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Abstract
Activated sludge processes contains various groups of microorganisms with different metabolic
properties, which are responsible for contaminants removal. Therefore, it is important to elucidate the
general structure and functional properties of biomass in activated sludge processes. For this purpose, a
full-scale domestic biological wastewater treatment plant in Tunceli (Turkey), Tunceli WWTP, was
monitored to observe seasonal variations in process performance and biomass properties for a year. It
was observed that nitrifying bacteria developed abundantly in the rainy and cool spring season as they
were suppressed in summer because their large losses took placed due to an environment containing
high alkalinity values. In September, aerobic heterotrophic, nitrify, denitrify, and anaerobic activities
increased. It can be said that mature biomass contained young and active levels in an environment in
which the sludge volume index (SVI) value increased to 196 mL/g. As a result of the improvement in the
structural and functional properties of biomass, the nitrogen removal e�ciency reached to 99%.
Throughout whole study, the structural improvement observed in biomass re�ected in its removal activity.
The amount of biomass and removal activity decreased with the abundance of organic matter in the
in�uent at the period in which biomass was closer to being categorized in the aged sludge class. The
results showed that as the lowest mixed liquid volatile suspended solids (MLVSS) value of the year was
400 mg/L in November, MLVSS value reached the highest amount (1,400 mg/L) in December which
aerobic heterotrophic activity accelerated with a decrease in organic matter level.

Introduction
Direct discharge of urban wastewater into the environment causes signi�cant risks to aquatic
ecosystems and public health (Sibanda et al., 2015). Eutrophication, which develops because of an
excess of nutrients, results in the deterioration of the natural balance (Abell et al., 2022). Biological
systems are widely used all over the world in the treatment of urban wastewater (Czerwionka et al., 2012),
because they produce effective and economical solutions. Also, their simple and sustainable operation
brings forth the importance of biological systems (Akter et al., 2022). On the other hand, due to the
sensitive nature of aquatic ecosystems and because of increasing social concerns, discharge standards
are becoming stricter, therefore, it is necessary to optimize biological processes to produce a high
quali�ed e�uent.

Biological treatment processes are facilities that may differ depending on seasonal changes (Kim et al.,
2021; Liang et al., 2020; Sun et al., 2021). In�uent content is an important factor for the development of
microbial activity in biological processes and is also in�uenced by seasonal conditions. Microbial activity,
which determines the success of the treatment, develops in this direction. Therefore, characterizing the
in�uent is very important in elucidating the structural and functional properties of the biological system
(Czerwionka et al., 2012; Henze and Comeau, 2008; Wijaya and Soedjono, 2018; Zhang et al., 2020). In
biological treatment processes, it is possible to achieve optimum removal at the optimum microorganism
growth rate in an appropriate manner (Abel and Evivie, 2022; Subramaniam et al., 2022). Hydraulic
retention time, biomass retention time, recycling rate, and aeration amount and time are important
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operating parameters in the optimization of biological processes (Capodici et al., 2019; Fan et al., 2017).
Regulation of these parameters taking into account plant in�uent content and seasonal changes will
signi�cantly contribute to the optimization of a wastewater treatment plant.

The biomass present in biological treatment systems contains a combination of different groups of
microorganisms that have different metabolic properties but that also complement each other (Dai et al.,
2022). Researches on the contribution of these groups to the removal e�ciency of full-scale biological
treatment plants are quite limited (Kim et al., 2015). There is an increasing interest in studies in this area,
including the observation of seasonal changes (Liang et al., 2020; Sun et al., 2021; Zhang et al., 2019).
However, since the recent studies generally require advanced microbial and technological approaches, it
is both di�cult and quite expensive for the operators to monitor the facility and intervene in emergencies
with these techniques. Therefore, it is very important to establish acceptable approaches between
process performance and microbial properties, which can be easily applied in a full-scale treatment plant
laboratory.

This study aims to examine the synergistic effect of microbial structure on treatment ability in full-scale
conventional activated sludge processes with the approaches to be applied easily by operators. In this
context, climatic conditions and in�uent composition were associated with biological behavior of Tunceli
WWTP and the biological activities based on the changes observed in the ambient water of the aeration
basin were examined and adopted as an approach. In this regard, we also aim to determine useful criteria
for evaluating the temporal variation of the ambient water in the aeration basin. It is expected that the
results obtained from the study will contribute to the operational optimization of urban biological
wastewater treatment plants.

Materials And Methods
Sewage system

Composition of a raw wastewater varies by depending on the singular and combined system structure of
the sewage network (Henze and Comeau, 2008). The existing sewage network located in Tunceli (Turkey)
has a combined system structure that carries rain and snow water as well as wastewater during rainy
periods. Approximately 99% of domestic wastewater discharged in the city is collected through this
network, and industrial wastewater is not taken into the network. Domestic wastewater is conveyed to the
biological wastewater treatment plant (Tunceli WWTP) with the help of �ve pumping stations and eight
pumping shafts in the network. At present, the population of the province is 33,000, and the total daily
�ow to the treatment plant is approximately 5,250 m3.

Facility and operation

The treatment plant is within the boundaries of Tunceli, and the location of the facility is suitable for
wastewater transmission. A satellite view of the facility’s location can be seen in Fig. 1. There are three
carousel-type oxidation ponds designed for carbon, nitrogen, and phosphorus removal. The ponds are
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operated with an extended aeration process, which provides activated sludge for the removal of
biodegradable organic wastes under aerobic conditions. Together, aerobic and anoxic conditions are
effective in carousel-type conventional activated sludge processes. Part with mechanical aerators is
aerobic side, and long ducts without ventilation are suitable places for the development of anoxic levels
(Balku, 2007). Depending on the �oc structure, activities of anaerobic levels can also be observed there.

Volume of each aeration basin is 2,426 m3. Hydraulic retention time (HRT) in the basins is approximately
17.4 h, and solid retention time (SRT) is approximately 24.4 days. There are three circular �nal settling
ponds in the facility, and no pre-sedimentation ponds. Each pond has a diameter of 15 m and a volume
of 446 m3. HRT in the �nal settling ponds is approximately 3.1 h. The facility’s pre-treatment unit consists
of a mechanical screen, a venturi weir, and an aerated oil-sand trap. Then, a chemical coagulation unit is
designed for phosphorus removal. With an operational revision, it acts as a kind of area for �ow
balancing. Even the recycled sludge from the �nal settling process is �rst taken into this pond and then
sent to the aeration basins. This small-sized pond, which is the �rst mixed point of the biomass with the
in�uent at the facility, acts as a preliminary biological unit. Excess sludge from the �nal settling process
is dewatered in thickening and �lter-press units.

Sampling

Sampling for the monitoring of the WWTP was carried out every month for one year. The pre-treatment,
aeration basin, and treatment plant e�uent were chosen as sampling points. Three-point sampling
allows periodic monitoring in its simplest form. Observation points can be seen in the treatment plant
�ow diagram in Fig. 2. The observation point at the entrance of the treatment plant allows one to monitor
the pollution load of the facility; the observation point at the exit of the plant allows for monitoring of the
biomass settling process. When the data taken from the observation points at the entrance of the facility
and at the aeration basin’s exit are evaluated together, the results for biological treatment e�ciency can
be obtained. The facility’s in�uent is also the outlet of the sewage system. Because of this, it is possible
to monitor the sewage system from this location.

Field measurements and laboratory analysis

Temperature, pH, conductivity, oxidation-reduction potential (ORP), and dissolved oxygen (DO)
measurements were performed at the wastewater treatment plant with a portable multi-parameter
measuring device (YSI Professional Plus). Alkalinity, chemical oxygen demand (COD), orthophosphate
(PO4

3−), organic nitrogen, ammonia nitrogen (NH3-N), sulfate (SO4
2−), nitrite (NO2

−), nitrate (NO3
−), and

the necessary solids analyses determining mixed liquid suspended solids (MLSS) with   in the mixed liquid
volatile suspended solids (MLVSS) were performed in Munzur University’s Environmental Engineering
Department Laboratory. The volume of settled sludge measurements for calculating the sludge volume
index (SVI) values   was made on-site at the treatment plant. Samples taken from the treatment plant were
transported to the laboratory under cold transport conditions and stored at + 4 ºC. The analyses were
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started on the same day, completed within 3 days, and made in accordance with standard methods
(APHA, 1998).

Results And Discussion
Evaluation of On-Situ measurements

The temporal variations of On-Situ measurements performed at the treatment plant can be seen in Fig. 3.
Temperature change affects signi�cantly microbial activity in activated sludge processes (Kim et al.,
2021; Sun et al., 2021; Xue et al., 2019). The temperature values (Fig. 3.a) observed in the treatment plant
exhibited signi�cant seasonal changes. They were between 15–20°C in spring and autumn, 20–25°C in
summer, and 10–15°C in winter in the aeration basin.

In studies examining the microbial ecology of biological wastewater treatment plants, pH is reported as a
strong factor affecting the microbial community structure and distribution (Zhang et al., 2019). The
temporal variation of pH values   measured at the treatment plant in Tunceli WWTP can be seen in Fig. 3.b.
In general, the values   measured at the in�uent, in the aeration basin, and at the e�uent have different
levels. The seasonal temperature-related conditions such as rainy, dry, and hot, or cold affected the pH
values   of the in�uent at the facility. It can be said that the microbial activity in the sewer lines played a
part in changes observed in the in�uent during dry and hot periods. In the changes during the rainy
months, the physical-chemical effects resulted from dilution were obvious. In�uent pH values   gradually
decreased close to or in the summer months when precipitation gradually decreased and temperatures
increased. The pH values measured in the aeration basin varied between 7.38 and 7.78. With
investigating the temporal changes of the values, we observed that the pH values increased gradually
towards the summer months. It could be said that heterotrophic activity was the driving force in the
seasons. The pH values in in�uent and aeration basin were similar during certain months of the year and
differ during others. In general, the changes were independent of each other. After the �nal settling
process, they generally increased in the e�uents. The effect of the rinsing process can also be mentioned
as a value increase.

The temporal variation of the conductivity values measured in the treatment plant is given in Fig. 3.c. The
values of in�uent conductivity decreased during rainy spring months as increased in dry summer months.
As a result of microbial activities in the facility, conductivity values decreased at varying rates throughout
the year. The temporal variation of DO values measured at the treatment plant can be seen in Fig. 3.d. In
general, DO values of in�uent were lower than those of e�uent. The seasonal precipitation and
temperature factors have a signi�cant effect on in�uent DO value change. High DO values measured at
the e�uent may be associated with the rinsing process in the �nal settling ponds. Therefore, the physical-
chemical changes in the supernatant layer of the �nal settling tank, which is the biomass-liquid phase
separation zone, were the primary driving force.

DO values measured throughout the year in the aeration basin operated under controlled conditions
ranged from 2.1 to 4.0 mg/L. Adequate ventilation is reported to be a requirement in ensuring optimum
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development of aerobic nitrifying levels, in addition to aerobic heterotrophic levels. In ventilation, 2.0
mg/L is recommended as the lowest limit (Balku, 2007; Metcalf and Eddy, 2004). However, ventilation in
treatment plants constitutes a signi�cant part of energy costs (Capodici et al., 2019). In this respect, it
should be carried out on achieving the optimum treatment level with constant ventilation throughout the
year. Due to the different DO sensitivities of ammonium oxidizing bacteria and nitrite oxidizing bacteria,
varying rates of ventilation strategies can also be considered (Li et al., 2021). The highest values of DO in
the aeration basin were measured in the spring months. The values measured during this period were in
the range of 2.5–4.0 mg/L. The results showed that rainfall waters feeding the sewage system were
signi�cantly effective and the lowest values of DO throughout the year were measured in the range of
2.0–2.7 mg/L during the dry and hot periods. DO values measured in autumn and winter were generally
higher than 2.5 mg/L. Transporting of DO to the treatment plant with sewage water is advantageous. The
effect of the high DO amount carried to the plant by the in�uent leads to the success of NH3-N removal
observed in the spring months (Kim et al., 2021). However, it is clear as a result of these studies that the
effect of temperature dictates the development of the nitri�cation process during the winter months.

The temporal variation of the ORP values measured at the treatment plant is given in Fig. 3.e. ORP
provides perhaps the most detailed data in monitoring oxic–anoxic processes (Eusebi et al., 2016). The
aeration basin ORP change was independent of in�uent. At this point, the effect of aerators in the basin
was obvious. Thus, the limits of the value change range were narrowed. In general, the dominant
heterotrophic microbial activity in the aeration basin moved in tandem with the development of the
positive potential. Various stages of microbial activity can be monitored from the changes in the ORP
levels. Instantaneous measurements of the mixed liquid taken from the aeration tank can be expected to
represent the ORP values at the time when microbial activities occur. After the biomass-liquid phase
separation occurs in the �nal settling tank, the effect of microbial activities on ambient water is
eliminated. Changes in this situation can be monitored in the plant e�uent. In July, ORP value in the
aeration tank showed a high decrease after �nal sedimentation.

Evaluation of microbial activity based on process performance

Heterotrophic microorganisms are effective in COD removal in activated sludge processes. Another
measure of the activity of these microorganisms is alkalinity production. On the other hand, because
autotrophic nitrifying microorganisms use alkalinity, alkalinity removal means functional activity of
nitri�ers. In this respect, there is a vital connection between heterotrophic and autotrophic
microorganisms in a secondary wastewater treatment process (Metcalf and Eddy, 2004). The observed
changes in the relevant parameters in the aeration tank allow us to monitor the activities of these
microbial groups. However, nitrogen and phosphorus removal occurs only with the joint activity of both
groups. Therefore, the temporal variation of the proportional values   of the relevant parameters will be
used to determine what the shares of heterotrophs and autotrophs may be during nitrogen and
phosphorus removal. The changes observed between the rates in the course of time are correlated one
after the other. The difference in each ratio at consecutive times re�ects the activity of the unrelated life
level.
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In order to facilitate the monitoring of autotrophic and heterotrophic activities, (NH3-
N)removal/(COD)removal, and (NH3-N)removal/(Alkalinity)removal values for the one-year study period are given
in Table 1. In addition, (O-phosphate)removal/(COD)removal, and (O-phosphate)removal/(Alkalinity)removal

values can be seen in Table 1. The changes in metabolic activities based on NH3-N and o-phosphate
removal are presented in Table 2, which was created by using the values in Table 1. The values entered in
the row for each month in Table 2 re�ect the change associated with the previous month. Since March
was the starting month, the line for this month was left blank. Values entered in the row for April re�ect
the observed changes in microbial activity between March and April. Similarly, the values entered in the
row for May re�ect the changes of microbial activity observed between April and May. Successive
associations are maintained in this way. The (+) and (–) values in the Table 2 showed that the relevant
metabolic activity increased and decreased, respectively.

Table 1
(NH3-N)removal/(COD)removal and (NH3-N)removal /(Alkalinity)removal and (O-phosphate)removal /(COD)removal,

and (O-phosphate)removal /(Alkalinity)removal of the working months values

  (NH3-
N)rem/(COD)rem

(NH3-
N)rem/(Alk)rem

(O-
phosphate)rem/(COD)rem

(O-
phosphate)rem/(Alk)rem

March 15% 16% 20% 20%

April 13% 22% 10% 18%

May 20% 17% 21% 17%

June 18% 33% 21% 39%

July 11% 56% 15% 80%

August 6% 23% 31% 117%

September 28% 29% 28% 29%

October 14% 25% 16% 27%

November 4% 29% 17% 119%

December 10% 44% 14% 64%

January 3% 22% 26% 179%

February 2% 8% 13% 48%
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Table 2
Changes observed in monthly NH3-N and o-phosphate removals of

heterotrophic and nitrifying bacteria

  NH3-N Removal O-phosphate Removal

  Heterotrophic Nitrifying Heterotrophic Nitrifying

March - - - -

April + 6 – 2 – 2 – 10

May – 5 + 7 – 1 + 11

June + 16 – 2 + 22 constant

July + 23 – 7 + 41 – 6

August – 33 – 5 + 37 + 16

September + 6 + 22 – 88 – 3

October – 4 – 14 – 2 – 12

November + 4 – 10 + 92 + 1

December + 15 + 6 – 55 – 3

January – 22 – 7 + 115 + 12

February – 14 – 1 – 131 – 13

As seen in Table 1, (NH3-N)removal/(Alkalinity)removal values   in March and April were 16% and 22%,
respectively. As generally known, alkalinity removal is associated with nitrifying metabolism. In nitrifying
metabolisms, NH3-N will be removed at approximately same amount. Therefore, the difference between
values   re�ects the heterotroph NH3-N utilization. Accordingly, the results show that the heterotroph NH3-N
removal increased in April. The (NH3-N)removal/(COD)removal values   for March and April were 15% and
13%, respectively. In heterotrophic metabolism, where a similar amount of COD is removed, approximately
the same amount of NH3-N will be removed. Therefore, the difference between NH3-N removal values   
re�ects activity changes of autotrophic nitrifying bacteria. For example, the decrease in NH3-N removal in
April is due to slowing activity of autotrophic nitrifying bacteria.

The temporal variation of NH3-N and orthophosphate removal values   for the study year can be seen in
Fig. 4. Microbial activity has a wide range of NH3-N removal levels throughout the year. The removal
observed in April was 98%, one of the highest annual values. In terms of time period, the highest annual
NH3-N removal levels were observed during spring. At this point, the suitability of environmental
conditions such as temperature and DO can be brought to the fore (Kim et al., 2021).
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With considering the evaluations for o-phosphate removal in Table 2, it could be seen that o-phosphate
consumption decreased based on heterotrophic and nitri�ed activities in April. O-phosphate removal
levels varied between 91–97% throughout the study year. Microbial activity was balanced by high and
narrowly varying levels of phosphorus removal. In other words, the biological phosphorus requirement
remained high throughout the year. In this regard, phosphorus limitation is of upmost importance in plant
operation. The decrease in the amount of in�uent o-phosphate in April was an important factor in the loss
of removal.

The temporal variation of COD and alkalinity removal values   is given in Fig. 5. The COD and alkalinity
amounts determined in the in�uent and aeration tank during the whole year are given in Table 3. In terms
of the time period, alkalinity removal associated with nitrifying activities has the highest values   during the
spring months. In March and April, COD removal was 95%, which was in line with the organic carbon
requirement of heterotrophic metabolism. In May, removal decreased to 85%. In March and April, the
MLVSS values   in aeration tank were at a level of 800 mg/L as 570 mg/L in May. In activated sludge
processes, aerobic heterotrophic microorganisms, which have rapid growth kinetics and constitute an
important part of microbial density, play a role in high-level biomass amount changes (Metcalf and Eddy,
2004; Van Loosdrecht and Jetten, 1998). Nitrifying bacteria, autotroph microorganism, was characterized
by its low growth rate, and therefore, low biomass production. In urban wastewater treatment plants,
nitri�ers constitute approximately 5.3– 11.5% of total bacteria (Xia et al., 2018).

The SVI reached its highest value in March during the year, above the 250 mL/g, and the biomass was in
the young sludge class. In April, the value decreased to 170 mL/g. It was observed that the biomass
matured from March to April without a loss of mass. This was re�ected in the nitrogen removal success
in April. In parallel with the decrease in the amount of biomass in May, the SVI value also decreased to
130 mL/g, and it is understood that active mature elements have been removed from the structure. The
temporal variation of MLVSS, SVI, and F/M values can be seen in Fig. 6.
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Table 3
COD and alkalinity amounts present and removed during the treatment process

  COD Values (mg/L) Alkalinity Values (mg/L)

Plant

In�uent

Removal Aeration

Basin

Plant

In�uent

Removal Aeration

Basin

March 200 190 10 485 185 300

April 234 223 11 420 130 290

May 156 132 24 445 160 285

June 114 109 5 430 60 370

July 245 241 4 470 45 425

August 263 243 20 485 65 420

September 130 125 5 480 120 360

October 250 210 40 470 120 350

November 260 210 50 470 30 440

December 190 180 10 460 40 420

January 180 140 40 460 20 440

February 230 220 10 420 60 360

In the dry and hot period, which includes June, July, and August, alkalinity removal decreased
signi�cantly. The alkalinity removal observed in the summer months varied between 10–15%. In this
respect, the signi�cant change observed in alkalinity removal in June made it important within the
framework of microbial status change. Following summer months, when heterotrophic activities increase,
ambient water has higher alkalinity values. Considering seasonal changes, the high alkalinity values   of
the sewage environment water, namely, in�uent, can be emphasized here. In general, it could be said that
the sewage ambient water was useful for the heterotrophic activities of the treatment plant during this
period. The �rst signi�cant increase in the amount of solids precipitated in the in�uent occurred in June.
Biological �ocs constituted a signi�cant part of the precipitated solids. The �ocs observed in the in�uent
were an indicator of biological life in the sewer lines.

Although the amount of organic matter carried to the facility by in�uent decreased in June, the rate of
COD removal was high in this month. There was a slight increase in the MLVSS and SVI values.
Importantly, NH3-N removal was considerably reduced in June. The removal, which was 86% in May,
decreased to 57% in June. In the following summer months, NH3-N removal remained approximately at
the same level. In this regard, it appeared that microbial life was categorized in June to a status
characterized by lower consumption of NH3-N. The amount of NH3-N measured at the outlet of the
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aeration basin increased periodically during the summer months. In this respect, it can be said that
nitrifying life has incomplete nitri�cation processes.

In July, the amount and the rate of COD removal increased at the same time. During this month, the
MLVSS value raised and reached 870 mg/L. The SVI value also increased to 170 mL/g. There was an
increase in the amount of structurally improving biomass. It can be said that the microbial growth and
structural improvement observed in July were related to the high rate of organic matter removal. In other
words, there was rapid metabolic activity in the density of active and mature aerobic heterotrophic
microorganisms. The rate of COD removal decreased in August, and the MLVSS value was 634 mg/L in
this month. The F/M value was at a level of 41%. In this environment, where nutrient and organic matter
abundance was available, microbial life reduced in mass. The SVI value decreased to 114 mL/g in
August, and the biomass approached the aged sludge class. In general, F/M values gradually increased
from the beginning to the end of the period.

Nitri�cation is the rate-limiting process in biological nitrogen removal systems (Kim et al., 2015). Nitrite is
the �rst–step conversion product in the nitri�cation process. The conversion takes place by oxidation of
NH4-N to NO2-N (Czerwionka et al., 2012). Figure 7.a shows the temporal variation of nitrite values of the
facility in�uent and aeration basin. In general, the nitrite values of the treatment plant in�uent are smaller
than the nitrite values of the aeration basin. Based on the nitrite values of the in�uent and aeration basin,
nitrite production was observed in the ambient water of the aeration basin. Nitrite values gradually
increased in certain periods, decreased in certain periods, and remained stable in certain periods in the
aeration basin environment during the year. Nitrate is the second step conversion product in the
nitri�cation process. The conversion takes place by oxidation of NO2-N to NO3-N (Czerwionka et al.,
2012). Figure 7.b shows the temporal variation of nitrate values of the facility in�uent and aeration basin.
As seen in Fig. 7.b, the nitrate values of the in�uent during the working year were higher than the nitrate
values of the aeration basin, contrary to expectation. Therefore, we thought that the microbial activity in
the sewage system realized under uncontrolled conditions. It has been observed that hydrolysis
processes were the main mechanisms with high nitrate levels in sewer lines (Henze and Comeau, 2008;
Metcalf and Eddy, 2004). In addition to the high level of in�uent nitrate values, the low level of nitrate
values in the facility indicates intense denitri�cation activities. Besides, the low level of nitri�cation
second step processes is another of the main reasons.

The temporal variation of (NO3)removal/(COD)removal and (SO4)removal/(COD)removal values can be seen in
Fig. 8. It enables us to monitor the activities of denitri�ed and anaerobic metabolism within microbial
association. The observed temporal variation indicated that the denitri�ed levels exhibited activity that
can be characterized by certain periods. It is noteworthy that denitri�ed activities were low in the spring
season, but the denitrifying activities observed in the following periods were high. Signi�cant increases in
activity over periods can be noted as a characteristic feature of the biological system. In the spring
season, April exhibited such a feature.
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During the working year, the in�uent sulfate values were higher than the values in the aeration basin.
In�uent sulfate concentration values were remarkable higher when anaerobic conditions prevailed in the
sewer lines than values of the aeration basin in the dry-hot months. This can be explained by the
hydrolysis processes present in sewer lines (Metcalf and Eddy, 2004). The signi�cant decrease of the
in�uent sulfate concentration values in the ambient water of the aeration basin, where aerobic conditions
prevail, can be explained by the association of life in the same �oc structure. This can be seen as a trace
of anaerobic microbial life within the �oc structure.

The lowest sulfate removal was observed in April during the operational year. Although aerobic
heterotrophic activities developed during this month, nitrifying activities slightly decreased and
denitrifying activities increased. As a measure of denitrifying activity development, nitrate removal was
high in April. Remarkably, in this environment, sulfate removal was at the lowest level of the year. Sulfate
removal increased in May. During this month, when the growth rate of aerobic heterotrophs slowed down
and the growth rate of nitri�ers increased, the activities of denitri�ed levels decreased. In this
environment, where nitrate–reducing metabolism slowed down, sulfate-reducing metabolism accelerated.

At the end of the dry and hot period, MLVSS value in September is very close to the August value,
meaning that no biomass increase was observed. On the other hand, the COD removal reached 96%. In
this month, although the e�ciency of COD removal increased, the amount of removed COD decreased
due to the decreasing organic matter concentration of the in�uent. In this environment, where the
abundance of organic matter disappeared, the SVI value increased to 196 mL/g. It could be said that
biomass included active young microorganisms in addition to mature. In September, alkalinity removal
was 25%. After the summer months, the activities of the nitri�cation processes in line with the alkalinity
requirement became visible again. In this respect, September, which is considered as the end of the dry
and hot period, differed from other summer months. While the alkalinity value of the ambient water of the
aeration basin dropped dramatically from 420 mg/L in August to 360 mg/L in September. This decrease
indicates a change in microbial status. The suitability of the environmental conditions belonging to the
transition month between seasons became effective in the observed changes.

In September, NH3-N removal reached the highest value of the year with 99%. This indicates the
conditions in which the metabolic activities of nitrifying bacteria are highest. However, the nitrite value
showed that the ammonium-oxidizing bacteria were dominant and a complete nitri�cation did not occur
in September and in the following months. On the other hand, it was understood that the most intense
denitri�cation and sulfate reduction activity of the working year were observed in this month, when
considering the in�uent levels of nitrate and sulfate.

The alkalinity removal in October was quite similar to removal in September. Although nitrogen removal
decreased, it is considered to be at a good level. September and October stand apart from other months
in terms of their removal levels. Microbial life rearranged in September was a certain size and growth rate
in October. In October, the MLVSS value increased to 740 mg/L. In this month, when organic matter
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abundance was noticeable, the SVI value decreased to 154 mL/g. In October, while the amount of COD
carried to the facility by in�uent increased, the rate of removal decreased.

In November, the alkalinity value of the aeration basin ambient water increased. In this environment,
alkalinity removal associated with nitrifying levels was signi�cantly reduced. In the dominant habitat of
heterotrophic levels, nitrogen removal was severely disrupted. The amount of COD transported to the
facility with the in�uent in November and removed in the aeration basin was similar to the amount
observed in October. The removal rate continued to decrease. In this month, the F/M value of 64% was
the highest one of the year. The MLVSS value was 400 mg/L, the lowest value of the year. These data
showed that active mass continued its vital activities by shrinking in an environment in which the
abundance of organic matter growth continued from October to November.

The SVI value in November decreased slightly to 114 mL/g. The structural and functional changes
observed in November were similar to those found in August. In both months, denitrifying activities
increased at a high level in the mass, which decreased in food abundance. As of November, the nitrite
amounts observed in the ambient water were the lowest values   of the working year. At this juncture, the
negative effect of the decrease in ambient water temperatures on nitri�ed life was observed (Sun et al.,
2021).

The alkalinity removal observed in December, January, and February was the lowest of the year. In winter,
the alkalinity removal associated with nitrifying activities varied between 5–15%. Aeration basin ambient
water alkalinity values in December and January were 420 mg/L and 440 mg/L, respectively. In February,
the alkalinity value of the microbial ambient water of the aeration basin was 360 mg/L. In December,
NH3-N oxidation increased to 39%. The removal levels for January and February were similar. NH3-N
removal levels for these months were 18% and 19%, respectively, which were the lowest values of the
year. In winter, NH3-N removal was in the 15–40% range. Similarly, Kim et al. (2021) also showed that the
effect of the observed decrease in temperatures on nitrifying life was quite evident.

In December, the amount of COD carried to the facility by in�uent decreased. However, the rate of COD
removal increased. In this month, the MLVSS was at its highest value in the working year at 1,400 mg/L.
In December, the F/M value decreased sharply to 14%. The lowest value of the year was found in this
month. The SVI value increased to 150 mL/g. In an environment where organic matter abundance
decreased and biomass structurally improved, aerobic heterotrophic growth increased signi�cantly.
Similar situations were observed in June and September. Thus, this case could be noted as a
characteristic feature of the biological system. In December, the amount of nitrogen carried to the plant
by in�uent increased. The amount of nitrogen carried to the plant by in�uent was also high in July, when
a signi�cant increase in the MLVSS value was observed. In, the change in the proportional values   of the
o-phosphate and NH3-N amounts measured in the ambient water of the aeration basin throughout the
year is given in Fig. 9. The ratios of o-phosphate/NH3-N in July and December, when aerobic
heterotrophic activities increased, were close to each other. It was important to note that, the nitrogen
removal activity increased at peaks of the ratios in April and September.
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In January and February, the NH3-N removal associated with heterotrophic microorganisms gradually
decreased. NH3-N oxidation for both months decreased remarkably. It was observed that phosphorus
removal associated with heterotrophic levels increased at a high level in January and decreased at a high
level in February. The high increase in phosphorus removal in January, when aerobic heterotrophic
activities slowed down, indicated intense denitrifying activities. Similarly, the signi�cant decrease in
phosphorus removal in February, when aerobic heterotroph growth slowed down, indicated that the
density of denitrifying bacteria decreased signi�cantly. The increase and decrease of denitrifying activity
in January and February, respectively, can also be seen in metabolic activities based on nitrate reduction.
In these environments, metabolic activities based on sulfate reduction also increase and decrease,
respectively.

Phosphorus removal associated with nitrifying levels greatly increased in January and nitrogen removal
associated with nitrifying levels decreased signi�cantly during this month. Nitri�ed life increased a
decrease in heterotrophic activity in January. However, the signi�cant decrease in nitrifying nitrogen
consumption in this environment indicated a low e�ciency of the growing mass. Phosphorus removal
associated with nitrifying levels declined signi�cantly in February. The decrease in removal may be
associated with the decrease in the amount of phosphorus carried to the plant by in�uent during this
month. There was a slight decrease in nitri�ed nitrogen consumption in February. In January, the SVI
value decreased and was at its lowest during the year. The value was 80 mL/g, and the biomass was in
the aged sludge class. In February, the value increased and approached 150 mL/g.

During the winter months, nitrifying activities decreased signi�cantly. Denitri�ed activities continued to
exist at a certain level. The level during winter was higher than in July and August. The existence of
denitri�ed activities at a certain level can be explained by the low sensitivity of these levels to cold
weather. In addition, nitrate fed into the plant by in�uent was an important source for denitrifying
activities. As in other seasons, in this period, when the weather turned cold, biomass was characterized by
certain structural and functional properties under the in�uence of climatic environmental conditions.

Conclusions
Sewage ambient water showed signi�cant changes depending on rainy-dry and hot-cold seasonal
conditions. The observed effect of dilution was high during the rainy periods in spring. In this period,
dissolved oxygen carried to the facility by precipitation water positively affected microbial activities. In
addition, the positive effect of seasonal temperature values was important. Nitrogen removal increased
during this period, when seasonal conditions were suitable for microbial life. It was disadvantageous
when phosphorus restriction was perceived in the in�uent due to the dilution of precipitation waters. In an
environment in which biomass reduced and rearranged, such as what occurred in May, when precipitation
decreased, the structuring of nitri�ed levels was observed.

As a result of the studies carried out, seasonal changes come to the fore in the planning of treatment
plant operating arrangements. In line with the dominant activities of certain microorganism groups in



Page 15/26

different seasons, the ambient water properties of the aeration basin are regulated. In this respect, the
future operating arrangements necessary in months marked by seasonal transition characteristics will be
crucial in terms of treatment success. It is important to note that nitrifying activity has a very important
place in the success of nitrogen removal. The spring season, which has a generic effect on microbial life,
is essential in the development of nitrifying levels—the highest e�ciency in nitrogen removal was
observed during spring. In summer, as the weather warms, heterotrophic activity becomes more
dominant, and nitrifying activity is limited in this environment. In the winter months, the nitrifying activity
is signi�cantly interrupted by the decrease in temperature. This seasonal effect is perhaps one of the
most important constraints of biological wastewater treatment plants that operate for nitrogen removal.
In winter, considering the predominant activities of aerobic and facultative heterotrophs, operational
arrangements can increase the nitrogen removal e�ciency of these levels. During this period, when the
DO level of the aeration basin is high, low and varying ventilation strategies can be emphasized. Studies
on SRT and sludge removal will positively support the development of nitri�ed levels in addition to
heterotrophic levels.

Microbial growth phases can be clearly traced through the structural and functional properties of
biomass. The critical point in facility treatment optimization is the operating arrangements made in these
phases. It was observed that there is a close relationship between the structural development of biomass
and its metabolic activity. Over time and depending on the organic matter and nutrient content of the
in�uent, structural improvement and deterioration observed in the biomass are common. In general,
microbial metabolic activity is accelerated by decreasing the amount of organic matter carried by the
in�uent. In this environment, in which the amount of biomass increases, mature and active
microorganisms increase the success of nitrogen removal. When organic matter abundance is observed,
microbial life decreases in mass. In these environments, where the rate of metabolic activity slows down,
the biomass appears to have structurally recovered. Similar changes observed in different months can be
noted as characteristic features of the biological system. Based on the observed changes, future
arrangements made that focus on the recycling and sludge removal rate within the framework of SRT will
be effective in maintaining the e�ciency of the mature and active biomass. In addition, the changes in
the DO requirement at different phases of microbial growth should be carefully considered.

Within the scope of European Union Urban Wastewater Treatment Directive (Directive 91/271/EEC, 1991),
pH, COD, and total suspended solids e�uent values constituted the discharge standards for all months.
While the total nitrogen e�uent values meet the discharge standards in March, April, May, and September,
the e�uent values exceeded the discharge standards in the remaining months. In this regard, operating
regulations for nitrogen removal was of primary importance. As a result of the current study, the
coagulation unit, which is located immediately after the entrance unit and designed for phosphorus
removal but not used for this purpose, can be considered for use as a phosphorus dosing unit. Thus,
nitrogen removal e�ciency could be increased in this manner in periods when phosphorus was required.
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Figure 1

Urban wastewater treatment plant satellite view
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Figure 2

Observation points for monthly periodic monitoring studies
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Figure 3

On-Situ measurements in WWTP. (a) Temperature, (b) pH, (c) Conductivity, (d) DO, (e) ORP
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Figure 4

Temporal variation of NH3-N and o-phosphate removal values

Figure 5
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Temporal variation of COD and alkalinity removal values

Figure 6

Temporal variation of aeration basin MLVSS, SVI, and F/M values
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Figure 7

Temporal variation of oxidized nitrogen values of facility in�uent and aeration basin, (a) nitrite values
and (b) nitrate values
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Figure 8

Temporal variation of (NO3)removal/(COD)removal and (SO4)removal/(COD)removal values
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Figure 9

Change of proportional values of orthophosphate and NH3-N amounts in aeration basin ambient water


