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Abstract

Various are the methods for water purification from nitrates, but in significant part of them secondary products
are produced. An exception is the biological denitrification in which nitrates are reduced to harmless nitrogen
gas in accordance with the following reactionary scheme:

NO; - NO, - NO - NO, —» N,

The potential of this method is significant.
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1. INTRODUCTION

Water is essential for life since the mechanism of metabolism and synthesis are in close relation with the specific
characteristics of water. Transport of nutrients inside cells and interactions with the environment without water
are impossible. On the other hand, water resources are limited and only 2.66% of the total global water resources
comprising groundwater, lakes and rivers, polar ice and glaciers are fresh water. Furthermore, only a small
fraction of the fresh water, about 0.6%, is usable as drinking water. For this reason, water resources must be
necessarily treated properly and wastewater treatment must be done efficiently (Ghafari et al., 2007, Shimali et
al., 2001).

The fast movement of humans towards urbanization, industrialization and agricultural activities introduced
various contaminants into the environment.

Nitrogen-containing compounds are examples of those contaminants which can create serious problems when
released into the environment, such as eutrophication of rivers, deterioration of water quality and potential
hazard to human or animal health.

Nitrate is identified as one of the hazardous contaminants in potable water that may reduce to nitrosamines in the
stomach which is suspected to cause gastric cancer (Foglar et. al., 2005). In addition, nitrate exposes infants and
pregnant women to danger due to the potential reduction of nitrate to nitrite inside the stomach of foetus after
digesting nitrate by the mother. The nitrite reacts with the hemoglobin in blood and converts the hemoglobin into
methaemoglobin, which does not carry oxygen to cell tissues. This phenomenon results in a bluish color of
infant’s skin so called methaemoglobinemia or the blue baby syndrome (Shimali et al., 2001).

Water ground and surface water are contaminated by nitrate in several ways.

Nitrate originated from agriculture is increasingly growing all over the world due to the extreme use of
fertilizers. Nitrate salts reach the groundwater as they percolate through the soil. Some other sources of nitrate in
ground and surface water are from uncontrolled land discharges of treated or raw wastewater from domestic and
industrial wastes, landfills and animal wastes particularly from animal farms.

Various methods are for treatment of water from nitrates, but the majority of them were prepared secondary
pollutants. An exception is the biological denitrification, at which nitrates are reduced to harmless nitrogen
gas, and side waste products practically do not occur. High the potential of this method. Its flexibility makes
it applicable to the treatment of wastewater from households, agriculture and industry nitrate at different
concentrations. Restrictions on its wider practical application is the slow growth of microorganisms and
their washing of bioreactors for continuous industrial processes.
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2. EXHIBITION
2.1. Denitrification methods
Traditional methods for the removal of nitrates

The traditional processes of water treatment including coagulation, filtration, and disinfection (must
be applied in water used for drinking). However, these processes do not effectively remove nitrate ion from the
water. Therefore, to remove nitrate ion, a supplementary method is necessary. Nitrate removal from water or
wastewater can be achieved using two main groups of treatment processes; physicochemical and biological
treatment methods. The most common traditional treatment processes used to remove nitrate are reverse
osmosis, ion exchange, electro-dialysis and activated carbon adsorption in conjunction with pH adjustment
(Shimali et al., 2001, Feleke et al., 2002, Islam et al., 1998). These are traditional methods for the reduction
of nitrate (Huang et al., 1998, Choe et al., 2000, Choe et al., 2004, Devlin et al., 2000, Hu et al., 2001, Huang et
al., 2003).

lon exchange is limited by several problems: poor selectivity of nitrates in the regeneration of the resin (Hoek et
al., 1987).

There are some disadvantages with these traditional methods that limit their utility due to their expensive
operation and subsequent disposal problem of the generated nitrate waste brine or by-products. For instance, ion
exchange process removes nitrate and sulfate simultaneously from the water being treated. Subsequent produced
wastewater from the resin regeneration process rich in these two anions requires a complementary method before
its discharge (Shimali et al., 2001, Hoek et al., 1987). Reverse osmosis, although is able to separate and
concentrate the ompounds contained in water without any change in their molecular structures, this method is
limited due to its high cost and producing concentrated waste brine that may pose a disposal problem for further
treatment (Dahab et al., 1987-88, Shimali et al., 2001 ).

Generally, in the physical and chemical processes to yield a small volume of the waste flows, but with a high
concentration of nitrate ions, which require subsequent removal.

Biological denitrification

Biological nitrogen removal in wastewater treatment plants is achieved through bacterially mediated oxidation of
ammonia to nitrate and reduction of nitrate to nitrite, nitrous oxide, nitric oxide, or dinitrogen. Complete
biological reduction of nitrate to dinitrogen is termed denitrification and is carried out by heterotrophic,
facultative aerobic bacteria.

Biological denitrification seems the most promising process for nitrate removal. The potential of this method is
significant. Compared with traditional methods fail to remove nitrates, but separate them into new more
concentrated flows accompanied by-products, biological methods provide complete elimination of the
pollutant by complete reduction of nitrate. For removing nitrate, although aerobic enitrification has been reported
(Joo et al., 2005, Robertson et al., 1984, Zart et al., 1998, Chiu et al., 2007) most of the reported denitrification
investigations are done by facultative anaerobes in the absence of oxygen (Rijn et al., 1996). Biological
denitrification is a mechanism by which denitrifying bacteria use nitrate as terminal electron acceptor in their
respiratory process in the absence of oxygen.

Complete reduction from nitrate to nitrogen gas (N,) involves four consecutive steps that are catalyzed by
different enzymes (Choe et al., 2004).

NO; - NO, - NO - NO, - N,

The enzymes are susceptible towards changes in pH, dissolved oxygen, carbon and energy source dose and the
presence of inhibitors (Devlin et al., 2000), which may cause the accumulationof intermediates.

Denitrifying bacteria, in this method, reduce inorganic nitrogen compounds such as nitrite and nitrate into
harmless elemental nitrogen gas (Prosnansky et al., 2002). Also, unlike some contaminants which are in need for
a certain microbe to be treated, denitrifying bacteria are ubiquitous in nature and numerous researchers cultivated
them using mix cultures taken from wastewater treatment plants as seeds (Gamble et al., 1977, Szekeres et al.,
2001).

Biological nitrogen removal in wastewater treatment plants is achieved through bacterially mediated oxidation of
ammonia to nitrate and reduction of nitrate to nitrite, nitrous oxide, nitric oxide, or dinitrogen. Complete
biological reduction of nitrate to dinitrogen is termed denitrification and is carried out by heterotrophic,
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facultative aerobic bacteria. Although denitrification under aerobic conditions has been reported, the rate of
denitrification is maximized under anoxic (dissolved oxygen absent, nitrate present) conditions (Tiedje, 1988).
Therefore, to achieve nitrogen removal ina single-sludge system, a mixed population of nitrifying and
denitrifying bacteria must be exposed to alternating aerobic and anoxic conditions. To maximize the rate of
nitrogen removal, the bacteria must be able to adapt quickly to these changes (Casasursa et al., 2005).

Moreover, microbial removal of nitrate may be the most economical strategy for the reclamation of nitrate
polluted waters and wastewaters. As a result, there has been a huge interest towards microbial removal of nitrate
as the most environmentally friendly and cost-effective method, although biological denitrification is usually
slow and lasts long time particularly for industrial wastewaters containing high concentrations of nitrate (Islam et
al., 1998). Later studies tried to speed up biological denitrification by applying new mechanisms through which
better connection provided between the nitrate and the microorganisms in the water stream. The inorganic
Contaminants Research Committee of USA (Islam et al., 1998) reported that different denitrification strategies,
such as the use of granular activated carbon (GAC), packed beds, rotating biological contactors and soil-aquifer
denitrification systems have been undertaken by various researchers. Also, efforts are still ongoing and some
novelties in combination of biological and other abiotic methods, such as membrane biofilm reactors (MBR),
were recently manifested (Terada et al., 2003, Ghafari et al., 2007).

The disadvantage of biological denitrification is the risk of bacterial contamination of the treated water. This risk
is expected and disinfection is essential. A further drawback of biological processes is the low rate of growth of
the microorganisms.

Denitrifying bacteria

Many bactwria are capable of growing anaerobically by reducing ionic nitrogenous oxides to gaseous products
(Koike et al., 1975, Michalski et al., 1984, Painter et al., 1970, Herbert et al., 1982). This respiratory process, in
which nitrates or nitrites serve as terminal electron acceptots instead of oxygen, results in generation of ATP
(Bengston et al., 1989) and is termed denitrification or dissimilatory nitrate reduction (Ritter et al., 1988, Krul et
al., 1976, Koerner etal., 1989, Roberson et al., 1988, Hochstein et al., 1988).

When electrons are transferred from the donor to the acceptor, the organism gains energy which can be applied
for the synthesis of a new cell mass and the maintrance of the existing cell mass (Matéju et al., 1992).

The most detailed investigation into denitrification have involved a limited group of specialized bacteria. Thes
has resulted in a view that denitrification can only occur under anaerobic conditions. However, it has been shown
that denitrification can occur in the presence of oxygen in certain species too (Aida et al., 1986, Frunzke et al.,
1986, Mateju et al., 1992, Hulse et al., 1988, Zumft et al., 1987).

Some of the bacteria are known for: Achromobacter, Acinetobacter, Aeromonas, Alcaligenes, Aquaspirillum,
Azospirillum, Bacillus, Beggiatoa, Chromobacterium, Clostridium, Desulfovibrio, Erythrobacter, Gallionella,
Halobacterium, Halomonas, Hyphomicrobium, Janthinobacterium, Neisseria, Paracoccus, Probionibacterium,
Pseudomonas, Rhizobium, Rhodobacter, Thiobacillus, Thiosphaera, Xanthomonas.

The enzymes associated with denitrification are synthetized when conditions become advantageous for
denitrification (Coyne et al., 1989). Synthesis of denitrifying enzymes is typically a highly regulated process. It
is generally held that the denitrifying enzymes are inducible. Their synthesis occurs under anaerobic conditions
(Shapleigh et al., 1985), although denitrification can occur in the presence of oxygen (Zumft et al., 1987,
Frunzke et al., 1986). In some cases enzyme induction may even require low concentration of oxygen (Hulse et
al., 1988, Shapleigh et al., 1987). Significant levels of enzyme may be present as a consequence of anaerobiosis
even in the absence of nitrate or other nitrogenous oxides (Bazylinski et al., 1985).

Reduction of nitrate to nitrogen gas proceeds in for steps. Each step is catalysed by enzyme system.
Dissimilatory reduction of nitrate to nitrite is important to a number of bacteria, since the process involves
energy conservation througt generation of a proton motive force (Schauer et al., 1998). This step is catalyzed by
membrane-bound nitrate reductases. The dissimilatory reduction of nitrite is carried out by two distinct nitrite
reductases (Downes et al., 1988, Manoharan et al., 1989, Brauer et al., 1988).

One enzyme contains a Cu center and the other contains two hemes. Both seem to carry out the same
physiological reaction (Murray et al., 1990). Nitric oxide is typically produced from nitrite, but under some
conditions nitrous oxide is also produced (Shapleigh et al., 1985).

Nitrite reductases are membrane-bound as well as cytoplasmatic enzymes (Nishio et al., 1988). The reduction of
nitric oxide is the least well-characterized of the enzymatic steps associated with denitrification. But there are

43



Journal of International Scientific Publications: Materials, Methods and Technologies

Volume 8, ISSN 1314-7269 (Online), Published at: http://www.scientific-publications.net

observations that support the notion that nitric oxide reductase is present in bacterial membranes (Rice et al.,
1988). The fractions that exhibited nitric oxide reduction to nitrous oxide were isolated from membranes of
Pseudomonas halodenitrificals. Shapleigh et al. examined the production of nitrous oxide from nitrite by
membranes prepared from various bacterial strains. They also concluded that nitrite reduction to nitrous oxide
proceeds via nitric oxide and is catalysed by two discrete enzymes, a nitrite reductase and a nitric oxide
reductase. The last denitrification step, the reduction of nitrous oxide to dinitrogen, is catalysed by nitrous oxide
reductase. This step is coupled to ATP formation (Christensen et al., 1990, Kim et al., 2004).

From detailed studies of the enzyme systems of some bacterial species it can be concluded that factors affecting
induction and repression of these enzymes are not universal because denitrifying bacteria as a group are
genetically diverse and metabolically versatile. The influence of oxygen concentration (Killingstad et al., 2002,
Kim et al., 2002, Szekeres et al., 2002), pH (Gomez et al., 2003), temperature (Lemoine et al., 1988), electron
donor, and nitrate and intermediate concentration (Hoek et al., 1988, Galvez et al., 2003, Chiu et al., 2003,
Lewandowski et al., 1985, Hambsch et al., 1989, Boussid et al., 1989) on denitrification performance of some
bacterial species has been investigated in detail. On the contrary, very little is known about regulatory
interdependence of the reductase involved.

Bio-electrochemical denitrification

Especially  progressive approach is a  bio-electrochemical decomposition of nitrate  ions.
In biological denitrification occurring under action electric current can theoretically be accomplished in
situ hydrogen production directly on the cathode
surface. Using cathode produced hydrogen hidrogenotrofnite microorganisms reduce nitrate in nitrogen gas
(Zhang et al., 2005, Sakakibara et al., 1993).

A proper contact between microorganisms and hydrogen improves biological denitrification. BERs nvolving
direct immobilization of denitrifiers on the surface of the cathode, where hydrogen is being produced, facilitates
appropriate access of hydrogen to the microorganisms (Park et al., 2005). BERs provide immobilized
microorganisms with a compulsory supply, rather than accidental contact, of electron donors which results in
faster denitrification. This is in addition to the advantages of the hydrogenotrophic method and in situ hydrogen
production by electrolysis of water. Bioelectro reactors may be fed by organic or inorganic carbon sources which
serve heterotrophic and autotrophic hydrogenothrops, respectively (Ghafari et al., 2007).

CONCLUSION

From the known methods for practical denitrification most appropriate and progressive are the biological,
combined with the stimulating effect of constant electric field. They are characterized by high velocity and
lack of secondary and waste products.

REFERENCES

Aida, T., S. Hata, H. Kusunoki, “Temporary low oxygen conditions for the formation of nitrate reductase and
nitrous oxide reductase by denitrifying Pseudomonas sp. G59”, Can. J. Microbiol., 32 (1986) 543-547.

Bazylinski, D.A., T.C. Hollocher, “Evidence from the Reaction between Trioxodinitrate(ll) and *NO That
Trioxodinitrate(11) Decomposes into Nitrosyl Hydride and Nitrite in Neutral Aqueous”, Inorg. Chem., 24 (1985)
4285-4295.

Bengston, G., H. Annadotter, “Nitrate Reduction in a Groundwater Microcosm Determined by N Gas
Chromatography-Mass Spectrometry”, Appl. Environ. Microbiol., 55 (1989) 2861-2870.

Boussid, F., G. Martin, J. Morvan, J.J. Collin, A. Landereau, M. Taibot, Environ. Technol. Lett., 9 (1989) 803-
816.

Brauer, H., M. Hefni-Omar, “Biological elimination of ammonium contained at high concentration in waste
water”, Bioprocess. Eng., 3 (1988) 51-62.

Casasursa, A. I., R. K. Hamiltona, S. A. Svoronosa, B. Koopman, “A simple model for diauxic growth of
denitrifying bacteria”Water Research 39 (2005) p. 1914-1920

44



Journal of International Scientific Publications: Materials, Methods and Technologies

Volume 8, ISSN 1314-7269 (Online), Published at: http://www.scientific-publications.net

Chiu, Y.C., L.L. Lee, C.N. Chang, A.C. Chao, “Control of carbon and ammonium ratio for simultaneous
nitrification and denitrification in a sequencing batch bioreactor”, Int. Biodeterior. Biodegrad., 59 (2007) 1-7.

Chiu, Y.C.,, M.S. Chung, “Determination of optimal COD/nitrate ratio for biological denitrification”, Int.
Biodeterior. Biodegrad., 51 (2003) 43-49.

Choe, S., Y.Y. Chang, K.Y. Hwang, J. Khim, “Kinetics of reductive denitrification by nanoscale zero-valent
iron’, Chemosphere, 41(8) (2000) 1307-1311.

Choe, S.H., H.M. Ljestrand, J. Khim, “Nitrate reduction by zero-valent iron under different pH regimes”, Appl.
Geochem., 19(3) (2004) 335-342.

Christensen, P.B., R.P.Nielsen, J. Soerensen, N.P. Rivsbeck, “Denitrification in nitrate-rich streams; diurnal and
seasonal variation related to benthic oxygen metabolism”, Limnol. Oceanogr., 35 (1990) 640-651.

Coyne, M.S., A. Arunakumari, B.A. Averill, J.M. Tiedje, “Immunological identification and distribution of
dissimilatory heme cdl and nonheme copper nitrite reductases in denitrifying bacteria”, Appl. Environ.
Microbiol., 55(11) (1989) 2924-2931.

Dahab, M.F., “Treatment alternatives for nitrate con- taminated groundwater supplies”, J. Environ. Syst., 17
(1987-88) 65-75.

Devlin, J.F., R. Eedy, B.J. Butler, “The effects of electron donor and granular iron on nitrate transformation rates
in sediments from a municipal water supply aquifer”, J. Contam. Hydrol., 46(1/2) (2000) 81-97.

Downes, M.T., Aquatic nitrogen transformations at low oxygen concentrations, Appl. Environ. Microbiol., 54
(1988) 172-175.

Enzyme and microbial Technology, vol 14, issue 3, p. 170-183

Feleke, Z., Y. Sakakibara, “A bio-electrochemical reactor coupled with adsorber for the removal of nitrate and
inhibitory pesticide”, Water Res., 36 (2002) 3092-3102.

Foglar, L., F. Briski, L. Sipos, M. Vukovic, “High nitrate removal from synthetic wastewater with the mixed
bacterial culture”, Biores. Technol., 96 (2005) 879-888.

Frunzke, K., W.G. Zumft, “Inhibition of nitrous-oxide respiration by nitric oxide in the denitrifying bacterium
Pseudomonas perfectomarina”, Biochim. Biophys. Acta, 852 (1986) 119-125.

Galvez, J.M., M.A. Gomez, E. Hontoria, J. Gonzalez-Lopez, “Influense consentration on biofilm composition
from a denitrifying submerged filter used for contaminated groundwater”, J. Biosci. Bioeng., 95(3) (2003) 245-
251.

Gamble, T.N., M.R. Betlach, J.M. Tiedje, “Numerically dominant denitrifying bacteria from world soils”, Appl.
Environ. Microbiol., 33 (1977) 926-939.

Ghafari Sh., M. Hasan, M. Kheireddine Aroua, “Bio-electrochemical removal of nitrate from water and
wastewater—A review” Bioresource Technology, (2007)

Gomez, M.A., J.M. Galvez, E. Hontoria, J. Gonzalez-Lopez, “Influence of concenrtation on biofilm bacterial
composition from a denitrifying submerged filter used for contaminated groundwater”, J. Biosci. Bioeng., 95(3)
(2003) 245-251.

Hambsch, B., P. Werner, “Messung der Wachstumsrate von Bakterien zur Optimierung, Kontrolle und
Uberwachung von biologischen Denitrifikationsanlagen”, Vom. Wasser, 72 (1989) 235-247.

Hanaki, K., C. Polprasert, “Contribution of methanogenesis to denitrification with an upflow filter”, J. Water
Pollut. Control. Fed., 61 (1989) 1604-1611.

Herbert R.A, “Nitrate dissimilation in marine and estuarme sediments”, in Sediment Microbiology (D.B.
Nedwell, C.M. Brown eds.) Academic Press, London, (1982) 53-71.

Hochstein, L.1., G.A.Tomlison, “The enzymes associated with denitrification”, Annu. Rev. Microbiol., 42 (1988)
231-261.

Hoek, J.P. van der, P.J.M. van der Ven, A. Klapwijk, “Combined ion exchange/biological denitrification for
nitrate removal from ground water under different process conditions”, Water Res., 22 (1988) 679-684.

45



Journal of International Scientific Publications: Materials, Methods and Technologies

Volume 8, ISSN 1314-7269 (Online), Published at: http://www.scientific-publications.net

Hoek, J.P.van der, P.J.M. Latour, A.A. Klapwijk, “Denitrification with methanol in the presence of high salt
concentrations and at high pH levels”, Appl. Microbiol. Biotechol., 27(2) (1987) 199-205.

Hu, H.Y., N. Goto, K. Fujie, “Effects of pH the reduction of nitrate in water by metallic iron”, Water Res.,
35(11) (2001) 2789-2793.

Huang, C.P., H.W. Wang, P.C. Chu, “Nitrate reduction by metallic iron”, Water Res., 32(8) (1998) 2257-2264.

Huang, Y.H., T.C. Zhang, P.J. Shea, S.D. Comfort, “Effects of oxide coating and selected cations on nitrate
reduction by iron metal’, J. Environ. Qual., 32(4) (2003) 1306-1315.

Hulse, C.L., J.M. Tiedje, B.A. Averill, “A spectrophotometric assay for dissimilatory nitrite reductases. Anal.
Biochem”, Anal. Biochem., 172 (1988) 420-426.

Islam, S., M.T. Suidan, “Electrolytic denitrification: long term performance and effect of current intensity”,
Water Res. 32(2) (1998) 528-536.

Joo, H.Z., M. Hirai, M. Shoda, “Characteristics of ammonium removal by heterotrophic nitrification-aerobic
denitrification by alcaligenes fecalis no 4”, J. Biosci. Bioeng., 100(2) (2005) 184-191.

Killingstad, M.W., M.A. Widdowson, R.L. Smith, “Modeling enhanced in situ denitrification in groundwater”, J.
Environ. Eng., 128(6) (2002) 491-504.

Kim, S., H. Juhg, K.S. Kim, LS. Kim, “Treatment of high nitrate-containing wastewater by sequential
hererotrophic and autotrophic denitrification”, J. Environ. Eng., 130(12) (2004) 1475-1480.

Kim, Y.S., K. Nakano, T.J. Lee, S. Kanchnatawee, M. Matsumura, “On-site nitrate removal of groundwater by
immobilized psychrophilic denitrifier using soluble starch as a carbon source”, J. Biosci. Bioeng., 93(3) (2002)
303-308.

Koerner, H., W.G. Zumft, “Expression of denitrification enzymes in response to the dissolved oxygen level and
respiratory substrate in continuous culture of Pseudomonas stutzeri”, Appl. Environ. Microbiol., 55 (1989) 1670-
1676.

Koike, I., A. Hattori, “Energy Yield of Denitrification: An Estimate from Growth Yield in Continuous Cultures
of Pseudomonas denitrificans under Nitrate-, Nitrite- and Nitrous Oxide-limited Conditions”, J.Gen.Microbiol.,
88 (1975) 11-19.

Krul J. M., “Dissimilatory Nitrate and Nitrite Reduction under Aerobic Conditions by an Aerobically and
Anaerobically Grown Alcaligenes sp. and by Activated Sludge”, J. Appl. Bacteriol., 40 (1976) 245-260.

Lemoine, D.,T. Jouenne, G.A. Junter, “Reduction of Nitrate by Pseudomonas Putrefaciens Entrapped in
Composite Agar Layer Microporous Membrane Structures”, Biotechnol.Lett., 10 (1988) 399-402.

Lewandowski, Z., “Denitrification by Packed Bed Reactors in the Presence of Chromium (VI) -Resistance to
Inhibition”, Water Res., 19 (1985) 589-596.

Manoharan, R., S. Liptak, P. Parkinson, D. Mavinic, “Denitri fication of a high ammonia leachate using an
external carbon source”, Environ. Technol. Lett., 10 (1989) 701-716.

Matgji V., S. Cizinska, J. Krej¢i, T. Janoch, “’Biological water denitrification—A review’’, Enzyme and
Microbial Tehnology, 14(1992) 170-183.

Mateju, V., K. Cizinska, J. Krejéi, T. Janoch, “Biological water denitrification-a review”, Enzyme Microb.
Technol., 14 (1992) 170-183.

Michalski, W.P., D.J.D. Nicholas, “The Adaptation of Rhodopseudomonas sphaeroides f. sp. denitrificans for
Growth Under Denitrifying Conditions”, J. Gen. Microbiol., 130 (1984) 155-165.

Murray, R.E., L.L. Parsons, M.S. Smith, “Aerobic and anaerobic growth of rifampin-resistant denitrifying
bacteria in soil”, Appl. Environ. Microbiol., 56 (1990) 323-329.

Nishio, T.,T. Kanamori, T. Fujimoto, “Effects of organic matter, moisture content and other environmental
factors on denitrification in top-soil of an upland field”, Soil Sci. Plant. Nutr., 34 (1988) 97-105.

Painter H.A, “A review of literature on inorganic nitrogen metabolism in microorganisms”, Woter Res., 4 (1970)
393-450.

46



Journal of International Scientific Publications: Materials, Methods and Technologies

Volume 8, ISSN 1314-7269 (Online), Published at: http://www.scientific-publications.net

Park, H.I., D.K. Kim, Y. Choi, D. Pak, “Nitrate reduction using an elecrode as direct electron donor in a biofilm-
electrode reactor”, Proc. Biochem., 40 (2005) 3383-3388.

Proshansky, M., Y. Sakakibarab, M. Kuroda, “High rate denitrification and SS rejection by biofilm-electrode
reactor (BER) combined with microfiltration”, Water Res., 36 (2002) 4801-4810.

Rice, C.W., P.E. Sierzega, J.M. Tiedje, L.W. Jacobs, “Stimulated denitrification in the microenvironment of a
biodegradable organic waste injected into soil”, Soil Sci. Plant. Nutr., 52 (1988) 102-108.

Rijn, V.L., Y. Tal, Y. Barak, “Influence of volatile fatty acids on nitrate accumulation by Pseudomonas stutzeri
strain isolated from a denitrifying fluidizes bed reactor”, Appl. Environ. Microbiol., 62 (1996) 2615-2620.

Ritter, W.F., R.P. Eastburn, “A review of denitrification in on-site wastewater treatment systems”, Environ.
Pollut., 51 (1988) 49-61.

Roberson, L.A., EW.J,, Niel, R AM. Torremans, J.G. Kuenen, “Evidence from the Reaction between
Trioxodinitrate(l1) and **NO That Trioxodinitrate(I1) Decomposes into Nitrosyl Hydride and Nitrite in Neutral
Aqueous”, Appl. Environ. Microbiol., 54 (1988) 2812-2818.

Robertson, L.A., J.G. Kuenen, “Aerobic denitrification: a controversy revived”, Arch. Microbial., 139 (1984)
351-354.

Sakakibara, Y., M. Kuroda, “Electric prompting and control of denitrification”, Biotehnol. Bioeng., 42 (1993)
535-557.

Schauer, F., “Oxygen regulation of nitrogen metabolism in microorganisms”, Zentralbl Mikrobiol., 143 (1988)
195-206.

Shapleigh, J.P., K.J.P. Davies, W.J. Payne, “Detergent inhibition of nitric oxide reductase”, Biochem. Biophys.
Acta, 911 (1987) 334-340.

Shapleigh, J.P., W.J. Payne, “Differentiation of c,d1 cytochrome and copper nitrite reductase production in
denitrifiers”, FEMS Microbiol. Lett., 26 (1985) 275-279.

Shimali, M., K.P. Singh, “New methods of nitrate removal from water”, Environ. Pollut., 112 (2001) 351-359.

Szekeres, S., 1. Kiss, M. Kalman, M.1.M. Soares, “Microbial population in a hydrogen-dependent denitrification
reactor”, Water Res., 36 (2002) 4088-4094.

Szekeres, S., I. Kiss, T.T. Bejerano, M.I.M. Soares, “Hidrogen-dependet denitrification in a two-reactor bio-
electrochemical system”, Water Res., 35(3) (2001) 715-719.

Terada, A., K. Hibiya, J. Nagai, S. Tsuneda, A. Hirata, “Nitrogen removal characteristics and biofilm analysis of
a membrane-aerated biofilm reactor applicable to high-strength nitrogenous wastewater treatment”, J. Biosci.
Bioeng., 95(2) (2003) 170-178.

Zart, D., B. Eberhard, “High rate of aerobic nitrification and denitrification by Nitrosomonas eutropha grown in
a fermentator with complete biomass retention in the presence og gaseous NO, and NO”, Arch. Microbial., 169
(1998) 282-286.

Zhang, L.H., J.P. Jia, D.W. Ying, N.W. Zhu, Y.C. Zhu, “Electrochemical effect on denitrification in different
microenvironments around anodes and cathodes”, Res. Microbiol., 156 (2005) 88-92.

Zumft, W.G., J.D. Gotzmann, P.M.H. Kroneck, “Type 1, blue copper proteins constitute a respiratory nitrite-
reducing system in Pseudomonas aureofaciens”, Eur. J. Biochem., 68 (1987) 301-307.

47



	Reduction of nitrate to nitrogen gas proceeds in for steps. Each step is catalysed by enzyme system. Dissimilatory reduction of nitrate to nitrite is important to a number of bacteria, since the process involves energy conservation througt generation ...
	Brauer, H., M. Hefni-Omar, “Biological elimination of ammonium contained at high concentration in waste water”, Bioprocess. Eng., 3 (1988) 51-62.
	Coyne, M.S., A. Arunakumari, B.A. Averill, J.M. Tiedje, “Immunological identification and distribution of dissimilatory heme cd1 and nonheme copper nitrite reductases in denitrifying bacteria”, Appl. Environ. Microbiol., 55(11) (1989) 2924-2931.
	Downes, M.T., Aquatic nitrogen transformations at low oxygen concentrations, Appl. Environ. Microbiol., 54 (1988) 172-175.
	Hoek, J.P.van der, P.J.M. Latour, A.A. Klapwijk, “Denitrification with methanol in the presence of high salt concentrations and at high pH levels”, Appl. Microbiol. Biotechol., 27(2) (1987) 199-205.
	Koerner, H., W.G. Zumft, “Expression of denitrification enzymes in response to the dissolved oxygen level and respiratory substrate in continuous culture of Pseudomonas stutzeri”, Appl. Environ. Microbiol., 55 (1989) 1670-1676.
	Matějů V., S. Čižinská, J. Krejčí, T. Janoch, ‘’Biological water denitrification—A review’’, Enzyme and Microbial Tehnology, 14(1992) 170–183.
	Michalski, W.P., D.J.D. Nicholas, “The Adaptation of Rhodopseudomonas sphaeroides f. sp. denitrificans for Growth Under Denitrifying Conditions”, J. Gen. Microbiol., 130 (1984) 155-165.
	Schauer, F., “Oxygen regulation of nitrogen metabolism in microorganisms”, Zentralbl Mikrobiol., 143 (1988) 195-206.


