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ZNECISTEN[VOD | WATER POLLUTION

Znecisténi vod je v soucasnosti stéle vaznym
environmentalnim problémem. Viypousténymi
odpadnimi vodami se do povrchovych vod
vnaseji organické latky, toxiny, patogennf
mikroorganismy a dalsf latky negativné
pusobici na vodni ekosystémy.

Klicovou roli v ochrané vod maji Cistirny
odpadnich  vod.  Béhem  mechanicko-
biologického cisténi je odstranovano témeér
veskeré organické znecisténi a vyznamné se
snizuji koncentrace dusiku a fosforu. Zatizeni
tokd mikrobidlnim znecisténim a chemickymi
latkami  jako napfiklad 1éCivy a jejich
metabolity, produkty osobni péce, pesticidy
a rlznymi prdmyslovymi chemikaliemi zlstava
vysoké, jelikoz nedochdzi k  Zadnym
technologickym opatfenim na jeho
minimalizaci. Pravé znecisténi povrchovych
vod chemickymi latkami predstavuje ohrozeni
vodniho prostfedi s Ucinky, jakymi jsou
bezprostiedni a dlouhodoba toxicita pro vodnf
organizmy, ovlivnéni jejich  reprodukce
a chovéni, akumulace v ekosystému, ubytek
stanovist a biologické rozmanitosti.
V' neposledni Ffadé pfindsi  pfitomnost
chemického znecisténi ve vodach i zdravotnf
rizika pro clovéka. Vzhledem k rostoucim
koncentracim tohoto znecisténi ve vodach je
nezbytné fesit problematiku jeho vnosu na
odtocich z ¢istiren odpadnich vod zafazovanim
vhodnych stupn cistént.

Mikrositova filtrace s UV zafenim a peroxidem vodiku

Ultrafiltrace s koagulaci a adsorpci na aktivnim uhli

Water pollution is still a serious environmental
problem.  Organic  pollution,  nutrients,
pathogenic organisms and other substances
with negative effects on organisms are
discharged  with  treated  wastewater.
Wastewater treatment plants play a key role in
water  protection. Almost all  biological
pollution is removed during mechanical-
biological treatment; nitrogen and phosphorus
concentrations are significantly  reduced.
Pollution loads of pathogens and chemical
pollution such as pharmaceuticals and their
metabolites, personal care products, pesticides
and other industrial compounds remain high
due to a lack of adequate treatment methods.
Chemical pollution represents a significant risk
to water environment such as acute and
chronic  toxicity for aquatic organisms,
influence on their reproduction and behaviour,
accumulation in ecosystems, loss of habitats
and biodiversity, as well as threads to public
health. Regarding the growing concentration
of chemical pollution in waters it is important
to solve the problem at wastewater treatment
plans by implementing adequate treatment
methods.



Cilem projektu LIFE2Water je uplatnéni
a poloprovozni ovéfeni inovativnich techno-
logii pro docisténi komundélnich odpadnich
vod.

DILCi CiLE

W Navrh a konstrukce tif pilotnich jednotek
vyuzivajicf riznych technologif vhodnych
pro docisténi komunalnich odpadnich vod.

B \yvoj a ovéfeni metod k rychlému
a spolehlivému stanoven( koncentraci
chemickych latek ve vzorcich odpadnich
vod.

B Sledovénia vyhodnocovani u¢innosti
odstranéni znecisténi pilotnimi jednotkami
(mikrobidlni znecisténi a znecisténf
vybranymi chemickymi latkami).

B Sledovénia vyhodnocovani provoznich

parametr( (spotfeba elektrické energie a
dalsich vstupu).

W Propagace projektu a jeho vysledkd mezi
laickou a odbornou vefejnosti.

SLEDOVANE ZNECISTENI
Mezi
zakladnich  parametr(

sledované  znecisténi  bylo mimo
(biologickad spotfeba
kysliku, chemicka spotieba kysliku,
nerozpusténé latky, celkovy dusik a celkovy
fosfor)  zahrnuto  mikrobidlni  znecisténi
a znecisténi vybranymi chemickymi latkami.
Z mikrobidlniho znecisténi byla pozornost
zamérena na fekdIni koliformni bakterie,
enterokoky a bakterii Escherichia coli. Mezi
sledované chemické latky byly zahrnuty
pesticidni latky (celkem 26 pesticidnich latek
a jejich metabolitl, mezi nimi atrazin a jeho
metabolity, MCPA, MCPP, MCPB), vybrané
pramyslové latky (bisfenol A, nonylfenol
a oktylfenol a jejich metabolity), vybrana léciva
(celkem sledovano 23 latek, mezi nimi
diclofenac, karbamazepin, naproxen, vybrané
rentgenové kontrastni latky a antibiotika)
a steroidni latky (17a-ethinylestradiol, 17(3-
estradiol a dalsi).

PILOTNI LOKALITA

Pilotni jednotky byly umistény na Cistimu
odpadnich  vod Brno-Modfice a kazda
z jednotek byla po dobu jednoho roku
provozovana. Cistima odpadnich vod v Brné-
Modficich slouzi k ¢isténi odpadnich vod
pfivadénych systémem kanaliza¢nich  stok
z mésta Brna a Sirokého okoli. Jednd se
o klasickou mechanicko-biologickou ¢istirnu
odpadnich vod s anaerobni stabilizaci kalu.



PROJECT LIFE2WATER

Project LIFE2Water aims to improve the quality
of discharged wastewater effluents by
implementation of innovative technologies for
tertiary treatment of municipal wastewater and
their verification on pilot scale.

SPECIFIC OBJECTIVES

B Design and construction of three pilot
plants utilizing various technologies
suitable for tertiary effluent treatment.

B Development and verification of analytical
methods for fast and reliable detection of
chemical compounds concentrations in
wastewater samples.

B Monitoring and evaluation of pollutants
removal efficiency (microbiological
pollution, pollution by selected chemical
compounds) by pilot plants.

B Monitoring and evaluation of operational
parameters (consumption of electric energy
and other inputs).

B Promotion of the project and its results
among lay public and experts.

POLLUTION MONITORED

Except for basic water quality parameters
(biochemical oxygen demand, chemical
oxygen demand, suspended solids, total
nitrogen and total phosphorus) selected
microbiological and chemical pollution was
involved among the monitored parameters.
Microbial parameters are  fecal coliform
bacteria, enterococci and bacteria Escherichia
coli. Selected pesticides (in total 26 pesticides
and their metabolites such as atrazine and its
metabolites, MCPA, MCPP, MCPB), industrial
compounds  (bisphenol A, nonylpfenol and
octylpfenol and their metabolites),
pharmaceuticals (in total 23 compounds such
as diclofenac, carbamazepine, naproxen,
selected X-ray contrast media and antibiotics)
are involved among chemical pollution
parameters.

PILOT LOCALITY

Pilot plants were located at Wastewater
treatment plant Brno-Modfice and each plant
was operated for one year. Wastewater
treatment  plant  Brno-Modfice  treats

wastewater from the city of Brno and broad
surroundings.
treatment
digestion.

It is a mechanical-biological
plant with anaerobic sludge




B Pro feSeni projektu byly navrzeny a zkon-

struovany tfi pilotni jednotky: (1) jednotka
mikrositové filtrace s UV zéfenim a davkovanim
peroxidu vodiku, (2) jednotka sonolyzy ozonu a (3)
pilotni ultrafiltracni  jednotka s adsorpci na
aktivnim  uhli.  Prdtoky zpracované pilotnimi
jednotkami odpovidaly v zavislosti na konkrétnim
provoznim stavu pritokdm na ¢istirné o velikosti
od 400 do 3 000 ekvivalentnich obyvatel.

Byly vyvinuty a ovéfeny rychlé a spolehlivé
metody pro stanoveni celé fady pramyslovych
latek, pesticida a léciv ve vzorcich docisténych
odpadnich vod. Stanoveni probihalo
v modernich pfistrojich vyuzivajicich kapalinovou
chromatografii  ve spojeni s tandemovou
hmotnostni  detekci. Tyto analyzy umoznujf
stanoveni velkého mnozstvi latek pfitomnych ve
vzorcich i ve velmi nizkych koncentracich.

Bylo dosahovéano az upIlného odstranéni
sledovaného mikrobialniho znecisténi.
U¢innosti  odstranéni  sledovanych ~ mikro-
biologickych parametrl se pohybovaly od 64 %
pro pilotni jednotku mikrositové filtrace s UV
zafenim a ddvkovanim peroxidu vodiku do 100 %
pro pilotni jednotku sonolyzy ozonu a pilotni
ultrafiltracni jednotku s adsorpci na aktivnim uhli.
Na pilotni jednotce sonolyzy ozonu a pilotni
ultrafiltracni  jednotce bylo dosahovano
vyznamného odstranéni sledovaného che-
mického  zne¢isténi. Ucinnost  odstranénf
chemického znecisténi na pilotni jednotce
sonolyzy ozonu rostla se zvysujici se davkou
ozonu (pramyslové latky a Iéciva byly s vyjimkou
rentgenovych kontrastnich latek odstrafiovany az
pod mez detekce). U sledovanych pesticid{
a jejich metabolitd bylo dosazeno az na
metabolity atrazinu témér Upiného odstranént.

Ucinnost odstranéni chemického znecisténi byla
na pilotni ultrafiltracni jednotce obdobnd a az na
vyjimky byly sledované latky odstranovény ve
velmi vysoké mife. Opacnd situace nastavd pro
pilotni jednotku mikrositové filtrace s UV zarenim
a davkovanim peroxidu vodiku, kde dosazitelné
Ucinnosti odstranéni jsou pro prdmyslové latky
a pesticidy minimalIni a Ié¢iva jsou odstrafiovana
maximalné z 50 %.

Béhem roc¢niho testovani kazdé z pilotnich
jednotek byla ziskana data nejen o ucinnosti
odstranéni sledovaného znedisténi, ale i cenné
provozni zkusenosti. Byl vyhodnocen provoz
jednotlivych  pilotnich  jednotek z  hlediska
Uc¢innosti na odstranéni znecisténi a z eko-
nomického hlediska. Byly vyhodnoceny provozni a
investicni  nadklady na jednotku wvycisténych
odpadnich vod. Tato data jsou klicovd pro
provozovatele istiren odpadnich vod k volbé
vhodného stupné cisténi komunalnich odpadnich

vod, kdy podrobné znalosti o dosazitelné
Ucinnosti  Cisténi  a  provozni  narocnosti
jednotlivych  technologii  budou  znamenat

vyznamné Uspory nakladl na docisténi vod.
Projekt a jeho vysledky byly Siroce sdileny
a béhem feseni se podafilo akcentovat
problematiku ochrany vod mezi laickou
a odbornou vefejnosti. Pro laickou vefejnost
byly pravidelné po dobu trvani projektu
organizovény exkurze na COV Brno-Modfice. Na
exkurzich  byli navstévnici provedeni celym
technologickym procesem ¢isténi a byla jim
vysvétlena dllezitost ¢isténi odpadnich vod a jeho
vliv na zlepSovani kvality Zivotniho prostredi.
Odborné vefejnosti byly vysledky prezentovany na
seminafich a celé fadé domécich i zahrani¢nich
konferencich. V radmci feseni rovnéz vznikaly
odborné zpravy, clanky do casopisG a dalsi
diseminacni materidly. Tyto jsou k dispozici na
webovych strankdch projektu.



RESULTS ACHIEVED

B Three pilot plants were designed and

constructed: (1) pilot plant of micro-strainer
filtration in combination with UV radiation and
dosing hydrogen peroxide, (2) pilot plant of ozone
sonolysis and (3) pilot ultrafiltration plant with
coagulation and adsorption on active carbon. The
capacity of pilot plants corresponded to
wastewater treatment plants of a capacity of 400
to 3 000 population equivalent.

Analytical methods for fast and reliable
detection of concentrations of a number of
industrial compounds, pesticides and
pharmaceuticals in wastewater samples were
developed. Modern instrumentation consisting
of liquid chromatography with tandem mass
spectrometry was used for detection and
quantification of pollutants concentrations in
wastewater samples. These analyses enable to
determine an array of compounds even in very
low concentrations.

Total removal of microbiological pollution was
achieved. Removal efficiency was 64 % for pilot
plant of micro-strainer filtration in combination
with UV radiation and dosing hydrogen peroxide
to 100 % for pilot plant of ozone sonolysis and
pilot ultrafiltration plant with coagulation and
adsorption on active carbon.

Significant removal of chemical pollution was
achieved by pilot plant of ozone sonolysis and
pilot ultrafiltration plant with coagulation and
adsorption on active carbon. Removal
efficiency increases with increasing ozone dose in
pilot plant of ozone sonolysis (industrial
compounds and pharmaceuticals except for X-ray
contrast media are removed below the limit of
detection). Removal efficiency of pesticides and
their metabolites are similar except for
metabolites of atrazine. Removal efficiency in
pilot ultrafiltration plant with coagulation and

adsorption on active carbon is with exceptions
similar to the previous plant. On contrary, removal
efficiency of industrial compounds and pesticides
is  minimal and removal efficiency of
pharmaceuticals is 50 % in pilot plant of micro-
strainer filtration in combination with UV radiation
and dosing hydrogen peroxide.

Valuable experience with operation of tertiary
treatment stages were gained during
monitoring of each of the pilot plant.
Operation of each of the plant was assessed. The
operating and investment costs per unit of treated
wastewater were evaluated. These data are very
important  for wastewater treatment plant
operators for selection of appropriate treatment
method. Detailed knowledge on achievable
removal efficiencies and costs of treatment can
contribute to significant savings in wastewater
treatment costs.

Project and its results were widely
disseminated and the issue of water
protection was accentuated among lay and
expert public. Excursions at Wastewater
treatment plant Brno-Modfice were regularly
organised for lay public. The visitors were guided
through the whole wastewater treatment process.
The importance of wastewater treatment and
positive effects of treatment on improving the
environment were explained. The results were
disseminated at seminars and conference among
the experts. During the project implementation
reports, articles and other dissemination materials
were published. All materials are available on the
project website.
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