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IMPACT OF SEWAGE TREATMENT PLANT
ON LOCAL ENVIRONMENT

WPLYW OCZYSZCZALNI SCIEKOW NA OKOLICZNE SRODOWISKO

Abstract: The aim of the study was the analysis of threeteveater treatment plants operations (Busko Zdroj,
Kazimierza Wielka and Pinczow in Swietokrzyskiewaziship). The sanitary condition of sewage sludue the
management of sludge in wastewater treatment plare investigated. These data were made availablbdse
wastewater treatment plants. The analyses of thege sludge have included the sanitary basic asalys
especially the identification dBalmonella spp. and the present of intestinal parasites egggated, that the
sanitary condition of the analyzed sewage sludge azeptable. Microbiological purity of sewage geichnd
mineral composition similar to soil organic matfieamus) allows to use them as natural fertilizbeg,not for the
cultivation of the plants intended for human conption. These deposits have been widely used ageriaidor
land reclamation in Pinczow. The further aim of theearch was to investigate the microbiologicaitpwf air
near the two wastewater treatment plant (Stykow &neizecno in Swietokrzyskie voivodship). The numiier
colony forming units of mannitol-positivesaphylococcus sp. and the total number of mesophilic and
psychrophilic bacteria were analyzed in four d#fer distance from wastewater treatment plants.
Mannitolo-positive staphylococci belong to micrdbiical indicators of air pollution. The numberrakesophilic
and psychrophilic bacteria indicate the level ofganatter contamination. The air pollution was abed at all
measurement points. It is known, that pathogenicraorganisms can easily pass from the water taathand
next spread in the environment. This analysis shbassthe use of sewage sludge to land reclaméatibalpful to
preserve and restore the ecological balance ofraliméements, which is an important aspect of egsooand
environmental protection. It is also likely, thaastewater treatment plants may have an impactrgroBition.
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Introduction

There are many sources of emissions, which inchise wastewater treatment plants
(WWTP). Sewage treatment plants are a serious sainoxic chemical compounds, gases
and biological contaminations. That may have a datlirempact on the surrounding
environment. A separate threat are microorganismsept in wastewater. Microorganisms
gets into the wastewater and sewage sludge witrahshand animals’ excrements [1]. The
most frequently identified species includéscherichia sp., Salmonella sp., Shigella sp.,
Pseudomonas aeruginosa, Clostridium perfringens, Bacillus anthracis, Listeria
monocytogenes, Vibrio cholerae, Mycobacterium tuberculosis, Streptococcus faecalis,
Proteus vulgaris [2, 3]. Most of the pathogenic microorganisms amaeved, but some of
them can get in to a sewage sludge and survive fveam few months [4]. The highest
number of pathogens are identified in the sewagegs arising from purification of
municipal and industrial wastewater [7, 8]. The twem of microorganisms in the
wastewater also depends on climate, wastewateityj@ald the method of wastewater
purification [9]. Mineral and organic compositiorf sludge from municipal sewage
treatment plants is similar to soil organic maftfermus). Therefore, sewage sludge can be
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treated as a good organic fertilizer rich in nigng phosphorus and easily degradable
organic matter. This allows to use of sewage sluddertilize crops and soils [10-12]. Due
to the economic growth in Poland, the productiocréase of sewage sludge is observed.
The rules of the management of sewage sludge emBare based on European directives.

Another issue related to the wastewater treatngenti¢robial air pollution. Air is not
an optimal environment for microorganisms [13, IBhey form different bioaerosols to
transmission from different environments (soil, evatwaste, surface plants, animals and
others) by wind gusts, sneezing or coughing. Thecsoof bioaerosols is also wastewater
treatment during the purification of water [15-17Jhere can be found mostl. coli,
Salmonella spp.,Shigella sp., but alsdMicrococcus sp., Saphylococcus sp., Streptococcus
sp., Klebsiella pneumoniae, Neisseria meningitidis [13]. The main place in the treatment
plant, where the contamination is most likely islbgical reactor chamber. Aerosols are
formed during aeration of waste water. Another @jachere aerosols may be formed, is the
place where the vacuum trucks deliver wastewatéhdadreatment plant [18]. Bioaerosols
spread for about 800 meters from the source of rgéina. Spread range is addicted to
weather conditions, seasons, landform and sizg€jaof sewage treatment [9, 19, 20].

The aim of the study was the analysis of wastewtatatment plants operations,
presence oBalmonella spp. and intestinal parasites eggs. The next stéeastudy was to
investigate microbiological purity of the air negastewater treatment plants.

Materials and methods

The five wastewater treatment plants (SzczecnokdSty Pinczow, Busko Zdroj,
Kazimierza Wielka) in Swietokrzyskie voivodship weanalyzed in differend field.

The documentation of the analysis provided by sewmgatment plants located in
Pinczow, Busko-Zdroj and Kazimierza Wielka was uasa research material. Analysis of
sewage sludge management was based on data fraewassr treatment plant in Pinczow.

The total number of aerobic plate count in the veéis measured based on culture
settling plate technique. Open Petri dishes withdbar were distributed at the processing
areas and exposed for 10 minutes. The Petri diskes closed and incubated at 37°C for
24-48 hours. The colony forming units (CFU) of nsiic bacteria were counted on
plates with enriched agar. The colony forming un{tSFU) of mannitol-positive
Saphylococcuc sp. were counted on the Mannitol salt agar. Theetegf contamination
was determined based on the total number of CFU i’ of air according to Polish
standard PN-89-Z-04111/02 [20]. The microbiologiaal pollution was carried out on a
four points between the sewage treatment plant veaigr reservoir in Szczecno. The
second place of analysis was in the six pointsectfitly distanced from the centre of
sewage treatment plant in Stykow. The analyses perfermed in autumn and winter.

Results and discussion

The aim of this study was to analyze two importspects related to the functioning
of wastewater treatment plant (WWTP). The invesitiga of the management and the
sanitary condition of sewage sludge in wastewagstment plants was the first research.
In the other hand we have analyzed the microbioldgiondition of the air around and near
the WWTPs. The study covered the period 2008-20# capacity of the sewage
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treatment plant in Pinczow in 2010 and 2011 wasual®000 m per day. Wastewater
came mainly from private households and blockdat$f public facilities and also from the
industrial sector. Examined sewage sludge in Piwcmk the earthy form. Dry matter
content was various. In 2010, the obtained dry enattis 22.5% of sludge, in 2011 - it was
14.7%. The excess sludge was generated in sewagnént plant in Pinczow in the
bioreactors and Imhoff tank. Sludge after stabiimaand dehydration should be removed
from the area of wastewater treatment [8]. Recedatd shows that precipitate was used on
private lands. In 2010, 1011 mg of sludge was wsethe surface of the 4.22 hectares of
the soil. The precipitate was used for the recl@omadf soils intended for arable land in
two villages Pasturka and Szczypiec. In 2011, weigh sewage sludge used for
fertilization was lower - 760 mg of sludge was ggt®n the surface of 25.24 hectares. In
2011, the fertilizer was used in Kije, Brzescie dpaksturka. Within this two years, the
proportion between the weight of sewage sludge thadtreated area were considerably
different. This was mainly due to the doses linmtatof sewage sludge, which was
distributed on the land. The amount of sludge deethe reclamation depends on the type
of soil, method of use, the quality and compositafnthe used sludge [14]. In 2010,
0.23 mg of the sludge was spread on?ofnsoil, but in 2011, quantity of sewage sludge
was 0.02 mg/m

Subsequently, the provided data of microbiologarslysis of sewage sludge of three
sewage treatment plants (Pinczow, Busko Zdroj, idaiza Wielka) were compared. The
aim of the study was to identify the microbial pegensSalmonella spp. and the eggs of
intestinal parasiteAscaris sp., Trichuris sp., Toxocara sp. The presence d&almonella spp.
was identified only in the one sample, in sewagatment plant in Pinczow. It should be
mentioned that in this WWTP the study was conductady in 2011. These
microorganisms were not detected within five ye@®08-2011) in the other treatment
plants. The presence of eggs of intestinal pasasites found in Busko Zdroj (two positive
samples) and Kaziemierza Wielka (one positive sajnplarasites were not detected in the
sewage treatment plant in Pinczow. It can be caleduthat examined sewage sludge were
no danger and could be used in agriculture andldod reclamation for agricultural
purposes, as it was performed in the case of sewiagge from Pinczow. Used sludge
from the treatment plant did not contain elevatexiels of heavy metals and
microbiological contamination. Therefore, there was risk to contamination of the
environment. Data analysis leads to the concludiuat, the use of sewage sludge to soll
remediation in the municipality was relevant. Aatiog to the publication, there is no
universal solution to the issue of sludge managénten the solution must be appropriate
to local conditions. Pinczow is a small town in ehithe amount of sludge formed in
wastewater treatment is not big. There is alsopiesibility of using sludge for energy
recovery by combustion, co-firing and others. Useamponents of sewage sludge for soil
fertilization is cost-effective. It is also bene#it to soil provided that the levels of
contaminants in sludge will be acceptable. Thessftite use of sludge as fertilizer in this
case is appropriate [4, 21]. As previously mentihreelot of different bacterial species can
be present in the savage sludge. Some of them canlde pathogenic. The use of savage
sludge as an organic-mineral fertilizers and orgasdil conditioners should be careful.
They can be source of bacterial, viral and paadigeases in humans and animals [22, 23].
This fact is evidenced by descriptions of epidendi@esed by infection of soils in Poland
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and Europe. In Darmstadt (Germany), 89% of the [adjoin became sick for salmonellosis
after eating vegetables from field irrigated wittwsge sludge [3]. Also epidemic of
typhoid fever was recorded in Stuttgart. Duringstkpidemic, 600 people get sick and
10 people died. The cause of epidemic was lettwowvry on field fertilized with fresh
sludge. Similar epidemics have also been reportdgrance after ingestion of lettuce and
watercress from cultivation of contaminated seditmenin Poland, epidemics of
salmonellosis and viral hepatitis A in Pisz, Bravide Chelm, Ustrzyki Dolne was recorded
as a result of water polluted by sewage and sewlagge. Nevertheless, the use of sewage
sludge can be useful as a natural fertilizer foil, dout after a careful examination
[3, 24, 25].
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Fig. 1. Total number of bacteria in 2 wf air in wastewater treatment plant in SzczedMace of measurement:
1 - area of sewage treatment plant, 2 - basirflddd area and 4 - pond
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Fig. 2. Total number of bacteria in 2% f air in wastewater treatment plant in Stykowadel of measurement:
1 - 3 meters from the aeration chambers, 2 - 5 métem the border of sewage treatment, 3 - 20 raete
from the compost flitch and 12 meters from the th@nachambers. All places (8) were symmetrically
arranged on East and West side of WWTP

The further research included the microbiologicalgsis of the air near to wastewater
treatment plants in Szczecno and Stykow. Studies lheen conducted to determine the
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total number of bacteria. In the sewage treatmbmtpn Szczecno also identified the total

number of mannitol-positiv&aphylococcus spp. The WWTP in Szczecno was analyzed in
four places: area of sewage treatment plant, bélsiod area and pond. The WWTP in

Stykow was analyzed in three places, each from &astWest sides first located 3 meters
from the aeration chambers, second - 5 meters frmrborder of sewage treatment and
third - 20 meters from the compost flitch and 12erefrom the aeration chambers. It was
observed, that the number of bacteria was gendrajlyand varied (Figs. 1 and 2).

The number of bacteria was not dependent on the datsampling. The highest
number of bacteria was detected in the furtheradist from WWTPs, but the differences
wasn't significant. According to standard PN-89-Zt01/02, in case of WWTPs in
Szczecno (Fig. 1) the total number of mesophilictéxda in the air near to sewage
treatment plant and basin was not too high, buh migmber ofStaphylococcus spp. in all
cases classified air as contaminated. The restiltsierobiological analysis of the air in
WWTP in Stykow were similar to the WWTP in Szczedkrm. 2).

It has been shown that the total number of bacisdkated from the air from each
places was acceptable. There was no relationshipeba the number of microorganisms in
the air and the distance from the individual eletaeari the sewage treatment. However, it
was observed the slight increase of the numberacfelia in further distance from the
sewage treatment plant. It is known, the humbebaatteria in the air may depend on the
wind direction, temperature and intensity of operain sewage treatment plants [15, 25].
Our results indicate high number of bacteria evelong distance from WWTPs. The low
temperature of the air also didn’t influence on baeterial transport. The results confirm
that the presence of sewage treatment plants &ect #fe air pollution in the area.

The number of detected bacteria seems to be lowawrparison to studies conducted
in other WWTPs [8, 16, 18, 19, 25]. The similardiés were performed in municipal
sewage treatment plants located in Kujawsko-Ponmargkhe number of microorganisms
isolated from the air was two times higher tharSitzecno and nearly six times higher
than in Stykow. These differences may result frtwa Yarious size of the object and the
amount of sewage wastewater flowing into the treatnplant. In Kujawsko-Pomorskie
voivodship is about 13 000 *hof sewage wastewater. On the contrary, in Szczerb
Stykow is about 300 Pof sewage wastewater [16]. In the sewage treatrplmit in
Kujawsko-Pomorskie also identified a significant aamt of Pseudomonas fluorescens,
which belongs to the bacteria naturally living hetheavily polluted surface waters and
wastewater [2, 16]. In our study, we analyzed dhé/presence of total number of bacteria
and mannitol-positiveStaphylococcus sp. This group of bacteria is epidemiologically
important and it can be a more dangerous sourgathfogenic bacteria for human. It is
worth noting, that wastewater treatment plants adag affect the sanitary condition of the
local rivers. This aspect has not been presentatieinvork. To fully understanding the
influence of sewage treatment plants on the enwieott, there should be carried out the
examination of the waters from local rivers. Th&ealso another aspect of monitoring
bacteria in WWTPs. On the basis of reports in fterdture, along with the spread of
bacteria from sewage treatment the risk of occeeén environment of strains resistance
to antibiotics is higher. To the treatment plantméewage may get microorganisms which
are multidrug-resistant [26, 27]. Tests of air aetvage sludge should be carried out more
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frequently. Carrying out such monitoring allows faonstant control of risks of
environmental pollution by treatment plants.

Conclusions

Analysis of sanitary condition of sewage sludge #mel management of sludge in
wastewater treatment plant shown, that the useewhge sludge as fertilizer is a valid
option. Properly neutralized and examined sludgg become an important element in the
process of land reclamation [21]. Also, based @ndhtained results, there is a risk of air
pollution in the vicinity of sewage treatment pknt
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WPLYW OCZYSZCZALNI SCIEKOW NA OKOLICZNE SRODOWISKO
Katedra Ochrony i Ksztaltowangrodowiska, Uniwersytet Jana Kochanowskiego, Kielce

Abstrakt: Celem pracy byla analiza dzialalwo trzech oczyszczalniciekéw (Busko Zdréj, Riczow

i Kazimierza Wielka) w wojewddztwigwietokrzyskim. Materiaty zrodiowe zostaly udogpnione dzgki
uprzejmdci oczyszczalniciekow. Analizowano sposéb zagospodarowania i stanitarny osadéwciekowych.
Badania mikrobiologiczne osadu dotyczyly podstawoaealizy sanitarnej, zwlaszcza identyfikacji balte
Salmonella spp. i jaj pasiytow jelitowych. Stwierdzonaze stan sanitarny analizowanych osadéigkowych nie
zagraat srodowisku. Mikrobiologiczna czys§é osadéwsciekowych i sktad mineralny byty zlibne do materii
organicznej gleby (humus) i pozwalaty na wykorzggtach jako nawozéw naturalnych, ale nie do upra@élin
przeznaczonych do spyria przez ludzi. Materiat ten byt szeroko stosowamo rekultywacji gruntéw
w Pinczowie. Kolejnym celem pracy byto oktenie czystéci mikrobiologicznej powietrza w polili dwoch
oczyszczalni sciekow (Szczecno i Stykéw w wojewddztwigwictokrzyskim). Okrélano ogdln liczbe
gronkowcéw mannitolo-dodatnich oraz bakterii memgfih i psychrofilnych w czterech mdych odlegtéciach
od oczyszczalni sciekéw. Mannitolo-dodatnie gronkowce naje do wskanikow mikrobiologicznego
zanieczyszczenia powietrza. Liczba bakterii memgdih i psychrofiinych wskazuje na poziom zanieczyenia
matery organicza. We wszystkich punktach pomiarowych zaobserwowamamieczyszczenie powietrza.
Wiadomo, ze patogenne mikroorganizmy mpdatwo przedostawasic z cieczy do powietrza za pompc
bioareozoli. Analiza ta pokazujge wykorzystanie osadoéseiekowych do melioracji jest pomocne do zachowania
i przywrécenia réwnowagi ekologicznej, co jestzmgm aspektem ochrony ekonomiczndyadowiskowej. Jest
réwniez prawdopodobnese oczyszczalniéciekdw mog miec niekorzystny wpltyw na czysté powietrza.

Stowa kluczowe:osadiciekowy, zanieczyszczenseodowiska, zanieczyszczenie powietrza, nawozy



