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Abstract. Nitrogen and phosphorus removal is necessary to avoid eutrophication of water bodies when treated wastewa-
ter is outlet to slowly flowing water bodies or recycled as technological water. The “BioBalance” technology as the
latest way of nitrogen and phosphorus removal was applied at Utena Wastewater Treatment Plant. Composition of
wastewater has an impact on biological phosphorus removal, particularly the ratio of biochemical oxygen demand and
total phosphorus (BOD,/Total-P) in wastewater after mechanical treatment. Nitrates in the anacrobic zone can have a
negative effect on biological phosphorus removal. Consequently, it is necessary to evaluate the impact of the mentioned
factors on biological nitrogen and phosphorus removal.

Biological nitrogen and phosphorus removal was evaluated and compared by using the “BioBalance” technology for
biological nitrogen and phosphorus removal and technology before reconstruction during this investigation. The corre-
lation regressive analysis of the biochemical oxygen demand and total phosphorus (BOD./Total-P) after mechanical
treatment and the total phosphorus concentration in the effluent was evaluated. The correlation regressive analysis of
nitrates in an anaerobic zone on the aeration tank and the efficiency of phosphorus removal was also evaluated.

Keywords: biological nitrogen removal, biological phosphorus removal, biological active potential (BAP), ratio of

biochemical oxygen demand and total phosphorus (BOD,/Total-P), nitrate, phosphate

1. Introduction

Utena Wastewater Treatment Plant was renovated in
1999. The most advanced “BioBalance” technology was
applied at Utena Wastewater Treatment Plant where ni-
trogen is removed in a nitrification/denitrification tank, and
the anaerobic zone is equipped before the nitrification/deni-
trification tank of the biological phosphorus removal. Com-
position of wastewater has an impact on biological phos-
phorus removal, particularly the ratio of biochemical oxy-
gen demand and total phosphorus (BOD./Total-P) in
wastewater after mechanical treatment [1-3].

Nitrates in the anaerobic zone can have a negative ef-
fect on biological phosphorus removal. Volatile fatty ac-
ids are used for denitrification of nitrates. Volatile fatty
acids could be assimilated by the acinetobacter [4—6].

Following the reasons mentioned above, the impact
on biological nitrogen and phosphorus removal needs to
be evaluated.

The aim of the work was to evaluate the biological
nitrogen and phosphorus removal efficiency using the
“BioBalance” technology at Utena Wastewater Treatment

Plant. Biological nitrogen and phosphorus removal was
evaluated and compared by using the “BioBalance” tech-
nology for biological nitrogen and phosphorus removal and
technology before reconstruction during this investigation.
The correlation regressive analysis of the biochemical oxy-
gen demand and total phosphorus (BOD,/Total-P) after
mechanical treatment and the total phosphorus concentra-
tion in the effluent was evaluated. The correlation regres-
sive analysis of nitrates in the anaerobic zone on the aera-
tion tank and the efficiency of phosphorus removal were
also evaluated.

2. Investigation object

After reconstruction the capacity of Utena Wastewa-
ter Treatment Plant was on the average 10 000 m3/d, waste-
water pollution treatment: biochemical oxygen demand
(BOD,) - 9 mg/l, suspended solids — 12 mg/l, total phos-
phorus — 1,2 mg/l, total nitrogen — 7 mg/1.

The “BioBalance” technology is based on the con-
trol system of a new equipment — NADH fluorescensor —
which makes it possible to control directly biological pro-
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cesses. The control purpose is to supply a minimum air
quantity to assure a constant oxygen amount necessary for
biological processes.

The “BioBalance Symbio” technology for nitrogen re-
moval is based on the active sludge technology with si-
multaneous (synchronous) denitrification. There is no spe-
cial separation between the nitrification and denitrification
zones in the aeration tank. At the same time denitrifica-
tion is carried out during nitrification in the aeration tank,
and there are zones without dissolved oxygen (anoxic
zones) [7]. Consequently, the nitrification and denitrifica-
tion and purification of organic matter take in the place at
the same time. Nitrification takes place in the outermost
section of sludge floccules, while denitrification takes place
closer to the centre of sludge floccules. This is illustrated
in Fig 1.

Commonly existing co-ferments functioning as sup-
pliers of hydrogen and electrons are nicotinamideadenine-
dinucleotide NAD".

During the processes of metabolism co-ferments
NADH and NADPH are produced in all the microorgan-
isms. NAD(P)H quantity in the micro- organisms produced
depends on their activity. The above mentioned activity
depends on the existing sludge loads supplied in the form
of nutritious matter. It means that, for example, NAD(P)H
quantity will remain stable under the conditions of a con-
stant quantity of nutritious matter supplied to an active
sludge system, constant load and sludge activity. The
sludge activity and at the same time NAD(P)H production
increase gradually with increase of the sludge load because
of a more intensive supply of nutritious matter [8]. Differ-
ently, NAD(P)H production decreases during decrease of
the nutritious matter supply. During the investigation the
linear dependence was determined [9].

NADH fluorecsensor is a fluoremeter installed in a
stainless steel case and emitting 340 nm shafts through the
quartz glass. The light from the instrument penetrates the
microorganisms and detects the NADH compound which,
when illuminated, emits 460 nm shafts, and NADH sen-
sor registers them. NADH is constantly converted from the

CO2 sl

Anaerobic zone
(denitrification)

BOD

NH,

Fig 1. Important conversion processes in sludge floccules:
1 — (oxygen) respiration, 2 — ammonification, 3 — nitrifi-
cation, 4 — nitrate respiration (denitrification)

oxidator NAD into the reducing agent NADH in the ac-
tive sludge [10]. The fluorecsensor fixes only NADH that
gives information on how much energy the microorgan-
isms possess. The information on the energy is defined as
the biological active potential (BPA). By monitoring BPA
it is possible to control the biological processes [10].

Three aeration tanks are used in parallel. The intake
part in each aeration tank is used as an anaerobic zone for
biological phosphorus removal. The remaining part is used
as an aeration tank (Fig 2).

Accumulating polyphosphates microorganisms are
growing in the anaerobic zone. They can accumuliate a
large quantity of phosphates in their own cells.

NADH fluorescensor controls denitrification and ni-
trification processes according to the sludge activity in a
single aeration tank (Fig 2). Ammonia is oxidized to ni-
trates by nitrifying bacteria during the nitrification phase.
Nitrates are reduced to molecular nitrogen (N,) by deni-
trifying bacteria during the denitrification phase. These
processes are carried out periodically. Organic matter is
oxidized bacterially during both the nitrification and deni-
trification phases, with oxygen and nitrates, respectively,
as the oxidizing agents and phosphorus are absorbable with
special microorganisms. NADH fluorescensor and oxygen
meter are mounted on each aeration tank.

Low oxygen concentrations (0,1-0,5 mg/l) were kept
for denitrification to proceed, and higher oxygen concen-
trations (0,5-1mg/l) were maintained for nitrification pro-
cesses to proceed periodically.

If an organic load decreases, oxygen concentration
should be decreased to avoid a “sloop” in the process that
would cause an increase of ammonium nitrogen concen-
tration in the aeration tank. Conditions to carry out nitrifi-
cation were approximately 2—3 hours, after that 2—2,5 hours
were spent to carry out the denitrification process.

3. Investigation methodology

Investigation was carried out at Utena Wastewater
Treatment Plant during a one-year period in 2004. Data

Wastewater
after

mechanical
t]'eatment

Effluent to
secondary
clarifiers

Circulated \NADH

activate fluorescensor

sludge
m Anaerobic zone E Aeration Zone

Fig 2. Basic scheme of aeration tank
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about nitrogen and phosphorus removal before reconstruc-
tion were also gathered. Two aeration tanks were used for
the biological wastewater treatment at Utena Wastewater
Treatment Plant. Once a week biochemical oxygen demand
(BOD,), total phosphorus and total nitrogen concentration
in wastewater after the mechanical treatment and in the ef-
fluent were measured. Total nitrogen was estimated add-
ing Kjeldahl nitrogen to nitrites and nitrates. Nitrate con-
centration in the anaerobic zone of the aeration tank and
phosphates in the aeration zone were measured.

The data of 52 experiments were statistically esti-
mated. Experimental data are statistically faithful, if the
likelihood is from 92,5 % to 97,5 %. For the gathered data,
checking of statistical faithfulness was performed: arith-
metical averages of the gathered data (X), parameter of
Stjudent repartition (t), standard deflection (). Reser-
vation of statistically faithful data was checked: [X,-X]<2d
[11]. The data the dissonant reservation of which from sta-
tistically faithful ones was eliminated and the count was
repeated. The standard statistical estimation error of the
arithmetic average was approximately 12 %.

4. Investigation results

An aeration tank with active sludge was used for bio-
logical wastewater treatment before reconstruction. Us-
ing this technology for biological wastewater treatment, the
concentration of total nitrogen and total phosphorus found
was higher than an allowable norm because nitrogen and
phosphorus were used only by microorganisms of active
sludge in biochemical processes.

The experimental data show that total nitrogen (To-
tal-N) and total phosphorus (Total-P) decreased in the ef-
fluent after reconstruction and was not higher than an al-
lowable norm (Table 1).

The evaluation of Utena Wastewater Treatment Plant
before and after the reconstruction shows that 32 % of to-
tal nitrogen and 10 % of total phosphorus were removed
before reconstruction, and 84,6 % of total nitrogen and up
to 97 % of total phosphorus were removed using
“Biobalance” technology after reconstruction (Figs 3, 4).

The ratio BOD,/Total-P shows possibility for biologi-
cal phosphorus removal. The higher this ratio, the more
efficient biological phosphorus removal processes. Infor-
mation sources show that biological phosphorus removal
can be carried out efficiently, when the ratio BOD./Total-
P is higher than 20 [1]. The ratio BOD,/Total-P in waste-
water after mechanical treatment was from 9 to 47 in 2004
(Table 2).

Table 1. Comparison of nutrient concentrations in effluent
before and after WWTP reconstruction following requirements
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Fig 3. Total nitrogen in effluent before and after recon-
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Fig 4. Total phosphorus in effluent before and after re-
construction

When the ratio BOD./Total-P of wastewater after me-
chanical treatment was from 9 to 15, the efficiency of bio-
logical phosphorus removal was reduced. The concentration
of total phosphorus in the effluent was from 1,4 to
2,2 mg/l. When the ratio BOD,/Total-P was from 15 to 20,
phosphorus was removed efficiently. The concentration of
total phosphorus in the effluent was from 0,23 to 1,2 mg/1.
When the ratio BOD,/Total-P was over 20, phosphorus
was removed efficiently too. The concentration of total
phosphorus in the effluent was from 0,24 to 0,9 mg/1.

The regressive correlation analysis of statistically
faithful data (the ratio BOD./Total-P and total phospho-
rus in the effluent in 2004) was provided for estimating
dependence between the efficiency of phosphorus removal
and the ratio BOD,/Total-P.

The regressive correlation analysis of these data shows
dependence of phosphorus concentration in the effluent on
the ratio BOD,/Total-P. The polynomial regression model

Table 2. Ratio BOD,/Total-P and total phosphorus in effluent
in 2004

Nutrient in Nutrient in Allowable
. effluent effluent after nutrient
Pollution
before recons- recons- concentra-
truction, mg/l | truction, mg/l tions, mg/l
Total-P 2,9+6,2 0,23+2,2 2
Total-N 10+24 5,610 15

BODR;IEiial P Bgvlgj;llgoet;fﬂ ef?l?lteaé_tpr;ng/l i

7 mg/l ? effluent, mg/l
9+15 11 1,4+2.2 1,88
15+20 18 0,23+1,2 0,75
20+47 26 0,24--0,99 0,64
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Table 3. Concentration of nitrates and phosphates in different
zones of two aeration tanks in 2004

BOD,/Total-P

Fig 5. Dependence of total phosphorus in effluent on
ratio BOD./Total-P

is suitable for the obtained results (Fig 5). The model cor-
relation index RZ=0,65.

The model of the polynomial regression is obtained:

Y = 0,0072x* — 0,3449x + 4,6735, @)
where
Y — phosphorus concentration in effluent, mg/l, x — ratio
BOD./Total-P.

Nitrates in the anaerobic zone have a negative effect
on biological phosphorus removal. Volatile fatty acids are
used for denitrification of nitrates. Volatile fatty acids
could be assimilated by the acinetobacter. As a conse-
quence, the efficiency of biological phosphorus removal
decreases. It was estimated that phosphorus is removed
efficiently, when the concentration of nitrates in the
anaerobic zone is not higher than 2 mg/1 [12].

Measurement of nitrate concentration in the anaero-
bic zone and phosphate concentration in the aeration zone
of the aeration tank at Utena Wastewater Treatment Plant
was performed. The purpose was to estimate the effect of
nitrates in the anaerobic zone on biological phosphorus
removal. The obtained parameters show that, when the
concentration of nitrates in the anaerobic zone was over
1 mg/1, the concentration of phosphates in the aerobic zone
decreased and was from 0,25 to 1,6 mg/l. Consequently,
the efficiency of biological phosphorus removal was re-
duced. However, there were only several occasions. Other
factors had an impact on the efficiency of biological phos-
phorus removal. Commonly the concentration of nitrates in
the anaerobic zone was from 0,22 to 1 mg/l, and then phos-
phates in the aerobic zone were from 0,013 to 0,41mg/l
(Table 3). Consequently, nitrates in the anaerobic zone
cannot have a negative effect on biological phosphorus
removal, when the ,,Biobalance* technology is used.

The regressive correlation analysis of these data
shows the dependence of phosphate concentration in the
aeration zone on nitrate concentration in the anaerobic
zone. The polynomial regression model is suitable follow-
ing the received results. The model correlation index is,
respectively, RZ= 0,95 and R?= 0,94 for the first and sec-
ond aeration tanks (Figs 6, 7).

Amount of Average of Amount of
. . . . . Average of
nitrates in nitrates in phosphates in
. . . phosphates,
anaerobic anaerobic aeration mg/l
zone, mg/l zone, mg/l zone, mg/l
The first aeration tank
2+1,1 1,68 0,6+1,6 1,25
0,94+0,41 0,58 0,021+0,2 0,09
0,4+0,24 0,32 0,0001+0,29 0,09
The second aeration tank
1,8+1,1 1,35 0,37+1,4 0,8
0,73+0,41 0,51 0,015+0,24 0,09
0,4+0,22 0,32 0,013+0,22 0,08
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Fig 6. Dependence of phosphate concentration in aera-
tion zone on nitrate concentration in anaerobic zone of
the first aeration tank
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Fig 7. Dependence of phosphate concentration in aera-
tion zone on nitrate concentration in anaerobic zone of
the second aeration tank

The model of the polynomial regression was ob-
tained — for the first aeration tank:

Y=1,676x> —9,4169x* + 18,696x> —
15,112x2 + 4,9902x — 0,4655; 2)
for the second aeration tank:
Y=1,2069x> — 6,1764x* + 11,483x> —
8,8168x% +2,9453x — 0,2688; 3)
where
Y — phosphate concentration in aeration zone, mg/l, x — ni-
trate concentration in anaerobic zone, mg/I.
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5. Conclusions

1. Evaluating Utena Wastewater Treatment Plant be-
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BIOGENINIU MEDZIAGU BIOLOGINIO SALINIMO IS NUOTEKU TYRIMAS

G. Vaboliené, A. B. Matuzevicius

Santrauka

Siekiant iSvengti eutrofizacijos vandens telkiniuose, iSleidziant valytas nuotekas { uzdarus ar mazai pratekancius vandens

telkinius bei pakartotinai jas panaudojant kaip technologini vandeni, butina Salinti azota ir fosfora. Viena i§ naujausiy azoto ir
fosforo $alinimo technologiju — ,,BioBalance* technologija pritaikyta Utenos miesto nuoteku valymo jrenginiuose. Salinant fosfora
lgiologim'u biidu didelés jtakos turi valomy nuoteky sudétis, ypa¢ svarbu zinoti BDS./BP santyki nuotekose po mechaninio valymo.
Salinant fosfora neigiama poveikj gali daryti ir nitratai anaerobinéje zonoje. Todél Siy veiksniy poveiki biologiniams azoto ir
fosforo Salinimo procesams labai svarbu istirti.

Siame darbe nagrinéjamas biologinio azoto ir fosforo Salinimo efektyvumas, taikant ,,BioBalance* technologija, Utenos nuoteky
valymo jrenginius rekonstravus. Taip pat nagrinéjamas aerotanky darbas: nustatyta priklausomybé tarp biocheminio deguonies
sunaudojimo ir bendrojo fosforo santykio (BDS./BP) nuotekose po mechaninio valymo ir bendrojo fosforo koncentracijos iStekanciose
nuotekose bei priklausomybé tarp nitraty anaerobinéje kameroje ir fosforo Salinimo efektyvumo.

Raktazodziai: biologinis azoto Salinimas, biologinis fosforo Salinimas, biologinis aktyvusis potencialas (BAP), biocheminio
deguonies sunaudojimo ir bendrojo fosforo santykis ( BDS./BP), nitratai, fosfatai.
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