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WPLYW WOD PO SZCZELINOWANIU HYDRAULICZNYM NA BIOCEN OZE
OSADU CZYNNEGO PODCZAS OCZYSZCZANIA SCIEKOW MIEJSKICH

Abstract: The aim of this study was to determine the eftédtowback water on an activated sludge biocenosis
during municipal wastewater treatment in the sequmgnbatch reactors (SBRs). Two series were peddrnn
series 1, only municipal wastewater was treatedgreds in series 2, municipal wastewater with pratéd
flowback water was used. Flowback water constit®&®s of the influent and was introduced to the SBRice
per week. Introducing flowback water did not deseeghe quality of effluent from the SBRs. Howede
composition of the activated sludge biocenosisediffi between seriei the biodiversity of protozoa and the
relative abundance of microfauna in functional g®ehanged after flowback water addition. Polymedsin
reaction - denaturing gradient gel electrophor@3SR-DGGE) showed that the ammonia oxidizers conitpun
responded faster to flowback water addition tha thtal bacterial community and remained relatiglyble
during treatment. However, after 9 weeks of expgdor flowback water, ammonia oxidizing bacteria @O
biodiversity decreased. This suggests that prolrgeposure could cause nitrification problems, ilegdo
deterioration in effluent quality.

Keywords: flowback water, SBR, activated sludge microfauk@B community, PCR-DGGE

Introduction

Due to the industrial development new sources ef fwe necessarily to be found all
over the world. Among them, shale gas seems tardmmiping source of energy. Shale gas,
trapped within shale formations, has become areasingly important source of natural gas
in the United States and other Western Europeantiges. Also Poland is more and more
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interested in shale gas extraction. The firstdrfl shale gas extraction were undertaken in
XIX century, but due to the low permeability of & gas outflow from the drill was
insufficient. Recently, due to modern technologyvedlepment hydraulic fracturing
(fracking) is used to create extensive artificialctures around well bores.

Shale gas fracking produces dangerous effluenttdube usage of fracturing fluids
(fracs) harmful to the environment. Hydraulic fiaing fluids consist of water that is mixed
with solid elements (commonly sand) and chemicalés mixture is injected into a well
under high pressure (480 to 850 bars) to openiegiftactures or make new fractures [1].
The sorts of chemicals used for this procedure gozerned by the geological
characteristics of each site and the chemical ckeniatics of the water used. It is known
that many of the chemicals added for fracturingravecurrently regulated by local law. In
the USA from 2005 to 2009, ca. 750 chemicals ahdroglements were used in frac waters,
ranging from harmless components (coffee groundsatnut hulls) to others that may be
hazardous if introduced into the water supply [Btacturing water can also contain
inorganic acids (used for cleaning the well boemaafter perforation and dissolving soluble
minerals) and organic compounds (used to reduaioini between the fluid and the
wellbore, in order to lower the pumping costs) [1].

Between 10 to 90% of fracking fluids return to thaface [3] and it is known that
flowback water characteristics vary from one gaddfito another. Hence, two or more
treatment systems should be used in series, asgke dechnology cannot create suitable
effluent composition. From a paper written by Ofssb al [4], it is known that in Germany,
flowback water is currently treated by separatiagtipulate matter using hydro-cyclones,
sedimentation of removable substances, skimmingdjgiffweight substances in separation
and storage tanks and filtration systems. Accordmd-akhru’l-Razi et al [5] physical,
chemical and biological methods can be used ta fteawback water. However, each
method of such treatment has advantages and didades. The authors stated that the
disadvantages of physical methods are the higlalirdgapital costs and sensitivity to the
variable characteristics of flowback water. In caéehemical treatment the problem is the
generation of hazardous sludge that needs to Ilaetreand disposed. For biological
treatment the sensitivity to variation of organkeemicals and salt concentrations of the
influent could be a problem [4 after 5]. Howevels$on et al [4] suggest that biological
treatment of flowback water may be effective withter that contains organic compounds
and has a low salt content (< 10 g - JmSo far the effect of flowback water on the
activated sludge microorganisms involved in wastemeieatment has not been determined.
For this reason, it is necessary to perform stuthies examine how the composition of
activated sludge biocenoses, bacterial communéies the effectiveness of wastewater
treatment change with exposure to flowback water.

Activated sludge is formed mainly with bacteriadaadso include protozoa, rotifers,
and nematodes, and less commonly, larger invetebrand fungi. In these artificial
ecosystems, protozoa are the primary consumersaackta and fungi as well as food
sources for metazoa, constructing an essentiahitdnk in the food web and making
a numerically and functionally significant contrilmn [6]. The presence of toxic substances
in the influent may induce changes in the feeditmicture of an activated sludge
ecosystem, thus affecting its activity and the dmital performance of the wastewater
treatment plant.
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In microfauna communities, protozoa is usually ohéhe major groups. According to
several reports, protozoa are considered to benportant bioindicators of the activated
sludge process and, specifically, indicators offfessence of toxic compounds.

For last 30 years, the development of bacterialoggohas been supported with
molecular biology tools. Polymerase chain reactidenaturing gradient gel electrophoresis
(PCR-DGGE) is considered to be the most usefulmimnitoring changes in bacterial
communities. Within the community, it is possibte monitor the variability of bacterial
functional subgroups, such as nitrifiers or defitrs. Among activated sludge bacteria,
ammonia oxidizing bacteria (AOB), which perform tfiest phase of nitrification, are
known to be good indicators of harmful substan&s@nce in the wastewater. They respond
quickly due to their high sensitivity to physic-chieal changes.

There is positive relationship between microbialedsity in activated sludge and
effectiveness of wastewater treatment [7]. Howeterthe best of our knowledge, there
have been no studies that monitored bacterial astbzpoan populations in activated sludge
during co-treatment of municipal wastewater witbowback water to assess possible
relationships between the microbial communities a@dtment effectiveness. Therefore, the
aim of this study was to estimate the effect oivilack waters on: I) wastewater treatment
efficiency in a municipal wastewater treatment pla@WWTP) working as the sequencing
batch reactors (SBRs), and I1l) on activated sludgeroorganisms and bacterial
communities by using microscopic and molecular négplres, respectively. The latter are
particularly useful to assess the condition ofdabtvated sludge and the proper functioning
of the WWTP.

Materials and methods
Characteristics of the WWTP

The WWTP where the experiment was performed waigued for an average daily
flow rate of wastewater of 4200°m d™ and works with a mechanical-biological system.
The mechanical stage contains a coarse screen &wghd size of 2 mm), and a grit
chamber, whereas the biological stage compriseBRsSworking in parallel, with a total
volume of 1740 rh The volumetric exchange rate, defined as th® mttithe volume of
wastewater supplied to the reactor in a cycle éowbrking volume, was 0.5. The WWTP
was operated with the following technological pagtens: MLSS 512@ 312 mg - dnv;
MLVSS 3940+ 240 mg - dif; DO during aeration phase of 3-4 mg - gnDO during
anoxic phase about 0.5 mg - dmand a SRT of 22 3 d. The SBRs were operated in
a 12 h cycle. Each cycle consisted of the four gdafilling/mixing (4 h), aeration (4.5 h),
settling (2 h) and decantation (1.5 h).

The WWTP was supplied with municipal wastewaterri¢se 1), and mixture of
municipal wastewater with water from the hydrauliacturing of shale gas (flowback
water) (series 2). Flowback water constituted 3é%he influent and was introduced to the
SBRs 2 times a week.

The flowback water was pretreated via physico-chamimethods (disinfection,
coagulation and flocculation) at the place of shys extraction. Sodium chlorate, calcium
hydroxide, ferric sulphate and polyelectrolytes avensed for pre-treatment. After
coagulation, the content of the chamber was diggltato a clarifier for sedimentation.
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Pretreated flowback water was then mixed with mipaicwastewater for treatment in the
WWTP.

Within the study period (12 weeks), for chemicahlgses 24 samples were collected:
6 from series 1, and 18 from series 2. Samples ea@lected twice a week.

Analytical methods

For both raw and treated wastewater, the follovaingracteristics were determined: pH
(pH-meter HI 8818), chemical oxygen demand (CODB)ofving Standard Methods [8],
biochemical oxygen demand (BOD), using an OxiTopl'tMy following the official EPA
method DIN EN 1899-1/EN 1899-2, as well as Kjeldaillogen, ammonia-N, nitrite-N and
nitrate-N, total phosphorus, total suspended salidkvolatile suspended solids [8].

In flowback water, apart from the basic indicatofgollution mentioned above, metal
content, chlorides, sulphur and fluorides were distermined (Table 1). These parameters
were analyzed in specialized laboratory which mesgsirements of the Polish standards.

Identification of microfauna

Samples for the identification of protozoa and $maétazoa were collected from
mixed liquor of the SBR reactors during their aeraphase. Samples were collected twice
a week. The composition of the microfauna in thiévated sludge was determined in vivo
according to [9, 10] using phase contrast microgddgiss) at 108 - 400« magnification,
depending on the size of each taxon. The abundafritegellates was estimated along the
diagonal of a Fuchs-Rosenthal chamber [11]. Tordete the abundance of other protozoa
and metazoans, four 0.025 tmsubsamples of mixed liquor were taken with
a gravimetrically calibrated automatic micropipetféhen, the arithmetic average of the
values obtained from each individual sample wasutated. Finally, the abundance of
individual taxa was counted in 1 &wf activated sludge. The Sludge Biotic Index (S}
been determined using the method given by Maddt]i For estimation of protist diversity,
the Shannon Index (H) was used. All biological tiferations were finished within 3 hours
after sample collection.

DNA isolation and PCR-DGGE monitoring of activatedsludge bacterial biocenosis

Activated sludge samples (volume of 100°cmere collected from both series (before
and during flowback water treatment; 5 samplestal} from technological installation at
2-week intervals and stored at —20°C until DNA adiain.

Total genomic DNA was extracted from 0.2 g of tletivated sludge samples using
mechanical method. The samples were washed times tvith 1 x PBS buffer (Sigma) and
disintegrated with bead beating (Roth, Germanyysis buffer (Tris-HCI, 100 mM, EDTA
100 mM, NaCl 1.5 M; pH = 8.0). The samples weraibated 20 minutes in 1400 rpm and
200 mni 10% SDS was added. After 30 minutes of incubatioi85°C samples were
centrifuged twice at 13 000 rpm and placed on fdifters (A&A Biotechnology). DNA
attached to the filter was washed twice with 70%apbl solution (A&A Biotechnology).
The amount of DNA was measured spectrophotomdiriceing Qubit (Invitrogen) and
stored at —20°C until PCR amplification.

Partial 16S rRNA gene amplification of all the @ was performed using primers:
338f-GC and 518r gene fragment [12]. AmOA gene amgplified with primers: Amof-GC
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and Amo2R-TC [13]. PCR reaction was performed im8& mixture with 1.5 U GoTAQ
flexi Polymerase (Promega), 1 x buffer, 2 mM Mg@& pmol - mrt of each primers and
20 pmol- mm® of dNTPs. Total bacteria DNA from activated sludgenples was used as
DNA template. The amplification was performed inntecycler T-1000 (Bio-Rad) as
previously described [12, 13]. The PCR productsensgparated in 0.8% (w/v) agarose
with ethidium bromide in 1 x TBE buffer and visuzad under UV light.

The DGGE of the PCR products obtained in reactiaith 338F-GC/518R and
Amof-GC/Amo2R-TC primers underwent electrophorstparation in the Dcode Universal
Mutation Detection System (BioRad). Polyacrylamidel (8% for 16S rRNA gene,
37:1 acrylamide-bisacrylamide, Fluka) with a gradief 30-60% denaturant was prepared
according to the manufacturer's instruction. The g@s run for 16 h at 40 V
in a 1 x TAE buffer at a constant temperature dfG0The gel was stained with SYBR
Gold (1:10 000, Invitrogen) in MiliQ water for 30imand distained in MiliQ water for
40 min, then visualized under UV light and photgired using Quantity One 1D (BioRad).

The analysis of DGGE fingerprints was performechgs Quantity One 1D software
(BioRad). Bacterial biodiversity was estimated ba basis of densitometric measurements
and Shannon diversity index as previously descrjhéd

Statistical analyses

Assuming the null hypothesis {Hthat the average abundance of individuals in each
taxon and the average number of taxa in the presamd absence of flowback water are the
same, the Kruskal-Wallis test was used for statibirerification. The same test was used to
verify Hy hypotheses that the average concentration of zshlparameters in treated
wastewater in both series was the same. The Btaligignificance of the relationship
between protist diversity and the presence andnabsef flowback water was assessed
using Student's T-test [15]. Statistical analyseseren performed using
the STATISTICA 10 PL package for PCs.

Results and discussion

Flowback water characteristics and their effect onmunicipal wastewater treatment
efficiency

Flowback water, the fluid that rises to the surfafter hydraulic fracturing, comprises
a mixture of hydraulic fracturing fluid, formatiomater, and condensed water that in turn
contains hydraulic fracturing fluid and formatiomter [4, 16]. Reports on the composition
of flowback water show that it can vary from wedl tvell. It consists extremely high
concentrations of dissolved salts, thereirf Biad CI, relatively high concentration of solid
particles and lower concentration of total orgar@cbon (TOC) [17, 18].

The main constituents of the flowback water in stisdy and their concentrations are
presented in Table 1.

It can be seen that the concentrations of most idaérimdicators are lower than in
other studies [17, 18]. Although there was a reddyi high content of C]
10600+ 8400 mg - dm, it was from a few to several times lower tharother works
(28500 mg - dif [18]; 16500-148000 mg - di{18]). Similarly, the concentration of total
suspended solids was 89 18 mg - dn¥, 10 times lower than in the work [17].
Interestingly, the flowback water in this study tains low concentrations of metals
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(Table 1) and relatively high concentrations ofamigs (COD 3362 2200 mg - dni) and
total nitrogen (254 64 mg - dn).

Characteristics of flowback water € 11)
Wastewater constituent Unit Value
pH - 7.1+0.3
coD [mg - dm¥ 3369+ 2200
BODs [mg - dm? 214+ 43
Total Kjeldahl nitrogen [mg - dm 254+ 64
Ammonium hitrogen [mg - dm 14+ 17
Nitrate nitrogen [mg - dm 13.6+ 10.4
Total phosphorus [mg - dri 0.56+ 0.59
Total suspended solids [mg - din 89+ 18
cr [mg - dm 10600+ 8300
SO [mg - dm’ 692+ 293
F [mg - dm 0.55+ 0.06
Mn [mg - dm 41+2.8
Fe [mg - drif] 28+17
Pb [mg - dr] 0.029+ 0.006
Cd [mg - dm 0.0025+ 0.001
Cu [mg - dm 0.11+ 0.04
Zn [mg - dm 0.076+ 0.018
Cr [mg - dm 0.012+ 0.030
Hg [mg - dm 0.0005+ 0.0001
Ba [mg - dm 0.54+ 0.09
Ni [mg - dm? 0.034+ 0.006
As [mg - dm 0.020+ 0.005
Se [mg - drif] 0.020+ 0.004
Mo [mg - dnmv 0.003+ 0.006
Sb [mg - drif] 0.002+ 0.004

Table 1

The lower concentration of most indicators in th@wback water in this study is

a result of its pretreatment at the place of sgakextraction. Coagulation removes colloids
and suspended solids, phosphorus, metals and tedities. Hence, the flowback water

contained low concentrations of suspended solissphorus and metals.

Table 2
Characteristics of raw and treated wastewater
Value*
Wastewater constituent Unit series1;n=6 series 2n =18

influent effluent influent effluent
pH - 7.56+ 0.28 7.48t 0.14 7.33t 0.49 7.42+0.18

COD [mg - dm’ 930+ 260 38.9£ 8.2 1098t 204 37+ 10

BODs [mg - dm? 407+ 120 6.8+ 3.7 397+ 139 6.9+ 5.8
Total Kjeldahl nitrogen [mg - dr 76+ 16 104+ 2.1 90+ 23 12.2+ 4.3
Ammonium nitrogen [mg - drj 57+ 15 0.64+ 0.41 59+ 12 0.32+ 0.29
Phosphorus [mg - diij 7.6+4.2 0.41+ 0.23 7.1+ 3.9 0.54+0.11
Total suspended solids [mg - din 300+ 100 10.4+ 6.4 289+ 98 13.6+£7.2

n - number of samples; * - all data are from WWTRHkirg in technical scale
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In series 1, without flowback water, the raw wasttaw contained a relatively high
amount of organic compounds (expressed as 8&id COD) and ammonia, amounting to
407+ 125 mg - dr, 930+ 260 mg - ditand 57.1+ 14.8 mg - dm, respectively. Despite
this, organics and nitrogen concentrations in tffeuent did not exceed permissible
values. BOR, COD and suspended solids concentrations were+6387 mg - dr,
38.9+ 8.2 mg - dn and 10.4+ 6.4 mg - dn, on average (Table 2).

Moreover, complete nitrification was obtained, amchmonia concentration in the
effluent was below 1 mg - dfh Phosphorus concentrations in raw and treatedewasér
were 7.6+ 4.2 mg - ditand 0.41+ 0.23 mg - dr, respectively. When flowback water
was added in series 2, the concentrations of thedieators in both raw and treated
wastewater did not change significantly (KruskaliN§atest, p > 0.05). Interestingly,
despite high concentrations of chlorides (Tableotyanics and nutrients were effectively
removed.

From literature view it can be concluded that reedaf organic compounds has not
been found to be affected by even high concentratiof chlorides (up to
30.000 mg - dm). In contrast, the effect of chlorides on nitrogemoval is not clear, but
most studies show bacteria can acclimate to clderidconcentrations up to
10.000 mg - dm[19]. Nitrifying bacteria are sensitive to chlorgleoncentrations above
10.000 mg - dnf; denitrifying bacteria have greater resistance tinisa Phosphorus
removal is more sensitive to changes in salinityhds been found [20] that increasing
wastewater salinity from 0 to 6% decreased phogpghamoval efficiency from 84 to 22%,
and observed high inhibition at a salinity of o0l$%. Similarly, [19] noted a decrease in
phosphorus removal efficiency (about 50%) at aritiés concentration of 2000 mg - dm
In our study, the removal efficiency of all thesdicators did not decrease (Table 2). This
was possibly connected with the relatively low shair flowback water in the influent (from
3 to 5% of the wastewater flow) and the volumetichange rate (0.5). Both of them
caused low concentration of chlorides at the beéggof the SBR.

Microfauna community

During the research period the number of taxa ddr@m 13 to 17 (series 1, municipal
wastewater) and from 13 to 16 (series 2, municigsdtewater with flowback water); these
differences were not significant (Kruskal-Wallissttep = 0.1654). The total microfauna
abundance without small flagellate species vaniethf10,040 to 21,000 organismsfcim
series 1, and from 14,640 to 32,080 organisnisfitmseries 2; the mean microfauna
abundance differed significantly between the sefiesiskal-Wallis test,p = 0.0157).
During the study, the number of small flagellatesurted along the diagonal of
a Fuchs-Rosenthal chamber did not exceed 9 indilsdu

In the 26 analyzed samples, 22 taxa of microfaureewidentified, including
2 flagellates, 12 ciliates, 2 naked amoebae, Jesheimoebae, rotifers and tardigrades. In
the all samples, there were found small flagellates ciliatesAspidisca cicada, Vorticella
infusionum, Vorticella convalaria, Carchesium polypinum and theshelled amoebaércella
vulgaris (Table 3) In series 1, the following taxa were significanthore abundant: the
crawling ciliate Euplotes affinis, the attached ciliategorticella convallaria and Epistylis
plicatilis and the rotifefPhilodinidae. In series 2, the flagellateeranema trichophorum,
the swimming ciliateEnchelyomorpha vermicularis, the testate amoeb&cella vulgaris,
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and tardigrades were significantly more abundantugkal-Wallis test,p < 0.005).
The average abundance of other taxa did not défigmificantly between series 1 and 2
(Table 3)

Table 3
Frequency of occurrence and abundance of protambamall metazoa during the study;
n - number of samples; + - standard deviat®n;probability of H (series 1 - wastewater treatment,
series 2 - wastewater with flowback water treattent

Functional Series 1;n =8 Series 2n =18
groups Taxons Frequency Abundance Frequency _Abundance P-Value
[%] [ind. - cm™d [%] [ind. - e
Flagellates < 20 pn 100 *4 + 3 100 *3+2 0.9574
Flagellates Peranema 50 50 £ 73 100 345+280  0.0058
trichophorum
Aspidisca cicada 100 5130 + 467 100 2650 + 210 0.6744
Crawling Egplqtes affinis 100 215 + 140 75 80 + 80 0.0381
ciliates Aci ngrla uncinata 75 175 + 200 50 235 + 22( 0.7873
Chilodondlla 50 350 + 380 50 246 + 370 0.6536
uncinata
Vorticella infusionum 100 380 + 270 100 870 + 56 0.0827
Vorticella 100 310170 100 125+62] 00128
Attached convallaria
ciliates Carchesium 100 | 16251100 100 1270 +920|  0.5621
polypinum
Epistylis plicatilis 100 1215 + 100 75 386 + 340 0.0515
. Tokophrya 25 15+30 25 15 + 90 1.00
Carnivorous guadripartita
ciliates Holophrya discolor 75 65 + 56 75 125+ 170 0.7080
Litonotus lamella 25 15+ 30 50 35 +54 0.3607
Swimming | Enchelyomorpha 50 575 + 640 100 1640 £ 920 0.0390
ciliates vermicularis
Naked Acanthamoeba sp. 75 250 + 340 100 75 + 33 0.7880
amoebae Mayorella sp. 50 45 +54 50 25+30 0.5710
Shelled Arcella vulgaris 100 3300 £ 67( 100 135‘3?)% * 0.008
amoebae | Cochliopodium sp. 50 160 + 220 75 290 * 260 0.2794
Euglypha leavis 50 20+21 75 70 + 60 0.0758
Rotifers Lecanidae 100 145 + 180 50 50 + 63 0.1320
Philodinidae 100 130+ 110 75 40 + 30 0.0166
Tardigrada | Tardigrada n.det 25 10+ 19 75 45 + 33 0.0296

*number of flagellates counted along the FuschseRibsl chamber diagonal

Observed microfauna consisted of taxa belongingadsitive keygroups [11]. The
predominance of shelled amoeba, crawling ciliatesl attached ciliates with wide
peristomes and the fact that tardigrades and rstifere commonly found both indicated
a healthy, low-loaded, sufficiently aerated andlsfletculated activated sludge that would
produce high quality effluent [21-26]. The sluddetiz index (SBI), calculated on the basis
of the microfauna composition in samples, was adating highest value possible (10/10).
The high value of the SBI indicates the high qyatit the activated sludge and a stable,
very well inhabited microfauna, with high biologicactivity and high treatment
effectiveness.
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The low concentrations of chemical indicators ieated wastewater confirmed the
results of the biological analysis. However, as ¢@n seen in Figure 1, the relative
abundance of the microfauna taxa changed withddéian of flowback water. In series 1,
crawling ciliates predominated. In series 2, wilowback water, testate amoebae
predominated to a greater extent. The diversifyrofozoa was significantly higher in series
1 (H =1.907 its/ind.) than in series 2 (H = 1.468nd.) (t-testp = 0.0000); this difference
was connected with the increase in abundance oflieled amoeb@rcella vulgaris.

A well-functioning system has highly diversified arofauna composed of different groups
of organisms. No group or species is ever domimeet the others, even if the ratios
between various groups or species differ. In @mttrmicrofauna that is dominated by one

group indicates a trophic imbalance caused byiligitactors that impede the development
of other species [27].
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Fig. 1. Relative abundance of functional groupsniérofauna during the study; series 1 - wastewater
treatment, series 2 - wastewater with flowback naeatment

In this study, flowback water was added to treatedtewater for only 9 weeks. Over
a longer period of time, such a decrease in pratdrodiversity may lead to deterioration
in the efficiency of wastewater treatment as highdiversity among the protozoan
population is fundamental for reaching high plaamtfprmance [28].

PCR-DGGE analysis of total bacterial community andammonia oxidizers in activated
sludge

In order to o assess the changes in the microlalnwnity implemented by the
addition of flowback water PCR-DGGE analysis wadqrened as a screening method.

The composition of the total bacterial communitysveamalyzed with 16S rRNA partial
gene amplified with 338f-GC and 518 r primers. A@Bmmunity was monitored with
ammonia monooxygenase gene partial sequence. SafopleCR-DGGE monitoring were
collected from series 1 of the experiment (when $lystem was treating municipal
wastewater; control sample at time 0) and fromese#l (when the system was treating
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mixture of wastewater with flowback water; betweérto 12 week of the experiment)
at two-week intervals to present the changeabiitybacterial patterns. Total sample
number was 5.

AmoA 16S rRNA gene

Oweek dweek 7Tweek 9week 12week Oweek 4week 7week 9week 12week

*:ﬂlﬂﬁ

[ 1

b ———
et I —

-——

_——

Series 1 Series 2 Series 1 Series 2

Fig. 2. PCR-DGGE-based genotypic structure of atéie sludge bacterial community during the study;
AmoA - AOB analysis based on ammonia monooxygesasgience; 16S rRNA gene - total
community monitoring based on 16S rRNA gene segejemeries 1 - wastewater treatment,
series 2 - wastewater with flowback water treatment

As it is presented in Figure 2 total bacterial camity did not respond immediately
after flowback water introduction. The communityaoe is observed in series 2 aft&r 7
week of the experiment (two weeks after flowbackervaddition to the wastewater). In the
beginning the community was composed with relagivegh number of genotypes without
any dominant DNA bands. Such situation seems todnemon for bacterial monitoring in
activated sludge of municipal WWTPs with these erign[14]. That is why the samples
monitored with PCR-DGGE are divided into two seriesample at time 0 as control, when
no visible changes were observed in activated slumirterial community and in series 2
where samples were collected at 2 week intervairésent community changeability. The
composition of samples collected in series 2'sa9d 13" week of the experiment changed.
Several stronger bands in the higher part of tHeagpeared. AT rich genotypes become
dominant in the biocenosis while GC rich genotyyese not visible in such strength as in
the beginning of the experiment. As it has beereetqul, the AOB community composition
changed directly after flowback water addition ier2, 4 week of the experiment).
Interestingly, the fingerprint composition for tA@©B community was maintained during
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the period of flowback water implementation. Suelults suggests, that despite a quick
response to flowback water implementation chandiveg AOB community structure the
biocenosis remains stable during these wastewagatnient probably because of the
relatively low content of flowback water in the wasater. AOB community responds
faster that total bacterial community, but in thene time the changes are less drastic.
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2.0
1.
H AmoA
16S rRNA gene

1.
0.
0

0 4 7 9 12

experiment length [week]

(2]

Shannon Biodiversity Index H
<

(2]

Fig. 3. Shannon Biodiversity Index (H) calculated the basis of PCR-DGGE analysis of bacterial
community in activated sludge during the study; AmoAOB analysis based on ammonia
monooxygenase sequence; 16S rRNA gene - total cotynmonitoring based on 16S rRNA
gene sequence; series 1 - wastewater treatmeis ser- wastewater with flowback water
treatment

Shannon biodiversity index was increasing for béimoA and 16S rRNA gene based
monitoring in the beginning of the experiment, dilg after flowback water implementation
to the system (Fig. 3). Total bacterial biodiversias calculated on the basis of 16S rRNA
partial gene sequence. It was higher in the sawcgilected before flowback water addition
(time 0) and directly after its implementatior’ @eek of the experiment). The biodiversity
begin to decrease on th& Week of the experiment, in the same time whergthaditative
community change on DGGE is visible (Fig. 2). Oe ttontrary to the total bacterial
community the AOB biodiversity was increasing cangly after flowback water addition
and decreased after 9 weeks of the experiment Wiiediversity of total bacterial
community seems to be restored. This situationccsubgest that prolonged exposition to
flowback water has negative influence on nitrifigns activated sludge. These results
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underline that biodiversity indexes should be aredytogether with the qualitative changes
of DGGE fingerprints to present the total pictufebacteria community because not all
gualitative changes of the community are visibléb@diversity indexes changes.

Conclusions

Chlorides, organics and nitrogen were the mairupenits in the flowback water used in
this study, which contained low concentrations doftats and suspended solids. Thus,
introducing flowback water to the WWTP in amounpsta 5% did not decrease the quality
of effluent. However, this was accompanied by cleanip activated sludge microfauna -
a decrease in the biodiversity of protozoa whididated trophic imbalance. Molecular
analysis showed that the ammonia oxidizers commuegponded faster to flowback water
addition than the total bacterial community; thiaswseen as a qualitative change in the
biocenosis. The AOB community remained relativelpbte during flowback water
treatment, but its biodiversity began to decreds® 8 weeks of treatment. This suggests
that longer exposition to flowback water probabfuse nitrification problems, leading to
deterioration of effluent quality during prolonged-treatment of municipal wastewater
with flowback water. Therefore, further studies aseded to analyze changes in pollutant
concentrations during the SBR cycle (kinetic stadd pollutants removal) to allow more
in-depth understanding of the long-term effecti@fback water on WWTP efficiency.
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WPLYW WOD PO SZCZELINOWANIU HYDRAULICZNYM NA BIOCEN OZE
OSADU CZYNNEGO PODCZAS OCZYSZCZANIA SCIEKOW MIEJSKICH

! Katedra Biotechnologirodowiskowej, Politechnik&laska, Gliwice
2Katedra Turystyki, Rekreacji i Ekologii, Uniwersy&armiasko-Mazurski w Olsztynie
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Abstrakt: Celem bada byta ocena wptywu wéd po szczelinowaniu hydraulien na biocenazosadu czynnego
podczas oczyszczanigeiekow miejskich w reaktorach SBR. Przeprowadzoneefle badawcze. W serii 1,
kontrolnej, oczyszczangcieki miejskie, w serii 2 $cieki miejskie z dodatkiem wod po szczelinowaniulziat
wad, ktére wprowadzano dwa razy w tygodniu, stah8vwi% obgtosci doprowadzanyckciekéw. Wykazanoze
wprowadzenie wod nie miato wptywu na jdkaciekdw oczyszczonych, ale spowodowato spadekRaddndci
biologicznej pierwotniakéw i zmiany w strukturze mdimacji grup funkcyjnych. Zastosowanie metody
PCR-DGGE pozwolito na wykazanige struktura genotypowa zbiorowiska bakterii nikgiiyjnych | fazy
zmieniata s} szybciej nk calcs¢ biocenozy bakteryjnej osadu czynnego i byla stkewo stata w trakcie trwania
eksperymentu. Odnotowanage po 9 tygodniach eksperymentu mp#b zubaenie rénorodndci bakterii
nitryfikacyjnych | fazy. Uzyskane wyniki sugesyjze dhizsza ekspozycja mikroorganizméw osadu czynnego na
wody po szczelinowaniu hydraulicznym seoprowadzi do obnkenia efektywnéci nitryfikacji, a w dalszej
konsekwencji do pogorszenia jakoodptywu.

Stowa kluczowe:wody po szczelinowaniu hydraulicznym, SBR, miktofa osadu czynnego, zbiorowisko
nitryfikatoréw | fazy, PCR-DGGE



