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$EVWUDFW 7KH DUWLFOH SUHVHQWV WKH UHVXOWV RI HYDOXDWLQJ WKH DELOLW\ RI
DFWLYDWHGVOXGJHVDWXUDWHGZLWKDQDPPR[EDFWHULDWRDGDSWWRPHVRSKLOLF
DQG ORZHU WHPSHUDWXUH RSHUDWLQJ FRQGLWLRQV $V WKH PDLQ WHPSHUDWXUH
UHJLPHVWHPSHUDWXUHVRIDQG&ZHUHVHOHFWHG7KHV\VWHPKDV
GHPRQVWUDWHGVWDEOHRSHUDWLRQDWWHPSHUDWXUHVDERXW&ZLWKWKHKLJKHVW
GHJUHH RI SXULILFDWLRQ IRU DPPRQLXP QLWURJHQ ±  PJ/ $W WKH VDPH
WLPH WKH FRQFHQWUDWLRQ RI QLWULWHV UHDFKHG  PJ/ WDNLQJ LQWR DFFRXQW
IRUFHG QLWUDWLRQ $Q DGGLWLRQDO LQFUHDVH LQ WKH HIILFLHQF\ RI WKH V\VWHP
UHTXLUHV VWUXFWXUDO FKDQJHV LQ WKH DGRSWHG WHFKQRORJLFDO VFKHPH RI WKH
ELRUHDFWRUKRZHYHUWKHLQWURGXFWLRQRIDQLQWHUQDOV\VWHPRIUHFLUFXODWLRQ
RI DWWDFKHG ELRPDVV ZLWK ORDG  LQVLGH WKH DQDPPR[ FRPSDUWPHQW LV
FRQVLGHUHGDVDQHVVHQWLDOHOHPHQWRIWKHV\VWHPWKDWHQVXUHVVWDELOLW\

,QWURGXFWLRQ
The possibility of using energy-efficient processes in wastewater treatment remains one of
the significant tasks along with improving the quality of treatment quality [1]. There are many
ways to reduce the energy costs of biological wastewater treatment processes, however, when
considering them, one should not forget about the serious limiting condition - the stability of
the quality of wastewater treatment when changing the operating conditions of the biological
system [2, 3].
In the case of domestic wastewater treatment, the main indicators determining the quality
of treatment, in most cases, are the integrated indicators of organic pollution (BOD, COD),
nutrients (nitrogen and phosphorus) and suspended solids. In addition, while standard
complete biological treatment in the first half of the twentieth century could provide highquality removal of organic contaminants and suspended solids, modern requirements for the
almost complete removal of nutrients make it necessary to develop and use complex
biological systems with a much higher risk of loss of stability during operation.
In the last 15 years, anammox processes have been studied as one of the most promising
technologies for biological wastewater treatment [4, 5]. Anammox - anaerobic (anoxic)
oxidation of ammonia, realized by Planctomycetes, in which nitrite acts as an electron
acceptor. Various technology variations based on the anammox process have been introduced
at two or three dozen facilities around the world, but in the vast majority of cases, they are
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used to treat the side stream formed after treatment excess activated sludge [6, 7]. This is
mainly due to the requirements for the quality of purified water (the ratio of ammonia
nitrogen, nitrites and other components), as well as to the temperature regime of treatment.
The most favourable temperatures for the anammox process correspond to the mesophilic
regime of 25-40°C. Return wastewater discharg ed from the digester usually has an elevated
temperature relative to the main wastewater stream, which allows efficient incorporating
anammox reactors into the wastewater treatment scheme.
Despite the increased effectiveness of the application of anammox processes for the
treatment of precisely return effluents with extremely high nitrogen concentrations, studies
are being carried out on the introduction of these technologies for the treatment and the main
stream of domestic wastewater entering the station. As noted above, the main problem with
this is the rather low average temperature of the incoming wastewater, which directly affects
the speed of the processes.
As part of a comprehensive study aimed at developing an effective technology for treating
urban wastewater using a low oxygen anammox process, the ability to adapt activated sludge
saturated with anammox to work under low oxygen conditions was studied.

0DWHULDOVDQGPHWKRGV
The study was carried out based on a laboratory bioreactor with an upward flow of sludge
mixture, which is shown in Figure 1. The bioreactor implements a technological scheme with
incomplete nitrification (nitration) and subsequent anammox reaction.
Using a metering pump (1), the model fluid enters the free aeration zone (3), which also
receives compressed air through the duct (11) from the blower (2). Nitration occurs in free
volume at dissolved oxygen concentrations of 0.5-0.7 mg/L for 1.5 hours, after which water
enters anammox through a porous material that has closed (4) and open (5) areas (6). There
is attached (8) and floating loading (9). In this section, dissolved oxygen can only be in the
composition of the incoming sludge mixture, no additional aeration is performed. Inside the
anammox compartment, internal recirculation of the sludge mixture and floating load is
supported by means of agitators (7) to prevent the occurrence and development of decay of
organic contaminants. The hydraulic retention time in this compartment is 4 hours. After the
anammox separation, the free-floating sludge mixture (the floating load with the anammox
does not go beyond the anammox separation) enters the free aeration zone (10) for deep
purification of water from organic contaminants and possible residues of nitrites / ammonium
nitrogen without exceeding the permissible nitrate concentrations in the treated effluent
water. The treated wastewater (12) enters the secondary settler (13) with a variable volume
for the deposition of activated sludge. Precipitated activated sludge (15) is fed into aerated
compartments, and treated wastewater (14) is removed from the installation.
As the incoming wastewater (substrate), a model fluid with the characteristics indicated
in Table 1 was used.
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)LJ6FKHPHRIWKHlaboratory bioreactor.

During the nitrification process, the composition of the liquid changed; the concentrations
of ammonium nitrogen and nitrites at the entrance to the anammox compartment should have
been at the levels of 15 and 19 mg/L, respectively. If this did not happen and nitrite was not
enough, then a solution of sodium nitrite was added. In the general case, the ratio of
ammonium nitrogen and nitrites at the entrance to the anammox compartment was
maintained at 1.23.
For quantitative chemical analyzes, sampling was carried out from specially designated
control points of the plants, as well as from a tank with a working model fluid and from a
discharge tray. The list of regularly performed analyzes included the following indicators:
COD, BOD5, TSS, P-PO4, N-NO3, N-NO2, N-NH4, pH, SO4, Cl, TN. Respirometric
experiments were performed using the OxiTop Control 12 automated system. All the
measuring instruments used were metrologically provided throughout the study. The testing
equipment necessary for the analysis was certified.
The concentration of dissolved oxygen was measured online using an electrode, and its
concentration in the sludge mixture at the entrance to the anammox compartment was always
0.1 mg/L. The temperature was measured and maintained using a cooling system and an
electric heater. The cooling system consisted of a pipe braided around a reactor column with
a recirculating liquid with a temperature of about -3°ɋ Three different operating
temperatures were investigated: ɋɋDQGɋThe rate of liquid rise (Vc) in the free
compartments was in the range from 0.3 to 1.0 m/h with an average value of 0.7 ± 0.2 m/h to
guarantee stable granule diameters. The flow rate of the sludge mixture depended on the flow
rate of the incoming wastewater.
Active sludge for the study was selected from the existing experimental installation
located at the Lyubertsy treatment facilities. According to preliminary analysis, the degree of
saturation with anammox culture was about 35%.
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5HVXOWVDQGGLVFXVVLRQ
The experiment was divided into four stages, depending on the temperature of the working
medium in the reactor.
The first stage was carried out at a temperature characteristic of anammox - ɋ, at
which activated sludge was adapted to the new technological regime of the reactor itself. This
stage took 15 days. Then within 60 days 3 more stages were implemented (20 days for each
stage) - a gradual decrease in temperature - 25, 15 and 13°ɋ The concentration of total
mineral nitrogen (N-NH4 + N-NO2 + N-NO3) relative to the load on activated sludge with
nitrogen was used as the main evaluation criterion. Due to the average duration of the
experiment (less than 100 days), the percentage of anammox bacteria in the sludge was
assumed constant, which was additionally confirmed by analysis at the end of the experiment.
The results of the analyses are presented in Table 2.
Table 2. Results of the experiment.
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According to the results of adaptation, it is clear that at equal loads, activated sludge
adapted to the system at medium-low temperatures. Anammox bacteria maintained stable
performance in the attached state. The work of AOB (nitrifying) bacteria was maintained in
a stable state with ensuring deep post-treatment in the last contact zone of the bioreactor. At
temperatures less than 15°C, the efficiency of the system was significantly reduced. The
indicators of purified water, even taking into account deep post-treatment in the contact zone,
require additional adjustment.

&RQFOXVLRQ
Low-oxygen technologies for urban wastewater treatment are a promising solution, but
require a careful assessment of stability for each specific case [8-10]. A study of the operation
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of anammox processes under the conditions of a developed technological scheme has
demonstrated stable efficiency at temperatures about 15°C. For the system to operate at lower
temperatures, typical for some regions of Russia, it is necessary to make constructive changes
to the technological mode, which will be taken into account at the next stage of the research.
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