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Abstract The bacterial community structure and diversity were
assessed at the scale of rotating biodisk procedure (RB) in a semi-
industrial pilot plant. As well, the Salmonella community was
particularly monitored, and the effects of ultraviolet (UV-Cssy)
on the bacterial community were studied. The identification of
dominant bacteria revealed the presence of beneficial and useful
species that could play an important role in the process of waste-
water purification. Several species as Enterobacter agglomerans,
Cronobacter sakazakii, and Pantoea agglomerans known for
their bioremediation activities were revealed in the majority of
biofilm samples. Common detection of Salmonella community
provides evidence that the RB system did not seriously affect
Salmonella. Furthermore, the investigation on the (UV)-Cys4 in-
activation of the whole bacterial community, in secondary treated
wastewater, showed variable UV resistance results. No
Salmonella detection was registered at a dose of around
1440 mW s cm ~ since a total disappearance of Salmonella
was recorded.
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Introduction

The rotating biological contactor (RBC) or rotating
biodisk system (RB) is a biological treatment process that
involves the biological purification of the wastewater.
While the engineering aspects of the RB were well under-
stood, little was known about the composition of the ac-
countable microbial community acting in the process. The
identification and the diversity of the bacterial community
could be assessed through the usage of either culture-
dependent or culture-independent methods. However,
culture-dependent methods are frequently time consuming
and pricey. Moreover, species occurring in low numbers
are often out-competed in vitro by numerically more abun-
dant microbial species (Hengenholtz et al. 1998), and
some may be unable to grow in vitro (Head et al. 1998).
Hence, culture-dependent methods are biased by the selec-
tion of species that obviously do not represent and indicate
the actual status of the microbial dominance in the field
(Ding et al. 2011). Community-level subject areas are re-
lying more and more on cultivation-independent methods
based on the direct analysis of DNA or RNA without any
culturing stage (Jany and Barbier 2008). Matched with a
global analysis, these methods make it possible and likely
to investigate complex microbial communities.

Denaturing gradient gel electrophoresis (DGGE) technique
based on the 16S rDNA gene was commonly used for a direct
comparison of structural diversity among different microbial
communities (Muyzer et al. 1993). Knowledge of the dynam-
ics and of the structural diversity of microbial communities in
wastewater treatment plant and an understanding of the con-
tributions of major members of these communities to overall
degradation and purification of various pollutants are likely to
provide unprecedented control over the biological treatment
of sewage (Ding et al. 2011).
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Moreover, with increased demands on water resources in
the recent years, problems of surface water contamination by
enteric microorganisms have become an increasing concern.
Sewage contains pathogenic microorganisms like Salmonella
that could be transmitted by the fecal-oral route. Members of
the Salmonella enterica species are public health difficulties
and challenges that are interrelated with significant morbidity
and mortality in those infected with the pathogens (Foley et al.
2008; Turki et al. 2014). Consequently, the sanitary quality of
the effluent must be sufficiently guaranteed before discharge
of treated wastewater in the various natural environments. In
this setting, the detection of Sa/monella taken as a model of
pathogenic organism in the effluent is of great importance and
could give an accurate idea about the bacteriological
wastewater quality. Halatsi et al. (2006) proposed a set of
primers that could target the Sal/monella quorum sensing
sdiA gene.

When released into natural receiving environments, un-
treated or insufficiently treated wastewaters could cause sev-
eral various problems, such as microbial contamination, eu-
trophication, oxygen uptake, and toxicity (Ding et al. 2011).
To improve the microbiological water quality, UV-C254 irra-
diation is typically recognized as inducing a good germicidal
effect on microorganisms. Indeed, the UV-C,s4 absorbed by
the DNA of the microbial cells induce damage in this DNA
through altering the nucleotide base pairing, thereby creating
new linkages between adjacent nucleotides on the same DNA
strand (Ben said et al. 2011).

In the present study, we aimed to assess at first, the bacterial
community structure and diversity in wastewater and biofilm
at the scale of rotating biodisk process by using DGGE and
16S rRNA methods; secondly to determine the contribution of
predominant bacteria on the wastewater purification; thirdly,

to assess the dynamic of Sa/monella community taken as re-
ferring pathogens in the RB system, and finally to study the
influence of UV-C,s4 taken as a tertiary treatment of disinfec-
tion on the main bacterial pathogenic communities.

Material and methods
Experimental RB treatment system and sample collection

The biodisk reactor consists of plastic filling disks on a hori-
zontal axis. The drum, half-immersed in water, rotates at a
constant speed of two rev/min around this axis. A biofilm
develops on the plastic support, and the rotation of the disks
ensures both oxygenation and contact with the wastewater.
The biomass excess is detached gradually, and it will be
separated in the secondary settling tank. The performance
study of the process was conducted by Ben Rajeb et al.
(2011) and confirmed that the reactor is performed as an ad-
vanced treatment system for DBO, COD, SS, NH4*-N, and
NO3"-N. Disinfection performances reduce microbial load;
however, chlore, ozone, or UV disinfection should be
considered.

Wastewater and biofilm samples were collected from a
semi-industrial wastewater treatment, pilot plant situated at
Mutuelle-ville, zone of El Menzah 1, an important residential
and business area of the Tunis city, Tunisia, which receives
essentially municipal and hospital wastewater of three neigh-
boring hospitals (Fig. 1). At seven points of the different treat-
ment lines, biofilm and wastewater samples were collected
during summer (June—July: temperature range between 30
and 37 °C) and winter (October, November: temperature
range between 20 and 25 °C). The physical and geometric

Amen
Clinic
(-]
s [3
3 S El Menzeh
Saint 2 Clini
Augustin ° inic
Clinic g
[
i /&
S
% g/
% <
a El Menzehl|
PWTP
IWTP Charguia

UV-C desinfection

Fig. 1 Experimental location site and schematic plan of the semi-
industrial pilot plant. EB entrance of the primary settlement tank, REP
distribution tank input, DI disk tank 1, D2 disk tank 2, SD outlet part of
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the secondary settling tank, B/O! and BIO2 biofilm samples taken from
the first and the second disk, respectively. Raw wastewater (EB), REP
(distribution tank input), and in disk tank 1 (D1), disk tank 2 (D2)
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characteristics of the rotating biodisk system studied here were
described in Table 1.

UV-C photoreactor system

The laboratory UV-tool was created in collaboration with Guy
Daric S. A. (Aubervilliers, France) (Saidi et al. 2011).
Germicidal doses were calculated as the product of the inten-
sity of irradiation and the time of exposure. In order to evalu-
ate the bacterial community resistance to UV-C,s, irradiation
in wastewater, a wastewater treated water sample collected at
the exit of the secondary settling tank was irradiated at the
following several different exposure times: 60, 120, 180,
240 s, using the photoreactor described earlier by Hassen et al.
(2000).

DNA extraction and PCR amplification of 16S rDNA

Total DNA was extracted from biofilm and wastewater sam-
ples as described previously by Turki et al. (2013). Extracted
DNA was visualized by electrophoresis in 0.5x TBE (Tris-
Borate-EDTA bufter) on a 0.8 % agarose gel. PCR amplifica-
tion was achieved using universal primers: 907R and 357F
attached to 40-bp GC-rich sequence. PCR was prepared as
previously described (Sass et al. 2001).

DGGE and DNA sequence analysis

DGGE electrophoresis was achieved using the system
INGENY phorU-2 (Leiden, Netherlands) as described previ-
ously by Turki et al. (2013). DGGE profiles were exploited to
create matrices indicating the presence or absence of bands,
and a program was built using the unweighted pair group
method with arithmetic mean (UPGMA) using MVSP 3.13
(Multi Variate Statistical Package).

Table1 Physic and geometric characteristics of rotating biodisk reactor
of pilot plant
Parameters Dimensions and form
Primary and secondary tank

Volume (m®) 2.9

Form Cylindrical

Diameter (mm) 1800
Rotating biodisks

Reactor volume (m>) 2

Number of stage 2

Number of disk per stage 28

Disk area per stage (m?) 3.57

Total effective disk area (m?) 200

Disk velocity (rpm) 2

DGGE gel images were examined with Image J1.45 soft-
ware, and the position and the intensity of bands were consid-
ered. Principal component analysis (PCA) was produced to
perceive the relationships among patterns by using PAST
2.17c software Package (Paleontological Statistics Software
Package for education and data analysis).

The DNA of DGGE bands selected from the gel was
analyzed and amplified as described previously by Turki
etal. (2013) and then sequenced. Obtain sequences were com-
pared to the 16S rDNA sequences in the GenBank database by
applying the basic local alignment search tool (BLAST,
National Centre for Biotechnology Information, US National
Library of Medicine).

Detection of Salmonella sdiA gene

The total DNA of each sample was studied by PCR to detect
the presence of Salmonella sdiA gene in treated and untreated
wastewater and biofilm samples, using sdiAl and sdiA2
primers (Halatsi et al. 2006). The amplicon size was around
274 bp. PCR analyses were done as previously reported (Turki
etal. 2012).

Results
DGGE fingerprinting of wastewater and biofilm samples

The DGGE pattern is viewed as an “image” of the total bac-
terial community. Analysis of wastewater and biofilm sample
DGGE patterns is based on the number and intensity of the
bands reflecting the bacterial diversity and density, respective-
ly. During summer (Fig. 2A) and winter (Fig. 3A), DGGE
patterns enclosing from 2 to 13 visible bands were noticed
for biofilm and wastewater samples. The results showed that
biofilm and wastewater obtained in summer were more com-
plex than those acquired in the winter. This latter result means
that bacterial communities revealed in the hot season
(summer) were more abundant, more complex, and more var-
iable than those obtained in winter, and consequently, the pu-
rification RD procedure was more efficient and successful
during the hot season of summer. On the other side, important
differences in microbial community structure were observed
among the different treatment stages in the plant. This effect
was indicated by the lessening of the band number and the
complexity of the banding patterns according to the progress
in the steps of treatment.

DGGE patterns were exploited to construct UPGMA den-
drograms according to Pearson correlation (Figs. 2B and 3B)
that allowed the bacterial community structure analysis during
the different stages of wastewater treatment. Granting to the
diversity perceived among treated and non-treated wastewater
and biofilm samples, 87 and 85 % of similarity were obtained
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Fig. 2 A DGGE patterns of V3-V5 region of the 16S rDNA generated
from the wastewater and biofilm samples collected in summer from
different steps in the RBC system. a—d Four replicates of samples
collected in summer. EB raw input, Rep distribution tank input, D/ disk
tank 1, BIOI biofilm of disk 1, D2 disk tank 2, BIO2 biofilm of disk tank
2, and SD output secondary clarifier. Bands marked were excised and

during the summer from samples of raw wastewater (EB) and
the repartition tank (REP), and of disk tank 1 (D1) and disk
tank 2 (D2), respectively. For biofilm samples (Biol and
Bio2) and treated wastewater (SD), the cluster analysis pre-
sented 90 and 65 % of similarity, respectively. However, treat-
ed wastewater (EB) revealed 65 % of similarity. In winter,
treated wastewater (SD) showed only 45 % of similarity.
Still, 65 and 85 % of similarity were obtained in samples of
raw wastewater (EB) and repartition tank (REP), and of disk
tanks (D1 and D2) and biofilm disk tanks (BIO1) and (BIO2),
respectively. The principal factor analysis based on the rela-
tive intensities of bands in DGGE profiles provided more
information about the microbial community structure
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sequenced. M Salmonella amplification product. The gradient of urea
and formamide ranged from 40 to 60 %. B Dendrogram [UPGMA] of
PCR-DGGE analysis of the communities in wastewater and biofilm
samples during the summer. C Score plot of principal component
analysis of PCR-DGGE profile

(Figs.2C and 3C). During summertime, the plots of samples
from the treated wastewater (SDc, SDb, SDd) were circulated
on the right side and could be distinguished from the other
samples. The plots of untreated wastewater samples (EDc,
REPc, EBd, REPd) were distributed on the right and left side
of the scatter, respectively, and plots of (EBa, REPa and EBD,
REPD) took a middle position in the diagram, which mean that
the bacterial communities of untreated wastewater were vari-
able over time. Plots of biofilm samples (BIO1, BIO2) and
wastewater samples (D1, D2) were relatively adjacent and
took a middle position in the diagram. During winter, all plots
appeared to be distributed randomly; however, we could see
that biofilm sample plots (BIO1a, BIO2a and BIO1c, BIO2c)
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Fig. 3 A DGGE patterns of V3-V5 region of the 16S rDNA generated
from the wastewater and biofilm samples collected in winter from
different steps in the RBC system. a—d Four replicates of samples
collected in winter. EB raw input, Rep distribution tank input, D/ disk
tank 1, BIOI biofilm of disk 1, D2 disk tank 2, BIO2 biofilm of disk tank
2, and SD output secondary clarifier. Bands marked were excised and

were distributed on the left side, which indicates that the bac-
terial communities in the biofilms were relatively stable.
Moreover, the plots of treated wastewater, SDa and SDb,
could obviously be differentiated from each other and from
other samples. These results indicated that the community
structure was variable throughout the four seasons and accord-
ing to the different stages of treatment. Besides, the RB pro-
cess was effective in bacterial reduction and abatement.

Sequence analysis of the dominant bacteria

To identify the dominant bacterial groups in the wastewater
and biofilms, 18 DNA bands were removed from DGGE gel,
reamplified, sequenced, and subjected to BLAST GeneBank
analysis. The homology results and the closest relative origin
of the sequences obtained were shown in Table 2.
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sequenced. M Salmonella amplification product. The gradient of urea
and formamide ranged from 40 to 60 %. B Dendrogram [UPGMA] of
PCR-DGGE analysis of the communities in wastewater and biofilm
samples during winter. C Score plot of principal component analysis of
PCR-DGGE profile

Sequence analysis of DGGE bands has shown that the
dominant groups existing in this biological system were phy-
logenetically associated to 4 major clusters of the bacteria
domain: beta and gamma-Proteobacteria (the majority of se-
quences), the Bacteroidetes phylum (two sequences, B6 and
B11), and the Cyanobacteria phylum (one sequence, BS).

The DNA sequence of DGGE bands B1, B2, B13, B15,
and B17 showed 99 % of homology with Chromobacterium
sp. and Chromobacteriumviolaceum. Bands B3, B7, and B9
presented 99 % of similarity on the 16S rRNA gene level with
S. enterica. The recovered fragment sequences of bands B5
and B14 were closely related (99 %) to an uncultured
Cyanobacterium and Aquitalea sp., respectively. The 16S
rDNA sequence of band B8 showed 100 % of similarity with
Cronobacter sakazakii. However, the two bands, B16 and
B18, were exclusively detected in samples collected in winter,
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and they showed 99 % of similarity with Burkholderia sp. and
100 % of homology with Pantoea agglomerans, respectively.
It is almost certainly that the corresponding organism of band
B16 is Burkholderia xenovorans that could grow at low tem-
perature of around 25 °C. All these bands were frequently
found equally in the untreated and treated wastewater and
the biofilm. These results highlighted the significance of the
season on the bacterial community stability and on the oper-
ating performance of the RB process.

The 16S rDNA sequence of the band B4 was closely relat-
ed to Enterobacter sp., and it was exclusively identified in the
biofilms (BIO1, BIO2) and in the treated wastewater (SD).
Sequence analysis of the DGGE B6 and B11 bands showed
100 % of homology with Flavobacterium sp. (HQ538672)
and Fluviicola taffensis, respectively. These two last species
were affiliated to Bacteroidetes phylum, and they were equal-
ly detected in treated and raw effluent. The band B12 matched
100 % of similarity to Methylobacillus sp. (EU194898) that
was held at the same time in treated and non-treated wastewa-
ters (EB, REP, D1, SD).

DGGE pattern analysis of the UV-irradiated wastewater

The analysis of DGGE patterns revealed a clear lessening in
the number and in the band intensity according to the increase
of exposure time to UV-C,s4, and consequently to the UV-
Cys4 dose (Fig. 4). In summer, wastewater profile enclosed 8
bands including B5, B11, B13, B14, and B17. After 60 s of
UV-C,s, irradiation exposure (720 mW s cm 2 UV-Css4

(A) (B)
SD SD60SD120SD180

SD SD60SD120SD180

Denaturing gradient

W 60%

Fig. 4 DGGE patterns of V3-V5 region of the 16S rDNA fragments
amplified from secondary treated wastewater exposed to increasing
UV,s;3 7germicidal doses. SD output secondary clarifier (T0), s second.
Bands marked were excised and sequenced. The gradient of the urea and
formamide ranged from 40 to 60 %
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dose), the bands B5, B11, and B17 matching to
Cyanobacterium, to Fluviicola taffensis, and to
Chromobacterium sp., respectively, have a tendency to
completely disappear from the profile. For the lasting band
B13, high UV-C,s,4 dose (>2160 mW s cm ?) reduced notice-
ably the band intensity, and it may suggest the probable dim-
inution and/or the total disappearance (total inactivation) of
these populations of bacteria from wastewater. On the other
side, high intensity of the band B14 was observed at UV-C,s4
dose around 1440 mW s cm 2 (Fig. 4A).

In winter, DGGE pattern found for the secondary treated
wastewater enclosed 3 visible clear bands (B9, B16, and B18).
The band B9 matching to Salmonella sp. disappeared after a
UV-C,s4 exposure dose of around 1440 mW s cm 2.
However, the band B16 (corresponding to Burkholderia sp.)
and B18 (corresponding to P. agglomerans) persisted and
continued existing in the banding profile even after the high
UV-C;s4 exposure dose of around 2160 mW s cm 2 (Fig. 4B).

Monitoring of Salmonella community in wastewater
and biofilms according to the season

The dynamic of the Salmonella community was performed
using the amplified sequence of the quorum sensing sdiA
gene. In winter, the sdiA-PCR analysis showed that
Salmonella community detection was not steady. With all, in
summer, Sal/monella community was regularly found in all
samples (REP, BIO2, and SD). The detection of Salmonella
in the biofilm samples (BIO2) and at the exit of the secondary
settling tank (SD) suggested that biofilm excess is stripped off
the media as sloughs and transported by the wastewater flow
to a secondary settling tank (Fig. 5). Consequently, the RB
system did not severely affect the wastewater Salmonella
community.

Discussion

In order to avoid the deterioration of the surface water quality,
aerobic biological procedures are frequently used to treat hos-
pital, municipal, and industrial wastewaters containing vari-
ous soluble and particulate materials. Particularly, the hospital
wastewater constituted a major discharge of pathogenic mi-
croorganisms and several chemicals and organic compounds,
such as pharmaceutical partially metabolized, radioactive ele-
ments, chemicals for cancer treatment, hormones, and other
medicine residues. Aerobic biological procedures support
mixed consortia of microorganisms that can concurrently con-
vert a broad range of compounds into new cells. In spite of the
important role of these processes, there is a restricted and a
limited understanding of the bacterial community structure
and function that is largely due to the usage of culture-
dependent methods (Lapara et al. 2000). In this context,
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Fig. 5 Graphs show the PCR (A)
products of the Salmonella
quorum sensing gene sdiA. A
(a—d) Four replicates of samples
collected in summer; B (a—d)
Four replicates of samples
collected in winter; lane 1 Rep,
distribution tank input, lane 2
BIO2, biofilm of disk tank 2, lane
3 SD, output secondary clarifier.
M 100 bp marker

274pb

274 pb

cultivation-independent techniques such as DGGE allow con-
siderably more exhaustive and precise analysis, and at the
same a faster assessment of the main whole microbial com-
munities (Lapara et al. 2000; Giannino et al. 2009). In this
study, examination of DGGE profile based on the comparison
of dominant bacteria in biofilm and wastewater showed an
important diversity both between different treatment steps
and along seasons. Changes in the microbial community
structure were confirmed by a modification, both in number
and in intensity of bands that will be well established by PCA
analysis. Based on the results of PCA, we can confirm that the
bacterial community structure in wastewater and in biofilm
was remarkably different and diversified. Some PCA plots
obtained in the case of biofilm analysis (BIO1, BIO2) looked
close, either in summer and in winter. This result points out
that these bacterial communities were relatively stable and
unchangeable, suggesting the existence of an active and dy-
namic microbial consortium in the biofilm. This finding ar-
gues in favor of the treatment system stability despite that the
scrubber microorganisms are always immersed in a random
and changeable environment.

All these found results demonstrated and affirmed that
different and diversified microbial groups were implicated in
the biofilm formation and in the wastewater purification. So,
the majority of these bacteria could have the potential to
degrade and to remove several pollutants from wastewater of
different sources. Similar results were also reported by Ding
et al. (2011) and demonstrated equally that DGGE bands of
dominant bacterial in a wastewater treatment plant include

(b) (c)
1 2 3 1 2 3
(b c d

) () (d)
1. 2 3 1 2 3 1 2 3 M

sequences of potential nitrogen remover. The study of
Kulikowska et al. (2010) on the same topic found comparable
results when they investigated municipal landfill leachate ni-
trification in RB biofilm.

Thus, the identification of dominant bacteria in some sew-
age samples revealed at the same time the presence of benefi-
cial species that played certainly an important function in the
wastewater treatment purification and of harmful species like
Salmonella community that can severely affect the treated
wastewater quality.

In summation, some bacteria could play an indispens-
able part and an important role in the course of degrada-
tion of varied chemical and organic pollutants likely to be
found in the sewage. In this context, Chromobacterium
violaceum is commonly found in soil and water and was
associated with animals and plants (Bazylinski et al.
1986). This species was found in the majority of waste-
water treatment steps and biofilm. Different studies dem-
onstrated that Chromobacterium species are known as a
very active denitrifying bacteria (Bazylinski et al. 1986)
and are involved in cyanate detoxification for example
(Duran and Menck 2001; Carepo et al. 2004).

Also, Tezuka (1969) confirmed that members of
Flavobacterium genus are a good flocculent growth in acti-
vated sludge and it is related to denitrification in wastewater
systems (Horn et al. 2005). Moreover, Aslam et al. (2005)
isolated Flavobacterium granuli from granules used in the
wastewater treatment plant. Lo et al. (1998) identified the role
of Flavobacterium species in the Pentachlorophenol
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biodegradation. Other studies reported that the application of
Cyanobacterium species showed immense potentialities in
wastewater and industrial effluent treatment, bioremediation
of aquatic and terrestrial eco-systems, chemical industries,
biofertilizers, and fuel production (Gardea-Torresdey et al.
1998; El-Bestawy 2008; Dubey et al. 2011).

In this study, Cronobacter sakazakii was detected in all
wastewater and biofilm samples. This species represented a
relatively stable and accommodated population throughout
the different stages of treatment since it forms and adheres to
the biofilm matrix (Hurrell et al. 2009; Hartmann et al. 2010;
Chandra et al. 2011). In addition, Fluviicola taffensisas repre-
sented by the weak band (B11) was likewise found in all
wastewater and biofilm samples. It was shown that this spe-
cies consumed and degraded low and high-molecular-weight
dissolved organic matter (Cottrell and Kirchman 2000;
O’Sulivan et al. 2005). Aquitalea species corresponding to
the band (B14) denoted by strong bands were present in
wastewaters at all the stages of treatment and in all biofilm
samples studied. Besides, it was reported that Aquitalea spe-
cies using acetate cultivate at high-organic loading rate and to
be found in aerobic sludge granules (Aday et al. 2010). On the
other hand, Methylobacillus (B12) was reported to degrade
polycyclic aromatic hydrocarbons in integrated microbial con-
sortium and to degrade microcystin toxins of cyanobacteria
(Vinas et al. 2005; Hurrell et al. 2009). In this work, this
bacterium was only found in wastewater and not detected in
biofilm samples. Several studies proved the role of
Burkholderia in PCB, 2,4-dichlorophenoxyacetic acid (2,4-
D), and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) biodegra-
dation, and in the use of 2,3,4,5,6-pentafluorobiphenyl and
4,4'-difluorobiphenyl as sole sources of carbon and energy
(Huong et al. 2007; Rehmann and Dauguli 2008; Hughes
etal. 2011).

Several species as Enterobacter agglomerans (B4),
Cronobacter sakazakii (B8), and Pantoea agglomerans
(B18) well known for their bioremediation activities were re-
vealed in the majority of biofilm samples. Numerous studies
have shown the role of these bacteria in the degradation pro-
cess of some organic pollutants such as kerosene, olive oil,
and sodium dodecyl sulfate (SDS) (Francis et al. 2000;
Abboud et al. 2007; Jacobucci et al. 2009) and also in the
production of enzymes and antibiotics, and as an antagonist
organism against many phytopathogens (Chernin et al. 1995).
Similarly, biofilm pattern analysis divulged the existence of
some various bands, suggesting the existence of an active
microbial consortium that could develop diverse interactions
acting in synergy or in antagonism (Abboud et al. 2007;
Jacobucci et al. 2009; Darvishi et al. 2011). Indeed, in the
full-scale wastewater treatment process, it appeared that there
was a well-balanced selection for either predominance of a
single bacterial population or several dominant bacterial ones.
It was suggested that different sewage plants might support
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varied populations and changed levels of species productivity
(Rowan et al. 2003; Hallin et al. 2005).

In addition, enduring process leads to the selection phe-
nomenon of different microbial populations and of different
bacterial community compositions (Ding et al. 2011).
Previous studies reported that the disturbance caused by the
climatic alterations, especially the temperature variation and
the volume of solar radiation, may be the primary causes of
community changes (Aloice and Tatsuya 1996; Dytczak et al.
2008) and a limiting factor to exploit the whole function of the
efficient bacterial groups (Ding et al. 2011). In fact, variations
in temperature affect all biological processes. Temperature
variation has effect on physiochemical and microbiological
wastewater characteristics (Metcalf and Eddy 2003; Christa
et al. 2007; Hammadi et al. 2008; Mogens et al. 2011; Mehri
et al. 2013). Thus, obtained results in summer and winter
discern the bacterial community activities. Burkholderia sp.
(B16) and Pantoea agglomerans (B18) tolerant to low tem-
perature were exclusively detected in samples collected in
winter. However, high temperature contributes to the prolifer-
ation of other species as (Salmonella, Enterobacter, Aquitalea,
Flavobacterium, Chromobacterium, etc.) that grew optimally
at 30-37 °C. Salmonella community was identified in summer
and winter patterns. This result was corroborated by sdiA-PCR
analysis. Frequent detection of Salmonella in raw and treated
wastewater and biofilm samples can be explained by the prox-
imity of the wastewater treatment plant to three hospitals that
discharged wastewater containing pathogenic microorgan-
isms, especially in summer time during outbreak of enteric
disease (Khattabi et al. 2007) and provide evidence that the
RB system did not seriously affect the wastewater Salmonella
community. Several studies demonstrated that besides
chemicals, hospitals are sources of pathogenic microorgan-
isms as antibiotic resistant bacteria, viruses, and prions.
Clinical wastewater represents at least a factor of 2—10 higher
than those conventionally detected in domestic wastewater
(Moura et al. 2009).

Actually, the wastewater treatment is intended to eliminate
or to inactivate pathogenic microorganisms and to avoid wa-
terborne transmission. Therefore, ultraviolet disinfection sys-
tem was implemented on the final stage of the rotating biodisk
procedure. The results obtained showed inter-specific vari-
ability in the bacterial tolerance to UV-C,s,4 irradiation.
Hassen et al. (2000) demonstrated that UV-C,s4 is more effi-
cient on the Gram-negative strains as compared to the Gram-
positive ones.

Conclusion
In conclusion, the RBC process used to treat municipal waste-

water supported 4 distinct microbial communities of the do-
main bacteria: 3 and d-Proteobacteria, the Bacteroidetes
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phylum and the Cyanobacteria phylum. Identification of
dominant bacteria revealed the presence of beneficial species
in the majority of biofilm samples. These species known for
their bioremediation activities could play an important role in
the process of degradation of chemical and organic pollutants.
Environmental conditions such as temperature contribute to
proliferation of some species than others and result in selec-
tion of bacterial communities. Furthermore, common detec-
tion of Salmonella in biofilm, untreated and treated wastewa-
ter samples, provides evidence that the RBC system did not
seriously affect the wastewater Salmonella community. The
UV-C wastewater treatment process showed inter-specific
variability in bacterial tolerance to UV,s37, and total disap-
pearance or inactivation of Sa/monella sp. was observed at a
dose of around 1440 mW s cm 2.

In this study, identified bacteria are important members of
aquatic and terrestrial bacterial communities, showing varia-
tions in lifestyle, geographical distribution, and genome size.
They are ubiquitous in soil and water and were sometimes
associated with animals and plants. To determine the function-
al capacity of dominant bacteria in wastewater, biofilms, and
environmental niches and the characteristics associated with
their relative abundance, further studies were conducted.
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