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This paper describes the design and operation of a reliable and accessible point-of-use

water denitrification system. The system includes a U-shaped submersible denitrifying

biofilter and a bubble-film extractor. The biofilter utilizes the combined actions of

denitrifying, sulfate-reducing, and sulfur bacteria. Denitrifying bacteria convert nitrates

into nitrogen gas and reduce the calcium hardness of water in proportion to the nitrate

concentration. When the water is contaminated with both nitrates and sulfates and the

bacterial community receives excess nutrients (ethanol), some sulfates are converted

into hydrogen sulfide. This process facilitates the removal of heavy metal ions from the

water in the form of hydrosulfides. When the sulfate-reducing bacteria produce excess

hydrogen sulfide, the sulfur bacteria convert it into colloidal sulfur at the biofilter outlet.

The bubble-film extractor removes colloidal sulfur, heavy metal hydrosulfides, calcium

carbonate dispersions, and hydrogen sulfide from the filtrate. The system is user-friendly,

requiring no special skills or knowledge for installation and maintenance. The proposed

system demonstrates cost-effective denitrification and water polishing over long-term

use.
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Introduction
Nitrogen is one of lives six most important

chemical elements and accounts for 3% of the human
body weight. It is a part of proteins, nucleic acids,
and ATP. However, when nitrogen enters the human
body in large doses of nitrate ions with food and
drinking water, it poses a health hazard [1].

Nowadays, severe techno-genic pollution of
surface and groundwater with nitrates occurs worldwide
[2]. The application of nitrogen fertilizers in field
farming continues, as does the discharge of insufficiently
purified household industrial and livestock nitrogen-
containing effluents into natural reservoirs. As a result,
the nitrogen cycle breaks, and an increasing amount
of nitrates enters the groundwater. The population
living without a centralized water supply and sewerage
are at main risk because their liquid household waste
is disposed of through simple cesspools and septic

tanks. This practice increased nitrate concentration
in upper aquifers in residential areas by up to hundreds
of milligrams per liter [2]. The maximum permissible
concentration of nitrates in drinking water is
45 mg/dm3. Therefore, the population must either
buy very costly bottled water or have equipment for
denitrification to bring raw water quality indicators
up to sanitary and hygienic standards.

To solve the problem, one can use reverse
osmosis, electro dialysis, catalysis, and adsorption on
the surface of natural and synthetic materials [3].
Each of these methods makes it possible to reduce
the concentration of nitrates in water to physiologically
acceptable values. However, only reverse osmotic and
ion exchange systems have become widespread and
most suitable for operation at decentralized water
treatment. The advantages of these systems are simple
to service and convenient construction, which allows
quick replacement of outworn membranes and resins.
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At the same time, these two systems, which are in
widespread use, also have disadvantages. In particular,
there are no anion exchange resins with higher
selectivity to nitrate ions than anions usually present
in groundwater. The effect of this factor in the course
of ion exchange treatment of water significantly violates
its mineral composition. There is also no way to
regenerate ion-exchange resins without additional
environmental pollution by washing water. As for
using reverse osmotic systems for water denitrification,
their membranes retain all other ions significantly
better than the NO3

– ions and are better applicable
for total dissolved solids removal [4]. Therefore, to
avoid receiving water with a depleted mineral
composition, additional procedures are required. If
calcium, magnesium, and iron ions concentrations
exceed MAC, reverse osmotic membranes also need
water pretreatment. The mentioned limitations require
the search for new improvements in nitrate water
treatment’s point-of-use and point-of-entry systems.

This paper describes the design and function of
a newly developed point-of-use/point-of-entry
denitrification biofilter modernized by a bubble-film
extraction unit for the filtrate post-purification. This
innovative system ensures the removal of nitrates and
related impurities from problematic water sources for
its use as drinking water.

Biological denitrification is widely used in
centralized drinking water supply (DWT) and sewage
treatment plants (SWT) due to its high selectivity and
efficiency up to 100%. Heterotrophic and autotrophic
bacteria denitrify water, acting in attached or free-
floating states. The heterotrophic bacterial colonies
have higher denitrification performance.

The first biological denitrification pilot plant for
drinking water started work in France in 1983 [5].
Since the 1980s, water experts in many countries
have built similar industrial biological denitrification
plants for drinking water supply [6]. The principle of
their operation always includes denitrification of water
under anoxic conditions and its subsequent treatment
under aerobic conditions and sterilization by standard
methods.

Generally, biological denitrification require strict
compliance with the water treatment conditions. These
relate to nitrate concentration, filtration rates, dissolved
oxygen (DO) concentration in the treated water [7]
and doses of electron donors and consumable carbon.
Variations in these factors can enable or inhibit
bacterial metabolism with oxygen uptake from nitrate
ions for cell respiration and growth.

Today, centralized drinking water treatment plants
(DWTPs) and sewage water treatment plants (SWTs)
use different technological schemes of biological

denitrification. These schemes explore single and mixed
bacterial cultures [8]. Their application experience
has revealed the characteristics of the processes in
systems with fixed and floating filtration loads.

In systems with densely packed biofilter beds,
biofouling slime can block the pore space during
operation. If the preventive flushing is not strong
enough, than channeling occurs. This is when part of
the biofilter bed loses its functionality due to the
formation of passages with reduced hydraulic resistance.
Nitrogen gas bubbles can also block the pore space of
the biofilter when they released by denitrifying bacteria
because of respiration. As the size of the bubbles
increases, gas plugs form and block biofiltration. The
smaller the particle size of the biofilter bed, the more
this phenomenon interferes with the operation of the
submerged biofilter [9]. Main and circulation pumps
provide the hydraulic water retention time inside the
biofilter and the required water flow when washing
the biofilter grains from the excess of the resulting
biomass. Dosing units supply macro and micronutrients
for bacterial nutrition. These factors are crucial in
nitrate removal efficiency from the water.

Fluidized bed reactors do not have of stated
disadvantages. However, the flow rate of the denitrified
water must be high. Recirculation makes it possible
to ensure the required hydraulic retention time at the
water treatment. Alternatively, several units are
connected in series. Fluidized bed reactors increase
the denitrification efficiency, but are complex in design.

In point-of-use or point-of-entry systems, the
peripherals can be very expensive compared to the
biofilter itself. Therefore, a packed bed submerged
biofilter with a specific grain size and exceptional
design is the best option for decentralized water
denitrification. This biofilter allows different bacterial
colonies to be in an active state along the length of
the biofilter with an appropriate concentration of
dissolved oxygen in the denitrified water. Clogging
and channeling of the filter bed avoids by correct
selecting specific parameters such as grain shape and
size, equipment configuration and operating mode.
This ensures that colonies of different types of bacteria
can operate according to their specialization, keeping
the biofilter running smoothly. Even nitrogen bubbles
released during the denitrification of water will not
block the operation of the biofilter. To create a practical
and affordable denitrifying point-of-use device, the
authors identified and solved the following eight tasks/
conditions:

1. Anoxic conditions in the water inside the
biofilter should be originated and maintained by the
activity of the bacteria themselves.

2. The surface area of the biofilms in the filtration
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bed array must provide the necessary degree of nitrate
removal from the entire volume of water for a sufficient
period.

3. The design of the biofilter and the shape and
dimensions of its filter bed elements must ensure free
discharge of the released nitrogen to the atmosphere
while minimizing contamination of the filtrate by
bacterial plankton.

4. The mode of operation of the biological
filtration shall be such that frequent flushing of the
biofilter bed is not required.

5. Exceeding the required hydraulic residence
time of the water in the biofilter should not degrade
the quality of the filtrate.

6. The indicators of denitrified water quality
should not deteriorate with the length of the filtration
path inside the biofilter.

7. The peripheral module for filtrate post-
treatment should be structurally simple, efficient, and
economical.

8. The construction of the denitrifying DWTS
must be trouble-free and easy to maintain by an
average user.

Experimental, results and discussion

The analysis of the conditions necessary for the
effective operation of a small-scale denitrification unit
(point of use) led to the scheme shown in Fig. 1A.
Photographs of the laboratory plant built according to
this scheme are in Fig. 1B and C. The plant consists
of the original submerged biofilter and the post-
treatment unit. The biofilter has a U-shape [10]. It
consists of two vertically installed bends (elbows) made
of standard polyvinyl chloride pipes with a diameter
of 110 mm and a length of 1200 mm, with muffled
bottoms and open tops. At 50 mm from the bottom,

a hydraulic bridge with a drain valve connects the
bends. Extensions (300 mm long compensating fittings)
with perforated caps are located at the top of both
pipes in a U-shaped module. The perforation in the
caps allows the produced gas (N2) from denitrified
water to escape freely to the atmosphere. 1200 mm
high HDPE filter media in mesh capsules freely
removable from the biofilter housing fills the interior
of both elbows. This allows a trouble-free to install
the devise and maintain it by an average user.

The post-treatment unit (made of the same
materials as the biofilter housing) is equipped with a
bubble film extractor [11] and connected to the outlet
elbow of the biofilter. An anoxic environment in a
biofilter reaches when bacteria consume dissolved
oxygen for respiration. The decrease in dissolved
oxygen concentration along the filtration path is
proportional to its local concentration. Surfactants
released by active, live bacteria adsorb to the water
surface (forming a densely packed amphiphilic
monolayer at the water mirror in the inlet elbow of
the biofilter) and provide an additional diffusion barrier
to the ingress of oxygen from atmospheric air into
the water [12].

When the flow of oxygen from the atmospheric
air through the water surface (mirror) into the water
bulk becomes less than the bacteria consume, an anoxic
conditions are quickly established in the next parts of
the biofilter body.

The HDPE filtration media chips provide a large
surface area for bacterial colony growth in the filter
bed. The chips diameter and height are of a specific
size. This, together with the developed surface, creates
channels in the biofilter bed with a cross-section that
impedes convective flow. However, the cross section

Fig. 1. Block scheme (A) and photographs of a denitrifying biofilter with a bubble-film extraction post-treatment device,

front view (B) and side view (C): 1 – biofilter inlet elbow; 2 – biofilter outlet elbow; 3 – post-treatment unit;

4 – segmented HDPE filter media in mesh capsules freely removable from the biofilter housing
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of the water channels is still sufficient for the nitrogen
bubbles produced by the denitrifying bacteria to rise
along them. To facilitate the removal of nitrogen
bubbles from the biofilter body to the atmosphere,
the biofilter is designed as an open system with a
symmetrical U-shape and vertical orientation of its
inlet and outlet bends (elbows).

The filtration mode is the critical factor in
determining the efficiency and reliability of the
biofilter. To ensure maximum conversion of nitrate
nitrogen to molecular nitrogen, the retention time of
the denitrified water in the biofilter should be
prominent. The required retention time mainly ensures
the use of a slow filtration rate. On the other hand,
the washing flow rate should be high to ensure that
the excess mass of biological slime is removed (washed
out) from the grains of the filter load inside the biofilter.
These conditions are met by the displacement (piston)
filtration mode [13]. In this mode, the water feds to
the biofilter in one gulp (fast) in separate portions
(pulses) at recommended intervals. At the same time,
the consumer immediately receives an equivalent
amount of denitrified water. Under the effect of the
pulsed water flow (turbulent flow) supplied to the
biofilter, the excess denitrifying biomass is flushed
from the biofilter bed, refreshing the zone of intensive
growth, and the flushed biomass moves to the next
part of the biofilter where the starving bacteria are
located. The starving bacteria use the washed out
material from the denitrifying biofouling to maintain
their vital activity. In this way, metabolic activity
reduces biofilter clogging.

In the case of displacement filtration, the amount
of water introduced may be 20-50% of the water
capacity of the biofilter bed and may remain there for
a long time (up to several days). However, the supply
of water portions into the biofilter and the synchronous
obtaining of the filtrate occur quickly (in 5–
30 seconds). The duration of pauses between successive
additions of water to the biofilter (several hours to
several days) determines the completeness of
denitrification.

During the denitrification period, the water in
each point of the biofilter is in a calm state. The only
disturbance is the appearance of nitrogen bubbles.
Therefore, denitrification in a biofilter is like an ideal
operation of a displacement reactor.

Microbiological denitrification and the associated
reduction of calcium hardness in the filtrate, sulfate
reduction with the formation of hydrogen sulfide and
insoluble hydrosulfides of heavy metals, and bacterial
oxidation of hydrogen sulfide to elemental sulfur take
place inside the biofilter under the kinetic equations
of first order reactions. Due to the extended hydraulic

retention time, the water leaving the biofilter does
not contain undesirable contaminants in concentrations
that make them difficult to remove by the post-
treatment unit.

The effect of the sulfate reduction on the quality
of the filtrate is minimized by deliberately lengthening
the filtration path compared to that required for
denitrification proper. In this case, the sulfate reduction
zone is followed by an extended zone in which sulfur
(thionic) bacteria act. The sulfur bacteria absorb the
hydrogen sulfide, thus facilitating the final polishing
of the filtrate by the post-treatment unit.

At the outlet of the biofilter, some undesirable
contaminants may appear in the water when the
bacterial community is overfed. These are the rests of
hydrogen sulfide and detached biological fouling
(bacterial plankton). It can also be the dispersed phase
of heavy metal sulfides, calcium carbonates, magnesium
carbonates, etc.

Figure 2 shows the cross-section of the biofilter,
the position of the filtration bed within it, and a
schematic representation of the functional zones at
start-up and during long-term operation. The bacterial
community in biofilms formed on the surface of the
HDPE filter medium performs water treatment. The
distribution (relocation) and functional activity of
different bacterial colonies along the filtration pass
changes depending on the nutritional conditions and
duration of the device use. Initially, denitrifying bacteria
occupy all available surfaces in the filtration bed as
shown in Fig. 2A. Sulfate-reducing bacteria appear
behind the denitrifying bacteria at overfeeding of
denitrifying bacteria and, over time, sulfur bacteria
appear behind the sulfate-reducing bacteria as shown
in Fig. 2C.

The filtrate polishes in an advanced flotation
device, a bubble film extractor. The operation principle
of this device is that dissolved gases, endogenous
surfactants and dispersed impurities are adsorbed (and
absorbed) by a stream of air bubbles in the treated
water and then discharged through a channel of specific
geometry (a bubble film extractor) outside the bulk of
water. Endogenous surfactants released by bacteria play
a critical role in this process. During of bubble film
extraction, endogenous surfactants act as ionic and
associative collectors of dispersed particles [11].

Figure 3 shows the dynamics of nitrate conversion
to nitrogen gas during the start-up period and in a
chronically operated biofilter. Initially (during the
start-up period, when nitrate-containing water is first
filled into the apparatus and the change in nitrate ion
concentration monitored over time), the water
denitrification occurs slowly. A first-order kinetic
equation describes the process with a rate constant of
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about 0.56 day–1 (6.48⋅10–6 s–1) [10]. The ratio of the
current nitrate concentration (C) to the initial nitrate
concentration in the water (C0) in a quiescent state
inside the biofilter decreases with each subsequent
day, as shown by the serial arrangement of dotted
lines 1, 2, 3 and 4 in Fig. 3a. The concentration of
nitrate ions in the water inside the biofilter bed
decreases exponentially with time.

When the biofilter was started in the displacement
filtration mode (piston filtration), with a daily water
supply of approximately 20% of the total biofilter
capacity by volume, the denitrification dynamics
remain the same as observed in the case of quiescent
water. In Fig. 3b, the step-dot and envelope curves
show the decrease of nitrate concentration in the filtrate
on days 1, 2, 3 and 4.

As the biofilter reaches steady-state operation,
denitrification shifts mainly to the entry zone of the inlet
elbow (shown in red in Fig. 2B) and the process rate
increases. The dashed lines in Fig. 3b and c show the
change in nitrate concentration over the length of the
filtration path. When the fed substrate is added in excess
to the influent water, the denitrification rate constant
reaches 1.4–2.4 day–1 or (1.62–2.78)⋅10–5 s–1 [13]. In
this case, ecological niches appear behind the
denitrification zone where sulfate reducing and sulfur
bacteria act. The distribution of these niches is shown
in black and yellow in Fig. 2C. The relative change
in concentration of nitrate (dashed line), hydrogen

sulfide (solid line) and sulfur (dotted-dashed line) in
the active biofilter operating in piston mode with an
excess of supplied nutrients is shown schematically in
Fig. 3c.

Denitrification of water by heterotrophic bacteria
requires the supply of a bacterial nutrient substrate to
the water. Denitrification with feeding by ethyl alcohol
leads to the reduction of NO3

– to N2 according to the
following equation [6]:

,0.477N0.13COO1.12H

0.74HCONOH0.046C

0.137OOHH0.55CNO

2
2
32

3275

2523

+++

++→

→++

−

−

−

 (1)

If ethanol addition to denitrified water stops,
then the reduction of NO3

– to N2 occurs by the
nutrition of bacteria with their biomass. Denitrification
continues at a decreasing rate [13,14] until the biomass
depletes. In this case, the denitrification equation has
the following form:

.0.5NHCO0.25NHHCO

O0.25HNOH0.25CNO

2343

22753

++→

→++

−

−

 (2)

In both instances, about 0.5 moles of nitrogen
gas bubbles are produced for every mole of nitrate
ions. These bubbles rise along the water channels in
the biofilter bed. Upon reaching the water surface,

Fig. 2. The biofilter in detail (I) and the distribution of functional zones in it during the start-up period (A) and within long-time

operation (B and C): 1 – the inlet elbow; 2 – the outlet elbow; 3 – the connecting jumper; 4 – filtration bed;

5 – the limiting grid; 6 – denitrified water; 7 – the output tubing. The arrows indicate the direction of shifting portions of

denitrified water inside the biofilter. The marcs of A–C: k1 is the zone of entered water;

 k2 is the denitrification zone at the start-up period and at the stationary run; k3 is the sulfate reduction zone;

k4 is the location of functioning sulfur bacteria; and k5 is the zone of received filtrate
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the bubbles burst in the biofilter elbows and release
their contents into the atmosphere through perforated
covers that seal the upper ends of the inflow and
outflow elbows. Thus, denitrifying bacteria’s vital
activity is not impaired by nitrogen.

Due to the denitrification process, the filtrate
accumulates −

3HCO  and −OH . Excess hydroxide ions
cause the bicarbonate ions to transform into −2

3CO .
The interaction of −2

3CO  with calcium cations (which
are present in the water as a component of its initial
hardness) results in the formation of the dispersed
phase of 3CaCO  as per the following equations:

O,HCOOHHCO 2
2
33 +↔+ −−−  (3)

.CaCOCOCa 3
2
3

2 ↓→+ −+  (4)

As a result, the hardness and concentration of
dissolved salts in the denitrified water decline, leading
to a decrease in the TDS index but an increase in
turbidity.

If ethanol is added to the supplied portions of
denitrified water in quantities more significant than
required by equation (1), the biofilter displays the
presence of sulfate-reducing bacteria. Following the
equation, sulfate reduction occurs:

.3HCOCOO3H3HSOHH2C3SO 32252
2
4

−−−
+++=+  (5)

Hydrogen sulfide also appears through the
hydrolysis of hydrosulfide ions according to the
equation:

.OHSHOHHS 22
−− +↔+  (6)

The filtration path where hydrogen sulfide
accumulates at an excessive dosage of ethanol to
denitrified water creates an ecological niche for the
functioning of sulfur bacteria. These bacteria oxidize

dissolved hydrogen sulfide to elemental sulfur and
sulfate ions according to the equations:

O,HSO21SH 222 +→+  (7)

.SOHOHO21S 4222 →++  (8)

An ecological niche for sulfur bacteria appears
in a U-shaped biofilter in the upper part of its output
elbow. Here, oxygen from the atmospheric air
penetrates through the perforated cover. The zone of
functioning of sulfur bacteria indicated in Fig. 2C is
yellow, and the change in sulfur concentration in
relative units along the length of the filtration path
shown in Fig. 3c with a dashed-dotted line.

In such a way depending on the biofilter’s
operating conditions, denitrification and sulfate
reduction are manifested in various filtration sections.

After biological filtration, denitrified water directs
to a storage unit fitted with a bubble-film extractor.
Bubble film extraction is the process based on the
ability of surfactants to adsorb on the surface of air
bubbles and volatiles to be absorbed by the gas phase
of bubbles. Bubble film extraction is similar to flotation
in the principle of operation, but its efficiency in
terms of SAS (endogenic and exogenic surfactants)
and other impurities removal is much higher than
that of flotation [11].

The quality of water denitrification in a U-shaped
biofilter and after-treatment in storage equipped with
a bubble-film extractor illustrates the data in Table.
The column 1 in Table refers to the water’s source
quality indicators. The column 2 refers to the quality
indicators of water samples taken from the entering
compartment inside the biofilter the following day
before the new portion of water is directed for filtration.
The column 3 refers to samples taken from the bottom

Fig. 3. The course of denitrification in the biofilter during the start-up period and in a regularly operated device: a) dynamics of

water denitrification in the starting period in the absence of a duct through the biofilter; b) dynamics of water denitrification in

the starting period in the mode of displacement biofiltration; the decrease in the concentration of nitrates in the portions of

filtrate depicts the step-dot line and its envelope dot line of averaged values; and c) dotted line shows the change in the relative

concentration of nitrates along the length of the filtration path; solid line shows the change in the relative concentration of

hydrogen sulfide, and dashed line shows the change in the relative concentration of sulfur
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zone of the junction of the inlet and outlet elbows of
the biofilter. The column 4 refers to water samples
taken from the biofilter outlet when turned off the
bubble-film extractor in the post-treatment unit, and
the column 5 refers to water taken from the biofilter
outlet with the bubble-film extractor operating.

The water fed to the displacement filtration (with
a concentration of dissolved sodium nitrate equal to
250 mg/dm3 and ethanol dosing of 80 mg/dm3) has a
pH 7.7–8.2; NTU=0.8–1.2; TDS=360–380 mg/dm3;
and dissolved O2=7.8–8.3 mg/dm3. It does not
contain hydrogen sulfide and its redox potential
Eh=+(128÷135) mV. This water changes its indicators
on contact with the biofilter bed during the day: the
concentration of nitrates, dissolved oxygen, and TDS
decrease in samples taken from the inlet compartment.
Redox potential and odor index remain the same, but
pH and turbidity increase significantly.

The water sampled from the junction zone of
inlet and outlet elbows of the biofilter shows an
additional decrease in nitrate and dissolved oxygen
concentrations. The pH is also significantly lower
than in the water at the biofilter inlet, and the turbidity
is considerably higher. Dramatic changes occur in
the redox potential, and its value decreases by 360–
380 mV compared to the redox potential in the water
at the entrance to the biofilter. The smell of hydrogen
sulfide is present in the water, and a qualitative chemical
reaction on hydrogen sulfide confirms this.

When the bubble-film extractor is off, the water
turbidity at the biofilter outlet has magnitudes
intermediate between the entrance and bottom. The
TDS indicator remains the same as at the bottom of
the biofilter. The dissolved oxygen concentration is
lower than that in raw water: the redox potential and
intensity of the smell of hydrogen sulfide indicate its
presence in the filtrate.

The water at the outlet of the biofilter with the

bubble-film extractor turned on shows the lowest
concentration of nitrates and turbidity; its pH reaches
a value of 8.6, and the DO concentration becomes in
equilibrium with the concentration of oxygen in the
atmospheric air. The redox potential in the denitrified
water treated with a bubble-film extractor practically
does not differ from the ORP of the source water,
and it has no extraneous tastes and odors. The hydrogen
sulfide is absent.

Conclusions
A pilot model of a low-cost, affordable

denitrifying water purifier point of use has been
developed. The apparatus consists of a U-shaped
denitrifying biofilter of the submersible type and a
bubble film extractor for polishing the filtrate. The
coordinated action of denitrifying sulfate reducing and
sulfur bacteria treats the water. The denitrifying bacteria
cause NO3

– removal and increase the pH to reduce
the calcium hardness of the water. When both nitrates
and sulfates contaminate the water and the bacteria
are overfed, partial conversion of the sulfates to
hydrogen sulfide occurs. The appearance of hydrogen
sulfide in the water leads to the possibility of removing
heavy metal ions from the water in the hydrosulfide
state.

The excess hydrogen sulfide produced by sulfate-
reducing bacteria is converted to colloidal sulfur by
the action of sulfur bacteria. Colloidal sulfur,
hydrosulfides of heavy metals, dispersions of calcium
carbonates and hydrogen sulfide are removed from
the filtrate by bubble film extraction, and self-induced
(biological) surfactants ensure the efficiency of this
process.

The denitrifying water purifier is designed for
operation at the point of use. Its installation and
maintenance do not require any special skills or
knowledge from the potential user.

Value 
Indicator 

1 2 3 4 5 

( )−3NOC , mg/dm
3
 250 13 12 12 12 

pH 7.7–8.2 8.4–8.5 7.8–7.9 8.6–8.7 8.6–8.7 

Hardness, mmol/dm
3
 2.58   1.5 1.5 

Turbidity, NTU 0.8–1.2 1.2–1.9 1.4–2.5 0.75–1.12 0.3–0.5 

TDS, mg/dm
3
 360–380 297–300 290 287–290 287–290 

О2 dissolved, mg/dm
3
 7.8–8.3 0.6 0.4 1.3 8.3 

smell
*
 – – + +/– – 

Eh, mV +(128÷135) +(126÷130) –(230÷265) +(126÷132) +(128÷135) 

Indicators of water quality inside the different parts of the biofilter and in storage equipped with a bubble-film extractor

Note: * – the «smell» refers to hydrogen sulfide, determined organoleptically; the sign «–» means «absent» and the sign «+» means

«present».
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ÍÀÄ²ÉÍÀ ÒÀ ÄÎÑÒÓÏÍÀ ÑÈÑÒÅÌÀ
ÄÅÍ²ÒÐÈÔ²ÊÀÖ²¯ ÂÎÄÈ Â ÒÎ×Ö² ÑÏÎÆÈÂÀÍÍß

Ãåâîä Â.Ñ., Áîðèñîâ ².Î., Êîâàëåíêî ².Ë.

Â ñòàòò³ îïèñàíî êîíñòðóêö³þ ³ ðîáîòó íàä³éíî¿ òà
äîñòóïíî¿ ñèñòåìè äåí³òðèô³êàö³¿ âîäè â òî÷ö³ ñïîæèâàí-
íÿ. Ñèñòåìà âêëþ÷àº U-ïîä³áíèé çàíóðþâàëüíèé äå-
í³òðèô³êóþ÷èé á³îô³ëüòð òà áóëüáàøêîâî-ïë³âêîâèé
åêñòðàêòîð. Á³îô³ëüòð âèêîðèñòîâóº êîìá³íîâàíó ä³þ äå-
í³òðèô³êóþ÷èõ, ñóëüôàòðåäóêóþ÷èõ ³ ñ³ð÷àíèõ áàêòåð³é.
Äåí³òðèô³êóþ÷³ áàêòåð³¿ ïåðåòâîðþþòü í³òðàòè â ãàçîïî-
ä³áíèé àçîò ³ çíèæóþòü êàëüö³ºâó æîðñòê³ñòü âîäè ïðî-
ïîðö³éíà êîíöåíòðàö³¿ í³òðàò³â. Êîëè âîäà çàáðóäíåíà ÿê
í³òðàòàìè, òàê ³ ñóëüôàòàìè, à áàêòåð³àëüíà ñï³ëüíîòà îò-
ðèìóº íàäëèøêîâå æèâëåííÿ (åòàíîë), ÷àñòèíà ñóëüôàò³â
ïåðåòâîðþºòüñÿ íà ñ³ðêîâîäåíü. Öå ïåðåòâîðåííÿ äîçâîëÿº
âèäàëèòè ³îíè âàæêèõ ìåòàë³â ç âîäè ó âèãëÿä³ ã³äðî-
ñóëüô³ä³â. Çà óìîâ íàäëèøêó ñ³ðêîâîäíþ, ñ³ð÷àí³ áàêòåð³¿
ïåðåòâîðþþòü éîãî íà êîëî¿äíó ñ³ðêó íà âèõîä³ ç á³î-
ô³ëüòðà. Áóëüáàøêîâî-ïë³âêîâèé åêñòðàêòîð âèäàëÿº ç
ô³ëüòðàòó êîëî¿äíó ñ³ðêó, ã³äðîñóëüô³äè âàæêèõ ìåòàë³â,
äèñïåðñ³¿ êàðáîíàòó êàëüö³þ òà ñ³ðêîâîäåíü. Êîðèñòóâà÷³
íå ïîòðåáóþòü ñïåö³àëüíèõ íàâè÷îê àáî çíàíü äëÿ âñòà-
íîâëåííÿ òà îáñëóãîâóâàííÿ á³îô³ëüòðà äëÿ îòðèìàííÿ î÷è-
ùåíî¿ âîäè. Çàïðîïîíîâàíèé á³îô³ëüòð äåìîíñòðóº åêîíî-
ì³÷íó åôåêòèâí³ñòü äåí³òðèô³êàö³¿ òà äîî÷èùåííÿ âîäè ïðè
òðèâàëîìó âèêîðèñòàíí³.

Êëþ÷îâ³ ñëîâà: äåí³òðèô³êàö³ÿ, î÷èùåííÿ âîäè,
á³îô³ëüòðàö³ÿ, áóëüáàøêîâî-ïë³âêîâà åêñòðàêö³ÿ,
åêîíîì³÷íî åôåêòèâíèé ïðèñòð³é.
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RELIABLE AND ACCESSIBLE POINT-OF-USE WATER
DENITRIFICATION SYSTEM

V.S. Gevod *, I.A. Borysov, I.L. Kovalenko

Ukrainian State University of Science and Technologies,
Dnipro, Ukraine

* e-mail: aquilegya@ua.fm

This paper describes the design and operation of a reliable
and accessible point-of-use water denitrification system. The
system includes a U-shaped submersible denitrifying biofilter
and a bubble-film extractor. The biofilter utilizes the combined
actions of denitrifying, sulfate-reducing, and sulfur bacteria.
Denitrifying bacteria convert nitrates into nitrogen gas and reduce
the calcium hardness of water in proportion to the nitrate
concentration. When the water is contaminated with both nitrates
and sulfates and the bacterial community receives excess nutrients
(ethanol), some sulfates are converted into hydrogen sulfide. This
process facilitates the removal of heavy metal ions from the
water in the form of hydrosulfides. When the sulfate-reducing
bacteria produce excess hydrogen sulfide, the sulfur bacteria convert
it into colloidal sulfur at the biofilter outlet. The bubble-film
extractor removes colloidal sulfur, heavy metal hydrosulfides,
calcium carbonate dispersions, and hydrogen sulfide from the
filtrate. The system is user-friendly, requiring no special skills or
knowledge for installation and maintenance. The proposed system
demonstrates cost-effective denitrification and water polishing
over long-term use.

Keywords: denitrification; water treatment; biofiltration;
bubble-film extraction; cost-effective device.
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