of 79 % to 81 : 
from the 18th week. The maximum COD remova 
recorded in column with coconut coir was 81 % (6-
mg/L) , and the maximum COD removal recorded i: 
column with fujino spirals as support was 72 % (9, 
mg/L). The average removal rates were 74% and 72: 
respectively. The results are presented in Fig 3. 

In both the NLR's, the performance of th, 
column packed with coconut coir has shown consistenc. 
and marginally better removal efficiency than fujin, 
spirals. This could be attributed to the organic natur, 
of coconut coir, which could have added some COD 
thus lessening the net carbon requirement. Such 
situation has been reported11 where carbonaceous COi 
was leached out of the media into the reactor's reactio: 
during early stages with wood chip filters. 

The COD recorded in the eftluent is an indicato 
of unutilized carbon source. If this were the case 
then far less amount of carbon source is required fo 
the column packed with coconut coir than the on 
packed with fujino spirals. Previous studies12 have note, 
that though there is a possibility of organic mediun 
leaching out carbonaceous COD, it is likely to b 
negligible compared to the methanol contribution. Thi 
factor is important to keep note at this juncture sine 
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he role of COD ie., carbon source is to transfer 
ilectrons from a reduced state to an oxidized electron 
,cceptor, which is the Nitrate nitrogen ion (NO

3
-N). It 

snow important to understand that COD by itself can 
,e divided into biodegradable COD and non
>iodegradable COD. Biodegradable COD, that is readily 
;oluble is quickly assimilated by the biomass, while 
he particulate and colloidal fractions of biodegradable 
:OD must first be broken down by extracellular 
:nzymes and are thus assimilated at much slower 
·ates13. The dynamics of carbon utilization are also 
mown to vary widely. An important observation in 
;tudies on columnar denitrification for aquaculture 
ivastewater14 reports that there can be instances of no 
ixogenous carbon utilization as well as fairly long 
>eriods of up to 25 to 50 % utilization. The same 
;tudy has also stated that effluent carbon increases 
ivhen C: N ratio increases. This is an additional reason 
·or the presence of residual COD in the effluent. Two 
,tudies15•16 have made parallel observations/hypothesis 
hat the residual COD is mainly in the form of soluble 
nicrobial products (SMP), and is a result of substrate 
1tilisation (UAP - Utilisation Associated Products) 
rnd biomass decay (BAP - Biomass Associated 
>roducts). An earlier observation17 confirms that BAPs 
,re the major contributor to effluent COD, where he 
1as stated that the fraction of biomass decay products 
:high molecular weight fractions, e .g. cell walls and 
:ell lysis products) would increase substantially as 
he substrate concentration decreases. 

Whenever there is a deficiency in the bio
legradable carbon within the column, there is the 
>rovision of extra carbon, albeit marginal, being leached 
rom the organic packed medium (coconut coir). This 
:arbon could also contribute to the biodegradable 
·raction of carbon engaged in the process of 
lenitrification. The C/N ..ratio required for complete 
titrate reduction to nitrogen gas by denitrifying bacteria 
lepends on the nature of the carbon source and the 
,acterial species1

M. -The type of denitrification where 
:lectrons and proi'bns are derived by the denitrifiers 
or nitrate reduction to elemental nitrogen from organic 
:ompounds such as carbohydrates, organic alchohols 
eg.methanol), amino acids, fatty acids is called 
1eterotrophic denitrification 19• 

':OD I N~1-N ratio 

In order to draw an estimation of the 
>ioreactor's capacity to utilize carbon for denitrification, 
t is important to draw a ratios of the COD consumed 
o the Nitrate nitrogen reduced. The COD / N03- N 
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ratios for a stoichiometric reaction while using methanol 
as the carbon source is 2.95 - 3 mg COD/NO;-N19

• In 
the present study, the influent COD/NO3- N ratio for 
60 NLR and 120 NLR was 4.3 and 2.8 respectively. 
As the level of nitrate reduction progressed primarily 
by the process of denitrification, the ratio of the COD/ 
NO

3
- N reached values closer to the theoretical 

stoichiometrical levels when methanol is used as a 
carbon source. Initially, the COD/NO3-N ratio observed 
during 60 NLR was 4.6. At the 9th week when optimum 
nitrate reduction was observed in both upflow packed 
bed anaerobic column bioreactors, both the column 
bioreactors showed a reduction in the ratio. Column 
bioreactor with coconut coir as support medium reached 
a ratio of 4.1 , while column bioreactor with fujino 
spirals reached a ratio of 3.8 at their optimum Nitrate 
nitrogen removal (Fig 4). The marginally higher 
difference in the ratio obtained at the point of maximal 
nitrate reduction at 60 NLR in the column using coconut 
coir fibre as support medium; indicates a better 
utilization of COD for nitrate reduction. 

At 120 NLR, the influent COD/NO
3
-N ratio 

was more closer to the stoichiometric value namely 
2.8. Until the I 7th week, almost no nitrate removal 
could be observed in the column bioreactor with fujino 
spirals compared to the marginal removal observed in 
the column bioreactor using coconut coir as support 
medium. In the column ~iqreactor with coconut coir as 
medium, the ratio of COD consumed to the Nitrate 
reduced was higher at 5.4 and gradually reduced to 
2.8. Both the support media namely coconut coir fibre 
and fujino spirals showed a ratio of 2.3 at the point 
when nitrate reduction was maximum ie., during the 
28th week. The reduction in the COD/NO

3
-N ratio to 

its optimal levels of 2.3 was obtained between the 
I 7th and the 28th week. The results are shown in Fig 5. 

In general, the COD/NO
3
-N ratio and the nature 

of the carbon source would determine the nitrate 
reduction pathway. Excessive carbon addition may 
result in dissimilatory nitrate reduction to ammonia 
(DNRA). This might be the reason for the elevated 
levels of TKN (sum of ammonia and organic nitrogen) 
observed in the beginning of the column bioreactor 
study and its gradual decline as the carbon source was 
used more efficiently for nitrate reduction. 

Removal ofTSS and production olbiogas 

The TSS production, percentage COD 
reduction and relative gas production were closely 
monitored during the two nitrate loading rates of 60 
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and 120 mg/L. It is to be noted that TSS reduction in 
general was only 30 % to 40 % on an average. This is 
to be observed with some importance since the amount 
of readily digestable organic matter is considerably 
lower owing to the simulated nature of the wastewater. 
This is reflected in the lower production of gas which 
was also in the production range of only 30-40 %. The 
volume of gas produced ( volumetric gas production) is 
theoretically expected to reach an average of 6 litres 
per day equivalent to the feeding rate of 6 L per day. 
However, the average volumetric production of gas 
measured was only about .2 L per day. The lower gas 
production however, did not reflect in the removal of 
Rutrients, especially nitrate. The reason behind the 
lower gas production could therefore be considerably 
justified by the presence of non- biodegradable fraction 
·of the COD and the retention of gas within the column 
reactor due to loss of sufficient pressure for the gas to 
exit the reactor. The relationship between percentage 
COD reduction and volumetric gas production during 
the studies with two nitrate loading rates ( 60 and 120 
mg/L) hac, been shown in Fig 6 and Fig 7 respectively. 

It is to be noted here that the production of 
gas with corresponding COD removal prior to the 
establishment of nitrate nitrogen reduction is not a 
result of denitrification process. Therefore, it is to be 
acknowledged here that several other pathways could 
have played a major role resulting in the reduction of 
COD and gas production. In case of COD removal at 
60 mg/L loading rate, column with fujino spirals as 
support medium was able to remove a maximum amount 
of 82 % while coconut coir supported column was able 
to remove upto 87 %. On an average also, column 
with coconut coir as support medium showed slightly 
better performance than fujino spirals support medium 
with 69 % and 64 % respectively. At 120 mg/L nitrate 
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Fig. 1: Experimental set-up used in the study 
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loading rate, both coconut coir fibre and fujino spirn 
supported columns reached a maximum removal 
about 81 %. The average percentage removal show• 
a slightly higher removal in case of coconut coir bei1 
74 % than fujino spirals at 72 %. Towards the end 
each NLR ( 60 and 120), qualitative detection of ti 
biogas constituents was carried out to determine ti 
nature of gases generated. This demonstrated ti 
presence of methane and hydrogen, both constituer, 
of biogas mediated by anaerobic digestion. Quantitafr 
measurements of methane generation or nitrog1 
production by gas chromatography were not done. 

The presence of methane is contradictory sin 
methanogenesis is generally inhibited by the presen 
of nitrate, mainly in its reduced forms as NO, a1 
others!I . If this were the case, then the methanogene! 
observed would have occurred after the nitrate 
exhausted or at a concentration low enough for t! 
methanogens to grow. Such a scenario is doubtful ir 
continuously operated bioreactor receiving consta 
influx of nitrate. However, literature does suggest th 
simultaneous denitrification and methanogenesis 
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possible. However, an earlier studf~ has reported the 
occurrence of simultaneous methanogenesis and 
denitrification in a methanol fed bioreactor 
anaerobically treating nitrate rich wastewater. The same 
study has suggested that "if methanogenic bacteria 
work together with denitrifying bacteria in a reactor, a 
low level of eflluent organics, as well as nitrite or 
nitrate, can be achieved". 

Conclusion 

In the study on Nitrate nitrogen removal using 
upflow anaerobic packed bed columns, some interesting 
observations could be made on the COD removal. 
From the results obtained, residual COD could be 
att_ributed to the organic nature of the packing media 
or even attributable to simultaneous methanogenesis 
and denitrification. What is clear, is that while COD 
removal could be correlated to the removal of N03-N 
removal in the bioreactor system, it is always important 
to realize the role of other plausible factors that cause 
the reduction apart from the carbon utilisation process 
by denitrification. 
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