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ABSTRACT 

Received: 23 March 2023 

Stable and active microbiological community of the activated sludge is essential for waste Revised: 13 April 2023 

water  treatment  plants  (WWTPs)  to  treat  wastewater.  The  microbial  community  of Accepted: 25 April 2023 

activated  sludge  could  be  affected  by  the  uncontrolled  industrial  discharges  containing Available online: 30 June 2023

excess organic load with low nutrients or toxic compounds, consequently, it may have a negative impact in the purification of wastewater in WWTP. The effects of the industrial pollutants  on  biological  treatment  include:  the  inhibition  of  bacteria  that  biodegrade 

 Keywords: 

organic matter and remove nutrients; the reduction of the efficiency of solids separation activated  sludge,  industrial  discharges, and  deterioration  of  settling  properties  of  the  flocs;  and,  eventually,  a  discharge  of bacterial 

 community, 

 metabarcoding, 

unfavorable  effluent  to  the  receiving  environment.  In  this  research,  metabarcoding tannery,  cannery,  textile,  fruit  products technology  was  used  to  elucidate  the  effect  of  industrial  components  on  microbial industry 

communities in four plants treating municipal that were exposed to different spills: tannery, cannery, textile and fruit products industries. 

1. INTRODUCTION

detergents, fungicides and/or water-based waxy coatings used, and  these  components  individually  and/or  in  combination Activated  sludge  is  the  most  widely  used  secondary contribute to high ecotoxicity of processed wastewater from wastewater treatment system in the European Union (EU). It citrus warehouses. According to cleaning or peeling processes, involves  a  wide  variety  of  micro-organisms  that  biodegrade not  only  is  the  wastewater  of  cannery  industry  mainly organic matter via oxygen oxidation and remove nutrients. The composed of organic matter and suspended solids, but it also bacterial communities in activated sludge systems are diverse, has  sometimes    high  conductivity  with  high  or  low  pH. 

complex, and dynamic and in addition, hence the influence on Tanning  process  uses  acids,  alkaline  substances,  chromium the operation and performance of the biological reactor [1]. 

salts, solvents, tannins, sulphides, dyes, auxiliaries, and many The  processes  involved  in  wastewater  treatment  are others components; and these chemicals remain in the effluent determined  by  numerous  factors  such  as  influent 

[5]. Textile dyeing processes produce coloured wastewaters, characteristics,  effluent  requirements,  WWTP  size,  local with extreme pH, high organic matter (COD and BOD5) and temperature,  land-use  fees,  or  geology,  among  others. 

different salts, surfactants, heavy metals, mineral oils as well Operating  parameters  of  wastewater  treatment  influence  the as others toxic compounds [6]. 

formation  of  complex  microbial  structures  and  microbial In this study, the effects of different industrial discharges on composition, which perform different metabolic pathways in activated  sludge  communities  of  four  WWTP  were the system and, thus, treated wastewater quality [2]. According characterized  in  order  to  address  the  impact  of  industrial to  the  study  of  Zhang  et  al.  [3],  influent  composition  is  the discharge to WWTPs. 

primary  determinant  of  the  composition  of  bacterial communities  in  WWTPs.  In  the  light  of  the  above,  it  is  of interest to study the effect of industrial discharges to WWTP 

2. MATERIALS AND METHODS

on  the  bacterial  community  in  activated  sludge  in  urban WWTP system. 

The  activated  sludge  communities  into  the  biological WWTPs,  as  biological  systems,  are  susceptible  to  be reactor  of  four  WWTP  located  in  central  and  eastern  Spain negatively  impacted  by  toxic  compounds  in  influent were  studied  during  a  whole  year.  All  WWTPs  treated wastewater  which  could  disrupt  the  operation  of  WWTPs, municipal wastewater but frequently received discharges from especially  regarding  to  its  nitrifying  capacity  [4].  Such different  types  of  industries.  The  design  features  of  the dysfunctions  usually  come  from  uncontrolled  industrial WWTPs and their sources of industrial discharges are shown discharges with excess toxic loads, which, futhermore, can be in Table 1. 

seasonal. 

In 2018, monthly samples of 5 mL activated sludge  were Industrial wastewaters are highly variable in terms of flow taken from these WWTPs, and then frozen and transported on and  composition.  Their  characteristics  is  not  only  different dry ice to laboratory for the metabarcoding analysis. In April, from one to another, but also various even in the same industry. 

2018,  WWTP  4  had  to  empty  the  biological  reactor  due  to For  instance,  the  treatment  of  wastewater  resulting  from maintenance operations so samples were not taken. 

general fruit handling is conducted on the basis of disinfectants, 81
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Table 1.  Characteristics of WWTPs and major industrial spills received WWTP1 

WWTP2 

WWTP3 

WWTP4 

Treatment 

Extended aeration 

Extended aeration 

Extended aeration 

IFAS 

System 

Design Flow Rate 

14400 

6114 

6000 

600 

(m3/d) 

Population 

91200 

15375 

40848 

1445 

Equivalent 

Sector 

Citrus grocery stores 

Textile 

Tanneries 

Canneries 

Fungicides, pesticides, 

Metals, pH, chlorides, 

Acids, alkalis, sulphides, 

Conductivity, pH, organic 

Industrial Spills 

waxes 

sulphates and dyes 

chromium 

matter 

Reactor T℃ 

31.8/7.4 

25/17 

27.6/10.2 

29.3/17.4 

(max/min) 

La Pobla de Vallbona 

Location 

Bétera (Valencia) 

Canals (Valencia) 

Binaced (Huesca) 

(Valencia) 

The extraction of genomic DNA of 2 mL of samples was order  to  obtain  the  complete  sequence  using  the  BBMerge conducted with Qiamp Power Fecal Mini kit (Qiagen) using package of BBMap V.38 software. With such the used to trim enzymatic  lysis  and  mechanic  disruption  in  ADM-the amplification primers from the sequences obtained in the Lifesequencing S.L. laboratory (Valencia, Spain). A  total of sequencing  phase  in  order  to  decrease  the  bias  in  the 50 ng of DNA was amplified following the 16S Metagenomic annotation phase. 

Sequencing  Library  Illumina  15044223  B  protocol Sequences lower than 200 nts were removed from the assay (ILLUMINA). In summary, primers were designed containing after the primers’ remotion because the shorter the sequences 16S  rRNA  gene  universal  primers  and  a  universal  linker are, the greater the probability of generating short erroneous sequence  allowing  amplicons  for  incorporation  indexes  and taxonomical  group  associations.  Once  the  clean  complete sequencing primers by Nextera XT Index kit (Illumina) [7]. 

sequences were obtained, a quality filter was applied to them Amplification indexes were introduced in the last analysis. 

to delete poor quality sequences. Bases in extreme positions 16S  based  libraries  were  quantified  by  fluorimetry  using not  reaching  Q20  (99%  well  incorporated  base  in  the Quant‐iT™  PicoGreen™  dsDNA  Assay Kit (Thermofisher). 

sequencing  phase)  or  a  greater  pared  score,  were  removed. 

These  were  sequenced  and  previously  pooled  on  the  MiSeq Later,  sequences  with  average  quality  less  than  the  Q20 

platform  (Illumina),  with  300  cycles  paired  reads threshold were deleted as well. FASTQ files were converted configuration. Bioanalyzer 2100 (Agilent) was used in order to FASTA files and CD-hit program version 4.8.1 was used to assess the size of the pool and its amount with the Library with the aim of remove chimeras. NCBI 16S rRNA database Quantification  Kit  for  Illumina  (Kapa  Biosciences).  PhiX 

was used to BLAST  [8] the FASTA  files without chimeras, Control  library  (v3)  (Illumina)  was  combined  with  the using  blastn  version  2.2.29+.  A  python  script  developed  by amplicon library (expected at 20%). 

ADM-Lifesequencing S.L. for the annotation of each sequence Sequencing data were obtained within approximately 56 h. 

at different phylogenetic levels was used in order to process The MiSeq instrument (MiSeq Control Software (MCS v3.1) the  resulting  XML  files.  Shannon  and  Chao  Biodiversity was  used  for  image  analysis,  base  calling  and  data  quality indexes  were  calculated  with  Specaccum  program assessment. 

implemented for R version 3.2.3. 

Raw sequences, both forward and reverse, were merged in (a) 

(b) 
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(c) 

(d) 

Figure 1. Abundance of OTUs at phylum level (%) at (a) WWTP 1, (b) WWTP 2, (c) WWTP 3, and (d) WWTP 4 

3. RESULTS AND DSCUSSION

results  indicated  that  the  activated  sludge  in  the  WWTPs consisted of highly diverse microbial ecosystems. The results 3.1 Microbial communities diversity 

are different from those reported by Gonzalez-Martí nez et al. 

[13],  where  they  observed  lower  Shannon  index  and  higher The diversity of microbial communities at phylum level in Chao  1  values  in  10  different  wastewater  treatment  systems the biological reactors of the WWTPs  studied over one year located in Spain and Netherlands (Chao 1 1395,003-441,150 

period is presented in Figure 1. Taxa represented in Figure 1 

and  Shannon  index  5.137-2.831).  The  observation  could  be had  relative  abundance  at  a  greater  than  1%  in  at  least  one associated with the presence of industrial spills in wastewaters. 

sample. The abundance was presented in terms of percentage based on the total number of bacterial sequences determined Table 2.  Chao 1 and Shannon diversity indexes in  each  sample.  Taxonomical  identification  was  at  a confidence threshold of 99%. 

Shannon Value

Plant

 

Chao 1 

 

Proteobacteria  phylum  dominated  most  of  the  samples  of Max 

Min 

Max  Min 

WWTP 3 and 4 coinciding with the results obtained by Wang WWTP 1 

5.017 

3.572 

2020  1569 

et al. [9] in 14 WWTPs located in China and with those found WWTP 2 

5.319 

4.666 

2349  1703 

WWTP 3

by Hu et al. [10] in 12 plants also in China. Wang et al. [11] 

 

5.435 

5.299 

2647  2001 

WWTP 4 

5.215 

4.775 

2496  1572 

described  how  the  activated  sludge  population  shifted  in bulking  periods  from  Proteobacteria  to  Actinobacteria Actinomycetes,  mainly  Streptomyces  species,  are  able  to dominated  bacterial  communities.  The  same  situation  was decolorize  and  mineralize  textile  dyes,  and  have  been observed  at  WWTP  1  and  2.  Almost  the  70%  of  relative proposed in biodegradation treatments [6]. In WWTP 2 which abundance in WWTP 1 and 42% in WWTP 2 are represented received textile discharges, a greater relative abundance of this from Actinobacteria phylum coinciding with a bulking process genus  was  detected  up  to  6.63%,  while  in  the  other  plants caused  by   Candidatus  Microthrix   parvicella   morphotype  in without textile wastewater, the relative abundance was lower January. In fact, almost 65% of the relative abundance at genus than 0.36%, indicating that textile wastewater did contribute level in WWTP 1 and almost 7% in WWTP 2 were represented to the abundance of Actinomycetes. 

by  the  genus   Candidatus  Microthrix.  After  that  event  the dominant phylum changed to Proteobacteria. 

3.2 Population structure of nitrifying bacteria The phylum Firmicutes dominated in WWTP 4 in August 2018,  associating  with  the  beginning  of  peach  canning The most important genera of ammonia oxidizing bacteria campaign  and  concretely,  with  two  spills  detected  in  the (AOB) in WWTPs are  Nitrosomonas and  Nitrosospira [14, 15]. 

inflow of the WWTP with high pH (which increased from an Nitrosomonas  were  the  most  abundant  AOB  in  the  samples average value of 8.1 in July to a pH point value of 11.29 during from all plants, accounting up to 0.412% of the total sequences pills) and changes in conductivity from a mean of 1,526 µS/cm evaluated,  indicating  proper  nitrification  performance  in  the in July to point values greater than 10,000 µS/cm during spills. 

four WWTPs. Under poor nitrification conditions, low values Firmicutes are well represented in anaerobic sludge treatment for  nitrifying  bacteria  were  observed  [16].  Nitrosospira  was systems  and  they  are  versatile  in  degrading  a  big  array  of rarely detected in WWTP 1 but it was present in all samples environmental substrates [12]. 

from  WWTP  4.  Both  genera  are  responsible  for  the The  calculated  species  richness  based  on  the  Chao1  and nitrification of ammonium to nitrate. 

Shannon  index  were  used  in  this  study.  The  Shannon  Index The  most  diverse  population  of  nitrifying  bacteria  was values  of  activated  sludge  samples  were  similar  among  the detected  in  WWTP  4,  which  received  discharges  from  the four different plants, especially at high range (Table 2). The cannery industry. This may be because it has an IFAS system 83
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that  would  facilitate  the  growth  of  nitrifying  bacteria  due  to and also in December and January when the AOB and NOB 

that  biomass  had  possibility  to  grow  on  the  carriers  with  a relative abundance are lower. 

longer retention time. 

During April and May, no AOB and NOB was detected in Lücker  et  al.  [17]  demonstrate  that   Nitrotoga  was  a WWTP 2 (Figure 2 (b)). This was associated with numerous functionally important nitrite oxidizers genera in 21 full-scale spills  with  high  conductivity,  and  containing  chlorides  and WWTPs  located  in  Germany  and  Switzerland,  where  such sulphites.  Interestingly,  nitrogen  removal  performance  was genera  often  coexisted  with   Nitrospira  but  occasionally virtually  unaffected  in  the  absence  of  nitrifying  bacteria represented the only known NOB populations. In this study, (average nitrogen RE 84.67%), which suggested the presence Candidatus Nitrotoga was detected in WWTP 1, WWTP 2 and of other unknown genera of nitrifying bacteria. 

WWTP 3, being dominant against  Nitrospira in WWTP 1 and, WWTP 3 was affected by tanneries, especially in the run-during autumn in WWTP 2 (Figure 2 (a), (b), (c) and (d)). 

up  to  the  August  and  Christmas  holiday  periods  due  to According  to  Yao  and  Peng  [18],  a  high  a  percentage  of cleaning of facility before it ceased to operate. In Figure 2 (c) NOB  in  a  nitrifying  community  indicates  that  the  growth  of a  decrease  in  relative  abundance  of  AOB  and  NOB  was NOB does not rely only on the nitrite provided by AOB, but observed in August. Despite this, the population of nitrifiers also  in  nitrite  provided  by  nitrate  reducing  bacteria,  which was  maintained,  albeit  at  lower  abundance,  and  nitrogen could grow in the anoxic zones created inside the flocs. This removal performance was not substantially affected (average could  explain  the  fact  that  in  WWTP  2,  during  August  and nitrogen RE 89%). 

September,  although  AOB  accounted  0%,  a  high  relative WWTP 4 suffered two spills with high pH (>10) on 4th July abundance  of  NOB  was  detected  (Figure  2  (b))  without and with high conductivity on 18th July (>10,000 µS/cm). An affecting nitrogen removal efficiency (RE) whose average was increase in relative abundance AOB and NOB was observed 84.67%. 

in  July,  with  a  subsequent  decline  in  relative  abundance  of The  citrus  season  affecting  WWTP  1  which  started  in both bacterial groups as nitrogen removal efficiency decreased September and lasted until March, 2018. Since September, a (from 90% up to 0%). High temperature and long sludge age drop of AOB relative abundance but not NOB was observed could explain the increase in relative abundance of AOB and in  WWTP  1  (Figure  2  (a)).  A  drop  in  the  nitrogen  removal NOB in the months of May and June [19]. 

performance  was  also  observed  in  the  middle  of  September, (a) 

(b) 

(c) 

(d) 

Figure 2.  Relative abundance of nitrifying bacteria OTUs (%). (a) WWTP 1; (b) WWTP 2, (c) WWTP 3, (d) WWTP 4 
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3.3  Evolution  of  microorganisms  causing  bulking  and/or community  by  using  metabarcoding  analysis  in  4  full-scale foaming 

activated sludge WWTPs receiving discharges from different industries in Spain over one year period. 

One of the most common operational problems in activated Proteobacteria phylum dominated most of the samples, but sludge system is sludge bulking, i.e., the massive proliferation in some WWTPs the population shifted in bulking period from of  filamentous  bacteria  which  leads  to  problems  of  sludge Proteobacteria  dominated  bacterial  communities  to separation. 

Actinobacteria. 

 Candidatus  Microthrix  is  a  major  cause  of  bulking  and The phylum Firmicutes, which are versatile in degrading a foaming. This morphotype has been described like fat, oil, and big array of environmental substrates, dominated in WWTP 3 

grease  (long  chain  fatty  acids)  that  consumers  grow  under in August, associated with the start of peach canning campaign critical  conditions  such  as  low  temperatures  and  dissolved and with two spills detected in the plant entrance with high pH 

oxygen levels [20]. It is common to find problems caused by and conductivity. 

 Ca.  Microthrix during the winter season [21]. 

In WWTP 2, which is characterized by textile discharges, Ca.   Microthrix  genus  was  found  in  three  of  the  four Streptomyces species belonging to Actinomycetes capable of WWTPs. WWTP 1 had the highest relative abundance of this decolorize  and  mineralize  textile  dyes,  were  present  at  high genus at almost 65% during a bulking episode that started in relative abundance. 

January  and  lasted  over  winter  season.  It  decreased  as WWTP  with  IFAS  system  receiving  cannery  discharge temperature became higher in May, and its relative abundance showed  the  most  diverse  population  of  nitrifying  bacteria, increased again in September, coinciding with the beginning stating  that  attached  biomass  could  facilitate  the  growth  of of  the  citrus  season.  In  WWTP  2,  high  relative  abundances nitrifying bacteria. 

were detected between January and May associated with low Nitrosomonas were the most abundant AOB in all WWTP, temperature with the abundance between 2.8% and 6.9%. On accounting up to 0.412% of the total sequences evaluated. 

the other hand, high relative abundance was detected in a very Nitrospira  and  Candidatus  Nitrotoga coexisted in 3 of the 4 

localized manner in WWTP 3 during April and May (4.2% and WWTPs  analysed,  with   Nitrospira  generally  being  the 16.6% respectively) and occurred after December (18.8%), as dominant  NOB  except  in  WWTP1  and  WWTP2  where mentioned above due to the cleaning facility prior to the Easter Candidatus  Nitrotoga  predominated  over   Nitrospira  at and  Christmas  holidays  of  the  tanning  industries  which different times of the year. 

discharged wastewater, and affecting this WWTP. During the The  decrease  in  nitrifying  bacteria  relative  abundances rest of the year, its relative abundance was less than 0.06%. 

suggested the loss of nitrogen removal efficiency. However, in Trichococcus and  Tetrasphaera genus were detected in all some  plants nearly zero relative  abundance of the  described plants  studied.  Both  genera  have  been  reported  to  cause species of AOB and NOB was detected without substantially foaming  problem  in  WWTPs  as   Nostocoida  limicola affecting  nitrogen  removal  efficiency.  This  suggests  the morphotype  and  related  to  low  temperatures  [22,  23]. 

presence of other undescribed genera of nitrifying bacteria as However, only  Tetrasphaera in WWTP 2 and  Trichococcus in well  as the  possibility that  NOBs can grow  using the  nitrite WWTP  4  had  relative  abundances  >3%  which  were generated by nitrate-reducing bacteria. 

considered  as  unusual  percentages  of  total  biomass,  and Candidatus  Microthrix  was  the  major  cause  of  sludge therefore caused bulking and foaming processes [24]. 

bulking  in  activated  sludge  plants  with  discharge  from  fruit Caldilinea was detected in the four plants, being the greater handling, textile and leather industries, coinciding mainly with abundances in WWTP 2 (0.7-4.9%) and WWTP 4 (1.3-9%). 

low temperatures but also with cleaning works of factories in This genus, known as Eikelboom's morphotype 0803, has been the case of tanneries. 

described  as  one  that  is  able  to  grow  both  aerobically  and In  WWTP  receiving  wastewater  from  canning  industry, anaerobically  [25].  Caldilinea  was  found  at  high  relative Caldilinea (0803 morphotype) was the main cause of sludge abundances  from  May  to  October  in  both  plants  coinciding bulking,  followed  by   Trichococcu s  (Nostocoida  limicola with high temperature during the summer season. In WWTP 4, morphotype), which was related to low temperatures. 

it increased again in December probably due to the spills from In  WWTP  receiving  textile  discharges  (WWTP  2),  in pear cannery campaign that was detected in November. 

addition to  Ca.  Microthrix,  Thiothrix could be the source of Thiothrix  morphotype  have  been  described  as  causative bulking  coinciding  with  high  sulfite,  sulfate,  chloride  and agents for sludge bulking [26]. Although this morphotype was conductivity  concentrations  in  plant  inlet,  together  with found  in  all  treatment  plants,  only  WWTP  1  and  2  reached Trichococcus and  Caldilinea which had high abundance. 

sufficient  abundance  to  cause  bulking  problem  (relative abundance  of  6%  in  WWTP  1  and  4-6%  in  WWTP  2). 

Specifically,  it  was  only  during  December  that  WWTP  1 
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Stable and active microbiological community of the activated sludge is essential for waste
water treatment plants (WWTPs) (o treat wastewater. The microbial community of
activated sludge could be affected by the uncontrolled industrial discharges containing
excess organic load with low nutrients or toxic compounds, consequently, it may have a
negative impact in the purification of wastewater in WWTP. The effects of the industrial
pollutants on biological treatment include: the inhibition of bacteria that biodegrade
organic matter and remove nutrients; the reduction of the efficiency of solids separation
and deterioration of settling properties of the flocs; and, eventually, a discharge of
unfavorable effluent to the receiving environment. In this research, metabarcoding
technology was used to elucidate the effect of industrial components on microbial
communities in four plants treating municipal that were exposed to different spills: tannery,

cannery, textile and fruit products industries.

1. INTRODUCTION

Activated sludge is the most widely used secondary
wastewater treatment system in the European Union (EU). It
involves a wide variety of micro-organisms that biodegrade
organic matter via oxygen oxidation and remove nutrients. The
bacterial communities in activated sludge systems are diverse,
complex, and dynamic and in addition, hence the influence on
the operation and performance of the biological reactor [1].

The processes involved in wastewater treatment are
determined by numerous factors such as influent
characteristics, effluent requirements, WWTP size, local
temperature, land-use fees, or geology, among others.
Operating parameters of wastewater treatment influence the
formation of complex microbial structures and microbial
composition, which perform different metabolic pathways in
the system and, thus, treated wastewater quality [2]. According
to the study of Zhang et al. [3], influent composition is the
primary determinant of the composition of bacterial
communities in WWTPs. In the light of the above, it is of
interest to study the effect of industrial discharges to WWTP
on the bacterial community in activated sludge in urban
WWTP system.

WWTPs, as biological systems, are susceptible to be
negatively impacted by toxic compounds in influent
wastewater which could disrupt the operation of WWTPs,
especially regarding to its nitrifying capacity [4]. Such
dysfunctions usually come from uncontrolled industrial
discharges with excess toxic loads, which, futhermore, can be
seasonal.

Industrial wastewaters are highly variable in terms of flow
and composition. Their characteristics is not only different
from one to another, but also various even in the same industry.
For instance, the treatment of wastewater resulting from
general fruit handling is conducted on the basis of disinfectants,

81

detergents, fungicides and/or water-based waxy coatings used,
and these components individually and/or in combination
contribute to high ecotoxicity of processed wastewater from
citrus warchouses. According to cleaning or peeling processes,
not only is the wastewater of cannery industry mainly
composed of organic matter and suspended solids, but it also
has sometimes high conductivity with high or low pH.
Tanning process uses acids, alkaline substances, chromium
salts, solvents, tannins, sulphides, dyes, auxiliaries, and many
others components; and these chemicals remain in the effluent
[5]. Textile dyeing processes produce coloured wastewaters,
with extreme pH, high organic matter (COD and BODS5) and
different salts, surfactants, heavy metals, mineral oils as well
as others toxic compounds [6].

In this study, the effects of different industrial discharges on
activated sludge communities of four WWTP were
characterized in order to address the impact of industrial
discharge to WWTPs.

2. MATERIALS AND METHODS

The activated sludge communities into the biological
reactor of four WWTP located in central and eastern Spain
were studied during a whole year. All WWTPs treated
municipal wastewater but frequently received discharges from
different types of industries. The design features of the
WWTPs and their sources of industrial discharges are shown
in Table 1.

In 2018, monthly samples of 5 mL activated sludge were
taken from these WWTPs, and then frozen and transported on
dry ice to laboratory for the metabarcoding analysis. In April,
2018, WWTP 4 had to empty the biological reactor due to
maintenance operations so samples were not taken.
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