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INFLUENCE OF TREATED SEWAGE DISCHARGE ON THE
BENTHOS CILIATE ASSEMBLY IN THE LOWLAND RIVER

WPLYW SCIEKOW Z OCZYSZCZALNI MIEJSKIEJ
NA STRUKTURE ZESPOtLU ORZESEK BENTOSOWYCH W RZECE NIZINNEJ

Abstract: This paper presents results of the studies @fteitassemblage in benthos of lowland river infleenay
sewage discharged from the municipal wastewatatrtrent plant. During the presented research theiliéfe
species, including 45 species from the benthos®fiver and 18 from the activated sludge of aemathamber
were identified. Only two species registered in detivated sludge were not observed in the rivgriast the
background of the lowest number of species in thiatdocated in the distance of 50 m below the lisge of
sewage the maximum amount and biomass of theséspegere observed. Whereas, 200 m below the digehar
the decrease in number and biomass of ciliateedewel noted for location before the discharge wlaserved.
Thus, generalizing, one may state that influencemohicipal WWTP sewage discharge for ciliate assag#in
the river's benthos was clearly visible but local.
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Introduction

Most of water bodies are being influenced by vasitypes of sewage discharged from
point or dispersed sources. The amount of alloehtubstances transported by sewages is
increasing with the intensification of anthropogemiressure. Although in the recent
decades the wastewater treatment systems improgedficantly, the older treatment
technologies unable to provide the effective priidacof water bodies from pollutant
substances still continue to be widely used.

Usually, sewages contain the significant amounts abfemical compounds
compromising the source of nutrient constituentsaquatic organisms, which results in
eutrophication of water reservoirs [1-3]. The piss®Es triggered by sewerage inflow often
result in the reduction of oxygen concentrationnoappearance of the deoxygenated zones
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[4, 5]. Herewith, the deterioration of aquatic eéowment results in changes of structure and
functions of the aquatic communities [1, 6-8]. lasvobserved that discharge of even the
properly treated sewerages may lead to the negetimeequences for the water reservoirs
related to the derogation of their self-purificatiabilities [1]. On the other hand, it is also

necessary to take into account that wastewatebeatischarged into the watercourse which
has already been impoverished (degraded) and vimdenosis has been influenced by the
other factors.

In order to perform the assessment of influencehef negative factors related to
anthropogenic activity, including discharge of veagater from the different types of
wastewater treatment plants, the analyses of clsangeommunities of aquatic organisms
may be applied. Different types of organisms, flmewteria [9], algae [10, 11] and protozoa
[12, 13] to macroinvertebrates and vertebrates1@8Ware being used as indicators of
changes in the aquatic environment. The signifidaffience of sewage on structure of the
bacteria group was reported by Wakelin et al [8]e Thcrease in biomass of macrophytes
and benthos invertebrates, as well as enhanceeobiticenosis’ respiration and primary
production, related to wastewater discharge toritvers close to Berlin (Germany) were
observed [1]. Despite the fact that it is beingalisuaccepted that influence of sewage on
plankton organisms is not clear, Kushwaha and Aaidh9] showed that their population
decreased below wastewater discharge locationetdRpti River (Gorakhpur U.P. India).
The studies concerning colonization of artificialbstrates by algae and invertebrates
performed for the Little Miami River (USA) showeldat some part of species available in
the river above the discharge point was absenherstibstrates introduced to water below
the discharge location [20]. At the same time théreevidence of the absence of
imperceptible impact of sewage on macroinvertebrated fish in the above mentioned
river [21].

The proper selection of indicators group and tegstematic and detailed studies are
required to allow the adequate assessment of ageetisystems’ status. The significant
diversity of organisms inhabiting aquatic enviromtseand wide range of their tolerance
allow making a choice of optimal objects for aguatosystems’ health monitoring. The
protozoa, and especially ciliate, presenting thgehspecies diversity and available nearly
in all settlements [22, 23] are treated as goodtatdrs of changes in ecosystems [24-28].
Moreover, ciliate are present in the maximally widange of the saprobic scale, from
poli-saprobic zone to environments of very low camtcation of organic substances, the
oligo- and xeno-saprobic zone [12, 13]. Madoni atmhgrossi [29], during analysis of
long-term changes in the river below and above tpoirsewages discharge demonstrated
the presence of changes in the trophic structuodiafe community.

The influence of sewages discharge from the mualdpWTP of Sumy (Ukraine) on
the structure of benthic ciliate assemblage inRbel River was analyzed in the presented
studies. The changes in ciliate assemblage infeerxy the constant inflow of treated
sewages were analyzed in comparison to these srganassembly structure in the
activated sludge from the aeration chambers of SWWWTP.

Materials and methods
Sampling site

Three series of samples were collected in April@@bm the left tributary of the
Dnieper, the Psel River. It is the lowland riverttwihe length of 717 km, which runs
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mainly through agricultural areas and also receiveated and untreated sewage from
settlements. The samples were taken in the in tdlerreaches of the river downstream of
the Sumy city (Ukraine). The Psel River receivatuefts from the municipal wastewater

treatment plant (WWTP), which provides mechanical hiological treatment with the use

of aeration tanks, unable to provide the effectigenoval of nitrogen and phosphorus
compounds. So, over the past 10 years in the Agel Rt the sampling site the exceeding
of permissible level of phosphates and nitrogenmmmds was permanently recorded.

Sampling station No 1 was located at 200 m aboeetlace of sewage effluent
discharge. Bottom sediments at this site are formegilty sand. Sampling station No 2
was located 50 m below the sewage discharge. Bostediments at this station were
consisting of black silt. Finally, sampling statiblo 3 was 200 m below the place of
discharge of sewage. Bottom sediments were theiljiesity sand. The samples of
activated sludge from Sumy municipal wastewateattnent plant for comparison with the
samples from the Psel River were also taken.

All sampling points were located downstream of $weny city, so in this section the
river was affected by runoff from the territory thle Sumy city as well from the suburban
settlements and agricultural areas. Also the rivavater regime was affected by the
hydropower plant dam, located downstream.

Sampling and counting of protozoa

Samples of bottom substrate were taken with theofigaicrobenthometer, from the
depth of 0.8-1.0 m in the coastal zone. Samplextiated sludge were collected from the
aeration tank at the Sumy municipal WWTP.

Quantitative analysis of samples was performedénlaboratory within the sampling
day. In most cases, ciliates were identified iroviwhen necessary, cells were stained with
the use of 1% methyl green or silver nitrate [3$timation of population density were
carried out by enumerations in 25 rhraubsamples, extracted with micropipette, as
described by Madoni [31]. The numbers of repeatedrerations were 5 for the samples of
activated sludge and 11 for the bottom sedimemiscigs identification was based on [12,
13, 32-34]. Saprobic evaluations were performechgighe saprobic values given by
Sladecek [35], as revised by Foissner et al [1P, 13

Analysis of variance (ANOVA) and post-hoc Tukey HSBlonestly Significant
Difference) test were performed to obtgitvalues for pairwise differences in biomasses
and for pairwise differences in ciliate’s densitibstween sampling stations and the
activated sludge. Both functions - aov and Tuk&DH which were used for calculations
are from R package stats [36]. Past software, merdi57 was used for calculation of
ecological indices as well as for performing clusted principal components analysis [37].

The following ecological indices, being the measofebiodiversity of the ciliate
assemblage were calculated: Shannon diversity ifg9x Margalef index, dominance
index (D) and equitability J index [38], which icés are often applied for activated sludge
analysis [39].

Results and discussion

Sewage discharge to the river affects the qualitpaitom sediments which may be
determined by their chemical and particle compasiti The organic and inorganic
compounds originated from sewage may be cumulatetid bottom sediments [9]. Even
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discharge of the treated sewage may increase theentration of TOC, P and N in the
Thus, the benthic organismeflecting the dynamics of
environment’s quality changes may be good indisatdithe local effects of sewage on the

bottom sediments [1].

river.
Table 1
List of species of ciliates in Psel River and aatidd sludge from sewage treatment plants in theyStitp
Species Code Ag}n’; ézd Station 1 Station 2 Station 3
Acineria uncinata 9 + + +
Acineta ornata 21 + + +
Aspidisca cicada 1 + + +
Aspidisca lynceus 2 +
Balanophrya sp. 45 + +
Bursella truncata 23 +
Carchesium polypinum 10 + +
Chilodonella uncinata 3 +
Chilodontopsis sp. 4 +
Cinetochilum margaritaceum 24 +
Cyclidium glaucoma 25 + +
Dexiostoma compilum 26 +
Epistylis longicaudatum 13 + +
Epistylis coronata 11 + +
Epistylis entii 12 + +
Euplotes patella 5 +
Euplotopsis affinis 6 +
Frontonia angusta 27 +
Frontonia leucas 28 + +
Hexotricha caudata 29 +
Holophrya discolor 42 +
Loxodes striatus 30 +
Metopus es 31 +
Microthorax pusillus 7 +
Opercularia articulata 14 + +
Opercularia coarctata 15 + +
Paramecium caudatum 32 + + +
Phialina pupula 43 +
Plagiocampa rouxi 33 + + +
Pleuronema coronatum 34 +
Prorodontida Gen. sp. 35 +
Pseudocohnilembus pusillus 36 + +
Pseudovorticella elongata 16 +
Spirostomum minus 37 +
Stentor coeruleus 44 +
Tachysoma pellionellum 38 +
Thigmogaster sp. 8 +
Tokophrya quadripartita 22 +
Uronema nigricans 39 + +
Urotricha farcta 40 + +
Urotricha ovata 41 +
Vorticella aquadulcis 17 +
Vorticella convallaria 18 + +
Vorticella infusonum 19 +
Vorticella microstoma 20 + +
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Earlier the bottom of the Psel River mainly wasdsarbut now when the river is
polluted, the bottom is usually covered by theyssinds. Dirty sand is a prevailing biotope
at the bottom at the point No 1 located 200 m heefbe discharge location. Similar dirty
sand was on the bottom at point No 3, located 20@hw. While, at the bottom of the
rivet at point No 2, 50 m below the sewage dischdogation, the sand was covered by the
thick layer of black mud, which had structure saniio the activated sludge.

During our research performed within bottom seditsdor the three points at the Psel
River 45 species of ciliate were identified. Theye @resented in Table 1 (+ means
occurrence of species in particular measuremetibis}a

The 18 species were observed inside the activakedges sampled of WWTP
discharging treated sewage to the tested river.t\hiamportant, that 16 of 18 species of
activated sludge were also found in the river. Alsshould be noticed that in the course of
our studies there were no significant differencéhannumber of ciliate species in the bottom
sediments after the point of effluent discharge.

So, at point No 1, 200 m above the discharge, #8isp were found, and at points No 2
and No 3, 50 and 200 m below sewage discharge,nti618 species were available,
respectively. But in these same points the ciidtiendances differed clearly (Fig. 1a).
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Fig. 1. Ciliate abundance (a) and biomass (b) énttbttom sediments at three sampling stations et Ps
River and in the activated sludge. st. 1 (statiobdttom sediments at 200 m above the sewages

discharge; st. 2 - bottom sediments at 50 m behl@sewages discharge; st. 3 - bottom sediments
at 200 m below the sewages discharge; AS - acthatelge from Sumy WWTP

The graphs presented in Figure 1 allow to concthdethe ciliate abundance under the
artificial conditions of the activated sludge igrsficantly higher than their abundance
under the conditions of the natural water reservbhis effect is the result of energetic
subsidies in the form of organic matter and aiedtipn. The influence of energetic
subsidies introduced by sewage is clearly visitilehe place located 50 m below the
sewage discharge point.

Similar response of testate amoebae, namely thease abundances at impacted
sampling stations in conditions with the higherrigmt concentrations and the lower
oxygenation levels was observed by Correa et §l [40
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According to one-way ANOVA analysis between thaltabundance of ciliate at the all
tested points in the river and in the studied attig sludge there were noted the significant
differences for the 95% confidence interval. Théytatistically insignificant difference
(p = 0.8659) was observed between points No 1 an®.Nithus, already 200 m below the
sewage discharge the quantitative structure afteilissemblages was similar to the structure
typical for the section of the river above the Hmwme point of sewages from Sumy
municipal WWTP.

The increase in ciliate biomass, observed in thibobo sediments 50 m below the
sewages discharge in the Psel River, which reflbetis reaction on the energetic subsidies,
is shown in Figure 1b. Determination of statistiddferences |f) between ciliate biomass
in the activated sludge and sampling point No 1 & 3 showed the significant
differences for 95% confidence interval£ 0.0084 andp = 0.0146, respectively). On the
other hand, the insignificant difference was obsdrbetween biomass of ciliate in the
activated sludge and in the bottom sediments apbagnpoint No 2 (50 m below the
sewage discharge locatior),= 0.4346. It proves the local influence of sewagethe
organisms inhabiting the river bottom sedimentse Thcrease in benthic invertebrate
biomasses as a result of wastewater discharge otaed in [1]. According to the results of
our experiment, in the Psel River the effect of fesvages discharge on bottom ciliate
assemblage was limited by the distance less th@m2®om the discharge point.

The graph presented in Figure 2 shows that detatioimof the similarity between the
all sampling points, based on the ciliate spec@maposition and their abundance allowed
to partition them into two clusters. The first dkrsgrouped two sampling points, No 1 and
No 3, located in the studied river at 200 m abawe 200 m below the sewages discharge,
and the second one grouped the activated sludgesangling point No 2, closest to the
sewages discharge. Thus, the strong local influeficeewage on the ciliate assembly, at
least at the distance of 50 m below the dischaoj@ wvas confirmed.

st3 st AS st2
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0.00
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Fig. 2. Dendrogram of the similarity of ciliate asthlages from three sampling stations at Psel River
and from the activated sludge (Simpson index, #lgor paired group). st.1 - bottom sediments
at 200 m above the effluent; st. 2 - bottom sedimah 50 m below the effluent; st. 3 - bottom
sediments at 200 m below the effluent; AS - acéidatludge from Sumy WWTP
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The observed change in the dominant species graugi$ferent sampling points was
demonstrative. At sampling point No 1 the most nwous species wer€yclidium
glaucoma (Muller, 1773) and Pseudocohnilembus pusillus (Quennerstedt, 1869)
At sampling point No 2 below discharges there waspidisca cicada (Muller, 1786),
Acineria uncinata (Tucolesco, 1962) an#pistylis coronata (Nusch, 1970). Almost the
same set of dominant species was observed in teated sludge -A. uncinata and
A. cicada. At sampling point No 3 among dominant spedesicada was conserved and
P. pusillus, which was among the dominants at sampling pofLNreappeared.

PCA method showed that the majority of identifigobces at 95% confidence level
are tolerant to high levels of pollution and cotusé a single assembly visible at Figure 3.

The common species of the activated sludge areddct the top of the positive part
of axes 2 in the plot. The species which do noupte the active sludge are settled in the
bottom of the negative part of the plot.

0.6

PC2

-0.6

-1.8 4

PC1
Fig. 3. PCA ordination diagram of the biomass data5 ciliate species at four states

-

Such separation may be caused by the fact thatespgmmmon in the activated sludge
could not realize their productive potential in tfieer conditions. At the same time, the
other species were observed only in the river dmrdi. These are mainly the species,
which are not commonly observed in the active stubgt are widespread in the polluted
rivers and lakes. Also, it is worth mentioning hetleat that four of the species from
analysed communities appear behind the area of &¥dence level. Two of them are
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mainly connected with condition of activated sludéeineria uncinata (9), Aspidisca
cicada (1) - higher position in the plot, and two are itgb for surface water:
Pseudocohnilembus pusillus (36), Cyclidium glaucoma (25) - bottom part of plot.

Intensity of influence caused by the regular sewagéscharge on the ciliate
assemblage in the bottom sediments may be addijicassessed with the use of diversity
indices and saprobity [35, 38, 41, 42]. There amatrary literature reports concerning the
influence of sewages on the diversity of aquatigaaisms and ecosystems. For instance,
Drury et al [9] assumed that WWTP sewages haveptitential to reduce the natural
diversity existing among the river ecosystems a@ag nesult in the biotic homogenization.
The same opinion was presented in paper by MadéBjf fvhere the increase in the
similarity among the different sections of the rivgfluenced by the pollutants originated to
sewages was observed. On the other hand, Lewissfa@d, that the Shannon index and
similarity indices such as coefficient of communityd index C-lambda calculated on the
basis of protozoa abundance presented minor chamfpes affected by municipal
wastewaters. Thus, we checked the values of sodiee® characterizing the diversity of
bottom ciliate assemblages at the selected seafitre river influenced by sewages and in
the activated sludge.

The performed analysis of indices describing tmacstire of ciliate assembly in the
Psel River showed that different indices presentadous susceptibility levels to the
analyzed factor. The influence of sewage dischameiliate assemblage in the bottom
sediments was visible at the point located 50 nowedhe sewage discharge point. It is
visible in Figure 4a that the appearance of sewagebe river slightly changed their
equitability and domination level in their struauas related to the clearly low equitability
and increased domination of ciliate from the ad¢tdasludge.
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Fig. 4. Equitability index J and dominance index(&), Shannon diversity index H and Margalef's
index (b) of ciliate assemblages in Psel River iantthe activated sludge. st.1 - bottom sediments
at 200 m above the effluent; st. 2 - bottom sedimeat 50 m below the effluent;
st. 3 - bottom sediments at 200 m below the efftudB - activated sludge from Sumy WWTP

Similarly to the dominance and equitability indidghe Shannon index (Fig. 4b) shows
a negligible impact of sewage on the structureiladte assemblage. Three named indices
nearly showed no differences between the structofredliate assemblage at points before
and after the effluent discharge. On the contrdmgre was the quite substantial difference
observed in the ciliate species composition. Thegsllaf index confirmed these deeper
changes in the structure of ciliate assemblagenbséwage discharge.
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The saprobic index calculated on the ciliates, wadthin 2.9-3.1 in all samples
(including activated sludge), which correspondsitioalpha-mesosaprobic level of organic
pollution.

It is obvious that the impact of treated sewage¢henwater body is largely determined
by the proper operation of treatment facilities dhel degree of wastewater treatment. In
this study, the evaluation of the activated slufigen Sumy WWTP was performed using
Madoni biotic index [31]. According to the receivegsults, the quality of the activated
sludge treatment plant in Sumy was indicated agh'hiaccording to the maximum
observed value of sludge biotic index (SBI = 10)dn be argued that the composition of
prevailing in the number of ciliated protozoa artien organisms was similar as in the
activated sludge from the advanced biological eatriremoving wastewater treatment
plant Hajdow, Lublin [44, 45]. Despite the fact tithe activated sludge in WWTP Sumy
was of high-quality, the introduction of energetiobsidies as additional quantities of
primarily nitrogen and phosphorus compounds wadimited, which was recorded in the
increased levels in the receiving river below sesvdigcharge, as well as by the increased
BOD:s. Accordingly, such conditions caused the obsediffdrence in the composition of
benthic ciliate assemblage above and below thegediacharge.

Conclusions

This paper presents the performed analysis of enfte of treated wastewater
discharge from municipal WWTP in Sumy, Ukraine,tbha bottom ciliate assemblages in
the Psel River. The changes in tested groups’ tsiress, affected by the discussed factor,
were related to the situation observed for groujzs/a the discharge point and to structure
of ciliate group inside the aeration chamber of tewater treatment plant. During the
performed research the ciliate abundance and biinass for each sampling points were
tested. On the basis of these indicators the ahdlmence of sewages discharge on ciliate
groups directly below the inflow and its stabilinat after the distance of 200 m were
determined. The similar tendency was noted durivadyais of domination, equitability and
diversity indices. Only the Margalef index valueygasted lacking the total stabilization of
ciliate groups at the point 200 m below the disghaand return to the conditions observed
before the sewage inflow.

It may be also assumed that if the quality of theadic environment of the tested river
had not been affected by the dispersed sewagesfifoom the territory of Sumy town as
well from surrounding areas), the reaction of amatlyaquatic organisms would have been
more clear.
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