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INTRODUCTION

One of the most important current problems is the contamination of environment
contamination by agricultural and industrial activity. Accordingly, tasks of the environmental
sciences include surveys of the state of the environment and the prevention of further
contamination.

One of the central topics of research projects relating to environmental protection is drinking
water and its quality control. Nitrate, a prominent inorganic contaminant, does not have direct
harmful effects on human health, but its derivative nitrite is very toxic, particularly for infants.
The extent of contamination of groundwater with nitrate is so high that its human utilization
for drinking purposes is not recommended or is even prohibited, because of public health
regulations.

A number of methods are available for drinking water denitrification, including physico-
chemical or biological methods and their combination.

However, only biological processes can solve the elimination of nitrate completely. This
follows from the fact that some microorganisms possess a complete enzyme system with wich
to reduce nitrate to inert nitrogen gas in the presence of appropriate electron donors.
Depending on the nature of the electron donors, biological denitrification can be divided into
two groups, such as heterotrophic (demanding organic compounds) and autotrophic (not
demanding organic compounds). Some difficulties are encountered in the application of
heterotrophic procedures for drinking water denitrification, considering the use of organic
compounds and difficult downstream processes.

The practical application of autotrophic denitrification is hindered by the poor operability of
hydrogen gas as an optimal electron donor. A well-organized, and regulated hydrogen source,
such as the electrolysis of the water, would facilitate the widespread technology based on
autotrophy. The biological denitrification systems referred in the literature are characterized
by low activity levels.

The Jacob Blaustein Institute for Desert Research (Israel), the Biological Research Center of
the Hungarian Academy of Sciences (Szeged) and the Bay Zoltan Foundation for Applied
Research (Szeged) set out to perform joint research with a view to the development of a high
activity biological water treatment system based on electrochemical water hydrolysis as a

source of hydrogen.



AIMS

The objective of this study was to develop an efficient, cost-effective microbial process for
the removal of nitrate from polluted groundwater.

From a consideration of the advantages and disadvantages of autotrophic and heterotrophic
denitrification, it was decided to develop an autotrophic system: on adoption of this
technology, presence of organic compounds can be avoided which makes the downstream
process simpler. On the application of such methods, the expected lower denitrification
activities will be satisfactory when groundwater containing medium or low nitrate levels is

treated.

The following criteria were defined:

e The microbes applied are characterized by autotrophic denitrification on the use of
hydrogen as an energy source.

e The hydrogen required by the biological processes is available from the electrolysis of
water.

e The reactor set-up should operate in continuous mode.

METHODS

To achieve our aims, appropriate microbes were isolated and characterized, and used to
develop a bioactive, denitrifying biofilm on the surface of granulated activated carbon as a
carrier, via a heterotrophic, autotrophic and partial adhesion method.

The biofilms on the surface of the carrier were characterized according to their polysaccharide
and protein contents, and their denitrification activities were determined.

Practical testing of the carriers covered by biofilm was carried out under anaerobic,
autotrophic circumstances, hydrogen being produced as the electron donor for the biological

processes by the electrolysis of water.



SUMMARY OF NEW SCIENTIFIC RESULTS

An autotrophic, biological denitrification system consuming hydrogen was set up in our work,

and its development, functioning, activity and other characteristics were analysed.

CONCLUSIONS:

e Biofilm development based on the adhesion characteristics of the applied carrier is much
easier than common biofilm development methods, and allows the preparation of stable
biofilms of high activity using isolated bacteria.

e The applied bacteria strains afforded high denitrification activity under autotrophic
circumstances, consuming hydrogen as an electron source.

e QGranulated activated carbon is suitable for purposes of drinking water treatment, its
application facilitates biofilm development, and the main malfunction of sand bead reactors
due to gas inclusions can be avoided.

e The stable operation of the reactors indicates that electrochemical cells are suitable for

practical purposes, and their maintenance is simple.

e The bioactive carrier placed into the cathodic chamber of the ECBR reactor
(ElectroChemical BioReactor) set-up functioned with short hydraulic retention times

(HRT) and exhibited denitrification activity.

e It was found that carriers covered by biofilm prepared from the same bacterial strains
displayed different HRT values and activities, the values being significantly higher for the
ECBR arrangement than for the EC+BR arrangement. It was proved that in such a case
not only biological, but also electrochemical reactions play a role in the performance of

denitrification activities.

e As concerns the microbial processes inside the reactor, the stages of denitrification were
separated, the reduction of nitrate taking place in the initial part of the set-up, followed by

nitrite reduction.



Changes of the initial microbial composition (BMIX strain mixture) were studied. It was
found that, in spite of non-sterile operating circumstances, only the initial microorganisms

strains could multiply; the concentrations of other, non-initial microbes were negligible.

The maintenance and running cost of the reactors are very low, which is promising as
regards their future practical application. Scaling-up is not difficult, and on use of the

same electrochemical set-up, the costs would not increase proportionally.

The results calculated from the reactor running data are in the same range as other results
in literature, but our results are better than those of other systems based on water

electrolysis.
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