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Abstract
We investigated rice husk as the sole carbon source as well as biofilm carrier in the biological denitrification of wastewater in up-flow laboratory reactors. Fast startup of the reactor and high nitrate removal efficiency was observed. The highest denitrification rate (about 0.096kg/m3·d) was achieved when flow rate and
nitrate concentration were 41.4L/d and 25.0mg/L, respectively. Flow rate and nitrate concentration of the influent were observed to have a significant effect on nitrate removal efficiency. The reactor had the ability to
accommodate a wide range of pH (6.5-8.5) and DO (1.5-4mg/L). A time-dependent decrease in nitrate removal
efficiency was observed after 72 days of operation. And the addition of new rice husk brought about a rapid
increase of nitrate removal efficiency. Results showed that rice husks can be an economical and effective carbon source for the nitrate removal process.
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Introduction
Nitrogen contamination has become an environmental
and public health problem in many developed and developing countries, and the removal of nitrogen compounds from
wastewater before they are discharged into receiving bodies is of increasing importance. Nitrate pollution is caused
by intensive use of nitrogen fertilizers, crop irrigation with
domestic wastewater and uncontrolled on-land discharges
of raw and treated wastewater [1-2].
Various treatment techniques such as reverse osmosis,
ion exchange, chemical reduction, physical adsorption and
biological denitrification have been employed to remove
nitrates from wastewater [3-5]. Nevertheless, reverse osmosis and ion exchange are always used to solve a small quantity of nitrate-polluted water; moreover, they produce
nitrate-concentrated waste streams that pose a disposal
problem due to high salinity [6, 7]. The disadvantage of
*e-mail: xuzx@sepb.gov.cn

chemical reduction lies in the production of ammonia [7].
Physical adsorption is not fit for removing excess nitrate
from wastewater, due partly to their high cost. On the other
hand, many kinds of absorption materials are not fit to
remove nitrate from wastewater because of the presence of
numerous impurities in the wastewater [8-11]. However,
Biological denitrification is the reduction of nitrate to nitrogen gas by facultative bacteria, which can occur naturally.
As of now, biological denitrification is accepted as the best
available technology for the reduction of nitrate from
wastewater [12].
The majority of biological denitrification treatments
rely on heterotrophic bacteria, which require organic carbon substrate. The traditional technique is to add an organic carbon source (e.g. methanol, ethanol, acetic acid) into a
denitrification reactor [3, 13]. The disadvantages of this
treatment process are the need of a close, rather sophisticated and costly process control, the risk of overdosing and
deep knowledge about the operation of this biological system. Moreover, traditional liquid carbon sources (such as
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methanol, ethanol, and acetic acid) are always expensive
and potentially hazardous. Hence, a global search is on for
a new and viable alternative. Studies in recent years have
indicated that some natural organic substances can be used
as efficient carbon sources to remove nitrate from wastewater [12, 14-16]. In this research, we chose rice husk as a
carbon source and the only physical support for microorganisms. In contrast to conventional treatment units, denitrification with rice husk presented here is a simple process.
Rice husk can be used as both the carrier and carbon source
for denitrification.
As the main by-product of rice, rice husk accounts for
approximately 20% of all rice products [17]. The focus of
the study was to determine whether rice husk can serve as
the sole carbon for the denitrification of wastewater and the
sole physical support for bacterial attaching. The use of
unmodified or modified rice husk as an adsorbent for
removing pollutants has attracted considerable attention in
recent years [18-22]. However, currently little information
is available on the behaviors of nitrogen removal from
wastewater by use of natural rice husk.

Materials and Methods

Experimental Apparatus
PVC columns used as reactors were 70cm high with an
inner diameter of 14.5cm. Rice husk was placed into the
reactor after pretreatment as described above in section 2.1.
A thin layer of glass wool was placed at both ends of the
packing material and the upper glass wool was fixed with
wire netting. After rice husk was packed, medium and
inoculum were dosed into the column. The inoculated reactor was allowed to stand for 3 days before flow was initiated. The flow created an up-flow through the column with a
rate regulated by a peristaltic pump (BT01-100). All experiments were conducted in dark condition by cover of aluminium paper (Fig. 1).

Water Medium
Medium solution was prepared daily by tap water supplemented with KNO3 (A. R., Shanghai Chemicals Plant,
China) as N source and K2PO4 (A. R., Shanghai Chemicals
Plant, China) as P source. To establish different Dissolved
Oxygen (DO) conditions in the feed vessel, the media was
swept by nitrogen gas.

Analytical Methods

Pretreatment of Rice Husk
Natural rice husk with a length of 4-7mm and width of
2-3mm was collected from a local village of Chongming
county in Shanghai, and the same material was used in all
experiments. Rice husk was washed by tap water prior to
oven drying (30ºC). The material was preserved at room
temperature (25ºC) and kept in a moisture-free container.
The weight and filling height of the substances were measured to determine the percentage loss of material during
the experiment. In the beginning, the weight and filling
height of rice husk were 1,000g and 60cm, respectively.

Characteristic of Rice husk Lixivium
The experiments on characteristic of rice husk lixivium
were conducted in 500-ml glass vessels with distilled water
(400ml) and 10g of rice husk were packed in each reactors.
A small outlet at the bottom of the glass vessel was used for
taking water samples. The glass reaction vessels were
placed in an incubator (30ºC). After 30 days, lixivium of
rice husk was analyzed by Inductively Coupled Plasma
Optical Emission Spectrometer (Perkin-Elmer Company,
USA). The above process was repeated three times.

Samples were collected daily from the inlet and outlet
of the reactor. NO3¯, NO2¯, COD, pH, DO, flow rate and
temperature were measured daily. The pH value was measured with a Model pHS-25 acidity meter (Shanghai
Precise Science Instruments Co., China). The temperature
and the oxygen concentration were measured with a standard electrode (HACH). NO3¯, NO2¯ and COD concentrations were measured using standard methods (Chinese
NEPA Standard Methods); COD concentration was analyzed using the K2Cr2O7 oxidization method; NO3¯ concentration was analyzed using the UV-spetrophotometry
method (A =A220-2A275); NO2¯ concentration was analyzed
using the spectrophotometric method with N-(1-naphthyl)
ethylenediamine [23].

N2

Reactor

Inoculum
Fresh activated sludge was taken from a local municipal wastewater treatment plant (QuYang wastewater treatment plant, Shanghai, P. R. China). The sludge was cultured
for 3 days in a liquid medium (KNO3 2g/L; K2PO4 0.5g/L;
MgSO4·7H2O 0.2g/L; C4H4KNaO6·4H2O 20g/L) and then
used as inoculum seeding in the denitrification reactor.

Feed vessel

Peristaltic pump

Fig. 1. Schematic of a laboratory-scale experiment.
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Table 1. Analysis of lixivium.
Element

Ca

K

Mg

Na

Si

Ba

Cu

Pb

Cd

Cr

Zn

P

Concentration

4.125

139.050

5.688

8.781

27.126

0.594

-

-

-

-

0.216

20.076

(mg/L)

±0.009

± 0.063

±0.017

±0.021

±0.045

±0.014

±0.011

±0.024

Results and Discussion
Characteristics of Rice Husk Lixivium
The characteristics of rice husk lixivium were studied
before starting the experiments. As shown in Table 1, high
concentrations of Ca, K, Mg, Na, Si, P were measured in the
lixivium. These “major elements” were needed by microorganisms. Trace elements such as Ba and Zn were also
observed in the lixivium. On the other hand, heavy metals
such as Cu, Pb, Cr, and Cd, which negatively affect the
metabolism of microorganisms, were not detected. The literature has reported that metal elements in the lixivium can
have positive effects on denitrification rate due to metal ion
used as an active center in the denitrification process [24].
The above results indicate that it is safer to use rice husk
as a substrate in wastewater denitrification compared with
traditional liquid carbon sources (such as methanol).
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Plant operating parameters of this experiment were
shown as follows: pH (inlet), 7.5-8.5; DO (inlet), 2-4mg/L;
temperature, 29-30ºC. As can be seen from Fig. 2, high
nitrate removal efficiency was observed during the beginning of the operation, when little nitrate washed out from
the reactor. The percentage of N eliminated to N applied
(nitrate removal efficiency in other words) was usually
within a range of 90.6%-97.8%. One week of continuous
system operation was needed to establish a steady-state
condition in this experiment. More time could be saved
when compared to the use of cotton or newspaper as the
substrate [25-26]. A larger bacterial population always
results in faster reactor startup. Rice husk has a large external specific surface area which makes it easy for bacteria to
attach to the surface. Moreover, the soluble fraction of carbon presenting in the fresh rice husk allowed rapid microbial growth. Therefore, startup of a reactor with rice husk as
the carbon source is quicker than others. On the other hand,
ammonia and nitrite concentration in the treated water
never exceeded 2mg/L and 0.1mg/L, respectively.

Nitrate remoal efficiency (%)

100

Startup and Water Quality of the Reactor

NO3-N(mg/L)

...where CI is the inlet nitrate concentration (mgNO3-N/L)
and CE is the effluent nitrate concentration (mgNO3-N/L).
Q is the flow rate (L/d) and V is the reactor volume.

Flow rate (L/d)

rD=Q × (CI-CE)/V

The changes of COD and pH in the treated water are
shown in Fig. 2. At the beginning of the investigation, significant amounts of COD in the effluent water were
observed due to the readily biodegradable organic matter in
the rice husk. After a few days, the concentration of COD
decreased rapidly and stabilized at about 30mg/L, which
could be explained as:
(1) In the first days of operation, the number of microorganisms in the reactor was limited and only a part of the
soluble fraction of rice husk presenting in the fresh rice
husk was used. Most of the soluble carbon produced by
rice husk was washed out in the effluent. As time went
by, the quantity of microorganism increased and a more
soluble fraction of rice husk was used.
(2) The relative percentage of soluble components
decreased. It can be presumed that as time went by, all
soluble components and a majority of the cellulose and
hemicellulose had been lost while lignin and mineral
components remained. Therefore, the COD concentration in the effluent decreased after some days.
Volokita (1996) reported that during denitrification,
using newspaper or cotton as carbon source, there were
usually three phases of DOC change [14]. In the first phase,
a high concentration of DOC was observed. In the second
phase, rapid decrease of DOC was observed, and during the
final phase the concentration always stabilized at low level.
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The denitrification rate rD in mgNO3-N/ (L·d) of the
reactor was given by the equation:
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Fig. 2. Nitrate removal efficiency of the system and change of
COD (mg/L) and pH according to time (d) in the effluent of a
reactor packed with rice husk as physical substrate as well as
sole carbon source (Temperature 29-30ºC; Flow rate 16-23L/d).
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These observations are similar to our results described
above.
An increase in the pH of the treated water was also
observed. Denitrification induced an increase in pH, whereas degradation of that readily degradable in the rice husk
led to a decrease in pH. At the beginning of the process, pH
value of the treated water was lower than influent water. It
was indicated that ready degradation in the rice husk was
very intensive, which led the way at the beginning of the
investigation. As time went by, there was an increase in the
pH of the treated water, which showed that the effect of
denitrification came to emerge. Recent research also
showed increases in the pH of the treated water in denitrification reactors [15-16, 27].

rate and nitrate concentration were 41L/d and 25.3mg/L,
respectively. Usually, complete removal of nitrate is not
required in a denitrification system, and the system can be
operated at flow rates allowing the highest efficiency while
maintaining acceptable concentration of nitrate and nitrite.
In this system studied, the flow rate could be increased to
41L/d.
In sum, flow rate plays an important role in denitrification performance of the system and the reasons for the
decrease in nitrate removal efficiency at the higher velocities may result from washout of microorganism and solubilized substrate.

Effect of Flow Rate

Effect of NO3-N loading on nitrate removal was studied
in this research. Plant operating parameters of this experiment were shown as follows: pH (inlet), 7.5-8.5; DO (inlet),
2-4mg/L; temperature, 28-29ºC. The nitrate concentration
used here ranged from a low level (15 mgNL-1) to a high
level (40 mgNL-1). As shown in Fig. 4, nitrate removal efficiency was markedly affected by nitrate concentration in
inflow, which suggested that high nitrate concentrations
reduced nitrate removal efficiency in the reactor. The
decrease in nitrate removal efficiency at the higher concentration may result from the lack of soluble carbon compared
to high NO3-N loading. In other words, the C/N ratio was
too low in the medium. In addition, the negative effect was
likely induced by an increase in nitrate concentration
beyond the tolerance range of the bacteria. Therefore,
microorganism metabolism was inhibited and low nitrate
removal efficiency was observed at the higher nitrate concentration. Hou Hong-juan (2005) reported that the reduction of C/N ratio in the influent resulted in higher nitrate
concentration in the effluent [28].

The effect of flow rate on denitrification was studied in
a reactor packed with rice husk. Plant operating parameters
of this experiment were shown as follows: pH (inlet), 7.68.3; DO (inlet), 2-3.5mg/L; temperature, 30-32ºC. Inlet
nitrate concentration was kept at 24.0-25.5mg/L and the
flow rate varied from 7.2L/d-41.0L/d (Fig. 3). A correspondingly steady state of nitrate removal efficiency of
higher than 90% was observed when the flow rate changed
from 7.2L/d to 30L/d. And the nitrate concentration in
effluent remained less than 3mg/L. Breakthrough of nitrate
starting at flow rate was higher than 30L/d. When the flow
rate was up to 41L/d, the nitrate removal efficiency
decreased to 83% (Fig. 3).
Denitrification rates, however, increased when flow rate
ranged from 7.2L/d to 41.0L/d (Fig. 3). Higher flow rate
was not studied because of limits of the peristaltic pump.
And the highest rate of denitrification in this system (about
84.3g/m3·d) was achieved under conditions in which flow
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The effect of dissolved oxygen (DO) in the influent
water was measured with rice husk as carbon source and
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Fig. 3. Effect of flow rate (from 7.2L/d-41.0L/d) on denitrification rate and nitrate removal efficiency in a reactor packed with
rice husk.
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Fig. 4. Effect of nitrate loading (from 15mgNL-1-40 mgNL-1)
on nitrate removal efficiency in a reactor packed with rice
husk.
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biofilm carrier. To establish different dissolved oxygen conditions in the feed vessel, the media was swept by nitrogen
gas. Results showed that no significant difference was
observed when DO changed from 1.2mg/L to 4.2mg/L, and
that the denitrification rate of the reactor was always higher than 95% (Fig. 5). Only when the concentration of DO in
the influent water was higher than 4.2mg/L did the presence
of oxygen decrease the removal efficiency of nitrate and
cause an increase of nitrate concentration in the treated
water. However, the removal efficiency of nitrate was still
higher than 70%. In sum, DO change in the influent has little effect on nitrate removal efficiency when rice husk was
used as a carbon source and biofilm carrier.
It has always been reported that DO negatively affects
biological denitrification. Generally, denitrification was
believed to be a strictly anoxic process because many
researchers have found that very low DO concentrations
could cause complete cessation of denitrifying activity [29,
30]. However, no significant difference was observed in this
experiment with DO in the range of 1.2mg/L - 4.2mg/L,
which can be explained as follows: inner denitrifying bacteria were protected by microorganisms in the outer space.
Oxygen, which has to be transported into the biofilm by diffusion, was almost completely used before it got to the inner
zone, and it was still anoxic in the inner place. On the other
hand, increasing DO may have consumed media volume
and hydraulic retention time for aerobic metabolism of the
carbon, leaving less volume for denitrification until breakthrough occurred. In other words, there was enough anoxic
bed available to denitrify the nitrates until the DO reached
5 mg/L, at which time there was insufficient bed left.
Besides, a higher concentration of carbon source was present in the inner zone and more electron acceptors were
needed. Thus, in the inner zone, NO3-N must be reduced
even in the presence of oxygen. Therefore, the negative
effect of oxygen on denitrification was minimized.
Gómez also reported that nitrogen removal was almost
constant under conditions in which DO concentration was
less than 4.5mg/L [31]. According to the results presented
above, rice husk used as a carbon source and biofilm carrier in denitrification offers a viable alternative, as it is less
affected by DO concentration.
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Fig. 5 Effect of dissolved oxygen on denitrification experiment
using rice husk as carbon source and physical support.

Effect of pH on Denitrification
Experimental results showed that pH (influent) in the
range of 6.5-8.5 did not significantly affect biological denitrification. Almost the same denitrification performance
was achieved. It was reported that pH did not make a statistically distinguishable effect on nitrate removal in the
range of 6.0-9.0 [1, 7, 15, 16, 32], which meant pH in the
range of 6.5-8.5 did not go beyond the tolerance range of
the bacteria and the bacteria activity in the reactor was stable. The result demonstrated that the reactor was able to
accommodate a wide range of pH.

Long-Term Operation
The nitrate concentration in effluent started to
increase after 72d of operation due to the exhaustion of
carbon sources. During the operation, packing height of
rice husk in the reactor changed from 60cm to 35cm and
the COD decreased to 20mg/L, almost the same as COD
in the influent. Fresh rice husk was filled into the reactor
when nitrate removal efficiency of the reactor decreased
to 60%. Then a rapid improvement of nitrate removal
efficiency was observed, which increased to 95%.
Therefore, it is necessary to pack new substrate into the
reactor periodically in order to keep high nitrate removal
efficiency.
Denitrification supported by solid substrates has been
studied by several researchers. Della Rocca et al. reported
that the use of cotton induced very good nitrate removal
performance [33]; however, process performances
decreased during the experiment because of compression
and the subsequent loss of permeability. In other experiments, it needed to be back-flushed periodically to remove
the excess biomass under conditions in which synthetic
substrates such as polystyrene packaging or inert materials
such as expanded clay was used as substrate. However, the
natural organic substrate used in this experiment did not
need to be back-flushed because rice husk could be consumed in the process and no clogging was found.

Conclusions
The results suggest that rice husk is effective in wastewater treatment as the sole chemical and physical substrate
for the denitrifying microorganism. Moreover, it is safer to
use rice husk as substrate in wastewater denitrification
when compared with traditional liquid carbon sources. The
natural organic substrate described here not only avoids the
use of expensive carbon sources (e.g. ethanol, acetic acid,
PHB) but also offers an alternative way to reuse agricultural waste.
Flow rate and nitrate concentration of the influent significantly affects denitrification. However, pH and DO had
little effect on denitrification: the efficiency of nitrate
removal was not changed at pH 6.5-8.5, or DO of influent
in the range of 1.5-4mg/L. The system worked well within
a wide range of pH and DO.

698

Shao L., et al.

Table 2. Comparison of highest denitrification rate among different solid carbon supported denitrification systems.
Highest denitrification rate
Substrate

Price
Reference

mgNO3-N/(L·d)

US$/t

Wheat straw

53

Soares M. IM., 1998 [12]

29-32

Newspaper

37

Volokita et al. 1996 [34]

125-143

Cotton

81

Volokita et al. 1996 [14]

1,200-1,300

PHB

528

Schick V., 1998 [35]

10,463-16,520

PCL

312

Schick V., 1998 [35]

2,325-2,657

Ethanol

750

Kim Y., 2002 [36]

600-1,000

Rice husk

96

THIS WORK

12-14

The addition of fresh rice husk brought about a rapid
increase of nitrate removal efficiency. The highest rate of
denitrification (about 0.096kg/m3·d) was achieved with
flow rate and nitrate concentration of 41.4L/d and
25.0mg/L, respectively. The denitrification rate based on
the use of rice husk was not as good as that of the classical
treatment with a liquid carbon source. But it had a much
higher efficiency (96mgNO3-N/ (L·d)) than the other studies (37-81mgNO3-N/ (L·d)) (Table 2).
The high denitrification rate, easy operation and low
expense of the running reactor made the application of the
system possible in the nitrate removal from wastewater.
Rice husk is therefore recommended as an economical and
effective external carbon source for nitrate removal.

Acknowledgements

7.

8.

9.

10.

11.

12.

This research was supported by the “Ascending
Mountain Project” of Science and Technology Commission
of Shanghai Municipality (No. 06DZ12032) and is gratefully acknowledged.

13.

References

15.

1.

2.

3.

4.

5.

6.

XU S.H., SHI W. Nitrate Removal and Denitrification
Bacteria Cultivation Using Rice Chaff as A Medium.
Journal of Dalian Railway Institute, 22, (4), 98, 2001. [In
Chinese].
XU Y.T. Influence of Different Carbon Sources on
Denitrification. Chinese Journal Of Enviromental Science,
15, (2), 29, 1994. [In Chinese].
SHRIMALI M., SINGH K.P. New methods of nitrate
removal from water. Environmental Pollution, 112, 351,
2001.
ROCCA C.D., BELGIORNO V., MERIC S. Overview of
in-situ applicable nitrate removal processes. Desalination,
204, 46, 2007.
RIJN J.V., TAL Y., SCHREIER H.J. Denitrification in recirculating systems:Theory and applications. Aquacultural
engineering, 34, 364, 2006.
SOARES M.I.M. Biological denitrification of groundwater.
Water Air Soil Poll. 123, 183, 2000.

14.

16.

17.

18.

19.

20.

TILL B.A., WEATHERS L.J., ALVAREZ P.J.J. Fe(0)-supported autotrophic denitrification. Environ. Sci. Technol. 32,
634, 1998.
BOUMEDIENE M., ACHOUR D. Denitrification of the
underground waters by specific resin exchange of ion.
Desalination, 168, 187, 2004.
CHABANI M., BENSMAILI A. Kinetic modelling of the
retention of nitrates by Amberlite IRA 410. Desalination,
185, 509, 2005.
MIZUTA K., MATSUMOTO T., HATATE Y., NISHIHARA
K., NAKANISHI T. Removal of nitrate-nitrogen from
drinking water using bamboo powder charcoal. Bioresource
Technol. 95, 255, 2004.
BAES A.U., OKUDA T., NISHIJIMA T., SHOTO E.,
OKADA M. Adsorption and ion exchange of some groundwater anion contaminants in an amine modified coconut
coir. Water Sci. Technol. 35, (7), 89, 1997.
SOARES M.I.M., ABELIOVICH A. Wheat straw as substrate for water denitrification. Wat. Res. 32, (12), 3790,
1998.
GAYLE B.P., BOORDMAN G.D., SERRARD J.H.,
BENAIT R.E. Bio-logical denitrification of water. J. Env.
Engrg. Div ASCE, 115, 930, 1989.
VOLOKITA M., ABELIOVICH A., SOARES M.I.M.
Denitriftcation of ground water using cotton as energy
source. Water Science and Technology, 34, (1), 379, 1996.
OVEZ B. Batch biological denitrification using Arundo
donax, Glycyrrhiza glabra, and Gracilaria verrucosa as carbon source. Process Biochemistry, 41, 1289, 2006.
OVEZ B., OZGEN S., YUKSEL M. Biological denitrification in drinking water using Glycyrrhiza glabra and Arundo
donax as the carbon source. Process Biochemistry, 41, 1539,
2006.
MANSARAY K.G., GHALY A.E. Thermogravimetric
analysis of rice husks in an air atmosphere. Energy Source,
20, 653, 1998.
DAIFULLAH A.A.M., AWWAD N.S., EL-REEFY S.A.
Purification of wet phosporic acid from ferric ions using
modified rice husk. Chemical Engineering and Processing,
43, 193, 2004.
FENG Q., LIN Q., GONG F., SUGITA S., SHOYA M.
Adsorption of lead and mercury by rice husk ash. Journal of
Colloid and Interface Science, 278, 1, 2004.
KUMAR U., BANDYOPADHYAY M. Sorption of cadmium from aqueous solution using pretreated rice husk.
Bioresource Technology, 97, 104, 2006.

Rice Husk as Carbon Source and Biofilm...
21. TARLEY C.R.T., ARRUDA M.A.Z. Biosorption of heavy
metals using rice milling by-products. Characterization and
application for removal of metals from aqueous effluents.
Chemosphere, 54, 987, 2004.
22. WONG K.K., LEE C.K., LOW K.S., HARON M.J.
Removal of Cu and Pb by tartaric acid modified rice husk
from aqueous solutions. Chemosphere, 50, 23, 2003.
23. CHINESE NEPA. Water and Wastewater Monitoring
Methods, 4th ed. Beijing:Chinese Environmental Science
Publishing House, China, 2002. [In Chinese].
24. TAN Y.M., LUO Q.F. Study on the denitrification of drinking water with upflow anaerobic sludge blanket reactor.
Journal of Hygiene Research 31, (1), 19, 2002. [In Chinese].
25. JIN Z.F., CHEN Y.X., OGURA N. Denitrification of
Groundwater Using Cotton as Energy Source. Journal of
Agro-Environment Science, 23, (3), 512, 2004. [In Chinese].
26. JIN Z.F., CHEN Y.X., OGURA N. Using paper as the carbon source for groundwater nitrate removal. Chinese Journal
of Applied Ecology, 15, (12), 2359, 2004. [In Chinese].
27. BOLEY A., MÜLLER W.R., HAIDER G. Biodegradable
polymers as solid substrate and biofilm carrier for denitrification in recirculated aquaculture systems. Aquacultural
engineering, 22, 75, 2000.
28. HOU H.J., WANG H.X., ZHOU Q. Effect of Influent COD
Concentration and C/N Ratio on Denitrification. China
Water & Wastewater, 21, (12), 19, 2005. [In Chinese].
29. RICHARDSON D.J., FERGUSON S.J. The influence of
carbon substrate on the activity of the periplasmic nitrate
reductase in aerobically grown Thiosphaera pantotropha.
Arch. Microbiol. 157, 535, 1992.

699
30. CHRISTENSEN P.B., NIELSEN L.P., SORENSEN J.,
REVSBECH N.P. Denitrification in nitrate-rich streams:
diurnal and seasonal variation related to benthic oxygen
metabolism. Limnol. Oceanogr, 35, 640, 1990.
31. GÓMEZ M.A., HONTORIA E., GONZÁLEZ-LÓPEZ J.
Effect of dissolved oxygen concentration on nitrate removal
from groundwater using a denitrifying submerged filter.
Journal of Hazardous Materials, B90, 267, 2002.
32. ZHOU H.H., WANG J.L., ZHAO X. Denitrification
Using PBS as Carbon Source and Biofilm Supporter:
Effect of pH. Environmental Science, 27, (2), 290, 2006.
[In Chinese].
33. ROCCA C.D., BELGIORNO V., MERIC S. Cotton-supported heterotrophic denitrification of nitrate-rich drinking
water with a sand filtration post-treatment. Water SA. 31,
(2), 229, 2005.
34. VOLOKITA M., BELKIN S., ABELIOVICH A., SOARES
M.I.M. Biological denitrification of drinking water using
newspaper. Water Research, 30, (4), 965, 1996.
35. SCHICK V. Denitrifikation von Trinkwasser mit biologisch
abbaubaren
Polymeren
im
kontinuierlichen
Festbettverfahren. (Denitrification of drinking water in a
fixed bed reactor with biodegradable polymers) Diploma
Thesis, Lehrstuhl für Wasserchemie, Universität Karlsruhe,
Germany, 1998.
36. KIM Y., NAKANO K., LEE T., KANCHANATAWEE S.,
MATSUMURA M. On-site nitrate removal of groundwater
by immobilized psychrophilic denitrifier using soluble
starch as a carbon source. J. Biosci. Bioeng., 93, (3), 303,
2002.

