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1 UvVOoD

Problematika nemocni¢nich odpadnich vod se stava stile vice feSenym tématem.
Z mnoha celosvétovych vyzkumu je patrné, ze pravé tyto odpadni vody maji kvili svému
obsahu mnoha nebezpecnych latek a jejich smési, vyrazny ekotoxikologicky potencial a mizou
mit i zna¢ny vliv na lidské zdravi. PfedevS§im v nemocnicich a nejruznéjSich zdravotnickych
zatizenich jsou vyuzivéana 1é¢iva v mnohem vétsim mnozstvi nez v béznych odpadnich vodach
Z domacnosti, méla by jim proto byt vénovana mnohem vyssi pozornost.

Cistirny odpadnich vod zastupuji kliovou roli v udrzovani uspokojivé jakosti
povrchovych vod, ovS§em ackoli mnoho nemocnic pfed vypousténim do méstskych kanalizaci
Cisti vypousténou odpadni vodu, rezidua farmaceutickych prostfedkii nejsou obvykle
dostatecn¢ odstranéna. Bézné Cistirny odpadnich vod fes$i predev§im mikrobiologickou
kontaminaci. ZvySeni ucinnosti v odstraiovani 1é¢iv a chemickych latek lze dosahnout
naptiklad ptipojenim vhodné Cistici technologie (Angeles et al. 2020).

U takto potencidln¢ nebezpeénych odpadnich vod je proto nutné posuzovat rizika pro
zivotni prostiedi. K jejich vyhodnoceni mohou velmi dobie poslouzit zkousky ekotoxicity
(Hamjinda et al. 2015). Posuzovani miry toxicity vypousténych odpadnich vod lze provést
pomoci chemicko-fyzikalni analyzy, anebo na zaklad¢ provedenych ekotoxikologickych testu.
Z hlediska ochrany Zivotniho prostfedi je nejvhodnéjsi kombinace obou pfistupti, jelikoz
vystupy z nékolika studii (Teodorovi¢ et al. 2008, Norberg-King et al. 2018) prokazaly
vyznamnou ekotoxicitu vzorkd, i kdyz nebyly pii chemické analyze prokazany piekrocené
koncentra¢ni limity sledovanych nebezpecnych latek v odpadnich vodach. Kromé hodnoceni
ekotoxicity nemocni¢nich odpadnich vod bylo do této disertaéni prace zafazeno i hodnoceni
genotoxicity, které je pfihodnym doplikovym nastrojem k ovéteni zda odpadni vody obsahuji
latky poskozujici genetické informace v bufice a zplisobujici mutace.

V soucasné dobg, kdy je k dispozici velké mnoZstvi biotestll vyuzivajicich nejrizné;si
zkuSebni organismy, je dilezité vhodné zvolit testovaci baterii, jelikoZ je obecné znamé, ze
kazdy organismus miZe reagovat s jinou mirou citlivosti na danou matrici vzorku. Rovnéz je
patrné, Ze je zapotiebi vyuzit v&tsi soubor vyhovujicich biotesti, protoZe pouze timto zpisobem
je mozné odhalit veSkeré rizikové faktory ptisobici na zivotni prosttedi. V disertacni praci bylo
nahliZeno na tyto doporuceni, a proto byla zvolena rozmanita testovaci baterie pro vyhodnoceni

ekotoxicity a genotoxicity vybranych nemocni¢nich odpadnich vod.



2 CILE PRACE

Cilem ptedkladdané prace bylo rozsifit dostupné informace o aktudlni kvalité odpadnich
vod ze zdravotnickych zafizeni z hlediska toxicity, nebot’ tato zafizeni disponuji nejednotnym
a Casto nedostatecnym systémem ¢isténi odpadnich vod. Je pravdépodobné, ze tato skutecnost
muze mit zdvazny dopad na znecisténi povrchovych vod a toxické uc¢inky pro vodni ekosystémy
i nasledné pro ¢lovéka.

Predmétem vyzkumu bylo vzorky odpadni vody odebrané celkem z 8 zatizeni
lokalizovanych v riiznych oblastech Ceské republiky, a to v riznych ¢asovych periodach
s cilem zachytit variabilitu kvality odpadni vody v zéavislosti na aktudlni intenzité provozu
daného zafizeni v pribéhu tydne a ro¢nim obdobi.

Baterie testli ekotoxicity zahrnovala nejen konven¢ni metodiky, ale nové byla sada
roz§ifena o alternativni toxikologickou metodu bez pouziti obratlovcll na embryich (FET test)
v souladu s progresivni etickou strategii 3R, ktera napliiuje pozadavky aktualnich zavaznych
predpist v toxikologii. Odpadni voda byla zkousena i pomoci genotoxické metody — Ames test.

Predmétem vyzkumu bylo provést porovnani vysledkii konvenénich metod a
alternativni metody na embryich ryb (FET test) s cilem posoudit piipadné vyhody a nevyhody
alternativni metody. Biologické testy poskytuji skuteény dikaz o kvalit¢ odpadnich vod a na
rozdil od chemickych analytickych testl ukazuji komplexni ucinky zneciSténi na Zivotni
prostiedi a lidské zdravi. Nékteré normalizované konvencni biologické zkousky nejsou
dostatecné citlivé na ekotoxikologické hodnoceni odpadnich vod a je zde velka potieba vybirat
pouze vhodné citlivé biologické zkousky, aby bylo moZné spravné charakterizovat zbytkovou
toxicitu upravenych odpadnich vod.

V rdmci noveé testovaci strategie bylo cilem vyhodnotit vypovidavost jednotlivych
metod pro klasifikaci toxicity u odpadnich vod. Pro hodnoceni kvality odpadni vody byla
sestavena aktualizovana baterie testi ekotoxicity v navaznosti na novelizaci normy CSN 75
6406.

Dil¢i kroky jsou feSeny v jednotlivych studiich v rdmci souboru praci nasledovné:

l. Jirova G., Wittlingerova Z., Zimova M., Vlkova A., Wittlerova M., Dvoirakova
M., Jirova D., 2016: Bioindicators of wastewater ecotoxicity. Neuroendocrinology
Letters 37(1): 17-24.

Cil prace: Zpracovat literarni reSersi na 3 hlavni témata:

o Charakteristika nemocni¢nich odpadnich vod



o Vyuziti a citlivost ekotoxickych konvenc¢nich testl pro vzorky odpadnich
vod z nemocnic

o Nahrazeni testu na obratlovcich alternativni metodou

Vikova A., Wittlingerova Z., Zimova M., Jirova G., Kejlova K., Janousek S., Jirova
D., 2016. Genotoxicity of wastewater from health care facilities.
Neuroendocrinology Letters 37(1): 101-108.

Cil préce: Vypracovat piehled dostupné literatury o mutagenité/genotoxicité

odpadnich vod ze zdravotnickych zafizeni.

Jirova G., Vlkova A., Wittlerova M., Dvotédkova M., Kasparova L., Chrz J., Kejlova
K., Wittlingerova Z., Zimova M. Hosikova B., Jiravova J., Kolafova H., 2018:
Toxicity of wastewater from health care facilities assessed by different bioassays.
Neuroendocrinology Letters 39: 101-113.

Cil préace: Stanovit toxicitu vybranych odpadnich vod z nemocnic v Ceské republice

pomoci tradi¢nich a alternativnich toxikologickych metod.

Wittlerova M., Jirova G., Vlkova A., Kejlova K., Maly M., Heinonen T.,
Wittlingerova Z., Zimova M., 2020: Sensitivity of Zebrafish (Danio rerio) Embryos
to Hospital Effluent Compared to Daphnia magna and Allivibrio fischeri.
Physiological Research 69(4): S681-S691.

Cil préce: Hlavnim u¢elem bylo porovnat vhodnost a citlivost testu na embryich ryb
s citlivosti dvou dalSich vodnich organismi béZné pouzivanych pro testovani

odpadnich vod.



3 LITERARNI RESERSE

3.1 Uvod

Zivotni prostfedi je tvofeno soustavou zivych a neZivych piirodnich prvki
(ovzdusi, voda, horniny, puda, organismy, ekosystémy a energie), které spolu funguji jako
komplexni a propojeny systém. Jakékoli naruSeni vede ke globalnim hrozbam, jako je zména
Klimatu, vyCerpani pfirodnich zdroji nebo vSudypfitomné rozSifeni perzistentnich
bioakumulativnich chemikalii v Zivotnim prosttedi. Tyto problémy ohrozuji zdravi ekosystému
na celém svété, a proto chrénit slozky zivotniho prostiedi je nezbytnym krokem pro zajiSténi
udrzitelného rozvoje i pro dalsi generace. DodrZzovani platnych zakond a norem, umozni
vyuzivani Zzivotniho prostfedi tak, aby nedochazelo k jeho poskozeni (Franjic, 2018).
Ptitomnost toxickych latek vede k naruSeni funkcnosti ekosystému a tim ke sniZeni jejich
schopnosti plnit pro ¢loveéka dulezité funkce, nepostradat v krajiné dostatek zdroju pitné vody,
mit k potfebé dostatek biotickych surovin ¢i nenarusit pfirozenou eliminaci Skodlivych latek
rozkladem nebo imobilizaci (Ko¢i, 2006). Zemé ma velkou pfirozenou rekuperaéni silu, a
jakmile je odstranén zdroj zneciSténi, slozky Zivotniho prostfedi maji tendenci vratit se do
puvodniho stavu. Péce o vodni zdroje, at’ jiz jde o vodu povrchovou ¢i podzemni nelze
zanedbavat. Voda je nejrozsifengjsi latka na Zemi, je zékladni sloZkou biosféry, je nezbytna
pro zivot vSech organismi a je hlavnim mediem pro transport zivin, jejich pfijimani a
vyluovani. Co se ty¢e ochrany zivotniho prostiedi, je zna¢né dilezité monitorovat mozné
zdroje zne¢isténi a hodnotit jejich nezadouci ucinky (Raven et al. 2015).

Zakladnim pravnim piedpisem Evropského parlamentu a Rady tykajici se €innosti v
oblasti vodni politiky je smérnice 2000/60/ES z 23. fijna 2000, ktera usiluje o udrzeni a zlepSeni
vodniho prostfedi. Pozaduje od €lenskych statli dosaZeni nebo udrzeni pfinejmenSim dobrého
stavu vod, a to prostiednictvim stanoveni a zavedeni nezbytnych opatfeni v ramci
integrovanych programi opatieni.

Ochranu vodnich zdroji, nakladani s nimi a prava k nim upravuje v Ceské republice
zékon ¢. 254/2001 Sb., o vodich a o zméné nékterych zakonii (vodni zakon). Kazdorocné
predkladad Ministerstvo Zivotniho prostfedi a Ministerstvo zemédé€lstvi vladé zpravu o stavu
vodniho hospodaistvi v Ceské republice. Zprava obsahuje piehled &innosti souvisejicich
s vodni politikou, nové od roku 2019 informuje o monitoringu specifickych latek. Ministerstvo
zivotniho prostiedi vede odbor ochrany vod, ktery se zabyva predevsim:

* ochranou mnozZstvi a jakosti povrchovych a podzemnich vod


https://cs.wikipedia.org/wiki/Atmosf%C3%A9ra
https://cs.wikipedia.org/wiki/Voda
https://cs.wikipedia.org/wiki/Litosf%C3%A9ra
https://cs.wikipedia.org/wiki/P%C5%AFda
https://cs.wikipedia.org/wiki/Organismus
https://cs.wikipedia.org/wiki/Ekosyst%C3%A9m
https://cs.wikipedia.org/wiki/Energie

* ochranou pied povodnémi
* planovanim v oblasti vod na narodni a mezinarodni Grovni
* mezinarodni spolupréci v oblasti ochrany vod
« tvorbou legislativy, norem
V oblasti odpadnich vod je zasadniho vyznamu zakon ¢. 274/2001 Sb. o vodovodech a

kanalizacich pro vetfejnou potiebu, V platném znéni.

3.2 Charakteristika odpadnich vod z nemocnic

Odpadni vodu lze definovat jako vodu zhorSené kvality po uziti lidskou cinnosti.
Dtivodem zhorSené kvality je obsah Siroké Skaly kontaminujicich latek, jejichz mnozstvi a
koncentrace zavisi na jejich zdroji. Znecistujici latky mizou byt kategorizovany jako fyzikalni,
chemické a biologické. Hlavnimi sloZzkami znec€iSténi jsou slozité organické materidly, tézké
kovy a slouceniny bohaté na dusik a fosfor. Z biologického hlediska odpadni vodu znecist'uji
patogenni organismy (bakterie, viry, prvoci a fasy). V mensim mnozstvi jsou v odpadnich
vodach také ptfitomny syntetické organické chemikalie, anorganické chemikalie, mikroplasty,
sedimenty, radioaktivni latky, ropa, tuk a mnoho dalSich znecistujicich latek (Verlicchi et al.
2018).

Odpadni vody mohou byt rizného charakteru, nejbéznéjsi jsou komunalni odpadni
vody, vzniklé kaZzdodenni lidskou ¢innosti, pochazejici z mést a obci. Dalsi béZnou skupinou
jsou odpadni vody primyslové, vznikajici v nejriiznéjSich primyslovych podnicich. Odpadni
vody vypusténé z nemocnice do kanalizace pro vefejnou potiebu podléhaji normé CSN 75 6406

(Nakladani s odpadnimi vodami ze zdravotnickych zatizeni (ZZ) vypousténymi do stokové sité

v v

v

dalSich rizikovych polutantii a biologickych Ciniteld. Z hlediska predpoklddaného vyskytu
biologickych cinitelli v odpadnich vodach byly odpadni vody roziazeny do tii kategorii:
neinfek¢ni, infekéni a vysoce infekéni. Pokud ve zdravotnickym zatfizeni vznikaji infek¢ni
vody, je nutno tyto vody predCistit a dezinfikovat, a to tak, aby bylo dosazeno vyznamné
redukce biologickych &initeltl. Na zakladé posouzeni rizik dle normy CSN ISO 31000 je uréena
technologie pfed¢isténi infekénich odpadnich vod. Nejvhodnéjsi technologie pro
dekontaminaci jsou rizné fyzikalni zptisoby (plsobeni tepla nebo tlaku), ozonizace, dezinfekce

UV zatenim a podobné (CSN 75 6406).



Ve mésté ¢i obci musi byt odpadni voda z domdécnosti, Skol, ufadl apod. svadéna
pomoci systému stok do Cistirny odpadnich vod. Od roku 2001 je na vefejnou kanalizaci
napojeno vice nez 80% obyvatel Ceské republiky. Po procesu ¢&isténi, které probiha
nejobvykleji mechanicko-biologickym procesem je odpadni voda vypusténa do recipientu, coz

je vodni ttvar (feka, rybnik, nadrz a podobné¢). (Hlavinek, 2000).

3.2.1 Kontaminace léCivy

Mezi hlavni zdroje kontaminujici Zzivotni prostiedi 1éCivy, muzeme zatadit
farmaceuticky primysl, zdravotnickd zafizeni, veterinarni ¢innost, chov ryb a likvidaci
nepouzitych 1é¢ivych pripravkt (Boxall et al. 2012). Zdravotnicka zafizeni vétSinu 1é¢iv vypusti
prostfednictvim svych odpadnich vod. Nemocni¢ni odpadni voda je 5-15krat vice toxicka nez
voda pochazejici z domécnosti (Akin, 2016). V poslednich letech velmi vzrostla pozornost
zabyvajici se vyskytem a osudem farmaceutik a jejich metaboliti v odpadnich vodach.
Pfitomnost 1é¢iv ve vodnim prostiedi a ucinky znecisténych sedimentd jiz prokazaly mnohé
studie (Vincze et al. 2015, Minguez et al. 2016, Kot-Wasik et al. 2016). Vzhledem ke
specifickému slozeni nemocni¢nich odpadnich vod se predpoklada, Ze mohou zapfiCinit
snizenou ucinnost ¢isticich procest probihajicich na Cistirnach odpadnich vod (Oliveira et al.
2015).

Klasické mechanicko-biologické ¢isténi odpadnich vod odstrani nékterd 1éc¢iva pouze
Z Casti, spise je preméiuje na jiné metabolity, které nékdy mohou plisobit jesté vice toxicky.
Utinnost odstranéni 1é&iv z odpadnich vod je spojena s vlastnostmi molekuly (Wiest et al.
2018). Velky vyznam pro trvale udrzitelné hospodafeni s vodou a snizeni mnoZstvi
mikropolutantll v nich (IéCiv, chemickych latek, pesticidl, téZkych kovl a dalSich) maji
vyzkumy zaméfené na zdokonalovani Cisticich procest probihajicich na Cistirnach odpadnich
vod. Jako velmi pfinosné technologie se v posledni dob& vyuZzivaji adsorpce (piskovymi filtry
nebo aktivnim uhlim), ozonace ¢i membranové procesy (Margot et al. 2013). Vyzkumy
prokazuji, Ze tyto techniky dokaZou snizit koncentraci fady 1é¢iv, véetné n€kterych antidepresiv
a antibiotik, ve vod¢ o vice nez 95% (Hsu, 2020). Na perzistentni organické latky a latky
naruSujici endokrinni systém jsou ucinné pokrocilé oxidacni procesy. Mikrofiltrace
V odstrafiovani 1éciv pfili§ vhodné nejsou, a to z diivodu pftilisné velikosti porii. Naproti tomu
reverzni osmoza, ktera funguje na principu protékani rozpoustédla membranou, rozpusténé soli
a nizkomolekularni slozky zachycuje. Hromadéni necistot probiha pifed filtrem a pouze
vyCisténd voda prochazi dale. Pritbéh osmoézy je zalozen na aplikaci vnéjSiho tlaku ze strany

roztoku, ktery je koncentrovangjsi, coz zplisobi obraceni pfirozeného jevu osmdézy. Udava se,
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7Ze membréna je schopna primérné odstranit vice nez 95 % vSech rozpusténych latek a pies

99% vsech latek organickych (Kotas, 2016).
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Obrazek 1 Schéma ucinnosti Cisticich procesii (Kotas, 2016)

Napiiklad odstranéni diklofenaku je pomoci reverzni osmézy dosazeno z 95% (Kimura et al.
2007). Reverzni osmoéza se osvédcCila v odstranovani i dalSich 1€ki, predevsim antibiotik,
hormont, oralni antikoncepce, antiepileptik nebo analgetik. Ve studii Snyder et al. (2007) bylo
zjisténo, Ze reverzni osmoza vyznamné zbavuje odpadni vody také latek z vyrobktli osobni péce,
Casto obsahujici chemikalie narusujici endokrinni systém. Problém vSak nastava u kald, kde se
1é¢iva, kterd projdou procesem CciSténi, mohou ve znacném mnoZzstvi koncentrovat. Dalsi
problém pak nastava pti vyuzivani kalti na zeméd¢lské pade.

Mnozstvi urcitych skupin 1€¢iv v odpadni vod€ ze zdravotnickych zafizeni pfimo
souvisi s uzivanim 1éka pacienty tohoto zafizeni. Z posbiranych dat (Verlicchi et al. 2012)
vyplyva, ze nejvyssi koncentrace na ptitocich do Cistiren odpadnich vod byly prokazany u
1é¢iva ze skupiny nesteroidnich antiflogistik, a to ibuprofenu, ktery se pouZziva na tlumeni
bolesti, zanétl a horeCky. Tyto vysledky jsou i ve shodé s analyzami Statniho tUstavu pro
kontrolu 1é¢iv (SUKL), ktery v nejnovéjsich Setfenich udava, Ze ibuprofen je nejvice
distribuované 1é¢ivo na trhu podle kusti baleni (SUKL, 2016). Z vyzkumii je prokazané, ze 30-
90 % tucinné 1écive latky je po poziti vyloucena a vstupuje prostiednictvim odpadni vody do
zivotniho prostredi (Warhurst, 2014).

Francouzsky vyzkum (Wiest et al. 2018), ktery se zajimal o G¢innost odstranéni 1é¢iv
z nemocnic¢ni a mestské vody, potvrzuje, ze tyto oba typy vody kontaminuji 1éCivy Zivotni

prostfedi, ale Ze mezi nemocni¢nimi a méstskymi odpadnimi vodami jsou znacné rozdily.


https://chemtrust.org/author/michael/

Vzorky byly odebirany na pfitoku a odtoku z nemocni¢ni a méstské vody 24 hodin denn¢ (od
8:00 do 8:00). Ackoliv nemocni¢ni Cistirna dosahuje uspokojivé ucinnosti, koncentrace
antibiotik po Cisticim procesu byla u nemocni¢ni vody mnohondsobné vyssi oproti méstské
diklofenak a ibuprofen) a atenol. V zavéru prace bylo konstatovano, Ze ucinnost odstranéni
1é¢iv byla mezi 75 a 100% v nemocni¢ni odpadni vodé a mezi 30 a 100% v méstské odpadni
vodé. Uginnost odstrafiovani paracetamolu, kyseliny salicylové, ibuprofenu, ketoprofenu,
atenololu a antibiotik ciprofloxacinu a vankomycinu bylo vys$si nez 90%. Léciva propranolol,
sulfamethoxazol, diklofenak a karbamazepin byly odstranény v relativné malém mnozstvi.
Tyto slouceniny jsou také Casto odolné vuci biodegradaci ve vodnich a suchozemskych
ekosystémech. Kromé¢ toho existuji obavy, ze antibiotika v prostiedi mohou vyznamné ptispét
ke zvyseni problému rezistence bakterii (Karkman et al. 2018).

Léciva v zivotnim prostiedi také ohrozuji volné Zijici zvifata. Velmi zndmym piipadem
je otrava miliont supd v Asii z divodu poziti masa krav, kterym bylo podano protizanétlivé
1é¢ivo (Cuthbert et al. 2014). Dalsi velmi znamy fakt se poji s vysokym vyskytem hormonalnich
latek ve vodnim prostfedi spojenych s uzivanim antikoncepce a 1écbou menopauzy. Mize tim
dochazet k feminizaci ryb (Carnevali et al. 2018). Jinak tomu neni ani u zvySujiciho se
podavani veterinarnich pfipravka v intenzivnich chovech zvitrat ¢i v akvakulturach. K tniku
farmaceutik do prostiedi dochazi skrz hnij a kejdu, které kontaminuji pfedevsim zeméd¢€lskou
pudu. IWW Water centre v Némecku hledal v prostiedi 1é¢iva a transformacni produkty léciv
a nalezl jich celkem 713. V nejvyssich koncentracich byly nalezeny: diklofenak (proti bolesti a
zanctu), karbamazepin (antiepileptikum), ibuprofen (proti bolesti a zanétu), sulfamethazol
(antibiotikum), naproxen (proti bolesti a zanétu), trimethoprim (antibiotikum), paracetamol
(proti  bolesti), ciprofloxacin (antibiotikum), ofloxacin (antibiotikum), norfloxacin
(antibiotikum), kyselinu acetylsalicylovou (aspirin, 1€k proti bolesti), hormonalné aktivni latky,
estron, 17p-estradiol, 17a-ethinyl estradiol a estriol (IWW, 2014). Néktera z téchto 1é¢iv byla
nalezena v malé koncentraci i v pitné vod¢.

Jiny vyzkum (Aydin et al. 2019) se také zabyval hodnocenim mozného negativniho
dopadu odpadnich nemocni¢nich vod na Zivotni prostfedi. Hodnoceni bylo provedeno pomoci
detailn¢ vybranych zkousek ekotoxicity, podrobného chemického a fyzikalniho méfeni a
zhodnoceni genotoxicity. Studie provedla odbéry odpadnich vod v letnim a zimnim obdobi
celkem z 16 zatizeni. Pro vyzkum byly vybrany 3 univerzitni nemocnice (velké zatizeni, pocet
lizek: 903 - 1 298), 1 détska nemocnice (sttedné velké zatizeni, pocet lizek: 363 lizek) a 14

vieobecnych nemocnic (stiedné velké zafizeni, pocet lazek: 194 — 600). Zadna z nemocnice
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nema svoji vlastni Cistirnu odpadnich vod, odpadni vodu vypousti rovnou do méstské
kanalizace. Vzorky byly ve stejny den odebrany také na ptitoku a odtoku z istirny odpadnich
vod. Zatizeni provadi klasické mechanicko-biologické ¢isténi. Vyzkum byl zaméfen na vyskyt
antibiotik v odpadni vodé, uc¢innost odstranéni antibiotik z odpadnich vod a zhodnoceni
potencialnich rizik pii vypousténi vod do zivotniho prostfedi. Koncentrace antibiotik zjisténé v
odpadnich vodach v zimé& byly vyznamné vyssi nez v 1ét€. Azitromycin, claritromycin a
ciprofloxacin byly nalezené v nejvyssi koncentraci.

Odpadni vody z nemocnic denné uvolnuji znacné mnozstvi 1é¢iv a chemickych latek do
zivotniho prostiedi. Vysledky mnoha studii potvrzuji (Ramirez-Morales et al. 2020, Kosma et
al. 2014, Papageorgiou et al. 2019, Khan et al. 2020), Ze tyto specifické vody obsahuji
mnohonasobné vyssi koncentrace a Sirsi spektrum 1é¢ivych latek nez komunalni odpadni vody
a Ze tuto skutecnost nelze ignorovat. Je prokdzano, ze riziko ptedstavuji nejen 1éciva, ale také
jejich smési a produkty jejich pfemény, které mohou byt dokonce vice toxické. Léciva jsou ve
vodnim prostiedi casto odolna viici biodegradaci. Po spotfebovani 1é¢iv pacientem se vylucuji
do kanalizace ve form¢ matefské slou¢eniny v mnozstvi 30-90% jako aktivni latky (Lyons,
2014). JelikoZ spotieba 1éCiv je znacnd a stle se zvySuje, je piinosné toxicitu odpadnich vod
prubézné sledovat. Nedostate¢ného odstranovani 1é¢iv v prubéhu Cisticich procesii v Cistirnach
odpadnich vod vyvolava zna¢né obavy z jejich negativniho dopadu na vodni ekosystémy a na

zdravi ¢lovéka.

3.2.2 Mikrobiologicka kontaminace

Odpadni vody znemocnic tvofi idealni prostfedi pro patogenni mikroorganismy,
zejména pro bakterie, viry a prvoky. Do odpadni vody se dostavaji ve velkém mnoZzstvi
vyluéovanim skrz nemocné pacienty. Mezi nebezpeéné patogeny patii nejvice bakterie
zpusobujici choleru, tyfus a tuberkuldzu; viry zptsobujici infekéni hepatitidu ¢i aktualni velmi
nakazlivé onemocnéni covid-19; prvoci zpusobujici Uplavici, a nejriznéj$i vajicka
parazitickych cervii (Abdel-Raouf et al. 2012). Jelikoz je aktualn€ velmi feSena problematika
souvisejici s onemocnénim covid-19, fada vyzkumi se zabyva detekci koronaviru
v nemocni¢nich odpadnich vodach. Koronavirus zptsobujici onemocnéni covid-19 zasahl v
letech 2019-2021 vice nez 34 miliont lidi a zptsobil vysokou umrtnost po celém svéte (WHO,
2020a). Na zaklad¢ vyzkumu né€kolika védcta (Wu et al. 2020, Yang et al. 2020, Ling et al.
2020), ktefi potvrdili ptfitomnost RNA koronaviru (nazyvany SARS-CoV-2) ve stolici

infikovanych pacientd, byl virus v nemocni¢ni odpadni vodé skutecné nalezen. Pfitomnost
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SARS-CoV-2 v odpadnich vodach byla potvrzena nékolika studiemi z riiznych zemi svéta
(Mlejnkova et al. 2020, Tai et al. 2020, Green et al. 2020). Mlejnkova dale uvadi, ze
monitorovani vyskytu koronaviru v odpadni vod¢ by mohl poskytnout informace pfi aktualnim
sledovani pfitomnosti viru v populaci.

Odpadni vody z nemocnic jsou rovnéz prokdzanym zdrojem antibiotické rezistence
(odolnost mikroorganismi vici piisobeni antibiotika), a to z divodu vysokého obsahu bakterii
Vv odpadni vod¢ a 1é€bé nemocnych pacientti antibiotickymi pfipravky, které jsou nasledné z téla
vylouceny prostiednictvim exkrementd (Rizzo et al. 2013). Z literatury zabyvajici se Sifenim
antirezistentnich bakterii v rozvojovych zemich vyplyva, ze jelikoz nemaji v mnoha ptipadech
zavedeny systém cCiSténi odpadni vod, bude riziko Sifeni mnohem vys$i nez ve vyspélych
zemich. Antibioticka rezistence je potencialni globalni hrozbou pro lidské zdravi, protoze
infekce zpuisobené bakteriemi rezistentnimi na antibiotika, zejména gramnegativnich bakterii
rezistentnich vac¢i vice 1ékim, jsou spojeny se zvySenou Umrtnosti pacientl, nutnosti
hospitalizace, prodlouzenou délkou 1é¢by a vyssimi naklady na zdravotni péci (Cosgrove,
2006). Pacienti, ktefi jsou infikovani rezistentnim patogenem, maji snizenou ucinnost 1é¢by,
casto jim musi byt poddvana vétsi davka 1€€iv, a je u nich zvySena potieba chirurgickych
zakroku. Z téchto dat plyne zavér, Ze prevence proti Sifeni antimikrobidlné rezistentnich
organismu je zasadniho vyznamu. Riziko pro lidské zdravi souvisejici s kontaminaci patogeny
rezistentnimi na antibiotika mize vzniknout pfi konzumaci zeleniny péstované na polich
zavlazovanych kontaminovanymi vodami. Dal§im pfipadnym zdrojem jsou kaly z Cistiren
odpadnich vod, pokud se vyuzivaji jako hnojivo na zeméd¢lska pole.

Amouei et al. (2015) ve své studii odebral celkem 96 vzorkli odpadni vody ze 4
iranskych nemocnic. Cilem bylo stanovit zakladni chemicko-fyzikalni faktory a celkovy pocet
koliformnich a heterotrofnich bakterii. Primérny celkovy pocet koliformnich a heterotrofnich
bakterii nalezenych v odpadnich vodach byl 54x108 MPN/100 ml (MPN -
nejpravdépodobnéjsi pocet mikroorganismil), respektive 2,6x10%° KTJ/ml (KTJ - kolonii
tvofici jednotka). Z vyzkumu plyne, Ze v nemocnicich, kde jsou hospitalizovani pacienti s
enterickymi chorobami je zvySené riziko vyskytu enterdlnich patogend vcetné bakterii, virt,

prvoki a helmintd, které se navic snadno ptenaseji vodou.

3.2.3 Kontaminace genotoxickymi latkami
Genotoxické latky (mutagenni) se vyskytuji ve vSech slozkach zivotniho prosttedi. Po

vdechnuti, poziti nebo proniknuti kiizi mohou vyvolat nebo zvysit ¢etnost vyskytu genetickych
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posSkozeni. Mezi znamé genotoxické latky patii predevSim: polycyklické aromatické
uhlovodiky, pesticidy, kaly z Cistiren odpadnich vod, dusikatd hnojiva, herbicidy, t¢zké kovy,
insekticidy, fungicidy, mykotoxiny, nékteré druhy 1€kt a mnoho dalsich.

Nemocnice patii k jednomu ze zdroju téchto nebezpecnych latek, proto je i znamy
zvyseny vyskyt genotoxickych latek v nemocni¢nich odpadnich vodach. Ovsem jejikoz se
obvykle vyskytuji v pfili§ nizkych koncentracich, je obtizné kvantifikovat riziko spojené s
témito chemickymi znecist'ujicimi latkami. Pomoci analytickych metod ¢asto nelze vyhodnotit
toxické ucinky smési, proto se genotoxicita hodnoti piedev§im pomoci biologickych testi
bakterialni genotoxicity.

Ve studii (Jolibois et Guerbet, 2006) byla zkoumana genotoxicita nemocni¢nich
odpadnich vod z univerzitni nemocnice majici 2 600 Iuzek. Vzorky byly odebirany po dobu
Sesti tydnd v obdobi od kvétna 2001 do dubna 2003. Genotoxicita byla studovana kombinaci
dvou testd: SOS chromotestu a Amesova fluktuaéniho testu na s kmenech Salmonella
typhimurium (TA 98, TA 100 a TA 102). Z celkem 38 testovanych vzorkt bylo 31 pozitivnich
alesponl v jednom testu (82%).

Dalsi studie (Beltifa et al. 2020) zabyvajici se genotoxicitou nemocnié¢nich odpadnich
vod se zaméftila na detekei tézkych kovi, antibiotik a zmékcovadel v odpadnich vodéch ze tii
nemocnic v Tunisku. Byl pouzit cytotoxicky test provedeny na geneticky modifikované
Salmonella typhimurium TA104 a test detekce fragmentace DNA s pouzitim jater samct mysi
Svycarskych albini. Ziskané vysledky vyhodnotily odpadni vody jako mozné toxikologické
riziko a poukazovaly na jejich cytotoxické a genotoxické vlastnosti. Vysledky ukazaly, Ze
vSechny vzorky odpadnich vod zplsobovaly vyznamna kvalitativni a kvantitativni rizika v
jaterni DNA. OvSem stanoveni pomoci cytotoxického testu neprokazalo Zadnou vyznamnou
genotoxicitu na Salmonella typhimurium TA104. Pro zachyceni genotoxicity je proto vhodné
kombinovat vice druht testi.

Studie prokazaly, ze nemocnice jsou jednim ze zdroji produkujicich genotoxické
slouc¢eniny v odpadnich vodach, tudiz by bylo pitihodné, aby nemocnice kontrolovaly své

odpadni vody a zlepsily Cistici technologie.

3.3 Toxikologie

Toxikologie je multidisciplinarni véda studujici vliv chemickych latek na zivé
organismy. Pfinasi poznatky o otravach xenobiotiky a endogennich fyziologickych zménach

v organismech. Nazev pochazi z feckého to&ikov (toxikon), coz v piekladu znamena jedovatou
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latku, do které byla namacena Spicka Sipt. Jeji koteny lze vysledovat od zacatka vyvoje lidstva,
nebot’ prave preziti nasich predkii zaviselo na rozliSovani mezi jedlymi a jedovatymi rostlinami
a zvitaty (Tompa et Balazs 2018). Toxikologie se opira o poznatky z biologie, patofyziologie,
histologie, genetiky, farmakologie a imunofarmakologie. K objasnéni povahy zkoumanych
latek nejéastéji vyuziva analytickou a fyzikalni chemii. Pomoci analytické chemie se s pesnosti
muize urCit slozeni latek a smési, fyzikalni chemie ur¢i makroskopické vlastnosti latky
na molekulérni tirovni (Burcham, 2014).

V prubéhu Casu vzniklo mnoho odvétvi toxikologie, patii mezi né zejména: popisna
toxikologii (popisuje poskozeni organismu toxickou latkou), predikéni toxikologii (odhad
toxicity ze struktury chemické latky), soudni 1ékafstvi (vyuziva se v Kriminalistice k prokazani
usmrceni otravou), klinickou toxikologii (zabyva se analyzami xenobiotik v biologickém
materialu a 1éébou otrav), primyslovou toxikologii (sleduje latky produkované chemickym
prumyslem, jejich vyskyt v chemickych provozech a jejich nebezpeénost), toxikologii potravin
a aditiv (zahrnuje detekci toxickych latek v potravinach a aditivech, charakterizuje jejich
vlastnosti, studuje jejich osud v téle (absorpce, distribuce, metabolismus a vylucovani) a
zkouma jejich skodlivé G¢inky na zdravi), toxikologii psychotropnich a omamnych latek
(studuje poskozeni organismu pii uzivani psychotropnich a omamnych latek), toxikologii
agrochemikalii (zkouma toxické ucinky pesticidi a hnojiv) ekotoxikologii (pusobeni
Skodlivych latek na ekosystémy) a vodni toxikologii (studium uc¢ink toxickych latek na vodni
organismy). Soucasna moderni toxikologie je védni obor studujici toxické ucinky xenobiotik
na ¢loveka, faunu a floru, 1 na celé ekosystémy. Studuje predevsim jejich povahu, mechanismus

jejich ucinku (prahovy, bezprahovy) a pravdépodobnost jejich vyskytu (Pappas et al. 1999).

3.4 Ekotoxikologie

Ekotoxikologie se jakozto specifické odvétvi toxikologie zabyva studiem Skodlivych
ucinkd latek piirodniho ¢i lidského pivodu na zivé organizmy. Sleduje vliv latek nejen na
jednotlivé formy zivota, ale i na celé populace a ekosystémy (Walker et al. 2007). Obor vznikl
pfedev§im z védeckych disciplin jako je biologie, toxikologie, ekologie, farmakologie,
medicina, biochemie a environmentalni chemie (Valavanidis, 2015). Propojeni téchto
védeckych disciplin vedlo k porozuméni piisobeni toxickych latek na zivé organizmy, populace
¢i rovnovahu ekosystémul. Pozdéji se ztéchto véd stal samostatny interdisciplindrni obor

ekotoxikologie. Zkousky toxického pusobeni na zivé organismy byly provadény v riznych

vvvvvv
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ucinky na rostlinné a zivocisné jedince, nybrz na ¢lovéka. AZ na konci 19. stoleti se rozvinula
snaha ziskat informace o dopadech lidské Cinnosti také na zivotni prostiedi. Penny a Adams
Vv roce 1863 poprvé provedli prvni akvaticky akutni test s primyslovou odpadni vodou. V roce
1945 bylo americkou spole¢nosti ,,The American Society for Testing and Materials* piijata
prvni standardni metoda publikovana Hartem (Hart et al. 1945). Metoda se zaméfovala na
bézny vyskyt populaci a spolecenstvech v daném vodnim ekosystému. Jejich neptitomnost
naznacovala zhorSenou vhodnost podminek v daném prostredi. Metoda prokazala spolehlivy a
citlivy ukazatel kvality vody a mohla dopliovat jiz existujici chemické a fyzikalni méfeni
(Hoffman et al. 2003). Vodni toxikologie se vyvinula ze dvou védnich disciplin, a to biologie
znecisténi vody a limnologie. Prvni vyzkumy se zamérovaly na pozorovani a identifikaci rostlin
a zivoc¢icht zijicich v riiznych vodnich zdrojich. Cilem dalSich vyzkumt bylo objasnit, jak ziva
slozka snizuje organické znecisténi vod. V roce 1877 byla Schoesingem a Muntz Stephenem
objevena role bakterii v nitrifikaénim procesu. V roce 1924 byla vydédna studie Kathleen
Carpenter o toxicité tézkych kovu (olovo a zinek) na ryby (Hoffman et al. 2003). Po této
publikaci se testy toxicity tézkych kovii na vodnich organismech velmi rozmohly. V 80. letech
zacala organizace OECD prosazovat testovani chemickych latek pomoci ekotoxickych testi.
Ziskand data se s vyhodou vyuZzivala ke stanoveni bezpecnosti predev§im u chemickych
ptipravkd, pesticidii a primyslovych chemikalii (OECD, 2019). Ve 20. stoleti doslo k rychlému
rozvoji analytickych metod, coz velmi pomohlo pracovnikiim pfi hlubSim zjistovani pficin
otrav. Na zaklad¢ zjisténych informaci mohly byt stanoveny toxické metabolické ucinky na
rizné organy a hodnoty toxickych davek (Pappas et al. 1999).

Podstatou ekotoxikologickych testii je kontakt zkousené latky nebo jejiho vodného
vyluhu s organismem a vyhodnoceni toxického plsobeni této latky na dany organismus, na jeho
preziti, rast, reprodukci a chovani. Zkousky na Zivych organismech mohou prokazat, zda jsou
zkousSené latky biologicky dostupné a maji tak moznost poSkozovat biologické systémy zivych
struktur. ZkouSenou latku je mozné testovat v mnoha koncentracich a tim prokazat, kdy latka
na organismus je$té neti¢inkuje a naopak kdy jiz organismus poskozuje (Walker et al. 2007).
Dals8i moZnosti Vv testovani je délka expozice. Ta piindsi vysledek, zda latka navozuje akutni
ucinky po jednordzové davce ¢i chronické toxické ucinky po opakovanych davkach, které jsou
Casto podprahové. Kratkodobé expozice organismu zkouSené latce, pfi snaze zjistit jeji ucinek
zpusobujici Skodlivé ucinky obvykle neptfesahuje 15 dni. K akutnimu ucinku latky dochézi
velmi Casto v kratké dobé po expozici, lze ho tak relativné dobife rozpoznat a snadno
kvantifikovat z hlediska ucinkti na zdravi. K zaznamenani akutniho ucinku je obvykle nutna

vysoka koncentrace zkouSené latky. V zivotnim prostfedi jsou vSak vysoké koncentrace
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jednotlivych chemikalii ¢i smési velmi nepravdépodobné, mnohdy koncentrace toxické latky
nepiekracuji ng/l. Vysoké koncentrace toxikanti se obvykle vyskytuji pouze v ptipadé havarii.
Chronické Gc¢inky Ize urcovat po dlouhodobéjsi expozici, ktera je zpravidla delsi nez 3 mésice.
Aby neklesla koncentrace zkouSené latky, musi se podavat opakované (Koci, 2006).
Chronickymi testy se u zkousenych latek vyhodnocuji karcinogenni, mutagenni, teratogenni ¢i
kumulaéni vlastnosti. Skodlivé efekty jsou pozorovany a zaznamenany az na potomcich nebo
dalsich vyvojovych stadiich. Dalsi moznosti je sledovat, zda dochazi ke sniZeni porodnosti, ke

snizenému rastu, ke zménam chovani nebo k pfenosu genetickych vad.

3.5 Obecny postup pri hodnoceni ekotoxicity

Doporuceny postup pii ekotoxikologickém testovdni popisuje Metodicky pokyn

Ministerstva zivotniho prostiedi 11/2007 v uvedeném schématu, viz obrazek ¢. 2.

Uvodni test

NE Ové&Fovaci test

ANO

Zakladni test

A

Vypodet hadnot
LC (IC, EC) 50

C Vyhodnoceni ekotoxicity )

Obradzek 2 Doporuceny postup pri testovani

Testovaci strategie se zahajuje uvodnim testem, ktery se provadi s nefedénym vyluhem
vzorku pouze V jedné paralele a ma slouzit pro odhad ekotoxicity. Pokud je toxicky ucinek
mensi nez 50 %, provede se nasledné ovéiovaci test, ktery slouzi k ovéfeni negativniho ucinku.
Ov¢éteni se provede nejméné s tiemi paralely. V ptipadé€, kdy vyjde Givodni test toxicky vic nez

50%, provede se test predbézny. Tento test slouzi k uréeni rozmezi koncentraci, kde se pfiblizné
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bude pohybovat hodnota EC50 (IC50, LC50). Casto je provadéna Siroka koncentraéni fada, (od
Img/l do 100mg/l), kazda pouze sjednou zkusebni nadobou. Piedbézny test poskytuje
informace o nejvyssi koncentraci, ktera jesté nezptisobuje tthyn organismd, a zaroven 0 nejnizsi
koncentraci, ktera jiz zplsobuje inhibici, imobilitu ¢i letalitu organisma. Na zakladé
vysledkti predbézného testu se voli uzsi koncentracni fada pro test zakladni, coz je konecny
test pro vyhodnoceni hodnoty EC50 (IC50, LC50). Je tieba zvolit koncentrace tak, aby okolo
hodnoty EC50 doslo k a¢inku u 5 - 95 % organismti. U zakladniho testu se pro kazdou
koncentraci nasazuji 2 -3 paralely pro dosazeni presnéjSich vysledku.

Vzhledem k rostoucimu vyuzivani laboratornich zvirat ve védé a vyzkumu se v roce
1959 Russell a Burch zaméfili na vypracovani pokynu, které by zajistily dobré Zivotni
podminky zvifat a etické aspekty spojené s jejich vystavenim bolesti a stresu. Touha podpofit
vyzkumnou komunitu a zaroven zajistit spole¢né¢ dodrZzovani pokynl ke snizeni poctu
pouzitych pokusnych zvifat a ke zmirnéni bolesti a utrpeni pti experimentech se stala koncepci
tzv.3R : Replacement, Reduction and Refinement. Hlavnim cilem bylo vytvofit strategii, ktera
by zlepsila zachazeni s laboratornimi zvitaty a soucasn¢ i zvysila vypovidavost studii, které
pouzivaji zivé obratlovce. Zasady 3R byly zapracovany do legislativy v celé¢ fad€é zemi,
ptedevsim v zemich EU.

“3 R” podle zacate¢nich pismen anglickych slov znamenaji:

REPLACEMENT (ndhrada) — Nahradit vSude, kde je to mozZné, experimenty
vyuzivajici Zivé obratlovce jinymi experimenty, které nepouzivaji Zivé obratlovce, napt. pokusy
in vitro vyuzivajici bunécné, tkanové ¢i organové kultury nebo rekonstruované modely tkani,
pouziti bezobratlych organismi (bakterie, fasy, korySe, embrya ryb).

REDUCTION (snizeni, redukce) — Provést experiment s co nejniz§im poctem zvitat.

REFINEMENT (zjemnéni) — Je nutné jakékoli sniZeni az uplné vylouc€eni bolestivych
a stresujicich situaci. Prioritou je zlep$it Zivotni podminky pokusnych zvitat, naptiklad pomoci
ulevy od bolesti nebo zlepseni chovnych systému zajistujici zviratiim jejich ptfirozené potieby

(Smérnice Evropského parlamentu a Rady 2010/63/EU).

3.6 Vybrané priklady ekotoxikologickych testi

Nize vybrané testy toxicity poskytuji idaje o rustu, reprodukci a pieziti organismi s
cilem posoudit ekologicka rizika a zneCisténi zivotniho prostedi prostfednictvim zkousenych
latek. Biologické testy jsou obecné provadény s vyuzitim prokaryotickych (bakteridlnich) 1

eukaryotickych bun¢k. Cilem ekotoxikologického zkouSeni je interpretovat toxicitu latek na
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ekosystémové urovni, proto by meéla testovaci sada obsahovat organismy vsech trofickych
urovni; producenty, konzumenty i destruenty. Hodnoceni toxicity by tak mélo vychazet
z testovani na nékolika druzich organismu. Postup, ktery vyuziva pouze jedinou baterii testl
pro vSechny latky a smési neni povazovan za piijatelny (Devillers et al. 2009). Spravné by m¢la
byt navrzena fada testi ekotoxicity vzdy se zaméfenim na charakter testovaného vzorku.
Organismy se zna¢n¢ lisi v Citlivosti na rizné chemické latky, vysledky mohou byt proto znacné
bez nutnosti velkého poctu paralel. Prvotni vysledky upozorni na citlivé organismy, s kterymi
je vhodné provadét dalsi testy sméfujici az k vysledku ECsg. Na druhou stranu je tieba myslet i
na ekonomickou stranku véci a pravidla 3R, které predepisuji, Ze v testovaci baterii by mél byt
zahrnut omezeny pocet Zivych organismt a mél by byt provadén jen nezbytny, omezeny pocet
testi. Ptikladem miiZze byt zkuSebni baterie pro testovani toxicity odpadni odpadnich vod,
kterou sestavili Hagendor a Diehl v roce 1999 (Hagendor et al. 1999). Zahrnuje test na dafniich,
luminiscenc¢ni bakterii, fase a rybim embryu. Metodu na rybim embryu vyuzili jako alternativu

k akutni toxicité pro ryby.

3.6.1 Testy na bakteriich

Zkouska na bakteriich Aliivibrio fischeri je popsana normou CSN EN ISO 11348-1,2,3.
Test vyhodnocuje inhibici emise svétla luminiscenéni motské bakterie po expozici Smin, 15
min nebo 30 min. Koncovym vysledkem je zjisténi koncentrace zkousené latky, ktera zptsobuje
20% a 50% inhibici luminiscence. Citlivost bakterii je monitorovana pomoci pozitivni kontroly
s roztokem ZnS04.7H20. V této praci byly pouzity susené bakterie, které se pted testem ozivi
pfidanim reaktivacniho roztoku. Slanost vzorku se koriguje pfidanim NaCl. Suspenze
ziedénych vzorkll a bakterii se pfi testu udrzuji pi1 15°C £+ 1°C. Jako negativni kontrola byl
pouzit roztok 2% NaCl.

Celed Vibrionaceae jsou pohyblivé gramnegativni tylinky, patiici mezi
nesporulujici bakterie. Zivi se heterotrofné a pohyb jim zajistuje jediny polarni bi¢ik. Provadéni
testll na téchto bakteriich, predev§im ptirodni bioluminiscenéni bakterie, jako jsou Aliivibrio
fischeri (také nazyvan Vibrio fischeri), Vibrio harvey, Pseudomonas fluorescens a
Pseudomonas leiognathi lze vyuzit pro ekotoxikologicky screening a pro hodnoceni
potencialn¢ skodlivych latek (Girotti et al. 2008). Jejich vyskyt v zivotnim prostiedi je
piredevSsim v moiském ekosystému, kde ziji jako volné zijici, symbiotické nebo parazitické

organismy, je v8ak mozné je najit i ve sladké vodé (Kaeding et al. 2007). Vibria mohou byt i
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lidskymi patogeny, patii mezi né napiiklad Vibrio cholerae, Vibrio parahaemolyticus a Vibrio
vulnificus. Nejvice znama symbioza bakterie Aliivibrio fischeri je mezi chobotnicemi
Euprymna scolopes, kde ziji v jejich svétélkujicim organu. Svétlo produkované bakteriemi je
chobotnici vyuzivano jako protipredatorska kamuflaz (McFall-Ngai et al. 2014).

Testovani na bakteriich ma oproti mnohobunéénym organismim mnoho vyhod. Pt
zkouskach na vyssich organismech jsou nevyhodou vyrazné vzriistajici finan¢ni ndklady. Dale
pak testovaci ¢as, ktery je delsi o n€ékolik dni, kviili jejich prodlouzené dobé reprodukce. Navic

u bakterii nemusi byt zvazovany etické otazky, které vznikaji pifi testovani na vysSich

organismech.

Obrazek 3 Ukadzka probihajiciho testu s bakteriemi

3.6.2 Testy na irasach

K testovani negativniho t€inku latek na fasy je béZn¢ vyuZivana zkouska inhibice riistu
fas s vyuzitim fasy Desmodesmus subspicatus (diive znamé jako Scenedesmus subspicatus) ¢i
Pseudokirchneriella subcapitata dle CSN EN ISO 8692. Zelena fasa rodu Desmodesmus se
vyznacuje plochymi, rovnymi nebo mirné¢ zaktivenymi koloniemi. Kolonie bunék
jednobunééné fasy (cenobium) jsou nejcastéji dvou az Ctyibunééné. Bunky v cenobiu jsou
vejcitého az elipsoidného tvaru, 5-12 X 2,4—7 pum velké, s Siroce zaoblenymi vrcholy. Lehce
ohnuté ostny, s délkou sahajici do dvou tfetin celkové délky buiiky, jsou na konci okrajovych
bunék. Na zbyvajicich vrcholech se mohou vyskytovat rovné ostny vedlejsi. Desmodesmus
subspicatus je soucasti planktonu a metafytonu (Metafyton — organismy rostouci u dna ve
fotické zon¢€ bez spojeni se substratem), ktery se vyskytuje v zarostlych mensich rybnicich a
nadrzich (Kastovsky et al. 2018). Rasy jsou zastupci primarnich producentii ve vodnich

ekosystémech a maji tak v ekotoxikologickém testovani vyznamnou roli. Mnoha studiemi
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(Liguoro et al. 2012, Vasconcelos et al. 2017) je prokazana jejich vysoka citlivost a vhodné
pouziti pro nejriznéj$im toxikanty, naptiklad antibiotika nebo tézké kovy, které se pravé bézné
vyskytuji v nemocni¢ni odpadni vodé. Principem akutniho testu toxicity je inhibice déleni
jednobunécnych zelenych fas. Populace tas rostouci v prostiedi s obsahem zkouSeného vzorku
je porovnavana s populaci rostouci v kontrolnim médiu po inkubaci 72 hodin v termostatu pii
23+£2°C a intenzité osvétleni 6 000-10 000 IX. Poté je vyhodnocena hustota fas pomoci
mikroskopu a pocitaci komtlrky. Jako pozitivni kontrola pro monitorovani citlivosti fasové

kultury je pouzit roztok K>Cr,07.

Obrazek 4 Ukdzka nariistu zelené rasy v koncentracni radé odpadni vody

3.6.3 Test se semeny hor¢ice bilé

Sledovani toxického ¢i netoxického ucinku na semenech hoicice bilé se doporucuje
provadét pomoci testu inhibice ristu kofene na zakladé testovaciho postupu uvedeného v
priloze ¢. 1 Metodického pokynu odboru odpadt ke stanoveni ekotoxicity odpadd (2007).
Principem metody je stanoveni u¢inku latek obsazenych ve vodném vyluhu na kli¢ivost a rtst
kofene v pocatecnim vyvoji rostliny. Test probiha v termostatu 72 hodin, po jeho uplynuti se
zm¢éti délka vSech kofenti pomoci pravitka a vypoéita se prumér. Pro vyhodnoceni vysledku se
pramér délky kofene stanoveny ve zkouSeném vzorku porovnava s aritmetickym primérem
délky kotene kontrolniho vzorku a vypocita se procento inhibice nebo stimulace. Pro test je
potieba minimalni kli¢ivost semen 90%. Semena maji okrové zlutou barvu, do testu se smi

vyuzit pouze semena zdrava a stfedné velkda. K ovéfeni citlivosti semen Se pouziva roztok

K2Cr207.
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3.6.4 Test na cibuli kuchynské

Zkouska se provadi na cibulkach (Allium cepa L.) o velikosti 16-18 mm. Cibule musi
byt bez jakéhokoli chemického osetieni. Citlivost testovanych cibuli se stanovuje pomoci 1%
MMS (methylmethansulfonat), ktery slouzi jako pozitivni kontrola. Cibule jsou vystaveny po
dobu 72 hodin nezfedénym vzorkiim. Pitnd voda z vodovodu slouZi jako negativni kontrola.
Test probihd obvykle v Sesti replikatech. Zkusebni teplota musi byt udrzovéana na 22°C + 2°C
s ochranou proti pfimému slune¢nimu zareni. Na konci experimentu se provadi méfeni délek
kotent s pfesnosti na 1 mm a je vypocitana inhibice prodlouzeni kofene vzhledem k negativni

kontrole.

Odpadni voda Kontrolni médium

Obrazek 5 Ukazka testu na cibuli kuchyrnské

3.6.5 Testy na perloockach

Testy na perloo&kach (Daphnia magna) jsou provadény dle metody uréené normou CSN
EN ISO 6341. Zkouska inhibice pohyblivosti na vodnich korySich Daphnia magna Straus
urcuje koncentrace latek a smési, které za 24h nebo 48h imobilizuji 50% jedinct, vystavenych
podminkam metody. Testy probihaji pti denni periodé 16:8 (svétlo:tma), bez krmeni. Teplota
béhem testu je udrzovana na 20°C + 2°C. Pro platnost testu musi byt zajisténa koncentrace
kysliku > 2 mg.L. Procento imobilizace v kontrolni skuping musi byt <10%. Inhibi¢ni
koncentrace se oznacuje 24h ECso nebo 48h ECsp dle expozi¢ni délky. Na konci testu se
spocitaji pohyblivi jedinci a vypocte se procento imobilizace. Citlivost korysu je kontrolovana
pravidelnymi testy s KoCr207.

PerlooCky pro tento typ testu predstavuji jednoduse laboratorné kultivovatelny

organismus s kratkou genera¢ni periodou. Vyhodou je i vhodna velikost a snadna manipulace.
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Test Ize tak snadno vyuzit pro akutni i chronické testy. Do testu musi byt pouzivany pouze
jedinci mladsi nez 24 h, ktefi jsou ziskavani acyklickou parthenogenezi za definovanych
podminek chovu.

Rod Daphnia patii systematicky do ¢eledi hrotnatkoviti (Daphniidae), fadu perloocky
(Cladocera), do tridy korysi (Crustacea) a kmene ¢lenovci (Arthropoda). Daphnia magna je
maly planktonicky korys (dospély o délce 1,5-5,0 mm), ktery tvoii velmi dilezitou soucast
potravniho fetézce ve vodnim ekosystému. Jsou diilezitou potravou pro predatory, napiiklad
pro ryby. Vétsina perloocek je schopna dvojiho typu rozmnozovani — partenogenetického a
sexualniho. V dobrych zivotnich podminkach vyuzivaji pfedevSim partenogenezi, kdy jsou
vznikla mlad’ata pouze samice podobna dospélciim a geneticky jsou shodna s matkou. Dojde-
li ke zhorSeni Zivotnich podminek, zaénou se rozmnozovat pohlavné a mohou produkovat i
samce. Partenogenetické rozmnozovéni, kdy dozrava az 60 diploidnich vajicek ptiblizn€ jednou

za dva dny, zavisi hlavné na teploté prostiedi. Daphnie se zivi pfedevsim fytoplanktonem a

detritem. V laboratornim chovu se Daphnie krmi smési zivych a suSenych zelenych ftas
(Smirnov, 1978).

Obrazek 6 Zikladni test s organismem Daphnia magna

3.6.6 Testy na rybach

Stanoveni akutni letalni toxicity latek pro sladkovodni ryby se provadi dle normy CSN
EN 1SO 7346-1,2,3. Doporucené druhy k ekotoxikologickému testovani jsou Poecilia
reticulata nebo Danio rerio Hamilton-Buchanan. Principem metody je sledovani chovani a
prezivani ryb v odstupiiovanych koncentracich testované latky po dobu 96h, ktera zptisobi 50%

mortalitu zkusebniho organismu za podminek danych metodou. Pro testy jsou pouzivdna ob¢

20



pohlavi. Ryby se 48 hod pied testem piestanou krmit a béhem testu jsou bez krmeni. Zakladni
podminkou je dobré zdravotni kondice a neptitomnost viditelnych malformaci u ryb zafazenych
do testu. Lze pouzit metodu statickou (zkouseny roztok se neobnovuje), obnovovaci —
semistatickou (zkouseny roztok se obnovuje po 24h nebo 48h) ¢i priato¢nou (zkouSeny roztok
se nepretrzité obnovuje).

Zivorodka duhova (Poecilia reticulata) je sladkovodni az
brakicka paprskoploutva ryba z ¢eledi zivorodkovitych (Poeciliidae) zivici se masitou i
rostlinnou slozkou. Samice dosahuji velikosti okolo 6 cm, samci jsou mensi, doristaji do
velikosti okolo 4 cm. Danio pruhované je vyhradné sladkovodni ryba pattici do celedi
kaprovitych. T¢€lo je podlouhlé, §tihlé, s maximalni délkou do 5ti cm. Na bocich je viditelné 7—
9 podélnych pruhti stfidajicich kovové modré a zlatozluté pruhy. Existuje pohlavni
dimorfismus, lze tak snadno rozlisit samce od samic. Samecek je delsi, Stihlejsi, zluté pruhy se
kovové lesknou. Samicka ma zaoblenéjsi biiSko, barva téla je svétlejsi, pruhy jsou méné
vyrazné. Ryby jsou obratlovci, tudiZ jako pokusna zvifata podléhaji zakonu na ochranu zvifat
proti tyrani (Zakon ¢. 246/1992 Sb.). Testovani mohou provadét jediné odborné zptisobilé
osoby. Z tohoto diivodu se doporucuje vyuzit namisto akutniho testu na rybich dospélcich test
na rybich jikrach (Schmitz, 1999).

Obrazek 7 Danio rerio a Poecilia reticulata

3.6.7 Fish embryo test

Fish embryo test (neboli FET test) byl ptijat OECD (Organisation for Economic
Cooperation and Development) v r. 2013 jako alternativa konven¢niho testu akutni toxicity na
rybach. Experimenty na rybich embryich jsou povaZovany za alternativu k pokusiim na
zvifatech, jelikoz dospé€lé ryby jako testovaci organismy jsou nahrazeny embryi ryby Danio
rerio (Danio pruhované) v ¢asné fazi vyvoje. Nervovy systém v Casné fazi embryonalniho
vyvoje neni dostatecné vyvinuty a tak embrya neciti bolest. Smérnice Evropského parlamentu
a Rady 2010/63/EU ze dne 22. zaii 2010, o ochrané zvitat pouzivanych pro védecké ucely

nespecifikuje embrya jako pokusnd zvitata, tudiZ se na né nevztahuje.
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Jelikoz védecka komunita usiluje o vyuzivani alternativnich testli, vzniklo mnoho
vyzkumu tykajici se srovnavani metody FET s klasickym testem akutni toxicity na rybach.
Zaveér vyzkumu (Lammer et al. 2009) poukazuje na fakt, Ze test na rybich embryich je korelujici
s klasickou alternativni metodou na rybich dospélcich a je vhodna k testovani ekotoxicity
ruznorodych latek a smési. Prokazali to srovnanim metod na 77 chemikaliich. Z vysledka
vyplynulo, ze test na rybich embryich je rozumnou alternativou, kterd bude vyuzivéna v
budoucnosti ve vétsim rozsahu. Ke stejnému zavéru dosel 1 vyzkum Embry a kol., z roku 2009,
kde konstatuje, Ze je metoda vhodna pro zkoumani neptiznivych G¢inkt riznorodych polutanti
(odpadni vody, vyluhy z odpadi, chemické latky) na vodni biotu i vhodny néstroj pro
hodnoceni embryotoxickych potencialti ve vod¢ a sedimentech. Test 1ze také tispésSné aplikovat
I na latky vykazujici rizné rezimy G¢inkt, rizné se rozpoustéjici, latky t€kavé i hydrofilni
(Belanger et al. 2013).

Principem testu OECD TG 236 je vystaveni oplodnénych rybich jiker zkousené latce a
vyhodnoceni jeji toxicity na zaklade€ indikatort letality.

Mezi zakladni letalni indikatory patfi:
1) Koagulace jikry
2) Neptitomnost tvorby somiti (parové oblasti mezodermu, které se vytvaii v ranych fazich
vyvoje strunatcti a lezi na obou bocich podél struny hibetni, ze které vznika Skara, kosterni
svaly a obratle)
3) Neodd¢leni ocasu od Zloutkového vacku
4) Neptitomnost srde¢niho tepu
Mezi subletalni (nepostacujici k usmrceni) indikatory patfi:
1) Opozdény srde¢ni rytmus
2) Neptitomnost krevniho obéhu
3) Piitomnost edému
4) Zakftiveni patefe
5) Porucha pigmentace
(OECD TG 236).

Na obrazcich niZe jsou vidét subletdlni abnormality po expozici 96 hpf (hodin po
oplozeni) vzorkiim nemocni¢ni odpadni vody. Obrazek ¢. 1 znazorfiuje normalni vyvoj embrya
v kontrolnim médiu. Na obrdzku €. 2, 3 a 4 1ze pozorovat zakiiveni patete. Perikardialni edém
a edém Zloutkového vacku se vytvofil u embrya na obrazku €. 2. Na obrazku €. 4 je znazornény

ptiklad poruchy pigmentace.
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Obrazek 8 Prehled subletalnich abnormalit, PE = perikardialni edém, YSE = edém zloutkového vaku, SC =
zakviveni patere, PF = porucha pigmentace.

Ryby jsou nejéastéji chované v chovnych systémech napi: chovny systém ZebTEC od
firmy Tecniplast. Systém nepfetrzité upravuje a monitoruje dalezité parametry vody (pH,
konduktivitu a teplotu). Jikry jsou ziskavany od ryb Danio rerio ve v€ku od 6 do 18 mésic.
Pro ziskani oplodnénych jiker se ryby rozdéli podle pohlavi vecer pied testem do 2 litrovych
vytiracich akvarek. Nadrze maji naklonénou rovinu simulujici rybam bieh, u kterého se
Vv piirodé¢ piirozen¢ vytiraji. Ve vytiracim akvariu je pfipraven Cerstvy roztok destilované vody
obohaceny Zivinami. Samice a samci jsou ve vytiracim akvariu oddéleni plastovym sklem. Po
dvanacti hodinach se v akvarijni mistnosti rozsviti svétlo, z vytiraciho akvaria se vyjme délici
sklo a samci a samice se zacnou vytirat. Oplozené 1 neoplozené jikry padaji skrz dérovanou
podlozku na dno akvaria. Jikry se po vyjmuti promyji obohacenou destilovanou vodou (pH 6,5
— 7,5, tvrdost vody 70 — 100mg/l CaCO3) a ptenesou do zkouSeného vzorku. Embrya by mé¢la
byt ponotena do vzorku nejpozdéji v 16-ti bunééné fazi. Pod mikroskopem se vytiidi oplodnéné
jikry a pipetou piendaji do 24-jamkovych mikrodesticek. Test musi byt zahdjen nejpozdéji do
90 minut po oplozeni. Mikrodesticky jsou po celou dobu zkousky pii 26+1°C a pfi svételné
periodé 16:8 (svétlo:tma). Citlivost embryi je kontrolovana pomoci 3,4-dichloranilinu (4mg/l),
ktery slouzi jako pozitivni kontrola v kazdém testu. Test je povaZovan za platny, pokud se
koncentrace kysliku béhem testu udrzovala nad 80% a umrtnost negativni kontroly neptesahly
10%. Po 48 hodinach po oplozeni jsou hodnocena 4 zakladni kritéria a vyhodnocena mortalita
a LCso v procentech. Dalsi hodnoceni je provedeno po 96 hodinach po oplozeni, vyhodnocuje

se mortalita, subletalni indikatory a LCso.
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Obrazek 9 Schéma postupu u zkousky FET

3.7 Genotoxikologické metody

Uctelem testovani genotoxicity je zjistit, zda testovana latka ovliviiuje geneticky material
nebo miize zpisobovat rakovinu. Tyto testy lze provadét jak u prokaryotickych, tak u
eukaryotickych buiiek. Jejich vyhodnocovani a monitorovani je dilezité predev§im z divodu
jejich dlouhé doby latence ¢i neptiznivému disledku ptisobeni az na dalsi generace.

Jelikoz testovani genotoxickych Gc€inkl na zvifatech pomoci epidemiologickych studii
jsou velmi zdlouhavé, nakladné a eticky naro¢nd, jsou mnohem castéji vyuzivany kratkodobé
testy, u kterych je potencidl rychlého odhaleni existence genotoxického pusobeni. Pro
hodnoceni genotoxicity bylo vyvinuto mnoho in vitro a in vivo testd, které s fadou koncovych
bodl detekuji poSkozeni DNA nebo jeji biologické duasledky u prokaryotickych nebo
eukaryotickych organismi. Mezi nej€astéji pouzivané metody pro detekci genotoxicity patii
bakterialni Amesiv test, kometovy test a zkouska na chromozomové aberace u savci in vitro
(Kaur et al. 2018).

Test ,,Comet assay* neboli kometovy test, poprvé publikovany v roce 1984 Ostlingem
a Johansonem, patii mezi vyznamné kratkodobé testy genotoxicity. Test spo¢iva v alkalické
gelové elektroforéze jednotlivych bunck. Fragmenty jaderné DNA, vzniklé pasobenim
mutagennich faktord, maji tendenci vycestovat z jader, coz po vizualizaci dava vysledek obrazu
,komety“. Ugelem kometového testu je identifikovat latky, které zptisobuji poskozeni DNA.
Kometova zkouska je schopna detekovat jednovlaknové nebo dvouvldknové zlomy. K témto
zlomim dochazi v dusledku pieruseni fosfodiesterové vazby mezi dvéma sousednimi
deoxynukleotidy. Tyto zlomy mohou vést k poskozeni chromozomd, které je spojeno s mnoha
lidskymi chorobami v¢etné rakoviny (OECD, 2016).

Dalsi vyuzivanou metodou pro hodnoceni genotoxicity je zkouska na chromozomové

aberace u savctl in vitro. Ugelem testu je identifikovat latky, které zptsobuji strukturni
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chromozomalni aberace v kultivovanych sav¢ich bunikach. Expozice testovanou substanci se
provadi bud’to s metabolickou aktiva¢ni preparaci nebo bez ni. PO expozici testované latky je
zastaveno bunééné déleni a chromozomy jsou barveny. Metafazni bunky jsou pomoci
mikroskopu analyzovany na chromozomalni aberace. Stejné se postupuje pii detekci
strukturalnich aberaci z perifernich lidskych lymfocyta (OECD, 2016).

Ames test byl vyvinuty Brucem Amesem v roce 1970, jako rychla a citlivd metoda.
Timto testem jsou velmi Casto testovany nové farmaceutické latky a chemikalie pouzivané v
prumyslu. Pouzivaji se v ném specialn¢ upravené bakterialni kmeny Salmonella typhimurium,
u nichz byla uméle vyvolana mutace v souboru strukturnich gent. Ty zodpovidaji za syntézu
histidinu v bunice. Aby tyto bakterie mohly rlst, vyzaduji ptidani histidinu, ktery si samy
nedovedou tvofit. Monitoruje se schopnost testované latky zpusobit reverzni mutaci a obnovit
rust bakterii v médiu bez pfidavku histidinu. ZvétSeny vyskyt revertovanych kolonii oproti

kontrole ukazuje mutagenni Gi¢inek latky (F6llmann et al. 2013).
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4 VLASTNI PRACE

Prace se sklada ze souboru Ctyt védeckych studii, jejichz vysledky jsou prezentovany
formou &lankd v odbornych recenzovanych ¢asopisech (viz PRILOHY). Hlavnim tématem
praci je vyhodnoceni ekotoxicity a genotoXicity odpadnich vod z nemocnic pomoci riznych
biologickych metod. Naslednym tématem bylo porovnani citlivosti Fish embryo testu
se dvéma konven¢nimi metodami a posoudit vhodnost jeho vyuziti v testovaci baterii uréené
pro hodnoceni vzorki nemocni¢nich odpadnich vod.

Studie ma i prakticky dopad. Pfi novelizaci normy CSN 75 6406 - Nakladani s
odpadnimi vodami ze zdravotnickych zatfizeni (ZZ) vypousténymi do stokové sité pro
vefejnou potiebu (vydana 1. 2. 2020), pomohla studie s vybérem vhodné testovaci baterie pro
ekotoxikologické hodnoceni odpadnich vod z nemocnic. Z vysledku studie vyplynulo, ze jako
vyhovujici baterii 1ze vyuzivat: Zkousku inhibice ristu sladkovodnich fas (CSN EN 1SO
8692), Zkousku na luminiscenénich bakteriich (CSN EN ISO 11348-2) a Zkousku inhibice
pohyblivosti Daphnia magna Straus (CSN EN ISO 6341).

STUDIE I:
Jirova G., Wittlingerova Z., Zimova M., Vlkova A., Wittlerova M., Dvotédkova M., Jirova D.,

2016: Bioindicators of wastewater ecotoxicity. Neuroendocrinology Letters 37(1): 17-24.

STUDIE II:

Vlkova A., Wittlingerova Z., Zimova M., Jirova G., Kejlova K., Janousek S., Jirova D., 2016.
Genotoxicity of wastewater from health care facilities. Neuroendocrinology Letters 37(1): 101-
108.

STUDIE Il1I:

Jirova G., Vlkova A., Wittlerova M., Dvorakova M., Kasparova L., Chrz J., Kejlova K.,
Wittlingerova Z., Zimova M. HoSikova B., Jiravova J., Kolafova H., 2018: Toxicity of
wastewater from health care facilities assessed by different bioassays. Neuroendocrinology
Letters 39: 101-113.
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STUDIE IV:

Wittlerova M., Jirova G., Vlkova A., Kejlova K., Maly M., Heinonen T., Wittlingerova Z.,
Zimova M., 2020: Sensitivity of Zebrafish (Danio rerio) Embryos to Hospital Effluent
Compared to Daphnia magna and Allivibrio fischeri. Physiological Research 69(4): S681-
S691.

PRAKTICKY VYSTUP - NOVELIZACE NORMY

CSN 75 6406. Nakladani s odpadnimi vodami ze zdravotnickych zafizeni (ZZ) vypousténymi
do stokové sité pro vefejnou potiebu. Unor 2020.

Do novelizované normy CSN 75 6406 byly za¢lénény na zakladé nize uvedenych vysledki tii
dostate¢né citlivé ekotoxikologické testy. V normé jsou zobrazené v piiloze F, spolu s dal§imi
ukazateli a doporu¢enymi hodnotami pro pied¢isténé odpadni vody ze zdravotnickych zatizeni

vypousténé do vetejné kanalizace.
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5 KOMENTARE K PUBLIKACIM

5.1 Studie | - Bioindicators of wastewater ecotoxicity.

Poznatky ze studie | upozornuji na dulezitost vhodného vybéru testovaci baterie. Pro
vyhodnoceni toxicity odpadnich vod na ekosystémové trovni byly zvoleny organismy vSech
trofickych Grovni. Zelena fasa Desmodesmus subspicatus a jednodélozna rostlina Allium cepa
jako producenti, kory$ Daphnie a ryba Danio rerio jako konzumenti a bakterie Vibrio fischeri

jako destruent. Pfehled vSech pouzitych metod znazornuje tabulka €. 1.

Tabulka 1 Charakteristika pouzitych metod

Biologické
Metoda Organismus Standard parametry a Hodnoceni
expozicni ¢as
Zkouska inhibice | Desmodesmus CSN EN ISO
_ Riistové inhibice | ECso [%] / TU
rstu subspicatus 8692
72h
sladkovodnich tas
Zkouska na o ] CSN EN ISO Inhibice
Vibrio fischeri ) o ECso [%] / TU
luminiscen¢nich 11348-2 bioluminiscence
bakteriich 15min,30min
Zkouska inhibice | Daphniamagna | CSN EN ISO Inhibice mobility | ECso [%]/ TU
pohyblivosti 6341 48h
) ) Inhibice rastu
Test Allium cepa | Allium cepa 2o % inhibice kofenti
o 48h, 96h Umrtnost [%], LCso
Danio rerio .
FET test OECD TG 236 | (hodin po [%], Subletalni efekty
embryo
oplozeni) [%]
Zkouska na
reverzni mutace s | Salmonella
o o OECD TG 471 24 h kvalitativni stanoveni
bakteriemi typhimurium
(AMES test)
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Pro hodnoceni ekotoxicity nemocni¢nich odpadnich vod bylo vyuzito ve studii 11, 111 a
IV celkem 6 rtiznych organismu. Z vysledk Ize zhodnotit organismy citlivé pro tento charakter
vzorku a organismy k odpadni vodé nevnimavé. Na pocatku studie | byl vyfazen test na
semenech hoi¢ice bilé. Uroveti toxicity U tohoto testu znacné kolisala, a u zadného vzorku
nedosahla inhibice délky kofent vice jako 20%. Test neni mezinarodn¢ uznavany, je vyuzivan
pouze v Ceské republice pro ucéely vyhodnoceni ekotoxicity odpadi ukotveny v piiloze &.
1 Metodického pokynu odboru odpadti ke stanoveni ekotoxicity odpadu. Pfi novelizaci normy
CSN 75 6406 (Nakladani s odpadnimi vodami ze zdravotnickych zatizeni (ZZ) vypousténymi
do stokové sité pro vefejnou potiebu) se nové objevila i moznost nemocniéni odpadni vody
ekotoxikologicky testovat, do pfipravované testovaci baterie metoda na semenech zafazena
nebyla.

Dalsi metoda, u niz nebyla citlivost dostate¢né prokazana, byl test s Allium cepa. Studie
11 prokazala, ze test zalozeny pouze na méteni kotfent cibuli, neni dostatecné citlivy pro
hodnoceni ekotoxicity nemocni¢nich odpadnich vod. Ackoli data ukazala toxické reakce Allium
cepa s hodnotami inhibice prodlouzeni kofent cibuli od 7,2% do 29,7% po expozici
neziedénym vzorkiim, nedosahly 50% inhibice, a proto nebylo mozZné vypocitat EC50 u
zadného testovan¢ho vzorku. K podobnym vysledkim tykajici se citlivosti tohoto organismu
dospéla i1 studie Firbas a Amon (2013), sledujici ucinnost Cistirny odpadnich vod typu
,LIMNOWET®, kdy Ccistici proces zajiStuje mokiad. Test Allium cepa odhalil snizeni stupné
toxicity po procesu ¢isténi 0 29,0% na 3,5%. Test Allium cepa je validovan Mezinarodnim
programem pro chemickou bezpecnost (IPCS) jako ucinny test pro analyzu a monitorovani
genotoxicity latek v Zivotnim prostiedi in situ. Jeho usp&$ného vyuziti jako genotoxického
indikatoru prokazala studie (Herrero, 2012), zjistujici skodlivy ucinek di-(2-ethylhexyl) ftalatu,
triklosanu a propylparabenu na suchozemské rostliny. Byl zjistén pozitivni vysledek, jak
Z hlediska inhibice délek kotent oproti kontrole, tak 1 prikaz genotoxicity u dvou sledovanych
latek. Ostatni pouzité testy prokazaly pii testovani dobrou citlivost pro zkousené vzorky. Jedna
se 0 organismy Desmodesmus subspicatus, Allivibrio fischeri, Daphnia magna a embrya Danio
rerio. Vysledky odhalily urcité rozdily toxického plsobeni vzorkti mezi jednotlivymi druhy,
proto je vzdy vhodné vyuzit rozsdhlou testovaci sadu. Stejnou baterii testli zatazenou pro
vzorky odpadnich vod vyuzilo mnoho dal$ich studii (Gartiser et al. 2010, Zgorska et al. 2011,
Mendonca et al. 2009).

I ptes zjisténé urcité rozdily mezi druhy v citlivosti na vzorky odpadni vody, hodnoty u

D. subspicatus, V. fischeri a D. magna byly na stejné urovni klasifikace téméf u vsech
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testovanych vzorkut. To vede k zavéru, Ze tyto tfi druhy organismii jsou stejné vhodné pro odhad
toxicity odpadnich vod a ze tato baterie by mohla byt uzivana pro rutinni testovani.

Ryby, jakozto bézna soucast vodniho ekosystému mohou byt vhodnym nastrojem pro
hodnoceni toxicity odpadnich vod. Ovsem studie | upozorfiuje na potiebu dodrzovani pravidel
3R, tj. nahradit klasické konven¢ni testy na obratlovcich alternativnimi metodami. Z tohoto
diivodu nebyl do baterie zatazen test akutni toxicity na rybich dospélcich (dle normy CSN EN
ISO 7346-1,2,3), i kdyZ je béznou soucasti pouzivanych baterii pfi hodnoceni ekotoxicity
odpadi. Na doporuceni ze studie | byl namisto toho zahrnut test na rybich embryich (FET -

zkratka z anglického nazvu Fish embryo test), jakozto alternativni metoda k testim na rybach.

5.2 Studie Il - Genotoxicity of wastewater from health care facilities.

Zavéry ze studie 1l upozornuji na fakt, ze fada chemikalii obsazenych v nemocniéni
odpadni vodé prokazala genotoxicky/mutagenni ¢inek. Ten mtize byt obzvlasté nebezpecny,
jelikoz nema zadnou prahovou uroven a jeho t¢inek nelze zvratit. Genotoxické latky zpiisobuji
zménu genetického kodu bunék a mohou prispivat k rozvoji rakoviny. Genotoxicita tak
poskozuje nejen organismy, které mély s mutagenni latkou kontakt, ale mize i dlouhodobé
ovlivitovat dals$i generace. Genotoxické 1atky vyskytujici se v Zivotnim prostiedi mohou tak
vyrazné prispivat ke zvySeni vyskytu rakoviny v populaci. Z divodu velké nebezpeénosti téchto
latek byl do testovaci baterie ekotoxicity zafazen jeden bakterialni test genotoxicity, a to
Amesuv test (test reverzni mutace Salmonella typhimurium). Jde o kratkodoby bakterialni test
pro identifikaci nebezpecnych latek, jehoz vysledkem je mutagenita v bakteriich. Test reverzni
mutace je jednim z nejéastéji pouzivanych testd v toxikologii, jsou jim testovany témet vSechny
nové farmaceutické latky a chemikalie pouzivané v pramyslu (Féllmann, 2013).

Cilem studie Beltifa et al. (2020) bylo vyhodnotit metodami in vivo a in vitro
genotoxicitu tii odpadnich vod ziskanych z tuniskych nemocnic. Jako model pro detekci
fragmentace DNA byla pouZita jatra mySich samct §vycarskych albint. Vysledky ukazaly, ze
vSechny nemocni¢ni odpadni vody zkouSené v této studii zplsobuji vyznamna kvalitativni a
kvantitativni rizika v jaterni DNA, coz vede k zavéru, Zze tyto vody maji vyrazné zvyseny
genotoxicky a cytotoxicky potencidl. Plyne to 1 z detekovaného zvySeného vyskytu tézkych
kovi, antibiotik a zmékcovadel u vSech zkousenych nemocni¢nich odpadnich vod.

V nasi studii byl vyuzit u vzorkli H1 — H5. Na rozdil od provadéni analyz ekotoxicity
na nefiltrovanych vzorcich, Ames test vyzaduje vzorky sterilné filtrované. Filtrace byla
provedena pomoci membranového filtru DURAPORE (MILLIPORE) - hydrofilni, porovitost
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0,22 um. Ve studii byly pouzity dva testovaci kmeny (TA100) a (TA 98). K modelaci savc¢iho
metabolizmu byl pfiddvan homogenat ptipraveny z jater potkant.. V kazdém testovani byly
zahrnuty relevantni pozitivni a negativni kontroly. Vzorky a kontroly byly testovany v
triplikatech. Pocet revertantnich kolonii byl spocitan pomoci automatického pocitadla Schuett
kolonie Quant HD (Schuett Biotec) a porovnan s poctem spontannich revertantnich kolonii na
desti¢kach negativni kontroly. Vysledky Amesova testu ve studii Il jsou shrnuty v tabulce ¢.
2. Genotoxicita testovanych vzorkii nebyla potvrzena Amesovym testem ani u jednoho vzorku
odpadni vody. Pocet revertantli vyvolanych testovanymi vzorky nikdy nedosahl dvojnasobného
zvyseni poctu ve srovnani s negativnimi kontrolami. Vysledky Amesova testu mohou byt
ovlivnény sterilizaci vzorku (filtraci), kterd mohla zpiisobit ztratu genotoxické aktivity, protoze
na filtrech mohou byt zachyceny uréité chemikalie. Studie bude pokracovat po optimalizaci

ptipravy vzorki a pro zachyceni piipadné genotoxicity bude kombinovat vice druhd testd.

Tabulka 2 Vysledky Ames testu

Metoda H1 H2 H3 H4 H5
Ames test | negativni negativni negativni negativni negativni
5.3 Studie Il - Toxicity of wastewater from health care facilities assessed by

different bioassays.

Hodnoceni ekotoxicity se bézné provadi dle hodnoty EC50, coz je koncentrace latky na
kterou reaguje 50% organismi. Cim je hodnota EC50 nizi, tim vyvolava hodnocena latka
prostfednictvim koncentracnich fad, korelujicich v zavislosti na toxicit¢ daného vzorku.
Zakladni testy byly provadény S péti az osmi fedénimi zkuSebniho vzorku v duplikétech (test
na bakterii) nebo triplikatech (test na fase, vodnim korysi). Pokud hodnoty toxického ti¢inku
piresahly 50%, ECso bylo vypocitano probitovou metodou.

V nasi studii jsme vysledné hodnoty ECsp ptepocitali pomoci nize uvedeného vzorce na

jednotku TU, kterou jsme vyuzili pro hodnoceni konecnych vysledkd.

U= 100
EC50[%]
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Pichledny klasifika¢ni systém je znazornén v tabulce ¢. 3. Mnoho autord hodnotu TU
pouziva pravé pro hodnoceni ekotoxicity odpadnich vod (Maselli et al. 2015, Hamjinda et al.
2015, Yilmaz etal. 2017, Laquaz et al. 2019). VVzorky jsou klasifikovany do péti tiid na zakladé

nejvyssi hodnoty TU, kterou vykazuje jeden ze zkousenych organismd.

Tabulka 3 Klasifikacni systém

Jednotka toxicity o
Toxicita
(TU)

TU<04 | netoxicka
04<TU<I1,0 I malo toxicka
1,0<TU<10,0 i toxicka

10,0 <TU < 100,0 v silné toxicka

TU > 100 Vv extrémné toxicka

Bylo vybrano celkem 8 nemocnic ze 4 kraju; 3 nemocnice z Prahy, 2 ze Stfedoc¢eského
kraje, 2 z Jihoceského kraje a 1 z Kralovéhradeckého kraje. Vybrana zatizeni provozuji infekéni
oddéleni, pro které je dle normy CSN 75 6406 (Nakladani s odpadnimi vodami ze
zdravotnickych zafizeni (ZZ) vypousténymi do stokové sité pro vefejnou potiebu) nafizeno
odpadni vodu oSetfit zakladnim cisticim procesem mechanicko-biologické Cdistirny a
dezinfekci. Zatizeni si muze zvolit, jaky typ dezinfekce bude vyuzivat. Nemocnice byly
Z divodu anonymity oznaceny H1-HS. Byly vybrany objekty odlisného zaméieni a s odliSnym
mnozstvim liZek. Do nasi studie byla rovnéz vybrana i nejvétsi nemocnice v Ceské republice.
Pro prohloubeni studie bylo zatazeno i zatizeni zamétujici se na 1é¢bu onkologicky nemocnych
pacientll. V odpadnich vodach z této nemocnice se pfedpokladéd vyssi mnozstvi radiofarmak. V
tabulce €. 4 jsou struéné charakterizovany dilezité informace o nemocnicich. Kvili celosvétove
rostoucimu poctu pacientl 1é€icich se s rakovinou roste pouzivani chemoterapeutickych latek.
V nékolika evropskych zemich, byly tyto 1éky detekovany v nemocnicich a komunalnich
odpadnich vodach. Studie Klein et al. (2021) hledala ptitomnost nékolika protinadorovych 1éki
(5-fluorouracilu, gemcitabinu a cyklofosfamidu, a dvou metabolitd, alfa-fluor-beta-alaninu a
2'-deoxy-2 ' a 2'-difluorouridin) v odpadnich vodach velké onkologické nemocnice. VSechny
tyto léky byly ve vod¢ pfitomny, a to jak na ptitoku do nemocnicni Cistirny odpadnich vod, tak

po procesu Cisténi. Hodnoty se v§ak pohybovaly pouze v fadu ng/l, coZ jsou hodnoty, u kterych
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nejsou jednoznacné prokazané toxické a genotoxické ucinky. OvSem kumulace smési téchto

latek v Zivotnim prostfedi mize mit zvySeny ekotoxikologicky potencial.

Tabulka 4 Charakteristika nemocnic

H1 H2 H3 H4 H5
Typ . . o . . .
) Fakultni Fakultni Onkologick4 | VSeobecna Fakultni
nemocnice
Pocet luzek 2189 996 245 476 1360
Pratok
50 -100 50 124 10 25
(m3/den)
Dezinfekéni
NaClO NaClO NaClO Clz Clz
proces
SOV Mechanicko- | Mechanicko- | Mechanicko- | Mechanicko- | Mechanicko-
biologicka biologicka biologicka biologicka biologicka
M¢stska M¢stska o M¢stska M¢stska
Odtok _ _ Recipient _ )
kanalizace kanalizace kanalizace kanalizace
H6 H7 H8
Typ o, y . . ,
] Univerzitni | VSeobecnd | VSeobecna
nemocnice
Pocet lizek 1600 423 1447
Pratok
100-120 40 360
(m3/den)
Dezinfekéni Nechloruje Cl;
NaOCI
proces se
Mechanicko- | Mechanicko- | Mechanicko-
cov biologicka biologicka biologicka
Méstska Méstska Méstska
Odtok kanalizace kanalizace kanalizace
Pilotni studie 11l zahrnovala tydenni dynamiku ekotoxicity odpadnich vod z jedné

nemocnice ve dvou riznych roc¢nich obdobich. Prvni série vzorkovani byla provedena v

listopadu 2016 (21. — 25. Listopadu 2016), druhy odbér vzorkt v kvétnu 2017 (22. — 26. Kvétna
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2016). Odbér vzorki byl proveden z revizni Sachty, kde odpadni voda po Cisticim procesu
odtéka do meéstské kanalizace. Z hlediska charakteristiky vzorku jde o infekéni splaskovou
odpadni vodu predcisténou v biologické cistirné a dezinfikovanou chlornanem sodnym.
Vybrand nemocnice ma celkem 2 199 ltizek a patii tak mezi nejvétsi nemocnice v Ceské
republice. Vzorky byly odebirané od pondéli do patku v dobé maximalniho pritoku tj. od 9:00
— 13:00, kazdou hodinu se odebral dil¢i vzorek, ktery byl na konci odbérového ¢asu smichan,
vznikl tak smésny vzorek ¢asove zavisly z 5-ti dil¢ich vzorkd. V obou sériich bylo béhem tydne
odebrano pét slozenych vzorki. Schéma vzorkovani bylo navrZzeno v souladu s udaji z
literatury (Goull¢, 2012) dokumentujici klesajici mnozstvi toxickych latek v odpadni vodé¢ v
sobotu a nedéli z divodu snizeni typickych I€katskych aktivit. Ekotoxicita byla testovana
pomoci tfi organismu: D.subspicatus, V.fischeri a A.cepa. Vysledné hodnoty jsou uvedeny
pomoci grafu v tabulce ¢. 5. Vysledky u testu A.cepa ukazaly mensi citlivost na vSechny
testované vzorky ve srovnani s D.subspicatus a V.fischeri. Inhibice rustu kofend cibuli po
expozici nezftedénym vzorkiim byla pouze od 7,2% do 29,7%. Z divodu nedosazeni inhibice
50%, nemohla byt vypo¢tena hodnota ECsp, tudiz ani vypoc¢tena TU jednotka. V grafu ¢. 5 proto
nemize byt test Allium cepa zobrazen. V ptipadé D.subspicatus a V.fischeri jsme prokazali

dobrou citlivost na vzorky odpadni vody.

Tabulka 5 Vysledny graf

B Desmodesmus subspicatus O Vibrio fischeri 15 min m Vibrio fischeri 30 min
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Pro D.subspicatus nebyly nalezeny statisticky vyznamné rozdily v jednotlivych
pracovnich dnech (od pondé€li do patku) (p = 0,601), hodnoty TU byly v listopadu v rozmezi
2,46 - 3,58 a 4,14 - 5,40 v kvétnu. V ptipadé V. fischeri (15 min a 30 min) ukazovaly hodnoty
TU v pondé€li znacné kolisani, které pravdépodobné souviselo s vikendovymi nemocni¢nimi
aktivitami. Proto byly nasledn¢ porovnavany pouze hodnoty od tutery do patku. Vysledky
neprokazaly zadné vyznamné rozdily pro V. fischeri 15 min (p = 0,337) s hodnotami TU mezi
3,15 - 3,76 v listopadu a 3,47 - 4,86 v kvétnu a pro V. fischeri 30 min (p = 0,359) s hodnotami
TU mezi 2,27 - 2,94 v listopadu a 4,16-4,73 v kvétnu.

Tabulka 6 Zdkladni fyzikainé chemickd a chemickad charakteristika vzorkii

Parametr Jednotka H1 H2 H3 H4 H5 H6 H7 H8
Teplota °C 6,5 6,5 13 4 6 15 6,0 20,0
pH 7,91 7,51 7,88 7,65 7,81 4,91 7,60 6,54
Konduktivita | pS/cm 1163 869 979 811 23800 | 1104 1298 1440
Rozpusténé
mg/Il 580 532 707 465 1970 797 743 861

latky
Volny chlor mg/Il 0,04 0,08 0,20 0,08 0,14 0,09 0 0,06
Celkovy
- mg/Il 0,06 0,53 0,42 >6 2,09 2,22 0,05 0,08

or

Ucelem studie 111 bylo zjistit hodnotu toxicity odpadnich vod z vybranych nemocnic v
Ceské republice pomoci tradi¢nich a alternativnich toxikologickych metod. Studie Barcelo et
al. (2020) zdaraziuje potiebu hodnotit kvalitu odpadnich vod, a to jak prostiednictvim
ekotoxikologickych nastroji, tak i pomoci chemické analyzy. Kombinaci vice analyz by
pokrylo Sirsi §kalu koncovych bodi (napi. ekotoxicita, genotoxicita, cytotoxicita) a 1épe by
doslo Kk uréeni ucinnosti Cistici technologie na dané Cistirné odpadnich vod. Zatim se vSak
S kompletnim hodnocenim lze setkat pouze vyjimec¢né¢.

Vzorkovani pro rozsahly prizkum byl zahajen v unoru 2018 (13.2. - 22. 2.), kdy bylo
celkem odebrano 5 nemocni¢nich odpadnich vod. Jeden kompozitni vzorek byl odebran z kazdé
nemocnice. Pro moznost porovnat kvalitu odpadnich vod u dvou pozitivnich a jedné negativni
nemocnice v raznych ¢asovych periodach byl v roce 2019 proveden opétovny nabér (H1, H2,
H4). Navic v tomtéZ roce byly odebrany 3 vzorky ze tii novych nemocni¢nich zatizeni. Vzorky
byly nabirany v dobé nejvétsiho pritoku ze Sachty umisténé u odtoku z nemocni¢ni Cistirny.

Vzorky byly okamzité ptevezeny do laboratote v chladicich boxech a skladovany pfi teploté
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<-18°C. V laboratoti byly zméfeny zakladni fyzikaln¢ chemické a chemické parametry,
uvedené v tabulce €. 6.

Ve studii (Khan et al. 2020) zabyvajici se pfehledem informaci o nemocni¢ni odpadni
vodé, byla vytvofena piehledova tabulka s naméfenymi hodnotami vybranych fyzikalné
chemickych parametrti u nemocniénich odpadnich vod. Zjisténé hodnoty pH (rozmezi 6,8 —
8,6) a konduktivity (rozmezi mezi 230 — 1468 puS/cm) odpovida naméfenym hodnotam u

vzorkt v nasi studii.

Tabulka 7 Prrehled konecnych vysledkii (vzorky odebrané v roce 2018)

H1 H2 H3 H4 H5
Organismus

ECso TU ti'ida ECso TU ti'ida ECso TU tiida ECso TU tfida ECso TU
[%0] [%] [%] [%] [%0]

tiida

Desmodesm.
. 253 | 3,95 1 NS 0 | NS 0 | 353 | 2,83 1" NS 0
subspicatus

Aliivibrio
fischeri 42,6 2,35 11 NS 0 | NS 0 | 43,1 2,32 11 NS 0
15 min.

Aliivibrio
fischeri 28,9 3,46 1] NS 0 | NS 0 | 41,3 2,42 1l NS 0
30 min.

Daphnia
magna 676 | 148 1 NS 0 | NS 0 | 393 | 2,54 1" NS 0
24 hodin

Daphnia
magna 61,3 1,63 11 NS 0 | NS 0 | 24,3 4,12 1 NS 0
48 hodin

Allium cepa *NS 0 | NS 0 | NS 0 | NS 0 | NS 0

Vyhodnocena
. 11 | | 1 |
toxicita

NS — nelze stanovit: Hodnoty inhibice u nefedénych vzorkl nepfesahly 50%, proto nebylo mozné vypocitat EC50.
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Tabulka 8 Prehled konecnych vysledkii (vzorky odebrané v roce 2019)

Organismus H6 H7 H8
ECs | TU tiida | ECs | TU tiida ECs TU tiida
(%] [%0] [%0]
Desmodesm.
subspicatus NS 0 | NS 0 | 7,02 14,2 \%
Aliivibrio
fischeri NS 0 | NS 0 | 12,5 7,99 11
15 min.
Aliivibrio
fischeri NS 0 | NS 0 | 131 7,60 11
30 min.
Daphnia
magna NS 0 | NS 0 | 119,7 0,84 1l
24 hodin
Daphnia
magna NS 0 | NS 0 | 59,4 1,68 11
48 hodin
Vyhodnocena | | T
toxicita

NS- nelze stanovit: Hodnoty inhibice u nefedénych vzorki neptesahly 50%, proto nebylo
mozné vypocitat EC50.

Ekotoxicita byla stanovena pomoci baterie skladajici se ze ¢tyt testovanych organism:
D.subspicatus, V.fischeri, D.magna a A.cepa. Test s A.cepa nebyl u vzorkli odebranych v roce
2019 provadeén, jeho citlivost na vzorky odpadnich vod nebyla dostateéné prikazna. Tabulka 7
a 8 uvadi souhrnné vysledky pro vSechny pouzité testované druhy. Za G¢elem porovnani jejich
ekotoxikologického potencialu byly nemocnice klasifikovany podle systému klasifikace
toxicity popsaného v tabulce 3. Naméiené vysledky prokazaly rtizné trovné ekotoxicity vzorka
z jednotlivych nemocnic. Vyslednd data na zakladé vypoctu jednotky TU ukazuji, Ze odpadni
voda z jedné nemocnice patii do tfidy IV (jako silné toxickd), odpadni vody ze dvou nemocnic
do tfidy III (jako toxické) a pét nemocnicnich odpadnich vod nalezi do skupiny I (jako
netoxické). Nemocnice H8 mé spojenou vypust pro odpadni vodu z nemocnicni Cistirny pradla.
Takova voda obsahuje fadu detergentt a bélicich prostredkd, které mohly mit zna¢ny vliv na
kone¢ny vysledek. Vzorky H2, H3, H5, H6 a H7 mély nizky toxicky ucinek na D.subspicatus,
V.fischeri. Test Allium cepa provadény u vzorkd H2, H3 a HS neprokazal toxicky ucinek vibec.
Imobilizace D. magna nebyla také viibec pozorovana. Hodnoty inhibice u nefedénych vzorka
dle metodiky testu neptesahly 50%, proto nebylo mozné vypocitat EC50 a TU byla vyjadiena

jako 0. Testy D.subspicatus a A.cepa ukazaly inhibici i stimulaci ristu s hodnotami od -12,7%
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do 2,7% (D.subspicatus) a od -9,4% do 27,9% (A.cepa). Pro V. fischeri byla vypo¢tena hodnota
EC20 a hodnoty byly mezi 30,3% - 92,0% (15 minut) a 25,1% - 82,1% (30 minut).

Mezi dalsi cil studie 111 bylo zatfazeno srovnani hodnot ekotoxicity v ¢ase. Vzorky H1,
H2 a H4 byly pro moznost srovnani odebrany za stejnych podminek v roce 2018 i 2019.
Vysledna tabulka ¢. 9 znazornuje vysledky z obou odbéri. Odpadni voda H2 byla v roce 2018
klasifikovana do tiidy I (jako netoxickd), avSak v roce 2019 byla zafazena do tiidy III (jako
vzorek znacné toxicky. Nemocni¢ni odpadni voda H1 a H4 byla zafazena do stejnych tiid
toxicity v obou letech. Avsak kvalita odpadnich vod byla u nemocnice H1 v roce 2019 horsi
nez v roce 2018. Kvalita vody u nemocnice H4 byla naopak v roce 2019 vyrazné lepsi nez v
roce 2018. Z vysledka studie 111 vyplyva zavér, ze se odpadni vody, CiStény stale stejnym
Cistirenskym procesem, mohou v zavislosti na ¢ase znacné ménit. Divodem miize byt fada
faktori, jako jsou lékaiské aktivity, poCty nemocnych ¢i mnozstvi a druh aktuélné pouzivanych

dezinfekénich prostiedk.

Tabulka 9 Vysledna tabulka vyhodnoceni variability toxicity v ¢ase

H1 H2 H4
Organismus 2018 2019 2018 2019 2018 2019
TU TU TU TU TU TU
Desmodesmus
] 3,95 2,97 0 0 2,83 1,28
subspicatus
Aliivibrio fischeri
) 2,35 3,97 0 1,18 2,32 0
15 min.
Aliivibrio fischeri
) 3,46 3,88 0 1,02 2,42 0
30 min.
Daphnia magna
1,48 1,92 0 0 2,54 0
24 hodin
Daphnia magna
1,63 3,47 0 0 4,12 0
48 hodin
Trida 11 11 1 11 11 11

5.4  Studie 1V - Sensitivity of Zebrafish (Danio rerio) embryos to hospital effluent
compared to Daphnia magna and Allivibrio fischeri.
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V soucasné dobé je zatim malo informaci o pouzivani FET testu pro hodnoceni
ekotoxicity nemocni¢nich odpadnich vod. NasSe studie byla proto o tuto metodu rozsitena. Test
na rybich embryich pfedstavuje pozitivni krok ke zlepSeni Zivotnich podminek pokusnych
zvitat s predpokladem, ze embrya ryb na pocatku vyvoje pocituji zddnou bolest.

Ve studii | bylo zduraznéno, ze klasické konvencni baterie testi (zaloZené na bakteriich,
fasach, korysich, rybach a semenech) by se mély doplnit a nahradit testy na rybach
alternativnimi metodami. Zdarnym piikladem je nahradit akutni toxicitu na dospélcich ryb
alternativnim testem na rybich jikrach. Metoda nejenze vyhovuje podminkdm 3R, ale navic to
muze byt efektivni nastroj pro detekci toxicity u vzorkit odpadnich vod. Aby byla prokazana
ucinnost a efektivita metody, byl proveden srovnavaci prizkum s konven¢nimi metodami.
Srovnavaci studii byla provedena s testovaci baterii skladajici se z D. magna, A. fischeri a D.
subspicatus. Z ptedchoziho testovani nemocnic (Studie 111) byly tyto metody rozpoznany jako
vhodné pro rutinni testovani ekotoxikologického potencidlu nemocni¢nich odpadnich vod.
Jejich dostatecnou citlivost prokazali i jini autofi (Abbas et al. 2018, Ellepola et al. 2020,
Laquaz et al. 2017, Li et al. 2016, Vasconcelos et al. 2017).

Vzorky pro srovndvaci studii byly odebrany v roce 2019 ze sedmi riznych nemocnic
v Ceské republice. Odpadni vody byly nabrany po procesu ¢&isténi klasickou mechanicko-
biologickou ¢istirnou. Misto odbéru bylo na odtoku do méstské kanalizace. Po odebrani byly
vzorky piepraveny v chladicich boxech do laboratote, kde byly hluboce zamrazeny pfti teploté
<18°C.

Jelikoz v této ¢asti studie nejde o vyhodnoceni miry toxicity u vzorkt, av§ak o srovnani
citlivosti metod, jsou vzorky oznacené pouze jako vzorek (V).

Test FET byl proveden podle OECD TG 236 (OECD 2013) s tfemi expozi¢nimi ¢asy a
pfidanymi subletalnimi efekty.

1. zkouska se zékladnim expozi¢nim ¢asem 96 hpf (hodiny po oplodnéni) (FET 96h)

2. test se zkracenou dobou expozice na 48 hpf (FET 48h)

3. test s pfidanim péti subletalnich koncovych boda s dobou expozice 96 hpf (FET 96h +
sub.)

Na grafu ¢. 10 je znazornéno srovnani vysledkt ekotoxicity vsech sedmi vzorkli mezi
Daphnia magna, Allivibrio fischeri, a Danio rerio. Na grafu a mizeme vidét toxicky ucinek u
nefedénych vzorkd. Na grafu b vyslednou hodnotu ECso, LCso [%] vypocitanou pomoci
koncentra¢ni fady zakladnich testd. Znacka (n) znamena, ze toxicky ucéinek u nefedéného

vzorku nedosahl 50%, tudiz hodnota ECso, LCso Se nedala ur¢it. Porovnani bylo provedeno
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pouze u vzorki, které byly toxické a ovlivnily nejvice testovanych organismt (V1,V3,V6). Graf

b znazoriuje, ze nejvice citlivym organismem byla Daphnia magna, hodnoty byly zjistény v

rozmezi od 4,5 do 37,6%. Citlivost metody na vzorky V1 a V3 poklesla v nasledujicim potadi:
Daphnia magna> FET96 h + sub> FET 96 h> Allivibrio fischeri 15 min> FET 48 ha

U vzorku V6 klesala citlivost nasledovné: Daphnia magna> Allivibrio fischeri 15 min>

Allivibrio fischeri 30 min> FET testy. Testy s mofskou bakterii a vodnim kory$em velmi dobie

reagovaly na vzorek V6. Testy FET 96 a FET 96 h+sub indikovaly vysokou citlivost embrya

Danio rerio na pét vzorku (tj. V1, V3-V6) s hodnotami toxického ucinku v rozmezi 62,5-100%.

Test s korysi dosahoval hodnot 0-100%, stejné jako test s rybimi embryi (FET 48h). Bakterie

reagovaly na vzorky od 0% do 98,4% inhibice luminiscence.
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Na zéklad¢ vysledk u vSech vzorkt, nebyly zaznamenany statisticky vyznamné rozdily

mezi testy FET (FET 48 h, FET 96 h, FET 96 h + sub) a testem u Daphnia magna.
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Avsak mezi (FET 96 h a Allivibrio fischeri 15 minut, 30 minut) a (FET 96 h + sub a Allivibrio
fischeri 15 min, 30 min) byl nalezen statisticky vyznamny rozdil. Ze zjisténych vysledka studie
IV 1ze konstatovat, ze citlivost embryi Danio rerio je srovnatelné nebo v nékterych ptipadech
vys8i nez citlivost Daphnia magna a Allivibrio fischeri.

Pro prohloubeni studie IV byl FET test srovnan ve tfech moznostech provedeni.
Srovnévaci studie mize odhalit nejcitlivéjsi testovaci zpasob. Citlivost na celkem 7 vzorcich
odpadni vody klesala nasledovné. FET 96 h + sub > FET 96 h > FET 48 h. Nejc¢astéjsi subletalni
efekty se projevily opozdénym srdeCnim rytmem, nedostate¢nym krevnim obéhem, zakiivenim
patete a poruchou pigmentace. Zahrnuti péti subletalnich koncovych bodi zvysilo citlivost FET

testu o 1 — 12%.

Tabulka 11 Prehled pozorovanych subletdlnich efektii

V1 V2 V3 V4 V5 V6 V7

Subletalni efekty
48 hpf/96 hpf
Opozdény srde¢ni rytmus
P d Y —+ | == | H+ | =+ | =+ | H+ | =]
Nepriitomnost krevniho
ob¢hu =+ | == | H+ | =+ | =+ | ==

Pfitomnost edému
-+ | —=/- +/+ —/+ -+ | =I- | —I-

Zakfiiveni patete
=+ | == H+ | =+ | =+ =+ ==

Porucha pigmentace
-+ | == | H+ | =+ | =+ | H+ | ==

+ pozorovano, - nepozorovano

Tabulka ¢. 11 znazornuje prehled pozorovanych subletalnich G¢inkd na embrya Danio
rerio po expozici 48 hpf a 96 hpf (hodiny po oplodnéni) vzorky odpadnich vod z rtiznych
nemocnic. Z tabulky ¢. 11 je zfejmé, Ze ptitomnost subletalnich G¢inku se 1i$i mezi riznymi
vzorky 1 v zavislosti na dobé& expozice. U vzorkil V1, V4 a V5 se vSechny pozorované subletalni
efekty zacaly objevovat az po uplynuti 48 hodin po oplozeni. Pokud by se u nich neprovadéla

prodlouzend verze FET testu, vzorky by byly vyhodnoceny jako negativni. Prodlouzend doba
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expozice zpusobila statisticky vyznamné zvySeni citlivosti embryi Danio rerio u 57%
testovanych vzorkd. U obdobného vyzkumu Stelzer et al. (2018) bylo pfidanim subletalnich
efektll zvySena citlivost u vzorkti odpadni vody o vice nez 30%. Zaroven vyzkum vyhodnotil
klesajici senzitivitu u Zivotnich fazi ryb takto: larvy> juvenilni > embryo. Zivotni stadium larvy
bylo nejcitlivéjsi pro zkousené vzorky a naopak embryonalni zivotni faze u ryb byla nejméné
citliva.

Cetnost vyskytu subletalnich kritérii u embryi bylo nasledujici: zak¥iveni patete 34,5%,
nedostatek krevniho ob&hu 26,4%, zpomaleny tep 25,7%, poruchy pigmentace 12,7%, vyskyt
edému 0,7%.

Studie Jeffries et al. (2015) srovnavala rozdily v citlivosti mezi dvéma testy toxicity,
FET podle OECD 236 a test provedeny dle US EPA, Larval Survival and Growth Test Method
1000.0. Mezi hlavni rozdily testl patii vék pokusnych organismi a délka expozice. U FET testu
jsou vyuzita embrya od 8 bunééného stadia, zkouska EPA za¢ina s organismy 12 hodin po
vylihnuti. Doba FET je 96 h, u testu rastu a preziti EPA je doba jeho trvani 7 dni. Vysledky
této studie neumoznily definitivni zavéry o tom, ktery ze dvou hodnocenych typt testl je vice
citlivy, a tudiz vhodnéjsi k testovani toxicity riznorodych latek. AvSak dalsi vysledky této
studie poskytly dikaz, Ze zahrnuti vice koncovych bodi by mohlo rozsitit uzite¢nost testu FET.
Konkrétné bylo zjisténo, ze zahrnuti napiiklad perikardialniho edému jako koncového bodu
zlepSuje citlivost testu FET a také nabizi pohled na potencidlni subletdlni nebo chronickeé
ucinky. Ke stejnym zavéram dospéla nase studie 1V.

Podobny vyzkum provedl i Krzykwa et al. (2019), ktery rovnéz srovnéval rozdily v
citlivosti mezi FET testem provedenym podle OECD 236 a testem provedenym dle US EPA,
Larval Survival and Growth Test Method 1000.0. Metody srovnaval pomoci tfi zndmych
neurotoxickych latek: fluoridu (F), niklu (Ni) a kadmia (Cd). Z vysledk studie vyplynul zavér,
ze diky pfidani vice koncovych bodil, dojde ke zvySeni citlivosti FET testu u dvou ze tii
zkoumanych latek. Dale konstatuje, Ze rozdily ve vysledcich mezi koncovymi body u dvou
srovnavacich metod mizou zaviset na vlastnostech hodnocené chemicke latky. Je tudiZ vhodné
se zamé&fit na zkouseni toxicity u dalSich riznych skupin chemickych prvki a jejich sloucenin.

K podobnému zavéru dosla i studie Glaberman et al. (2016), kde prodlouzenim doby
testu a pridanim vice koncovych bodl byla prokazana zvysena citlivost FET testu.

Fish embryo test mize byt dalS$im vhodnym ndstrojem pii testovani ekotoxicity
odpadnich vod. Pti prodlouzeni délky kultivace ze 48 hodin na 96 hodin se citlivost vyrazné
zvysila, z toho plyne, Zze FET 96 hodin miize byt doporucen k testovani odpadnich vod jako

nejvhodné;jsi.
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5.5

Na zakladd novych poznatki této studie byly pii novelizaci normy CSN 75 6406

Prakticky vystup

doplnény do ptilohy F ekotoxikologické zkousky. Ptiloha F znazoriiuje sledované ukazatele

pro predcisténé odpadni vody ze zdravotnickych zatizeni vypousténé do verejné kanalizace a

jejich doporucené hodnoty. Odpadni vody obsahujici jednu nebo vice rizikovych chemickych

latek mohou byt vypoustény do veiejné kanalizace pouze po predcisténi a dosazeni povolené

limitni hodnoty v souladu s pozadavky ptilohy F. V tabulce ¢. 12 je popsana doporuéena baterie

ekotoxikologickych testi.

Tabulka 12 Ukazatele ekotoxicity pro predcisténé odpadni vody z nemocnic vypousténé do kanalizace

pro verejnou potiebu

Ekotoxicita (podle ISO 17616)

vodnim korysi

Metoda Norma Organismus Zied’ovaci Hodnoceni
faktor LID

Zkouska CSN EN ISO | Desmodesmus | LID >4 Inhibice riistu

inhibice  rustu | 8692 subspicatus 25 %

zelenych tas

Zkouska na | CSN EN ISO | Vibrio fischeri | LID >8 Inhibice

luminiscen¢nich | 11348-2 luminiscence

bakteriich 20 %

Zkouska CSN EN ISO | Daphnia magna | LID >4 Imobilizace

pohyblivosti na | 6341 20 %

cv v
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6 ZAVER

Akvatické testy ekotoxicity jsou vhodnym nastrojem pro hodnoceni potenciélnich rizik
riznorodych latek a smési pro ¢loveka i1 zivotni prostfedi. V této praci byly akvatické testy
ekotoxicity rozsitené navic 0 ukazatele genotoxicity a byly vyuzité pro klasifikaci odpadnich
vod z celkem osmi ruznych zdravotnickych zafizeni. Informaci o toxicit¢ odpadnich vod
z nemocnic v Ceské republice je velmi maélo, vysledky provedenych studii proto vyrazngé
ptispély k ziskani zakladnich udaji 0 hodnoté toxicity téchto potencialné nebezpecnych
odpadnich vod. Odbéry vzorkid byly provddény u vybranych zdravotnickych zatizeni
v nékolika periodach tak, aby kvalita odpadnich vod mohla byt vyhodnocena v zavislosti na
intenzité provozu daného zatizeni béhem pracovniho tydne a v odliSnych ro¢nich obdobich.

Pii novelizaci normy CSN 75 6406 v roce 2018 - 2020, kdy bylo tfeba sestavit testovaci
baterii pro vzorky nemocni¢nich odpadnich vod, poskytl vyzkum provedeny v ramci této prace
cenné informace o citlivych organismech vhodnych k rutinnimu testovani vzorkd odpadnich
vod. Nemocniéni zafizeni budou mit nadale dle novely normy CSN 75 6406 doporuceno
testovat ekotoxicitu produkovanych odpadnich vod pomoci tii stanovenych metod: Zkouska
inhibice zelenych tas na Desmodesmus subspicatus, zkouska na luminiscenénich bakteriich
Allivibrio fischeri a zkouska pohyblivosti na vodnim korysi Daphnia magna.

Testy na semenech hoicice bilé a testy s Allium Cepa byly naopak pro svoji
nedostatecnou citlivost klasifikovany jako nevhodné pro zkouSeni toxicity nemocni¢nich
odpadnich vod.

Bé&Zné€ vyuzivany test akutni toxicity na rybach byl v ramci studie nahrazen alternativni
metodou na rybich embryich (FET test). Tento moderni a progresivni piistup respektujici etické
pricipy v toxikologii a strategii 3R je doporucovan nejen odbornou veifejnosti a Evropskym
centrem pro validaci alternativnich metod (EURL ECVAM) Spolecného vyzkumného stiediska
Evropské komise (JRC), ale je zakotven i ve Smérnici ¢.201/63/EU, o ochrané zvifat
vyuzivanych pro védecké ucely. Piedlozena prace v souladu se strategii 3R pfispcla k ndhradé
pokust na obratlovcich pomoci alternativni metody na embryich (FET test), ktera se prokazala
jako plné vyuzitelnd pro hodnoceni toxicity odpadnich vod namisto konvenénich pokust na
rybach. Vysledky prace prokazaly u FET testu srovnatelnou, v nékolika ptikladech i vyssi
citlivost pro vzorky odpadnich vod ve srovnani s dvéma klasickymi biotesty. Navic, v ptipadé
pouziti FET testu je mozno identifikovat i1 fadu dalSich toxikologickych koncovych bodi

Vv piipadé subletalnich ucinkd, jako jsou napi. poruchy srde¢niho rytmu, zpomaleni rustu a
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vyvojova toxicita, organove specifické bioakumulace, genotoxicita a mutagenita, teratogenita,
rizné formy neurotoxicity nebo endokrinni disruptivity. Pfidani multiparametrickych citlivych
koncovych bodi ¢ini z FET skute¢nou alternativni in vitro analyzu a silny nastroj v toxikologii.
Test na rybich embryich (FET) je identifikovan jako relevantni, spolehliva a u¢inna alternativni
zkuSebni metoda in vitro k metodé akutni toxicity na rybach.

Presto, ze vysledky dostupné z védecké literatury naznacuji, ze odpadni voda ze
zdravotnickych zatizeni Casto vykazuje genotoxické u€inky, v nasi studii nebyla genotoxicita u
vybranych vzorkli prokazana. To mohlo byt zptsobeno sterilizaci vzorku filtraci, ktera
zpusobila ztratu genotoxickych latek, jelikoz na filtrech mohlo dojit k zachyceni urcitych
chemikalii. S cilem zlepsit zachytnost metody bylo doporuc¢eno pozménit metodicky postup pii
zpracovavani vzorkl pro tento test.

Studie klasifikovala jednu nemocni¢ni odpadni vodu do tiidy IV (siln¢ toxicka), odpadni
vody ze dvou nemocnic do tfidy III (toxické) a pét nemocnicnich odpadnich vod do skupiny I
(netoxické). Z vysledku prazkumu kvality odpadnich vod z vybranych nemocnic je patrna
vysoka variabilita toxicity u zkousenych vzorkl v zavislosti na dob& odbéru a aktualni intenzité
provozu daného zatizeni. Z tohoto diivodu je vhodné vyzkum nadale prohlubovat zatazenim
dalSich zdravotnickych zafizeni do rutinniho Setfeni a provadéni analyzy kvality jejich
odpadnich vod. V piipad¢ zjisténi, ze vzorky odpadnich vod vykazuji toxické vlastnosti, je
tieba spolupracovat s danym zafizenim, doporucit napravna opatieni a monitorovat jejich

ucinnost s cilem zlepSeni Cistici technologie odpadni vody.
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Abstract Wastewater, especially containing hospital effluents, exhibits high chemical
complexity and specificity since it includes various chemicals, biocides, pharma-
ceuticals, surfactants, radionuclides, disinfectants and pathogens.

Biological tests provide true evidence of the wastewater quality and unlike chemi-
cal analytical tests show comprehensive pollution effects on the environment
and human health. Normalized conventional bioassays are not sensitive enough
for ecotoxicological evaluation of wastewater and there is a great need for the
development of suitable sensitive bioassays in order to characterize properly the
residual toxicity of treated effluents.

Provisions of binding EU legislation regarding protection of animals used for
scientific purposes and legislation dealing with test methods for identification and
classification of health hazard of chemicals, pharmaceuticals, biocides, medical
devices and consumer products such as cosmetics for environmental ecosystems
and for man require to employ alternative toxicological methods respecting the
3Rs concept with priority given to methods in vitro.

The Fish Embryo Test (FET) is identified as a relevant, reliable and efficient
alternative test method in vitro for determination of acute toxicity for fish. Using
the FET, additional toxicological endpoints may be investigated to assess organ
specific bioaccumulation, genotoxicity and mutagenicity, developmental toxicity,
teratogenicity, various forms of neurotoxicity or endocrine disruptivity. The addi-
tion of multiparametric sensitive endpoints makes the FET a true alternative in
vitro assay and a powerful tool in toxicology.

INTRODUCTION use of water and long-term efforts to reach pro-

gressive reduction of pollutants released into the
Development and use of new pharmaceuticals aquatic environment. This aim is formulated in
and the spectrum of new chemicals is increasing the EU Water Framework Directive (2000/60/ES).
due to innovations of industry.The priority of the ~This directive is considering the water economy
European Union strategy is to support sustainable from general point of view and its main aim is to
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avoid any deterioration of water quality and to protect
and improve the state of water ecosystems and adjacent
wetlands. Implementation of the directive does not only
mean application of new technical standards but also
the need to establish completely new and complex man-
agement of water and water resources.

Chemical substances and pharmaceuticals which are
released into the environment, can have undesirable
effects also on organisms, for which they were not origi-
nally intended (Oehlmann et al. 2006). Wastewater can
pose health risk not only for humans, but also for eco-
systems of the environment. Series of studies conducted
so far with industrial, urban or hospital wastewater
were focused only on chemical analysis and detection of
selected groups of substances. Simple chemical analysis
of wastewater can not reflect all possible reactions of
present substances. Toxicity of these substances should
be evaluated simultaneously by chemical analysis and
by conventional and newly developed biological eco-
toxicity tests (Zgorska et al. 2011; Wing 2016).

WASTEWATER

Wastewater can be dangerous for human health and for
the environment considering a high content of chemi-
cals coming from different types of industries, from
urban waste, from household waste, from services or
from hospital effluent. A large part of chemical con-
taminants found in wastewater may pass from wastewa-
ter treatment plant directly to the aquatic environment
(Fent 2006b).

A wide range of activities carried out in hospitals,
as medical care, diagnostics, hygiene, maintenance or
research, requires use of large amounts of chemicals
and pharmacologically active substances. Wastewater
from hospitals therefore contains a mixture of different
drugs, radionuclides, anionic, cationic and amphoteric
surfactants, desinfectants and pathogenic microorgan-
isms (Jean et al. 2012). The problem with most of drugs
is that, even after the cleaning process, they are still
present in wastewater (Escher ef al. 2009). Wastewater
from hospitals are loaded with these substances as a
result of handling them, or from the patient excreta
with remnants of drugs, pathogenic and potentially
pathogenic microorganisms. All of these substances
and their metabolites end as waste and are released to
the environment, where they may further react and
interfere. Hospital wastewater is moreover a highly
selective environment and it contributes to high resis-
tence of bacteria to antibiotics. It has been demon-
strated that higher numbers of , resistance bacteria are
found in wastewater from hospitals. Antibiotic resis-
tance was found not only in pathogenic organisms, but
also in organisms inhabiting terrestrial and aquatic
habitats (Moges, et al. 2014).

Wastewater treatment plants eliminate a large
number of pollutants, but often show only limited
ability to reduce micropollutants (Kiimmerer 2004).

Even low concentrations of micropollutants may have
adverse effects on aquatic organisms (Wick et al. 2009).

The activated sludge treatment with an elevated
SRT of 18 d was the only process which led to a sig-
nificant removal of certain beta blockers and psycho-
active drugs. The removal efficiency was below 60% for
all compounds except for the natural opium alkaloids
codeine and morphine being removed by more than
80%.

Sorption batch experiments within this study (Wick
et al. 2009) and literature data confirmed that sorp-
tion onto activated sludge is negligible and thus, any
removal of the examined beta blockers and psycho-
active drugs can be exclusively referred to as biological
transformation.

A serious negative effect with long-term impact is
endocrine disruption. The toxicity of various mixtures
of micropollutants with additive or synergistic effect
raises concern. In the past it was shown that a mixture
of estrogenic substances, used in concentrations which
separately did not have estrogenic activity, had induced
estrogenic activity, as demonstrated for example in trout
(Brian 2005). A similar effect was observed in the case
of pharmaceuticals in algae and Daphnia magna (Fent
2006b). Hormones in the environment can change sex
in juveniles animals. For adults they can cause infertil-
ity, damage eggs and embryos and may induce tumor
growth (Reeder et al. 2004). The tests of cattle feedlot
effluent demonstrated the effects of feminization in
males and defeminization in females for the fish Pime-
phales promelas. Manifestation in males included eg.
reduced testosterone production, decrease in testicle
size or change in the morphology of head (Knacker et
al. 2010) . This species is highly susceptible to changes
of water pH. Although the decrease of pH did not affect
the life span, changes in the behaviour of fish were
observed, such as manifestations of stress (hyperactiv-
ity, swimming at the surface), or changes in morphol-
ogy (decreasing of the size of head, changes in colour,
increasing the size of the eggs, but also their fragility).

Including an ozonization step after the biological
treatment of wastewater can reduce pollutant concen-
trations and toxic effects in aquatic organisms (Margot
et al. 2013). However, biological processes and chemical
oxidation often lead to degradation of organic matter
and the formation of hazardous by-products, such as
halo-acid, halo-ketones, bromine, non-halogenated
carboxylic acid and other substances. These substances
give rise to a reasonable suspicion of inducing a variety
of adverse biological effects on aquatic organisms, such
as cytotoxicity, genotoxicity and mutagenicity, develop-
mental toxicity, neurotoxicity or toxicity for reproduc-
tion (Erbe et al. 2011). Through the above effects the
original substances (although they are found at very
low ineffective concentrations) can impair health and
number of population of aquatic organisms and subse-
quently in the long term ecological balance under con-
ditions of chronic exposure (Fent et al. 2006a).
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DETERMINATION OF WASTEWATER
TOXICITY

Diagnostics of health in populations of aquatic organ-
isms should include sensitive indicators and the use
of multi-parameter approach. Conventional classical
bioassay is not always sensitive enough to evaluate the
ecotoxicity of wastewater in the long term and sublethal
doses. Given an excellent correlation of the FET with
the acute fish toxicity test and the fact that non-feeding
developmental stages of fish are not categorized as pro-
tected stages according to the new European Directive
2010/63/EU on the protection of animals purposes,
the FET is ready as a true alternative for the acute fish
toxicity test, as required for a multitude of national
and international regulations (Braunbeck 2014). It
is therefore highly desirable to develop more conve-
nient and sensitive bioassays for the efficient charac-
terization of possible residual toxicity after cleaning
waste discharges. Sensitive indicators of ecosystem
health in a variety of aquatic organisms are particu-
larly cytotoxicity, life span, growth and reproduction,
abnormalities in embryos and DNA integrity (Wigh et
al. 2016). Newly developed, introduced and validated
methodologies in vitro make it possible to supplement
conventional methods with sensitive evaluation of spe-
cific indicators of ecotoxicity. Determination of the life
span, growth and reproductive ability is complemented
by the evaluation of adverse mechanisms, e.g. determi-
nation of potential endocrine disrupting activity and
genotoxicity.

Fish are an indispensable part of routine examina-
tions of toxicity to aquatic environment. Globally they
are the most widely used species for ecotoxicity testing.
Fish are consumers of higher order in the food pyramid
of aquatic organisms and play an important role in the
regulation of aquatic ecosystems. Increased produc-
tion of chemicals and waste, however, has increased the
number of ecotoxicological tests and thus the use of fish
as vertebrates for ecotoxicity tests. The current, obliga-
tory legislation for testing the hazardous properties
of chemicals and consumer products strictly requires
the use of alternative toxicological methods without
tests on vertebrate animals, if available. The current
EU strategy on the protection of animals includes the
implementation of the concept called 3Rs, to reduce
the number of animals in experiments (Reduction), to
reduce the deprivation in the course of the experiments
(Refinement) and the target is to completely replace
testing on vertebrate animals (Replacement) by alterna-
tive in vitro methods in practice of testing and research
facilities. If an alternative method is available, it must
always be used instead of conventional toxicology test
on live vertebrates. 3Rs strategy is part of the REACH
Regulation (EU 2006) and CLP Regulation (EU 2008)
for chemicals, the Cosmetics Regulation (EU 2009),
and in particular the directive on the protection of
animals used for scientific purposes (EU 2010). In the

Bioindicators of wastewater ecotoxicity

case of fish, the optimal method that meets the ethi-
cal requirement to replace vertebrate testing scheme by
an alternative method is the Fish Embryo Test (FET)
(OECD 2013).

TRADITIONAL/CLASSICAL ECOTOXICITY
TESTS

The authors of recent scientific publications (Wigh
2016, Braunbeck 2014) suggest rational assembly meth-
ods for ecotoxicity tests which allow individual meth-
ods to evaluate long-term adverse effects of substances
on aquatic ecosystem. The tests with different types of
organisms are included in test strategies. They repre-
sent several trophic levels in the hierarchy of the eco-
system such as decomposers bacteria, algae and higher
plants as primary producers, primary consumers such
as zooplankton and fish as secondary consumers. The
principle of conventional tests, which are generally
performed in the Czech Republic in accordance with
harmonized standards, is the determination of toxic-
ity based on the inhibitory or lethal effects of the test
substance on the whole organism. Zgorska (2011) used
a battery of tests with bacteria, algae and crustaceans
to evaluate the ecotoxicity of wastewater. Results of the
study showed that for each organism the wastewater is
differently toxic. The most sensitive to wastewater tox-
icity was the alga Pseudokirchneriella subcapitata.

Test on bacteria Vibrio fischeri is described in the
standard EN ISO 11348-1, 2, 3 and ISO 21338. The
principle of the test is the determination of the inhibi-
tion of light emission of luminescent marine bacteria
after exposure to the test material for 5 min, 15 min
or 30 min. The test result is the concentration of test
substance which causes 20% and 50% inhibition of
luminescence.

Toxicity testing using freshwater algae is carried
out according to the standard EN ISO 8692. Desmo-
desmus subspicatus or Pseudokirchneriella subcapitata
can be used as the test organisms. The method is based
on determination of the test substance concentration
causing 50% inhibition of specific growth rate relative
to control samples growing under the same standard
conditions for 72h.

Seeds of Sinapis alba are used to determine the acute
toxicity in seeds of higher plants. The principle of the
method is the assessment of root growth in the initial
development of the plants in comparison with control
samples. By measuring the root length after exposure
of 72 hours, the inhibitory concentration for 50% of
organisms can be calculated.

Test for acute toxicity of substances on freshwa-
ter crustacean Daphnia magna Straus is carried out
according to the standard EN ISO 6341. The merit of
the method is to determine the concentration of the
test substance that causes 50% of newborns immobi-
lization of Daphnia magna Straus, gained by acyclic
parthenogenesis.
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Determination of the acute lethal toxicity of sub-
stances for freshwater fish is done according to the
standard EN ISO 7346-1, 2, 3. Suggested species are
Poecilia reticulata or Danio rerio Hamilton-Buchanan.
The essence of the method is the determination of the
concentration of a test substance, which after 96 h of
exposure causes 50% mortality of the test organism
under the method conditions.

ALTERNATIVE METHODS IN THE
EVALUATION OF ECOTOXICITY

Fish Embryo Test (FET)

One of the most renowned alternative approaches to
testing on fish is the fish embryo test (FET) (Lammer
et al. 2009). FET gained importance and application in
relation to the estimated up to 20 —fold increase in the
ecotoxicity tests within the testing strategies of chemi-
cals according to REACH (Hartung a Rovida 2009) and
the current requirement of obligatory use of alternative
in vitro tests instead of experiments on vertebrates.

Fish embryo test on freshly fertilized ova of fish
Danio rerio (zebrafish) was introduced in the EU ini-
tially in Germany as so called “fish egg test“ in 2001.
It became a part of DIN standard (DIN 2001). Origi-
nally, the test was performed for 48 hours and (as indi-
cators of toxicity) it included the evaluation of acute
lethality, coagulation of embryos and formation of
intraembryonal opaque clots, inseparation of tail bud
and disappearance of heartbeat. According to the cur-
rent test methodologies the test is completed within
96 hours, which is reliably 2/3 of the time of embryo
development,when the development of the nervous
system reaches the stage when vertebrates may begin
to feel pain. FET therefore fully meets the definition of
alternative methods in terms of compensation (Replace-
ment) experiments on living vertebrate animals (fish).
Danio rerio are fish, which are easy to treat and produce
transparent, non-adherent eggs (diameter about 1 mm)
throughout the year.

According to the methodology of OECD TG 236
(OECD 2013) the freshly fertilized embryos are exposed
to the test material for 96 hours. Every 24 hours (four
observation periods) four main indicators of toxicity
(Braunbeck et al. 2005b; Knobel et al. 2012; Braunbeck
2014) are evaluated and LC50 is determined, i.e. the
concentration which causes toxic changes in 50% of
individuals. The indicators that are assessed as positive
at any time of observation are: coagulation of fertilised
eggs, lack of somite formation, lack of detachment of
the tail-bud from the yolk sac and lack of heartbeat. In
order to capture the very early negative effects of the
test material on the development of embryos it is neces-
sary to perform exposure as soon as possible, i.e. 1.5
hours after fertilization.

Validation studies demonstrated an excellent corre-
lation of FET with conventional acute toxicity test on
fish (Belanger et al. 2013; Knobel et al. 2012). Certain

restrictions of FET were reported in the case of high-
molecular substances such as polymers, or substances
subject to biotransformation, such as allyl alcohol
(Braunbeck 2014).

Braunbeck et al. (2005) in their earlier work reported
that the FET principle can also be applied using other
types of eggs of fish, e.g. Oryzias latipes or Pimephales
promelas. Further they demonstrated that the variability
between the results of FET on zebrafish embryos and
other species of fish is not higher than the variability
of the conventional test of acute toxicity for fish using
various species of fish. Unlike the Fish Embryo Test
which shows excellent correlation of results with tests
carried out on adult fish for chemicals and wastewater
(Castano 2003), cell cultures derived from fish, which
have been used by some laboratories, showed generally
lower sensitivity compared to the complete body of fish
(Scholz et al. 2013).

METHODS IN VITRO

Determination of genotoxicity and teratogenicity

FET test on Danio rerio embryos can be preferably
enriched by determination of genotoxic potential of
waste material for cells of an embryo using Comet
assay. Comet assay is a known method which is used
for measuring DNA breakages in cells. This test is now
widely accepted as a standard method of assessing
DNA damage and is used in a wide range of applica-
tions from biomonitoring in humans, genotoxicology
testing, to monitoring of genototoxicity in ecology
(Kosmehl et al. 2008). The method is based on gel elec-
trophoresis of individual cells. The presence of DNA
breaks causes local relaxation of supercoiled structure.
When a small electrical charge passes through the gel,
relaxed structure of DNA loops migrates toward the
anode, creating the so-called Comet's tail. Head of the
comet represents undamaged DNA, which for its size
cannot proceed in gel (Liao et al. 2009). The advantage
of the test is the possibility to obtain information on
the level of individual cells, which is crucial for robust
statistical analysis. Further advantages are the need to
have only a small quantity of cells for testing an indi-
vidual sample, high sensitivity of detection of DNA
damage and suitability of the method for any eukary-
otic cells. Limitation of the method is the requirement
for cell viability. If the cell suspension contains mostly
necrotic or apoptotic cells it is not possible to obtain
accurate information on the presence of lesions and
breaks. After completion of the 96-hour exposure, i.e.
at the end of the FET test, it is possible to isolate the
cells from whole embryos and evaluate primary DNA
damage, e.g. using a modified Comet assay with FPG
(formamidopyrimidine DNA glycosylase). The Comet
assay showed, according to some authors, an increased
sensitivity for the detection of DNA damage due to
oxidation and alkylation.The combination of FET
and Comet assay using cells isolated from the whole
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embryo is advantageous for multiple assessment to
detect embryotoxicity and genotoxicity (Kienzler et al.
2012; Wigh 2016).

Zebrafish embryo is a useful model for studying ver-
tebrate evolution because of its transparency, low cost
of breeding and known transcription of the genome.
It is proposed as a model for screening of teratogenic-
ity not only for fish (Hruscha et al. 2013; Hwang et al.
2013), but also for mammals (Brannen et al. 2013).
The relationship between developmental toxicity and
neurotoxicity during exposure to industrial chemicals
was documented in studies that described the use of
FET for identifying e.g. subclinical brain dysfunctions,
spinal malformations, defects of the eye and other
organ failures during the development of vertebrates
(Selderslaghs et al. 2013; Sipes et al. 2011).

A separate, recently widely proposed test of acute
toxicity and genotoxicity for the soil and aquatic eco-
systems, is a test using the bulbs of Allium cepa L. The
principle of the test is to determine ratio of chromo-
somal aberrations in cells of the bulb root after expo-
sure to wastewater. The advantage of the test is no need
of wastewater sample modification before application
on bulbs and low cost of the assay. The indicator of gen-
eral toxicity of the test material is inhibition of length
of roots grown from bulbs after exposure to the waste-
water sample (Firbas 2011; INVITTOX - PROTOCOL
8, IP-8, 1989).

At present the most widely used tests of genotoxic-
ity are based on bacteria Salmonella typhimurium and
Escherichia coli known as Ames test or UmuC test or
SOS chromotest. Ames test and its liquide version Ames
fluctuation test are the longest used bacterial reverse
mutation assays for evaluation of the mutagenic poten-
tial of chemicals or mixtures by detecting their effect
on histidine deficient strains Salmonella typhimurium
in the absence and presence of liver metabolic activa-
tion. Addition of liver metabolic activation enables
to detect promutagenic properties of the test material
in cases when the genotoxic effect occures only after
metabolic activation. The Ames test has been recog-
nized as advantageous for identification of genotoxic-
ity of different types of wastewater, including urban
or hospital effluents (Sharma et al. 2015).

Endocrine disruption and neurotoxicity

Zebrafish embryos can serve as a suitable model for
identifying endocrine disruption, namely for estro-
genic activity (Schiller et al. 2014). Typical biomarkers
of estrogenic activity in fish such as vitelogenin, recep-
tors for estradiol a and  and zona pelucida protein can
be easily identified and measured already in early stages
of zebrafish development (Braunbeck 2014). Besides
estrogenic activity it is also possible to monitor anti-
estrogenic, androgenic and anti-androgenic effects.
Some reports suggest the possibility to use zebrafish
embryos for screening of negative effects on the thyroid
(Wang 2013).

Bioindicators of wastewater ecotoxicity

For the determination of endocrine disruptive activ-
ity other methods can be also used, e.g. Melno cell
line or MDA-KB2, which are capable of identifying
androgen and glucocorticoid agonists and antagonists
(Wilson et al. 2002). The stabilized cell line of human
origin MDA-KB2 is expressing androgen receptors
and glucocorticoid receptors and contains a luciferase
reporter gene linked to the MMTYV promoter derived
from MMTV (Mouse Mammary Tumour Virus) which
is activated by these two receptors. A positive response
in the test means that there was a response by bind-
ing to androgen or glucocorticoid receptors. In order to
distinguish whether it is the activation of the androgen
receptor or a glucocorticoid, complementary exposure
with specific androgen antagonist (flutamide) or gluco-
corticoid antagonist (RU486) is carried out. Informa-
tion about stimulation of receptors for glucocorticoids
is significant, as municipal and hospital wastewater are
known sources of substances from the group of gluco-
corticoids, which are then identified in water systems
(Creusot et al. 2014).

The cell line MELN (Balaguer et al. 1999) stably
expresses the luciferase reporter gene under the tran-
scriptional control of an endogenous estrogen receptor.
Methodology for determining the hormonal activity of
wastewater can be advantageously used according to
various recent publications (Kinane et al. 2010, Creusot
et al. 2010). In principle, wastewater is first extracted
using an extraction column, eluated in methanol /
dichloromethane and dissolved in DMSO. The hor-
monal activity is determined in a microplate against
standards / controls, namely estradiol, dexamethasone,
and dihydrotestosterone. The result is expressed as an
equivalent of hormonal activity of standard substances.

A method based on genetically modified strains of
baker's yeast Saccharomyces cerevisiae, commercially
available from company Xenometrics as a standard
kit Xenoscreen YES/YAS, can be used for screening
of both activating (agonistic) and inhibitory (antago-
nistic) effects of chemical substances and their mix-
tures. Suitable samples are aqueous solutions, extracts
and tinctures from different materials, and also the
wastewater. Agonistic or antagonistic activity is always
set relatively to the values for the physiological ste-
roids (17-p estradiol for method Xenoscreen YES and
5a-dihydrotestosterone method for Xenoscreen YAS).
Commercial kit Xenoscreen YES / YAS contains geneti-
cally modified strains of baker‘s yeast Saccharomyces
cerevisiae, in which the DNA sequences of genes for the
human estrogen receptor (gene hERa) and androgen
receptor (Har gene) are stably integrated into the chro-
mosomes of the cells. The cells also contain a plasmid
carrying a reporter gene, lacZ encoding the enzyme
[-galactosidase and estrogen (YES) or androgen (YAS)
responsive elements (Routledge & Sumpter 1996). The
method detects also cytotoxic effect, which leads to
growth arrest or cell lysis. Cytotoxicity is measured as a
reduction in light scattering measured at 690 nm. Cur-
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rently, validation studies of methods based on similar
systems — yeast cells — are ongoing. In the future this
method can be useful as a marker for endocrine dis-
ruptive potential of different sample types, including
wastewater.

CONCLUSIONS

Wastewater, particularly from health care facilities, can
be dangerous for human health and components of the
environment due to the complex of chemicals, pharma-
cologically active substances, biocides, radionuclides,
detergents, disinfectants and pathogenic microorgan-
isms. Unlike chemical analyses, biological tests provide
true information on the quality of wastewater and its
effect on environmental ecosystems and human health.
Currently it is desirable to develop and use new sensitive
methods capable of correct characterization of residual
toxicity. By performing simple chemical analysis it is
not possible to assess cross-reaction between substances
and their actual effects on biological systems.

According to binding regulations on determination
of hazardous properties of chemicals, biocides, medical
devices and consumer products, and respecting the EU
directive on the protection of animals used for experi-
mental purposes, it is the responsibility of testing labo-
ratories to use alternative toxicological methods based
on 3Rs principle. The priority is given to methods in
vitro instead of conventional tests on vertebrates.

Conventional classic bioassays are not always sensi-
tive enough to evaluate the ecotoxicity of wastewater,
especially under conditions of prolonged exposure and
in sublethal doses. Diagnostics of health in populations
of aquatic organisms should include sensitive indicators
and the use of multi-parameter approach. It is therefore
desirable to supplement the conventional method with
a sensitive evaluation of specific indicators of ecotoxic-
ity, such as cytotoxicity, life span, growth, reproduction,
and the ability to evaluate the mechanisms of action
of tested noxious agents for example by determining
potential endocrine disrupting activity and potential
genotoxicity.

For ecotoxicity bioassays the Fish Embryo Test
(FET) can be used as an alternative method to tests on
fish because it meets the ethical requirement to replace
vertebrate testing scheme by an alternative method,
and it is a good tool for efficient detection of possible
residual toxicity. FET allows to determine not only the
acute toxicity for fish, but also developmental toxicity,
endocrine disruption, neurotoxicity and integrity of
DNA in a genotoxicity test.
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Abstract Health care facilities use for therapeutic purposes, diagnostics, research, and
disinfection a high number of chemical compounds, such as pharmaceuticals
(e.g. antibiotics, cytostatics, antidepressants), disinfectants, surfactants, metals,
radioactive elements, bleach preparations, etc. Hospitals consume significant
amounts of water (in the range of 400 to 1200 liters/day/bed) corresponding to
the amount of wastewater discharge.

Some of these chemicals are not eliminated in wastewater treatment plants and are
the source of pollution for surface and groundwater supplies. Hospital wastewater
represents chemical and biological risks for public and environmental health as
many of these compounds might be genotoxic and are suspected to contribute to
the increased incidence of cancer observed during the last decades. The changes
of the genetic information can have a lethal effect, but more often cause tumor
processes or mutations in embryonic development causing serious defects.

A review of the available literature on the mutagenicity/genotoxicity of medical
facilities wastewater is presented in this article.

INTRODUCTION

In recent years, along with improving health care,
researchers and experts have realized that wastes
from hospitals and health facilities represent an
increased risk of environmental pollution and
therefore may adversely affect human health.
However, no specific directive or guideline for
the management of hospital effluents has been
adopted in Europe so far. Hospitals and healthcare
facilities utilize for therapeutic purposes, diagnos-
tics, research, disinfection and daily operations
a number of chemicals, such as pharmaceutical
compounds (antibiotics, cytostatics, antidepres-

sants, etc.), disinfectants, heavy metals (platinum,
silver, mercury), iodinated X-ray contrast agents,
radioactive elements and bleaching agents (WHO
2013; Magdaleno et al. 2014).

A large part of hazardous substances found
in wastewater have proven genotoxic/mutagenic
effects and may cause changes in the genetic infor-
mation of an organism. Genotoxic effects are par-
ticularly dangerous as they have no threshold level,
their effects cannot be reversed and may affect the
next generation in the long term. Genotoxic sub-
stances occurring in the environment may have
contributed to the increase of cancer incidence in
the last decade (Jolibois & Guerbet 2005; WHO
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2013). To avoid these risks, the European Union does
not allow direct discharge of chemicals and metabolites
with mutagenic/carcinogenic effect to wastewater (EU
Directive 80/68 EEC; 76/464 EEC). However, some
compounds can reach the medical facilities wastewater
along with human excreta from toilets and during the
process of disinfection, washing and laundry (Kern et al.
2015). A significant source of genotoxic risks in hospi-
tal wastewater (HWW) represent also pharmaceuticals
(antibiotics, cytostatics), which are excreted primarily
in the urine (55-88%) and to a lesser extent by stool
(Santos et al. 2010; Verlicchi et al. 2012). In addition,
pharmaceuticals (PHs) past their expiration date con-
trary to regulations are frequently flushed down the
toilet, reaching through sewage a wastewater treatment
plant (WWTP). The currently used wastewater treat-
ment processes are able to capture or eliminate some
of these substances, however, from the WWTP some
PHs, being difficult to biodegrade, may get into surface
waters and rarely even into groundwater, which is the
source of drinking water (Kiimmerer 2009). Currently,
the presence of drugs (e.g. ibuprofen, karbazapin,
diclofenac) in drinking water in the Czech Republic was
already demonstrated (KoziSek et al. 2013).

Mercury, platinum and silver belong among heavy
metal elements with genotoxicity potential found in
the hospital wastewater (HWW). The World Health
Organization showed that up to 5% of mercury present
in the aquatic system originates from medical facili-
ties, mainly from dental amalgam and medical devices
(WHO 2013). Since mercury is on the List of Hazard-
ous Substances (EU Directive 2006/11/EC) the release
of amalgam to WW is prohibited and the use of amal-
gam separators at the dentists is obligatory (EU 2006).

Every year an increasing number of cancer patients
are treated with antineoplastic preparations contain-
ing platinum (Pt). 90% of these drugs are excreted in
urine to WW and consequently to WWTP. Goulle et al.
(2012) in their work showed that a large proportion of
Pt (68%) is not eliminated in the wastewater treatment
plants and pollutes the surface waters (e.g. the river
Seine 350 g/year).

The elimination of pathogens in healthcare facilities
requires the use of a large number of disinfectants and
detergents. The most widely used disinfectants are chlo-
rine-based (sodium hypochlorite) or contain aldehydes
or their derivatives, such as glutaraldehyde. Chlorine
from disinfectants reacts with organic substances pres-
ent in aquatic environments and produces toxic and
genotoxic adsorbable organic halogens.

ASSESSMENT OF GENOTOXICITY

Sampling and storage of samples

Proper sampling is essential for quality results of the
WW composition analyses. WW has a very variable
composition during the day and thus single sampling is
not appropriate. It is necessary to collect average com-

posite samples depending on time (per hour, per shift,
per 24 h). In most studies dealing with the evaluation of
the genotoxicity of WW, samples were collected with an
(auto)sampler during 24h (Steger-Hartmann et al. 1997;
Hartmann et al. 1999; Jolibois & Guerbet 206a, 2006b;
Ferk et al. 2009 2014) or at the time of the maximal hos-
pital activity (mostly from 8 a.m. to 4 p.m.) (Jolibois et
al. 2003, 2005; Sharma et al. 2015; Gupta et al. 2009).
All collected samples were immediately transported
in cooling boxes and stored either at 4°C (Giuliani et
al. 1996, Bagatini et al. 2009; Alabi & Shokunbi 2011;
Gupta et al. 2014; Sharma et al. 2013, 2015) or frozen at
-25°C (Steger-Hartmann et al. 1997; Hartmann et al.
1999; Jolibois & Guerbet 2005, 2006a, 2006b; Magda-
leno et al. 2014). The samples stored at 4°C were pro-
cessed within 7 days from the sample collection.

Sample preparation
It is necessary to adjust the collected WW samples from
medical facilities before the assessment of their geno-
toxic potential, especially when using bacterial tests, to
avoid any artefacts.

The most commonly used preparation technique of
liquid samples is filtering through a special filter (e.g.
cellulose nitrate, cellulose acetate filter) with a pore
size 0.45 um (Jolibois & Guerbet 2005, 2006a, 2006b;
Hartmann et al. 1999) or with a pore size 0.22 pm (Paz
et al. 2006; Magdaleno et al. 2014). Paz et al. (2006)
tested each sample after filtration through a cellulose
nitrate filter (0.22 um; Millipore) and as an ether extract
obtained using a special procedure. Although filtration
is the most widely used method, White et al. (1996)
mention in their study that certain chemical substances
may be captured on the filter during filtration causing a
loss of the genotoxic activity. For those reasons, Gupta
et al. (2009, 2014) and Sharma et al. (2013, 2015) used
untreated wastewater in their biological tests.

Methods

The quantification of risk associated with chemical pol-
lutants in wastewater is extremely difficult as they usu-
ally occur in concentrations too low to allow analytical
determination (Verlicchi et al. 2012) and the synergic
effects of mixtures cannot be evaluated by means of
chemical analytical methods. Therefore, genotoxicity is
preferentially evaluated using biological tests which do
not require the exact knowledge of toxicant identity and
physical-chemical properties of the wastewater sample.
The most widely used tests of genotoxicity are based on
bacteria Salmonella typhimurium and Escherichia coli
(i.e. Ames test, UmuC test/SOS chromotest).
Salmonella/microsome assay (Ames test; OECD TG
471) or Salmonella fluctuation assay (Ames fluctuation
test — a liquid vision of Ames test) is the longest-used
short-term bacterial reverse mutation assay for evalua-
tion of the mutagenic potential of chemicals or mixtures
by detecting their effect on histidine deficient strains of
Salmonella typhimurium in the absence and presence of
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liver metabolism activation (Maron & Ames 1983). The
Salmonella assay has been extensively used for evalua-
tion of genotoxicity of different types of water, e.g. tap
water (Shen et al. 2003), water after sewage treatment
(Morisawa et al. 2003), urban or hospital wastewater
(Hartmann et al. 1999; Jolibois & Guerbet 2006a; Ferk
et al. 2009; Gupta et al. 2014; Sharma et al. 2015). Sal-
monella strains TA100 and TA98 are commonly used
in these tests. Nevertheless, some studies have also uti-
lized strain TA102 (Jolibois & Guerbet 2005; Jolibois
& Guerbet 2006a; Jolibois & Guerbet 2006b; Gupta et
al. 2009; Gupta et al. 2014), which is recommended to
be used for its greater sensitivity to genotoxic agents in
wastewater. The use of all three strains allows the detec-
tion of a broader range of genotoxic substances as each
strain is capable to identify different types of mutations
(frame-shift mutation — TA98, base pair substitution
mutation — TA100, DNA cross-linking - TA102) (Fan
et al. 1998). The strain TA102 is more sensitive for
detection of oxidative mutagens and determination of
distinct aldehydes (Levin ef al. 1982). Addition of liver
metabolic activation in these tests can detect promu-
tagenic properties of a substance when the genotoxic
effect occurs only after metabolic activation in the
mammalian organism.

SOS chromotest (Escherichia coli PQ 37) and UmuC
test (Salmonella typhimurium TA1535/pSK 1002) are
biological assays evaluating DNA damage or inhibition
of DNA replication in cells inducing the SOS repair
system. This colorimetric assay measures the expres-
sion of genes induced by genotoxic agents by means
of a fusion with the structural gene for $-galactosidase
(Giuliani et al. 1996; Sharma et al. 2015).

Comet assay (single-cell gel electrophoresis) is a
simple method for measuring DNA strand breaks in
eukaryotic cells. Electrophoresis at high pH results in
structures resembling comets, observed by fluorescence
microscopy; the intensity of the comet tail in relation to
the head reflects the number of DNA breaks (Brendler-
Schwaab et al. 2005).

In vitro Mammalian Chromosomal Aberration (CA)
Test (OECD TG 473) is based on cell cultures exposed
to the test substance both with and without metabolic
activation. At predetermined intervals after exposure
the cell cultures are treated with a metaphase-arrest-
ing substance (e.g. colchicine), harvested, stained and
metaphase cells are analyzed microscopically for the
presence of CA.

The Allium test utilizes bulbs of Allium cepa. In
monitoring studies, higher plants have been recog-
nized as excellent genetic models to detect environ-
mental mutagens (Leme & Marin-Morales 2009). Due
to relative simplicity, sensitivity to genetic damage, low
cost of experimentation and small amount of sample
required these short-term bioassays have proved to be
an important tool in genotoxic studies. The root tip
cells constitute a convenient system for macroscopic
(growth, EC50 values) and for microscopic parameters

Genotoxicity of hospital wastewater

(c-mitosis, stickiness, chromosome breaks, micronuclei
(MN)). Since the cells possess important plant activa-
tion enzymes, the results from the Allium cepa test have
shown good agreement with results from other test sys-
tems, eukaryotic as well as prokaryotic. The CA method
in Allium cepa roots is validated by the International
Program on Chemical Safety (IPCS) as an efficient test
for analysis and in situ monitoring of the genotoxicity
of environmental substances.

Saccharomyces cerevisiae Gene Mutation Assay —
(OECD TG 480) utilizes genetically modified strains of
S. cerevisiae for genotoxicity testing. Yeast cells have the
same advantages as bacteria in terms of high through
put, easy manipulation, fast growth and low cost. While
retaining the simplicity of unicellular organisms, they
are truly eukaryotes and therefore closer to mamma-
lian cells. DNA damage-inducible genes in yeast cells
respond to a much broader spectrum of DNA lesions.

A comprehensive overview of available methods and
their use in testing the genotoxicity / mutagenicity of
health care facilities wastewater is described in detail in
areview by Sharma et al. (2012).

GENOTOXICITY OF WASTEWATER FROM
HEALTH CARE FACILITIES

Recently a lot of studies focused on determination
of chemical composition of WW from hospitals and
health care facilities have been published, but only a few
of them have assessed the complex effect of wastewaters
and their overall genotoxicity. The overview of the most
important studies is included in Table 1. The table con-
tains the number of samples tested, the percentage of
samples inducing genotoxic effects and the used meth-
ods. Generally, all the listed studies confirm genotoxic
effect of untreated samples of wastewater from health
care facilities.

Table 1. Summary of genotoxicity studies focused on
wastewater from health care facilities, based on tests of
untreated samples.

The most extensive published study was carried
out by Giuliani et al. (1996). In this study, genotoxic
potential of WW from a Swiss hospital (1400 beds) was
evaluated. The samples of WW were collected for two
years (in total 851 samples) and the genotoxic effect was
assessed by UmuC test. Genotoxic activity was found in
13% of all samples and the highest number of positive
effects was recorded in the morning (6-10 a.m.), which
reflects the period of the highest activity in the hospital,
e.g. release of pooled urine or cleaning water.

Steger-Hartmann et al. (1997) observed the effect
of cyclophosphamide on the HWW genotoxicity in
Switzerland. His study identified biodegradation and
concentration of cyclophosphamide in WW before and
after treatment and investigated the effect of cyclophos-
phamide on the overall genotoxic potential of WW.
Three of the six hospital sewage water samples tested
proved to be genotoxic with S9 metabolic activation.
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Tab. 1. Summary of genotoxicity studies focused on wastewater from health care facilities, based on tests of untreated samples.

Reference Country s bercantage of Bioassay
P 9 P
Giuliani et al. (1996) Switzerland 851 13% Umuc test
Steger-Hartman et al. (1997) Switzerland 6 50% UmuC test
Hartmann et al. (1998) Germany 16 NA UmuC test
Hartmann etal. (1999) Germany 25 56% * Ames test (TA100, TA98),
Chromosomal aberration test, UmuC test
Jolibois etal. (2003) France 18 559% * Ames fluct. test
(TA100, TA98),
SOS chromotest
Jolibois & Guerbet (2005) France 7 65% * Ames fluct. test
(TA100, TA98, TA102),
SOS chromotest
Pazetal. (2006) Argentina 2 50% Test Allium cepa,
Saccharomyces c. test
Jolibois & Guerbet (2006a) France 38 82% * Ames fluct. test
(TA100, TA98, TA102),
SOS chromotest
Jolibois & Guerbet (2006b) France 14 93% * Ames fluct. test
(TA100, TA98, TA102),
SOS chromotest
Ortolan & Ayub (2007) Brazil 28 32% UmuC test
Ferketal. (2009) Austria 3 0% - Ames t. Ames test
100% - Comet t. (TA98, TA100, TA1535), Comet test
Bagatiny et al. (2009) Brazil 10 100% Test Allium cepa
Guptaetal. (2009) India 6 100% Ames test (TA98, TA100)
Alabi & Shokunbi (2011) Nigeria 1 100% Animal assay
Atasoy et al. (2012) Turkey 108 56% Ames test (TA98, TA100)
Sharmaetal. (2013) India 20 100% Ames test (TA98, TA100), Saccharomyces
c. test
Magdaleno et al. (2014) Argentina 20 40% Test Allium cepa
Guptaetal. (2014) India 15 100% Ames test
(TA98, TA100, TA102)
Kern etal. (2015) Brazil 1 100% Test Allium cepa
Sharmaetal.(2015) India 12 100% Ames fluct. test
(TA100, TA98),
SOS chromotest

*positive in at least one test; NA - not available

Effluent samples after treatment in the WW treatment
plant were not genotoxic, although occurrence of cyclo-
phosphamide was confirmed analytically, leading to the
conclusion that the genotoxic potential of untreated
water was not caused by cyclophosphamide.

Hartmann et al. (1998; 1999) has confirmed in his
two studies that fluoroquinolone ATBs (e.g. ciprofloxa-
cin, norfloxacin) are an important source of genotoxic-
ity in samples of untreated HWW (Germany). In both
studies the induction of UmuC correlated with deter-
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mined concentrations of ATBs in the WW. In the study
from 1999, this finding was additionally supported by
other bioassays (Ames assay and CA assay).

Comprehensive assessment and research of geno-
toxicity in Rouen (France) was published by Jolibois
& Guerbet in their four studies from 2003 to 2006.
Genotoxic effects of chemical mixtures in WW were
determined using two bioassays — Ames fluctuation
test and SOS Chromotest, which are complement and
extend the ability to detect several types of gene muta-
tions. In the first study (Jolibois et al. 2003), 18 samples
of WW from the Rouen University Hospital were col-
lected and 56% were mutagenic in at least one assay.
In the second large study (Jolibois & Guerbet 2005)
the authors compared industrial WW, domestic WW
and HWW and the effect of treatment. Results from
the six different sampling sites showed toxic effects
of domestic WW at the same level as the other two
WWs. However, it is important to emphasize that all
the samples after treatment were not genotoxic. The
third study (Jolibois & Guerbet 2006a) again confirmed
the results of the previous ones (2003; 2005). From a
total of 38 samples, 31 were positive at least in one of
the used tests (Ames fluctuation assay, SOS chromot-
est). The fourth study (Jolibois & Guerbet 2006b) was
focused on detailed investigation of genotoxic effects of
Rouen hospital WW (13/14 samples positive) and also
on setting up a simple classification of HWW genotoxic
effects. The authors introduced a scale of five genotoxic
levels G1-G5, where G1 was the weakest effect and G5
the strongest one. This classification would simplify
and streamline the level of genotoxic risks not only for
scientists, but also for public. Nevertheless, it should be
noted that this method has not been frequently used
by other investigators. In the last three studies (Jolibois
& Guerbet 2005; 2006a; 2006b) the authors utilized
in the Ames fluctuation assay not only strains TA98
and TA100, but also the strain TA102, which proved
to be the most sensitive for determination of WW
genotoxicity.

The levels of genotoxic and toxic effects of WW
from the hospital facilities in Brazil and Argentina have
been investigated in the recent years by several scien-
tific teams (Paz et al. 2006; Ortolan & Ayub 2007; Baga-
tiny et al. 2009; Magdaleno et al. 2014; Kern et al. 2015).
These authors used in their studies predominantly the
Allium cepa test, S. cerevisiae assay and UmuC.

Magdaleno et al. (2014) investigated genotoxicity
and toxicity of WW from hospital in Buenos Aires
and the effect of treatment in a communal wastewater
treatment plant. 8 samples from 20 (40%) induced high
frequency of CA and MN. The correlation between
genotoxicity and determined concentrations of ATBs
and disinfectant agents was found only for cipro-
floxacin. This finding is consistent with the study by
Hartmann et al. (1999), where the correlation between
DNA damage and concentration of ciprofloxacin was
reported. Samples collected at the outlet of the WW'TP

Genotoxicity of hospital wastewater

were not genotoxic in the Allium cepa test, but remained
toxic to algae, which indicated that cleaning of WW
was not totally effective.

The aim of the study conducted by Kern et al. (2015)
was to assess the ecotoxicity and genotoxicity of waste-
water from hospital laundry of a regional hospital in
Rio Pardo Valley, Brazil. The laundry contributed to
approximately 33% of the hospital wastewater quantity
and had a different composition than the wastewater
from the hospital wards. It contained high concentra-
tions of body fluids (blood, faeces, vomit, etc.), exhibited
high microbial load and potential presence of viruses.
A detailed analysis and ecotoxicological assessment
of these samples were performed by several methods
(physico-chemical analysis, gas chromatography, acute
toxicity tests on Daphnia magna and Danio rerio, etc.).
The Allium cepa test was used for the determination of
ecotoxicity and genotoxicity. No CA were observed in
root tip cells, but cells with higher frequency of MN
depending on sample concentration were recorded.
This study did not prove evidence of toxicity in the
water and soil ecosystem, however, the results con-
firmed that WW from hospital laundries contributes
significantly to the toxicity and genotoxicity of HWW.

Ortolan & Ayub (2007) used for evaluation of cyto-
toxicity and genotoxicity untreated hospital effluents
from hospital de Clinicas de Porto Alegre, Brazil.
Genotoxic effects were proved for 32% of samples and
only without $9 metabolic activation. WW toxicity and
genotoxicity in samples taken from inpatient units was
higher in comparison with laboratory departments.

India is another state currently focusing on testing
of dangerous properties of WW from medical facilities,
as in this country the HWW is routinely discharged
into the municipal sewage system and subsequently
processed together with domestic WW in the WWTP.
Gupta et al. (2009) in his work assessed mutagenicity
and genotoxicity of HWW from 3 main hospitals in
Delhi, one of the facilities had fully functional WWTP,
the other two discharged WW directly to the sewage
system. He compared genotoxic effects of untreated
WW and WW in different phases of treatment (after
filtration, aeration and chlorination). All untreated
samples from the 3 hospitals showed positive muta-
genic effects in the Ames test. Mutagenicity was slightly
decreased by filtration and no samples after complex
treatment showed any mutagenic effect confirming the
overall treatment process in the WWTP was highly
effective.

In another study by the same author (Gupta et al.
2014) five hospitals, three in Delhi and two in the area
of Jaipur, were selected for HWW sample assessment
by the Ames test using all three recommended strains.
According to the classification criteria of genotoxicity
set by Jolibois & Guerbet (2005), all the samples showed
strong genotoxic potential, however, only in the case of
strain TA 102, which proves the necessity to include this
strain in the standard Ames test used for testing WW.
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The studies by Sharma et al. (2013; 2015) conducted
in India confirmed that even diagnostic centres repre-
sent a small but significant source of genotoxicity to
the sewage system and that samples tested with meta-
bolic activation S9 showed stronger genotoxic activity
suggesting the presence of promutagenic substances
(Sharma et al. 2015).

Genotoxicity potential of WW from the oncology
department of General Hospital Vienna, (Austria) was
examined by Ferk et al. (2009). Two complement bacte-
rial tests were chosen for testing of the genotoxic poten-
tial - the Salmonella/microsome assay using strains
TA98, TA100, TA1535, and Comet assay. The influence
of different treatment process steps — membrane filtra-
tion, UV-radiation, filtration through activated coal
- was investigated. The Salmonella/microsome assay
showed negative results for all the tested samples, how-
ever, the Comet assay showed a strong damage of DNA
with respect to the dosage of cytostatics. The study con-
firmed the significant effect of membrane filtration on
the overall genotoxic effect, the decrease was in the range
of 62-77%. Nevertheless, the following treatment steps
did not cause any further decrease of genotoxic poten-
tial. Testing of various reference cytostatics showed
that the active concentrations, causing DNA damage,
were much higher than concentrations detected in the
untreated WW. The authors believe that cytostatics are
not the main source of genotoxicity in HWW. The posi-
tive results in the Comet assay are explained by contami-
nation by quarter ammonium compounds in the HWW.

The only available study that evaluates toxicity and
genotoxicity of HWW in vivo on animals was per-
formed by Alabi & Shokunbi (2011) in Niger. Albino
mice were intraperitoneally administered raw, unfil-
tered WW in 5 concentrations. The application was
carried out for 4 consequent days, followed by a bat-
tery of biological tests - MN, CA, and sperm count and
morphology. Test results showed a significant increase
of CA in bone marrow cells, increased frequency of MN
in bone marrow erythrocytes, altered sperm morphol-
ogy and their significant decrease in number in a dose
dependent manner.

All the above-mentioned studies prove that untreated
WW samples from medical facilities exhibit genotoxic
potencial in the extent from 13% samples (Giuliani et
al. 1996) up to 100% (see Table 1). However, a relevant
evaluation of the general genotoxic response is dis-
putable as the studies utilize different research meth-
ods and in some cases only a few samples have been
tested (Paz et al. 2006; Kern et al. 2015) 1. Moreover,
the genotoxic response of the tested samples has been
influenced by many factors. The variability and concen-
tration of chemical substances present in WW samples
is influenced by the size and type of the facility, number
of inpatients and outpatients, quantity and type of pro-
vided treatment and services, focus of research or sam-
pling procedure, time and season (Jolibois & Guerbert
2006a; Ort et al. 2010).

LEGISLATIVE MEASURES

Recently, a growing number of countries worldwide
have been aware of the problem with micropollutants
(MPs) in aquatic environment. MPs that are persistent,
bioactive, not completely biodegradable and cannot be
totally removed with conventional wastewater treat-
ment technologies pose the highest risk. The contin-
ued release of MPs with WW effluent is believed to
cause long-term hazards as the contaminants might
bioaccumulate and form new mixtures in the aquatic
system with unknown effects. It has been shown that
concentrations of dangerous MPs in hospital effluent
are greater than in domestic WW (Santos et al. 2013,
Verlicchi et al. 2012). It is estimated that HWW is 5 to
15 times more toxic than urbanic WW (Emmanuel et
al. 2009).

In Europe, no specific directive or guideline for the
management of hospital effluent has been adopted yet
and the member countries have their own specific leg-
islation and criteria for assessing the quality of HWW.
If a hospital facility is considered by the legislation of
the state to be industrial (e.g. in Spain and France), usu-
ally some type of pretreatment is required and specific
characteristics of the WW will have to be met before
permitted to discharge it in the municipal WWTP (e.g.
chemical, physical and microbiological limits for pH,
NH,, NO,, NO;, E. coli, biological oxygen demand, etc.)
(EU 91/271/CEE modified from Directive 98/15/CE).
On the other hand, in countries where HWW is con-
sidered to be domestic or communal, neither authori-
sation nor specific characteristics are required before
discharge (e.g. Germany) (Carraro et al. 2016). The
removal of pharmaceutical substances is not specifically
regulated by the Urban Waste Water Treatment Direc-
tive, which addresses the removal of organic pollution
at treatment plant level (secondary and biological treat-
ment) (EU 1991). However, in the areas identified as
“sensitive” under this Directive, member states should
consider additional treatment steps if necessary to meet
certain other legislative requirements, such as those of
the Water Framework Directive (EU 2000).

Recently, within the European Union legislative
action has been taken and a list of prioritized sub-
stances that have been seen as a threat to surface and
ground water has been published. In order to comply
with the environmental standards laid out by the EU,
the member countries should monitor the prevalence of
the substances on this list, starting in September 2015,
as specified in Directive 2013/39/EU, on priority sub-
stances in the field of water policy, and Water Frame-
work Directive 2000/60/EC (EU 2013; EU 2000). The
list currently contains 45 priority dangerous substances,
however, none of them are pharmaceuticals. The Direc-
tive 2013/39/EU states in Article 8b that the Commis-
sion shall establish a watch list of substances for which
Union-wide monitoring data are to be gathered for the
purpose of supporting future prioritization exercises.
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Specific provisions for pharmaceutical substances are
mentioned in Article 8c. The environmental impacts of
medicines should be taken into account more effectively
in the procedure for placing medicinal products on the
market. The Commission should by 14 September 2017
propose measures to address the possible environmen-
tal impacts of pharmaceutical substances, with a view
to reducing discharges, emissions and losses of such
substances into the aquatic environment, taking into
account public health needs and the cost-effectiveness
of the measures proposed.

Switzerland is one step ahead and has already
decided to reduce MPs and toxicity of their wastewa-
ter. They have decided to upgrade 100 WWTPs (which
represents about 50% of the municipal wastewater in
Switzerland) during the next 20 years. http://www.
micropollutants.com)

CONCLUSIONS

Results from the available scientific literature indi-
cate that untreated wastewater from medical facilities
frequently exhibits genotoxic effects. However, the
evaluation of genotoxic effects of a given compound
in wastewater is not an easy task mainly due to the
variable characteristics of wastewaters, which depend
on the type of hospital activity (care, diagnostic tests,
analysis and research activities, numbers of inpatients
or outpatients, etc.).

Further long-term and regular monitoring will
be necessary for proper evaluation of the genotoxic
risks posed by wastewater from individual health care
facilities. In order to obtain relevant data to set up safe
limits for the legal regulation of genotoxic substances
contained in wastewaters, it will be essential to develop
a unified genotoxicity testing battery and produce
standardized methodologies for the individual tests to
enable comparison of the published results. In addition
to the conventional chemical analysis, biological geno-
toxicity assays should be included as additional param-
eters in WW hazard monitoring. A more in-depth
investigation should be conducted and specific treat-
ment proposed with the aim to decrease the discharge
of genotoxic chemicals into the local sewage system and
environment.
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Abstract OBJECTIVES: The purpose of this study was to determine toxicity of wastewater
from hospitals in the Czech Republic using traditional and alternative toxicologi-
cal methods. The pilot study comprised weekly dynamics of sewage ecotoxicity
of treated wastewater from one hospital in two different seasons. A detailed
investigation of wastewater ecotoxicity, genotoxicity and reprotoxicity followed in
five different hospitals.

METHODS: The seven following bioassays were used in this study: algal growth
inhibition test (ISO 8692), Vibrio fischeri test (ISO 11348-2), Daphnia magna
acute toxicity test (ISO 6341), Allium cepa assay, Ames test (OECD TG 471),
Comet assay and YES/YAS assay.

RESULTS: The wastewater ecotoxicity during one week showed no differences
in separate working days, however, higher toxicity values were recorded in May
compared to November. In the following study, samples from two of the five hos-
pitals were classified as toxic, the others as non toxic. Genotoxicity has not been
confirmed in any sample. In several cases, wastewater samples exhibited agonist
activity to the estrogen and androgen receptors.

CONCLUSION: The study demonstrated different levels of toxicity of treated
hospital wastewater. Variable sensitivity of individual bioassays for tested waste-
water samples was recognized. A more extensive study including proposal for
improvement of hospital wastewater treatment within the Czech Republic can be
recommended with the aim to decrease the discharge of toxic chemicals into the
local sewage system and the environment.
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Abbreviations:

ww - wastewater

HWW - hospital wastewater

UWW - urban wastewater

WWTP - wastewater treatment plant

PHs - pharmaceuticals

EDs - endocrine disruptors

EC;, - effective concentration of the tested substance that
causes negative effect (inhibition, immobilization) in
50% of the organisms

EC20 - effective concentration of the tested substance that
causes negative effect (inhibition, immobilization) in
20% of the organisms

TU - toxic unit

INTRODUCTION

Wastewater from health care facilities (HWW) differs
from classical urban wastewater (UWW) mainly due
to the content of wider spectrum and higher quantity
of pharmaceuticals (PHs) and chemicals. The main
substances that can be found in HWW are antibiotics,
analgesics and anti-inflammatories, psychiatric drugs,
B-blockers, anaesthetics, disinfectants, chemicals from
laboratory activities, developer and fixer solutions from
photographic film processing and X-ray contrast media
(WHO 2013).

The occurrence of PHs in wastewater is limited by
the amount of drugs and chemicals used (varying in
different countries and evolving over time), entry into
sewage, degradation in sewage treatment plants and
occurrence in surface and groundwater (Véna et al.
2010). If these substances are not sufficiently removed,
the contamination of the aquatic environment will
inevitably increase and affect all the relevant ecosys-
tems. Hence, a better understanding of the effect of PHs
in the environment is required.

In Europe, no specific directive or guideline for the
management of hospital effluents has been adopted
yet. Liquid waste must not be discharged into a foul
sewer but treated as a waste and collected and dis-
posed as such. For the effluents from the hospital foul
sewer there is no specific regulation issued and so each
member state of the European Union has its own dis-
tinct legislation (EU 2000).

The principles of drainage and subsequent purifica-
tion of HWW in the Czech Republic are indicated in
the standard CSN 75 6406. The methods of WW and
sludge treatment are further regulated with regard to
the occurrence, character and amount of germs, radio-
active substances and local conditions. Health care
facilities are obliged to disinfect WW if the facilities are
designed to isolate and treat transmissible diseases or to
manipulate infectious material (CSN 75 6406).

PHs and personal care products are considerably
resistant to current procedures of WW treatment. It
has been demonstrated that the majority of these sub-
stances and mixtures are not totally eliminated from
the liquid phase during WW treatment, especially

substances with low lipophilicity (Suarez et al. 2009). If
sewage treatment takes place only at the point of origin
(in the hospital sewage treatment plant), the cleaning
efficiency is around 90%. The maximum cleaning effect
is achieved with the double cleaning of HWW, i.e. at
the place of origin of the hospital treatment plant and
subsequent purification by a municipal cleaning plant
(Pauwels et al. 2006).

In most cases, HWW is diluted with municipal
sewage, and this usually leads to a reduction in pharma-
ceutical compounds amount in the final WW (Verlic-
chi et al. 2012). However, distinct drugs, even in small
concentrations, may be still toxic to the environment.
In their review, Orias and Perrodin (2013) summa-
rized data on observed concentrations of 297 pollut-
ants measured in the HWW including pharmaceutical
and non-pharmaceutical compounds (disinfectants,
alcohols, detergents, heavy metals). Metals as elements
associated with medical care are non-negligible compo-
nents of sewage water with a great variability of possible
concentrations. Therefore, in our study, selected metals
were determined in order to extend the characteristics
of the WW samples. Mercury is used in manometers for
measuring and controlling pressure, in thermometers,
in dental amalgam fillings, esophageal dilators and gas-
trointestinal tubes. Chemical compounds of mercury
are used as antiseptics in pharmaceuticals, as reagents
in laboratories, and as catalysts. Health care facilities
are one of the main sources of mercury release into the
environment (Rustagi & Singh 2010). They release 5%
of the mercury to water bodies through untreated WW,
and e.g. in the United Kingdom, more than 50% of total
mercury emissions come from mercury contained in
dental amalgam and laboratory and medical devices
(WHO 2013). In spite of successfully reduced emissions
into the aquatic environment in the past, mercury con-
tinues to be one of the heavy metals whose discharged
volume is still high. Mercury ultimately accumulates at
the bottom of water bodies, where it is transformed into
its more toxic organic form, methyl mercury, which
accumulates in fish tissue. Platinum-based cytotoxic
drugs are among the most used for the treatment of
testicular, prostate, colon and breast tumors. Most of
the platinum series cytotoxic agents are excreted via the
urine and thus enter the HWW (Kiimmerer et al. 1999).
Gadolinium complexes are used in magnetic resonance.
The concentrations measured in hospital effluents are
in the range of a few pg/l to 100 pg/l (Kiimmerer et al.
2000). For its antimicrobial properties, silver is a fre-
quent ingredient of creams, wound dressings and anti-
microbial coatings on medical devices. Silver is also
used in bone prostheses, reconstructive orthopedic
surgery and cardiac devices (Lansdown, 2006). Alu-
minum and alum are also used in medicine, they have
contraction and anti-inflammatory effects (e.g. alumi-
num acetate for swelling). They are used in dentistry,
PHs industry, and manufacture of surgical instruments
(Goullé et al. 2012).

Copyright © 2018 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu

76



0 NV W =

The purpose of this study was to determine toxic-
ity of HWW in the Czech Republic using conventional
and alternative toxicological methods. Our study repre-
sents the first study in the Czech Republic investigating
HWW by means of a wide range of biological methods
comprising not only tests of ecotoxicity, but also geno-
toxicity and reprotoxicity.

Standard ecotoxicity assays are a way to determine
some PHs and personal care products effects, such as
acute or chronic ecotoxicity, on organisms of different
trophic levels. Different species of fish, crustaceans,
algae are often used for this purpose; however, other
microorganisms, such as bacteria, have also been used
in these studies. Fish test has not been used in our
study with respect to the EU directive (EU 2010) on
the protection of animals used for experimental pur-
poses requiring the reduction of animal tests and their
replacement by alternative methods. In our study, the
preferred ecotoxicity method was luminescence bac-
teria test. The luminescence inhibition bioassay with
marine photobacteria Vibrio fischeri has been con-
firmed as a useful tool for estimation of acute toxicity of
numerous chemicals (Rosal et al. 2010b; Biatk-Bieliniska
et al. 2017; Vilitalo et al. 2017). Green algae (e.g. Des-
modesmus subspicatus and Pseudokirchneriella sub-
capitata) comprise an essential component of aquatic
ecosystems and they are often considered as a good
indicator for anthropogenic pollution and water quality
(Ma et al. 2006) with high sensitivity in toxicity testing
(Magdaleno et al. 2014b; Russo et al. 2017; Vasconcelos
et al. 2017). Daphnia magna is a fresh water cladoceran
crustacean that is very sensitive to chemicals or pol-
lutants (Flaherty & Dodson 2005; Boillot & Perrodin
2007) and it is widely used to evaluate the ecotoxic-
ity of WW (Erbe et al. 2011; Kern et al. 2014). If it is
exposed to stress factors, its life, morphology, behavior,
and physiological properties may change (Jiang et al.
2018). Among several methods using higher plants, the
Allium cepa test is frequently used in the biomonitoring
of wide range of compounds (Herrero et al. 2012) or
for testing toxicity of WW (Firbas & Amon 2013). The
risks associated with the discharge of PHs and chemi-
cals into the environment are based not only on their
acute and chronic ecotoxicity, but also their genotoxic-
ity and endocrine disruption (Rosal et al. 2010a).

Genotoxicity was studied by a combination of two
tests: Ames test and Comet assay. The Ames test (OECD
1997) has been widely used to assess the genotoxic effect
of various types of water, such as drinking water (Shen
et al. 2003), water after sewage treatment (Morisawa et
al. 2003), or water from municipal or hospital wastewa-
ter treatment plants (Jolibois & Guerbet 2006; Ferk et
al. 2009; Sharma et al. 2015). Salmonella typhimurium
TA100 and TA98 strains are generally used in these
assays. The Comet Assay, also known as single cell gel
electrophoresis (SCRE), enables to determine whether
there has been deoxyribonucleic acid (DNA) damage to
a single cell from apoptosis (cell death) or cytotoxicity

Toxicity of hospital wastewater

(toxicity to cells) and the extent of this damage (Singh
et al. 1988; Tice et al. 2000).

Endocrine disruption (ED) endpoints for testing of
biotic systems are of great concern since EDs are recent
common contaminants of aquatic ecosystems. Impor-
tant sources of EDs are effluents from sewage treat-
ment plants including those in health care facilities.
Certain EDs, such as natural and synthetic hormones
are not completely removed with the use of conven-
tional wastewater treatment systems. With regard of
these concerns, there is increasing pressure to develop
advanced wastewater treatment methods and also an
appropriate battery of tests that will include endocrine
disruption endpoints (Hecker & Hollert 2011). Certain
in vitro methods based on transfected cell lines have
been already included in the OECD concept and in
vitro methods based on yeast strains have been stan-
dardized in the ISO standard system, e.g. Draft ISO
19040 (OECD, 2012; ISO, 2017). Both biological sys-
tems are effective to be used for hazard identification
within (eco)toxicological purposes. In our study, the
yeast-based microplate assay YES/YAS was used for
determination of estrogenic and androgenic potential
of concentrated WW samples.

Due to relative simplicity, sensitivity , low cost of
experimentation and small amount of sample required
all implemented short-term bioassays have proved to be
an important tool in genotoxic and reprotoxic studies.

MATERIAL AND METHODS
Wastewater samples

This study involved investigation of WW from five
hospitals (H1-H5) located in the central region of the
Czech Republic. Table 1 shows the characteristics of
the selected hospitals. In order to monitor the weekly
variation of HWW ecotoxicity, the samples from hos-
pital H1 were collected in two different seasons. The
first sampling series was done in November 2016 (Nov.
21-Nov. 25, 2016), the second sampling in May 2017
(May 22-May 26, 2017). Five composite samples were
taken in separate working days during the week in
both of the series. The sampling scheme was designed
in accordance with literature data (Goullé et al. 2012)
documenting decreasing amount of toxic substances in
WW on Saturdays and Sundays because of the absence
of typical medical activities.

The sampling of effluent from five different hospi-
tals was performed in February 2018 (Feb. 13-Feb. 22,
2018) with the aim of detailed evaluation of ecotoxicity,
genotoxicity and reprotoxicity. One composite sample
was taken from each hospital.

Our composite samples were collected in the course
of the maximal WW flow, i.e. from 9 am. to 1 p.m,,
taking a partial sample every hour. This scheme was
in concordance with findings of Boillot ef al. (2008)
reporting in their study of daily ecotoxicological fluc-
tuations of HWW that toxicity peak occurred from
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1 Tab. 1. Characteristics of the selected hospitals.
2 H1 H2 H3 H4 H5
i Type of hospital university general oncology general university
5 Total capacity
6 (number of beds) 2189 996 245 476 1375
; Wastewater generation (m3/day) 50-100* 51 124 10* 250
9 Wastewater treatment process mechanical - mechanical - mechanical - mechanical - mechanical -
10 biological biological biological biological biological
1 Disinfection process NaOcl NaOCl NaOCl cl, cl,
12 Wastewater discharges urban sewer urban sewer water flow urban sewer urban sewer
13 system system system system
:: *WW only from one part of the hospital.
16
17
18 9a.m. to 1 p.m. during the period of the maximum flow  were diluted 10 to 100 times using 1% tetramethylam-
19 rate and the highest frequency of care activities. Our ~ monium hydroxide (TMAH), 0,02% TRITON X-100
20 samples were taken after treatment activities in the dis-  and tellurium was used as an internal standard. The
21 charge site either into the urban sewer system or into  reference material (drinking water) from the interlabo-
22 the water flow. The samples were transferred immedi-  ratory comparison and reference material Seronorm™
23 ately to the laboratory in cooling boxes and stored at  Trace Elements Urine L-2 was used for the laboratory
24 <-18°C prior to analysis. With the exception of Ames  quality control.
25 test and Comet assay, which methodically require
26 sterile samples, the analyses were performed on non loxicological bioassays
27 filtered samples. To ensure sterile samples, filtration  This study represents the first study exploring HWW in
28 was performed using DURAPORE membrane filter  the Czech Republic by means of a wide range of biologi-
29 (MILLIPORE) - hydrophilic, porosity 0.22 pm. WW  cal methods. Seven different traditional and alternative
30 samples tested for estrogenic and androgenic potential  toxicological bioassays were employed. Their character-
31 using the YES/YAS assay were 250x concentrated in istics are listed in Table 3.
32 compliance with Draft ISO/DIS 19040-1:2017(E) stan-
33 dard (ISO 2017). Algal growth inhibition test
34 The values of physical and chemical parameters of  The test was carried out using freshwater algae Desmo-
35 the samples are displayed in Table 2 (a) samples from  desmus subspicatus (BRINKMANN 1953/SAG 86.81)
36 hospital H1 collected in November 2016 and May obtained from the Culture Collection of Autotrophic
37 2017, (b) samples from hospitals HI-H5 collected in ~ Organisms (CCALA). K,Cr,0, was used as positive
38 February 2018. The physicochemical characteristics control for monitoring the sensitivity of algae culture.
39 were determined according to standard methods: tem-  Five test sample dilutions in triplicates were prepared
40 perature (CSN 75 7342), pH (ISO 10523), conductivity ~ in every test run. The test flasks were inoculated
41 (ISO 7888), dissolved substances (CSN 75 7346), free by algal cells to obtain 10% cells.ml-! and incubated
42 and total chlorine (ISO 7393-2). The measurements of under 23+2°C with constant illumination intensity of
43 the temperature and the free chlorine were performed  6000-10000 Ix and color temperature 4300 K. After
44 in-the-field in order to monitor their values during 72 h exposure, direct cell count measurement was per-
45 sampling. The analysis of metals and iodine was per-  formed using microscope OLYMPUS CH30. The probit
46 formed as follows: Total mercury concentration was method was used for the calculation of ECs,. Inhibi-
47  determined using an atomic absorption spectropho-  tion of specific growth rate was calculated in relation to
48 tometer AMA 254 Trace Mercury Analyzer (Altec). negative control samples (test growth medium) grow-
49 The samples were analysed without sample pre-treat-  ing under the same standard conditions.
50 ment. Total gadolinium, platinum, lead, silver, alu-
51 minium and iodine concentrations were determined —Luminescent bacteria test
52 using an inductively coupled plasma mass spectrom-  Liquid-dried luminescent marine bacteria Vibrio fisch-
53 eter (ICP-MS Elan DRC-e, Perkin Elmer). For deter- eri NRRL- B-11177 (HACH LANGE) were used. Bac-
54 mination of gadolinium, platinum, lead, silver and teria sensitivity was monitored using positive controls
55 aluminuim, the water samples were diluted 1 to 100  (ZnSO,.7H,0 and K,Cr,0-). Bacteria were reconsti-
56 times using 1% (v/v) solution of nitric acid and ger-  tuted by adding reactivation solution. Samples salin-
57 manium, indium and rhenium were used as internal ity was corrected by NaCl. The suspensions of diluted
58 standards. For iodine determination, the water samples ~ WW samples and bacteria were maintained at 15+1°C.
59
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Tab. 2. Physicochemical characteristics of the samples.
a) samples from hospital H1 collected in November 2016 and May 2017.

Toxicity of hospital wastewater

Temperature* pH Conductivity Free chlorine*

Parameter G pS.cm-! mg.l-!

X/2016 V/2017 X/2016 V/2017 X/2016 V/2017 X/2016 V/2017
Monday 10.0 13.5 8.05 8.01 2010 1125 0.04 0.25
Thuesday 10.4 13.5 8.01 8.03 2130 1186 0.05 032
Wednesday 11.0 13.0 8.12 8.07 2150 1205 0.07 0.15
Thursday 10.6 134 8.02 8.07 2090 1206 0.07 0.17
Friday 11.0 13.0 8.03 8.09 2160 1232 0.05 0.20
“in-the-field measurements-average values of five partial samples.
b) samples from hospitals H1-H5 collected in February 2018.
Parameter Unit H1 H2 H3 H4 H5
Temperature * °C 6.5 6.5 13.0 4.0 6.0
pH 791 751 7.88 7.65 7.81
Conductivity pS.cm-! 1163 869 979 811 23800
Dissolved substances mg.l-! 580 532 707 465 1970
Free chlorine mg.I-! 0.04 0.08 0.20 0.08 0.14
Total chlorine mg.l-! 0.06 0.53 0.42 >6.00 2.09
| ug.l-! 130 1577 86 1390 183
Hg ug.l-! 1.48 0.50 <0.30 0.52 0.47
Ag gl 0.58 0.09 0.04 0.15 0.92
Gd pgt-! 1.55 2.75 0.15 5.01 1.51
Pt pg.-! 0.17 0.05 0.45 0.11 0.13
Pb pg.-! 0.35 0.58 0.19 0.70 0.42
Al mg.I-! 3.71 1.82 1.33 2.00 237
“in-the-field measurements-average values of five partial samples.
Tab. 3. Characteristics of bioassays used in the study.
Method Organism Standard Samplg Blological paran‘leter and Endpoint

preparation exposure time
T Desmodesmus ; growth inhibition
Algal growth inhibition test subspicatus 150 8692 non filtered 72h ECsq [%] /TU
Luminescent bacteria test Vibrio fischeri 1SO 11348-2 non filtered blolumlnESFence m.h'b'tmn ECsq [%] /TU
15 min, 30 min
. — " " mobility inhibition

Crustacean immobilization test ~ Daphnia magna 150 6341 non filtered 24 h 48 h ECsq [%] /TU
Allium cepa assay Allium cepa non filtered inliiianof bu7I§ r:OOt FlapgEton ECsq [%] /TU
Bacterial reverse mutation test Salmonella ; number of revertants qualitative
(Ames agar plate test) typhimurium OECRTGA filtered 72h determination
Comet assay single-cell gel NIH 373 mouse filtered % DNA in tail qualitative
electrophoresis fibroblasts 24h determination

YES/YAS-Yeast based reporter
gene assays

Saccharomyces in compliance with non filtered
cerevisiae Draft ISO 19040  concentrated

B-gal expression

48h

qualitative
determination
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Solution of 2% NaCl was used as negative control. Bio-
luminescence was recorded after 15 min and 30 min
of exposure to eight increasing sample concentrations.
Every concentration was measured in two replicates
using luminometer Sirius (Berthold Detection Systems)
and thermostat LUMIStherm (HACH LANGE). ECs,
which causes 50% inhibition of the bacteria light emis-
sion with respect to the negative control was calculated
for each sample.

Crustacean immobilization test

The test was performed using less than 24 h old speci-
mens of Daphnia magna Straus. Neonates of at least
third generation originated from the laboratory culture.
The sensitivity of crustaceans was controlled by regu-
lar tests with K,Cr,0, and test medium was used as a
negative control in all runs. Six sample concentrations
were used per test. Five organisms in four replicates (for
a total of twenty organisms) were exposed to each con-
centration for 48 h with 16:8 light:dark cycle without
feeding. Temperature during the test was maintained at
20+2°C. For the test validity, the oxygen concentration
had to be 22 mg.I-1. The percentage of immobilization
in the control group had to be <10%. Daphnia immo-
bility was the test endpoint and the ECg after 24 h and
48h exposure was determined.

Allium cepa assay

The experiment was performed using small onion
(Allium cepa L.) bulbs of the size 16-18 mm, free from
any chemical treatment. The sensitivity of the test onion
bulbs was controlled by 1% MMS (methylmethansul-
fonate) as positive control. The bulbs were exposed
for 72h to undiluted samples and negative control
(tap water) in six replicates. The test temperature was
maintained at 22+2°C with protection against direct
sunlight. At the end of the experiment the root length
was measured with a precision of 1 mm and inhibi-
tion of root elongation relative to negative control was
calculated.

Data evaluation of ecotoxicity tests

The ECs values calculated for each species were trans-
formed to toxic units (TU) using the formula:

TU=(1/ECs,[%])x100

Tab. 4. Toxicity classification system by Persoone et al. 2003.

Toxic unit Toxicity class Toxicity
TU<04 I non toxic
04<TU<1.0 I low toxic
1.0<TU<10.0 1} toxic

10.0 < TU < 100.0 v very toxic
TU > 100 \ extremely toxic

High TU value indicated high toxic effect on the
organism.

Many authors applied TU to evaluate ecotoxicity of
industrial, urban and hospital WW (e.g. Manusadzianas
et al. 2002; Zgorska et al. 2011; Vasquez & Fatta-Kassi-
nos 2013; Maselli et al. 2015; Hamjinda et al. 2015;
Laquaz et al. 2017). Our samples were ranked by toxic-
ity classification system (Table 4) based on the calcula-
tion of TU as suggested by Persoone et al. (2003). The
samples were classified into five classes on the basis of
the highest TU value shown by one of the organisms
applied.

Statistical analysis of ecotoxicity tests

To evaluate the results of the pilot study of the weekly
and seasonal variability of ecotoxicity, three-way analy-
sis of variance (ANOVA) was used to assess the differ-
ence between factors (method, day and month). When
statistically significant effects were identified, compari-
sons of means were further examined by Bonferroni
correction to ascertain which specific means differed.
Two-way ANOVA was used to assess the differences
between individual levels of day and month factors for
all ecotoxicity methods. Values of p<0.05 were taken
as statistically significant. All statistical analyses were
performed using SPSS software package for Windows
(version 23).

Bacterial Reverse Mutation Test (Ames test)

Two tester strains to detect point mutations, which
involve base pair substitution (TA100) and frameshift
mutations (TA 98), were used in the study. A cofactor-
supplemented post-mitochondrial fraction (S9) pre-
pared from the liver of rodents (Wistar rat) treated
with enzyme-inducing agent (polychlorinated biphenyl
Delor) was used for modeling of mammalian metabolic
activation.

In each run, relevant positive and negative controls
were included, both with and without metabolic acti-
vation. The samples and controls were tested in tripli-
cates. Briefly, the mixture of 2 ml TOP agar with His/
Bio solution, 100 pl of bacterial culture, 100 ul of the
test sample, 500 pl S9 mix (S9+) or 500 pl PBS (S9-)
was added to sterile test tubes maintained in a dry box
(cca 40°C). The contents of each tube was mixed and
poured over the surface of minimal agar plates. The
overlay agar was allowed to solidify and then the plates
were placed upside down into the incubator (37°C) for
72 hours of incubation. The number of revertant colo-
nies was counted by automatic computer of bacterial
colonies Schuett colony Quant HD (Schuett Biotec)
for the tested samples and compared to the number
of spontaneous revertant colonies on negative control
plates. The dose dependence of the mutagenic effect
was expressed as Mutagenic Index = MI. Generally, the
sample eliciting at least twofold increase of revertants
compared to the control revertants is considered to be
mutagenic.
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Comet assay

DNA damage was tested using NIH 3T3 cells (mouse
embryonic fibroblasts) according to the protocol
described in previous studies (Tomankova et al.
2011; Manisova et al. 2015). Briefly, the cells were
incubated in DMEM with the tested water samples
in ratio 1:1 for a period of 24 hours. Then the cells
were trypsinized, centrifuged and the cell pellet was
dispersed in PBS and vortexed. 1% low melting point
agarose was added to this solution and this suspen-
sion was placed on the solidified agarose on the pre-
coated microscope slides and covered by coverslips.
After the agarose had solidified, the coverslips were
immersed in lysis buffer at 4 °C for a period of 60 min.
After lysis the slides were placed in an electrophoretic
tank and dipped for 40 min in a cool electrophoretic
solution. The electrophoresis was run at 350 mA and
0.8 V. cm-! for 20 min. Following completion of the
electrophoretic separation the slides were carefully
rinsed twice for 10 min with a neutralisation buffer
at 4°C, stained by means of SYBR Green and manu-
ally scored using fluorescence microscope with CCD
camera CometScore 1.5 software. 80 cells from each
sample were randomly chosen and median values of
the amount of the Olive moment, DNA in tail, and
DNA in the head, which is directly proportional to the
intact DNA, were evaluated as follows:

Olive Moment = (tail mean — head mean) x % of DNA
in the tail

Head % DNA = 100 x (I}, /I.)

I, = total intensity of the head

I = total intensity of the comet (head and tail together)

Tail % DNA = 100 - Head % DNA.

Statistical analysis of Comet assay

Mann-Whitney U-test with Bonferroni correction was
performed for the statistical analysis of the % DNA in
head.

YES/YAS microplate assay

Microplate assay (XenoScreen YES/YAS, Xenome-
trix®, Switzerland), based on genetically modified
Saccharomyces cerevisiae strains, expressing human
estrogen and androgen receptors, was performed
according to the provided standard operating pro-
cedure, using the supplied standardized material and
chemicals in order to study agonistic activity of WW
samples to human estrogen and androgen receptors.
WW samples were 250x concentrated in compliance
with Draft ISO/DIS 19040-1:2017(E) standard, dis-
solved in DMSO and applied to the yeast culture
for 48 h. The optical density of the red product
resulting from conversion of the yellow substrate
after secretion of P-galactosidase, indicating the
endocrine activity of the tested substance, was mea-
sured on Biotec Eon™ High Performance Microplate
Spectrophotometer.

Toxicity of hospital wastewater

RESULTS AND DISCUSSION

Weekly dynamics and seasonal variability
of wastewater ecotoxicity

In the pilot study, focused on investigation of the weekly
variation of sewage ecotoxicity, the samples of treated
WW from one large hospital (H1) have been analysed.
In addition to comparison of individual working days,
two different seasons (spring vs. autumn) were com-
pared. In their review Orias and Perrodin (2013) rec-
ommended to assess the HWW ecotoxicity during a
day, a week and a year in order to gain more wealth of
information.

For the purpose of our work three different species
have been used: D.subspicatus, V.fischeri and A.cepa.
The results are shown in Figure 1. No statistically
significant differences were found in separate work-
ing days (from Monday to Friday) for D.subspicatus
(p=0.601), TU values lay in the range of 2.46-3.58 in
November and 4.14-5.40 in May. For V.fischeri (15 min
and 30 min) TU values showed considerable fluctua-
tion on Mondays that was probably related to weekend
hospital activities. Therefore, subsequently only values
from Tuesday through Friday were compared. The
results showed no significant differences for V.fischeri
15 min (p=0.337) with TU values between 3.15-3.76
in November and 3.47-4.86 in May and for V.fischeri
30 min (p=0.359) with TU values between 2.27-2.94
in November and 4.16-4.73 in May. These findings
differed from results of Magdaleno et al. (2014a), who
discovered big differences of raw HWW samples (from
stimulating effect to growth inhibition 44.5%) during a
week using the green algae Psubcapitata.

Regarding seasonal variation, in our study higher
toxicity values were recorded in May compared to
November (from Tuesday to Friday). The statisti-
cal analysis of results obtained in these two months
confirmed significant difference for D.subspicatus
(p=0.039) and V.fischeri 30 min (p=0.002) while no
significant difference was found for V.fischeri 15 min
(p=0.085). Seasonal differences could be caused by a
wide range of specific hospital therapeutic activities
and their variability over time. Similar results were
seen in other studies, e.g. Coutu et al. (2013) discov-
ered high seasonal fluctuation in ambulatory and hos-
pital consumption of antibiotics. Laquaz et al. (2017)
investigated HWW and UWW and they found high
variability of ecotoxicity for Psubcapitata during the
year.They supposed that seasonal differences were due
to e.g. seasonal pathologies or disinfection campaigns
which may have led to the release of high quantities of
toxic compounds. Magdaleno et al. (2014a) found that
growth inhibition of Psubcapitata varied widely during
the period from April to September. These results were
also confirmed by Vasquez and Fatta-Kassinos (2013)
in their study in which higher toxicity of treated UWW
for Psubcapitata, D.magna and V.fischeri was observed
in spring and summer in comparison with autumn and
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Fig. 1.Weekly dynamics of wastewater ecotoxicity from hospital H1 - comparison between November and May.

winter, potentially due to decreased dilution during
the summer dry period or different composition of the
WWw.

In our study, A.cepa was less sensitive to all tested
samples compared to D.subspicatus and V.fischeri.
Although the data showed toxic responses of A.cepa
with values of inhibition of bulbs roots elongation from
7.2% to 29.7% after exposure to undiluted samples, they
did not achieve 50% inhibition and thus it was not pos-
sible to calculate ECg. Therefore, TU was described as
0. Similar results related to sensitivity of this organism
were seen in the study by Firbas and Amon (2013) who
reported, that treated UWW induced equal root lenghts
of A.cepa bulbs as the negative control.

Comparison of wastewater toxicity
from different hospitals

WW samples from five hospitals with different dimen-
sions were studied. In order to provide true information
of their quality and evaluate their individual impact on

the receiving UWW or directly on the water flow, a
detailed investigation of ecotoxicity, genotoxicity and
reprotoxicity was performed using seven conventional
and alternative methods.

Ecotoxicity was determined by the use of a bioassay
battery consisting of four test organisms: D.subspicatus,
Vifischeri, D.magna and A.cepa. Table 5 presents the
summary results for all the tested species. In order to
describe and compare their ecotoxicological potential,
hospitals have been classified by the toxicity classifi-
cation system described in Table 4. The obtained data
demonstrated different levels of ecotoxicity of samples
from individual hospitals. The TU values indicated that
two hospitals belong to toxicity class III as toxic and
three hospitals belong to toxicity class I as non toxic.

In the study published by Hamjinda et al. (2015),
which examined treated HWW, TU values calculated
for freshwater algae Scenedesmus quadricauda lay in
the range of 1.15-2.18 and for Chlorella vulgaris in the
range of 1.94-2.42. Zgorska et al. (2011) investigated
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HWW before treatment. Based on the test results esti-
mated for Psubcapitata (TU = 5.32), D.magna (TU =
4.81), Vfischeri (TU = 2.16) and crustaceans Thamno-
cephalus platyurus (TU = 4.42) and Artemia salina (TU
= 1.67), they classified their samples in toxicity class
IIT as toxic. Numerous studies indicated that HWW
are characterized by higher ecotoxicological potential
than UWW. This assertion was confirmed by Laquaz et
al. (2017). For D.magna 24 h the TU of UWW samples
reached a maximum of 1.9. For Psubcapitata the TU
values of raw HWW samples calculated using EC,,
were 1.6-6.8 and TU values of UWW were up to 3.3.
21 industrial and urban WW samples before and after
treatment were analysed by Manusadzianas et al. (2002)
using six test species. Two samples were characterized
as non toxic (class I), six as slightly toxic (class II), nine
as toxic (class III), four as very toxic (class IV) and none
of them as extremely toxic (class V).

When we drew a comparison between our tested
organisms, we could observe numerous differences. As
can be seen in Table 5, the rank of species” reactions
levels was for samples of hospital H1: D.subspicatus
> Vifischeri > D.magna > A.cepa and of hospital H4:
D.magna > D.subspicatus > V.fischeri > A.cepa. In sum-
mary, the samples of H1 and H4 were highly toxic to
D.subspicatus, V.fischeri and D.magna, whereas A.cepa
was affected much less with the values of inhibition of
root elongation 26.3% (H1) and 19.8% (H4).

The samples of H2, H3 and H5 had low toxic effect
on D.subspicatus, V.fischeri and A.cepa. Immobilization
of D.magna was not observed at all. Inhibition values of
these undiluted samples did not exceed 50%, therefore

Tab. 5. Toxicity classification based on ecotoxicity tests results.

Toxicity of hospital wastewater

it was impossible to calculate EC5, and TU was repre-
sented as 0. The D.subspicatus and A.cepa tests showed
both inhibition and stimulation of growth with the
values from -12.7% to 2.7% (D.subspicatus) and from
-9.4% to 27.9% (A.cepa). For V.fischeri EC,,was calcu-
lated and the values lay between 30.3%-92.0% (15 min)
and 25.1%-82.1% (30 min).

Although we have found certain differences among
species in sensitivity to the HWW samples, TU values
of D.subspicatus, V.fischeri and D.magna were at the
same level of classification (the same toxicity class)
in all cases of samples from the selected hospitals. It
implies that these three species are equally suitable for
the estimation of HWW ecotoxicological potential and
this bioassays battery could be used for routine HWW
testing. These conclusions are in agreement with Zgor-
ska et al. (2011). On the other hand, according to our
findings it can be assumed that A.cepa test that is based
only on measuring of onion bulbs roots is not suffi-
ciently sensitive for ecotoxicity assessment of HWW
but it could be suitable for detection of genotoxicity as
was demonstrated in numerous studies (e.g. Herrero
et al. 2012; Kerm et al. 2014; Magdaleno et al. 2014a).
The test Allium cepa is validated by the International
Program on Chemical Safety (IPCS) as an efficient test
for analysis and in situ monitoring of the genotoxicity
of environmental substances (Bagatini et al. 2009). We
may consider such analysis in next studies, however, in
the present study the Ames test and Comet assay for
genotoxicity were employed.

The outcome of genotoxicity and reprotoxicity
assays is summarized in Table 6. Genotoxicity of the

H1 H2 H3 H4 H5

Organism ECso py toxicity ECso o, toxicity ECso o toxicity ECs o, toxicity ECs5o ., toxicity
[%] class [%] class [%] class [%] class [%] class

Denmlesms. ooy gpg M ND 0 n(])n ND 0 n(l)n 353 283 M ND 0 ntlm

subspicatus : ’ toxic . . E g toxic A
toxic toxic toxic

e ’ | | |
Vlbanlschen 426 235 III‘ ND 0 o ND © FioR 431 232 III' ND 0 ek

15 min toxic : 3 toxic 3
toxic toxic toxic

N " | | |
Vbiotsche!  gem gag ND 0 non ND O non 413 242 M ND 0 non

30 min toxic 2 5 toxic ¢
) o toxic toxic o toxic

Daphniamagna  67.6 148 Il oo ! oo ! 393 254 I oo !
24 h toxic o holx toxic hon
toxic toxic toxic

Daphnia magna 1 ‘ ! l] :
61.3 163 i ND 0 non ND 0 non 243 4.2 ’ ND 0 non

48 h toxic N A toxic i
toxic toxic toxic

| | | | |

Allium cepa NDi @ non ND: 0 non ND 0 non ND 0 non L non
toxic toxic toxic toxic toxic

ND (not detected): < 50% inhibition in the undiluted sample, TU (toxic unit)=[1/ECg, in %]x100
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Tab. 6. Genotoxicity and reprotoxicity tests results.
Method H1 H2 H3 H4 H5

Ames test negative negative negative negative negative

Comet assay negative negative negative negative negative

YES positive  positive negative positive negative

YAS positive negative negative positive negative

tested WW samples has not been confirmed by the
plate Ames test, where filtered samples were tested on
two strains with and without S9 activation. The number
of revertants elicited by the test samples never achieved
a twofold increase in numbers compared to the negative
controls. Results of the Comet assay showed no signifi-
cant differences in the amount of fragmented DNA in
samples H1 and H4 compared to control cells. Signifi-
cant differences were observed in samples H2, H3 and
H5, however, the average difference higher than 5% in
the amount of fragmented DNA was not observed in
either of these samples, suggesting minimal genotoxic
effect. Eukaryotic cells have a DNA repair mechanism
that makes it possible to repair damaged DNA (Chu
2014). Based on the results of the viability tests, it can
be assumed that the detected amount of the fragmented
DNA did not affect the viability of NIH 3T3 cells.

A literary review showed, that most of the untreated
HWW samples had a mutagenic effect (Vlkova et al.
2016). In contrast, the genotoxicity of treated WW
samples was found significantly reduced (Sharma et al.
2015, Gupta et al. 2009). With regard to the method
principles, the Ames test and Comet assay require
pre-treatment of the samples and/or sterilization. The
simplest and most commonly used preparation tech-
nique is filtration through a filter (e.g. cellulose nitrate,
acetate cellulose filter) with a pore size of 0.45 pm (Joli-
bois & Guerbet 2006; Hartmann et al. 1999) or 0.22 um
(Paz et al., 2006, Magdaleno et al., 2014a). However,
White et al. (1996) reported that during filtration some
chemical substances may be captured on the filters,
thus causing a loss of genotoxicity potential, and the
study of Ferk et al. (2009) confirmed the significant
effect of membrane filtration on the overall genotoxic
effect, the decrease was in the range of 62 % — 77 %.
In the YES/YAS assay, WW samples (250x concen-
trated stock samples), in 4 final concentrations (1% -
0.325% - 0.1% - 0.0325%) exhibited agonistic activity
to human estrogen receptor, showing a concentration-
dependent curve in two highest non-cytotoxic con-
centrations (1%, 0.325%), in case of samples H1, H2,
and H4. Agonistic activity to human androgen recep-
tor was confirmed in one non-cytotoxic concentration
(1%), in case of samples H1 and H4. The advantage
of methods based on yeasts is the absence of complex
mechanisms regulating the expression of the reporter
gene. Yeast based methods are not influenced by cross-

cellular signaling interferences, and thus detect only a
specific interaction with the receptor and are effective
for screening and hazard identification.

Toxicity differences of WW from different hospitals
may be caused by a number of factors. As complex mix-
tures of many substances, HWW are generated inter-
mittently by different hospital services (e.g. medical
care, diagnostics, disinfection, cleaning, laboratory and
research activities). Therefore, HWW quality is influ-
enced by the type and specialization of the hospital (e.g.
general, oncologic, pediatric), number of inpatients,
type and number of wards, season or day of the week,
hospital location and also country. Orias & Perrodin
(2014) recommended to continue determining the
cumulative ecotoxic effects of the HWW compounds
corresponding to different hospitals, size of the hospital
and different locations. Hamjinda et al. (2015) showed
a good correlation between antibiotic concentrations in
HWW and amount of usage. According to Santos ef al.
(2013), the impact of hospitals to the input of PHs in
UWW was in concordance with their dimensions. The
contribution of great hospitals was considerably higher
in comparison with smaller facilities. The variability of
pharmaceutical concentrations between the WW from
four hospitals were related to pharmaceutical consump-
tion, which was connected with the number of beds,
number and type of wards and units. These conclusions
are in agreement with other similar studies (e.g. Al
Aukidy et al. 2014; Verlicchi et al. 2012).

The quality of treatment processes is one of the cru-
cial points which affect HWW composition before dis-
charge into the sewage system or water flow. Although
HWW is often treated before discharge into the sewage
system or directly into the water flow, numerous stud-
ies confirmed a lot of residues of pharmaceutical
products in HWW after treatment processes either
because of deficiencies of the treatment or resistance of
certain substances to the applied process. Hamjinda et
al. (2015) investigated HWW characteristics focusing
on antibiotic contamination in three hospitals, reveal-
ing the removal efficiency of different treatment pro-
cesses from 0% to 99% depending on the type of drug.
Similar results were reported by Santos et al. (2013),
who discovered that removal efficiency of WWTP
may vary from over 90% for PHs as acetaminophen
and ibuprofen to absolutely no removal for B-blockers
and salbutamol. Ketamine and its metabolites with a
high ecotoxic potential to aquatic organisms cannot be
removed or degraded by conventional WWTPs (Li et
al. 2017). Wiest et al. (2017) found 11 of 13 monitored
PHs in HWW and UWW after treatment with median
concentrations from 19 ng/l to 810 ng/l and confirmed
that antibiotic concentrations remained higher in
HWW than in UWW. Chonova et al. (2015) evalu-
ated efficiency of biological treatment with conven-
tional activated sludge and discovered relatively high
concentrations of antibiotics and analgesics in HWW
after treatment, despite good removal during treatment
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(antibiotics 95.1%, analgesics 99.9%), because of their
high initial concentrations. The membrane bioreactor
had emerged as an efficient compact technology for
WW treatment. The results of the study of Albasi et
al. (2009) proved that WW treatment using membrane
reactors provides a suitable process for lowering anti-
cancer drug cyclophosphamide concentrations before
discharge into the aqueous environment. Despite this
clear benefit of membrane bioreactors, removal is only
partially achieved and a tertiary treatment is necessary
for the complete elimination of cytostatic agents com-
pounds. Other studies (Chiarello ef al. 2016) showed
that the membrane bioreactor also was effective in the
removal of enalapril, tetracycline and paracetamol up
to 94 %. The elimination efficiency of carbamazepine
is very low due to the specific characteristics of the
molecule such as resistance to degradation and low
capacity to attach to the sludge (Ternes et al. 2007;
Zhang et al. 2008).

Another important aspect that may affect living
organisms is disinfection as the final stage of the
treatment process performed with the aim to prevent
the spread of pathogenic microorganisms. The most
widely used methods of HWW treatment are disin-
fection with chlorine, sodium hypochlorite, chlorine
dioxide, ultraviolet radiation or ozonization (Drinan
& Spellman 2012; Chen et al. 2014). During the disin-
fection process, undesirable by-products such as tri-
halomethanes are formed by reaction of disinfectants
with natural organic matters (Richardson et al. 2007).
Sodium hypochlorite (used in H1, H2 and H3 hospi-
tals in our study) contains about 5-20% of free chlo-
rine. Its toxicity is lower than pure chlorine, but it can
not be neglected, especially because of the amount of
trihalomethanes produced. The advantages of sodium
hypochlorite furthermore include greater stability,
trivial handling and lower operating costs. However,
it is necessary to mention its negatives, which include
higher energy consumption, strong corrosivity and
overall lower disinfection efficiency (Chen et al.
2014). Gaseous chlorine (used in hospitals H4 and
HS5) is a very powerful oxidizing agent and has been
commonly used to disinfect HWW. The free chlorine
content in Cl, is close to 100% (it also contains impu-
rities), so its sterilization capability is high (Chen et
al. 2014). According to the findings of Emmanuel et
al. (2004) or Park et al. (2016) organohalogen com-
pounds are ecotoxic and genotoxic for aquatic organ-
isms and are considered as persistant environmental
contaminants.

CONCLUSIONS

HWW is a complex mixture of many diverse com-
pounds that have proved toxic effects on living organ-
isms. The main problem is the insufficient knowledge
of the quality of treated hospital effluent discharged to
the sewage system or surface water. In our study we

Toxicity of hospital wastewater

wanted to highlight the necessity of solving this ques-
tion within the Czech Republic. For our investigation
we selected seven biological methods, conventional
and alternative, with the intention to compare their
sensitivity and suitability for toxicological examination
of HWW.

The WW ecotoxicity during one week showed no
differences in separate working days, however, higher
toxicity values were recorded in May compared to
November. Our work demonstrated considerably dif-
ferent levels of toxicity of treated WW between differ-
ent hospitals. The samples from two of the five hospitals
have been assessed as toxic, the others as non toxic
based on the evaluation by the toxicity classification
system. We found that the battery of three organisms
consisting of D.subspicatus, D.magna and V.fischeri may
be appropriate for routine testing of ecotoxicological
potential of HWW.

Variable sensitivity of individual bioassays for
tested WW samples was determined. According to our
results, A.cepa test based on testing the onion bulb root
elongation is not sufficiently sensitive and effective for
detection of HWW ecotoxicity as it has not identified
any differences between the samples and classified all of
them as nontoxic.

Genotoxicity has not been confirmed neither by
Ames test, nor Comet assay in any sample. It can be
assumed that the results of Ames test and Comet assay
may be influenced by sample sterilization (by filtration)
which might have caused a loss of genotoxic and repro-
toxic activity as certain chemicals may be captured on
the filters. The study will continue with optimization of
sample preparation.

Estrogenic and androgenic potential of cer-
tain  'WW samples has been detected. WW
is a heterogenous mixture of natural and synthetic
residues and unknown hormonally active micropol-
lutants, certain of which may be persistent or bioac-
cumulative. In vitro methods are thus effective for
screening of WW treatment effectivity and for detec-
tion of potential hazard of bioaccumulative effects
of endocrine disruptors from chronic exposure to
low doses of these micropollutants from the aquatic
environment.

Our study signalized insufficiency in the hospital
sewage treatment processes. A more extensive study
including proposal for improvement of HWW treat-
ment within the Czech Republic may be recommended
with the aim to decrease the discharge of toxic chemi-
cals into the sewage system and thus to contribute to
the improvement of the environment.
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Summary

The Fish Embryo Acute Toxicity (FET) Test was adopted by the
Organisation for Economic Co-operation and Development as
OECD TG 236 in 2013. The test has been designed to determine
acute toxicity of chemicals on embryonic stages of fish and
proposed as an alternative method to the Fish Acute Toxicity Test
performed according to OECD TG 203. In recent years fish
embryos were used not only in the assessment of toxicity of
chemicals but also for environmental and wastewater samples. In
our study we investigated the acute toxicity of treated
wastewater from seven hospitals in the Czech Republic. Our main
purpose was to compare the suitability and sensitivity of
zebrafish embryos with the sensitivity of two other aquatic
organisms commonly used for wastewater testing — Daphnia
magna and Aliivibrio fischeri. For the aim of this study, in
addition to the lethal endpoints of the FET test, sublethal effects
such as delayed heartbeat, lack of blood circulation, pericardial
and yolk sac edema, spinal curvature and pigmentation failures
were evaluated. The comparison of three species demonstrated
that the sensitivity of zebrafish embryos is comparable or in some
cases higher than the sensitivity of D. magna and A. fischeri. The
indusion of sublethal endpoints caused statistically significant
increase of the FET test efficiency in the range of 1-12 %. Based
on our results, the FET test, especially with the addition of
sublethal effects evaluation, can be considered as a sufficiently
sensitive and useful additional tool for ecotoxidty testing of the
acute toxicity potential of hospital effluents.

Key words
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toxicity e Aquatic organisms e Sublethal endpoints
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Introduction

The Fish Embryo Acute Toxicity Test (FET test)
was adopted by the Organisation for Economic
Co-operation and Development as OECD TG 236 in
2013 (OECD 2013). The method using fish embryos as
the testing organisms has been primary designed to
determine acute toxicity of chemicals. Fish embryos as
non-feeding developmental stages are not categorized as
protected vertebrates according to the European Directive
2010/63/EU on the protection of animals used for
scientific purposes (European Parliament and Council
2010). Therefore, the FET test is considered as
an alternative to experiments with adult fish with a good
correlation with the Fish Acute Toxicity Test by OECD
TG 203 (OECD 2019) as reported in studies by Lammer
et al. (2009) and Dang et al. (2017). Recently, its use has
been extended also to the assessment of complex
mixtures (e.g. environmental samples, wastewater (WW),
construction products). The zebrafish embryos represent
a useful model with a wide range of possible applications
in environmental hazard and risk assessment (Scholz
et al. 2008). However, the FET test sensitivity to
substances is variable and its applicability domain has not
yet been fully defined (Dang et al. 2017, Sobanska et al.
2017).

Hospital wastewater (HWW) is a source of
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diverse pollutants which may have negative impact
mainly on the aquatic environment (Pérez-Alvarez et al.
2018). Hospital effluents are prone to higher
ecotoxicological potential than urban wastewater (Laquaz
et al. 2017). This fact is due to the content of wider
spectrum and higher quantity of pharmaceutical
compounds (Santos et al. 2010, Wiest et al. 2018) and
other chemicals. In their review Orias and Perrodin
(2013) highlighted a great diversity of the substances
present within hospital effluents, and in some cases their
high ecotoxicity. Due to the requirements of the EU
Water Framework Directive (European Parliament and
Council 2000), the quality of surface waters in the EU has
been constantly improving in recent decades. One of the
main objectives is to improve the treatment processes at
WW treatment plants aiming to significantly reduce the
discharge of undesirable substances, including
pharmaceuticals, pesticides, industrial substances and
human care products. Although HWW is mostly treated
by WW treatment plants before discharge into the sewage
system or the environment, numerous pharmaceuticals
and other chemicals are insufficiently removed during
treatment and end up in surface water (Wigh et al. 2016,
Vilitalo et al. 2017). Therefore, in our research we
investigated HWW to evaluate the efficacy of the
treatment processes within the Czech Republic.
Moreover, WW samples were selected from different
hospital types and sizes with the intention to consider the
variability of their composition.

In the review focused on conventional and
alternative bioassays suitable for ecotoxicological
evaluation of WW, Jirova et al. (2016) highlighted the
need to supplement the conventional methods (based on
bacteria, algae, crustaceans, fish and seeds) with the
FET test as an alternative approach to vertebrate
ecotoxicity tests and a useful tool for efficient detection
of acute toxicity. However, scientific data regarding the
sensitivity and suitability of the FET test for hospital
cffluent testing are scarce so far. Therefore, the primary
objective of our study was to extend knowledge of this
issue and make a comparative assessment of the tests
based on the zebrafish embryos and other used aquatic
species.

For the determination of ecotoxicity of WW
from health care facilities, a battery of three bioassays
with Daphnia magna (ISO 6341), Aliivibrio fischeri
(ISO 11348-2) and Desmodesmus subspicatus (I1SO 8692)
is recommended by the Czech standard CSN 756406
(2020). In the study investigating treated effluents from

five different hospitals, Jirova et al. (2018) concluded
that the battery of three species consisting of D. magna,
A. fischeri and D. subspicatus may be appropriate for
routine testing of ecotoxicological potential of hospital
cffluents. For our purpose, based on the conclusions of
foregoing and numerous other studies (Abbas et al. 2018,
Ellepola et al. 2020, Laquaz et al. 2017, Li et al. 2017,
Vasconcelos et al. 2017), D. magna and A. fischeri were
selected as sufficiently sensitive comparative test
organisms.

The international standard ISO 15088 was
adopted in 2007 and its merit is to determine acute
toxicity of WW to zebrafish eggs after 48 hpf (hours post
fertilization) of exposure. Therefore, in the present study
we compared the results of two final test exposure times
48 hpf (according to the ISO 15088) and 96 hpf
(according to the FET test).

Based on their experience with the FET test,
many authors recommend the inclusion of further
endpoints to increase the sensitivity of the assay.
Braunbeck et al. (2015) recommended more research to
better define the domain of applicability of the FET test
and suggested modifications of the method with addition
of more endpoints for the detection of a multitude of
toxic effects. In a comparative study, Stelzer et al. (2018)
indicated the need to complement the FET test with
sublethal metrics which would increase its efficiency, and
also highlighted the necessity to validate this statement
by further studies using other WW samples. For the aim
of our study, in addition to the lethal endpoints of the
FET test (coagulated embryos, lack of somite formation,
non-detachment of the tail and lack of heartbeat),
sublethal effects comprising delayed heartbeat, lack of
blood circulation, pericardial and yolk sac edema, spinal
curvature and pigmentation failures were evaluated.

In this study the WW samples from seven
different hospitals were investigated to compare the
suitability and sensitivity of zebrafish embryos with the
sensitivity of two other aquatic organisms — D. magna
and A. fischeri. Other purposes were to evaluate the
sensitivity of the FET test after inclusion of sublethal
parameters and to confirm the increase in efficiency of
the method after prolongation of exposure time.

Methods

Wastewater samples
The samples were collected in 2019 from the
outlets of WW treatment plants of seven different
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hospitals located in the central, southern and eastern
regions of the Czech Republic. Table 1 shows general
characteristics of the hospitals and their WW treatment
plants. The sample H1 was a mixture of treated HWW
and untreated hospital laundry WW. One sample was

taken from each hospital. The samples were collected
after treatment activities before discharging into the urban
sewer system, stored in cooling boxes, transported to the
laboratory and deep frozen at <18 °C prior to analysis.

Table 1. Characteristics of hospitals and their wastewater treatment plants.

Hospital Type of Sizing Wastewater Wastewatesr ) Disinfection
hospital (beds) treatment process generation (m™-d") process

Hl General 476 Mechanical-Biological 10 Cl,

H2 University 1006 Mechanical-Biological 50 NaClO

H3 University 2199 Mechanical-Biological 50-100 NaClO

H4 General 500 Mechanical-Biological 30-50 Cl

HS5 General 423 Mechanical-Biological 40 Do not chlorinate

H6 General 1447 Mechanical-Biological 360 Cl,

H7 University 1600 Mechanical-Biological 100-120 NaClO

Ecotoxicological tests

Ecotoxicological potential of hospital WW was
described using three organisms which represented three
trophic levels: A. fischeri (formerly Vibrio fischeri) as
a decomposer, D. magna as a primary consumer and
Danio rerio as a secondary consumer. Characteristics of
bioassays used in the study are summarized in Table 2.

As a first step, undiluted samples were analyzed
by means of D. magna and D. rerio assays. In the case of
A. fischeri test, 80 % concentration of the sample was
used in accordance with the method procedure. The

Table 2. Characteristics of bioassays used in the study.

results were expressed as percentage of toxic effect on
each species.

If the values of toxic effect exceeded 50 %, ECsg
or LCs (effective or lethal concentration of the sample
that caused negative impact in 50 % of the tested
organisms) were calculated by the probit method. The
experiments were conducted using a series of increasing
concentrations depending on the level of HWW toxicity.

Every test was performed in two independent
runs and the results were expressed as mean.

E
Method Organism Standard xlfosure Endpoint
time
. bilizati Gre s

Daphnia immobilization test Dephitanigna 1SO 6341 48h Immobility [%]
(D. magna) ECso [%]
Luminesce{me ini.ribition fest Aliivibrio fischeri 1SO 113482 15 m%n Luminescence inhibition [%]
(A. fischeri 15 min, 30 min) 30 min ECso [%]
FET test Danio rerio Mortality [%]

OECD TG 236 48 hpf
(FET 48 h) embryo P LCso [%]
FET test Danio rerio Mortality [%]

OECD TG 236 6 hpf
(FET 96 h) embryo C 3 J6hp LCso [%]
FET test Danio rerio OECD TG 236 96 hof Mortality + sublethal effects [%]
(FET 96 h+sub) embryo modified B LCso [%]

hpf: hours post fertilization.
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Fish Embryo Acute Toxicity (FET) test

The FET test was performed according to OECD
TG 236 (OECD 2013). Three different protocols of the
method were carried out: the test with basic exposure
time 96 hpf (hours post fertilization), the test with
reduction of exposure time to 48 hpf and the test with
addition of five sublethal endpoints with exposure time
96 hpf.

The breeding stock of AB line of D. rerio wild
type was maintained in Zebrafish Housing System
ZebTEC Stand-Alone (Tecniplast) with continuous
treatment and monitoring of important water parameters
including pH, conductivity and temperature. Mature
zebrafish aged between 6 and 18 months were used to
obtain fertilized fish eggs, which were collected from
aminimum of three breeding groups and selected for
testing at random.

Spawning took place in two-liter breeding tanks
which capitalize on the fish natural tendency to spawn in
shallow water. After spawning, the eggs were rinsed with
maintenance water adjusted to pH 6.5 to 7.5 and final
hardness 70 to 100 mg-1"' CaCOs. The eggs were checked
under inverted microscope. Viable embryos maximally at
the 16 cell-stage without obvious irregularities were
individually placed into polystyrene 24-well plates and
incubated under 26+1 °C with 16:8 light:dark cycle. Each
well contained 2ml of test solution. Five sample
concentrations were prepared in each test run. 20 eggs per
concentration were exposed to the samples. Dilution water
with a final concentration of 294.0 mg~l'l CaCl, x 2H,0,
1233mg-1" MgS0, x 7H,0, 63.0mg-1" NaHCO;,
5.5mg: 1" KCl (as defined in ISO 7346-2) was used for the
preparation of the test concentrations and negative
controls. The sensitivity of embryos was controlled by

negative control

3,4-dichloroaniline (4 mg/l) as positive control in each
test run. All experiments were carried out in a static way
without change of exposure solution. The test was
considered as valid when oxygen concentration was
maintained above 80 % during the test and mortality in
the negative controls did not exceed 10 %.

Embryos were observed for four lethal and five
sublethal effects. Lethal parameters described in the
OECD TG 236 (OECD 2013) comprised coagulation of
embryos, lack of somite formation, non-detachment of
the tail and lack of heartbeat. Added sublethal endpoints
included delayed heartbeat, lack of blood circulation,
presence of edema (pericardial or yolk sac), spinal
curvature and pigmentation failures. Examples of the
observed sublethal effects are illustrated in Figure 1.
Embryos placed in the culture plates were examined
separately using inverted microscope Olympus CKXS53
equipped with a digital camera Canon EOS 2000D. For
determination of heart rate, embryos were video recorded
and heartbeat was counted when the video was slowed
down. The heart rate of embryos exposed to the samples
was evaluated in relation to the negative control groups.

The cumulative mortality of zebrafish embryos
was recorded at 48 hpf (termed FET 48 h) and 96 hpf
(termed FET 96 h) in experimental and control groups.
The results were calculated as percentage of mortality
(toxic effect) of the tested embryos, or as LCsy.

After the addition of sublethal effects to the
lethal endpoints, the embryos development was evaluated
at 96 hpf (termed FET 96 h+sub). Sublethal criteria were
counted only if lethal parameters were not observed. The
results were calculated as percentage of toxic effects on
the tested embryos, or as ECs.

Fig. 1. Representative sublethal abnormalities of zebrafish embryos after 96 hpf (hours post fertilization) exposure to the hospital
wastewater samples. PE=pericardial edema, YSE=yolk sac edema, SP=spinal curvature, PF=pigmentation failure.
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Daphnia immobilization test

The acute toxicity test with D. magna Straus was
carried out according to ISO 6341 (2012). Neonates (less
than 24 h old specimens of D. magna) of at least third
generation originated from laboratory culture were
exposed to five designated dilutions of samples.
20 organisms were placed in each concentration and
negative control (dilution water according to ISO 6341
was identical to the dilution water used in the FET test
mentioned above) and incubated 48 h under the following
test conditions: temperature 20+2 °C, 16:8 light:dark
cycle, oxygen concentration >2 mg:1”, no feeding. For
the experiment validity, the inhibition of mobility in the
negative controls had to be <10 %. The sensitivity of test
organisms was monitored by regular tests with K,Cr,0O,
used as positive control.

The results were expressed as percentage of
Daphnia immobilization (toxic effect), or as ECs, after
48 h exposure.

Aliivibrio bioluminescence inhibition test

The luminescent bacteria test followed
ISO 11348-2 (2007). The test was performed using
liquid-dried bacteria A. fischeri NRRL-B-11177 (HACH
LANGE). Bacteria were activated by rehydration with
reactivation  solution. For the experiments, the
conductivity of the samples was >10 mS-cm™, pH 6.0 to
8.5 and oxygen concentration >3 mg-1’. 2% NaCl
solution was used as dilution water and negative control.
The suspensions of bacteria and diluted samples (ten
sample concentrations in replicates) were incubated at
15+1 °C. Luminescence was measured after 15 min and
30 min of exposure to the sample concentrations series by
luminometer Sirius (Berthold Detection Systems). The
bacteria sensitivity was controlled using positive control
(ZnSO4 x TH,0).

The results were presented as percentage of
inhibition of the bacteria light emission (toxic effect) with
respect to the negative control, or as ECs.

Statistical analysis

Linear mixed model was used to evaluate the
results of the monitoring of wastewater ecotoxicity and to
assess the difference between methods (fixed effect)
while taking into account the variability between
hospitals (random effect). The dependent variable was
angularly transformed percentage (of toxic effect).
Transformed percentages more closely approximate the
normal distribution (Sokal and Rohlf 1995). When

statistically significant effects were identified, Sidik’s
multiple comparisons procedure was applied to ascertain
which specific methods differed. Values of p<0.05 were
considered as indicating a statistically significant result.
All statistical analyses were performed using Stata
software package, release 14.2 (Stata Corp LP, College
Station, TX, USA).

Results

Comparison of the methods sensitivity based on the toxic
effects values

To compare the sensitivity of three aquatic
species to the acute toxicity of HWW, the samples from
seven different hospitals were investigated. In the first
part of the study, the percentage of immobility
(D. magna), luminescence inhibition (4. fischeri),
mortality and sublethal effects (D. rerio embryos) after
exposure to HWW samples were expressed as toxic
effects. The results are shown in Figure 2a. The obtained
data demonstrated highly variable toxic impact of
hospital effluents on the studied organisms. The tests
FET 96 h and FET 96 h+sub indicated high sensitivity of
zebrafish embryos to five samples out of seven samples
(i.e. H1, H3-H6) with toxic effect values in the range of
62.5-100 %. The results of other methods for these five
samples were more variable with values ranging from
0% to 100 % of crustacean immobility and fish embryo
mortality (FET 48 h) and from 0 % to 98.4 % of bacteria
luminescence inhibition. Based on the results of all
samples, no statistically significant differences were
found between FET tests (FET48h, FET 96h,
FET 96 h+sub) and D. magna test (p=0.123, p=0.507,
p=0.275 respectively). However, the results showed
statistically significant differences between FET 96 h and
A. fischeri  15min, 30min (p=0.018, p=0.024
respectively) and between FET 96 h+sub and 4. fischeri
15 min, 30 min (p=0.006, p=0.008 respectively).

Comparison of methods sensitivity based on the EC50),
LC50 values

In the following study, if the values of toxic
effect exceeded 50 % (H1, H3-H6), ECsy or LCs, values
were calculated. The results are presented in Figure 2b. In
the case of samples which were assessed as the most
toxic and which negatively affected the majority of the
test species (H1, H3, H6), D. magna was the most
sensitive organism with ECsy values ranging from 4.5 to
37.6 %. The method sensitivity to the samples H1 and
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H3 decreased in the following order: D. magna>FET
96 h+sub>FET 96 h>4. fischeri 15 min>FET 48 h and to
sample H6: D. magna>A. fischeri 15 min>A. fischeri
30 min>FET tests.

Comparison within the FET tests

When we made a comparison within the
different protocols of the FET test, a decreasing
sensitivity of each method was observed as follows: FET
96 h+sub>FET 96 h>FET 48 h. Mortality was manifested
most frequently by lack of heartbeat, growth retardation,
and less commonly by coagulation of embryos. As shown
in Figure 2b, the inclusion of sublethal endpoints has
reduced the LCsq values for all samples with statistically
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significant increment of the FET test sensitivity
(p=0.026) in the range of 1-12 %. The presence of
sublethal effects was variable not only between different
samples but it also varied depending on the exposure time
(Table 3). Prolonged exposure time caused a statistically
significant increase of the zebrafish embryos sensitivity
(p<0.001) in 57 % of the tested samples. The frequency
of occurrence of sublethal criteria was: spinal curvature
34.5%, lack of blood circulation 26.4 %, delayed
heartbeat 25.7 %, pigmentation 12.7 %,
occurrence of edema 0.7 % of all sublethal parameters we
observed. According to Kimmel et al. (1995), embryos
development in control groups was normal during all the
experiments.

failures

WFETO6h +<ub Fig. 2. Ecotoxicity of wastewater
samples from different hospitals
(H1-H7) expressed as: (a) toxic
effect [%] of undiluted samples
and (b) ECsw, LGCsovalues [%].
Comparison between Daphnia
magna (Dm), Aliivibrio fischeri
(Af) and Danio rerio embryos.
FET=Fish Embryo Acute Toxicity
Test.

il
HE H7

Table 3. Overview of the observed sublethal effects on zebrafish embryos after 48 hpf and 96 hpf (hours post fertilization) exposure to
the wastewater samples from different hospitals (H1-H7). Sublethal effects were measured only if lethal effects were not observed.

Sublethal effects H1 H2 H3 H4 HS5 H6 H7
48 hpf/96 hpf

Delayed heartbeat -/+ == +/+ ==k -/+ o o e

Lack of blood circulation =il =if= *i# =1+ =f=+ ik ==

Presence of edema -/+ =ifi= +/+ -/+ =ik =i iflm

Spinal curvature =+ == /4 -/+ = =ik e

Pigmentation failures —ifoek: == + /i =+ =IfE + [+ ==

- not observed, + observed.
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Discussion

The problem of the discharge of chemical
contaminants from hospitals into wastewater and
subsequently into the aquatic ecosystems is well-known
(Datel et al. 2020). The presence of micropollutants such
as pharmaceuticals, disinfectants and personal care
products in ftreated effluents poses considerable
ecological risk for the aquatic environment (Meza et al.
2020, Rogowska et al. 2020). Numerous studies have
been carried out to determine ecotoxicity of target
substances commonly detected in HWW (Halling-
Sorensen et al. 2000, Cleuvers 2003, Cleuvers 2005,
Brandhof et al. 2010, Martins et al. 2012, Li et al. 2016,
Romanucci et al. 2019). However, examination of
individual target compounds, causing ecotoxicity does
not enable to determine the interactions between all
known and unknown hazardous substances which are
present in HWW and to evaluate their overall impact on
aquatic organisms. The mixture of two or more
substances may produce synergistic, antagonistic and
additive interactions which may increase or decrease the
resulting WW ecotoxicity (Emmanuel et al. 2005, Godoy
etal.2019).

Therefore, it is necessary to investigate the
whole effluent as a complex mixture of substances. In our
present study a high variability of toxic effects of WW
samples from individual hospitals on the used aquatic
organisms was demonstrated. Similarly to these
conclusions, Jirova ez al. (2018) confirmed considerable
different levels of ecotoxicity of treated wastewater from
five hospitals. This variability relates to the different
wastewater quality which may be influenced by a number
of factors comprising current therapeutic procedures, the
type and specialization of the hospital, its location,
number of inpatients, flow rate, season, the day of the
week and the daily period (Boillot et al. 2008). Good
correlation was demonstrated between the amount of
antibiotics in the wastewater and their volume currently
being administered to patients (Hamjinda et al. 2015).
Additionally, the insufficient degradability of certain
substances during the cleaning process in the wastewater
treatment plants causes the presence of residues of
pollutants in wastewater (Li et al. 2017). A literary
review showed that the quality of treatment processes is
another important factor which affects the treated
wastewater composition (Verlicchi ez al. 2015).

A specific type of effluents is generated from the
hospital laundry. It has a different composition from WW

produced by other hospital departments having a high
concentration of organic and microbial loads depending
on the washing stage. In the study of Kern et al. (2015),
acute toxicity of hospital laundry WW was investigated
by D.magna immobilization test and adult D. rerio
lethality test. The obtained data showed extremely toxic
impact on D. magna (48 h EC5y=2.01 %) and lower acute
toxicity for D. rerio (48 h LC5=29.25 %). In our study,
the sample that can be considered as the most toxic (H6)
because of its low ECsy and LCs values (Fig. 1), was the
mixture of treated hospital WW and untreated laundry
WW before discharging to the sewage system. It can be
assumed that the high level of acute toxicity was caused
by the complement of untreated laundry effluent to
common HWW.

Ecotoxicological evaluation of WW should be
performed using the battery of indicator organisms from
different trophic levels as different species may show
diverse levels of sensitivity to the pollutants. The results
of our study, as well as those of Jirova et al. (2018),
showed the suitability of D. magna and A. fischeri for
routine testing of HWW ecotoxicity. To our knowledge,
the information on effects of HWW on fish early life
stages using the FET test, is scarce. Stelzer et al. (2018)
compared the FET test and other standard fish protocols
used worldwide for WW analyses. LCso value of
untreated hospital effluent determined by the FET test
was 53.5 %. Based on findings of this study, the zebrafish
embryos may not represent the most sensitive
developmental stage of D. rerio compared to larvae and
juvenile. In another study, a mixture of urban and hospital
effluents was evaluated for ecotoxicity by Wigh et al.
(2016). After 96 h of exposure to the untreated WW,
100 % of zebrafish embryos died. The mortality
decreased to 13 % after the WW treatment. The addition
of sublethal criteria for evaluation, such as the presence
of edema, blood circulation defects, malformation of the
heart, yolk sac, tail, head, spine, an abnormal eye
development and pigmentation, resulted in a considerable
improvement of the test efficiency.

By adding sublethal parameters, we wanted to
explore the potential of the FET test for the evaluation of
hospital effluent toxicity. Our conclusions are in
agreement with findings of numerous studies which have
reported an increase in the FET test sensitivity after
addition of sublethal endpoints (Babi¢ et al. 2017,
Krzykwa et al. 2019, Cedron et al. 2020). We selected
five sublethal effects, which may be ecasily determined:
delayed heartbeat, lack of blood circulation, presence of
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edema (pericardial or yolk sac), spinal curvature and
pigmentation failures. Tenorio-Chavez et al. (2020)
investigated treated WW from one hospital using
zebrafish embryos and obtained LCs value 6.1 %. ECsg
value of sublethal malformations was 2.5 % which means
higher sensitivity of sublethal parameters compared to
lethal endpoints. The main effects identified were
pericardial edema, yolk sac malformation, hypopigmen-
tation, hatching abnormalities, tail and chorda
deformation, without fin, chorion and craniofacial
malformation. Stelzer et al. (2018) observed an increase
in embryo test sensitivity of >30 % after addition of three
sublethal parameters comprising immobility, formation of
edema and nonhatching.

According to our results, when we draw
a comparison between FET 48 h and FET 96 h, we can
see the increase in efficiency of the method caused by the
prolonged exposure time from 48 hpf to 96 hpf. In our
study, the LCs, values of FET 48 h were constantly
higher than those of FET 96 h. We are of the opinion that
these findings could be related, besides other factors, to
the chorion as a possible barrier for some chemicals,
mainly substances with very high molecular weight
(Braunbeck er al. 2015, Sobanska et al. 2017). This limit
disappears during the hatching period of embryonic
development from about 72 hpf to 96 hpf (Kimmel et al.
1995). Similar results were presented by Stelzer et al.
(2018), who, based on analyses of HWW samples,
discovered less sensitivity of FET 48 h (LCs¢=56.5 %)
compared to FET 96 h (LC5=53.5 %).

Conclusions

The Fish Embryo Acute Toxicity Test is used
worldwide for ecotoxicological research as an alternative
method to the experiments with adult fish. Considering
the lack of scientific data regarding the suitability of
D. rerio embryos as the testing organisms for HWW
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