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IMPROVED FLOWSHEET OF WASTEWATER TREATMENT FROM
NITROGEN-CONTAINING COMPOUNDS

O. SEMENOVA', L. RESHETNIAK?, N. BUBLIENKO', O. SALAVOR/,
E. SMIRNOVA!
'Natioanal University of Food Technology, Kyiv

*National Aviation University, Kyiv

Wastewater containing nitrogen compounds stimulates the development of
plankton, algae, and disrupts oxygen regime, which negatively affect the livelihoods
of aquatic organisms. Sewage treatment from nitrogen compounds is carried out by
active suspended sludge or immobilized active biomass.

Keywords: wastewater, nitrification, denitrification, biological treatment,

aerotank-clarifier.

Untreated and undertreated sewage is a major reason for pollution of water
bodies. A number of reservoirs in Ukraine exceed fixed norms for ammonia nitrogen
— by 2—15 times, nitrates — by 7-20 times.

The presence of nitrogen in wastewater leads to a massive development of
plankton, algae, promotes specific taste, and odor of water, causes change of oxygen
conditions and norms of aquatic organisms livelihood, creates additional difﬁcultie&:
during its treatment. The presence of nitrogen in the reverse water leads to fouling of
pipelines and process equipment. Such organic and mineral nitrogen compounds as -
proteins, amino acids, amines, pyrimidines, purines, ammonium, nitrites, nitrates, etc.
are present in lots of wastewater in different sectors of food industry [1].

Nitrification is the process of ammonium nitrogen oxidation by atmospheric
oxygen up to nitrites and nitrates. This process is carried out by nitrifying bacterial

genera Nitrosomonas, Nitrosococcus, Nitrospiraceae.



2NH," +30,—> 2NO; + 2H,0 + 4H"
2NO; + O, —> 2NOs

Under denitrification, the process of renewal of convertion and nitrates in to free
nitrogen, takes place:

NO7—> NO,— NO—> N,O—* N,

Denitrification helps wastewater treatment both from organic compounds and
nitrogen compounds (NO," and NO;’). Carbohydrates, alcohols, organic acids, etc can
be organic sewage substrate of food enterprises, in denitrification process [2].

The process of nitrification is the final stage of mineralization of nitrogen-
containing organic contaminants. The presence of nitrates in the purified wastewater
is one of the indicators of the degree of their full purification, so it is necessary to use
such treatment facilities, that provided all optimal conditions for the life of nitrifying
bacteria.

Organic and mineral nitrogen compounds (proteins, amino acids, amines,
purines pyrimidines, ammonia, nitrites, nitrates, etc.). present in wastewater of many
industries: petrochemical, medical, microbiological, food, agrochemical and
household waters [3].

For wastewater treatment from the biological elements (nitrogen and
phosphorus) the physical, chemical, biological, and combined methods are used.

Waste water from mentioned industries is purified from organic substances by
conventional biological methods (in aeration tank), but the nitrogen compounds in
them almost not removed. To remove these compounds it is needed biological
methods with the use of suspended culture of activated sludge or attached sludg :
microorganisms, or combination of these two methods.

For processes of nitrification and denitrification can be used aerotanks and »
biofilters.

The overall burden on the biological structures by nitrogen (sum of NH," and
Norg) in 3—4 times exceeds maximum allowed for given structures, calculated for

ammonia nitrogen. Therefore, the final concentration of N, (in some samples of
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ammonia nitrogen) in the purified waste waters of food enterprises is quite high. For

the process of nitrification optimum pH is 7-9.

Table 1
Concentration of different forms of nitrogen in industrial waste waters
Waste water from food Concentration, N, mg/dm3
enterprises N NH," NO, NO;
Before feeding to
treatment plants W 2850 i -
Purified D ) 1,0 10,5

From the pH value depends the availability of inorganic carbon for the
nitrifying bacteria. By reducing pH the reaction equilibrium states of carbon shifts to
the left and most of the carbon is in the form of carbonic acid. Increasing of pH is
also have negative impact on the process of nitrification. Thus in the environment
there is free ammonia, which is a nitrification inhibitor.

Nitrifying organisms require the creation of definite redox potential of the
environment: bigger it is, the more lower should be the optimal pH for nitrificators.
In biological wastewater treatment process for the implementation of nitrification it
is required the alkalinity in the range of 2 mg-eq. HCO; in 1 mg-eq. ammonium
nitrogen. Denitrifying bacteria have the ability to recover nitrate via nitrite to gaseous
nitrous oxide and nitrogen. Unlike nitrification, denitrification increases the alkalinity
of the environment and causes an increase in pH.

The sequence of individual process steps and purification schemes can be
different. Most often such is found: denitrification, oxidation of organic compounds,
nitrification, oxidation of organic compounds, nitrification, denitrification. é

Wastewater treatment from nitrogen compounds by chlorination, ozonation, :"
ultraviolet irradiation, electrolysis, demineralization requires expensive reagents and
equipment.

The purpose of this research work was to study an oxidation of pollutions of
nitrogenous containing wastewaters in typical aerotanks. However, this process is
difficult to achieve because nitrogen compounds are not completely removed from

wastewaters.
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For nitrogen removal combined and separate treatment systems may be used. In
combined treatment systems processes of nitrification and denitrification are
supposed to be carried out within one building, and separate, suggest — separate
nitrification and denitrification [4].

The sequence of certain stages of sewage treatment process can be different. For
example, for the removal of contaminated wastewater, one can use the following

scheme:

HCO, .
' :

Fig. 1. Schemes of nitrogen removal with different denitrification zone
position: I — at the beginning of the process; II — at the end of the process; where
D — denitrificator, B — tank, A — aerotank, H — nitrificator

Experiments were conducted in the aeration tank-clarifier, whose scheme is

presented in Figure 2.

=

& 16 1514 13
Fig. 2. Laboratory scheme of aeration tank-clarifier: / - body;
2 — clarification zone; 3 — circulating active sludge emission; 4 — net-shaped

electrode; 5 — laminorizators; 6 — protective zone; 7 — drainage trays; 8§ — partition;
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9 — overlap; 10 — partition; // — overflow gate windows; /2 — emission system;

13 —*“tooth” ; 14 — aerators; /5 — aeration zone; /6 — degassing zone

Indicators of ammonium nitrogen, nitrates, nitrites and active sludge age were
determined by standard methods.

A number of nitrogen compounds in urban wastewater is about 30-60 mg / dm’,
in some industrial wastewater — 1000 mg/dm” [5].

To solve the problem of nitrogen-containing wastewater treatment aerotank-
clarifiers should be used which create anaerobic zones where denitrification will
occur, due to removal of nitrogen compounds that is usually carried out in practice
under anaerobic conditions.

However, experiments carried out at the VODHEO Institute by A. A. Bondarev,
N.V. Zahvotova and others, made possible to carry out denitrification under aerobic
conditions without additional organic substrate. The efficiency of denitrification
increases with increasing a redox potential [6].

The ability of active sludge to denitrification under aerobic conditions, with the
appropriate rH, environment is the reason for the possibility to carry out nitro- and
denitrification process simultaneously in a single-aerated system.

Analysis of various biological systems and factors influencing the effectiveness
of nitro-, denitrification processes, allowed to determine the type of reactors operating
on the principle of flowsheet settings with suspended layers of microorganisms in
active sludge [7].

Such a type of reactors to a greater extent meets the requirements favorable t?
the simultaneous activity of heterotrophic, nitrifying (autotrophic) and denitrifying
(facultative anaerobes) microorganisms. =

Experiments on the laboratory installation, the aeration tank-clarifier were made
under temporary aeration from 2 to 8 hours, the consumption of wastewater varied
from 1m’/h to 2m*/h.
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The concentration of active sludge was determined depending on the value of
the sludge age and varied within the range from 2 to 8 g/dm’, the sludge age ranged
from 44 to 48 days.

The aerotank-clarifier comprises a body divided by partitions into aeration
chambers, degassing and clarifying and drainage travs with corrugated hoses.
Wastewater enters the aeration chamber where the aic is supplied through porous
aerators, which are made of ceramic filtroses, passes through aeration zone and
passes out of buildings from a pipe. Since the zone of aeration is sealed, aeration
pressure is under head. Flows of air bubbles moving upwardly through the "tooth",
promote the environment suction through slots between the "tooth" and partition.
This suction moves the sludge from the clarification zone to the zone of aeration. The
top of partitions have overflow windows through which the mixture controlled by
backwater from the side of the aeration zone is poured into the degassing zone in
which the flow is slowing and air bubbles are separating. From the drainage zone a
silt mixture enters the clarification chamber. Since at the top of the degassing zone
near the overflow windows the dynamic pressure increases by backwater from the
side of the aeration zone, while at the bottom of the clarification zone the dynamic
pressure decreases, a stable intense recirculation flow which provides silt mixture
transporting from the aeration zone to the zone of clarification as well as recirculation
sludae, from the clarification zone of silt mixture in a suspended layer backward to
the zone of aeration. Thus, active sludge in degassing zones and suspended layers as
well as circulation of active sludge after silt mixture in a suspended layer have been
supplied with nutrients and dissolved oxygen to go on working in the aeration zone“,
The total working volume, occupied by active sludge, is the volume of the aeration,
degassing zones and a suspended layer is called the reaction volume. This volume .
performs oxidation of sewage pollution. Flakes of active sludge precipitate as their
hydraulic particle size at a certain flow level is greater than the vertical component of
the flow. Precipitate of particles to the bottom is by the high speed at the bottom of

recirculating flow, that’s why a pseudorarefied suspended layer of active shedge is
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produced. This layer is characterized by a vortex structure, homogeneity as for its
total mass, and serves as a filter, passing through which a silt mixture is clarified [8].

At the beginning of the process of treatment the influence of oxygen
concentration in the clarification zone a the effect of denitrification has been
determined. This was done to determine the needed mode of recycling.

According to known theories, decrease of dissolved oxygen in sludge mixture is
considered to affect the increase of denitrification.

To reduce concentration of dissolved oxygen in the clarification zone
recirculation decreased within it and the aeration zone.

Under all treatment inverstigations a deep removal of pollution was obtained —
the value of the main parameters ranged: COD - 42-52 mg O,/dm’,
BSKs - 1.64 mg/dm’, suspended matter - 7.5-11 mg/dm’,
NH, - 0.32-2.40 mg/dm’, NO,” — 0.040-0.25 mg/dm’, NO; — 0.28-7.2 mg/dm’.

The research results show that with increasing the age of sludge a final amount
of ammonium nitrogen in treated water decreases. The concentration of nitrate
nitrogen for all values of the sludge age corresponds to an intense process of
denitrification [9].

The value of the redox potential of the silt mixtures rN; = 19.0 — was in a
favorable for nitrification range, due to it the concentration of nitrite, although having
low values, was still not as high as the maximum permissible concentration (MPC).

Aerobic nitrification and denitrification of wastewater technology in the aeration
tank-clarifiers has allowed to reduce by 2.5 times the treatment process, by 10 times
to decrease the need for aerege, to eliminate sludge recirculation of pumping stationf:
equipment for mixing in denitryficators, secondary clarifiers. |

Under all investigated modes a deep removal of pollution took place- the value -
of basic indicators ranged: COD — 52 mg O,/dm’, BSK5 — 4 mg O,/dm’, suspended
matter — 10 mg/dm’, NH, © — 0.35-2.24 mg N/dm’, NO,” — 0.039-0.23 mg N/dm’,
NO; — 0.22-6.6 mg N/dm’.

The results of experiments confirm that with the increasing of the active sludge

age from 32 days to 48 days ammonium nitrogen content decreases.
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The concentration of nitrate nitrogen for all values of sludge age corresponds to
the MCL, indicating the intense process of denitrification. The concentration of nitrite

although had low values, but did not achieve the MAC [10].

CONCLUSIONS
Based on the investigations of purification of nitrogen-containing waste water,
we can make the conclusion that this process is best done in the aerotank-clarifier
because this type of reactor best meets the requirements which favorable to the
simultaneous activity of activated sludge organisms. Also, results of researches show
that age of the sludge influences on wastewater purification process, i.e. with
increasing of sludge age the amount of ammonia nitrogen decreases, indicating of the

intensification of the process of denitrification.
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YAOCKOHA/IEHA TEXHOJIOT'TYHA CXEMA OYHIIIEHHA CTIYHHX
BOJ BI/1 A3OTOBMICHHX CIIOJTYK

O.1. CEMEHOBA', JL.P. PEIIIETHSK?, H.I. BYBJIIEHKO', O.M. CAJIABOP',
€.C. CMIPHOBA'
' Hayionanenuii ynisepcumem xapuosux mexuonoziti, m. Kuis

2 . o . . v o . o
Hawouaﬂbuuu asiayluHuy yHigepcumem, M. Kuis

Cmiuni 600u, Aki Micmams CHOAYKU aA30M) CHMUMYTIOIOMb PO3GUMOK
NIAHKMOMNY, 6000pOCMel ma NOPYUuLyionb KUCHEBUU PEXCUM, U0 HEe2AMUEHO 6NIUEAE,
Ha JrcummeoianvHicms 2iopobionmis. OuuwyeHHss CMIYHUX 800 6i0 CHOJYK aA30m
30IUCHIOEMbC AKMUBHUM MYJIOM Y 3Q8UCIOMY CMAHi ab0 3 BUKOPUCMAHHAM
iMmobinizoeanoi akmueHoi biomacu.

Knrwwuosi cnosa: cmiuna 600a, Himpugixayis, Oenwimpughikayis, 6ionoziune

OYUUWEeHHA, AEPOMENRK-NPOACHIOBAY.
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YCOBEPHIEHCTBOBAHHAA TEXHOJIOTHYECKAA CXEMA
OYHUCTKH CTOYHBIX BOJ OT A30TCOAEPKAIIIUX COEJHHEHUH

O.Y1. CEMEHOBA', JI.P. PEIIIETHSAK?, HH. BEYBJIMEHKO',
O.M. CAJIABOP', E.C. CMUPHOBA'
"Hayuonanvmwiii YHUgepcumem nuwjesoix mexnonozaui, . Kuee

2 - v
HaL;MOHa]ZbeZu asUAYUOHHbIU YHUBEpCUmMEm, 2. Kues

Cmounvle 600bi, codepicawjue COEOUHEHUs A30MA CMUMYIUPYIOM Da3eumue
NAGHKMOHA, 8000pOCell U HAPYWAIOM KUCTOPOOHBIIL PEXHCUM, UMO OMPUYAMENLbHO
gnuUsiem Ha JHcusHeOesimenbHOCmb 2uopobuonmos. Ouucmka CmMoOYHbIX 600 Om
COEOUHEHUIl a30ma OCYWecmesiemcs aKMUGHbIM UIOM 60 636CULCHHOM COCMOSHUU
UIU € UCNOTB308AHUECM UMMOOUNUZ0BAHHOU AKMUBHOU OUOMACCHL.

Knrouegvie cnosa: cmounaa 600a, Humpuguxrayus, OeHumpuguxayus,

buonocuyeckas OHYUCMKA, A3POMEHK-0C8EMNIUMEND.
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