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The aim of the research was to determine the degree of influence of wastewater nitrate concentration
on the process of removal of phosphorus compounds by sequential water treatment in anoxic and aerobic
conditions in an activated sludge system. Model wastewater solutions were used for research with
following parameter: biochemical oxygen demand for 20 days — 200 mgQO,/1; phosphate concentrations —
11.87-12.38 mg/l1; nitrate concentrations — 21.0; 36.0 and 48.0 mg/l. Activated sludge was added to
them with content in solutions 2.2 mg0O,/1 to provide biological processes. For simulation of the biological
process of dephosphotation in wastewater with usage of activated sludge in sequentially formed anoxic
and aerobic conditions, a model sequential reactor — SBR reactor — was used. As the results show, with
the increase in the concentration of nitrates at the inlet from 21.0 to 48.0 mg/l, the phosphate
concentration in the treated solutions at the outlet from the bioreactor increases by 7.3% . Thus, from the
work presented here, it can be concluded that for successful and effective implementation of the
dephosphotation process the elimination of the nitrate present in wastewater is required. It is reasonable
to separate processes of denitrification and dephosphotation in separate structures with the provision of

minimal nitrate influence on the phosphorus removal from wastewater.
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Increasing pollution of natural waterbodies
by compounds of nutrients that come from
insufficiently treated wastewater as a
communal, as well as industrial origin, leads
to an increase of eutrophication processes
in water sources. The results are: the rapid
development of aquatic plants and algae, water
pollution, reduction of oxygen concentration in
water, deterioration of the waterbodies state,
strengthening of saprogenic processes, reduction
of the hydrobionts species diversity, etc.

Biological and physico-chemical purification
technologies are used for wastewater treatment
from nitrogen and phosphorus compounds|[1, 2].
Recently, biological methods based on processes
of denitrification for the removal of nitrate
from wastewater and dephosphotation for the
removal of phosphorus compounds are becoming
more widespread [3—8]. In such methods,
activated sludge is used and certain conditions
for wastewater treatment are created. Thus,
for dephosphotation it is necessary to create
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sequentially anaerobic and aerobic conditions
[9, 10]. Then, in anaerobic conditions,
activated sludge is stressed, and, consequently,
it accumulates granules of polyphosphate in
the bacterial cells, decomposition of which
generate energy for bacteria[11, 12]. In aerobic
conditions, bacteria accumulate phosphate
in excess amounts, which is removed from
water. They receive energy as a result of the
decomposition of polyhydroxyalcanoates or
polyhydroxybutyrate, which are synthesized by
the cells under anaerobic conditions [12]. For
the growth and development of bacteria in the
processes of dephosphotation of wastewater,
they need the presence of carbon sources easily
digested by cells, for example, volatile fatty
acids: acetic, propionic, etc. [12, 13].
According to recent studies of the
dephosphotation processes in wastewaters,
the degree of phosphorus compounds removal
affected by the nitrate concentration, because in
anaerobic conditions denitrification is possible in
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parallel with dephosphotation [14—17]. Bacteria
that remove nitrate from water — denitrifiers,
as well as bacteria that remove phosphate,
require carbonaceous compounds that are easily
digestible by them in anaerobic conditions
[18, 19]. Thus, the question arises whether the
process of denitrification will inhibit the activity
of bacteria that remove phosphorus from the
water and, if so, at what degree [20].

The purpose of research was to determine
the degree of influence of nitrate concentration
in wastewater on the process of removal
of phosphorus compounds with the use of
sequential water treatment in anoxic and
aerobic conditions in an activated sludge
system.

Material and Methods

An activated sludge from the Bortnychi
aeration station in Kyiv city was used to
conduct the research. Mixed liquor suspended
solids (MLSS) was 5.5 mg/]l and activated
sludge contains microorganism’s groups which
are inherent for correct operation of aeration
tanks with sufficient aeration, concentration
of organic compounds and biogenic substances.
Model wastewater solutions were used for
research. BODfull — 200 mgO,/1 was provided
with the addition of sucrose. Activated sludge
was added to them with MLSS 2.2 mg0O,/1
in solutions to provide flow of biological
processes. Concentration of phosphate was
11.87-12.38 mg/1; concentration of nitrate at
values 21.0; 36.0 and 48.0 mg/]1 was provided
by addition of KNOj; solution.

For simulation of the biological process
of dephosphotation in wastewater with usage
of activated sludge in sequentially formed
anoxic and aerobic conditions, a model
SBR (Sequencing Batch Reactor) with a
working water volume of 300 cm?® was used.
Initially, anoxic conditions were created in
the bioreactor, which contained wastewater
with activated sludge for 2 h with constant
mixing by the pump. After that, the pump
was switched off and aeration of an activated
sludge mixture was carried out for 4 h with
the aid of a microaerator. The concentration
of dissolved oxygen in the aeration zone was
2.0 mg0,/1, the aeration intensity was 8 cm®/
(cmymin). Adaptation time of activated sludge
to experimental conditions was 1 day.

Wastewater sampling was carried out
at the beginning of the treatment, after
anoxic and after aerobic processes. 3 points
were obtained for each model solution of the
biological treatment process in a bioreactor,

with the definition of mean values of analysis
result. Dependency diagrams were built from
the mean values.

Chemical analyzes for determination of
the nitrate and phosphate concentrations in
wastewater samples were carried out using
standard techniques: nitrate — colorimetric
method with salicylic acid; phosphate —
colorimetric method with ammonium
molybdate. Accuracy of analysis for nitrate
concentration — =0.5 mg/l, phosphate —
+0.01 mg/1.

All experiments were performed in
triplicate. Statistical data analysis were was
conducted using Microsoft Excel software.
Difference between two average values was
considered significant at P < 0.05.

The removal rate of phosphate from water
was determined by the formula:

E (P505) =[C (Py05)in = C (P305);]/C (P205)is x

x100, %

with C (P,0;)in — initial concentration of
phosphate in the model solution (at the inlet to
the SBR-reactor); C (P,05)i — concentration
of phosphate in the model solution after
treatment by i hours (2 h and 6 h).

The removal rate of nitrate from water was
determined by the formula:

E (NO?:) =[C (NONOQ)m -C (NONosf)i]/
/C (NONOy);, x 100, %;

where C (NOj3)in — initial concentration of
nitrate in the model solution (at the inlet to the
SBR-reactor); C (NONO;)i — concentration of
nitrate in the model solution after treatment
by i hours (2 h and 6 h).

Results and Discussion

The results of model solutions treatment in
sequential anoxic and aerobic conditions of a
bioreactor in relation to variation of phosphate
concentration for 6 hours are presented in Fig. 1.

As can be seen from the graphs obtained,
with an increase in the concentration of nitrate
in the model solution from 21.0 to 48.0 mg/1,
there is an effect on the final content of
phosphate in the solution after treatment
with activated sludge. The greatest decrease
in the concentration of phosphates at the
end of aerobic conditions was obtained at a
nitrate concentration of 21.0 mg /I (Fig. 1,
graph 1). At higher concentrations of nitrates
lower phosphate removal from solutions was
obtained (Fig. 1, graphs 2 and 3).
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Fig. 1. The variation of phosphate concentration C (P,05) in activated sludge process with hydraulic
residence time ¢ and initial concentration of nitrate, mg/1:
1—21.0;2—36.0; 3—48.0;
*Compared to a control model solutions without addition of activated sludge P <0.05

Graphic dependencies were build, as show
on Fig. 2, in order to evaluate the degree
of phosphate removal rate with hydraulic
residence time of solutions in the SBR-reactor
under the sequential anoxic (2 hours) and
aerobic conditions (6 hours). The graphs clearly
show, that the removal rate of phosphate
by activated sludge from model solutions
decreases with increasing initial concentration
of nitrate in solutions from 21.0 to 48.0 mg/1.
The largest removal rate of phosphates
in sequential anoxic-aerobic conditions is
observed at the lowest initial concentrations
of nitrates in the solution — 21.0 mg/1. With
such concentration of nitrates, the removal
rate of phosphate in the presence of nitrate in
the solution reaches 5.5% . Further increase
of the initial nitrate concentration up to 48.0
mg/l leads to a significant decrease in the
removal rate of phosphate from solutions —
up to 2%. This testifies to the competition
between microbial groups of activated sludge
(denitrifiers and phosphate accumulating
bacteria) and less activity of phosphate
accumulating microorganisms in the presence
of nitrate concentrations more than 21.0 mg/l in
solutions, which leads to inhibition of wastewater
dephosphotation [13] including domestic
wastewater, it is necessary to concentrate
phosphorus in order to make recovery and
reuse feasible. This review discusses enhanced
biological phosphorus removal (EBPR).

In addition, a variation in the concentration
of nitrates in the model solutions was
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determined when they were treated in an
SBR-reactor with an activated sludge under
different oxygen conditions — anoxic at
the beginning of treatment (2 hours) and
subsequent aerobic (4 hours). The results
are presented in Fig. 3 and 4 at different
initial concentrations of nitrate — 21.0 and
36.0 mg/1, respectively.

As shown in Fig. 3 and 4, graphs indicate
variation of nitrate concentrations in solutions
during the process of their treatment in the
SBR-reactor. Decrease of nitrate concentration
in solutions at the anoxic conditions is
explained by the process of denitrification,
which takes place with the participation of
activated sludge and the presence of carbon
source in solution. Further, some increase
in the nitrate concentration indicates the
processes of nitrification occurring in an
activated sludge in aerobic conditions with the
conversion of ammonium nitrogen compounds
into nitrates

In order to evaluate the removal rate
of nitrate from solutions by activated
sludge process, the results are presented
in the form of graphs given in Fig. 5. At
initial concentrations of nitrates 21.0 and
36.0 mg/1, their removal rates are 9.5% and
3.5% correspondingly in model solutions at
the end of anoxic treatment. In an aerobic
activated sludge process, the removal rate of
nitrates from wastewater decreases due to the
additional nitrate input as a result of nitration
process of ammonium compounds, as noted



Experimental articles

Fig. 2. Phosphate removal rate E (P505) in activated sludge process with
hydraulic residence time ¢ and initial concentrations of nitrate, mg/1:
1—21.0;2—36.0; 3—48.0
*Compared to a control model solutions without addition of activated sludge P < 0.05

Fig. 3. The variation of nitrate concentration C (NO 3) in activated sludge process with hydraulic
residence time ¢ and initial concentrations of nitrate 21.0 mg/1
*Compared to a control model solutions without addition of activated sludge P < 0.05

Fig. 4. The variation of nitrate concentration C (NO ;) in activated sludge process with hydraulic
residence time 7 and initial concentrations of nitrate 36.0 mg/1
*Compared to a control model solutions without addition of activated sludge P < 0.05
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Fig. 5. Nitrate removal rate E (NO 3) in activated sludge process with
hydraulic residence time t and initial concentrations of nitrate, mg/1:
1—21.0;2—36.0; 3 —48.0
*Compared to a control model solutions without addition of activated sludge P < 0.05

Fig. 6. Dependence of phosphate concentration C (P;05) at the end of aerobic treatment on initial nitrate
concentration C (NO 3)
*Compared to a control model solutions without addition of activated sludge P < 0.05

above (as a result of the processes associated
with the bacterial activity). Therefore, the
removal rate of nitrates in aerobic conditions
decreases, as shown in graphs 1 and 2 (Fig. 5).

The generalized correlation between the
initial nitrate concentration in solutions (at the
inlet of the SBR reactor) and the concentration
of phosphates in treated sequential anoxic and
aerobic conditions (at the outlet of the SBR
reactor) is presented in Fig. 6. As the results
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show, with the increase in the concentration
of nitrates at the inlet from 21.0 to 48.0 mg/1,
the phosphate concentration in the treated
solutions at the outlet from the bioreactor
increases by 7.3% . This indicates the effect
of nitrates on the process of wastewater
treatment from phosphates, which confirms
the competitive relationship between
denitrifiers and phosphorus-accumulating
bacteria of activated sludge for the source of



Experimental articles

carbonaceous compounds and the advantage of
the denitrifiers [16].

Thus, from the work presented here, it can
be concluded that for successful and effective
implementation of the dephosphotation
process the elimination of the nitrate present
in wastewater is required. During the process
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BIIJINB HITPATIB HA BUJAJEHHSA
DOCPHATIB 31 CTITYHHUX BO/],
NP OYMIITEHHI 3 AKTUBHUM MYJIOM
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«KuiBchKUil OMiTeXHIYHMH iHCTUTYT
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MeToio po6oTu OyJa0 BCTAHOBUTHU CTYIIiHB
BIIJIMBY KOHIIeHTpAIil HiTpaTiB y cTiuHiii BOmi
Ha Ipollec BUIAJIEHHS CIOJYK (ocdopy B pasi
3aCTOCYBaHHS IIOCJIiJOBHOTO OOpOOJEeHHSA BOLU
B AHOKCHUIHUX i aepoOHUX yMOBax y CHCTEMi
3 aKTUBHUM MYJOM. ByJi0 BUKOPUCTAHO MO-
IeJbHI PO3YMHM CTiUYHOI BOAM 3 MMOKA3HUKOM —
bioximiuma morpeba y kwmcHi 3a 20 gHiB —
200 MrOz/,uM?’; KOHIleHTpamiamu @docdaris
11,87-12,38 Mr‘/,aM3; HiTpariB — 21,0; 36,0 i
48,0 mr/gm®. Iasa 3aGesnedeHHs IpOLeCiB 6i0-
JIOTIYHOTO OUHUIIEeHHS 3aCTOCOBYBAJU AKTUB-
HU My i8 BMicToMm y posumHax — 2,2 r/am°.
3 MeTOI0 MOJeII0BaHHA 6i0/I0riUHOT0 IPoIiecy Ae-
docdorarrii cTiuHMX BOA B AaHOKCUIHO-aePOOHUX
yMoOBaxX OyJI0 BUKOPHCTAHO MOJAEJbHUI PeakTop
nociaigoBHo-sMminuoi mii — SBR-peakTop. fAK
TMOKa3yIOTh OfepP’KaHi pe3ysbTaTH, 3a 3POCTAH-
HA KOHIleHTparii HiTpariB ma Bxoxi 3 21,0 mo
48,0 MI‘//I[M3 KOHIleHTpaIia ¢pocdarTiB y o6pob.e-
HUX PO3UMHAX Ha BUXOJi 3 OiopeaKTopa 3pocTae
Ha 7,3% . Takum ynMHOM, 3 IIPOBEAEHOI poboTuU
MOKHA 3pOOUTH BUCHOBOK IIPO T€, IO JJIA YCIIilll-
HOTO I e()eKTUBHOTO 3AiICHEHHA IpoIiecy naedoc-
¢oTarii Ta ycyHeHHA BIJINBY HiTPaTiB JOIiJIBHO
posminAaTu mpoilecu AeHiTpudikarii Ta medoc-
doTarlrii B OKpeMHUX CIIOpYy/Jax i3 3abe3meueHHAM
MiHiMaJbHOTO BIJIMBY HiTPAaTiB Ha BUAAJEHHS 3
BOJ U CIIOJIYK (hocdopy.

Knawuwosi cnoea: criuni Bomu, medocdorarris,
AKTUBHUUA MY.JI.

BJAUSAHUE HUTPATOB HA YIAJEHHUE
DOOCPATOB U3 CTOUYHBIX BO/J,
TP OYUCTRE C ARTUBHBIM NJIOM
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YHUBEPCUTET Y KPAWHBI
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ITenbio pabGoThl OBIJIO YCTAHOBUTH CTEIEHb
BIUAHUSA KOHIIEHTPAIIUY HUTPATOB B CTOUHBIX BO-
Jax Ha IPOoIlecc ynajleHusa coequHeHn dochopa
P UCIOJIb30BAHUU IIOCJIEL0BATEILHOI 00padoT-
KU BOJABI B AaHOKCUIHBIX U a9POOHBIX YCJIOBUSAX B
cucTeMe C aKTUBHBIM MJIOM. BBIJIN MCIIOJIb30Ba-
HBI MOJIeJIbHBIE PACTBOPHI ¢ ITIOKa3aTesieM — Ouo-
XUMUYECKasa MOTPEe6GHOCTh CTOKA B KUCJIOPOe 3a
20 gmeir — 200 MI‘OZ/,Z[M3; KOHIIEHTPAIluAMU
docparos 11,87-12,38 MI‘/,ZLM3; HUTPATOB —
21,0; 36,01 48,0 MI‘/,/IMS. s obecrieueHUA TPO-
IeccoB OMOJOTUUYECKON OYUCTKU IPUMEHSAJN
AKTUBHBLIN UJ C COJep:KaHHUEeM B pacTBOpax —
2,2 I‘/,HM3. s MomenupoBaHUA OMOJIOTHUUE-
CKOTro mpoIliecca fedocdoTanum CTOUHBIX BOJ B
AHOKCHUIHO-a9pPOOHBIX YCJOBUSAX OBIJI HUCIOJb-
30BaH PEAKTOP IIOCJIeIOBATEIbHO-IIEPEMEHHOTO
nerictrBusa — SBR-peakTop. Kaxk moxasbeiBaioT
MoJyuYeHHbIe Pe3yJabTaThl, MPU BO3PaCTAHUU
KOHIIEHTPAIMU HUTPATOB Ha BXozxe ¢ 21,0 mo
48,0 mr/gm® KoHLeHTpanus GocdHaTos B 06pabo-
TAHHBIX PAacTBOPaxX Ha BBIXOe M3 OmopeaxTopa
Boapacraer Ha 7,3% . Takum o0pasom, Ha OCHO-
BAaHUM BBHINOJHEHHON pPabOThl MOYKHO CAeJaTh
BBIBOJ] O TOM, UTO IJIsI YCHEITHOTo U 3 GeKTUB-
HOT'0 OCYIIIeCTBJIeHUA IIpoIllecca aedochoTanuu u
yCTpaHeHUs BAUAHUSI HUTPATOB IleJiecoo0pasHo
pasnaenadaTh IPOIecChl feHuTpuduranum u gedoc-
(hoTarnuu; B OTHAENBHBIX COOPYKEHUAX C obecreue-
HUEeM MUHUMAaJbHOTO BO3AENCTBUA HUTPATOB Ha
ymajgeHue U3 BOALI coequHeHuii hocdopa.

Knwouesvle cnosa: crounbie BOABI, medocdora-
g, aKTUBHBIN WJI.
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