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Abstract

This particular study set out to demonstrate alterations on the microbial community
of the oxic-settling-anaerobic/anoxic (OSA) process treating real domestic
wastewater by changing interchange ratios (IRs). The sludge yield of systems
operated at different IRs (1/13, 1/17 and 1/20) to assess sludge reduction was
used to analyze microbial community composition variations. The highest IR (1/
13) resulted in the highest sludge reduction (52.1%), while the OSA systems
with IR of 1/17 and 1/20 reduced sludge production by 37.4% and 35.5%,
respectively, in comparison to conventional systems. 16S rRNA gene amplicon
sequencing analysis showed that the bacterial communities were composed of
similar phylogenetic groups, Proteobacteria, Acidobacteria, and Bacteroidetes
being dominant. The relative abundances differed due to the applied IRs. The
highest abundance of Actinobacteria was determined at the highest IR (1/13) and
increasing of the HRT to 1/20 caused a significant reduction in Actinobacteria
species and the lowest abundance (6%) was determined in the OSA systems. The

abundant of Thiothrix species that are boosted in the OSA trials may have a vital
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role in OSA systems, where its abundance was below the detection limits in the
seed sludge sample. Therefore, they could be used as bioindicators in the OSA

system.

Keywords: Environmental science, Engineering

1. Introduction

The current global sewage sludge production rate is about 45 million dry ton
sludge per year, equivalent to about 2.0-billion population equivalent (PE)
covered by full sanitation at secondary wastewater treatment facility if taking
conversion factor of 70 g dry sludge produced/PE-day (Zhang et al., 2017).
Although the sludge represents only 1%—2% of the treated wastewater volume,
treatment and disposal of sewage sludge from wastewater treatment plants
(WWTPs) account for about half, even up to 60%, of the total cost of wastewater
treatment (Wei et al., 2003). Given the rising costs of and constraints associated
with sludge treatment and disposal, the ideal approach to addressing problems
associated with disposing or reusing excess sludge is to minimize sludge produc-
tion in the first place. Additionally, there is a growing concern for the integration
of sustainability issues in the new generations of wastewater treatment plants
(Alyaseri and Zhou, 2017). To this end, various engineering strategies have
been developed to reduce the yield coefficient and consequently sludge produc-
tion in wastewater treatment plants, incorporating various microbial processes,
such as lysis, cryptic growth, uncoupling metabolism, maintenance metabolism,
and predation of bacteria (Liu and Tay, 2001; Low and Chase, 1999; Ratsak
et al., 1996).

The oxic-settling-anaerobic (OSA) process is a modification of conventional
activated sludge technology in which an anoxic/anaerobic reactor is inserted
in the recycling bypass of sludge. OSA cycles equal volume of sludge between
conditions that are rich (aeration tank) and deficient (external anoxic/anaerobic
reactor/s) in oxygen and substrate (Semblante et al., 2014) and have many ad-
vantages, including no extra chemical or physical addition, treatment of high
strength pollutants, simple configuration and flexible operation, economical effi-
ciency also environmental friendliness (Easwaran, 2006; Novak et al., 2007).
Since the OSA process is a modification of the activated sludge process, most
interests till today focused on the observed yield (Novak et al., 2007; Saby
et al., 2003; Sun et al., 2010), operational parameters such as HRT, ORP, tem-
perature, IR of the OSA strategy in order to optimize and reduce the economic
costs (Khursheed et al., 2015; Semblante et al., 2016a; Sun et al., 2016; Troiani
et al., 2011; Yang et al., 2011), possible approaches causing sludge reduction in
OSA process (Chen et al., 2003; Liu and Tay, 2001; Wei et al., 2003) or
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coupling sludge minimization with biological nutrient removal. However, the
present level of understanding of the mechanisms involved in the OSA systems

is still limited.

Molecular tools enable researchers to examine the composition of microbial pop-
ulations and link them to process performance. Sludge cycling between the main
reactor and external anoxic/anaerobic reactor/s has a strong influence on the mi-
crobial community composition. A previous study by Wang et al. (2008) incor-
porating denaturing gel gradient electrophoresis (DGGE) indicated that OSA
was characterized by a wider range of bacterial species compared to conven-
tional activated sludge (CAS) systems. Kim and co-workers showed that the
external anaerobic SSR had a similar profile to a conventional anaerobic digester
containing Spirochaetes, a gram-negative phylum that grows exclusively in
anaerobic digesters (Kim et al., 2012). Moreover, in another study, hydrolytic-
fermentative bacteria and acetogenic bacteria were found in the anaerobic com-
partments of a baffled reactor with repeated sequences of aerobic and anaerobic
conditions (Quan et al., 2012). In the study by Zhou and co-workers, pyrose-
quencing results revealed that although core populations were shared with a
highly functional organization, the relative abundance and stability of microbial
communities in A + OSA system were higher than AO system (Zhou et al.,
2015). Classes Anaerolineae and Actinobacteria responsible for hydrolysis
and fermentation of organic matters were enriched in the reactors and played
an important role in sludge reduction of A + OSA process. The microbial diver-
sity and composition of a lab-scale OSA fed with real wastewater were deter-
mined by Semblante et al. (2017). A wide range of microorganisms such as
hydrolyzing (e.g., phyla Bacteroidetes and Chloroflexi), fermentative (e.g., or-
ders OPS, Firmicutes, WS3, and Spirochaetae), bacteria proliferated in the
external reactors of OSA. Hydrolyzing and fermentative bacteria possibly facil-
itated the degradation of cellular matter. Furthermore, - and y-Proteobacteria
were identified as the bacterial classes that primarily underwent decay in the

external reactors during this research.

In this study, three OSA systems fed with real domestic wastewater that is the
most common wastewater type treated in OSA systems were operated at different
interchange ratios (IRs) to assess sludge reduction and analyze microbial com-
munity composition variations. Next Generation Sequencing (NGS) of bacterial
16S rRNA gene amplicons was used to analyze the change in the microbial com-
munity profile and to explore the microbial shift from conventional activated
sludge systems. This study also aimed to contribute to this growing area of
research by exploring relationships between microbial community structure

and sludge reduction mechanism.
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2. Materials and methods
2.1. The origin of activated sludge, system set-up, and operation

Activated sludge was used as a seed in this study, was originated from an
advanced biological wastewater treatment plant in Istanbul, treating organic mat-
ter and nutrients from domestic wastewater. The systems were fed with real do-
mestic wastewater from the outlet of a grit chamber of sewage treatment plant
employing only physical treatment in Istanbul. Average total COD and TKN
concentrations of domestic wastewater were analyzed as 310 + 94, 352 + 63
and 290 £ 113, and 47 £+ 16, 53 & 7 and 41 £ 18 mg/L during the operation
of OSA;, OSA,, and OSA;, respectively, hence the required amount of glucose
was added into real domestic wastewater in lab studies to achieve COD/TKN ra-
tio of around 10 in the feed. The activated sludge collected from the plant was
added into three sequencing batch reactors with a working volume of 3.4 L leav-
ing an initial volume of 2 L (V) after withdrawal and operates under three 8-
hours cycles per day. The SBRs of OSA set-ups, namely, OSA;, and OSA;,
were attached to completely closed and continuously mixed anoxic/anaerobic
side-stream reactors (SR) having a total volume of 2 L. The sludge interchanged
between SBR and SR was taken mixed liquor of initial volume of SBR and total
volume of SR. Thus, the SR was operated under hydraulic retention time (HRT)
of 13, 17 and 20 days for OSA;, OSA,, and OSA;, respectively. The corre-
sponding IRs (Qj,.sr/Vo.ssr = (Vsr/HRTsr)/Vo.sgr) Were correspondingly 1/
13, 1/17 and 1/20. No sludge was wasted intentionally from the OSA-SBRs.
The cycle operation of each SBR was designed to achieve nitrogen removal
with a step-feeding regime and multiple anoxic/aerobic operation modes
(Artan and Orhon, 2005). Description of operating conditions applied in the
lab-scale SBRs and schematic diagram of the reactor set-up can be seen in Fig. 1.

Mixer
_ il Tdle; 30 %d Startg, &
Decant; __mix; 30__ Mixing;
—:— F 30 T — 30
fnflusnt Settling; ' Aeration;

Fill &
mix; 30

OSA-SR
OSA-SBR

mix; 20 560

Air

Fig. 1. Experimental set-up of the OSA systems and sequence and duration (min) of phases in each oper-
ating cycle of the SBR reactor.
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2.2. Determination of observed sludge yield

A graphical method was used to determine the observed yield of sludge in each sys-
tem. The Y-axis depicts cumulative daily MLVSS production, while X-axis repre-
sents cumulative daily COD consumption (Chon et al., 2011b). The daily MLVSS
production was considered as daily produced mass of MLVSS in the SBR, loss of
biomass from effluent stream, sampling, and daily sludge interchange between
SBR and SR, while the consumed COD was the difference of COD concentrations
between wastewater and effluent stream. The slope of the linear regression was used
as a way of expressing Y,,s. The relative sludge reduction was calculated using
observed yield ratios obtained from identical systems operated in a conventional
activated sludge manner with daily wastage of sludge (Karlikanovaite-Balikci and
Yagci, 2019).

2.3. Analytical methods

Total and volatile suspended solids were measured gravimetrically according to the
Standard Methods (APHA/AWWA/WEEF, 2005). Total and soluble chemical oxy-
gen demand (tCOD and sCOD) were quantified by means of the dichromate method
using the closed reflux method (ISO 6060, 1986).

2.4. Microbial community analysis

Total genomic DNA was isolated from 500 pL of samples taken from the mixed li-
quor of each SBRs of OSA set-ups as well as from the seed sludge using ZymoBIO-
MICS DNA Miniprep kit (Zymo Research, Irvine, CA) according to manufacturer’s
protocol. The DNA quantification was measured by NanoPhotometer P-Class (Im-
plen, Germany) and the extracted DNA samples were stored at -20 °C for further
analysis.

Bacterial community compositions were processed and analyzed with the
ZymoBIOMICS™ Service - Targeted Amplicon Sequencing (Zymo Research, Ir-
vine, CA). 16S ribosomal RNA gene targeted sequencing was performed using
the Quick-16S™ NGS Library Preparation Kit (Zymo Research, Irvine, CA). The
general bacterial 16S barcoded primers used were 341f (CCTACGGGNGGCWG-
CAG) and 805r (GACTACHVGGGTATCTAATCC), which amplified the V3-V4
region of the 16S rRNA gene. The 16S primers used amplified the V3-V4 region
of the 16S rRNA gene. The PCR products are quantified with qPCR fluorescence
readings and pooled together based on equal molarity. The final pooled library
was cleaned up with Select-a-Size DNA Clean & Concentrator™ (Zymo Research,
Irvine, CA), then quantified with TapeStation® and Qubit®. The final library was
sequenced on Illumina® MiSeq™ with a v3 reagent kit (600 cycles). The sequencing

was performed with >10% PhiX mix and in paired-end mode. The sequences
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obtained from this study were deposited under the EMBL-EBI accession number
PRJEB29107.

2.5. Bioinformatics

Amplicon sequences were inferred from raw reads using the Dada2 pipeline
(Callahan et al., 2016). The number of average raw reads per sample was
183,920. Raw sequence reads were trimmed with Trimmomatic-0.33 (Bolger
et al., 2014). The two paired-end reads in each pair were assembled to construct a
complete amplicon sequence with SeqPrep (https://github.com/jstjohn/SeqPrep).
Chimeric amplicon sequences were identified and removed with Usearch (v. 6.1)
(Edgar et al., 2011) in ref mode against a curated database (http://drive5.com/
uchime/rdp_gold.fa). Amplicon sequences smaller than 320 bp were removed. For
each sample, up to 40,000 sequences were randomly sampled to reduce potential
bias caused by uneven sampling. These amplicon sequences were compiled,
clustered and analyzed with Qiime 1.9.1 (Caporaso et al., 2010). OTUs were picked
by the workflow of pick_open_reference_otus.py using GreenGene database (gg_
13_8) as a reference database. Singleton OTUs were removed. Taxonomy assign-
ment, alpha-diversity, and beta-diversity analyses were performed with Qiime v.1.
9.1 (Caporaso et al., 2010). The o- and B-diversities were calculated with in-
house scripts. The microbial community structures were shown by Krona graphs
(Ondov et al., 2011).

3. Results and discussion
3.1. Sludge reduction performance of the systems

The three systems were initially operated in general arrangement of conventional
activated sludge with wastage of sludge following 44 days of microbial acclimation
period. Then, SRs were attached into SBRs and continuously operated for another
variable period of time (100 days for OSA;, 32 days for OSA, and 52 days for
OSA;) until the systems reached a steady-state condition. The average MLVSS con-
centrations of 1272 4+ 2, 1649 + 6 and 1683 + 6 mg/L were obtained in SBRs at
steady-state operation in OSA;, OSA,, and OSA;, respectively. The MLVSS con-
centrations of SRs were shown a similar trend at steady state and measured as
1226 £+ 15, 1637 £ 38 and 1627 £ 34 mg/L for OSA;, OSA,, and OSAj;,

respectively.

The cumulative biomass production was plotted against cumulative substrate con-
sumption, and observed yield values were calculated from the slope. The OSA sys-
tems presented the Y,s of 0.104, 0.117 and 0.111 gVSS/gCOD for OSA;, OSA,
and OSA;, respectively. The corresponding Y,,s of conventional activated sludge
were estimated as 0.217, 0.187 and 0.172, respectively. The OSA systems with
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HRT of 13, 17 and 20 d reduced sludge production by 52.1%, 37.4%, and 35.5%,
respectively, in comparison to conventional systems. The sludge reduction effi-
ciencies obtained in this study correspond to previous studies of the OSA (Eusebi
and Battistoni, 2015; Goel and Noguera, 2006; Novak et al., 2007; Sun et al.,
2016; Zhao and Wang, 2012). The total sludge age of the system was estimated
as 33, 18 and 14 d as described by Chon and co-workers (Chon et al., 2011a)
with a modification that assuming the only solid loss is caused by sampling and
the withdrawal of treated wastewater from the system. Accordingly, the decreasing
trend of sludge reduction could be explained by the decreasing total sludge age of the
system. This result is in accordance with the findings by Chon and co-workers (Chon
et al., 2011a). Hence, total SRT of the systems has an intrinsic relation with sludge
reduction and appears as one of the most important parameters for the design and
operation of these systems. Additionally, this should be also emphasized here that
the effluent sCOD concentrations were in the range of 70 + 17 mg/L during the
entire experimental study and it is depicted that no significant effects on COD
removal were observed by the addition of SR as shown in the previous studies given
in the literature (Saby et al., 2003; Semblante et al., 2016b).

3.2. Microbial community compositions of the seed sludge

The microbial community composition of the seed sludge, which was taken from a
full-scale conventional activated sludge system, was presented at the phylum, class,
order and family levels in Fig. 2. From the chart, it can be seen that by far the greatest
shares of the total known sequences belonged to Proteobacteria (28%) and Actino-
bacteria (7%) within the 14 known phyla. The remaining of the reads composed of
minor phyla mainly Bacteroidetes, Chloroflexi, Acidobacteria, Verrucomicrobia,
and Saccharibacteria. These results are consistent with previous observational
studies, which revealed similar bacterial community patterns for a typical activated
sludge process (Chen et al., 2018; Hong et al., 2016). Surprisingly, a large proportion
of the reads could not be assigned to any known bacterial phylum in the present
study. It may include uncultivable or unidentified novel bacterial species. Further-
more, the majority of the sequences belonged to Betaproteobacteria (11%) at the
class level followed by Gammaproteobacteria (8%), Sphingobacteria (5%), Alphap-
roteobacteria (4%), and Deltaproteobacteria (4%).

3.3. Microbial community dynamics of the OSA systems

A two-dimensional plot of a 3D principal component analysis was prepared to
compare the microbial communities of the different OSA trials and the seed sludge
(Fig. 3). The distance between data points for the samples displays the similarity and/
or dissimilarity of the microbial communities. As it is clear from the plot, OSA; and
OSA,; clustered together. However, the microbial community of the OSA; system
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Acidimicrobiales Incertae/Sedis

Intrasporangiaceae

Campylobacteraceae

Nannocystaceae.
Polyangiaceae

Haliangiaceae.

Sphingomonadaceae

Neisseriaceae

Nitrosomonadaceae

Rhodocyclaceae

Roseiflexaceae

Oxalobacteraceae . ’
errucomicrobiaceae

Comamonadaceae
itrospiraceae

Xanthomonadales Incertae Sedis
Xanthomonadaceae

Fig. 2. Bacterial community composition of the seed sludge at phylum, class, order and family levels.

located distantly showing a significant difference. Moreover, a significant shift on
the microbial community structure was associated with the reactor conditions

compared to the seed sludge.

Table 1 displays the estimated evenness and richness of the microbial communities
by Chaol, Shannon, Simpson diversity and Pielou’s eveness indices. While eveness
shows abundance homogeneity in the community, richness reflects the number of
different types (Lucas et al., 2017). It is apparent from the table that the seed sludge

PC2 (15.69%)

O0SA,
X
0SA1 @
Seed sludge

OSA3

PC1 (80.67%)
PC3 (3.63%)

Fig. 3. Two-dimensional plot of a 3D principal component analysis based on the 8-diversity of microbial

communities.
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Table 1. Estimated richness and evenness of the microbial communities.

Sample IR Chaol Shannon Simpson Pielou’s evenness
OSA, 1/13 452 4.57 0.95 0.75
OSA, 1/17 291 443 0.94 0.78
OSA; 120 479 5.08 0.98 0.82
Seed - 805 5.99 0.99 0.90

had the most diverse and even community. The reactors developed a more even com-
munity in the case of increasing HRT in which the highest eveness index calculated
for OSA; within all OSA experiments. Moreover, the OSA; trial exhibited higher
microbial evenness and diversity within all OSA systems having the highest Shan-
non, Chaol and Simpson indices. Whereas, OSA; had more diverse community

compared to OSA,, the community was more even in OSA, system.

The difference in the HRT revealed a major role in the growth of various

microorganisms.

Fig. 4 displays the microbial community structures of the reactor samples from
phylum to family levels. From the charts, it can be seen that by far the greatest share
of the sequences annotated as Proteobacteria species as in the seed sludge sample.
Furthermore, Acidobacteria, Bacteroidetes, and Chloroflexi were also predominant
phyla in which their proportions in the microbial community distinguished due to the
different IRs applied during the operation period. In a study carried out by Ning et al.
(2014) also showed that the majority of the microbial community in an anox-
ic—oxic—settling—anaerobic (A + OSA) process composed of Proteobacteria
members. Moreover, these results reflect those of Sun et al. (2016) who also found
that Proteobacteria and Bacteroidetes species dominated the OSA process by
DGGE fingerprinting method. The highest abundance of Actinobacteria was deter-
mined in the OSA; system (18%), which has the highest IR and lowest HRT during
the operation. A trend was designated between the Actinobacteria abundance and
HRT in which increasing of the HRT caused a significant reduction in Actinobacte-
ria species and the lowest abundance was determined in the OSA3 system (6%). On

the other hand, an opposite profile was observed for Bacteroidetes members. An

Fig. 4. Bacterial community composition of the OSA systems at phylum, class, order and family levels.
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increase in the HRT resulted in the higher Bacteroidetes abundances in the systems,
and the abundances were recorded as 7%, 8% and 11% for OSA, OSA, and OSA;
systems, respectively. These abundances were found lower than that of Ning et al.
(2014). This inconsistency may be due to the different modifications on the reactor
configurations and operating parameters. On the other hand, Proteobacteria mem-
bers can contribute to release intracellular compounds and then Bacteroidetes may
use the secondary substrate produced by those species for hydrolytic fermentation
to boost their abundance (Cheng et al., 2018). Moreover, the highest abundance
of Chloroflexi was found in the OSAj system in which the reduced sludge produc-
tion was the lowest (35.5%). Moreover, most of the Chloroflexi sequences belonged
to the family Caldilineaceae in which the members are facultative filamentous or-
ganisms able to grow under both anaerobic and aerobic conditions (Albers and
Siebers, 2014). Members of Chloroflexi can degrade various organic materials (car-
bohydrates) and live on the cellular materials resulted from dead biomass and metab-
olites (Cheng et al., 2017). Thus, it is suggested that the members may have major
importance in the OSA system and the species may contribute to the sludge reduc-
tion in the system. Additionally, changes in the HRT resulted in some moderate dif-
ference in the abundance of Proteobacteria classes namely, Alphaproteobacteria,
Betaproteobacteria, and Gammaproteobacteria. During the operation period, the
Gammaproteobacteria species took advantage of the operation conditions and en-
riched in the OSA trials compared to the seed sludge. Although, there was no signif-
icant difference in the abundance of Alphaproteobacteria between the different OSA
trials (average abundance 6.5%), the abundance of Gammaproteobacteria went
down significantly in the OSA; system representing 16% of the total sequences.
The Betaproteobacteria members can use a wide variety of carbon sources and it
is one of the major class found in wastewater treatment systems having a role in
organic matter degradation (Ning et al., 2014). Alphaproteobacteria species can
perform a broad range of metabolic activities including nitrogen fixation, ammonia
oxidation, and methylotrophy (Williams et al., 2007). Thus, they can use a different
type of organic materials commonly found in municipal wastewater treatment plants
(Ning et al., 2014). Gammaproteobacteria is one of the most diverse class including
more than 250 genera with a diverse range of aerobicity, trophism and of tempera-
ture adaptation (Williams et al., 2010). Sun et al. (2016) suggested that cryptic
growth features of Alphaproteobacteria, Betaproteobacteria, and Gammaproteo-

bacteria species resulted in a greater sludge reduction efficiency in OSA systems.

Although Thiotrichaceae (phylum: Proteobacteria) species were not detected in the
seed sludge sample, the majority of the total sequences were represented by Thiotri-
chaceae at the family level in all systems. However, a significant decrease was deter-
mined in the abundance of Thiotrichaceae members due to the higher HRT.
Although, there was no significant difference between OSA;| and OSAj, changing
the HRT correspondingly from 13 to 20 d, caused a remarkable effect. Most of
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the Thiotrichaceae species could not survive in the system and became less abundant
in OSA;. Similar patterns were observed for Actinobacteria families, Propionibac-
teriaceae and Intrasporangiaceae as well. Whereas the abundance of Propionibac-
teriaceae was lower than 1% in the seed sludge, the species enriched in the OSA;
and OSA,; trials (11% and 8%, respectively). Whereas the members of Propionibac-
teriaceae are able to produce a large amount of propionic acids (Stackebrandt et al.,
2006). Furthermore, the highest abundance of Intrasporangiaceae species was
found in the OS A system. Some members of this family are polyphosphate accumu-
lating organisms and some of them have denitrifying abilities (Stackebrandt et al.,
2014).

Microbial community patterns at the genus level are depicted in Fig. 5. What is
interesting about the data is in this heatmap that Thiothrix (phylum: Proteobac-
teria) was by far the most predominant genus in the three OSA trials. However,
the abundance was below the detection limits in the seed sludge sample. Thio-
thrix species are filamentous, sulfur-oxidizing bacteria and able to grow hetero-
trophically, lithoautotrophically with thiosulfate or sulfide as the sole energy
source and mixotrophically (Chernousova et al., 2009). The members of this
genus enriched due to the OSA operating conditions. They are typically found
in activated sludge systems with filamentous bulking problems (Nielsen et al.,
2000). However, in the present study, sludge bulking was not observed.
Whereas, the mesophilic filamentous bacteria Caldilinea (phylum: Chloroflexi)
(Yoon et al., 2010), denitrifier Thauera (phylum: Proteobacteria) (Scholten
et al., 1997) and Dokdonella which detected in anaerobic side-stream reactor
process previously (Ferrentino et al., 2016) had relatively higher abundance in
OSA; sample, the abundance of Nitrospira (phylum: Nitrospirae) and

Phylum Class Order Family Genus OSA,-SBR | OSA,-SBR | OSA;-SBR | Seed sludge
P Actinomee ioi 0.005
Te 0.004
Bacteroidetes F ’S Flavobacterium 0.010
Caldili Caldi
Chloraffexi z Caldilinea 0017
Chloroflexi ifl Kouleoth K
w irosm — - - Y
i Hyp) Hy) X
Paracoccus .
P Rhodobacter .
i de i i 0.002 0.001 0.007
o Ce Limnohabitans 0.005
Methylibium 0.003 0.005 0.005 0.002
Candidatus
| Betaproteobacteria A I 0.002 0.002 0.005
Proteobacteria Pl 1 Rhod. I Dechloromonas 0.003 0.004 0.002 0.011
Sulfuritalea 0.002 0.008
Thauera 0.008 0.010 0.014
Deltap : i 0.001 0.006
psilonp b ia | Camp Campylob 0.001 0.001 0.004 0.009
All dal Ps Psyc S 0.003 0.006 0.002
G Thiotrichales Thiotrichaceae Thiothrix 0.105
P Dokdonella 0.006 0.010 0.015 0016
Thermomonas 0.001 0.001 0.007
Ve i bial I 0.003 0.004 0.002 0.006
i i i i i i i i ‘ 0.011 0.007 0.007 0.001
0 - 1

Fig. 5. Heatmap displaying the relative abundances of bacterial genera with a proportion of at least 1% in

at least one sample.
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Fig. 6. Heatmap displaying the unique sequence abundance of microbial communities.

Rhodobacter (phylum: Proteobacteria) was higher in OSA;| and OSA,; trials. Ni-
trospira plays a crucial role in the efficient nitrification process, oxidizing nitrite
produced by the ammonia-oxidizing microorganism. Recent studies showed that
some members are named as complete ammonia oxidizers (comammox) can

perform both nitrification steps (Daims and Wagner, 2018).

Fig. 6 shows the relative abundance of unique OTUs in all samples. The clustering of
OTUs revealed two major groups. Whereas the first group included the seed sludge
sample, the second group was composed of OSA trials. OTU clustering also showed
that the OSA; was separated from the other two OSA systems suggesting a distinct
microbial community profile. Furthermore, OTUs named as seql (genus: Thiothrix)

and seq2 (family: Propionibacteriaceae) were dominated the OSA trials.

4. Conclusions

The OSA systems with HRT of 13, 17 and 20 d in the SR reduced sludge production
by 52.1%, 37.4%, and 35.5%, respectively. The results of microbial community anal-
ysis were indicated that the shift in the microbial community structures of the OSA

trials has an influence on process performance. Increasing of the HRT to 1/20 caused
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a significant reduction in Actinobacteria species. Returning to the question posed at
the beginning of this study, it is now possible to state that, Thiothrix species were
stimulated in OSA operating conditions and may have a key role in these systems.
Moreover, minimization of the sludge production may have relevance on the abun-

dance of Intrasporangiaceae species.
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