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Abstrakt

S rozvojem lidské populace se dérmmvySuje pdet now syntetizovanych chemickych latek.
Ackoliv pouhy zlomek z nich nachazi své uptath je naSe Zivotni pragtdi €mito latkami
kontaminovano. Népstji a nejdéle diskutovanymi polutanty byly bezespguoiychlorované
bifenyly, které jako perzistentni organické sleniny jsou dosud detekovany t&hve vSech
slozkach zivotniho proidi.

PredloZena prace je za&hena na vyuziti a posouzeni vhodnosti bioindikatgcbvorganism
pro odhad kontaminace pkaweémito polutanty 20. Stoleti, a to v akvatickém aegtrickém
prostedi. DalSicast prace se zabyva principy a vyuzitim ekotoxigmkych tesi v hodnoceni
G¢inka tzv. ,novych“ polutani zejména ze skupiny musk stmmin a I€éiv a moznostmi
posouzeni rizik, ktera jejichifpomnost v Zivotnim progdi gredstavuije.
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Abstract

With the development of the human population thenlner of newly synthesized chemical
substances is increasing. Although only a fractibthem find their application, our environment
is contaminated by these substances. The most capmtiscussed group of pollutants for longest
time were undoubtedly polychlorinated biphenyls,icihas persistent organic compounds have
been detected in virtually all environmental conpeents.

The presented work focuses on the use and assdssindime suitability of bioindicator
organisms to estimate the contamination by theflatpots of the 20th century in the aquatic and
terrestrial environment. The next part deals wli principles and application of ecotoxicological
tests in the assessment of the effects of so-called” pollutants mainly from the group of musk
compounds and drugs, and with possibilities of askessment aroused by their presence in the
environment.
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ecotoxicity, ecotoxicological tests, polychlorindite biphenyls, synthetic fragrances,
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1 UvOoD

Predkladana habilitmi prace je zagfena na vyznam bioindikacefiphodnoceni Grov
zne&isténi zivotniho prosedi. Pro toto hodnoceni je raimnezbytna ekotoxikologie, a to jako
vyznamna odvozendcani disciplina, kterd rowi prispivd ke spravnému hodnoceni drévn
znegisténi vSech slozek Zivotniho prostli.

Prace obsahuje nejen veSkeré odborné aktiviéglpadatelky habilitace, ale také jeji uvahy,
poznatky a posgthy, které se tykaji sledovani kontaminace zZivatrgiostedi a roviz moznosti
jeho ochrany fed pisobenim nejen nebezpg/ch chemickych latek a chemickych presiki, ale
také kontaminovanych matric. Publikace, kterérita@kladnicast gedloZzené habilitani prace,
vznikly na dvou pracovistich, na nichzélm predkladatelka habilitace moZnost tuto oblast
védeckého zajmuesit.

Prvnim pracovi&m byl Ustav veterinarni ekologie a ochrany Zivotniprostedi Fakulty
veterinarni hygieny a ekologie Veterinarni a farendaické univerzity Brno (FVHE VFU Brno),
kde hlavnim pedmétem zajmu uchaz&y byla problematika souvisejici s monitoringemvata
Zivotniho prostedi, ktery probihal v letech 1992 az 2000 pod t@stMinisterstva Zivotniho
prostedi v byvalém Ceskoslovensku. Pracovnici FVHE VFU Brno byli v rantohoto
celostatniho monitoringu pskeni vzorkovanim biotickych matric na Gze@éch a Moravy, a to
piedevSim &ch, které mohou byt nasletinyuZity jako bioindikatory fi hodnoceni kontaminace
Zivotniho prosiedi.

Nutno si ue¢domit, Ze vzorkovani je jednim z &ivych moment pro ziskani objektivnich, tzn.
reprezentativnich vysledk které jsou nezbytné pro spravné posouzeni kontmi daného
ekosystému. Problematika vzorkovani stej$to v pozadi zajmu analytika, ktery byva simdsh
na finalni analyzy provamé na vysoce sofistikované instrumentaci; nicéné&ak pro spravnou a
piesnou analyzu je nezbytné, aby vSechny postupyuweédtgresnému a spravnému analytickému
vysledku byly vypracovany na stejné urovni, tj. gejich prispivek k celkové nejistét byl
podobny a pokud mozZno co nejmensSi. Tento poZzadphatk nejvice pro vzorkovani, kde chyba
provedena v tomto kroku iwe negativa i pozitivné ovlivnit koneny vysledek analyzy. V
literatufe se prezentuje, Ze podle typu matrice se vzorkavarelkové nejistétmize podilet 40
az 90 % [1].

Pro &ely vzorkovani biotickych matric v ramci tohoto nitmningu a tim i pro ziskani
reprezentativnich vzotk participovala pedkladatelka habilitace na zpracovani Standardnich
opera&nich postup (SOP) pro vzorkovani, a tagrevsim biotickych matric Zi¢@ného fivodu,

v rdmci tohoto monitoringu Kontaminace Zivotnih@gifedi CR, ktery garantovalo, jak jiz bylo
feteno, Ministerstvo Zivotniho prasdi CR. DalSimi jejimi hlavnimi aktivitami na tomto
pracovisti byla rovi&Z participace na analyzach¢kterych vybranych kontaminaht ve
vzorkovanych matricich. Podilela se zejména na dukmi preanalytickych postuipa nasledé
také analyz zalozenych vessma chromatografickych sepéméch metodach, zejména na plynové
chromatografii s detekci elektronového zachytu,otfiagim zmigném pracovisti byla zjipvana
zejména kontaminace persistentnimi organohalogeryovia polutanty typu polychlorovanych
bifenyli a organochlorovych pesticid(DDT a jeho metabolity, hexachlorcyklohexan a jeho
izomery, hexachlorbenzen, heptachlorepoxid, endieidrin, aldrin aj.).

Biotické matrice pedstavuji hlavni bioindikatory kontaminace danékosgstému; poskytuji
informaci o jejich podilu, ktery je pro rostlinnélvo Ziv@iSné organismy biodostupny, tzn. o
frakci, kterd je schopnaigkroiit bariéry daného organismu. Princip bioindikacevj@odstat
nejen sodasti environmentélni chemie, ale réZrsoasti ekotoxikologie; zdeipdstavuje jeden
ze zpisohi hodnoceni expozice, které jsou zgiemy na sledovani hladin a ro&sii sledovaného
toxikantu ve slozkach Zivotniho préstli. Do této skupiny hodnoceni Ur@évkontaminace pét
analyzy organistin které jsou ve svych tkanich schopny specifickynlglovat sledované
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polutanty. Ze ZivéiSnych organisri se jedna fedevsSim o vol& Zijici zwt, drobné zemni savce,
ptaky, ryby aj. Prav vyuZziti bioindikatoti, pripadré biotickych matric pro indikaci kontaminace
ekosystému bylo také oblasti odborného zajmu u¢kgzea vySe uvedeném pracovisti.

DalSi zangieni jejich odbornych aktivit jiz souviselo s nastop fedkladatelky habilitace na
Ustav chemie a technologie ochrany zivotniho peat Fakulty chemické Vysokéhoceni
technického v Br&a Zde byl jiz vydovan pgedmét Ekotoxikologie, avSak pouze formou
prednasek, bezimé navaznosti na prakticka ¢eni, ktera by a byt zandrena pedevSim na
provedeni a osvojeni si praktickych dovednosti tohgiednEtu. Sezndmeni studeénts
provadgnim ekotoxikologickych teét se uskut&iovalo gevazre formou exkurzi na Krajské
hygienické stanici v Brh

Po svém nastupu na pracowjSa to ve spolupraci s garanterregmtu Ekotoxikologie, se
jmenovana z&la zabyvat problematikou praktického zasréich vyuZziti ekotoxikologickych telst
jako néstroje hodnoceni Urayhkontaminace Zivotniho prdetli. V sodasnosti se za#uje na
hodnoceni ekotoxicity nejeriznych xenobiotik, pro ktera jsou na naSem Ustavimatizovany
preanalytické a analytické postupy, ale r&@mn kontaminovanych matric, které se umysirebo
neumysi®, mohou dostavat do ekosystému. Jedna se zejmé&ady @ cistiren odpadnich vod,
sedimenty, odpadni vody apod. VeSkeré tyto matigoe sodasré analyzovany a je u nich
zjistovan obsah nejen prioritnich poluténtle také l&v, syntetickych vonnych latek, tenzid
apod.

V nasledujicich kapitolach popisujicich vySe spkoifané okruhy je prezentovan obecny uvod
se strdnym komentéem jiz zvéejrénych publikaci, tématicky se vztahujicich feSené
problematice. Dal&fast fedloZzené habilitani prace potom tud kopie jiz zvéejnénych publikaci.

Zivotni prostedi, zejména jeho kvalita, je v posledni &pbmsrng ¢asto diskutovano. Z tohoto
divodu je nutné zopakovat, co vlastpojem Zivotni prosedi pedstavuje. Podle definice
organizace UNESCO je to ta@st s¥ta, se kterou je jedinec (organismus) ve vzajemterakci.
Znamena to, Ze se jedna octst, kterou jedinec pouziva, ovlivje a flizpasobuje se ji. Obeén
se jedna o soubor vSechggich podminek, které obklopuji jedince, populagha Zivy systém, a
poskytuji mu vSechny nezbytnosti k Zivotuj¢emz toto fsobeni je obousénné. Kazdy druh
organismu vSak vyZaduje jiné Zivotni podminky, &tgou mu vlastni a jsou prého nezbytné.

Clovek je v podstat sowsasti ffirozenych i unilych ekosystér a nentize bez nich existovat.
Na ochranu Zivotniho prasdi je proto zapéebi pohlizet jako na nezbytnou kaZzdodennic&su
naseho Zivota. V tomto smu je ochrana Zivotniho prdsti rovéZz dana Zakonem o Zivotnim
prostedi ¢.17/1992 Sh. [2], ktery vychazi z principu trvaldriitelného rozvoje. Tento zakon
definuje Zivotni prosedi jako vSe, co vyt¥é prirozené podminky existence organismetns
Clovéka a je pedpokladem jejich dalSiho vyvoje. Jeho sloZkamijzejména ovzduSi, voda,
horniny, pida, organismy, ekosystémy a energie. V tomto zalentovréz definovan pojem
,2Unosné zatizeni Uzemi“, kter&guistavuje takové zatizeni Uzemi lidskoonosti, g kterém
nedochazi k poSkozovani Zivotniho predf, zejména jeho jednotlivych sloZzek, funkci
ekosystém nebo ekologické stability.

Tento obecny Gvod definoval Zivotni priesti a nastinil osobni zodp#@inost kazdého z nas za
kvalitu zivotniho prosedi. Nicmég ve wdecké rovig existuje mnoho moznosti, jakigpst k
ochrart, pop. ke zlepSeni jiz poSkozeného Zivotniho piexdit Jedna z vyznamnych péme
mladych disciplin, ktera k tomu nemaloénou pispiva, je préy ekotoxikologie.



2 EKOTOXIKOLOGIE A JEJI VYZNAM PRO OCHRANU ZIVOTNIHO
PROSTREDI

Ekotoxikologii jako wdu poprvé definoval francouzskydec René Truhaut v roce 1969.
Charakterizoval ji jako odstvi toxikologie zabyvajici se studiem toxickéholeteprirodnich nebo
syntetickych latek na slozky ekosystému, Zighy (Wetrg ¢lovéka), rostliny a mikroorganismy
v integralnim kontextu, coZz znamena, Ze se zabindiesn toxického fisobeni latek firodniho
nebo antropogennihotpodu na Zivé organismy, na jejich spmastva a populace [3].
Ekotoxikologie je porrna mlada interdisciplinarniéda; na rozdil od toxikologie studuje efekty
latek v jejich pirozeném prosedi. Znamena to, Ze do interakce mezi organismeoxikantem
vstupuje prosedi, které velkou ®rou rozhoduje o tom, zda latka bude pro organismus
biodostupna a zda néasléddosahne mistacinku, kde se projevi toxicky. Toto objasn Ize
povaZzovat za zasadni rozdil mezi toxikologii a ekikplogii [4]. Z vySe uvedenych aspékt
rovreéz vyplyva podstata ekotoxikologie; jedna se o stodtoxickych @inka chemickych latek na
biotu a gislusny ekosystém. Toxickéciaky jsou studovany zejmeéna v zavislosti na osudu
chemickych latek v Zivotnim prdsdi, popisovaném prdstinictvim chemie Zivotniho prdstli,

a uzce souvisiipdevsim s jejich biodostupnosti. Krénoho se ekotoxikologie zabyva studiem
toxického misobeni latek firodniho nebo antropogennihdvodu nejen na zivé organismy, ale
rovréz na jejich spokenstva a populacefipemz tyto @inky jsou sledovany naiznych arovnich
organizace zivé hmoty. Kraintoho se tato &da zabyva i jejich monitoringem v Zivotnim
prostedi. V tomto srru navazuje na environmentalni chemii, jejiz pawstge sledovani osudu
chemickych latek ve sloZzk&ch Zivotniho predi, a také na analytickou chemii Zivotniho
prostedi.

Vzhledem ktomu, Ze chemické latkyinedniho i antropogennihotpodu jsou nezbytnou
souwasti naSeho Zivota, siwji v poslednich letech veSkeré snahy k tomu, alig tatky
negredstavovaly vazné riziko pridoveéka i pro zivotni prosedi. Ri feSeni vySe specifikovanych
ekotoxikologickych otazek vyuziva ekotoxikologie adwékladni fistupy. Prvnim z nich je
retrospektivni ekotoxikologie, ktera studuje a hatdinefekty chemickych latek, fipadre
kontaminovanych matric, které se jiz v ekosystémpeabhazeji, a to jakoudledek negativni
¢innosti ¢lovéka. V podstat mizeme konstatovat, Ze retrospektivni ekotoxikologieformou
~environmentalni epidemiologie”. Tytofistupy jsou vhodné zejména pro hodnoceni starych
zagzi, kdy se posuzuje toxicitaiznych kontaminovanych matric (zemina, voda ajijpgdre
efekty latek, které se jiz do Zivotniho piesti uvolnily, aniz by kdy f&d tim byla posouzena
jejich ekotoxicita. Druhy fistup, tzv. prospektivni ekotoxikologie, vyuzivéopak fizné postupy
a metody s cilem zjistitffpadné dopady chemickych latek nebo kontaminovamjeltric na
ekosystém. Prospektivni ekotoxikologie testuje navemické latky a ifpravky, napiklad
pesticidy jest pred uvedenim na trh, a rasislouzi k hodnoceni miry jejich ekologického raik
Podstatou tohoto ekotoxikologickéhdigtupu je také prevence proti vstupu takovych ladek
Zivotniho progtedi, které by mohly negati¥novliviiovat nejen jedince, ale naslédn cely
ekosystém [5]. Hlavnimi metodami retrospektivniteikd<ologie jsou terénni studie a dlouhodoby
monitoring, zatimco zakladni metodou prospektikdtexikologie jsou ekotoxikologické testy.

2.1 EKOTOXIKOLOGICKE BIOTESTY

Ekotoxikologické biotesty fiedstavuji v ekotoxikologii ktiovy nastroj pro hodnoceniciakt
latek, gipadre jejich snesi nebo kontaminovanych matric, které mohou do ystému vstupovat
zamerné nebo zcela nahodn Slouzi k uéeni druhu a miry néfznivého msobeni latek na
testovaci organismy. Informace, ziskané ziteskotoxicity, jsou nasled@n pouzivany pro
hodnoceni rizik spojenych s vyskytem testovanydeklas Zivotnim prosedi. Ke sledovani
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Gcinki, které toxicka latka v biosystému po expozici MgyovyuZivaji biotesty biosystém
jakékoliv Urovré organizace Zzivé hmoty, tj. od tky, jedinai, populace, biocendézy az po
komplexni ekosystémy. Nutno vSak upozornit na te, #imé &inky v daném testovacim
organismu vyvola pouze latka, ktera je v danychnpiodtach expozice biodostupna, coZz znamena,
Ze po vstupu do organismu dosahne migiaka a vyvola reakci. Podstatou biotestu je exp®zic
testovaciho systémizanym koncentracim testované substancerearp definovanych podminek.

Ekotoxikologické testy umaditiji posoudit vztah mezi davkou a odpdi biosystému.
PoZzadavky kladené na tyto testy jsou nasledujicdly nby byt standardizované, snadno
proveditelné a rly by byt ekologicky relevantni.

Standardizace znamend jednagwradefinovany postup jednotnych metodik, podle ktaryje
ekotoxicita testovana, coz jeigupokladem reprodukovatelnosti a porovnatelnossledki
raznych laboratti, které pro hodnoceni ekotoxicity aplikuji stepeéty ekotoxicity. Jednoduchost
a snadna proveditelnost tegifispiva k moznosti otestovat celdadu chemickych latek, a to za
prijatelnych ekonomickych naklad ProtoZe vstoupilo v platnostifizeni REACH, spléni &chto
vySe specifikovanych pozadavkimoziuje posoudit, otestovat a registrovat cetadu novych
latek v jatelnych ¢asovych horizontech. DalSim pozadavkem pro ekotdadické testy je, ze
musi byt relevantni. Tento pozadavek se¢gad odliSuje. Ekologicka relevantnost znamena, zZe
testovaci podminky se budou co nejvice blizit podkduin, které se vyskytuji v reélnych
ekosystémech; znamena to, Ze vysledky takto provetietest budou co nejvice odpovidat
realnym situacim. Nutno si vSak adomit, Ze testy v mikrokosmech, mesokosmedipauire
ekologické terénni studie jsou ekonomicky velmi odgé a zajisini reprodukovatelnosti
podminek p tomto usp#adani testovaciho biosystému je #&nmmerealné. Vzdy je zapebi
dopredu zvazit, k jakémudelu bude provatha studie slouZzit [4, 5], jaké testyiipadre jakou
baterii tesi musime zvolit; rov& nelze zapomenout na to, Ze je vzdy nezbytnépratvat
vysledky s ohledem na to, jak byly ziskany [Bfilezité je také to, Ze vZzdy musime respektovat
prostedi, do kterého se uvazované latky mohou dostaowvislosti s tim doslo k rozkbni
ekotoxikologie na akvatickou, ktera byla rozpracwvaako prvni, a terestrickou, ktera je
zametena pedevSim na testovani latek a matric v kontaktninpoi@slani, tj. s vyuZzitim
kontaktnich test ekotoxicity s organismytmnich ekosystéfh pripadré organisni, které jsou v
akvatickych ekosystémech vazany na gemlitsedimentu.

| vtéto souvislosti je nutné upozornit na to, ZkdyZz jsou biotesty jedinou cestou, kterou
muzeme ziskat informace o ekotoxikologickych chanagtikach chemikalii, nebezpeych
odpad: apod., je stanoveni stopovych mnozstvi kontaminamttodami chemické analyzyip
hodnoceni environmentalnich rizik st&jivyznamné. Zatimco analytické postupy umgg
kontaminujici latky identifikovat a kvantifikovagkotoxikologicka hodnoceni umigji posoudit
piipadné negativni dopady environmentahelevantnich koncentracéchto latek na biotickou
sloZzku ekosystému. Aplikované biotesty poskytugétinformace o interakcich mezi chemickymi
latkami (adice, synergismus, antagonismus), dakexaeckych efektech &hto latek po jejich
pitipadné degradaci a transformaci, o biodostupnasitéuchemické latky, f kterém hraje
zasadni roli prosedi, tj. akvaticky nebo terestricky ekosystém [4].

Rozvoj aplikace biotest byl velmi dynamicky, takZze v soasnosti jiz rozliSujemestyii
generace biotest Do tesii |. generace Zazujeme tzv. testy standardni, testy Il. generace,
ozna&ované jako alternativni,ifedstavuji miniaturizované varianty tésttandardnich, a testy lIl.
generace posuzuji efekty, kter&itg polutanty vyvolavaji; znamena to, Ze jsou zeigZ na
principu indikace biochemické zmy v organismu, kdy se pouZivaji tzv. biomarkergrikazu
pritomnosti polutantu a jeho negativniho efektu. Mesty IV. generace patzv. alertni systémy,
vyuZzivajici k identifikaci zrdny v chovani organisin(Daphnia magna, Danio rerie- zastupci
bezobratlych a ryb, kie se nachéazeji v pozorovacich jednotkach, monitmmoyrostednictvim



Cidel), statistického vyhodnocenichto zngén a ugeni gitomnosti chemickych latek v blizkosti
testovacich organisim

2.2 CHEMICKE LATKY A MATRICE KONTAMINUJICI EKOSYSTEM Z HLEDISKA
EKOTOXIKOLOGIE

2.2.1 Chemicke latky

V registru chemickych latek Chemical Abstract Seevi(CAS) bylo ke dni 14. 10. 2015
zapsano 102 166 895 znamyckirgpdnich aclovékem syntetizovanych chemickych latek [7].
Odhaduje se, z&lovek komerné vyuziva ve ¥tSim mnozstvi cca 100 000 latek, ze kterych Ize
pripravit cca 2 miliony chemickych sfsi (vyrobki). Pouze mal&ést tchto latek a vyrobk je
dostatén¢ prozkoumana z hlediska jejich negativniainia na zdraviclovéka a je& mére jich
bylo sledovano z hlediska jejich vlivu na Zivotniogtedi. V minulosti byly chemické latky
pouzivany, aniz by bylo objekti¢nzhodnoceno jejich environmentalni chovani a negati
dopady pouzivaniéthto latek pro Zzivotni prostdi. Rikladem mohou bytasto diskutované
PCBs, freony, organochlorové pesticidy (ha@pDT, HCH, HCB) aj. V sotasnosti je jiz
doporwovana a deklarovana nezbytnost uvazlivého zach&tewtka s novymi chemickymi
latkami. Na podklagl tohoto principu vzniklo i nidzeni evropské unie REACH (Registrace,
Evaluace a Autorizace Chemickych latekjlem tohoto systému je vylepSit v Eveopastaraly
legislativni systém pro chemickeé latkynfednou realizaci REACH by do byt do roku 2020
dosazeno toho, Ze v EU budou vyfidp, pouzivany a také dovazeny pouze chemické laeky
znamymi vlastnostmi, jejichz bezpest bude fedem prowiena [8]. Pro hodnoceni vlivu
prospektivni ekotoxikologie. Na podkkadysledki téchto tesk je mozno klasifikovat chemické
latky a gipravky a zéadit je do pislusnych skupin nebezf®osti, gipadre mohou vysledky
téchto test slouzit jako podklad pro hodnoceni ekologickyctikriv procesu EcoRa (Ecological
Risk Assessment) nebo ERA (Environmental Risk Assest). Vysledky vSechédthto
deklarovanych tedtnam umo#uji komplexré posoudit vliv testovanych latek na Zivotni presi
a néasleda navrhnout takova opani, aby tyto latky nemohly mit negativnéiiky na Zivotni
prostedi, &etré ¢loveka [6]. V sowasnosti plati, Ze tzv. "nové" chemikalie musely pigd
uvedenim na trh testovany, avSak pro jiz tzv. tefisi" chemikalie Zadna takova ustanoveni
neplatila, pestoze nebyly k dispozici ¥&né¢ dostupné informace pra:ély efektivniho posouzeni
a kontroly tchto latek. Tzv. "existujici" a "nové" chemikalieziiSuje naizeni (ES) 793/93;

z tohoto n&zeni vyplyva, Ze vSechny chemikalie, které se nma tEvropského spaienstvi
vyskytovaly v obdobi od 1. ledna 1971 do 18ii zZ#981 [uvedeno na Evropském seznamu
existujicich obchodovanych chemickych latek (EINEHCSe nazyvaji "existujici" chemikalie.
Jejich p@et se odhaduje na 100 000 a "novych" je pouze pres 3800.

2.2.2 ,Nové" environmentalni polutanty

Termin ,noveé environmentalni polutanty” (téZ emetgé polutanty; v angitin¢ Contaminants
of Emerging Concern — CEC) zahrnujegevsim antropogenni kontaminanty, které se daekloz
Zivotniho prostedi dostaly za poslednickkolik desetileti. Tato skupina latek zahrnuje zejmé
persistentni organické polutanty (POPs), tj. pdiyavané bifenyly, polycyklické aromatické
uhlovodiky, organochlorové pesticidy (DDT a jeho tabmlity), retardéry hi@ni na bazi
polybromovanych slatenin a detergenty.

V posledni dob se vyzkum v této oblasti zabyva novou skupinowanitkych zneist'ujicich
latek, které se jiz delSi dobu nachazely zejméneodmim progtedi, avSak az v nedavné minulosti
byly posouzeny jako potencigmebezpéné pro Zivotni progedi. Jedna sef@devsim o léva a
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latky pouZzivané v produktech pro osobni¢ipPPCP — Pharmaceuticals and Personal Care
Products); PPCP tvbvelmi miznorodou skupinu latek, ktera je obsazena v prabhikibsobni
p&e, jako jsou mydla, sprchové gely, Sampony, parfékmgmetika,istici, praci a opalovaci
prostedky. Do této skupiny pi#t rovnéz dezinfekni prostedky, vonné latky frodniho i
syntetického fivodu, repelenty proti hmyzu, konzervanty, UV filtg I&€iva. Farmaka a
prostedky osobni pg& vytv&eji skupinu organickych mikropolutdant ktera ma stéle &Si
vyznam v environmentalni chemii. Hlavninivddem je nejen jejich velké mnoZstvi a moznost
Uniku do prostdi, ale pedevsim to, Ze jiz byly detekovany v povrchove,zemdni a dokonce i v
pitné vod. O jejich toxicit existuje v literatie jen velmi malo 0daj[9]. S vyjimkou I&€iv jsou
uréeny k vrgjSimu pouziti a tudiz nejsou vystaveny metabolickgménam, takze do zivotniho
prostedi se dostavaji nezmeny. Jejich vstup do recipientu je zavisly na tomha e technologie
aplikovana Wistirnach odpadnich vod'QV) schopna tyto latky efektivnz vody odstranit [10,
11]. Vzhledem k mnoZzstvi vySe deklarovanych chentbk pripravki, které je kazdormné
pouzivano, a také zidodu jejich perzistence spolu s biologickou aktvitve smyslu prokazane
endokrinni disrupce jsou tyto latky povazovany ntepcial nebezpéné slodgeniny [12]. Velké
mnozstvi léiv podléha po podani degradaci; znamena to, Ze@eunstat inaktivni, ifpadrg,
pokud nejsou zcela absorbovany, mohou ogbwsganismus fljemce v gvodni forné nebo byt
transformovany nebo konjugovany s endogennimi satiysha polarni latky [13]. Tyto konjugéaty
mohou byt v rdmckisticiho procesu vistirnach odpadnich vod snadno égény a v aktivni
formé se ot mohou jako farmaceuticky aktivni latky (PhACs -hapmaceutically active
compounds) dostavat do recipientu [14]. Kémagn pijemcem pro mnohé Zd¢hto kontaminarit
je akvaticky ekosystém, a to duv diasledku pimého vypoudni odpadnich vod nebo
probihajicich hydrologickych a atmosférickych pisice

V posledni dob bylo publikovano, Zze mnohé &hto latek jsou perzistentni v Zivotnim
prostedi, ovliviiuji raiznymi zpisoby necilové organismyfipemz zejména zavazna je skupina
tzv. endokrinnich disruptér (hormonalni nebo environmentalni endokrinni dissay EDC —
endocrine disrupting chemicals). Do této skupimyjgdazovany zejména syntetické vonné latky,
také nazyvané ,musk" sléaniny, které jsou obsazeny v piesicich osobni @é. Vyzn&uji se
piedevSim tim, Ze maji schopnosispbit podob#a jako hormony v endokrinnim systému a takto
ovliviiovat komunikaci mezi hikami cilového organismu; tim naruSuji cefaalu fyziologickych
funkci a mohou zjsobit i navozeni abnormalit reprodukho systému [15, 16].

Z kratkého avodu vyplyva, Ze problematika&iléa prostedki osobni pé&e neni z hlediska
environmentalni chemie v ekosystémech zanedbat®iadnaSem Ustavu byly vypracovany
analytické postupy pro stanovenéiléa syntetickych vonnych latek a tyto kontaminajstyu jiz
téemer 10 roki zjistovany gedevsim ve vodnim prdsti, v poslednich letech i kterych
matricich odebranych v terestrickych ekosystémuttiisledku toho byl ziskanighled o jejich
koncentracich v odpadnich vodéach i v povrchovyctidet Jihomoravského kraje; proto bylo po
zavedeni tegét ekotoxicity pgistoupeno i k ekotoxikologickému hodnoceni vybranyiéatek.
Prvnimi z nich byly syntetické vonné latky ze skupnitro-, polycyklickych a linearnich.

2.2.3 Syntetické vonné latky

Termin ,Musk” je pojem, ktery je vSeobecpouZzivany pro soubor vonnych ddjma tinktur
pitirodniho pizma. Tento pojem secahpouZzivat v roce 1888, kdymecky chemik Albert Baur
ve shaze fipravit vybusninu s #Si brizanci neZ trinitrotoluen syntetizoval prwntetickou
vonnou latku, nazvanou p@m jako ,Musk Baur” neboli Baurovo pizmo [17]. Muskoweniny
nebo také syntetické vonné latky jsou substandenpné wviné, které jsou satasti produki
osobni pée (parfémy, mydla, Sampongisticich prostedki, desinfeknich prostedki apod. Tyto
sloweniny byly uvedeny na trh Zatkem 20. stoleti a jejich fomyslova vyroba se vyra#rzvySila
zejména v poslednich 50 letech [18]. Lze je #izddo c¢tyd hlavnich skupin: nitromusk
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sloweniny, polycyklické, makrocyklické a alicyklické Im@i linearni musk sloteniny. Nitromusk
sloweniny byly syntetizovany jako prvni latky tohotqty Mezi nejvyznamijSi zastupce péit
musk xylen (MX), musk keton (MK) and musk ambreti¢A). Ve vod&k jsou tyto chemické
sloweniny pouze omezénrozpustné (0,15 mg'lpro MX; 0,46 mg: pro MK), avak jejich
relativre vysoky distribiéni koeficient oktanol - voda (log Kow = 4,4 pro MX,8 pro MK a 4.0
pro MA) indikuje vysoky bioakumutai potencial. Row¢ se pedpoklada, ze jejich degragna
produkty jsou potenciaén vysoce toxické [19]. Vzhledem EkEmto prokdzanym negativnim
vlastnostem jsou postupmahrazovany a celo&ova produkce MX a MK v roce 2000 poklesla
na 200 tun a ma dale klesajici tendenci [20]

Z diavodu nestability nitromusk sléenin v alkalickém prosedi a jejich fotochemické
reaktivitt byly hledany nové alternativgdhto slodenin. Jako prvni zZthto alternativ byl v roce
1952 uveden na trh phantolid. Jednalo se o prvrsknsioweninu bez nitroskupiny uvedenou na
trh; v té dolks nebyla jedt detailrt znadma jeho struktura, kterd byla obgasm aZz océtyii roky
pozckji (6-acetyl-1,1,2,3,3,5-hexamethylindan; AHDI). tbalatka se stala zakladem pro vyvoj
dalSich vonnych substanci ze skupiny polycyklickgisk slodenin. Phantolid vykazuje dobrou
stabilitu a hydrofobicitu; &hto jeho vlastnosti se vyuZivalo v pracich peaftich. DalSimi
polycyklickymi musk slogeninami byly traseolid (ATII), celestolid (ADBI) galaxolid [21].
Celoswtovéa spoteba polycyklickych musk sl@enin byla v roce 2000¢blizné 4000 tun [20]

NejvyznamijSimi zastupci polycyklickych musk sldenin jsou galaxolid (HHCB), tonalid
(AHTN), celestolid (ADBI), phantolid (AHMI) a traesid (ATIIl) [22]. V porovnani s nitromusk
sloweninami jsou tyto chemické sléeniny odolgjSi vici svétlu a alkaliim, coz je hlavnitod,
pro¢ jsou ¢astji obsazeny v kosmetickych produktech a detergént@ctohoto poznatku vSak
souwasre vyplyva, Ze snizujici se produkce nitromusk gkmin vyustila do zvySené produkce
polycyklickych slogenin. HHCB a AHTN vykazuji toxicitu pro bezobrati®dni organismy
v koncentranich hladinach od ppb az po jednotky ppm [23}3Se specifikované polycyklické
musk slogeniny jsou kvantifikovany v odpadnich vodach naipsti na vystupu £0V, déle také
v povrchové vod a v sedimentech odebranych z vodnichitektiznych oblastech Evropy. Bylo
prok&zano, ze Uroviekontaminace vodnich réke velmi zavisla na vzdalenosti GtDV. Kromg
jejich naledi ve vodnich ekosystémech byly také detekovany t& pR2].

Vyvoj makrocyklickych musk slatenin byl zahajen jiz v roce 1926 rakouskym chemikem
Ruzickou [23], ktery charakterizoval jako hlavntighki sloZzku girodniho pizma cibetky civeton;
spolu se svymi spolupracovniky navrhl postup proté&xu této sloteniny [24]. Jedna se o
cyklické slogeniny s 10 az 15 atomy uhliku v cykluieBtoZe tyto slateniny vykazuji vyborné
vlastnosti z hlediska jejich aplikace, jejich preflaticka syntéza a zejména vysoka cena jsou
prozatim hlavnimdlvodem jejich omezené produkce [25].

Kromé toho se Bktera wdeckd pracovistzanefila i na gipravu takovych musk sléanin,
které by nevykazovaly negativni vlastnosti jiZ z&am ostatnich skupiré¢hto slodenin. Bylo
zjisteno, Ze ¢mto podminkdm vyhovuji alicyklické neboli linedmmiusk slodeniny. Z&kladnim
pozadavkem bylo syntetizovat takové chemické ¢doiny, které nebudou mit tendenci se
bioakumulovat, budou biodegradabilni a fitiah dostupné. Struktura linearnich musk gknin
je odvozena z cykloalkylesteru. Prvnim zastupcetm s&upiny syntetickych vonnych latek byl
cyclomusk, jehozZ struktura a vlastnosti byly publi&ny v roce 1975 [26]. Do této skupiny musk
slowenin byl po 15 letech #azen je&t helvetolid a v roce 2000 romandolid s ma@vocnou wini
[26, 27]. ProtoZe se jedn& o novou generaci muslkéashin, nemame o této skupishemickych
latek jeS¢ mnoho informaci; proto je zagebi provadt dalsi vyzkum, ktery by #h byt zangren
zejména na sledovani osudu, vyskytuéamku téchto latek na slozky Zivotni prdsti. Pondrné
velké mnozZstvi latek z této skupiny je produkovéaskou spolénosti AROMA Praha, a.s. Tato
firma, ktera se za#iiuje predevSim na vyvoj a vyrobu vonnych a parfémovych fonc, nam
poskytla standardythto syntetickych vonnych latek; v souvislostiggigh studiem a sledovanim
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vyskytu v ekosystémech byly na naSem pracovistiraggvany metody k jejich stanoveni
v odpadnich a povrchovych vodach a rgvmyly stanoveny jejich ekotoxikologické parametry
v akvatickém progedi.

Musk sloweniny jsou lipofilni a persistentni chemické sleniny, které maji vysokou hodnotu
distribweniho koeficientu oktanol-voda, coz predikuje jejlmloakumuléni schopnosti. Tyto latky
obsazené v produktech osobni hygieny se dostaeagidgpadnich vod a nasledkanalizaci do
COV ve spadové oblasti. Ve studiich pro#agch na nasem pracovisti bylo jiz prokazano, ze v
COV nedochéazi k jejich kompletni eliminaci, a prate tyto vonné latky mohou dostavat do
vodniho ekosystému. Bylo jiz zj&to, Zze pi sledovani koncentrace&dhto latek ve vodnim
ekosystému zavisi mnozstvi detekovanych latek wilenosti odCOV; se vzdalenosti odOV
klesa jejich koncentrace nejen fistedku Zed’ovani, ale také vigledku sorpce na sedimenty.
Syntetické vonné latky byly ro¢éd detekovany ve vzorcich ovzduSi a prachu odefitan
v uzawenych prostorach [28]. dkolik jiz publikovanych studii dokumentuje takéigdy vyskyt ve
tkdnich akvatickych organidin déle v matisském mléce, tuku a v krevni plasn9]. Prvni
zpravy o kontaminaci vodniho préstli nitromusk sloteninami byly publikovany v Japonsku
v roce 1981 [30]; v roce 1983 byla potom irja¢na dalsi studie [31], kterd se zabyvala zejména
zdroji téchto latek a rozsahem kontaminace odpadnich vod, zeecipieni a biotickymi
matricemi, tj. tkadmi musli a ryb. Tyto studie potvrdily jednozmeé lipofilni charakter &chto
latek a jejich tendenci k bioakumulaci v rybacllasSich vodnich organismech [32]. Relaivn
vysoky rozélovaci koeficient oktanol/voda nitromusk stemin gedukuje jejich malou
rozpustnost ve vagd vétsi lipofilitu a s tim souvisejici tendenci k biamkulaci v tukové tkani a
také k sorpci na sediment obsazeny v recipientunéto biologickd rozloZitelnost @vovana
prostednictvim standardnich tésbyla u gchto latek nizka. Vypgieny biokoncentréni faktor
(BCF) pro musk keton byl 1380, pro musk xylen 1600.

V roce 1994 byla v Bmecku realizovana studie, ktera byla z&na na sledovani kontaminace
bioty musk slogeninami; v rdmci této studie bylo analyzovano 146rk ryb, garnai a slavek,
piicemZ pimérné zastoupeni musk xylenu bylo v rozmezi <0,0106 ing.kg' lipidického podilu
a musk ketonu vrozmezi <0,01 — 0,38 mdg.Kipidického podilu. Sotasré byl potvrzen
ubikvitarni vyskyt &chto slodenin a vysoky biokoncentai potencial [33]. V OSPAR reportu
[34] jsou prezentovany vysledky HajSlové a kol.][2anmétené na monitoring musk sléenin
ve tkanich ryb (viz Tabulka 1). Z prezentovanych dgplyva typické koncenttami spektrum
jednotlivych musk slotenin ve tkanich ryb: HHCB > AHTN >> MX > MK. Nitroosk
sloweniny (MX a MK) byly v rybach (jelec / cejn / parmiaokoun / pstruh) &n¢ zjiStovany
tadow v koncentracich desetin az setin mg-kgku. Polycyklické musk slaieniny galaxolid
(HHCB) a tonalid (AHTN) se vyskytovaliadows v desetinach aZ jednotkach mg'kgku.

Z prezentovanych udajvyplyva, Zze galaxolid a tonalid gatmezi nejvyznamgjSi zastupce
polycyklickych musk slogenin; protoZe dosahuji nejvysSich koncentraci wdnira ekosystemu,
Ize je rovéz pouzit jako organickeé indikatory pro indikaditpmnosti odpadni vody ve vodnim
ekosystému [36]. Tyto musk sléniny rovréZz nejevi ochotu biodegradace. Lze to zejména
konstatovat na zaklédoho, Zze pro BCF galaxolidu byla v litersguuvedena hodnota 600 a pro
tonalid v pordrné Sirokém rozmezi 624-1584; jejich hodnoty logwKjsou pro tonalid (AHTN)
5,7 a pro galaxolid (HHCB) 5,9 [34].
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Tabulka 1: Koncentrace musk stemin v rybach zeky Labe Ceska republika [34]

Synteticka vonna Druh ryby Koncentrace (median

latka [mg.kg™ tuku]

Musk xvien jelec tloug 0,03-10,53

4 pstruh 0,08—174

jelec tlou¥ 0,03-0,23

Musk keton pstruh 0,06 — 0,22
. jelec tloug 0,6-2,4
Galaxolid AHTN pstruh 03-31
. jelec tlou¥ 0,4-27
Tonalid HHCB pstruh 0322

V rozsdhlém fehledu Rimkuse [36] byly sumarizovany veSkeré dozndmé informace o
musk slodeninach pitomnych v akvatickém ekosystému. NejvysSi koneastrHHCB a AHTN
byly stanoveny naiftoku a na odtoku £0V a v ¢istirenskych kalech. Ve védodebrané na
piitoku doCOV byly vypastené paimerné hodnoty HHCB a ANTH 1,46 a 2,241, zatimco ve
vodk na odtoku ZZOV 1,09ug.I" a 1,4pg.I". V povrchové vod odebrané ek, kanal a jezer v
okoli Berlina byly tyto d¥ polycyklické musk sloteniny také zjisovany: analyzovano bylo
celkem 30 vzork a jejich piimérna koncentrace byla pro ®léatky nasledujici; galaxolid 2,492
1,344pg.I" a tonalid 1,344:9.I". U kak dosahovala maximéalni koncentrace pom vysokych
hodnot, a to pro HHCB 63 mg Rgsusiny a AHTN 34 mg K§ susiny. Vysoké koncentrace obou
sledovanych syntetickych vonnych latek byly 2t i ve tkanich ryb odlovenych z recipiént
COV, kde byly jejich maximéalni koncentrace 159 mg*Kipidického podilu pro HHCB a 58 mg
kg' lipidického podilu pro AHTN. Ve vzorcich nské vody byly pro tyto latky stanoveny
koncentrace vadu ng.t, coZ je pravépodobrs zpisobeno pedevsim viivem nzdsni. Velmi
casto byla térr ve vSech publikovanych studiich koncentrace pddyckych musk slogenin ve
vzorku vySSi nez koncentrace nitromusk semin [33, 34], coz koresponduje i s vysledky
uvedenymi pro povrchové vody: MK 4,8 — 390 AgMX 1,1 — 180 ng:t; galaxolid 64 — 12470
ng.*; tonalid 52 — 6780 ng'l

V publikaci Al (viz ptilohy) je uveden zjsob izolace a stanovenéchto polutani z
odpadnich vod, které jsme na naSem pracovisti m@viali na pitoku a odtokucistirny
odpadnich vod”OV Brno Modice s kapacitou 513 000 EO. Hladiny v fgdro HHCB se na
piitoku pohybovaly v rozmezi hodnot 739-996, pro AHTI8R-262, pro MX 961-1223, pro MK
56-60. Na odtoku byly tyto hodnoty nasleduijici: ptdCB 504-858, pro AHTN 80-180, pro MX
558-1491 a pro MK 33-54.

Tyto analyty byly sledovany také ve tkanich rydggetlous’), které byly odloveny ifed a za
COV v Brrg — Modicich. Nebyly zjisény signifikantni rozdily mezi obsahem musk slenin ryb
odlovenych nad vypusti a pod vypuSDV. Zjistény obsah v rybach v pg.Kgzivé hmotnosti byl
nasledujici: galaxolid 25,61, phantolid 0,51, maskorete 0,89, traseolid 0,92, tonalid 6,17, musk
xylen 1,06, musk mosken 0,25, musk tibeten 0,2isknketon 2,23 [37].

Uginnost odstragni téchto latek byla v roce 2010 sledovana na deSétV v jihokorejském
mésté Busan, které ma vice nez 5 miliombyvatel. Sledovany byly dvpolycyklické musk
sloweniny (HHCB a AHTN) a d¥ nitromusk slogeniny (MK a MX). Celkové koncentrace musk
slowenin se na iitoku do COV pohybovala v rozmezi 3,69 — 7,38.I"" a na odtoku £0V
vrozmezi 0,96 — 2,699.I". Bylo zji$&no, Ze nejtinngjsi byl biologicky stup# cisténi, v
porovnani s procesy filtrace, dezinfekce nebo c¢tledho ¢iSténi. NejvySSi hodnoty byly
kvantifikovany u HHCB na iitoku; dale nasledovaly AHTN, MK a MX. Stejny trerayl
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prokazéan také u odpadni vody odebrané na odtak@\z. Kromg MX, byly vy3e specifikované
musk slodeniny zjis€ny na gitoku i na odtoku vSech sledovanyeistiren. Pimérna (Einnost
eliminace musk slaienin za pouziti standardniho biologického stupisteni byla nasledujici:
odstragno bylo 53 % HHCB, 56 % AHTN a 53 % MK. Lze se ddwat, Ze dochazi zejména
k sorpci nagistirensky kal, ktery se po aplikaci na zekiské pidy mize stat hlavnim zdrojem
téchto latek pro pdni ekosystém [38]. Eliminace syntetickych vonnyatek byla posuzovana
rovréz na nasem pracovisti. Pro latky ze skupiny pollicklgch musk slotenin se dinnost
jejich eliminace naCOV Brno Modice pohybovala v rozmezi 36,70 — 53,26 % pro agatg
skupiny nitromusk v rozmezi 34,44 — 85,42 % [37]

PriloZzen& publikace A2 prezentuje postup izolace, metody stanoveni a kdrecee linearnich
musk slodenin ve vzorcich odpadni vody odebirané ti¢goku a odtokuCOV Brno-Modice.
Koncentrace zde uvedenéwy.I* jsou piimsrem deseti po senasledujicich odivi a na pitoku
pro linalool byly 55,72, na odtoku pak 0,046, procet na pitoku 2,361 a na odtoku 0,0002, pro
arofloron na pitoku 1,821 a odtoku 0,0007, pro lilial 0,491 rf&qku a 0,047 na odtoku. Linalool
byl prokdzan v nejvyssich koncentracich fitioiu v rozmezich 33-91ig.I"%, niz&i koncentrace
byly zjisttny pro arocet a arofloron. Pro vSechny lineérni kmsisweniny, krong lilialu, byla
v porovnani s nitro- a polycyklickymi musk sk@ninami @innost jejich odstrami v procesu
cisteni vynikajici, tj. vice nez 99,5%. U lilialu se jgento odstraimi pohybovalo mezi 78,68 % az
96,13 %, coz je rowi velice uspokojivy vysledek. Tyto hodnoty potvizupformace o
charakteristikach tohoto druhu syntetickych vonnyatek, které by rly piredstavovat takové
chemické sloteniny, které nebudou mit tendenci se bioakumulobatjou biodegradabilni a
budou finagné dostupné.

2.2.3.1 Ekotoxicita musk slodenin

Musk sloweniny maji relativll nizkou akutni toxicitu pro vodni organismy. Nicragati delSi
expozici bylo pozorovano toxickéiugobeni &chto latek. V Tabulce 2 jsou uvedeny hodnoty
akutnich toxicit pro izné druhy zastupic akvatickych ekosystéim Chronicka toxicita byla
testovana na zéldce Oanio rerio) v ranych obdobich Zivota. Hodnoty chronické toxicit
nitromusk slodenin jsou uvedeny v Tabulce 3.

Tabulka 2: Akutni toxicita syntetickych vonnychdi pro zastupce akvatickych ekosyst§i0]

Druh Zji%ovana| MK MX Galaxolid | Tonalid
veli¢ina HHCB AHTN
[mg.I"]

Acartia tonsa 48LC50 1,32 - 0,47 0,71

D. magna 24,48LC50, >5,6 - - -

Nitocra spinalis 96hLC50 >1,0 - 19 0,61

Pseudokirchneriella] 72hEC50 0,24 >0,85 >0,80

supcapitata

Danio rerio 96h geziti | >0,4 >0,4 >0,67 >0,67
lihnuti

Orizias latipes 96hLC50 - - 0,95 1,00
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Tabulka 3: Chronicka toxicita vybranych musk siewin [10]

Slowenina | Organismus Druh Endpoint Hodnota [ug.1]
Musk keton| Daphnia magna| bezobratly | 21 dniieziti LC50=338-675
Danio rerio ryba 8 tydri reprodukce LOEC=33
Musk xylen | Daphnia magna| bezobratly | 21 dniieZziti LC50=680
Danio rerio ryba 14 dni peziti LC50=400
Galaxolid | Daphnia magna| bezobratly | 21 dniieziti LC50=293
Danio rerio ryba 21 dni peziti LC50=452
Tonalid Daphnia magna| bezobratly | 21 dni vyvoj, EC50=244
reprodukce
Danio rerio ryba 21 dni peziti LC50=314

V prilozenych publikacichAl aA2 jsou uvedeny vysledky hodnoceni ekotoxicity genin
ze skupiny nitromusk, polycyklickych a linearnichusk slodenin. Napiklad ndmi stanovena
pramérna hodnota 24hEC50 pro organismils magnabyla pro latky ze skupiny nitromusk
slowenin 6,15 mg:} pro MX a 6,14 mg} pro MK. Pro zastupce polycyklickych musk steain
byly tyto hodnoty pro galaxolid 1,22 mgd.& pro tonalid 1,51 mg'| coZ je v souladu s literarnimi
poznatky o ¥tSi toxici€ polycyklickych musk slogenin. Hodnoty 24hEC50 pro linearni musk
sloweniny na organismub. magnabyly aZ na vyjimku lilialu (24hEC50 = 4,4 mg)l fadow
vy33i (arocet: 24hEC50 = 63,68 mig.hrofloron: 24hEC50 = 53,63 mg;!linalool: 24hEC50 =
156,26 mg:f), co? je v souladu siedpoklady o relativéh nizké toxicit této nejnowjsi skupiny
syntetickych vonnych latek.

2.2.4 Farmaka v Zivotnim prostiedi

Léciva jako biologicky aktivni latky jsou tena pro lébu, |ékdskou diagnostiku, fijpadre
jako prevence proti onemaani. Jsou to v podstachemickeé sloéeniny, jejichz cilem je zlepsit
kvalitu lidského Zivota. Vzhledem Kk jejich rostougirobé a spoitebd a nasled& i k rostoucimu
vstupu &chto latek do Zivotniho prastdi se z&na negativi projevovat jejich vliv na firodni
ekosystémy. Negatienmohou fhisobit bul’ obsahové nebocinné latky gitomné v I€ivech,
piipadré také jejich metabolity a produkty transformace][39 I&Civ je otekavan biologicky
Ucinek. Tato skuténost je velmi dlezita s ohledem na osuéchto latek ve slozkach Zivotniho
prostedi a také na jejich tgobeni na necilové organismy &wm Zzijici. MiaZze dochéazet
k ovliviiovani potravnictretzci nékterych organisiin, ke vzniku rezistentnich kmeérbakterii a
rovrnéz mohou byt ovliviovany technologické procesy pouZzivané ¢istirnach odpadnich vod.
Léciva, ktera jsou klasifikovana jako tzv. mikropolotg, se dostala do pogdi zajmu zejména v
poslednich letech [40]. Jejich rezidua vstupuji glozek zZivotniho prostdi ¥emi zakladnimi
cestami. Prvni cestou je umysiny nebo neumysinig arpodniki vyrakgjicich I&iva, dalSi cestu
tvori vypouseni veterinarnich nebo zewlskych farmak po terapeutické nebo kotmeraplikaci
a treti cesta je minik humannich I&v do prostedi, a to n&jastji z odpadnich vod zdravotnickych
zaizeni a nemocnic [14]. Jejich zdrojem jsou r&exkrementy. Jiz provedené studie ukazuiji, Zze
se u latek Iépe rozpustnych ve ¥audiaze vylwovat az 90 % &innych latek a metabolitmadi,
také zmisoben nezodp@dnou likvidaci nepouzitych nebo proslychiésplachovanim do toalety.
Jak jiz bylo prezentovano, jednim z vyznamnych gdje rovréz zengdélstvi, zejména Zivéisna
vyroba, kde se zacélem zvySeni produkce pouzivajistové stimulatory, antibiotika (zejména
jako profylaktika), ostatni té&va potom i Iécbé raznych druli nemoci, picemz biotransformace
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léCiv neni efektivni pro vSechny typydi&. V piipad pouziti hnoje nebo nédvky ke hnojeni
mohou tyto biologicky aktivni latky vstupovat doaslystému bezifpadné degradace na ndén
aktivni metabolity [14]. L&vo, které je vylodeno v nemetabolizované foénvstupuje nejastji

do odpadnich vod jako biologicky aktivni substanfgiz environmentalni dopad neni zcela
objasrén [41]. Nemetabolizovana d&a pati ¢asto k nejiife biologicky odbouratelnym latkam
vyskytujicich se ve sloZkach Zivotniho presli [42]. Tyto chemické latky jsotasto perzistentni

a lipofilni; proto maji schopnostigkonavat bariéru biomembran, coz jim udigg plinit
specifické biologické funkce [39]. Obecrize konstatovat, Ze metabolické procesy zvysuji
rozpustnostdchto latek ve vod ¢imz usnaduji exkreci a minimalizuji tak potenciélni toxicitu
[43]. L&iva nejsou ve #Sing pripadh z odpadni vody v procesu jejitisténi na COV Uplng
eliminovana [44]. Mnoho farmak, f@devSim vSak analgetika, stimulancia, nesteroidni
antiflogistika, karbazepamin, artorvastatin, gemtfitdl a estradiol bylo identifikovano na odtoku
z &istiren odpadnich vod vrozmezi koncentraci od "nglbug.I* [41]. To potvrzuje, Ze
mikrobialni degradace ve spojeni s koagulaci néddaifaci nejsou p odstraiovani I€iv zcela
efektivni [40, 41].

Léciva mohou byt degradovana mikroorganismy aktivohan&alu, mohou se sorbovat na
&istirensky kal nebo odchazejiCOV beze zminy piimo do recipientu, odkud jsou daléesia do
povrchovych vod, které kontaminuji. Né&j8i problém pedstavuji antibiotika; tyto sl@eniny
jsou specialé uréeny k potl&eni ristu mikroorganisin a mohou proto naruSovat bakterialni
mikrofloru COV, kterd néasledh vykazuje hordi efektivitugisténi. V tomto gipad maze
mikrobialni inhibice vést k poklesu o mikroorganism v provoznich podminkacfioV a tim i
k naslednému poklesucianosti ¢isteni. Tyto prezentované poznatky potvrzuji to, Zetwysg
z COV predstavuiji jeden z vyznamnych zdropzidui I&iv detekovanych v matricich odebranych
ve vodnim ekosystému. Taktaige dojit az ke zrgsSteni podzemnich i pitnych vod; sanfepné
vSak vzdy zalezi také na mohilittkové formy a také na jeji stabdlif4l, 42, 44]. Do pdy se
IéCiva dostavaji n€pstji z cistirenského kalu, ktery se pouziva ke hnojenizdlejem niize také
byt zavlazovani povrchovou vodou, ve které je obsazcela newysténa odpadni voda.

Léciva pati do skupiny polutarit které jsou 8kdy ozn&ovany terminem pseudopersistentni
latky; tento termin objasije stav, pi kterém jejich environmentalni perzistence neoé siysoka,
avSak diky jejich kontinualnimu vstupu do sloZzekohhiho prosiedi je jejich environmentalni
hladina vicemé&hkonstantni.

2.2.4.1 Antibiotika

Termin antibiotika pvodre oznaoval latky produkované mikroorganismy zasahujiciridu
jinych mikroorganism [45]. V sowasnosti se v3ak za antibiotika povaZzuji i jejicteticka
analoga (nap penicilin V, ampicilin aj.), ziskana syntetickynpostupy ze zékladnich latek,
piipadré z polosyntetickych prekurzbr Ozna&eni ,antibiotikum® se vaze kifslusné strukite,
nikoliv k realnému fivodu latky [46].

Tato I&€iva byla klasifikovana jako prioritni rizikové latkzejména vzhledem k jejich toxi&it
vaci fasam a bakteriim. Antibiotikaipobi ve sloZzkach Zivotniho présdi fiznym zpgisobem: za
prvé maji schopnost naruSovatcklWé bakterialni procesy probihajici v povrchové &/odale
cykly kritické v akvatické ekologii (nitrifikace/ahtrifikace), v zenddélstvi by nely ovliviiovat
pudni Urodnost prostdnictvim zrgn fixace dusiku, rozkladu organickych latek apocbrie toho
bylo prokdzano, Ze naruSuji potraweitzce akvatickych ekosyst&émHodnoty jejich toxickych
davek ve vztahu k bakteriim a mikasam jsou o 2 — @ady nizSi nez toxické hodnoty pro vyssi
trofické arove [47, 48]. Primarni klasifikace antibiotik vychaaet jejich efektu, a proto se
roz&klovaly na baktericidni a bakteriostatické. V &asnosti jsou rozdovana podle (rznych
hledisek. Jednim z nejkbzitéjSich hledisek je jejich chemicka struktura, pokiteré se di na
peniciliny, tetracykliny, chinoliny,p-laktamové antibiotika, makrolidy, sulfonamidy d#7].
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Antibiotika mohou #astavat ve slozkach Zivotniho prisdi v nezrdnéné forng, piipadré zde
muzeme detekovat i jejich degraaé produkty. Pomoci vysledkprezentovanych vékolika
studiich bylo potvrzeno, Ze 30 — 90 % z davky p@dep antibiotika istava v nezgnéné fornt a

v ekosystému ho jako kontaminanfibeme stanovit v tétoupodni podob [39, 44]. Kimmerer
[47] uvadi, Zze az 70 % celkového mnozstdhto farmak bylo vylo&eno v nezréinéné forne,
tzn., Ze jsobi dosud jako aktivni substance. Vstup antibiokik Zivotniho prosgedi probiha
podobr, jak je tomu u ostatnich farmak tzniedevsim v dsledku aplikace ve veterinarni a
humanni medicih Nasledd se pak dostavaji do odpadnich vod, a tedpvSim s exkrementy
z domacnosti, nemocmich a zdravotnickych t&eni. DalSim vyznamnym zdrojem antibiotik je
zenedélskd vyroba, kde se antibiotika pouzivajiegevSim jako profylaktika austové
stimulatory; hiij aplikovany jako statkové hnojivo rovh predstavuje vstupéchto latek do
pudnich ekosystéin Jinou vyznamnou cestou vstupu antibiotik do Aillwd prostedi je jejich
hojné pouzivani v akvakuitel [44]. ZvySujici se podavani antibiotik v humannie veterinarni
mediciré predstavuje velkeé riziko pro vSechny slozky Zivotngirostedi. MnoZstvi antibiotik v
Zivotnim prostedi neustale roste, cozide vést aZz ke vzniku rezistence bakterii.

Humanni léciva

‘ Veterinarni léciva

= o

-— Y T v
Exkrementy Exkrementy Likvidace odpadii
Z nemocnic z domacnosti (nepougity material) Exkrementy
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Obr. 1: Osud farmak v zivotnim prostli (upraveno podle [49])

Antibakterialni I€iva byla jiz detekovana v sedimentech, dale naadktozcistiren odpadnich
vod, v kalech Zistiren odpadnich vod, v povrchovych i podzemniddach a jiz byla také
kvantifikovana v pitnych vodach. Jejich koncentraeevesnss pohybuji wadech ngt az ug.I™.
PrestoZe jsou tyto Uroenvelice nizké, v fipadt interakce &chto latek se slozkami Zivotniho
prostedi mohou negativn ovliviiovat necilové organismy a {gpbovat tak zavazné zmy
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ekosystém. Nutno vSak upozornit i na to, Ze také antibigtikiera nebyla detekovana, se mohou
ve vodach vyskytovat v koncentracich pod mezi aetgouzivanych metod [47].

Jiz bylote¢eno, Ze antibiotika majitpdpoklady naruSovat procesy biologického stupgteni
v COV a ovliviiovat tak mikrobialni slozku povrchovych vod [40,]5¥ souvislosti sdmito
poznatky je nezbytné konstatovat, Ze jejich rd@s8iv Zivotnim prosedi gedstavuje v saiasne
dohs znany problém. Antibakterialni va jsou velice stabilni, mohou se kumulovat v
jednotlivych slozkach Zivotniho prastli, gipadré mize dochazet k jejich degradaci; v hor§im
piipact mohou vznikat biologicky aktivni metabolity, ktendohou byt nebezga¢jSi a mohou
vykazovat i akutni toxicitu [47].

Stupei eliminace antibiotik z odpadni vody zavisi na madaktorech. Jednim z nich je druh
léciva, dale technologie pouzivana na konkréG®V, st&i aktivovaného kalu, schopnost
antibiotik sorbovat se néstirensky kal a v neposledrdct take jejich degradace a transformace.
Protoze ¥tSina antibiotik je hydrofilni povahy, jsou ve&snwv odpadni vodiptitomny v rozpu&né
forme. Je znamo, Ze hydrofobni nepolarni antibiotikdépe sorbuji na aktivovany kalistici
procesy neodstranid&a z odpadni vody dokonale, mira eliminace antibia odpadni vody se
pohybuje mezi 30 — 90 % [39, 44].

Komplexni hodnoceni dinki 1é¢iv na organismy terestrickych a akvatickych ekodiyét
nebylo v literatile dosud prezentovano. V publikacich jsdevdzié popisovany akutni dinky
vybranych I€iv na organismy vodniho ekosystému. Nutno sEdaomit, Ze v akvatickém
ekosystému jsou navic organismy vystavetigkiim rezidui latek a jejich metabdlipo cely swj
vyvojovy cyklus. Sotiasné znalosti i vysledky provedenych studii n&apaze I€iva piitomné
ve slozkach Zivotniho prastdi vesmis nevykazuji akutni toxicitu [47]. Informace o chické
toxicité¢ a zejména oifpadném vlivu na multigenafai Zivotni cyklus nebo naiznd Zivotni stadia
jsou prozatim sporadické [51].

Ve WwtSine zemi zatim neni pro tytocély vypracovana platna legislativajwbdem je
piedevSim nedostatek informaci z posouzeni a zhodhadetoxikologickych rizik. Detailni
metodické pokyny o hodnocentie z hlediska moznych nezadoucich dojpad Zivotni prosedi
byly vydany regulénimi institucemi pouze v &kolika malo gipadech. Jakoffklad Ize uvést
Evropskou lékovou agenturu (EMA), kterd se zabys@lavanim licenci pro cytotoxicke latky;
tato navrhla jako hra&émi hodnotu, tj. pedpokladanou koncentraci v priegdi, ktera je pro zivotni
prostedi nebezpma, koncentraci 10 ng-Ipro jednotliva léiva. Prvni doporéeni pro testovani
ekotoxicity jako nezbytného fedpokladu § registraci I€iv bylo realizovdno pro nav
registrované fipravky v roce 1995 Sénnici Evropské unie 92/18 EEC a pro veterinardivie
odpovidajici ,Note for Guidance“. Evropska komiséskedr vydala specifikujici swrnici
(direktiva 2001/83/EC), ktera fiauje, aby povoleni pro moznost aplikac&ivgch piipravki pro
humanni pouZziti bylo doprovazeno zhodnocenim rizisti pro Zivotni prosedi [51]. Rizikovost
téchto latek nespva jen v jejich vysokeé spiwhe, ale také ve vstupwdhto latek do Zivotniho
prostedi. Sodasti rizikovosti je i posouzeni jejich perzistersce mnoha fipadech i biologické
aktivity, s¢imz souvisi i schopnost oviievat klicové biologické funkce. Krom toho tyto
substance sobi v prosedi po dlouhou dobu, coz vede k chronickéniisobeni na iitomné
organismy; dsledky tohoto fisobeni se vdZnych laboratornich testeclibec neprojevi. fstoze
jiz existuji data o vysledcich akutnich i chronichyekotoxikologickych testpro reéktera I€iva,
jejich efekt v prosedi lze &Zko odhadnout. vodem je to, Ze tyto latky se zde nevyskytuji
osamoce#, nybrz v kombinacich tznych smisi, a to nejen sdédvy, ale i s dalSimi
kontaminujicimi latkami, jako jsou n&glad pesticidy, prosedky osobni p#, rizikové prvky
apod. Krong toho, je obtizné odhadnout dlouhodobé efekty tedfs testi akutnich [51, 52].

-18 -



2.2.4.1.1 Ekotoxicita antibiotik

Ekotoxicita antibiotik pro akvaticky ekosystém g&p@ zejména v dopadech na sinice a
bakterie, které jsou soasti vodniho ekosystému a zastavaji zde jak funkoelucentd, tak
v piipadt bakterii i rozklad&i. Toxické efekty uvaghé u vysSich akvatickych organi&nsou
vSak prezentovany v hladinach environmerntdlarelevantnich [47].

Jak jiz bylo dive zmirgno, v gipact kontaminace vodniho ekosystému antibiotiky se
pohybujeme v koncentracich na Grovni figalz pg.I*. Toto mnoZstvi ma na organismus vliv z
hlediska chronické toxicity, coz znamena, Ze prg@iomnosti antibakterialnich ¢&/ se ukaze az
po delSicktasovych Usecich [48].

To potvrzuje i nasledujici zdroj, ve kterém se lydd akutni testy nejsou vhodnym nastrojem
k posuzovani &inka antibiotik na bakterie [47]Duvodem je pedevsim to, Ze antibiotika maji
urcité specifické funkce a dopady na necilové orgapjskteré jsou #jmé az po prodlouzené
inkubani dokE. Testy s bakteriemi prokazaly, Ze vzhledem k negahu (&inku je rozhodujici
chronickd expozice antibiotiky, nikoliv akutni. Dottvrzeni je v souladu s udaji popsanymi
v nékolika studiich, které se zabyvaly fgalevSim toxicitou novobiocinu, tetracyklinu,
chloramfenikolu, ampicilinu a streptomycinu na teaktVibrio harveyi Po kratké inkubani dol,
kterd je poZzadavkem popsané metodiky testu (30 miBQit), nebyly pozorovany téf zadné
toxické &inky na inhibici luminiscence jako sledovaného eridju [53]. Ke stejnému zasru
dosgl také Kummerer [54] v testech s mikroorganismyiaktaného kalu. Toxicita ii fasam
byla rovreZz popsana; nutno vSak podotknout, Ze citlivast vi¢i antibiotikim je v zavislosti na
druhu velmi odliSna. Najklad v testech toxicity gasouSelenastrum capricornutubylo zjiS€no,

Ze tyto organismy jsou o0 2 azi&8dy még citlivé nez siniceMicrocystis aeruginosaRust této
mikrofasy byl inhibovan jiz § koncentracich niz8ich nez 0,1 mgl55]. Velké rozdily byly
prokazany zejména mezi modrozelenyfasami, zelenymiasami a také vySSimi rostlinami.
Vyjimku tvoti cyanobakterie, které gamezi nejcitlivwjsi [56].

PrestoZe se hodnoty toxicitidi rasamiadow liSi, nemohou byt vyloteny negativni efekty.
Rasy jako producenti akvatickych ekosystéjsou zakladem potravnidetszci a pokles jejich
mnozstvi nize mit za nésledek disbalanci &chito ekosystémech. Pokud je hodnocen vliv
antibiotik na ziv@isné akvatické organismy, lzégupokladat, Ze reziduachto latek mohou mit
dopady na jejich rana stadia, coz se gpauuze projevit na jejich populaci. Jiz bylo prokdzano
signifikantni snizeni lihnivosti u kory®etemia salinatoxicky efekt v podobvysoké mortality u
nauplii a inhibice reprodukce Daphnia magnaVysledky €chto studii rovaz dokumentuji
moznost ovlivini nejen populaci testovacich organisrale také navozeni disbalance ve vodnim
ekosystému, protoze korySi jako zooplanktofedstavuji jeden Zlanka potravnihoietizce.
Rovrez bylo zjiSéno, Ze antibiotika v environmentélprokazanych hladinach nigobi toxicky
na ryby; otdzkou vSakustava chronicka toxicita a aditivnifipadré synergické, potenaiai
ucinky téchto I&€iv, které kontaminuji akvaticky ekosystém [54].

Krome aplikace ekotoxikologickych tasbyly pro stanovenidkterych antibiotik vypracovany
metody stanoveni na principu segariah metod, které byly na naSem pracovisti optinosiany a
validovany. Z antibiotik byly hodnocenygdevsim makrolidy a sulfonamidy.

2.2.4.2 Nesteroidni protizadtlivé latky

Nesteroidni protizatlivé latky (Non-Steroidal Anti-Inflammatory DrugBlSAIDs) gredstavuji
v souwtasné dob negastji aplikovana farmaka k tlumeni mirnych aestre silnych bolesti, dale ke
snizeni zagtlivych reakci a rovéZ jako antipyretika. Jsou to symptomatickéiva potlaujici
bolest pedevsim perifernim mechanismenmésté&ne i ovlivnénim vnimani bolesti v CNS. Lze je
zaradit do skupiny nenarkotickych analgetik. U tétamky latek vystupuji do pdpdi zejména
acinky antiflogistické (protizagtlivé). Prestoze maji vSechna tatctida podobny mechanismus
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pusobeni, u &terych z nich vystupuji do pégdi vice antipyretické vlastnosti, tzv. analgetika
antipyretika, u jinych zase naopasinky protizargtlivé (nesteroidni protizaslivé latky).

Jiz ve druhé polovih 18. stoleti byla znama schopnost vrbouéyk(Cortex salicin snizovat
horetku. Pa&atkem 19. stoleti z ni byl izolovan antipyretick§ininy glykosid, ktery ukéazal na
pocatku 19. stoleti realny sm vyzkumu; vysledkem tohoto vyzkumu byl objev kysgl
acetylsalicylové, ktera t¥o (cinnou latku obsaZzenou témve vSech analgetikach. Vyzkum
pokraioval dale, v roce 1969 seczd vyral¥t ibuprofen, ktery v satasnosti pat mezi negastji
piedepisované antiflogistikum a v sedmdesatych leteghdo praxe uveden diklofenak, dalsi
velmi rozsfené antiflogistikum a také naproxen jako prvni r@wtnatikum se #edre dlouhym
biologickym pol@asem eliminace. Devadesata léfmgsla zcela novou generaci NSAIDs - tzv.
selektivni inhibitory cyklooxygenazy |II, vyzdtajici se prakticky absenci nezadoucich
gastrointestinalnichainka.

Z hlediska chemické struktury Ize nenarkoticka getka rozdlit na derivaty anilinu, derivaty
kyseliny salicylové, derivaty kyseliny anthranilowerivaty 2-arylalkanovych kyselin, tzv. kyselé
enol-derivaty (@izné typy enolizujicich oxoheterocyklickych steanin) a dalSi. Bylo prokazano,
Ze v jatrech dochazi k intenzivni biotransformaahto latek za vzniku fievazré neaktivnich
metabolifi prostednictvim hydroxylace, oxidace a glukoronidace [373hledem k tomu, Ze ani
tato I&€iva nebyvaji vZdy kompletheliminovana v lidském ani ztécim organismu, dostavaji se
do Zivotniho prosedi, kde mohou ovliwovat girodni ekosystém Analgetika a NSAIDs
pati celos¥tove k nejvice uzivanym skupinam ¢le. Pokud se t§e jejich spateby, jsou
celosetové diklofenak, ibuprofen a ketoprofen na prvnim mhiddivodem je pedevsim to, Ze
vydej €chto leki nevyZzaduje Iékaky predpis. Podle udajzveaejrénych Statnim Ustavem pro
kontrolu I&iv byla analgetika a NSAIDs €eské republice na prvnim miste spotebd postu
baleni za rok 2010, kdy bylo spebovano 46,45 milioh baleni I€iv, piicemz ibuprofen se na
tomto patu podilel 10,81 milionem baleni, paracetamol 19j2Qionem baleni, kyselina
acetylsalicylova 7,96 milionem baleni a diklofer#gR9 milionem baleni [20].

VySe specifikovana téva pati do skupiny derivdt 2-arylalkanovych kyselin a v poslednich 15
letech byla rovi&Z nefastji detekovana v Zivotnim prasdi. Ve Francii bylo v rdmci jedné studie
sledovano relativni zastoupeni jednotlivych skupitiv detekovanych v Zivotnim prdaedi;
antibiotika s 18 % vyskytu zaujimala prvni misttl8AID s 16 % druhé misto; dale nasledovaly
hormony, antiepileptika a betablokatory s 15 % [9B4ISi z autar studii zabyvajicich se touto
problematikou provedl odhad, podle kterého se w@étose spotebuje az 940 tun diklofenaku
rocné [59]. Zajimaveé vysledky tykajici se situace v egkych zemich byly publikovany
Paxéusem, ktery porovnaval koncentrace dikloferdatakované v Zivotnim prdstli v 5 zemich
EU:; jejich hodnoty se pohybovaly v rozmezi 140 8@L#4g.I* [60].

Diklofenak a ibuprofen jsou v Evrépv odpadnich vodach rigjstji se vyskytujici léiva.
Napomohly tomu i optimalizované analytické postulitgré byly pouzity pro sledovani zejména
analgetik a NSAID. Udaje prezentované pro ibuprafatiklofenak byly proizné evropské staty
zpracovany pro odpadni a povrchové vody tihfzdné Tabulky 4.
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Tabulka 4: Koncentrace ibuprofenu a diklofenakwedach vybranych evropskych si§61]

St Odpadni vody — p¥itok (ng.I™) Povrchové vody (ngt)
ibuprofen diklofenak ibuprofen diklofenak

Francie 219 488

Rakousko 2679 4144

V. Britanie 405 18 8

Svédsko 751 111 56 669

Svycarsko 4620 2940

Sparglsko 516 250 60 29

Némecko 11 33

CR (Brno) 25100* 10620* 1-140** 20-500**

*ptitok naCOV Modftice
**rozsah koncentraci zji8hy viekach Svratka a Svitava

Nutno v8ak upozornit na to, Ze koncentrace uvedl@ecéou [61] pro odpadni vodu odebranou
naCOV na fitoku, se tykaly pouze jedngstirny odpadnich vod, a proto rfegstavuji pimar,
coz plati pro hodnoty koncentraci zisfch v ostatnich statech (Tabulka 4). Poskytuji ndak
predstavu o koncentracidhto latek na fitoku ze spadové oblasti s cca 600 000 ekvivalemtni
obyvateli.

MnozZstvi odstragné Ehemc isticich proces se Ezn¢ uvadi v rozmezi 60 — 90 % praexdre
polarni I€iva. Také je znamo, Ze polarni¢iéa byvaji eliminovana po#mné neinné, a to
vzhledem ke svym hydrofilnim interakcim. Velkast I€iv byva v odpadnich vodach odstéaa
adsorpci na aktivovany kal, céasté&né zprostedkovavaji pra¥ hydrofobni interakce [48]. VySSi
polarita I€iv ma za nasledek to, Zec¢ite mnozstvi &chto latek astava ve voé ktera opousti
COV a takto se tato &va mohou dostavatifimo do povrchovych vod [44]. Polarnkiga, jakymi
jsou ibuprofen, naproxen, diklofenak a indomethgbiodnoty pk, se pohybuji v rozmezi od 4,1
do 4,9), jsou ve vad obsaZeny v disociovaném stavu, a proto se nesoraujkal zCOV a
vyskytuji predevsSim rozpudha ve vod. Z t€chto divodi odstrarni ibuprofenu a diklofenakuiip
gisténi odpadnich vod neni zcelatidiné. Einnost eliminace pro diklofenak se pohybuje
v zavislosti na pouzitém technologického procesazynezi od 0 do 80 % [59]. Vysledky studie
autor, kteri krom¢ ibuprofenu sledovali i jeho metabolity hydroxy- karboxy-ibuprofen,
prezentuji jejich az 95% odstrari z odpadni vody [62]. Nedostaig eliminace I&v naCOV je
hlavnim divodem, pré ovliviuji zejména organismy Zijici ve véadPrestoZe rezidua analgetik v
Zivotnim prostedi vesmis nepisobi akut® na necilové organismy, jejich stalasgjSi prikaz v
raznych slozkach zivotniho prdeti je alarmujici. Zéchto divoda je nezbytné zabyvat se i jejich
ekotoxicitou, a to také proto, Ze informace o jejidivech na organismy akvatického presti
jsou nejednotné,ifpadreé Uplre chybi.

2.2.4.2.1 Ekotoxicita vybranych NSAIDs

Také NSAIDs maji nefiznivé Einky na akvatické organismy. Do nasledujici tabubkyty
sumarizovany ekotoxikologické hodnoty pro vybraaétapce farmak pro vodni organismy, které
byly vybrany z gkolika studii. Pestoze se vysledky téspohybuji ¥tSinoutadow v jednotkach
az desitkach mg, jédaba si ugdomit jejich pseudopersistenci a také naprosty skdek informaci
tykajicich se chronické toxicity.
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Tabulka 5: Ekotoxikologické hodnoty pro vybrané NBA

Organismus Ibuprofen Sodna sl Diklofenak | Sodna sl
[mg.I"] ibuprofenu [mgf] | [mg.I"] diklofenaku [mg.1]
Scenedesmus | 24hLC50: 7,1" 72hEC50: 315* | 24hLC50: 72hEC50: 72*
subspicatus 72hEC50: 342,2* 14,5~ 72hEC50: 71,9*
Vibrio fischeri 30minEC£9:
0,011454
Ceriodaphnia 48hEC50:
dubia 0,022704™
Daphnia magna| 48hEC50: 48hEC50: 108* | 48LC50: 48hEC50: 68**
906" | 48hEC50: 101,2%% 22,4** 48hLC50: 22, 4%+
48LC50: 9,1
V. fischeri 5minEC50:
(Microtox) 0,0123%x**
Ryby (druh 96hLC50:; 173***
nespecifikovan)
Lemna minor 168hEC50: 22* 168hEC50: 7,5*

*Cleuvers 2003 [63]; **Cleuvers 2004 [52]; *** Sartson [64], ****Jjemba [50]

U vysledki ekotoxikologickych test nebylo v literatie prevazri presré specifikovano, o
jakou chemickou latku se jedna a zda byiiastedovani podp@na rozpustnost chemické latky
vhodnym rozpougtllem. Na naSem Ustavu byla krénstanoveni &hto I&€iv ve vodach
zhodnocenadinnost jejich eliminaceip ¢isténi odpadni vody. Kroghtoho bylo provedeno také
ekotoxikologické hodnoceni prdéstnictvim organistin které byly vyuzZivany v jiz zavedenych
testech ekotoxicity na naSem Uustavu. Byly testovamypicilin a penicilin G ze skupiny
makrolidovych antibiotik, z NSAID ibuprofen a dikemak. PodrobgjsSi informace jsou uvedeny
v priloZzenych publikacichAl aA2.

lbuprofen se naiftoku COV Brno Modice vyskytoval v rozmezi koncentraci 10,94-42,32
ng.I* a na odtoku v rozmei18-2,75ug.I"* Koncentrace diklofenaku naffku byly1,09-9,46
ng.I* a na odtoku 1.02-2.17g.I"". Na zaklad téchto hodnot byla vyptiena &innost gisticiho
procesu pro ibuprofen 96 % a pro diklofenak 92 %7 ¢e velmi uspokojujici a lepsi nez
publikovana data, kde pro ibuprofen byla vyhodnacéfinnost odstraéni wtSi nez 90 % a pro
diklofenak 39 % [65]. | pro tyto latky byla nAmiasiovena ekotoxicita. Diclofenac se projevil jako

v s

sil ibuprofenu 56,4 mg (viz publikace A1 aA2).

V souladu s uvedenou literaturou i nami & vysledky potvrzuji &Si toxicitu pro
diklofenak, avSak i tak byipdstavovaly pouze malé riziko pro akvaticky ekasystnebé realné
koncentraceschto latek jsodadow v pg.I*. Obdobna situace je i pro antibiotika. Pro peitia
byla stanovena hodnota 48hEC50Mamagna878,5 mgf a pro Ampicilin 850,5 mgll Tyto
hodnoty indikuji velmi nizkou akutni ekotoxicituicmére vzhledem k tomu, Ze se jedna o latky
se specifickym &inkem a k tomu, Ze ve vécde nachazeji ,koktejly¢chto a mnoha dalSich latek,
je nezbytné nepodgievat gitomnost reziduidchto latek ve vodl
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2.2.5 Hasebni prostedky na bazi tenzidi

DalSimi slodgeninami, u kterych bylo provédo ekotoxikologické hodnoceni, byly hasebni
prostedky na bazi gn. R hodnoceni Urowh kontaminace Zivotniho prdstli je nutné si
uvédomit, Ze kazdy hasebni proces ma své kladné iraépstranky. Mezi kladné stranky Hat
pochopitel@ rychlé uhaSeni pozaru a zamezeni jeliengj zaporné strankyrgdstavuje potom
nasledna kontaminace jednotlivych sloZek Zivotngmostedi. Lze pedpokladat, Ze ze vSech
slozek Zivotniho progdi budou nejvice kontaminovanydy; déale nasleduje vodni ekosystém a
ovzdusi. Pokud chceme charakterizovat vlastni groegeni, tak je nezbytné konstatovat, Ze stéle
je nejpouzivalSi hasebni latkou voda, a to zejména pro svojisoa dostupnost. Aby doSlo ke
zlepSeni jejich hasebnich vlastnosti a #avk rozsteni moznosti jejiho pouziti jako hasebniho
prostedku, jsou do nifidavanaizna aditiva. Mezi zakladni aditiva piatenzidy.

Tenzid (surfaktant nebo saponat) je povréhaktivni latka, kterd sniZuje povrchovou nebo
mezifazovou energii, a proto se samovokoncentruje na fazovém rozhrani. Pouzivané je také
oznaeni surfaktanty pievzaté z angitiny, zatimco nézewuenzidy byl odvozen z &mciny.
Synteticky gipravené tenzidy se také nazyvsgiponaty[66]. Tenzidy jsou chemické sldeniny,
které se staly s@asti nejen mnohatipravki, ale i technologii. Jsou obsaZzeny v pracich a chyci
prostedcich, kosmetickychifpravcich, jsou pouzivanytipvyrobé potravin a v mnoha dalSich
odwtvich. Nicmér tenzidy nejsou pouze slozkou produkBZzdodenni paeby. Velmi dileZitou
roli hraji zejména  tézbe ropy, @ipadré nerostnych surovin, a v rafiérich technologiich. Ve
velkych mnoZstvich jsou pouzivany ranjako gnidla v hasebnich prastdcich. Na zaklad
tohoto vytu lze konstatovat, Ze tak Siroké pouziti ma madkskupina latek. S tim vSak souvisi
rovréz vysoka mira uvelovani tenzid do zivotniho prosedi, kde maji, a to vestsin¢ pripadi,
negativni vliv na jednotlivé ekosystémy. Proto f@lsa vyvijet tenzidy, které jsou v biotickych i
abiotickych systémech |épe rozloZitelné. Keotoho byla jiz zavedendizna legislativni op#gni,
ktera jsou zartena pedevSim na jejich pouzivani a nasledné vygmisio sloZzek Zivotniho
prostedi. Nicmé® nutno konstatovat, Ze ploSné pouZzivani tenzichasebnich prasdcich
pii likvidaci poZaf je prozatim legislativhopomijeno.

DuvodemteSeni problematiky ekotoxikologického hodnoceniebagch prosedki na nasem
pracovisti bylo to, Ze v ramci vyuky bak&&ého studijniho programu ,Krizovzeni* jsme
spolupracovali sifslusniky HZS Jihomoravského kraje, z nichz mnogi maSimi studenty. Na
tomto zaklad jsme n&li moZnost ziskat k analyze matrice, které bylyrkpoany gimo na mist
hasebniho zasahu, a tyto jsme mohli ndsl¢dstovat progednictvim test ekotoxicity ve smyslu
zékona o odpadech, tj. na podkgabsuzovani vyluiln testovaného materialu. Ziskané vysledky
nam umoznily posoudit, zda se jedna o odpad z kategebezpinych odpad. Do této kategorie
jsme ¥tSinou z#adili ty padni matrice, kteréipziskavani vyluhuiepanim pnily.

Pri hasebnich zasazich se velfasto pouzivaji gnové hasebni prastdky, u nichz neexistuje
mnoho poznatk o jejich vlivu na Zivotni prosedi, a to pedevSim v podabekotoxikologickych
dat. Také informace o biodegradalilivasebnich prostdki, které lze dosud ziskat pouze z
bezpénostnich lish priloZzenych k hasebnim prdstlkim, jsou piliS obecné a nekonkrétni.
Odbornych studii za#tienych na tuto problematiku, zejména na posuzovédefgradability
hasebnich g, je velice malo a ne vSechny ziskané Udajersprezentativni a&vohodné. Pokud
jsou vibec uvedeny Udaje o pouzité zkuSebni metmu [FliS strohé a na jejich podklaaelze
pokus obvykle reprodukovat [67].

Hasebni pny jsou tvdieny sndsi miznych slozek, zejména vody, povrckaktivnich latek, tj.
tenzidi, dale organickych rozpouskel, polypeptid, stabilizatoé pen, inhibitoi koroze,
konzervé&nich gisad a dalSich aditiv [68Mechanismus haSeni je vipad pouZziti hasebnich
peén proces fyzikalni. Tento proces je zaloZeny wéaénim a chladicim efektu (izolace itavych
par a plyri od pasma heni). V sodasné dob je pro haSeni k dispoziciékolik typia pénovych
koncentrai. Jedna se o¢pidla proteinova (P - protein foam agents), syoketi (S - synthetic

-23-



foam agents) a odolavajici alkoholu, ktera jsoudrtdozejména pro haseni polarnich kapalin (AR -
alcohol-resistant foam agents). Mezi proteinovéckmtraty paf i pénidla fluoroproteinova (FP) a
fluoroproteinova tveéici vodni film (FFFP). Bnotvorné pisady tvdici vodni film ozn&ujeme ve
zkratce jako fisada AFFF (Aqueous Film Forming Foam). Mezi syckét koncentraty
potom paiti, kromé standardnich syntetickyctémdel, také pnidla fluorosynteticka tviaci vodni
film. Do skupiny koncentrét odolavajicich alkoholu spadaji vySe uvederihigla s jistou
modifikaci, gicemz ta, ktera tvd vodni film, se oznaiji jako Alcohol resistant aqueous film
forming foam - (AR-AFFF).Syntetické pny jsou tvdeny smisi syntetickych tenzid a
stabilizatofi; proteinova pnidla jsou smisi produkfi hydrolyzy granulovanych keratinovych
a stabiliz&nich a inhibénich gisad. Tato gnidla produkuji homogenni stabilnémové pokryvky.
Fluoroproteinové koncentraty jsou temy smési proteinovych gnidel a fluorovanych tenzig
jejichz dkolem je zvySovani tekutosteérny. Vice tekuté gny zvySuji @&innost haSeni a také
odolnost gny vaci hoficimu palivu [69, 70]. VSechny variantgmovych hasebnich prdstka
jsou vysoce &inné @i haseni velkych ploSnych pofamlavsak pi jejich aplikaci dochazi s@asre
ke kontaminaci slozek Zivotniho priedi, zejména jmy [71]. Z dostupnych dat jednozime
vyplynulo to, Ze environmentalni vlivy nejsouCeské republice v séasnosti i vybéru psnidel
dostatén¢ zohlediovany. To niZe byt zfisobeno odératelem, ktery tyto parametry nepozaduje,
a dale také dodavatelem, kt&asto neni schopen environmentalni vlastnastidel prokazatel®
dokladovat. Nkteré parametry je mozno ziskat z benstnich list pénidel, kde by mila byt
uvedena toxicita pro vybrané vodni organismy, lgmka odbouratelnost, CHSK a B§KKrome
toho by zde rdly byt prezentovany informace o tgobu likvidace nahodnych Urdikpénidel a
jejich zneSkodéni [70].

2.2.6 Hasebni progedky a jejich dopad na Zivotni priesti

V poslednich letech je mozné pozorovaieské republice i ve 8t& zvySeny zajem vejnosti
o stav zivotniho prostdi, a to zejména v lokalitach, kde lidé Zijfipadré pracuji. Je mozné se
domnivat, Ze k tomu pozitivnimu posuntispéla také environmentalni vychova, ktera&ima byt
uskute€novana jiz na zakladnich Skolach. Lidé se vice zajim to, co nize mit negativni dopad
na jednotlivé slozky Zivotniho prdgetli. U vSech chemickych latek¢etné vSech chemickych
prostedki, musi byt kromd jejich fyzikalneé chemickych vlastnosti k dispozici rasn jejich
environmentalni vlastnosti. Kraimtoho je nezbytné, aby u vSech novych chemickytbkla
prostedki byla znama jejich toxicita a ekotoxicitaiidem je pedevsim to, abychom mohli, a
to jeSt pred vlastni aplikaci chemické latky nebtippavku rozhodnout, zda se jedna o latky
S negativnimi environmentalnimi vliastnostmijpadré také s vlastnostmi Skodlivymi pro lidsky
organismus.

Je znamo, Ze pozaryqustavuji nejen vazné nebegpero Zijici organismy, ale mohou byt
rovnéz vyznamnou materialni hrozbou. Z tohivddu je nezbytné, aby pozarni beapast byla
v rovnovaze se vSemi moznymi riziky, kterd hasqdbostedky pro jednotlivé slozky Zivotniho
prostedi potencialé predstavuji. Proto jenutné, aby byly jestpredstihu kvantifikovany dopady
pénovych hasebnich prdetlki na abiotické i biotické slozky Zzivotniho prioedi. Nutné je
posuzovat dopady nejen na terestrické ekosystélaytaké na ekosystémy akvatické. Je vSak
potreba ¥novat pozornost nejen hasebnim piediim jako celku, ale také jejich s&astem,
které mohou byt pro Zivotni prdeti roviez nebezpéné. Jedna sei@devSim o tenzidy,
polybromované bifenyly a perfluorované steuiny, které jsou v retardérechrbni obsazeny.

Tenzidy, které jsou obsaZzeny v hasebnich pedstch jakopovrchow aktivni latky, maji
amfoterni charakter. Je znamo, Ze povréhaktivni latky snizuji povrchové nap vody.
Souasre vSak také vime, Ze vysoké povrchoveé dtapody je dilezité pro Zivot vodnich
organisni. V literatite jiz bylo prezentovano, Ze snizeni povrchovéhathapdy na 50 mN.ih
vyvolava smrt u celé vodni fauny [72]. Dale jsohasebnich pro&dcich kromd vody a tenzid
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obsazeny chemické latky typu rozpaigt, stabilizatok a gipadreé dalSich aditiv. Ze souboru
vySe specifikovanych pozndtlo obsahovych latkach hasebnicm ize odvodit negativni dopady
na Zivotni prosedi. Nej¢tSi negativni dopad na Zivotni prigesti I1ze pedpokladat fedevsim u
vodnich ekosystém kde mize dochazet kgmeni, k ovlivréni spoteby kysliku, toxicié pro
veSkeré organismy a ro¥h schopnosti emulgovat tuky. Lze se domnivat, Zelwai prosedky
mohou gedevsim zfisobovat kontaminacigaly, kontaminaci povrchové vody, ktera se tak stava
docasré neobyvatelnou pro zde Zijici organismy a kontagiippdzemni vody, ktera &uwje miru
CiSténi nutnou pro dpravu povrchové vody na vodu pitn®ovniz mohou mit vliv na
technologické procesy pouzivanéi pcisténi odpadnich vod; wWsSténa voda obsahujici
neodstraéné analyty ma za nasledek druhotnou kontaminaaighovych vod [71, 73, 74].

Jak jiz bylo uvedeno, mohou #si chemickych slotenin obsazené wpidlech (tenzidy,
ethylenglykol, butyldiglykol, propylenglykol, alkgblyglykosidy, nonylalkohol) zjsobovat
znaneé problémy z hlediska toxicity aktivnich latekspejejich rozkladnych produktFi aplikaci
hasebnich gn mohou byt nejvice ohroZeny ryby a ostatni vodganismy.

Rovrez u hasebnich prasdki a jejich rozkladnych produkt je nutné uvazovat o
biodegradaci. Biodegradaci Ize charakterizovat jekmekularni rozklad organickych skanin
Zivymi organismy a biodegradabilitu potom jako gmhast organické sl@eniny podléhat
biologickému rozkladu. V ramci studie zpracovan&®l&m a kol. [67] mila byt porovnana a
zhodnocena biodegradabilita sedrinizrmych typ pénovych koncentrdt a to ti proteinovych a
Ctyt syntetickych. Vysledky této studie vSak nepotwrdiEeobec# platny nézor, Ze proteinové
pénové koncentraty (P, FP, FFFP) jsou snhadno biedeyatelné. Vysoky stupebiodegradace
byl naproti tomu pozorovan zejména u syntetickyohdentrai na bazi uhlovodikovych tenZid
Poznatky ziskané v ramci této studie vSak umozsatgdit testované fijpravky od nejvyssi po
nejnizs§i biodegradabilitu nasledavn S > AFFF >tida A > AFFF-AR >FFFP >FP >P. Z
porovnani tétofady biodegradability sftadou akvatické toxicity vyplynulo, Ze snadno
biodegradovatelnéépy jsou pordrné vysoce toxické pro akvatické organismyt¥ problémy u
penidel vSak niZze zpisobovat sekundarni toxicita, tj. zejména toxicitaikajicich rozkladnych
produkti, jejichz doba biologické odbouratelnosti v Zivatnprostedi vesmis neni znama. Jako
piiklad Ize uvést proteinovaépidla pirodniho fivodu, jejichz rozkladné produkty, jako je
nagiklad amoniak, mohou ve velkych koncentracich txipisobit na ryby ve vodnich tocich
[72]. V dasledku toho je velice n&né jednoznén¢ porovnat stupe rizika, které mohoutzné
pénové koncentratyfedstavovat pro Zivotni prasdi.

Pokud chceme posoudit vliv hasebnich pemditi na Zivotni prosedi, tak nizemefici, ze
prak aditiva v podob tenzidi jsou velkou mirou zodpo¥dna za pipadné negativni dopady.
Pranik téchto substanci do zivotniho priesdi ma za nasledek kontaminaadg, povrchové vody,
kontaminaci podzemni vody a naruSovani technolpgiizivanych \istirnach odpadnich vod
(dale jenCOV). Filisné uvohovani hasebnichgp do odpadnich vod itte zapicinit nadnmérné
pénéni, které méa za néasledek estetick&edpvsim funéni problémygisticich proces na COV;
zejména mze byt negativé ovlivnéna funkce aktivovaného kalu a sniZer@ngost ¢isteéni v
anaerobnich vyhnivacich nadrzich. N&dmy piisun hasebnichép do COV je také picinou
vysoké hodnoty biochemické, resp. chemické igiyt kysliku (BSK, resp. CHSK)édghto
odpadnich vod. Vysoka sgeba kysliku mize mit za nasledek tak velky pokles koncentrace
kysliku v cilovém recipientu, ktery nasledmpisobi Uhyn ryb a rostlin [73].

Jak bylo uvedeno vySe, vyzhai se jednotlivé sloZzky hasebnich prestki a zejména aditiva
znanou toxicitou. Vyznamny je i transfer zZfi&éni mezi jednotlivymi sloZkami Zivotniho
prostedi. Infiltraci gchto latek do pdy, vzhledem k tomu, Ze sézné slozky protipozarnicheép
mohou vazat na guni ¢astice, nize dochazet ke snizovani akutni toxicity pro orgamyi
akvatického ekosystému, zatimco na druhé &ttanmiZze mit za nasledek negativni dopad na
organismy zde Zijici [73].
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Jak vyplyvéa z kratkéhotphledu, problematika toxicity hasebnich predki by nentla byt
z divodu nasledné kontaminace Zivotniho pedit opomijena, a to vzhledem k Sirokému
pouzivani hasebnich préstlki na bazi pn pii haseni ploSnych pozar

Prilozené publikaceA3 a A4 sumarizuji vysledkyosouzeni ekotoxicity hasebnich ptedi
pro akvaticky a terestricky ekosystém agi@ni vlivu pidniho sorpniho komplexu na tuto
ekotoxicitu.

K tomuto &elu bylo vybrano celkemé koncentrai peénidel, ktera jsou # haSeni pozdr
hastskym zachrannym sborem Jihomoravského kraj&asgji pouzivani a ktera soasré
zastupuji  jednotlivé skupiny hasebnichétnp Skupinu standardnich syntetickychenglel
zastupovaly Sthamex F-15, Expyrol F-15 a Finiflesh5, Moussol APS F-15 je zastupcem
fluorosyntetickych pnidel tvaicich vodni film a Pyrocool B patmezi vicedelova synteticka
penidla [68].

STHAMEX F-15 (vyrobce Dr. Sthamer Hamburg) je syicte® vice@elové gnidlo. Tento
prostedek je nejastji v praxi pouzivan jako 5% vodny roztok. Vyrobceéechnickém listu uvadi,
Ze Sthamex F-15 je prastikem fyziologicky nezdvadnym a snadno biodegraedwam. Jeho
zékladni slozky jsou: 1,2-ethandiol < 25 %; 2-byktkanol < 25 %; syntetické tenzidy < 20 %;
penovy stabilizator < 5 %) [75].

MOUSSOL APS F-15 (vyrobce Dr. Sthamer Hamburg.jipdd kategorie AFFF/AR gnidel.
Jeho vysoka d¢innost je zaloZzena na kombinaci specialnich powehaktivnich latek, tveicich
polymerni i vodny film a dale tenzidve forme stabilizatofi a nemrznoucich slganin. Polymerni
film vytvoteny na polarnich rozpousiiech efektivid zabraiuje samovolnému rozpaduémny. Pro
vysSi tekutost gny vznikajici na nepolarnich uhlovodicich jsouéng@vém koncentratu obsazeny
fluorované tenzidy. SloZeni fipravku je nasledujici: 1,2-ethandiol < 25 %;
2-(2-butoxyethoxy)etanol < 15 %; synteticky tenzi8 %; fluorovany tenzid <10 %) [75].

EXPYROL F-15, 3% (produkt firmy Tyco / Safety Prath) je synteticky gnovy koncentrat,
ktery je vyrakin ve dvou modifikacich. Jedna se o koncentrat yodoti @ny tvorici vodny film
na povrchu haseného paliva (Expyrol AFFF F) a dasgntetické pnidlo (Expyrol MB F). Oba
koncentraty pouzité jako sredla byly fedny vodou na koncentraci 0,5 az 1 %iipPavek
obsahuje jako dinné latky 2-butoxyethanol, ethylenglykolmonobutiker, glykol-n-butylether,
butyl-2-hydroxyethylether a 2-hydroxyethylbutylettié5].

Pro testovani ekotoxicity hasebnich ptedki byly na naSem pracoviSti pouZity testy
v kontaktnim uspi@dani, coz nam umoznilo objektijnpredikovat jejich vliv na biotu fdnich
ekosystém. Postups byly zavedeny row¥ kontaktni testy n&isenia fetida(zizale hnojni) a na
Lactuca sativa(salat sety), proto mohly byt testovaniinky vysSe charakterizovanych hasebnich
prostedki na organismy akvatickych i terestrickych ekosystéRro toto hodnoceni byly zasobni
roztoky koncentrdit hasebnich pro&dki smiseny s vodou v takovém pém, ve kterém jsou
negastji pouzivany v kzné hagiské praxi pi haSeni velkoploSnych poZéarviz prilozena
publikace A3). Pro testovani byly pouZity alternativni testy Thamoxkit ' a Daphtoxkit F*
na organismeci hamnocephalus platyurus Daphnia maga a test standardni, tj. test inhibice
rustu okehku mensihdemna minom inhibice fistu kaene hdcice biléSinapis alba.

Thamnotoxkit FM je zaloZen na 24-hodinové expozici sladkovodniboyde T. platyurus
testované latce; po ukdéeni testovani se vypiava na zaklad mortality hodnota 24hLC50.
Testovani pomoci Daphtoxkitu™® spasiva ve 48-hodinové expozici sladkovodniho kory&e
magnatestované latce; po uk&eni testovani je na zakkdmobilizace organisiin vypoitena
hodnota 24hEC50 a 48hEC50. Test inhibicstu okehku menSih&. minorvychazi z normy ISO
20079:2005; podstatou je 168-hodinova expozice dabudtyilistkovych kolonii této rostliny
testované latce; vysledkem je hodnota 168hIC50akse vypeitdva pomoci istové rychlosti
[76]. Inhibice Gstu kaene hécice bilé S. albaspaiva v 72-hodinové expozici seminek této
rostliny testované latce; na zakéadhibice istu kaene se vypéte hodnota 72h1C50. Pokud jsou
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misto inhibice iistu rostlinnych organisinpozorovany stimukai &inky testované latky, neni
zpravidla hodnota 72hIC50, respektive hodnota 16881 vyhodnocovana [77]. Podrobnosti
provedeni testjsou prezentovany publikaci A3.

VySe zmignymi testy byly hodnoceny jak pracovni roztoky \aych prosedki, tak take
vyluhy jimi umgéle kontaminovanych ganich matric. Abychom zjistili viiv fdniho sorpniho
komplexu na fipadné ovliviéni (sniZeni) ekotoxicity, byly po aplikaci pracolai roztoku
piislusného hasebniho priesiku na standardniogu LUFA 2.3 gipraveny z této fidy vyluhy
podle metodického pokynu MZP k hodnoceni vyluhovatsti odpad, které byly nasledn
testovany [77].

Lufa 2.3 je komeine¢ distribuovana standardniigha, ktera je k dostani wkolika modifikacich,
liSicich se pedevSim obsahem organické hmoty, &bedim velikosti¢astic a hodnotou pH.
Podrobnosti nasyceniigy roztoky testovanych latek a provedeniitgsou uvedeny ypublikaci
A3 spolu s vysledky échto tesi. Vysledky tesi ekotoxicity v akvatickém uspadani nam
poskytly informace o {wsobeni hasebnich préstlki po jejich uvolgni do akvatického
ekosystému, tj. hodnotu akutni toxicity& organisniim tohoto prosedi. Z vysledi vyplynula
vysoka toxicita vSech hasebnich predii zejména wuci zastupém korydi. Hodnoty LC50,
piipadré EC50, se pohybovaly v rozmezi desetin aZ jednonkk® pro wtSinu testovanych
hasebnich prostdki, vyjimku tvoil pouze Moussol APS F-15, kde se tyto hodnoty [balvaly
v desitkach mlt. Pomoci zastupce producénbstliny L. minor byla rovréZ prokazana vysokéa
toxicita, kron® prostedku Moussol APS F-15. Terestricka rostlia alba (hacice bild) byla
nejmért citliva vaci testovanym latkam. Toxicita pro tento organisnses pohybovalaadow
v desitkach aZ stovkach ml,Ipficemz i pro tuto rostlinu byl Moussol APS F-15 nejraéoxicky.

Hodnoty ekotoxicity vodnych vyluhzeminy zji$ované prosednictvim korySer. platyurus
byly vesngs vyrazg nizSi, nez tomu bylo u roztokuipluSného prostdku. Zatimco uifpravku
Pyrocoolu B byla ekotoxicita pracovniho roztoku P@80 3,65 mlf, po aplikaci do pdy a
nasledném vyluhovani po 24 hodinach sorpce byla hatnota 88,76 mi'| coZ fredstavuje
vyrazny pokles ekotoxikologickéhocidku na testovaci organismus. Podédkomu bylo i u
ostatnich prosédk, s vyjimkou Moussolu-APS F-15.

Déle byly pro toto testovani aplikovany testy v takinim usptadani, a to test Unikového
chovani zizal podle metodiky ISO 17512-1:2008 [d5creeningovy test Kivosti salatu setého
L. sativav souladu s metodikou ISO 17126:2005 [48]

Pomoci &chto test byl posouzen ekotoxickycinek testovanych pragtdki na organismy
terestrického ekosystémui mkutni expozici a rowt bylo prostednictvim testu nd.. sativa
posouzeno, zda dochazi k degradacifpgainému snizeni toxicityeehto latek za tznych
podminek, tj. kdy fdy byly po aplikaci hasebnich préstiki ponechany § laboratorni teplat
v prostedi s¥telného rezimu &ného dne a zavlaZzovani a také vtemném prostomu be
zavlaZzovani.

Screeningovy test Kiivosti karene salatu setéhao sativaje zalozen na 120-hodinové expozici
vyklicenych seminek této rostliny v éha kontaminované fmini matrici a na konci testu je na
zakladt inhibice fistu kaene v jednotlivych roztocich koncentnd fady vyp@tena procentudlni
hodnota kl¢ivosti, resp. inhibicetstu kaene. Tento test byl proveden s dienkontaminovanou
pudou, ktera byla uchovana po dobu 14idma definovanych podminekipaboratorni teplat
22 °C. Ziskané vysledky byly porovnéany s vysledésta, ktery byl proveden ihned po aplikaci
hasebnich prostdki a byl posouzen vliv degratidich proces v padé na miru ekotoxického
Ucinku testovanych latek. Degradabilitéchto prostedki byla posuzovana na zaktaamen
toxicity hasebnich prostdki po uplynuti doby 14 dn kdy se porovnavala inhibicéstu kainka
L. sativa. Podrobné vysledky jsou prezentovamypublikaci A3. NaSe poznatky, kdy byla
stanovena nizZ8i mira negativnihdinku, koresponduji s vysledky jinych auipiktei potvrdili
degradabilitu [67].
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Poslednim testem byl test unikového chovani Zktaety rovréz potvrdil jiz prokazany trend
v ekotoxici€  testovanych prosdki, t. Ze nejmé& ekotoxickym  prosedkem
byl Moussol-APS F-15, kde byla unikovost 30 %, &3®0% Unikovost byla pozorovana u
prostedki Sthamex F-15 a Expyrol F-15.

NaSe pedpoklady o vlivu fidni matrice a jejiho soépiho komplexu na ekotoxicitu hasebnich
prostedki byly prednEtem také dalSi studie, ktera je shrnutpiilozené publikaci A4. Velkou
mérou jsou ovlivieny zejmeéna nepolarni latky, které jsou vazany imnpcéastice v zavislosti na
obsahu organického uhliku g, pripadré latky s ionto¢ vymeénnou aktivitou. Bdni sorgni
komplex ovliiuje chovani a osud celéady kontaminarit Vyznamnou roli maji row¥
podminky prosedi, charakter oy a klima, které mohou ovlivnit chovani kontamittarStudie
zametené na hodnoceni rizik plynoucich #itpmnosti kontaminujicich latek v prosti vyuZivaji
jak vysledky z biomonitoringu, tak také z ekotoxigickych tesi. Pidni matrice mize byt
hodnocena iimo, prostednictvim kontaktnich tektnebo prostdnictvim vodného vyluhu [78].
Za elem owieni vlivu pidni matrice na ekotoxicitu byly hasebni ptedky ogt testovany
v podol& pracovnich roztak

Byl proveden experiment v podbinfiltracni zkousky, kdy na 30 cm sloupec standardiiyp
LUFA 2.3 byly aplikovany pracovni roztoky testovahyprostedki a infiltraty byly jimany,
specifikovany s ohledem na hodnoty pH a vodivostiaaledd podrobeny tesin ekotoxicity
v akvatickém usp@dani stejg jako pivodni pracovni roztoky hasebnich preski. Jako
testovaci organismy byly pouzity. albaa Allium cepa(cibule kuchyiskd). Testovani pomoci
tohoto organismu principianodpovida testovani s8. alba.Podrobné vysledky jsou uvedeny
v publikaci A4, nicmér Ize konstatovat, Ze se &@ppotvrdil obecny trend v ekotoxigihasebnich
prostedki, Ze Moussol-APS F-15 pgatmezi nejméd ekotoxické hasebni praetlky, dale
nasledoval Finiflam F-15. Sthamex F-15 pouziti S. albavykazoval nejvySsSi ekotoxicitu,
hodnota 72hIC50 byla 22.63 mi.IRovrs? se potvrdil vliv fidni matrice na sloZeni/vlastnosti, a
tim i na ekotoxicitu kontaminainttohoto typu. Z literatury dosud neni znamo, jakéchanismy
sorpce nebo iontové vymy mohou ovliwiovat kontaminaci &em infiltrainiho procesu [79].
Studie zanmsfené na problematiku viivu hasebnich predki na Zivotni prosedi jsou sporadické.
V bezpeénostnich listechéthto vyrobki nejsou informace o jejich ekotoxi€ilostupné. Nicmeén
ekotoxicita pro vodni prosdi je znana, zanedbatelné nejsou ani efekighto latek na fdni
organismy. Porovname-li vysledky ekotoxikologickylebdnot ziskané prasidnictvim testovani
pracovnich roztok (publikace A3, v publikaci A4 provedeno grafické porovnani) a testovanim
filtrata, je patrny rozdil; s vyjimkou Sthamexu F-18lynoba Fistupy testovani vyznamny vliv na
vysledné ekotoxikologické hodnotyiigemz ve ¥tSiné piipadi vykazovaly pracovni roztokyetsi
negativni dinky na testovaci organismy nez filtraty. &lto poznatk vyplyva vyznamny vliv
pudni matrice na vyslednou ekotoxicitu pro testovagjanismy. ProtoZze pouzivani hasebnich
prostedki m4 za nasledek zachranu materialnich hodnot t&ivwaje zde znmou roli i finartni
stranka ¥ci. Poznatky o &incich €chto latek na Zivotni prastdi by nensly byt opomijeny,
protoze vedle ekonomickych aspiekt nezbytné prosazovat i aspekty ekologické [4, 5]
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3 VYZNAM BIOINDIKACE V ZIVOTNIM PROST REDI

Pokud chceme hodnotit a spréviposoudit negativni dopad lidskych aktivit na kiali
Zivotniho prostedi, je nezbytné si dégdu stanovit witd kritéria. Divodem je zejména to, Ze se
neustéle zvySuje get antropogennich vlivpasobicich na jednotlivé slozky ekosystémoz ma
za nasledek zvySovani rizikaipiku riznych Skodlivych chemickych latek, tj. kontamingnto
vSech sloZzek Zivotniho prdetli. Vyznamnou roli zde zastava rozvijejici se mmrnentalni
analyticka chemie, ktera je schopna identifikovatvantifikovat polutanty na velmi nizkych a
stale se snizujicich koncentrdch Grovnich. Winnou pomoc rovéz predstavuje analyza
specialnich bioindikénich organism, tzv. bioindikato#i, pomoci kterych rizeme nejen posoudit,
zda a do jaké miry je dany ekosystém kontaminozintaké pedvidat dsledky této kontaminace
pro zivy organismus, paéjpact pro jeho populaci. Bioindikatory takigdstavuji do jisté miry
nastroj, ktery nejen Ze velkouénou prispiva k posouzeni stavu Zivotniho ptesdi, ale navic
muze vypovidat o stavu zgte p@islusné slozky ekosystému v dané lokalia v kombinaci
s dalSimi udaji tykajicimi se uUro¥nkontaminace danym polutantem ve vSech slozkach
ekosystému také o transportnich mechanismechtogpého kontaminantu a o jeho
biodostupnosti.

3.1 VYMEZENIi POJMU BIOINDIKATOR, BIOINDIKACE

Jednim ze zékladnich atriiutivych organism, véetre lidi, zvitat a rostlin, je jejich schopnost
reagovat na WjSi podrety; znamena to, Ze tyto podty aktivuji procesy, které za normalnich
okolnosti pomahaji organismuigZit [80] Timto poditem miZe byt napklad také forma
polutantu, ktera vyvolavaiislusnou odezvu v zZijicim organismu, coiz®a byt nasledhpouzito
jako kritérium, pipadré jako ukazatel pro deni @gitomnosti znéistujicich latek ukitého typu v
Zivotnim prostedi [81]. Pro bioindikatory existujeédkolik definic, z nichz Ize uvést alespalve:
podle Schuberta [82] jsou bioindikatory organisnepa jejich spol&enstva, jejichz Zivotni funkce
jsou korelovany s faktory prasdi tak &sné, Ze mohou slouzit jako jejich ukazatele. Podl&idal
autori [83] jsou bioindikatory definovany jako organismmgbo spolé&enstvi organisiin které
reaguji na zn&steni zivotniho prosedi zngénou svych Zivotnich funkci,ifpadré tim, Ze tyto
latky shromad'uji.

Znamena to, Ze stav prietli a jeho vlastnosti oviiwji stav a vlastnosti biologickych systém
Na zéaklad vyhodnoceni stavuéthto biologickych systétnlze zg@tné usuzovat na vlastnosti
prostedi. Na tomto principu je zaloZzen biomonitoringerkgt vyuziva p hodnoceni prav
bioindikatni metody a bioindikéni organismy.

Pricipy bioindikace jsou vyuZzivany ro¥h v ekotoxikologii. VyuZiti bioindikatar a principu
bioindikace, jako satasti ekotoxikologie, fedstavuje jednu z metod hodnoceni expozice, které
jsou zandteny na sledovani hladin a ro&sii toxikantu v progedi; do této skupiny metod pat
rovreéz analyzy organisi) které jsou schopny specificky kumulovat ve svfkdnich sledované
polutanty. Podle Boli@ [84] lze definovatit druhy bioindikatorovych organisim Prvnim
druhem jsou testovaci organismy (senzitivni orgag)s které jsou vyuzivané v laboratornich
testech pro bezprdstni studium &inka raznych vlivi prostedi. Do této skupiny fiZeme zeadit
i metody ekotoxikologie vhodné pro hodnocertiniu, které vyuZivaji testovacich organism
v rizré koncipovanych biotestech. Druhou skupinou bioiatlkovych organisinjsou indikatory
pro impaktni monitorovani, tzn. organismy sentinddteré jsou pouzivané pro sledovani¢éam
v terénu; zde jsou zaznamenavarigné fyziologické ukazatele, vyvojové tendence, tjieké
zmeény apod. Mezi organismy sentinely, Pai specialni kumulativni bioindikatory, které
akumuluji a koncentruji polutanty z jejich okolipatravy tak, ze analyza jejich tkani poskytuje
¢aso¥ integrovany odhad environmentéldostupné koncentrace daného polutantu. Poslednim
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druhem bioindikatar jsou tzv. bioindikatory ekologické homeostaze,. takazatelé; tyto druhy
véetrs jejich spoléenstev mohou slouzit jako indikatory kvality krajia jejich¢asti [84].

Na paatku 90. let 20. stoleti byly specifikovany rozditgezi pojmem bioindikator a
biomonitor. Toto rozéleni Uzce souvisi s kvalitativnim/kvantitativninfiggupem k chemické
substanci v zivotnim prastdi. Podle Markerta [85] je bioindikator organismbtery obsahuje
informace o kvalit daného progedi. Biomonitor je naopak organismus, ktery obsalmformace
o kvantitativnim aspektu kvality Zivotniho priesdi. Biomonitor je vZdy zaroviebioindikatorem,
avSak bioindikator nemusi nutrspkiovat pozadavky kladené na biomonitor [86]. Rozdédzm
bioindikatorem a biomonitorem sg@4 zejména v typu informace, kterou poskytuji, tj.
kvalitativni nebo kvantitativni. Studium zm probiha progednictvim obsahu sléenin nebo
prvka, piipadré také na podklagdmorfologie, histologie, ukazatebiochemickych zrén, chovani
nebo struktury populace sledovanych orgaiisNicmérgé navzdory iznému vymezeni pojinje
nesporné, Ze rostlinné a Zt®né organismy, které jsou v ramci biomonitoringpsuzovany z
hlediska projeu fyziologickych zmén nebo kumulace polutantve svych tkanich, jsou
vyznamnym a Vv podstati neopomenutelnym néstrojemii pdlouhodobém a komplexnim
posuzovani stavu zivotniho priedi a jeho jednotlivych slozek.

V literature jiz bylo prezentovano [85, 86], Ze pro soustasle&ovani ekotoxikologickych
poruch v ekosystému jsou vhodni&gevsim takové rostlinné a z&isné druhy, které reaguji na
piitomnost nebo jsobeni Skodliviny v progdi podoba jako kulturni plodiny, domaci ztdta,
piipadré ¢lovék. Je proto nesporné, Xgznam bioindikace je z®ay. S jeji pomoci Ize posoudit
piitomnost cizorodych latek v daném ekosystémujpdir jejich vyskytu, pipadré odhalit zdroje
zngisténi. Biomonitoring je dnes jiz nezbytnou sagti ochrany zivotniho prdsdi, a to prav z
davodu sledovani ifitomnosti a transportu kontamin&ntNa z&¥r lze proto konstatovat, Ze
systematicky monitoring ekotoxikologického poskdzsiozek ekosystému je provfidna vhodnych
zivych objektech, a to jak rostlinnych, tak takea¢iSnych.

3.2 VLASTNOSTI BIOINDIKATOR U

Z&kladni vlastnosti bioindikatérze shrnout do nasledujicich hlavnich ©¢8l7, 88]:

» vyskyt v hojném p&tu na stanovistich, ktera jsoéepdnmetem zajmu,

» stalost zakladnich fyziologickych hodnotjgadré morfologickych znak s malou ekologickou
plasteénosti, a to ve vztahu Kipodnim stanovistnim podminkam,

» v¢asnost reakce na antropogennitmitele nebo na procesy probihajici v ekosystémech

» tolerance Wci tomuto ¢initeli, tzn. schopnostigziti i dlouhodobého a intenzivnihdigobeni
dané Skodliviny,

* rychly metabolismus, diky kterému seiZe projevit vliv xenobiotik, ktera jsou v organismu
piitomna ve stopovych i ultrastopovych mnoZstvich,

» dlouhou dobu Zivota, diky které mohou byt st i disledky chronickych z&Fi,

» rychly sled pokoleni, i@devSim pro &asné zji&ni genetickych zrn, pripadré vrozenych
poruch a deformit,

* musi naleZet do okruhu dnishu nichzZ byly jiz stanoveny zakladni fyziologick#pmetrické a
popul&ni hodnoty,

 musi mit vztah k dané lokalit aby mohly byt zji&né odchylky vztazeny k danému
ekosystému

* nesmi byt ovliviny péstovanim a chovy v uélych podminkach,

* mely by byt dostatené velké, aby se nemuselo pouZivat stopovych a tipasych metod ib
zpracovani individualnich odhi.

Jak jiz bylo prezentovano, moje prvni odborné altiv této oblasti byly spojeny s Ustavem

veterinarni ekologie a ochrany zivotniho pfedt FVHE, VFU Brno, kde jsem patrticipovala na
dil¢ich dkolech spojenych s monitoringem Zivotniho fieal, a to na vzorkovani biotickych
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matric pro posouzeni stavu (kontaminace) Zivotrphastedi v rdAmci monitoringu "Hodnoceni
stavu Zivotniho progédi: monitoring cizorodych latek v potravniébizcich” (financovaného
grantem MR/14/95 Ministerstva Zivotniho piesti CR (MZp CR 1992 — 2000). V ramci tohoto
monitoringu byly roviZz vzorkovany bioakumutai organismy, které jsou stale vyuzivany pro
kvantitativni stanoveni kontamind@na jsou klasifikovany jako bioindikator citlivy nekschopny
akumulace®. Vlastnosti bioindikatbrtohoto typu sumarizuje ve své praci Knappova [89].
Bioakumulatorovy organismus (v anglickém jazyce nédv biomonitor), by ml spliovat
nasledujici ukazatele:

» akumulovat polutant, aniz by byly biomonitoréré organismy poskozeny nebo usmrceny
hladinami koncentraci polutantse kterymi pijdou do styku,

» byt Siroce zerpisre rozsten,

» vyskytovat se hoj byt prisedly nebo idka pohyblivy a reprezentativni pro danou
lokalitu,

* byt dostupnyadu let a dost@vat mnozstvim vyuzitelnych tkani pro dlouhodobou
analyzu,

e umoznit snadny odi a byt rezistentniiki laboratornim podminkam; stejmak byt
pouzitelny pro cilenou absorpci kontaminamtramci laboratornich analyz,

» pri laboratornich studiich mit vysoky koncertmafaktor pro kontaminant; umdvat
piimou analyzu bezipdeSlého nastu koncentrace,

» vykazovat jednoduchou korelaci mezi mnozstvim kantantu, obsazeném v organismu a
primérnou koncentraci v okolnim préetli; odezva organismu, tj. obsah kontaminantu,
eventuald stupa poskozeni, by My odrazet kontaminaci prastdi ("dose-response
sensitivity”),

* mit stejnou korelaci pro ditou hladinu kontaminantu s okolnim priextim ve vSech
sledovanych lokalitach a za jakychkoliv podminek.

Vybér vhodného organismu je proto podstatnym parametpeon cely monitoring a jeho
vysledky. VyZaduje vSakutkladnou znalost podminek préedi i biologické moznosti organismu.
Pro monitoring a studium kumulace polutamntorganismech je mozno vyuZzit dvotigbupi, a to
aktivniho nebo pasivniho. fiP pasivnim monitoringu je studovana & torganismu v jeho
piirozeném prosedi, zatimco u aktivniho monitoringu je sledovadaava u organismu, ktery byl
vypéstovan v undle dekontaminovaném prdéstli, na aktualni environmentalni podminky v
urcitém obdobi [89, 90].Aktivni monitoring ma bezesporu vyhodu v moznostegtsoké
standardizace podminek, za kterych tento monitopngpbihd. Z tohoto /odu je vhodnym
nastrojem naiklad @i identifikaci lokalnich zdraj zneisteni. Behem rekolika desitek let, po
které se biomonitoring rozviji, je stale rap§iano spektrum organismziveciSnych a rostlinnych,
které jsou vyuzivany. Jejichighled uvadi Vavrova [88] a rovh kolektiv autoé [91]. V ramci
sledovani urovéh kontaminace lidské populace jsou pro stanoverZeabbyvatel &iznymi typy
kontaminani také pouzivany matrice biotickéhaiyodu (matéské mléko, krev, mf vilasy,
nehty). S vyuZitim akumutaich bioindikatoi rovnéZz Gzce souvisi pojmy biokoncentrace,
bioobohacovani a bioakumulace. V ramci procesu driokntrace dochazi v Zzivém organismu
k hromadni toxikantu ve vySSi koncentraci, nez je v okolmirastedi. Tyka se toifedevSimdch
kontaminani, které vesrs nepodléhaji biotransfor@@m proced8m v organismu. Mitkem
biokoncentrace je biokoncentrd faktor, ktery je definovan jako p@mmezi koncentraci latky
v organismu a koncentraci latky v phesti. Biomagnifikace j@dstavuje kumulaci toxikantu
piijmem kontaminované potravyiprestupu na vysSi trofickou Uraven bioakumulace navySeni
kontaminantu v organismu wisledku obou zminych proces tj. piijmu toxikantu z potravy a
z okolniho prosedi.

V historickém pohledu se pozornosiznych monitorizanich programi u nas souggdila
prevazmié na toxické prvky atizné anorganické anionty, pro které byly vypracovaitg ¢i mérg
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spolehlivé analytické postupy. Rozvoj novych anekjtch metod v poslednich desetiletich
umoznil detail®jSi studium organickych kontaminant to nejen matskych latek, ale takeé jejich
degradanich produki. Sledovani organickych kontaminant zejména persistentnich
organochlorovanych sléenin, bylo v byvalénCeskoslovensku zahajeno az od 80. let minulého
stoleti a bylo zagteno zejména na potraviny a pithou vodu. Kontaminamteavnichietzci a
dalSich biotickych matric se &a sledovat v 90. letech minulého stoleti, kdyybgahajeny
piislusné monitorizéni studie

Monitoring cizorodych latek v potravnidietzcich zahrnuje sledovani kontaminace potravin,
krmiv a surovin utenych k jejich vyrob, vcetré biomonitoringu, tj. kontaminace varzijicich
organisnii, kteri dophuji spotebni koScloveka. Zarové jsou hodnoceny i slozky okolniho
prostedi, které tuto kontaminaci mohoutspbit nebo ovlivnit. P&t mezi r¢ pada, povrchova

voda a vstupyechto sloZzek do prostdi.

Zatimco bioindikatory mohou vypovidat o stavuézat gislusné slozky ekosystéemu v dané
lokalit¢ a v kombinaci s dalSimi (daji, tj. kontaminaci duzi, vody nebo jay, piipadré o
transportnich mechanismech &kieré z nich také o biodostupnosti, vysei zengdélskych
plodin na obsah kontamind@nposkytuje navic data, ktera bezptedtt souvisi s potencialni
expozici¢lovéka Skodlivinam obsazenym v jeho @dietdaném ekosystému [90].

3.3 POLYCHLOROVANE BIFENYLY A JEJICH STANOVENI

Polychlorované bifenyly (PCBs) gatdo skupiny persistentnich organickych poluiarkteré
diky svym fyzikalr-chemickym vlastnostemi@dstavuji zavazna rizika pro Zivotni ptesti;
rovréZ jsou znamy pod oztanim PBTs (Persistent,Bioaccumulative, Toxic). Tyto chemické
latky setrvavaji v zivotnim pragtdi, jsou schopné dalkového transportu a bioakuweula
v rostlinnych a zZiveéiSnych tkanich. Tyto vlastnosti umiagi jejich kolokeh v Zivotnim prosedi a
kumulaci v gidach, sedimentech a v Zivych organismech.

Polychlorované bifenyly (PCBSs) jsou substiuderivaty bifenylu. Vznikaji substituci 1 az 10
atom chloru na bifenyl a mohou vytyib az 209 slotenin, tzv. kongendr liSicich se stupfm
chlorace a polohou atairchloru na bifenylu.

PCBs byly vyrabny tizenou chloraci bifenylu a vzniklé technickéésimse liSily celkovym
obsahem chloru; podle toho byly také aamany. V USA a Velké Britanii byl néastji
distribuovan Aroclor (Aroclor 1260 obsahoval 60 hnb chloru); v byvalént eskoslovensku se
nejvice vyrably smesi pod ndzvem Delor, Hydelor a Delotherm (Delor b§6obdobou Arocloru
1260). Déale byly obchodni preparaty PCBs vyrgbrovrez v Némecku (Clophen), Francii
(Phenoclor, Pyralene), Spsku (Fenoclor, Pyralene), SSSR (Sovol, Sovtol)podaku
(Santoterm, Kanechlor) a v Italii (Phenclor Apigjli Nikdy se v3ak nevyrély PCBs jako
samostatné kongenery, vzdy pouzeismZakladni technickd sfa by mohla obsahovat kr@m
PCBs i gimési jinych chlorovanych latek, né#&glad polychlorovanych naftalén
polychlorovanych dibenzp-dioxini a polychlorovanych dibenzofunan

Z hlediska svych fyzikakkchemickych vlastnosti jsou PCBs bezbarvé az n#éldapaliny,
viskOzni az voskovité povahy, jejich relativni maleova hmotnost je v rozmezi 223,1 — 498,5
g.mol*. Jsou nehigavé, stabilni i za vysokych teplot, ohnivzdornédbvzplanuti 170 — 380°C),
maji malou &¢kavost, jsou nekorozivni, maji vyborné teplonoskaétwosti, bod tani v rozsahu 34 —
198°C, bod varu vrozmezi 260 — 450°C, nizkou tguem, vysokou dielektrickou konstantu,
nizkou rozpustnost ve veédvelky elektricky odpor a z@aou hustotu. Jsou snadno rozpustné
v organickych rozpou&tlech, olejich a tucich.

PCBs se pouzivaly v otsnych a uzatenych systémech. V otanych systémech byly
vyuzivany jako plastifikatory, byly séasti lubrikani, impregna&nich materiél, lepidel, vosk,
tuze, samopropisovaciho papiru, barev, aditiv dmerdi a omitek, materiédl na mazani
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odlévacich forem, materiapro odl&ovae prachu,dsnicich kapalin, inhibitdrhoreni, imerznich
oleju a pesticid. V uzawenych systéemech slouzily jako chladici kapaliny tdansformatat,
dielektrické kapaliny do malych i velkych konderaéf ohnivzdorné a teplonosné antikorozni
hydraulické kapaliny vinich z&izenich a vakuovych pumpach a jako teplonosnd média

Do lidského organismu PCBs vstupuji potravou, vdgéhim a pokozkou. Maji lipofilni
charakter, a proto se v lidskémdlet kumuluji. Nekteré kongenery vykazuji z&iaé negativni
pusobeni na zvata i na¢lovéka; konkrétni projevy jsou zavislé na druhu orgamisBiologické a
toxické &inky PCBs ovliviuje predevsSim jejich struktura. Pro lidsky organismus viak
vyznamigjSi chronicky efekt. Akutni toxicita PCBs je nizkhpdnoty LB, jsou vzhledem
k variabilit¢ biologickych &inki pro tizné kongenery velmi rozdilng, a proto sevazi testuji
jejich kompletni technické sfmi. Mezindrodni agenturou pro vyzkum rakoviny (IAR& WHO
byly PCBs z&azeny do kategorie B2, tj. latky s pré&pddobnym karcinogennim¢imkem na
¢loveka (R)[92].

Polychlorované bifenyly se v environmentalnichatlwkych matricich vyskytuji ve stopovych
koncentracich, coz klade zZme naroky na jejich fesnost, spravnost, citlivost a selektivitu.
Z celkem 209 moznych kongefieje mozno ve vyznangsim mnoZstvi detekovat ve sloZzkach
Zivotniho prostedi cca 90, coz se vSak neprovadi. Proto bylo pdmdceni biotického materialu
uréeno sedm tzv. ,indikatorovych kongedgPCB 28, 52, 101, 118, 138, 153, 180); kéawho
jsou také monitorovany toxikologicky vyznamné natho (PCB 77, 81, 126, 169), mono-ortho
(PCB 105, 114, 156, 157, 167, 189)ckteré di-ortho (PCB 128, 149, 170) kongenery PCE3.[

Zakladnimi kroky pi analyze PCBs v environmentélnich a biotickychrngth jsou:
e Odker a uchovani vzorku

» Extrakce analyit ze vzorku (izolani techniky)

o PrecisSteni vzorku (odstragni nezadoucich koextrahovanych payil

» Frakcionace/separace sledovanych afalyt

» Identifikace a kvantifikace anaiyt

Priprava vzorku biotickych agkterych environmentalnich matric zahrnuje

» Homogenizaci vzorku s bezvodym siranem sodnym (@ieltgci)

» Extrakci, nefastji podle Soxhleta, sonikaci,ijpadré sonikaci a vytepavani mezi dv
nemisitelné faze, zrychlenou vysokotlakou extr&®E (ASE, PLE), MAE

o Preisteni extraktu (odstrami lipidi) pomoci gelové permeéai chromatografie (GPC)
nebo adsorni chromatografie (silikagel, florisil, sfana kolona florisil + oxid hlinity);
kyselé hydrolyzy nebo oxidativni dehydratace

» Identifikaci & kvantifikaci: plynova chromatografie detektorem elektronového zachytu
(GC/ECD) nebo s hmotnostnim detektorem (GC/MS).

Odker reprezentativnino vzorku pro stanoveni PCBedptavuje stejni ¢ast analytického
procesu, protoze Spatné vzorkovani sgempodilet vice nez 50 % na celkové chygfgreni. Proto
je nezbytné aplikovat systém kontrolnich vZgrlaby bylo moZné eliminovat zdroje chyb na
minimum a pro odéry pouZzivat spravné typy odtoveho zéizeni.

Izolagéni techniky pouZité ip analyze PCBs jsou zaloZeny na extrakci. Typ éxtge nutné
zvolit podle typu matrice. Abychom generovafiepné a pravdivé vysledky, je nezbytné 8i p
optimalizaci metody aitit, ktery typ extrakce je z hlediska ¥ygnosti nejvhodgsi. Pro kapalné
vzorky je ugednosiiovana extrakce kapalina-kapalina (LLE)jpadré extrakce na tuhou fazi
(SPE), pro pevné matrice Ize pouzit Soxhletovuadxir sonikaci, sonikaci a wgpavani mezi
dvé nemisitelné faze, PSE a MAE.

PreciSténi extraktu pro stanoveni PCBs jalle¥ité provadt proto, abychom odstranili
koextrakty, které mohou #Apobovat kontaminaci davkos& plynového chromatografu nebo
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kolony, gipadre interferenci pik nebo kolisani odezvyfigpouziti ECD. Zvlast je to dilezité (i
zjistovani minoritnich kongengrv sedimentu a také toxickych kongeiner biott. Neiastji je
pouzivana GPC, ip které vSak nedochazi k duplnému odstrdnlipidt, a dale adsogmi
chromatografie, kterd& ma zase omezenou kapacitonkolKysela hydrolyza nebo oxidativni
dehydratace se aplikuji ¥ipac, kdy nejsou zcela odstramy lipidy.

Frakcionace/separace jsou do postupu pro stand¥€Bks z#éazovany tehdy, kdy je kron
indikatorovych majoritnich kongenerapotebi stanovit také minoritni kongeneryjgadré non-
ortho a mono-ortho kongenery PCBs. Pro frakcion&#m® pouzit klasickou adsaipi
chromatografii se sorbentem oxidem hlinitym, d&éohku s aktivnim uhlim, ifjpadré ve snési se
silikagelem nebo pyrenylovou kolonu (HPLC-PYE),rétee pouzivaipdevsim k separaci ortho-
a non-ortho PCBs od ménplanarnich kongen&r stacionarni fazi je 2-(1-pyrenyl)
ethyldimethylsilylovany silikagel. Separace na té&mon¢ ma velmi dobrou opakovatelnost a
reprodukovatelnost. Rowh umo#uje za specifickych podminek Uplnou separaci Wit paru
PCB 138 a PCB 163 a separaci PCDDs/PCDFs od korig&r@Bs. \&tSinou se vSak sleduji
indikatorové kongenery, minoritni kongenery nebxddké kongenery odterg.

Pro izolaci PCB z analyzovanych abiotickych i bskfich matric a jejich nasledné stanoveni
jsme na pracovisti na VFU Brno pouzivali tyto pastugi¢cemz vzorky byly odebirany tak, aby
st&ily pro potebné paralelni stanoveni:

Izolace lipidického podilu -gravimetricky: po homogenizaci vzdrktkani byla patbna
navazka vzorku roze&gna s vysuSenym siranem sodnym na sypkais.s8nés byla kvantitativa
pievedena do Soxhletova extraktoru, kde probihalatike@in® po dobu 8 hodin extrakce;
extrakénim cinidlem byla pro izolaci PCB z matrice 8mn-hexan : diethylether (94:6). Po
ukorteni extrakce a odpeni rozpou&dla byl ziskany tuk zvazen a byl vygten lipidicky podil v
0/100g tkas.

Biota — potebnd navazka vyextrahovaného tuku byla rozpasStv 1-2 ml n-hexanu a
kvantitativre prenesena na kolonu pro sloupcovou chromatografiplndaou aktivovanym
florisilem. Elwnim ¢inidlem byla snis n-hexan : diethylether (94:6) o objemu 70 ml.r&kt byl
odpden na RVO a odparek rozp&stv 1 ml rozpousdla. Pokud nebyly kolonovou
chromatografii odstramy veSkeré koextrakty, bylo provedenocédtEni kyselou hydrolyzou
pomoci konc. kyseliny sirové.r@istény extrakt o konégném objemu 1 ml byl kvantitatién
pieveden do vialky a takto byl vzorekigraven pro vlastni analyzu HRGC/ECD.

Rostliny —z kompozitnich vzork (3000 g) byl pipraven laboratorni vzorek o hmotnosti 300 g.
Navazka pro analytické stanoveni byla cca 50 g.r&kedyl nasled& extrahovan 70 ml sési n-
hexanu : acetonu (94:6)iifemz byla provedenaspnasobna extrakce, j&Spodpdena tepanim.
Spojené extrakty byly odpeny na vysledny objem 10 ml, nasledovaleci@teni kyselou
hydrolyzou s koncentrovanou kyselinou sirovou (8669, organicka faze byla odfgmna do sucha,
rozpuséna v 1 ml hexanu a nasledprecisttna pomoci SPE na kolonkach g@ebo na kolo&

s florisilem nebo s oxidem hlinitym. Extrakt bylm&tn na RVO a odparek rozpegtv 1 ml
rozpoustdla.

Krevni plazma -do zkumavky byly odrieny 4 ml plazmy, fidany 2 ml methanolu a vzorek
byl intenzivrée promichavan 1 minutu; potom bylgigdno 12 ml n-hexanu a &pbylo intenzivré
michano 4 minuty. Hexanova vrstva byla kvantitatiphevedena do jiné zkumavky a k tomuto
extraktu byl pidan 1 ml konc. kyseliny sirové a obsah byl intengiprotepan; organicka vrstva
byla kvantitativie prevedena do zkumavky a po odai do sucha @povre rozpustna v 5 ml
hexanu a déisténa kolonovou chromatografii na florisilu. Extraktl zahusén na RVO a odparek
rozpusén v 1 ml rozpousgdla.

Plynova chromatografie— byl pouzit plynovy chromatograf Hewlett-Packa&#890 série Il
s ECD. Jednotlivé indikatorové kongenery PCBs hgntifikovany porovnanim s ret&mimi
¢asy standaiid Ke kvantitativnimu stanoveni byla pouzita metedgSich standaril (fy Baker)

-34 -



Pro porovnani a stanoveni ¥ghosti byly pouZzity refergmi materialy vyextrahovany tuk od fy
Ehrenstorfer, R 900 00 12, organochlorinated pelsticand PCBs. Modifikace podminek plysov
chromatografické analyzy byla provedena z&elém separace PCB 28 a 31 od dalSich
interferujicich latek (o,p”-DDE a PCB 101nebo @I a PCB 138); row¥ melo byt zabrasno
interferenci s estery kyseliny ftaloveé. Kapilarmléna HP 5 (Hewlett-Packard), 60 m x 0,25 mm,
tlou&’ka filmu 0,2 um; stacionarni faze 5% difenyldimdsiipxan; injektor: split/splitless, teplota
injektoru 250 °C, davkovani il bezclicove technikou ,hot needle”, interval z#ni clice 150

s; nosny plyn: helium, konstantniipok 1,0 ml.mir*, teplotni program: 40 °C po dobu 5 min, poté
narist 30 °C.mift do 180 °C, nakonec po 2 °C.rtido 280 °C; 280 °C po 10 min.; detektBtNi
ECD, teplota 300 °C.

V pripact rostlinnych matric bylo stanoveni provedeno na KIRECD s vyuZitim dvou
kapilarnich kolon (HP 5 a HP 17¥ipojenych k jednomu injektoru. Ostatni podminky lgpg
byly stejné.

3.4 VYBRANE BIOINDIKATOROVE ORGANISMY
3.4.1 Ryby jako bioindikatory

Pfi posuzovani kontaminace vodnich ekosystémnobiotiky jsou pro komplexni hodnoceni
této zatze vyuzivany nejen abiotické (voda, sediment), talké biotické slozky Zivotniho
prostedi. Mezi ty pai zejména makrozoobentos, makrofyta, biofilmy ayryliiicemz ryby pai
mezi nejvyznamési bioindikatory, zejména pak dravé ryby, ktet@dstavuji poslednélanek
potravnihoretzce. Cel&ada xenobiotik podléha pouzast&né biodegradaci a ty maji schopnost
bioakumulace v tukové tkani ryb [93]. Proto jsoubyyéasto vyuzivany jako bioindikatory
k biomonitoringu akvatickeého ekosystému. Vhodnynirmdikaénimi druhy ve vodach jsou
piedevsim jelec tlow¥Leuciscus cephalusitery se vyskytuje tét v celé Evrop a vCR Zije ve
vSech tekoucich vodach krénhorskych potok. DalSim obdob& rozStenym druhem je cejn
velky (Abramis bramy jedna se o vSeZravou rybu, ktera se v mladigtadevsim planktonem, v
dosglosti potom bentosem. DalSimi vhodnymi organisnmgujparma obecn@érbus barbuls
okountiéni (Perca fluviatilig a Stika obecndEsox Lucius) Parma obecnd Zijeripdne, Zivi se
larvami chrostilt, poSvatek, jepic, skkysi a dalSich vodnich bezobratlych. Parma obecna roste
velmi pomalu a je ve velmi intenzivnim kontaktu rodym sedimentem, ktery obsahuje ama
mnoZstvi kontaminafif s tim GOzce souvisi silnd akumulac&kych kowi a organickych
xenobiotik. Jeji nevyhodou je omezeny vyskyt v dagekach. Okourti¢ni je zastupce dravych
ryb, jedn& se o velmi Zravou rybu s pomalyistem. MladSi kusy se Zivi zejména zooplanktonem,
starSi jedinci jsou vyknymi predatory. Obyvéa stojaté i tekouci vody. JeSten prakticky v
celéem mirném pasu Evropy. R@&mstika obecnaEsox Luciuy je vyznamnymbioindikatnim
dravym druhem. Stika je typicky dravec, jeji pota\sou ryby (okoun, plotice, proudnik) i Zaby.
Prirozere se vyskytuje v pomalu tekoucich nebo stojatych &etd po celé Evrap Pro
reprezentativnost vysledkje nutné provagt hodnoceni zéfe vodniho ekosystému na&t$im
poctu ryb, coz nize byt limitovano omezenym vyskytemgkterych druli ryb v riznych
lokalitdch (nap. okounaii¢cniho a parmy obecné). Z tohoto hlediska se jevikucaniversalnim
bioindikatorem kontaminace vodnich tok CR jelec tloug a cejn velky. Jejich vyskyt v nasich
iekach je hojny, jsou vSezravymi druhy, Zijicimi madek. Takto mohou odrazet nejenijpm
polutanti z kontaminované vody a sediminale také z potravy.

Podle Randaka [93] jsou ke zjo/ani uUrove kontaminace vhodna juvenilni stadia ryb.
Duvodem je pedevSim to, Ze juvenilni ryby jecasovych i ekonomickych hledisek néémaraneé
vzorkovat, nez dosfou rybi populaci. Vyhoda tétoskoveé skupiny pro &ely bioindikace sp&iva
rovréz v tom, Ze v prvnich gisicich svého Zivota ryby t&ihnemigruji a zji&na kontaminace tak
jednozné&né odrazi lokalitu, ve které se vyskytuji. Pomocigninich ryb lze provad nejen
dlouhodoby biomonitoring, ale také monitoring boficv zdroji zneisténi, pripadré sledovat
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zagz podélnych profil vodnich tok. V prvnich ngsicich svého Zivota je jejich potravou zejména
plankton, fasy a biofilmy, které maji podobné sloZzeni a pépedobrd obsahuji i stejna
xenobiotika. Lze se proto domnivat, Ze zatizeniédakality xenobiotiky se odrédzi i v zatizeni
juvenilnich ryb v tomto ekosystému Zzijicich. Vyhodge také to, Ze toto vyvojové stadium ryb
zastava v prvnich @sicich Zivota v lokall, kde se vylihly a také jsou snafinodlovitelné

v porovnani se starSimi jedinci, kitese vyskytuji ve #tSich hloubkach [93]

Kontaminace ryb PCBs, OCPs (organochlorové pegdi@dinymi persistentnimi organickymi
polutanty se vzhledem k jejich malé rozpustnostveed odehrava progdnictvim potravy fes
fyto- a zoobentos. Tyto sléeniny jsou vazany na sedimenty, resp. na orgampddil a jejich
potravou je pedevsSim fyto- a zoobentos; to je takécimou jejich z@gtného phiniku do
jednotlivych ¢lanki potravniho fetzce. Vzhledem k velmi omezené biodegradatihto
chemickych slotenin u studenokrevnych organigmati ryby mezi vhodné bioindikatory zdte
slozek Zivotniho progtdi s vysokym bioakumutaim potencialem, coz jsou naf?AHs a jejich
substiténi derivaty [94]. Z hlediska interpretace vyslédkztahujicich se k lipofilnim latkam je
zapotebi vzit v avahu i zjsob vyjadovani vysledi tzn., zda budou vztaZzeny r@rstvou
hmotnost, suSinu nebo lipidicky podil. Uénych ryb, s vysokym podilem obsahu tuku ve
svalovirg, protoze jsou vysledky praiglusny lipofilni kontaminant vztazené na hmotntototo
tuku, nemusi byt vysoké, pdgpaitu na hmotnost svaloviny naopak diky vysokému potliku
ve svalovig, mohou byt zavazné. Celéada studii vychazi z extrakce tukovych podd
nasledného stanoveni cilovych lipofilnich an&ly¥ sowasnosti se ¥R doporéuje pouzivat
piepatet na tuk pouze u ryb majicich lipidicky podil d® %6. Analyzou tkéni ryb, a to
v porovnani s analyzou dnovych sedinientize objektiviji hodnotit rizika plynouci
z pitomnosti kontaminafitv akvatickém ekosystému, nebtakto lze zjistit jejich biologickou
dostupnost. Rybytstavaji velmi vyznamnym bioindikatorem persistectindrganickych latek a
rizikovych prvii i v dnesni dob o cemz sedci i piiklady studii publikované v poslednich letech
[95-98].

V publikaci Bl jsou prezentovany poznatky, které byly ziskanypuZziti ryb pro indikaci
kontaminace akvatického ekosystému; sledovany mdikatorové kongenery PCB a rizikové
prvky (Zn, Cu, Ni, Hg, MeHg, As, Pb, Cd). Ryby pézely z vodni nadrze Snifavka, ktera je
situovana nedaleko tovarny Colorlak, kde se vyuzik@merni produkt Delor 106. Byla
analyzovana svalovina ryb dravych (Stika obesax luciusa candat obecrfyander lucioperca
dale ryb Zivicich setfpvazri bentickymi organismy (Ghaticni Anguilla anguillg kapr obecny
Cyprinus carpi9; z vSezravych ryb to byli cejn velkbramis bramg plotice obecnaRutilus
rutilu), lin obecny Tinca tincg. Kromg lina a candata (pouze jeden kus) bylo k disp&ikiisi
od kazdého druhwDetailni vysledky analyz jsou prezentovanyriisjusné publikaci. Z vysledk
vyplynulo, Ze vSechny hodnoty leZzely pod hygieniokylimity stanovenymi pro rezidua
rizikovych prvki platnymi vCR (As 1,000 mg.kg; Cd 0,100 mg.kg; Hg 0,100 v mg.kg a Pb
0,500 v mg.kg). Zajimavé bylo zji&ni, Ze nejnizsi koncentrace rizikovych pivyly prokazany
u Stik, coz jsou dravci a nejvysSi u lina, kterffpaezi vSezravce zdrzujici séepazié u dna. Je
vSak zapdebi upozornit na to, Ze v ramci této prace nebyteno sté ryb a byl analyzovan
pouze jeden lin. i porovnani naSich vysledks vysledky publikovanymi Stétni veterinarni
spravou (SVS) v roce 2001, byly hodnoty prokazargegdovanych analftv nasi studii nizsi.
NaSe data byla roei konfrontovana s vysledky podobné studie slovetiskgutoti, kteri
mapovali oblast v okoli PreSova; zatimco u nas lyepkekrateny hygienické limity, slovensti
autai uvedli prekrateni hygienickych limii v 10 % gipadi. Tykalo se to fedevSim mdi a
kadmia, sporadicky arsenu a chromu [99]. Obsahk#&tdiovych kongenér PCBs roviz
nepresahoval hygienické limity platnéGR (suma indikatorovych kongenPCBs byla 2 mg/kg);
naSe vysledky byly v souladu s vysledky publikovangtatni veterinarni spravou (SVS). Nejvice
zastoupenymi kongenery PCBs byly u vSech vad?IicB 138, 153 a 180. Vysledky slovenskych
autofi potvrdily vyrazijSi kontaminaci sledované oblasti v okoli PreSdud®e byly gekrateny
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N 1

hygienické limity v ramci jejich studie o 8,76 %ejaysSi obsah jednotlivych kongendryl také
prokazan ve svalovinlina. RestoZze jsme fedpokladali, Ze vzhledem k blizkosti tovarny
Colorlak bude v naSich vzorcich prokazan zvySengabbrikterych rizikovych prvk a PCBs,
nebyly tyto gedpoklady prosednictvim bioindikatak potvrzeny. Vhodnost pouZiti ryb pro
bioindikaci byla potvrzena autory mnoha dalSicligt{95-98].

3.4.2 Volné Zijici Zivocichové (lovna z¥F a drobni zemni savci) jako bioindikatory

Savci reprezentuji velmi uziteé organismy pro dely biomonitoringu. Zatimco rostliny
indikuji zatz Zivotniho prostdi vcase (za uiité obdobi jejich istu), Zziva&isné bioindikatory
indikuji za€&z prostedi nejen \ase, ale i v prostoru, ktery tiigejich domovsky okrsek, jehoz
jsou nedilnou saiésti. Redpoklada se, Ze bylozravci (herbivora) kumulypeléizikové prvky a
radionuklidy nez Selmy (carnivora), kumulujici nakpvice organochlorované stmniny, coz
pochopitel@ souvisi i s jejich postavenim v potravnitetzci [100]. Mezi nejvhod§si
bioindikatory terestrickych ekosystémmuZzeme podle Novakové [101] izalit zajice polniho
(Lepus europaels srnce obecnéhoCgpreolus capreok), bazanta obecnéhdPhasianus
colchicug, koroptev polniRerdix perdiy}, kachnu divokouAnas platyrhynchgdsa rovréz drobné
zemni savce. Vy3e specifikované druhy jsou ten& ténsi na celém Gzemi Evropy aGR jsou
preferovany z @ivodu jejich dostupného mnozstvi pf@né monitorizani studie.

Lovna zV¥F - srti zwt je vyuzitelna jako vhodny bioindikator kontaminazejména pro
rizikové prvky (arsen, olovo, kadmium, fluor) a m@aauklidy jako je cesium (izototop 137, 134),
stroncium 90, stefhjako pro celodadu organohalogenovanych latek [100].

Vhodnosti vyuziti srnt jako bioindikatoét se ve své studii zabyval Holm [102].esovém
obdobi gti let (1985-1990) byly vzorkovany tk&@83 odlovenych srrig u kterych byl v jatrech,
ledvinach a mozku zjivan obsah 20 organickych a 15 anorganickych kontamti. Z vysledki
této studie vyplynulo, Ze srnec je velmi dobrymitgikatorem v ramci terestrického potravniho
fetézce, a to zé&kolika diavodi: kontrolovatelné teritorium (25-40 ha), definovapétrava,
vyborna dostupnost kazdy rok v ramci pravidelnyohtiha rovréz dobra akumulace kontaminant
v jatrech. Srnci jsou dd@b prostudovanym druhem, adaptovanym na podnebipwaozejména
jatra jsou vhodnym organem nejen vzhledem k velikasskaného vzorku, ale i pravidelné
distribuci kontaminarit v celém organu. Obsah kontaminahy! variabilni v obdobi od kina do
srpna, zatimco stabilizovana hladina kontaminamia b z&i a fijnu; optimalni ¥k jedinai by
mél byt mensi nez 18 #&sidl. Lovna z¥t byla takécasto pouzivanym bioindikaim druhem f
hodnoceni kontaminace ekosystému polychlorovanyi@inily [102].

Prikladem z posledniho obdobitige byt rozsahla studie z oblasti severozapadnilek&okde v
organech sri a jeleni z¢ie byly sledovany jak rizikové prvky [103], tak i lgohlorované
bifenyly [104]. Olovo a kadmium byly detekovany @&mwe vSech vzorkovanych organechéra
jeleni zte, picemz koncentrace kadmia byla mnohem vysSi nez dimealian pro obsah Pb v
jatrech a ledvinach byl ng.g* susiny0,055 a 0,092 u srnce, 0,067 a 0,0815" u jelena. U srnce
byl obsah kadmia v jatrech 0,7%6.g" susiny, v ledvinach 6,139 ug @ 0,422 v jatrech a 6,365
ug.g* v ledvinach u jelena. Tyto pamé vysoké hodnoty prokazaly 24tdané oblasti Cd a Pb;
souwasre dochazelo k fekrateni povolenych limit pro tyto komodity. Polychlorované bifenyly
byly stanoveny jako suma indikatorovych kong@én&CBs; doXPCB pati podle IUPAC
kongenery 28, 52, 101, 138, 153 a 180. V jatrectmisbyla XPCB, vyjadieno na tuk 30,24 +
12,35 ng d a 60,13 + 14,23 ng.g u jeleri, v plicni tkani 24,21 + 10,02 a 45,22 + 9,77 iy
srei a jeleni zéie. Kongenery PCB 138, 153 a 180 byly dominantnirjétkech, zatimco PCB
138 a 153 v plicich. V letech 2010/2011 byla vsRolprovedena podobna studie, v rdmci které
bylo analyzovano 141 vzaikiukové tkag divoce Zzijicich ziveichu, tj. 84 divokych prasat, 320
jelemi a 25 srné [105]. Metodou kapilarni plynové chromatografie byly gggany tyto POPs;
izomery HCH -, p-, andy-HCH), HCB,2DDT (p,p’-DDT; 0,p’-DDT; p,p’-DDE; p,p’-DDD) a
PCBs (Sest indikatorovych kongead?CB 28, 52, 101, 138, 153, a 180)urR&rna koncentrace
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¥DDT, vyjadeno na tukovou tkg byla v rozmezi od 0,241 mgkgdivoka prasata) az 0,032
mg.kg (jelen), PCB od 0,015 mg.Kg(divoka prasata) a 0,010 mgkdsrnec). V celkovém
mnozstvi DDT pedstavovalo p,p’-DDE 82 % a podil kongeh&®CB 153, PCB 138, PCB 180 k
celkovému mnozstvEIPCB byl 98%, gicemz vySSi hladiny sledovanych kontamiriapbchazely
ze zvtat odlovenych v gmyslovych oblastech [105]. Za obdobi, které bydgow srovnatelné s
nasimi studiemi,byly zajimavé zejména ty, které monitorovaly oblasa Slovensku, pobliz
chemické tovarny Chemko Strazske, ktera w§labv letech 1959-1984 sisi PCB pod
komeknim nazvem Delor 103 az Delor 106, Hydelor a Deifote V séru, tkanich a
parenchymatéznich orgdnech byla tgi&na kontaminace PCB u &we z modelového objektu
,Orlova“, ktery se nachazeltimo v areadlu Chemko Strazské. V roce 1988k@ovaly zjiSené
koncentrace povolené limity u baZzantoz iniciovalo monitorovangthto polutani i u predatok
drobnych Zziveichu, tj. toulavych kéek a liSek. Vysledkem této studie bylo zjist Ze &koliv
byla vyroba ukotena v roce 1984, hladinyahto polutani byly velmi vysoké; nafklad u kaky

byl stanoven obsah kongeneru PCB 138 14,7 rifg.Rjcemz v fiislugné dob hygienicky limit
pro tento kongener v potravinach byl 0,20 mg.kg baZanta byl nejvice zastoupen kongener
PCB 180 rovasz ve vysokych hodnotéach (3,39 mg#dimit pro tento kongener byl 0,15 mgkg

U zajial a divokych prasat sice hodnoty nedosahovaly takg$é jako u baZafit nicmér byly
tésné pod povolenym limitem. U srnce byly limitygkroteny pouze u jednoho kusu, zatimco u
jeleni zwte pekraieny nebyly. Cilena depistdZ pro¢ad v nésledujicim roce prokazala, Ze
koncentrace PCBs jizigkrctily povolené limity u vSech monitorovanych at ve svalovig a

v jatrech. Autdi této studie pedpokladali, Ze to mohlo byt &gobeno vysokou hladinou spodni
vody v €chto letech, kterd& mohla zilegalnich skladek vyplasledované polutanty [106].
Vysledky dalSi studie, provédé v letech 1995-2000 prokazaly, Ze jak maximélak, také
pramérné hodnoty PCBs byly nejvysSi u baZantejména to platilo pro kongener PCB 153,
ktery 142 x pekrasoval povoleny limit (jeho gmérna hodnota byla 8,53 mg.kgmaximalni
28,53 mg.kd). Také koncentrace kongeneru 28 byla relativisoka, coz mohlo byt #gobeno
sekundarni z&Fi z atmosférické depozice, protoze tento kongémem savé ponerné dohke
metabolizovan a ve tkanich sézb¢ nekumuluje [107].V podobné studii provédé v oblasti
Michaloval byla ptimérna hodnota&PCB u volné Zijici z¢ie (jeleni, srnci, divoka prasata) 103
ng.g* tuku, zatimco hodnota zji§ta u organisii z kontrolni oblasti (Stropkov) byla pouze 33,2
ng.g' tuku [108]. V8echny vySe uvedené studie vyuZidalsnou zwk jako vhodné indikatory
kontaminace ekosystému a potvrzuji tak také vhadimsé zwie pro @ely biomonitoringu
rizikovych prviki a POPs.

Drobni zemni savcipati rovnéZ mezi organismy pouzivané pr@ely monitoriz&nich studii

v rdmci terestrickych ekosystémvyuziti drobnych zemnich savgako bioindikatod predstavuje
fadu vyhod, z nichZz nejteZitéjSi je ekonomicka nenatoost pro monitoring, dale vyborna
dostupnost ved&tSim mnozstvi v porovnani s obvykle pouzivanymirmdkatory (lovna z¥ nebo
hospodé&ska zvfata). Kron¢ toho maji velmi Uzky vztah ke sledované lokaliprotoZe jejich
teritorium je mnohem mensi nez u lovn&iev Vyhodou je také délka Zivota, ktera se pohybuje
kolem 1,5 roku, coZz umaije sledovat €inky zn&isténi na vice generacich [109].

Studie, vyuzZivajici tyto organismy pro posouzenii@mmentalni kontaminace, bylyevazre
zameteny na kontaminacitkymi kovy, radionuklidy, fipadré i na organochlorové latky [110,
111]. Prace tykajici se koncentrace PCBs ve tkadiobnych zemnich safrosSak nebyly flis
casté a vesgs hodnotily koncentraci podpicinek PCBs jako sumy vippatu na kometni snesi
(Aroclor 1242,1254,1260 apod.). Srozvojem andkytihh metod a kongenerdvspecifické
analyzy byla postughpozornost zagtena na indikatorové kongenery PCBs a gpath ty, které
vykazovaly vyraznou toxicitu [112, 113]. Korelaceeznkontaminaci prostdi, potravnimi zdroji
a vyslednou z&Fi organismu potvrdil i Johnson, ktery se ve suélistprovagné prostednictvim
drobnych zemnich saficjako bioindikatof, zan&fil na posouzeni kontaminace Zivotniho
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prostedi polychlorovanymi bifenyly v okoli skladky. Pebedovani byli vybrani rejsek obecny
(Sorex araneus hraboS mokadni Microtus agrestis a mySice kovinna @podemussylvaticus).

U rejska byl v lokali& u skladky zji&n 13x vy3Si obsah PCBs neZz u mySice a 24x vyS&hobs
PCBs nez u hrabose. V kontrolni oblasti byYRRCB u rejska fiblizné 5x wtSi, v porovnani se
zbyvajicimi druhy mysi [112]JRovneZ byla provedena kongenerospecificka analyza zatrena
na indikatorové kongeneriejvyssi koncentrace byla stanovengtope tkani rejska, nasledovala
mySice a nakonec hraboSieBtoze u vSech mySi byly zastoupeny vSechny irmliGaé
kongenery, jejich zastoupeni reflektovalo nejentupai chlorace, ale rowz i potravni zdroje. U
rejska bylo zastoupeni kongetenasledujici: 153>138>>180>118>>28>101>52 a u habo
28>118>153>138>180, 52>101. Zastoupeni kongerertkanich vSeZzravé mysSice se od obou
druhi sice liSilo, avSak bylo spiSe podobné tomu, kténdo zjiS€no u hraboSe, {j.
153>138>118>180>28>52, 101. Vyznamné mezidruhowadilp v zastoupeni indikatorovych
kongenei velmi Uzce souvisi s potravou, protoze u hmyzogrh\rejski) byly detekovany spise
vySechlorované kongenery (153, 138 a 180), zatimncloerbivofi (hraboS) byly dominantni
niZzechlorované kongenery 28 a 118. Auttéto studie navrhuji rejska jako nejvhegi
bioindikatni organismus pro sledovani kontaminace peadst chlorovanymi latkami [112].
Rovrez v nasi studi[109] zantiené na zhodnoceni kontaminace lovn&e\a drobnych zemnich
sava byla aplikovana kongenerova analyza; pro sledovaak byli vybranidrobni zemni savci
Zivici se pevazr rostlinnou potravou, protoZe jsou vhegi pro sledovani kontaminace; takto je
vyloucen vliv bioakumulace prasdnictvim dalSihailanku potravnihoretézce, jak je tomu u
hmyzoZzravych. Tento vy vychazel z komplexni studie, do které bylo zapojenoje fivodni
pracovist (VFU BRNO), kdy byl ve spolupraci s odborniky ztékau ekologie krajiny AVCR

v Brn¢ proveden vybr nize uvedenych drobnych zemnich sama podklad zhodnoceni skladby
potravy a obsahu lipidve tkanich. Row¥ bylafeSena otazka velikosti $sného kompozitniho
vzorku, ktery by poskytl dostateé mnozstvi lipidického podilu pro analyzy. Préely
biomonitoringu byl vyuZit hrabo$S polniMfcrotus arvalig, coz je nejbznéjSi evropsky druh
hraboSe, protoze preferuje zelenou potravu bohaduilkoviny a na podzim a v zénprechazi na
podzemnicasti rostlin; dale nornik rudyClethrionomys glareolys ktery obyva lesni prosdi,
dolke Splha, takZze nenitipsharéni potravy odkazan jen na &bna zemi, okusuje pupeny,
vyhonky, jehlEi i karu. Na j@e se nizZe Zivit i ZivatiSnou potravou, teritorium doslpe je kolem
hlodavec, ktery se nachazi vSude mimo souvislé [gsmosty a mMize osidlovat i haldy, vysypky a
méstskou zastavbu. Jedinec obyva Uzemi o rozloze2lhaktary, Zivi se zejména semeny a plody,
potravni spektrum doplije mechy, liSejniky pap drobnymi Ziva@ichy. Poslednim zvolenym
organismem byla mySice lesgodemus flavicollis ktera ma podobné potravni navyky jako
mysSice Kovinna; na rozdil od ni vSak obyva vyhradsouvislé lesy, fipadré biehy potoki se
souvislym stromovym porostem.

Publikace B2 byla zandtena na posouzeni vyuZittkierych Ziv@isSnych bioindikatoi. Lovna
ZVet (zajici, srnci, daci, bazanti) a drobni zemni savdl.(arvalis C. glareolus A. sylvaticus, A.
flavicollis) pochézely z oblasti Starédsto u Uherského Hrad&ht to cile®, protoZze se jednalo o
oblast, kde byly dlouhodebaz do zakazu v roce 1986, pouzivany v podniku Gakqoro vyrobu
barev a lak smesi PCBc¢eskoslovenské provenience, tj. Delor 106. Drobnirdesavci byli také
odloveni v oblasti Velka Losenice naldrsku, ktera fedstavovala kontrolni nezatizenou oblast.
Tkarg lovné z¢te (jatra, ledviny, svaly) byly analyzovany jednadli zatimco u drobnych
zemnich savicvzhledem k velikosti vzorka obsahu tuku byly z individualnich vzérkmichany
vzorky kompozitni (5 kus daného druhu) a indikatorové kongenery PCBs bj$yavany pouze
v kuzi, svalovirg, travici soustava/nebo v jatrech. Obsah lipidického podilu by&tgivan u 20 ks
hraboSe polnihoM. arvalis), 20 ks nornika rudéhoC( glareolu3, 16 ks mysSice lesniA(
flavicollis) a 12 ks mysSice fovinné @A. sylvaticus Pro analyzu byly pouzity vzorky hraligs
které pro nasedely byly smluvigé odloveny v letech 1996 az 1998 odborniky z Ustekologie
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krajiny AV CR v Brrs. Uréeni gisludnosti k utitému biologickému druhu provélil rovnéz
pracovnici tohoto Ustavu. Byla provedena kongenerepecificka analyza pro stanoveni
indikatorovych kongenér(a to PCB 28, 52, 101, 118,138,153,180) podle ypastuvedeného
v Uvodni ¢asti této kapitoly. Pro dgly stanoveni ve tkanich lovné &g bylo analyzovano 25
vzorka svaloviny a jater zajic srndi a daika a 18 vzork: jater a svaloviny bazaintV rdmci této
monitorizani studie byly také analyzovany jikry ryb odlovehyee vodni nadrzi Smdavka a
mrtvé \Lely, které byly sesbirdny od mistnickelad. Z naSich vysledk tykajicich se nejen
kontaminace lovné 2¥e, ale také ryb,ifpadré vcel vyplynulo, Ze v nejnizSich koncentracich byl
zastoupen kongener PCB 101, ktery &gsto i pod detalnim limitem. Z niZzechlorovanych PCBs
byly detekovany zejména kongener 28 a 52, coz pmyado i na atmosférickou depozici v této
oblasti kontaminované v minulosti; naSe Btkorespondovala s vysledky autara Slovensku

z podobg kontaminované oblasti v okoli Chemka Strazskeé [10wWividualni a také gmeérné
koncentrace vySechlorovanych kongénd?CBs (PCB 118, 138,153 a 180) regahovaly
povolené limity pro lovnou &%, avSak mnozstvi vyskytédhto kongener ve vzorcich, zejména
PCB 138, 153 a 180, bylo alarmujici. Ré¥rv porovnani s vysledky prezentovanymi SVS pro
dané obdobi byly naSe néalezy vysSi nebrgrné celostatt uvadné udaje. Vysledky analyz u
ostatnich ZivéiSnych bioindikatol (bazant, vely, kapr) odebiranych ze stejné oblasti potvrdily
trendy v zastoupeni jednotlivych kongeindy. nizké koncentrace pro kongener 101, 1¥&emz
souvisi pravdépodobrg se sekundarni kontaminaci, ktera byla prokazovahk& u ostatnich
organisnii pouzitych pro bioindikaci. Také wdhto bioindikatol byl zjiS€n vysoky obsah
vySechlorovanych kongernempodilejicich se na sumPCBs. Pokud se &g drobnych zemnich
savdi, vysledky nepotvrdily signifikantni rozdily v koentraci jednotlivych kongenegjisttné u
organisnii z kontaminované a z kontrolni oblasti. Vzhledenmakim poznatkm vSak Ize
doporuwit drobné zemni savce jako vhodné bioindikatory pdikaci kontaminace ifslusného
ekosystému, coz potvrzuji udaje i z dalSich st{di?, 114]. ProtoZze jsme detekovali pozitivni
nalezy i v kontrolni oblasti, Ize se domnivat, ezde prav&podobré vyskytoval neznamy zdroj
kontaminace

3.4.3 Terestrické rostliny jako bioindikatory

Vyuziti rostlinnych bioindikatar pti sledovani kontaminace potravnifgtézci v terestrickych
ekosystémech indikuje, jaké kontaminanty a v jakénozstvi jsou dostupné&egdevsim vysSSim
rostlinam. Tyto rostliny jsou potravouiipadré surovinou pro potravirkédky piimysl, nebo slouZzi
jako krmivo pro hospodéka zvtata a také jsou soéasti potravniho koSe valrzijici zwte majici
vztah k dané lokakt Rostlinné bioindikatory fiteme pouzit v ramci pasivni bioindikacdj p
které se vyuziva schopnosti selektivhiho posSkoz@silinnych casti (reakni bioindikator,
sentinel), nebo kumulaceskterych latek ve vybranych rostlindch (akuntmiabioindikator). B
tomto typu sledovani se pouzivaji kulturni plodimgbo plané rostliny rostouci v zajmoveé oblasti.
V rdmci aktivni (expozini) bioindikace jsou vybrané rostliny vystavenywvutn okolniho
prostedi; ty pak reaguji akumulaci sledovanych latekifaidacni bioindikator) nebo poskozenim
(reakeni bioindikator). Obvykle se jedna o rostlingedpistované za witych, normalizovanych a
piredem danych podminek a slouzi pro indikaci emigiize. Tyto bioindikatory jsou obvykle
umig’ovany do zajmové oblasti ve standardizovanych kadtto, kde se sleduje jejich reakce. Pro
pasivni monitoring emisni zéte rostlin doporéuje Honzik [115] smetanku lékskou, jitrocel
Vetsi, bezcerny, rel¥icek obecny, kogavu cervenou, sléz kadavy a oves hluchy, tj. rostliny,
jejichz vyskyt je poCR rovnongmé rozptylen. V ramci aktivniho monitoringu jsou vyudny
kukurice seta, salat hlavkovy, Spenat setga@kvicka seta. V satasné dob je vénovana zvysSena
pozornost plynnym emisim a jejich negativnimisgbeni na zeduclské rostliny. Vyzkumny
ustav rostlinné vyroby (VURV) dopotuje jako doplgk ke stanoveni koncentrace indiké
slozky, tj. koncentrace oxiduigiitého ve vzduchu, sledovat chemismus polétavéhosakr a
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atmosférické depozice, a to v kombinaci se sledovaostlin-bioindikatoé. Pro tyto @ely byly
v ramci monitoringu VURV navrzeny smetanka l&fa Taraxacum officinale L (pasivni
akumul&ni indikator) a jilek vytrvalyLolium perene(aktivni/akumulani). Vysledky tohoto
sledovani poskytujifimé dikazy o Skodlivém vlivu imisi na zeftklskou vyrobu.

Metodika aktivniho biomonitoringu byla ro¥h pouzivana na vybranych stanovistich
Ustredniho zku$ebniho Ustavu zaigiského (UKZUZ) [116], kde byl také pouzivan jilek
mnohokwty (L. multifiorum), s nEsicnim odlErem zelené hmoty a borovi¢erna Pinus nigrg s
rocnim resp. flrocnim odkrem jednoletych jehlic. V tomto fipact byly tyto rostlinné
bioindikatory aplikovany pro monitoring imisni 2ae. Emisni z&Z je rovréz dlouhodol v CR
sledovana prostdnictvim mech. Tzv. Prvni celoevropsky &sky program zjtovani obsahu
prvka v mechu pro&hl v letech 1990/1991; v rdmci tohoto projektu bygalyzovany vzorky
mechu z 33 lokalitRleurozium schreberiktery byl odebran z78 % celkového ptiu lokalit a
(Polytrichum formosumz 12 % lokalit; stanovovany byly koncentrace Ad, Cr, Cu, Fe, Ni, Pb,
Se, VaZzn[l1l7].

Zdrojem kontaminace rostlin POPs v terestrickénmsg&t@mu se zabyvali v letech 2000 a 2001
také ve Vyzkumném CUGstavu melioraci a ochraridyp (VUMOP). Ri sledovani korelace
zvySenych obsahPOPs v rostlinach se zvySenym obsahemidaph byla zji&tna minimalni
shoda. Ani ve vysSich polohach okrdsbereckého a Kralovéhradeckého kraje nebyla praka
shoda mezi z&ki pid a rostlin POPs. Auib tohoto projektu prokazali, Ze Zzat rostlin
sledovanymi POPs byla rozhodujiciénou ovliviena v terénnich podminkach atmosférickou
depozici; také se na obsahu POPs v rostlinach windmvedeného sledovani prakticky neprojevil
transfer @da-rostlina. Vysledky ziskanénito autory jim umoznily odvodit vysokou zavislost
POPs obsazenych v rostlinach na atmosférické dep@ripadré na dalSich vstupech do rostlin
mimokarenovym pgijmem, gicemz transfer ypda-rostlina byl u sledovanych POPs méalo
vyznamny [118]. Tuto skuteost potvrdili i dalSi aui®[119].

Jak jiz bylo prezentovano, jednozn& nebyl prokazéan ifestup PCBs z tuly rostlin;
kontaminanty jsou &tSinou nasorbovany na povrchu f&nového systému a kontaminace
nadzemnichtasti vegetace PCBs souvigiegevSim s atmosférickymi imisemi; mohou se vsak
také uplatiovat reemise, a to zejmérkawjSich PCBs z fidy [118]. K podobnému zéw dosg!
také O"Connor [120], ktery provéidsklenikové pokusy na kulturnich rostlinach (sahatkev) a
na travnim porostu, kdyZz sledovalieptup PCBs z kal komunalniho odpadu, sin
kontaminovaného PCBs (52 mgRg Ani v tomto fipad se neprokazal tpstup PCBs do
nadzemnicktasti kaenovym systémem rostliny. Pouze zjistil transferkdtene mrkve, a to jen
do slupky. Tuto skutmost si Ize vysitlit vysokym podilem lipofilnich karotenoidobsazenych
v tétocasti mrkve. Bioakumulace kenovym systémem byla vSak potvrzena v polnich &tudi
provadgnych se slunmicemi a kukiici, kdy Katalkova [121] sledovalaipstup PCBs a PAHs
z kontaminované fmy do kukdice Zea mays L), slun€nice Helianthus annuys topolu
(Populus nigra a P. maximowickia vrby Salix smithiang tyto pokusy se uskutrily v oblasti
byvalé spalovny odpadu v Hradci Kralové. Vysledkgregningového vysSitni potvrdily
heterogenni kontaminacigy PCBs a PAHSs,ipiemz kontaminacetgly PCBs odpovidala Deloru
106 nebo Arocloru 1260 (koncentrace PCBsudpbyla 1,530 udkg® susiny. Vyposty
biokoncentanich faktofi potvrdily, Zze PCBs se nejvice kumulovaly vi¢woech kukiice a
slunenice, a to pedevsSim kongenery 138, 153 a 180; z vysiediplynulo, Ze hexa- a hepta-
vySechlorované kongenery PCBs se kumuluji mnohera wiez nizechlorované tri- az penta-
chlorované kongeneryRovniz dalSi provedena studie potvrdila, Z&které druhy rostlin jsou
schopny kumulovat PCBs do ilemi. Studovana byla kontaminace uiré&oové zeleniny a bylo
prokdzano, Ze tato zelenina je schopna kumulov&sP@& to v ptadi petrzel, mrkev &ervena
fepa, picemz z celkového stanoveného mnozstvi bylo ve slopoeenéepy a mrkve 75,3 a 93,6
%. Takovym zfisobem mohou Keny rekterych rostlin pedstavovat potencial pro fytoremediace
[122].
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V ramci projektu MZPCR “Hodnoceni stavu Zivotniho préstli: Monitoring cizorodych latek
v potravnichretézcich”, provadného v letech 1995 az 2000, byly pr&ely monitoringu vyuzity
rostlinné bioindikatory, a to pro sledovani POPAHB, PCBs, OCPs). Bylo sledovano 12 PAHs
(z 16 prioritnich podle US EPA nebyl posuzovan aleft, acenaften, acenaftylen a fluoren), dale 7
indikatorovych kongenérPCBs (28, 52, 101, 118, 138, 153, 180) a 6 ordadnouvych pesticid
(o-, B-, y-HCH, HCB, DDT, DDE, pipadre¢ dalSi metabolity DDT). Tento monitoring byl
provadn na 22 lokalitach; PAHs byly zjivany v zemdélskych plodinach (jablka, pSenice,
olejniny a zeli), krmivu (vo@iska), pylu, rybach, mechu, jetilia uhrnné atmosférické depozici,
zatimco PCBs a OCPs byly sledovany ve tkanicheévaljici zwie (zajic, srnec), bramborach,
pylu, rybach, mechu, jeltiia mokré atmosférické depozici [123].

Za (elem sledovani zatiZzeni potravnit#tézci a pro porovnéni kontaminace terestrickych
ekosystém prostednictvim zatze pid a rostlin jsou ves#s odebirany vzorky kulturnich rostlin,
objemovych krmiv, olejnin, pSenice a ra@mtzv. rumistni rostliny. Kulturni rostliny maji tah k
piislusnym lokalitAm a iZeme je proto vyuZzit zejména pro hodnoceni anm&isteni béznych
ekosystém, rostliny rumistni jsou naopak vice vyuzivany grodnoceni starych zéi. Jako
souwast potravy vola Zijicich zviat byly analyzovany také okusové rostliny a tragorosty.
Publikované studie se spiSe zgiavaly na hodnoceni krmnych rostlinfipadré téch, které
slouzily pro vyzivuclovéka. Studii, které by se zabyvaly rostlinnymi biak&ory ve spojeni
s volre Zijicimi organismy, bylo dosud ukgnéno jen malo.

V publikaci B3 jsou prezentovany vysledky analyz rostlinnych fuiidkatoi pro posouzeni
arovreé kontaminace ekosysténzatizenych PCBs. V@ka, obiloviny, olejniny, rumistni rostliny
byly odebirany na rekultivované skladce odpadna ilegalni skladce v oblasti, kde byly uloZeny
odpady po vyrod barev obsahujicich vySechlorovanéésmPCBs (Delor 106). Rov# byly
vzorkovany okusove rostliny, které twdnlavni sloZzku potravy lovné Zie. Bylo konstatovano, Ze
rostlinné bioindikatory jsou ip posuzovani kontaminace ekosystému analyzovange spiko
znegisténi ekosystému by vSak podle naSeho nazokly iyt vzdy z&azeny, protoze poskytuji
informace nejenom o atmosférické deposici, ale @mkédivech nedekavanych udalosti, jakymi
byly nag. povodr@ apod. V naSi studii byly v rumiStnich rostlinadkterymi byly kogiva
dvoudoma Urtica dioica), svlatec rolni Convolvulus arvensjs hemanek pravy Natricaria
chamomilla)a lebeda rozkladitéAfriplex patulg a v kulturnich rostlinach, tj. ve slutréci rocni
(Helianthus annuys vojtéSce setéNledicago sativag)iepce olejceBrassica napus pSenici seté
(Triticum aestivury) v travnim porostu a v okusovych rostlinach tgigany indikatorove
kongenery PCBs. Nejvyssi individualni hodnoty bylkulturnich rostlin kvantifikovany pro PCB
138 (vojesky 4 pg.kg susiny) a obiloviny (3 pg.kgsusiny). Ze vech plodin byly pgkud vyssi
hodnoty vSech kongenerjisteny u fepky olejky, s maximalnim obsahem PCB 28 (individua
hodnota 5 ng.kd), coZ Ize opt prisoudit spie atmosférické depozici neZ mistninpjady
kontaminace. Hodnoty nami prokadzané byly ve&sm souladu s vysledky monitorézdach
prograni organizovanych Ministerstvem Zivotniho prestiCR a Ministerstvem zedagIstvi CR.

U rumiStnich rostlin odebiranych na ilegalni skiddiyla situace pakud odlisSna, koncentrace
indikatorovych kongenér byla vysSi zejména u kongeneru PCB 138 a PCB hepvySsi
pramérna koncentrace 8,3 pgkga 7,2 pg.kg u kogivy dvoudomé); mezi jednotlivymi druhy
rostlin nebyly vyrazné rozdily. Také viipact niZechlorovanych kongenerPCB nebyly u
jednotlivych rostlinnych drulhvesngs prokazany signifikantni rozdily; PCB 28 byl deteén ve
vySSich hladinach nez PCB 52, avSak ani zde nebjyiyzné rozdily mezi hodnotami prézné
rostlinné druhy. Htomnost &chto kongener potvrdila roviéz spojitost s atmosférickou depozici.
U okusovych rostlin byly prokadzany podobné trendkoj u rumiStnich rostlin. Ve vSech
analyzovanych vzorcich byly detekovany indikatordedgenery, s vyjimkou PCB 101 a PCB
118. Ritomnost vySechlorovanych PCBs u rumistnich a okyso rostlin poukdzala na moZznou
spojitost s ilegalni skladkou odpad s moznymi reemisemidghto kongener z bodovych zdrdi.
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Kauzalita mezi zn8St¢nim pochazejicim ze starych &éta plodinami zde gstovanymi, které
jsou sodasti krmné davky a transferem PCBs do tkani hospkgéh zviat, bylaieSena v
publikaci B4. V okrese Uherské Hrad&byly ve dvou lokalitach, a to v obci Stupava, &t¢e
situovana v ochranném pasmu vodni nadrze s ekéipmi zengdélstvim a v obci Buchlovice,
kde byla provaéha intenzivni zerdélskd vyroba (n&strné strana od tovarny Colorlak, kde byla
v roce 1987 ukatena vyroba barev s obsahem Deloru 106), vzorkozamahova voda, objemné
krmivo, travni porost, Zlabové vzorky a také ¥Ska a jetel jako bioindikatory rostlinného
puvodu, které byly satasti krmné davky. Row byly odebrany vzorky mléka, jater a svaloviny
dojnic a krmnych bdki. Hodnoty koncentraci v zavlahové vodepgesahovaly ani v jedné
lokalité hodnotu 0,1 ng coZ je limit pro sumu kongenePCBs v pitné vodl RovrsZ travni
porosty nély nizké hladiny indik&torovych kongerigra to zejména v obci Stupava, kde
kongenery 52, 101, 118 byly pod limitem detekce.pkipact slozek krmné davky, odebrané v
obci Buchlovice, nebyly prokdzany vysoké hodnotyékterych matricich (pSenice, slama);
kongenery 52, 101 a 118 byly pod dei@kn limitem a byly v souladu s pa¥avymi hodnotami
uvactnymi v CR. Ve tkanich dojnic a &kt byly nejvice zastoupenymi kongenery 153, 138 a 180
a 28, a to zejména v jatrech. Pro Zlabové vzorkpjamné krmivo bylo kongenerové zastoupeni
podobné a Zzadné nélezy nebyly nadlimitni. Podobmeddy v kongenerovém zastoupeni
v analyzovanych matricich se prokazaly i v obl&itipava, ficemz ve slozkach krmné davky
byly kongenery 101 a 118 pod mezi detekcetipgut vojtesky a slamy byl pod mezi detekce i
kongener 180, u pSenice také kongenery 28 a 52ndtpdstanovené pro jednotlivé kongenery
v jednotlivych matricich v regionu Stupava byly $iiiheZ u matric odebranych v Buchlovicich.
Cilem této prace bylo roe# vypciitat tzv. ,carry over” faktor (koeficient transferktery je dan
pomérem koncentrace ve finalnim produktu ke koncentrakimivu) a posoudit, zda dochézi
k transferu xenobiotik z krmiva do tkani #ati. Tyto faktory byly vypéteny pouze pro oblast
Buchlovice pro ty kongenery, jejichz hodnoty se atggovaly blizko limitm detekce, tj. PCB
138, 153 a 180. Hodnoty koeficientu transferu ndd(@ojnice 0,2-1,0; kici 0,3-1) ve svalovitia
jatrech by¢kd a ve svaloviy, jatrech a mléce dojnic indikovaly, Ze krmivo byimlrojem
kontaminace tkani. Z prezentovanych dat lze odyodd# rostliny pedstavuji vyznamny
bioindikator nejenom z hlediska posouzeni kontagengisluSného ekosystému d&ipadnych
zdroja kontaminace, ale také pro posouzeni Uédkantaminace potravnihetzce.

3.4.4 Krev jako matrice pro indikaci zatéze persistentnimi polutanty

V poslednich letech se pro bioindikaci dopaje také vyuzivani biomarkier V podstat se
jedna o zfisob zji¥ovani specifickych/nespecifickych reakci organismaugitomna xenobiotika.
Tento zpisob indikace vychazi z principu, Ze efekty vyvolaeéobiotikem jsou iniciovany jejich
interakci s receptory v Zivém organismu. Krev jgamci monitorizanich studi velmi vhodnou
matrici, neb6 je dosazitelna jeStv pribéhu Zivota organismu. Kroénstanoveni zajmovych
analyti je vhodnou matrici i pro sledovani &modehravajicich se v organismu pasgbeni
tohoto analytu na cilové struktury prisstnictvim tzv. biomarkér G¢inku, které, jak jiz bylo
uvedeno, mohou byt pro danou latku specifické.r$igi slova smyslu je identifikace xenobiotika
nebo jeho metabolitu ¥lnich tekutindch rowZ biomarkerem, a to biomarkerem expozice.
V dnesni dob je zejména biomarkém inku vénovana znéné pozornost, protoZzegristavuji
zmeény na suborganismalni Urovni (biochemické, fyziidkg alterace), které je mozné odhalit
diive, nez dojde k zivotu ohrozujici situaci pro weiloorganismus. Na zakladtohoto
biochemického markeru Ize hodnotit nejenom expozitiotniho prosedi chemickymi
Skodlivinami, ale také provétihodnoceni zdravotnich rizik.

Krev jako transportni médium latek endogennilivgalu gredstavuje matrici, kterou jsou
transportovany i latky exogennihdvodu, tj. i xenobiotika typu PCBs. PCBs jako lipofilatky
by mely byt transportovanyigdevsim progednictvim lipoproteinoveé frakce krve. Z pokugsak
vyplynulo, Ze distribuce PCBs je mnohem komplkg&h a nevychazi z pouhé rozpustnosti
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v lipidovych komponentech frakci plazmy. Z litematwyplynulo jejich spojeni s apolipoproteiny
a plazmovymi proteiny, které byly vyznamnié fpansportu PCBs do tkani. Bifenyly substituované
halogeny nejsou vazany na specificka mista protepiedpokladad se spiSe jejich vazba na
hydrofobni mista krevnich protéimebo celularnich sloZzek krve [124]. Z vyslégiokusu, kdy
byl holubim injekén¢ aplikovan komemi pripravek Aroclor 1254 vyplynulo, Ze frakce bohaté na
lipidy (chilomikrony a VLDL) obsahovaly fiedevSim kongener PCB 153, ostatni kongenery
tohoto gipravku byly distribuovany mezi LDL a dalSi frakcbudé na lipidy, zejména albumin
[125]. Porovnani koncentraci PCB tiznych slozkach krve bylaéaovana dalSi studie, s cilem
zjistit jejich distribuci [126]. Z vysledk vyplynulo, Ze ¥tSina tri- a tetra- chlorovanych biferyl
méla VeétSi zastoupeni a vyraZivyssi hladiny v celé krvi, nez v séru (25 % z oglkk fortifikace)
nebo v plazma (40 %); vySechlorované bifenyly (hexa- az oktagkazovaly zcela opay trend.

V plazme nebo v séru bylo jejich procentudlni zastoupenzind® — 83 %. Na zakl&dtéchto
vysledki bylo odvozeno moZzné spojeni nizechlorovanych piteac¢ervenou krevnfadou.

Na pracovisti VFU Brno byla analyzovana krev prasato za Gelem zjistit, zda je mozné ji
pouzit jako vhodnou matrici pro zj&ti kontaminace organismu PCBs a posouditbgn
metabolizace jednotlivych kongeidPCBs; o detailech pojednapablikace B5. Do pokusu byla
zarazena prasata plemedeské bilé uSlechtilé o hmotnosti cca 40 kg, ktgda bstdjena v nay
vybileném vegingé. Peroralg jim byly ve 14 dennich intervalech podavany Zelaié tobolky
s obsahem Deloru 103 nebo 106 (1 md.kgl obsaZen ve vépvém sadle). Tyden po podani byla
odebirana krev, a to celkem ve 13 é&wigch. Zpracovani krve probihalo podle vySe
prezentovaného postupu. ProtoZze preanalytické pypstelmi ovliviwuji vysledky analyz, bylo
v tomto gipadt zapotebi dbat na to, abyripextrakci organickymi rozpou&Edly z krevni plazmy
nedochazelo k zékalu (precipitace bilkovin, snizejtéZnosti metody). Z vysledk ziskanych
v ramci pokusu vyplynulo, Ze ve skupimpokusnych jeding kterym byl podavan Delor 103
(prevaha niZzechlorovanych kongeheb2, 101 a 118), postupnklesala koncentracesdhto
kongeneit a zvySovala se koncentrace vySechlorovanych P@BS, (153, 180), zejména PCB
153; tento experimentéinpotvrzeny poznatek je v souladu s poznatky zditey, kde bylo
deklarovano, Ze nizechlorované kongenery se snétabwolizuji [127]. Dynamika PCBs v krevni
plaznt byla posouzena na podkiadrypoiteného porru mezi koncentraci nize- a vySe-
chlorovanymi PCBs. U jednoho pokusného jedinceatatku experimentu byl po#én 1:0,97, po
13. odRkru (26 tydri) 1:2,44, picemZz pfmérna hodnota pro pokusnou skupinu byla 1:1,38.
Hodnoty se pohybovaly na Grovni mgkgZatimco koncentrace kongeneru 52 a 101 klesala, u
PCB 153 stoupala. Nlekané vysledky byly ziskany u kontrolni skupinyekddvou jeding byly
také koncentrace nad mezi detekce (gji§thodnoty se pohybovaly na Grovni ugka@ proto
mohl byt rovigZz vypaiten ponér mezi nize- a vySechlorovanymi kongenery. Priovgrny obsah
indikatorovych kongen@&rPCBs v krevni plazénhbyl za celé sledované obdobi vypen podil, a
to 1:3,19; tento podil, stgjnjako pozitivni hodnoty obsahu PCBs, indikovaly ezri zdroj
kontaminace. Z vysledkje Zejmé, Ze lokalita byla zatiZzena Delorem 106 z toy&Colorlak,
ktery se nachazel v blizkosti JZD BorSice u Buchdpve kterém pokus probihal. Vyznamnym
zdrojem niize byt také stajovy prach [128]fipadre krmivo, jak jiz bylo prokazano i v naSich
studiich publikace B3 aB4). U pokusné skupiny, které byl aplikovan Delor 16¢l pornr nize-
chlorovanych PCBs ku vySechlorovanym PCBs, ktery \pgpocten na zéklagl pramérnych
hodnot 1:4,69 (13 tyden). V tomtdipact rovréz prevaZzovaly vySechlorované kongenery PCBs,
coZ bylo roviZ potvrzeno dynamikou vyskytu kongetétCBs v krevni plaz) ktera v pébéhu
13 odlgra vykazovala narst koncentrace kongeneru 138 a 153. NejnizSi hgdmgdy prokazany
u kongenek 52 a 118, coz fpdstavovalo hlavni rozdil od pokusné skupiny, kigyEpodavan
Delor 103. Na podklad ziskanych vysledk je mozZné konstatovat, Ze nebyla jednémia
potvrzena moznost odhadu kontaminace tkani na dékidéormaci ziskanych analyzou krve. Pro
objektivni odvozeni vztahu mezi hodnotami obsahuB$CjiS€nymi v krvi a ve tkanich
hospodéskych zviat by bylo zapdtbi odebirat vigdem stanovenycliasovych intervalech
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nejenom krev, ale také biopticky tuk, a to §e&a Zivota zviete a takto ziskat p@bna data pro
jednozné&né stanoveni korelace mezi obsahem PCBs v krvi tkdich hospodakych zviat.
Hladiny PCBs a jinych persistentnich lipofilnichrkaminand v Zivotnim prostedi byly nulové
v ¢ase 0, tj. ped obdobim, kdy zaly byt vyralgny a pouzivany. Na podkladanalyzy krve je
proto mozné uiit, zda organismusif@el do kontaktu s kontaminanty typu PCBs w#Sim
rozsahu, nez odpovida pdzavym hodnotam. Nelze sicedit; jak dlouho a v jakém rozsahu tato
expozice probihala, avSak z kongenerového zastojgmemozné posoudit, jaka kornder snes se
na této kontaminaci mohla dominaéioodilet.
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4 ZAVER

PredloZena habiliteni prace pedstavuje odborné aktivity uch&kg v oblasti zhodnoceni
vyuziti organismi pro posuzovani z&te Zivotniho progedi zneistujicimi latkami
antropogennihotvodu. V SirSim slova smyslu bylo toto odborné #gmi spojeno s vyuzivanim
principi ekotoxikologie, coz je relatignmlady, ale rychle se rozvijejici obor,cemz s¥dci i
pocty publikaci z této oblasti. Ekotoxikologie je radmv sowasnosti neopominutelnyeni obor,
coz vyplyva i z legislativy, kter4 vyZaduje ekotkadiogické posouzeni pro kazdou wov
zava@dnou chemickou latku aftipravek. Studovani vzajemnych vzlata zakonitosti mezi
toxickymi latkami a Zivymi organismy je zahrnuto ¢t®casti ekotoxikologie, ktera se zabyva
bioindikaci. Na pracovisti VFU Brno byly vyuzZivaryioindikatory rostlinného a Ziwisného
ptuvodu a principy bioindikace jako jedna z metod rmmbni expozice kontaminanty. Do této
skupiny metod pé&i rovrez analyzy organisiy tzv. bioakumulatar, které jsou schopny ve svych
tk&nich specificky kumulovat sledované polutanty.

Od konce 80. let 20. stoleti byly systematicky nmmaivanymi polutanty polychlorované
bifenyly, které byly pedmétem sledovani mnoha studii. R&nmoje byvalé pracovi§tbylo v
této oblasti aktivni, a to diky vazbdm na probitiahonitoring potravnicltettzci a rovréz na
JZD Borsice u Buchlovic, které i do oblasti Stareho Esta u Uherského Hrad&tkde se
nachazela tovarna Colorlak, ve které byly vyrab barvy s pouzitim Deloru 106; pravato
tovarna pedstavovala bodovy zdroj kontaminaémito persistentnimi organickymi polutanty. V
nasich pracich jsme prokazali vyznam vyuziti akwanich bioindikato#i pro odhad kontaminace
prislusného ekosystému a gaart i k odhaleni pisluSnych zdrdj kontaminace.

Vyuziti bioindikatnich organisrm v testech ekotoxicity jako sééisti metod hodnocentinku,
bylo predmétem aktivit spojenych se stavajicim pracasn$tuchazeky, a to FCH VUT v Bra.
Pro hodnoceni vybranych skupin polutabyly vyuzivany testy ekotoxicity na Urovni orgamis
PrestoZe v této oblasti postupuje vyvoj@em k hodnocenidinku polutand i na suborganismalni
arovni, tj. prostednictvim biomarker Gcinku, zistavaji klasické standardni testy ekotoxicity
dilezitym nastrojem pro odhad chovani &inla latek v terestrickych a akvatickych
ekosystémech. Vyuzivani pkauwéchto standardnich téstpro hodnoceni chemickych latek,
ekotoxicity odpad, pripadré ekotoxicity sedimerit a jinych matric vnaSenych do ekosystému, je
zakotveno v legislativhnejenCeské republiky, ale také Evropské unie a dalSichizkteré se
aktivni ochranou Zivotniho prdastdi zabyvaiji.
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1. Introduction

The term “new” environmental pollutant covers all anthropogenic contaminants that have
been released in the environment over the last few decades. Research into their fate and
impact on the environment has started relatively recently. The group of new environmental
pollutants consists of persistent organic pollutants (POPs) including DDT, polychlorinated
biphenyls, polycyclic aromatic hydrocarbons and a wide range of organic pesticides. This
group has recently been expanded with polybrominated flame retardants, drugs, detergents,
and personal hygiene products. Chemicals, used everyday in homes, industry and
agriculture, can enter the environment in wastewater. According to the United Nations
Organization 884 million people do not have access to safe drinking water, and over 2.6
billion people do not have access to proper sanitation systems. On July 28, 2010, the UN
General Assembly passed a resolution supporting water as a human right and urging
governments and international organizations to address this important human right.

Interest in the presence of pharmaceuticals, personal care products, and endocrine
disruptors in the environment has increased significantly over the last decade.
Pharmaceuticals and synthetic musk compounds in personal care products (PPCPs), are
groups of organic micropollutants which are routinely detected in surface water, ground
water and even in drinking water (McClellan and Halde, 2010). Hundreds of tons of these
compounds are dispensed in communities every year. PPCPs are regarded as being
potentially hazardous compounds as some are ubiquitous, persistent and biologically active
compounds with recognised endocrine disruption functions (Kasprzyk-Hordern et. al.,
2002). Many pharmaceuticals, upon administration, are degraded in the body and may even
become inactive, but others, often those applied externally, excreted or not absorbed fully,
can leave the body in their active forms. (Roberts &Thomas, 2006). The others only slightly
transformed or even unchanged often conjugated to endogenous substrate (e.g. glucuronic
acid, sulfuric acid, acetic acid to polar molecules. (Roberts and Thomas, 2006). These
conjugates are easily cleaved during sewage treatment and, thus, several pharmaceutically
active compounds (PhACs) are discharged almost unchanged from municipal sewage
treatment plants (STPs) into the receiving waters (Heberer, 2002). The wide range of trace
chemical contaminants persisting in municipal wastewater after conventional treatment
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includes inorganic compounds, heavy metals, persistent organic pollutants like endocrine
disrupting compounds, pharmaceutically active compounds; personal care products
(PPCPs), disinfection by-products and many other complex compounds persist through the
waste water treatment process. As a result, terrestrial and aquatic organisms can be exposed
to these compounds when treatment by-products are subsequently reintroduced into the
broader environment. Exposure can be associated with effluents from waste water treatment
plants (WWTPs) leach from landfills, and runoff or leach from land that has received
applications of reclaimed waters and/or biosolids. Thus, a number of PPCPs are widely
detected in water resources throughout the world (Edwards et al., 2009; Lapen et al., 2008;
Fatta-Kassinos et al., 2010). From reasons mentioned above is very important to monitor
large spectra of chemicals not only in biosolids, which represents inevitable by-products of
WWTPs, but in reclaimed water from municipal wastewater treatment. Waste water
treatments produces large amount of sewage sludges/biosolids. Part of them is after
treatment process used as fertilizer (Jones-Lepp & Stevens, 2006). The Sewage Sludge
Directive 86/278/EEC seeks to encourage the use of sewage sludge in agriculture and to
regulate its use in such a way as to prevent harmful effects on soil, vegetation, animals and
man. On the other hand sludge could be posing a risk for environment they tends to
concentrate heavy metals and organic but its, however, rich in nutrients such as nitrogen
and phosphorous and contains valuable organic matter. Directive 86/278/EEC sets limit
values for seven heavy metals, for some congeners of PCBs and AOX (Absorbable organic
halides) other organic compounds and ecotoxicity tests arent required The European
Commission is currently assessing whether the current Directive should be reviewed - and
if so, the extent of this review (Council directive, 1986).

In the 1980” and 90°the focus on the analysis of sewage sludge meanly deal with pathogens,
inorganic (metals), polynuclear aromatic hydrocarbons (PAHs), polychlorinated biphenyls
(PCBs) and polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) (Alcock et al.;
1996 Eljarrat et al., 2001). In 21TH century analysis of these matrices is not target only for
selected traditional analytes but new xenobiotics as pharmaceuticals and musk compounds
in sewage sludge are reported (Herren & Berset 2000; Zorita et al., 2009; McClellan & Halde,
2010). Ecotoxicological evaluation of sewage sludge as integral part of environmental
analysis started to appear in this century sparsely (Park et al. 2005, Domene et al., 2008).
Chemicals analysis is integral part of water quality evaluation but to predict effect of this
water or used sewage sludge on environment is necessary to use some other possibilities.
Useful toll for this could be biotests. Global evaluation of wastewaters should include
ecotoxicological tests to complete the chemical characterization. The integrated assessment
of biological effects of wastewater discharges in the ecosystems is relevant and ecotoxicity
tests are referred as extremely useful tools for the identification of environmental impacts
(Mendonca et al., 2009).

1.1 Pharmaceuticals

Pharmaceuticals are biologically active substances. It is documented that drug production
and consumption are increasing worldwide, both in human and veterinary medicine. The
consequence of this trend is the increased input of these substances into the environment,
where they can exist in their original or metabolized form and can have significant impacts on
natural ecosystems (Halling-Sorensen, 1998). The hazardous source of pharmaceuticals
represents agriculture, predominantly livestock production. Growth stimulants and
antibiotics used as prophylaxis drugs entered ecosystem in faeces and urine as fertiliser
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without possibilities degradation on less active metabolites in WWTP (Koschorreck et al.,
2002). Biodegradation in digestive system of animals it is possible, but not for all substance.
In study (Halling-Sorensen et al., 1998; Hirsch et al., 1999) was demonstrate, that 30-90 %
doses of antibiotics enter he environment in origin form. At the end Pharmaceuticals are
specially target on elimination of pathogenic organisms, in this case they could decrease
number of microorganisms in WWTP and affect treatment process of water treatment.
Antibiotics were recently classified as a priority risk group due to their high toxicity to algae
and bacteria at low concentrations and their potential to cause resistance amongst natural
bacterial populations Hence, antibiotics in surface water have the potential to disrupt key
bacterial cycles/processes critical to aquatic ecology (nitrification/denitrification) or
agriculture (soil fertility) and animal production (rudimentary processes) (Watkinson et al.,
2007; Watkinson et al. , 2009).

Dézlgifsrrﬁ‘c Ib‘slgs‘i’fé‘len Ampicillin Penicillin G
CAS 15307-79-6 31121-93-4 69-53-4 61-33-6
White or slightly
Cy:;l:t):vuli;}; Whl;foi?ésgjume White powder, White powder.
powr gy Spary - SIS Sl vt
Physical state hygroscopic soluble in water, égluble Pi)n ' alcohol. various
Sparingly soluble freely soluble in . o
in water, freely acetone, water, 1nsolu.ble oils on Sl
soluble in methanol, ether. in alcohol, oils. paraffin’s.
methanol.
Molecular
weight 318.13 228.26 371.39 334.39
(g/mol)
Meltl({}?:)p omt 278-279 75-78 324.85 243.10
B(f,’glﬁ ggjgt 412.00 157.00 622.61 565.30
Water
solubility 50.00 57,90 439.30 210.40
(mg 1) at 25°C
Henry’s Law
Constant 5.29.10 1.23.10-6 2.97.10-1 1.88.10-13
(atm.m3.mol?)
Log Kow 1.56 ~1.00 1.45 1.83
Log Koc 2.92 2.59 2.73 2.63

Table 1. Physico-chemical characteristics of pharmaceuticals
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0
Diclofenac Ibuprofen
NH,
NH H
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o
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~—0H ':\
O/ g / OH
Penicilin G Ampicillin

Fig. 1. Structural formulae of selected pharmaceuticals

Since pharmaceuticals are designed with the intention of performing a biological effect, this
concept may be very important for these specific substances in terms of fate and effects
toward non target organisms in the environment, even at low concentrations. The food
chain of some organisms is affected and pathogenic organisms can develop their resistance
against these substances. Another important problem is presented by the negative impact on
bacterial microflora in biological cleaning processes. Pharmaceuticals are classified as the so-
called "microcontaminants", which have been causing significant concern within the
environmental area during past years. (Beausse 2004; Gémez et al. ,2006)

The most pharmaceuticlas are not completely removed in the wastewater treatment plant
(Beausse, 2004; Gémez et al., 2006; Ramirez et al., 2007). They are partially eliminated by
sorption to wastewater sludge or by biodegradadion. The elimination level differs in
dependence on the substance type and process conditions. The elimination of antibiotics
from the wastewater treatment plants can be also affected by sludge age. Non-steroidal anti-
inflammatory drugs (NSAIDs) with analgesic, antipyretic and anti-inflammatory effects
such as diclofenac, ibuprophen and ketoprofen are one of the most widely used. It also
belongs to the most frequently detected pharmaceuticals in the water-cycle in Europe.
Antibiotics are the important group of the drugs affecting the environment. They are
classified as biological, semisynthetic or synthetic substances. They are characterized by
their selective toxicity against bacteria and they can be used to treat various infections. More
than one hundred antibiotics are presently used. The primary classification of antibiotics is
based on their effects and differentiates them on bactericidal and bacteriostatic. (Yang &
Carlson, 2003; Kay et al., 2005).

1.2 Musk compounds
Synthetic aromatic substances or musk compounds (“white musk”) are lipophilic
contaminants, with the ability to accumulate in the components of the environment. They
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belong to the group of priority persistent pollutants and may occur in the components of the
environment and human tissue. Since they have potential carcinogenic properties, efforts
are currently being made to limit or ban their use in many regions worldwide.

Generally, synthetic aromatic substances or musk compounds can be divided into 4 groups:
linear musk compounds, macrocyclic musk compounds, polycyclic musk compounds and
nitro musk compounds. The last two groups are used most frequently as fragrances in
personal hygiene products (perfumes, cosmetics, soaps, and shampoo), cleaning and
disinfection products, industrial cleaning products, air fresheners, etc.

Synthetic aromatic substances were launched on the market in the early 20th century. The
volume of their production has significantly increased over the last 50 years (Luckenbach &
Epel, 2005). Galaxolide (HHCB) and Tonalide (AHTN) are examples of the most important
musk compounds from the group of polycyclic compounds. Musk xylene, musk ketone and
musk ambrette are well-known nitro musk compounds. The production of nitro musk
compounds (i.e. compounds containing one or more nitro groups in a molecule) that are
generally included in a group of substances posing a risk to the environment has decreased
over the last years. By contrast, the production of polycyclic synthetic aromatic substances
that are less toxic has increased and these substances are used in an abundant manner as
additives in many products such as soaps, shampoos, deodorants, body lotions, perfumes,
cleaning and disinfecting agents, air fresheners, industrial cleaning agents, etc. Unlike nitro

Tonalide Galaxolide
(AHTN, (HHCB, Musk ketone Musk xylene
Fixolide) Abbalide)
CAS 1506-02-1 1222-05-5 81-14-1 81-15-2
. Soluble in Soluble m
Soluble in . . alcohol, oils,
. Viscous liquid, alcohol,
. alcohol, oils, . : pale yellow
Physical state . . No colour and various oils, .
white solid R crystals or fine
stabile liquid pale yellow .
crystal crystalline
crystals
powder
Molecular
weight 258.41 258.39 294.27 297.27
(/mol)
Meltl({}?:)p oot 104.26 104.26 241.07 245,65
Boiling point
(°C) at 25°C 325.92 325.92 560.94 570.75
Water
solubility (mg 0.24 0.21 0.46 0.15
1) at 25°C
Henry’s Law
Constant 22810+ 25710+ 133109 3151017
(atm.m3.mol-
D
Log Kow 5.70 5.90 4.30 4.90
Log Koc 3.72 3.72 3.58 3.58

Table 2. Physico-chemical characteristics of musk compounds
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Fig. 2. Structural formulae of selected musk compounds

musk compounds, polycyclic musk compounds are more resistant against light and bases,
and bind to fabrics quite easily. They are therefore used in cosmetic products and detergents
more frequently. Logically, the reduced production of nitro musk compounds resulted in
the increased production of polycyclic substances.

Synthetic aromatic substances are lipophilic, persistent organic compounds that show
bioaccumulation abilities in the aquatic ecosystem. They were detected in the samples of air
and dust collected in self-contained premises (Regueiro et al., 2009). A number of studies
revealed the presence of musk compounds in the tissues of aquatic animals and also in
human tissues. Musk compounds were also detected in fat tissue, human milk and blood
plasma (Lignell et al., 2008).

The recent studies provided the presence of musk compounds in abiotic and biotic matrices.
After their application the AHTN and HHCB are generally transported to wastewater
treatment plants via industrial and municipal wastewaters (Fromme et al. 2001; Valdersnes et
al. 2006, Wombacher et al. 2009). The various concentrations of the polycyclic musks have been
determined in sewage treatment plants (on influent and effluent), surface waters, sediment in
varies region of Europe and their concentration in aquatic ecosystems is highly depended on
the distance from wastewater treatment plants. These toxic compounds are now widely found
in variety of biota in the many regions in the world and its typical organism (Tanabe 2005;
Nakata et al. 2007). The potential impact of polycyclic musk compounds were studied in
relation to biodegradation, bioconcentration, determination of their concentrations in
environmental matrixes (Bester 2009; Onesios et al. 2009; Lee et al. 2010; Sumner et al. 2010).
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2. Environmental analysis

The analysis of organic pollutants and the preparation of other samples required for the
analysis start with the concentration of an analytes which can be achieved by using different
methods, for example by liquid-liquid extraction, solid phase extraction, purge & trap,
headspace or other techniques that may be time demanding and require sophisticated
instruments and organic solvents.
The solid-phase microextraction method (SPME) is a simple and efficient sorption-
desorption technique allowing the analytes to be concentrated. It is based on the exposure of
a small amount of sorbent (extraction phase) to an excess of a sample. The goal of most
SPME procedures used for sample preparation prior to analysis is to obtain a particular
analytes in a sufficient detectable amount without any unwanted admixtures. In the case of
SPME, analytes bind to a fibre until the steady state is reached. The SPME method is used in
both qualitative and quantitative analysis. The accuracy and precision of the results is
affected by a number of factors. The SPME method provides linear calibration dependence
in a wide range of concentrations. The proper choice of fibre will ensure reproducible results
even at low levels of analytes.
SPE is typically performed manually, but there are some significant disadvantages with this
approach (Fatta et al., 2007):
- manual (off-line) SPE is time-consuming as well as labor-intensive and costly, which
compromises productivity;
- exposure to hazardous or infectious matrices (such as sewage) involves safety issues;
and,
- the recovery of the analytes can vary from batch to batch, causing reproducibility
problems.
- direct injection of untreated samples;
- automatic sample clean-up and/or analyte enrichment;
- elimination of conventional manual sample pretreatment
- steps;
- faster procedures;
- methods are less prone to errors, resulting in Berger reproducibility;
- reduction of health risks; and,
samples can be run unattended (e.g., overnight or over the weekend).
The methods of high performance liquid chromatography (HPLC) with diode-array
detection (DAD) or mass detector (MS) are also the widely utilizing analytical method
(HPLC-DAD, HPLC-MS) for determination of pharmaceuticals and musk compounds. The
method gas chromatography with mass detector (GC-MS) or gas chromatography with
atomic emission detector (GC-AED) detect compound with excellent sensitivity.

2.1 Sampling area

The first one is large-scale wastewater treatment plant of the City of Brno (catchment region
for a population of 500,000 people). There is municipal waste water treated. This facility was
launched in 1961 as classic two-stage plant with anaerobic sludge stabilization. In the period
between 2001 - 2003 the overall reconstruction and extension of the WWTP was realized
with the main objective to meet the treated wastewater effluent limits set by Czech and
European standards and regulations, and to ensure sufficient capacity of the facility to
accommodate the growing demand of the city of Brno with almost 500 thousand of
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inhabitants and several industrial facilities, but also of increasing number of the
surrounding agglomerations successively connecting to the Brno sewerage system.
Nowadays, the technology in WWTP Brno-Modfice corresponds to the EU parameters. The
second WWTP collects waste water from laboratories and from research workplaces is there
collected. The municipal WWTP uses technology of anaerobic stabilization of sewage
sludges. This closing step is included to minimalize decomposition of residual organic
material and mainly to eliminate pathogenic organisms. Three previous steps of water
treatment include mechanical removing of settled elements, chemical treatment -
defosfatation and denitrification in anaerobic tank. Follow biological treatment in activated
tank, under oxygen conditions. Secondary settlement tank is final tank where is activated
sewage sludge settled and separated out from treated water. The technology of small local
WWTP located on the grounds of the University of Veterinary and Pharmaceutical Sciences
in Brno involves aeration in activated tank, followed with separation of activated sewage
sludges. Water is sanitized with chlorine and sewage sludges are thermic stabilised (125
°C/3bmin). Then water enters to communal sewerage system. The amber glass sample
bottles were used for this collection. The samples were processed immediately or stored in a
refrigerator till the following day. If necessary, the samples were filtered to remove rough
impurities.

WWTP Brno-Modf¥ice WWTP at Veterinary and Pharmaceutical
University Brno

Fig. 3. The sampling localities

Wastewater samples have been collected from the two wastewater treatment plant -
municipal WWTP Brno-Modfice and WWTP at Veterinary and Pharmaceutical University
Brno in one-day intervals and from in seven-days intervals. The sampling of waste water
and sludge for experiments were from the WWTP inlet, outlet and lagoon (pond) from
reason of comparing.

2.2 The analysis of pharmaceuticals

The application of advanced measurement technologies (e.g., gas chromatography with
mass spectrometry (GC-MS) and GC with tandem MS (GC-MS2) or liquid chromatography
with MS (LC-MS) and LC with tandem MS (LC-MS2)) to environmental analysis has
allowed the determination of a broader range of compounds, including pharmaceuticals,
and has therefore permitted more comprehensive assessment of environmental
contaminants. LC-MS2 is becoming more commonly used in pharmaceuticals analysis
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because of its high sensitivity and its ability to confirm compounds (as compared with
conventional LC with ultraviolet (UV) or fluorimetric detection). LC-MS2 allows separation
and detection of compounds having the same molecular mass but different product ions,
even if they co-elute. MS2 detection is therefore preferred for increased analytical sensitivity
and selectivity in complex matrices, such as wastewaters. (Kot-Wasik et al., 2007).

GC-MS or GC-MS’

after derivatization

4 Aspirin
GC-MS or GC-MS Etofibrate
without derivatization Etofyllinclofibrat
Aspinin Flurbiprofen
Codeine Ketoprofen
Cyclophosphamide Nadolol
Galaxolide / Tolfenamic acid
Pentoxyfylline

Tonalide
Triclosan

Bezafibrate

Clofibrate Propranolol
Diclofenac Propyphenazone
Fenofibrate Roxithromycin

Fenoprofen Salbutamol
Gemfibrozil Sulfamethoxazole

Indomethacine
lopromide
T Mefenamic acid
LC-MS or LCMS® Metopralol
7t -Ethinylestradiol Naproxen
17p -Estradiol i S
Acetyl-sulfamethoxazole  Doxycycline Oleandomycin Sulfamethazine
Amidotrizoic acid Estrone Simvastatin Sulfapyridine
Aminopyrine Hydrochlorothiazide  Sotalol Sulfasalazine |
Amoxycillin lopamidol Omeprazole Sullathiazine
Anhydro-erythromycin Lofepramine Oacillin Tamoxifen |
Atenolol Metronidazole Oxytetracycline  Terbutaline
k Betaxolol Ofloxacin Penicillin G Tetracycline |
Bisoprolol Enalapril Penicillin V Tilmicosin
Chloramphenicol Furazolidone Pindolol Trimethoprim /
Chionetracyline liosfamide Piroxicam Tylosin
Ciprofloxacin Ketorolac Ranitidine Virginiamycin
Clarithromycin Methicillin Ronidazole
Clenbuterol Nafcillin Spiramycin
Clonacillin Erythromycin Sulfacetamide
Cyclophosphamide Furosemide Sulfadiazine
Dapsone lomeprol Sulfadimethoxine
Demethyl diazepam Lincomycin Sulfadimidine
Dextropropox yphene Methotrexate Sulfaguanidine

Dicloxacillin Norfloxacin

Fig. 4. Analytical methods applied for the most common pharmaceuticals in water and
wastewater (Fatta et al.,2007)
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Solid phase extraction (SPE) was employed as the separation method for isolation of given
pharmaceuticals and high performance liquid chromatography (HPLC) with diode-array
detection was used for their determination. The optimised and validation method was used
to model samples of water. Obtained results were evaluated and their interpretation was
done.

Several different columns were tested for diclofenac (Nonsteroidal anti-inflammatory
substances - NSAIDs). Oasis HLB is column with hydrophilic-lipophilic balance. It includes
copolymer divinylbenzen/N-vinylpyrrolidin. Often they are used for solid phase extraction
of pharmaceuticals.

Sorbent with polymerization bonded oktadecyl phase is in ENVI-18. These columns are
employed especially for environment. LC SAX was last tried column. It is ion exchanger
column with polymerization bonded quaternary amine.

From the Table 3 it is implied, that the respective procedure for SPE is acceptable for
diclofenac when using Oasis HLB and ENVI-18 cartridges. The Oasis HLB column was
selected as the suitable one, due to highest yields of diclofenac from the cartridges tested. To
find the optimal procedure SPE for both drugs, other SPE courses were tested on Oasis HLB
columns.

Original diclofenac Final concentration of Diclofenac
SPE concentration diclofenac recovery
(mg/ml) (mg/ml) %
Oasis HLB 0.0150 0.0042 28.04
ENVI-18 0.0150 0.0036 24.23
LC-SAX 0.0150 2.37.10° 0.16

Table 3. Recovery on SPE columns HLB when testing various procedures

The pharmaceutical Diclofenac and Ibuprofene were determined at inflow and outflow of
WWTP Brno-Modfice. The determined concentration of ibuprophene at inflow was 1018.14
ng/1 and at outflow 195.97 ng/1. The efficiency of water treatment process for Ibuprofene
was 80%. The aim of this work was to develop both a suitable analytic method for analytes
isolation from a given matrix and an optimal technique for identification and determination
of analgetics residues in waters. Solid phase extraction (SPE) was employed as the
separation method for isolation of given pharmaceuticals and high performance liquid
chromatography (HPLC) with diode-array detection was used for their determination. The
optimized method was used to model samples of water. Obtained results were evaluated
and their interpretation was done

The aim of this work was to develop both a suitable analytic method for analytes isolation
from a given matrix and an optimal technique for identification and determination of
analgetics residues in waters. Solid phase extraction (SPE) was employed as the separation
method for isolation of given pharmaceuticals and high performance liquid
chromatography (HPLC) with diode-array detection was used for their determination. The
optimized method was used to model samples of water. Obtained results were evaluated
and their interpretation was done.
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Analytes N | 1 | 2 | 3 | 4 | 5
Inflow
1 NQ NQ NQ NQ NQ
12 1363.16 84.40 1874.95 2511.63 1970.58
I3 1669.12 <LOD 2139.03 2439.98 2148.06
Diclofenac Outflow
01 NQ NQ NQ NQ NQ
02 5.69 NQ NQ NQ NQ
O3 9.29 NQ NQ NQ NQ
Inflow
11 NQ NQ 503.78 2229.30 1170.20
12 NQ NQ 272.50 1164.81 188.08
I3 NQ NQ 1271.06 193.30 432.21
Ibuprophene Outflow
o1 NQ NQ 222.70 212.41 69.29
02 NQ NQ 275.19 181.85 153.38
O3 NQ NQ 155.22 124.58 369.10

Table 4. The determined concentration of selected pharmaceuticals in waste water on inflow
of WWTP Brno-Modfice (ng/1, n=10)

2.3 The analysis of musk compounds

In view of the physicochemical properties of musk compounds , most common analytical
methods include separation by gas chromatography (GC) followed by online mass
spectrometry (MS) Gas chromatography shows lowdetection limits, high selec tivity and
sensitivity for determination of musk compounds.

Developments in the determination of synthetic musk fragrances in environmental matrices
have been widely reviewed by A.M. Peck, 2006.

Traditional and worldwide used musk compounds Galaxolide®, Tonalide®, Musk xylene
and Musk ketone were analysed. Samples were taken from the in influent, effluent and
small pond in the WWTP Brno-Modfice municipal waste water treatment plant. Musk
xylene was surprisingly found as the dominating compound, followed by Galaxolide,
Tonalide and Musk ketone.

Head-space SPME with PDMS/DVB 65-um fibre was used for the isolation of musk
compounds from real waste water samples. Then the SPME was removed and sorbed
compounds were immediately desorbed in the injector of GC/MS system. Mass
spectrometer was operated in SIM mode list of target ions and qualifiers for traditional
musks shows Table 1, those for Czech fragrances presents Table 2. External standard
method and standard addition method were utilized for quantization; recovery of the whole
analytical process was controlled by deuterated standards (Musk xylene D15, Tonalide D3).
During optimization, several real samples were also measured. It was found that the sample
matrix had a significant negative effect on the determination of all analytes before
ultrafiltration. HHCB and AHTN could only be detected in undiluted sample; however,
after the standard addition, their response in the undiluted sample decreased. It was
therefore decided to dilute samples at a ratio of 1:5 while maintaining the total volume of
14 ml. Distilled water was used for dilution. At this dilution and submersion, AMB and MK
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behaved as expected, showing the increasing response to the standard addition. In this case,
it was decided to increase the dilution ratio to 1:10 and switch to the headspace. Thanks to
the high concentrations of HHCB and AHTN in the undiluted sample, it was possible to
employ greater dilution for the assay of HHCB and AHTN in the real sample.

Samples after ultrafiltration were not as difficult to analyse as samples before ultrafiltration.

Galaxolid Tonalid Musk ketone
Sample (HHCB) (AHTN) (MK)
Inflow Outflow Inflow Outflow Inflow Outflow
(ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)
1 187.7 0.66 24.64 0.179 2.28 0.082
2 575.1 NQ 141.40 0.220 0.74 0.010
3 54.1 1.84 33.32 0.695 2.56 0.020
4 213.3 0.56 33.69 0.231 ND ND
5 31.1 0.55 12.80 0.811 ND ND
6 210.8 1.74 15.86 0.736 ND ND
7 86.7 0.67 5.19 0.172 ND NQ
8 50.1 0.50 10.62 0.156 ND ND
9 772.0 0.57 57.56 0.145 ND NQ
10 77.6 0.52 12.31 0.151 ND NQ
Mean 225.9 0.85 34.74 0.350 1.860 0.037

Table 5. The levels of analytes detected in samples,
(inflow = before ultrafiltration, outflow = after ultrafiltration (n=10))

As seen in Table 5 the highest levels were observed for HHCB in samples before
ultrafiltration where the maximum level was 772.0 ng/ml whereas the lowest level was
31.1ng/ml. The levels in samples collected at the outflow were low. Maximum
concentrations were observed in samples before ultrafiltration where the maximum
estimated concentration was 141.40 ng/ml. The minimum concentration in samples before
ultrafiltration was 5.19 ng/ml. The levels of AHTN in samples after ultrafiltration varied in
arange of 0.811-0.145 ng/ml.

Musk ketone (MK) was found in the inflow only during first three days of analysis. Its
respective levels varied in a range of 0.74-2.062 ng/ml. The performance of elimination of
three monitored analytes reached 99%. The performance for HHCB varied in a range of
96.60-99.93%, for AHTN in a range of 93.66-99.84%, and for MK in a range of 96.43-99.23%.
The flow of wastewater in the ultrafiltration step varied in a range of 160-300 1/h. The
facility is operated 10 hrs a day on working days. The annual balance is based on 253 days.
The mean flow of wastewater through the ultrafiltration step is approximately 230 1/h. The
discharge into the municipal sewer system is important, i.e. water that flows to the
wastewater treatment plant. For better clarity, the amounts of analytes that enter the
ultrafiltration step are also provided. All values are recalculated to the mean flow of 230 1/h.
Musk compounds are widely used as fragrances in cosmetic industry and its related fields.
Due to their massive use over the last few decades, they are currently being detected in the
majority of components of the environment. The first step to assay musk substances is to
optimize the procedures of the isolation, identification, and quantification of individual
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Compound concentration (ng.1")
N Galaxolide Tonalide Musk xylene Musk ketone
(HHCB) (AHTN) (MX) (MK)

Inflow | Outflow | Pond | Inflow | Outflow | Pond | Inflow | Outflow | Pond | Inflow | Outflow | Pond
1] 921 530 71 262 80 37 1223 955 972 56 47 71
2| 9% 504 107 | 248 120 47 961 697 592 57 33 34
3| 762 646 111 | 194 180 56 | 1019 688 543 60 54 34
4| 739 528 101 | 192 132 56 | 1100 558 417 56 49 49
5| 880 858 149 217 170 66 1135 1491 686 58 54 27

Table 6. Concentrations of traditional musks in Brno-Modtice WWTP (n=10)

analytes investigated. Great efforts during method optimization have been made to develop
an efficient method that would be not time-consuming; eliminate possible errors during the
entire procedure; and prevent the pollution of the external environment. Samples of
wastewater collected at a cosmetic company before and after the ultrafiltration step were
analysed using the SPME method (solid phase microextraction), followed by GC/MS (gas
chromatography combined with mass spectrometry) as an end-point. The results are
summarized in the following points:

- Analytes were determined in real samples using the SPME method and GC/MS as an
analytical end-point. All samples collected before ultrafiltration contained HHCB and
AHTN. Concentrations of HHCB and AHTN varied in a range of 31.1-772 ng/ml and
5.2-141.4 ng/ml, respectively. The levels of musk ketone in wastewater flowing to the
ultrafiltration step varied in a range of 0.74-2.56 ng/ml

- All samples of wastewater flowing from the ultrafiltration step contained AHTN at
levels that ranged from 0.15 to 0.81 ng/ml. HHCB was detected in almost all samples of
wastewater (except for one) collected after the ultrafiltration step. The levels of HHCB
varied in a range of 0.52-1.84 ng/ml. MK was found in wastewater before the
ultrafiltration step only 3times. Its levels varied in a range of 0.01-0.08 ng/ml.

- The calculation assumes 253 working days in 2010 to estimate the amount of discharged
substances per year, with 20 days for every month. The amount of analytes is as
follows: HHCB - 131.42 kg per year, 10.39 kg per month; AHTN - 20.21 kg per year, 1.60
kg per month; MK - 1.08 kg per year, 0.09 kg per month.

- Quantities of individual monitored musk compounds discharged were assessed in the
same manner as in the previous point. The amount of discharged analytes is as follows:
HHCB - 1.04 kg per year, 0.08 kg per month; AHTN - 0.20 kg per year, 0.02 kg per
month; MK - 0.02 kg per year and 1.70 g per month. The efficiency of ultrafiltration
employed to remove musk substances ranged from 96 to 99% in this particular case.

Although the efficiency of ultrafiltration is high, the respective analytes are still present in

the wastewater that flows to the wastewater treatment plant.

3. Environmental toxicology

Environmental toxicology or ecotoxicology deals with potentially harmful effects on
organisms of countless man-made chemicals and wastes released into biosphere Ecotoxicity
tests, biotests, bioassays are the only way how to find out experimentally ecotoxicological
characteristic of chemicals, hazardous wastes and other various matrices. Bioassays could
give answer on following questions:
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- interaction between the substances (additive, synergistic, antagonistic etc)

- toxic effect after degradation and transformation of products

- quantity of the bioavailable chemicals

- effects on biota.

Testing system is exposed to various concentration of tested substance at exactly defined
conditions (Park, et al., 2005). Contrary of the chemical analysis the tests are not able to
identify the xenobiotics in the environment, on the other hand their advantage consist in
prediction of effect on testing biological material. Advantages of biotests are also
unquestionable. There are able to characterize hazard of xenobiotics in environment
contrary to chemical analysis, which is able xenobiotics only identify and quantify. In
addition in ecosystem hazardous compounds no exist separately but in various
combinations wit mixture toxicity and environmental impact (Hoffmann, 2003). Biotest
could be classified from various points of view. Standard and alternative test are the most
basic classification. Standard toxicity tests are recommended by different international
organizations such as ISO, EPA, OECD. The necessity to screen many samples for toxicity
have lead to the increasing application of rapid miniaturized toxicity tests that are also
called microbiotests, alternative assays, small-scale tests, microtests or second generation
biotests. A microbiotest or alternative assay can be defined as involving the exposure of a
unicellular or small multicellular organism to a liquid sample in order to measure a specific
effect. Alternative toxicity tests have attractive features in comparison to standard toxicity
tests; high cost efficiency, modest time and laboratory space requirements, possibility to test
many samples at once, low sample volume requirements, (Blaise, 1991; Roji¢kova, 1998).
According to exposure time are the acute, semi-chronic and chronic tests used. The tests
could be classified as terrestrial or aquatic. The aquatic tests use water solution of tested
compounds or water leaches of tested matrices. In the terrestrial tests are testing organisms
in direct contact with tested matrices. The selection of biotests used for toxicity assessment
depends on the type of information that is required, the state, physical and chemical
features of a sample or substance investigated and on sensitivity and relevance of a test
species. However, if only one single test is used, the estimated toxicity would reflect the
sensitivity of that test only, with a risk for underestimation of the potential toxicity for that
particular substance with regard to the ecosystem. The use of a battery of biotests,
representing differences in sensitivity of test organisms from various trophic levels is
recommended to prevent this situation. Therefore it is important to identify potential toxins
and understand the magnitude of their impact on different terrestrial and aquatic
ecosystems (Schowanek et al., 2004)

3.1 Procedure of ecotoxicity test

The aim of the ecotoxicological tests is the determination of effective concentration (EC),
eventually lethal concentration (LC) or inhibition concentratin (IC) to assess the effect of
chemical compound, water wastes and leaches of various materials (sediments, soils, wastes
etc.) on aquatic and terrestrial organisms. From this date the ecotoxicological impact to
aquatic and terrestrial ecosystems can be also derived. These concentrations of tested
compounds cause the mortality of 50 % testing organisms or 50% inhibition growth rate in
relation to control tests. Lower values of LC(ECIC)50 indicate higher toxicity to the
organisms. In accordance with testing regulation the limit test, preliminary tests and
definitive test were conducted with single compounds. In limit test concentration 100 mg L-1
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of tested compounds is used. Preliminary tests served to find approximate toxicity of the
chemical compounds if is not known. In this case (range finding test) the dilution series was
following 100 mg L1, 10 mg L1, 1 mg L1, 0,1 mg L and 0,01. The definitive test served to
calculation value of LC(ECIC)50. Range of dilution series of the definitive test was
determined by results of preliminary test.

From obtained experimental ecotoxicological endpoints (EC50, IC50, LC50) of ecotoxicity
tests the quantification of ecotoxicity values is calculated. These parameters refer to the
concentration of toxic substance that results in 50% reduction of end-point relative to control
at a given period of time (ISO/TS 20281:2006). The results of tests are suitable statistical
evaluated with using the statistical software. The significant differences (p<0.05) in the
measured parameters in each of tests (inhibition of growth, immobilization etc.) are
evaluated by ANOVA test.

Lemna minor Sinapis alba

Fig. 5 The testing organisms

3.1.1 Daphnia magna acute immobilization test

The testing organisms Daphnia magna is a component of freshwater zooplankton. It refers to
group Arthropoda, Branchiopoda, Daphnidae. Daphnia are small arthropods of 1-5 mm in size.
They live in various aquatic environments ranging from acidic swamps to freshwater lakes,
ponds, streams and rivers. Often they are found in large amounts. Ontogenesis of individual
is direct without larval stages. During the year there is one or several biological cycles in
which parthenogenetic generations are alternated by bisexual generations which enclose the
cycle. This test serves for testing of effect of chemicals on plankton organisms. The
importance of the test consists in plankton organisms served as feed for fish and are
therefore significant component of water biocoenosis and food chain. For the calculation
value of EC50 alternative Daphtoxkit FTM was used (purchased from MicroBioTests Inc.,
Gent, Belgium). This toxkit includes dormant eggs in chitinous capsule (ephippia) of
crustaceans Daphnia magna. The Daphtoxkit FT™ makes use of such dormant eggs produced
under controlled conditions with a standard Daphnia magna strain. The tests were
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conducted following the Standard Operational Procedure of the Daphtoxkit FT™™ which is in
accordance with the OECD and ISO test protocols for the acute Daphnia magna toxicity tests
(OECD, 2004; ISO, 1996). Standard Freshwater was prepared with the concentrated salt
solutions included in the kit. This medium, which has the composition recommended by the
ISO for acute toxicity tests with Daphnia magna, is used as a hatching medium and as a
dilution medium for the preparation of the toxicant dilution series. The assays were carried
out in the multiwell test plates provided in the kits. Ephippia were hatched in petri disches
with Standard Freshwater (ISO) medium three days before test at temperature 20-22 °C,
continuous illumination of 6 000 lux. Two hours prior to test were the neonates pre-feeded
wit suspension of spirulina powder to proved them energetic reserve. Daphnids aged less
than 24 were exposed to dilution series of tested compounds. 20 individuals were
subdivided in four replicates for every concentration of multiwell plate (well volume is 5
ml). The some procedure was done with control Daphnids (20 individual subdivided in 4
wells). In fine was multiwell plate sealed with a strip of parafilm and covered with lid.
Experiments were conducted at temperature 20 °C in darkness incubator. Immobility (the
endpoint for effect calculation) was obserwed after 24 and 48 h. The values of 24hEC50 and
48hEC50 were calculated by probit analysis. The test was considered valid if the number of
dead organisms in the control did not exceed 10%.

3.1.2 Thamnocephalus platyurus acute immobilization test

For calculation value of LC50 alternative test Thamnotoxkit FT™ was used (purchased from
MicroBioTests Inc., Gent, Belgium). This test is often use to screening toxicity in freshwater
and determination of acute toxicity Thamnotoxkit is similar to Daphtoxkit F™™ contains all
the materials to perform six complete acute (24-h) toxicity tests (range-finding or definitive)
based on mortality as the effect criterion the assays were performed on larvae of the fairy
shrimp Thamnocephalus platyurus hatched from cysts. The procedure of this test is similar as
mentioned above. Standard freshwater was prepared by diluting the concentrated salt
solutions included in the kit to obtain 1 I of medium (moderately hard reconstituted
freshwater made up according to the US EPA formula) which serve for hatching the cysts
and to prepare the toxicant dilution series. The eggs of crustaceans were hatched 24 hours
before testing at temperature 25 °C under continuous illumination 4000 lux. Design of the
test is similar to Daphtoxkit FT™™ test, multiwell plates are smaller (1 ml volume), and
number of testing organisms in each well is 10. Each toxicant concentration was tested out in
three replicates. The test procedure followed the Standard Operational Procedure of the
Thamnotoxkit FTM magna microbiotest. The test plates subsequently were incubated at 25
°C in darkness. Lethality (endpoint for effect calculation) was observed after 24 h. The
values of 24hL.C50 were calculated by probit analysis. The test was considered valid if the
number of dead organisms in the control did not exceed 10%.

3.1.3 Root growth inhibition toxicity test on Sinapis alba

The test was developed for testing of harmlessness of waste waters, which could be used for
sewage irrigation. Effect on seed germination and root growth of mustard (Sinapis alba) in
first stadium of development is tested. Test consists of cultivation of the seeds on beds
saturated with solutions of tested chemical in comparison with seeds grown on bed
saturated with dilution medium. Mustard, Sinapis alba L., (Brassica alba L.) belongs to
Brassicaceae. It is annual, early spring grown oil bearing plant. Mustard root is thin; shoot is
erect, hairy and up to 150 cm high with clear green leaves. Seeds are relatively big, in
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comparison with other Brassicaceae and are yellow or whiteyellow of a round shape. They
reach to 1.5 - 4 mm in diameter. After germination, simple root with hypocotyle grows up.

The high quality seeds of Sinapis alba are exposed to solution of tested compounds at
temperature 202 °C in the darkness incubator for 72 hours. The seeds (30 pieces) for every
tested concentration are placed on filter paper in Petri-dishes. Paper is moistened with
solution of tested compounds. Dilution series of tested compounds were prepared by
dilution of stock solution of tested compounds in diluent medium. Diluent medium was
prepared by filling up of 2.5 ml from stock solution of every salt to 1 1 volume flask. Stock
solution of CaCl,. 2H,O was prepared by solution of 11.76g CaCl,. 2H,O in 11 volume flask.
The other stock solution was prepared by solution of 4,93 g of each salt (MgSOs . 7H>O, Na
HCO;3, KCI) in 11 volume flask. Two replicates were done for every dilution series. For
calculation values of IC50 the lengths of hypocotyls of germinated seeds in tested and in
control group were measured. The inhibition of root growth (the endpoint for effect
calculation) was measured after 72 hours. The test was considered valid if the number of
germinated seeds in control was at least 90 %; organisms in the control did not exceed 10%.

3.1.4 Lemna growth inhibition test

The test has been used for toxicity of solutions and suspensions testing. A higher freshwater
plant, duckweed (Lemna minor L.) is used. From this point of view we can talk about semi-
chronic exposition, where immediate effect, as well as long-term effect, is involved and
visible in growth of new generation of plants.

Taxonomically Lemna minor L. belongs to angiosperms (Angiospermophyta)
monocotyledonous plants (Monocotyledonopsida), Lemnaceae. These macrophytes take place at
maintained water areas where they serve as feed e.g. for fish and water birds. Lemna minor
(duckweed) cover surface of stagnant waters and are the most known species from
pleustonic communities.

Lemna tests with duckweed Lemna minor were performed according OECD Test No. 221:
Lemna sp. Growth Inhabition Test using Steinberg medium (OECD 2006). Biotest were
carried out in 200 ml beakers filled with 150 ml solution (dilution series of tested
compounds diluted in Steinberg medium). The beakers were inoculed with 14 fronds. Plants
with two or three fronds were chosen as inoculum. Six control and treatment replicates were
used. Test were carried out at temperature 24 + 2°C, light intensity was adjusted at 8000 lux.
Test duration was 7 days (168 h). Number of fronds was controlled at days 0, 3, 5 and 7. The
second monitored characteristic was the dry mass determinate at temperature 60 °C to
constant weight. Dry mass was determined on the beginning of the test too. For this
purposes were 6 additional control inoculated. Growth inhibition (measured as the increase
in number of fronds during 7 days of incubation as compared to a corresponding control)
was recorded after 168 h. Growth inhibition as the toxicological endpoint served for
calculation value of 168hIC50. The test was considered valid if the number of fronds grown
eightfold.

3.2 The ecotoxicity of chemicals

Synthetic musk compounds, pharmaceutical residues (particularly analgesics and
antibiotics) were ecotoxically evaluated. Ecotoxicity was assessed by alternative tests using
species such as Thamnocephalus platyurus and Daphnia magma and a phytotest using white
mustard (Sinapis alba) as a terrestrial testing organism and Lemna minor as water testing
organisms. The mentioned species were used to assess the effect of musk compounds and
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pharmaceuticals on the aquatic ecosystem (Lemna minor, Thamnocephalus platyurus, Daphnia
magna) and on terrestrial plants represented Sinapis alba. Test species mentioned above were
also used to assess the ecotoxicity of sludge originating from a particular wastewater
treatment plant, at some stages of sludge treatment.

3.2.1 Ecotoxicological evaluation of pharmaceuticals

Pharmaceuticals are environmentally were similar to other chemicals. In fact, high
quantities of pharmaceuticals are discharged into sewage treatment plants. Local discharge
of pharmaceuticals also contributes to environmental contamination due to high
concentrations in small sites. The ecotoxicological effects of drugs on different levels of the
biological hierarchy, from bacteria to the entire biosphere, are not well known. They are
biologically active compounds that may interfere with specific biological systems (e.g.
enzymes) or generically act depending on their properties. (Isidori et al. 2005). The growing
use of direct toxicity assessment is a result of existing or new regulation implementing (e.g.
EU Directive 93/67/EEC, REACH). International and national authorities have available
ecotoxicity biotests which represent useful tools for the prediction of environmental
impacts. EU Directive 93/67/EEC (Commission of the European Communities, 1996)
classifies substances to their EC50 values in different classes; < 1 mg L1, (very toxic to
aquatic organisms); 1-10 1 mg L- (toxic to aquatic organisms); 10-100 mg L (harmful to
aquatic organisms) substance with value EC50 above 100 mg L would not be classified.
Ibuprofen and diclofenac belong to the group of the nonsteroidal anti-inflamatory drugs.
This one are the most frequently identified in detectable concentration in environment and
in sewage water. The concentrations were between 0.01-510 pg L for diclofenac and 0.49-
990 pg L1 for ibuprofen. Elimination of these pharmaceuticals in WWTP is something about
87 % for ibuprofen and 49-59% for diclofenac (Heberer, 2002; Kiimmerer, 2002; Kosjek et al.,
2007). Cleuvers (Cleuvers, 2003) summarized results of some studies. The following
concentration are reported; diclofenac < 1.59 pg L1, ibuprofen < 3.35 ng L1, acetylsalicylic
acid (ASA) 1.51 pg L1 in sewage, lower concentration (0.01-0.5 1 pg L) in river water,
Ternes (Ternes et al., 1998) reported concentration of above mentioned pharmaceuticals and
of naproxen some > 1 pug L1 in WWTP and again lower concentration in surface water. Data
summarized by Watkinson (Watkinson, et al. 2007) indicate that WWTPs often partially
remove selected drug 20-90 %. They could be present in effluents and consequently in
surface water. Isidori (Isidori et al.,, 2005) reported results from studies concerning
occurrence antibiotics in water; lincomycin, erythromycin and clarithromycin in the rivers
Po and Lambro in Northern Italy were detected at concentrations between 10 and 100 ng/L,
in Switzerland, quinolones occurred at effluents at concentrations between 249 and 45 ng/L,
respectively. Reported concentration are not extremely high contrary others pollutans, but
drugs should stay in the centre of researches, because of their biological activity.
Ecotoxicological evaluation of some pharmaceuticals were conducted: from the group of
non-steroidal anti-inflammatory substances Diclofenac sodium (2-[(2,6-
dichlorophenyl)amino]benzeneacetic acid, Ibuprophen sodium 2-[4-(2-
methylpropyl)phenyl]propanoic acid, Ampicillin from the group of antibiotics. (25,5R,6R)-6-
[[(2R)-2-amino-2-phenylacetyl]amino]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-
2-carboxylic acid and Penicillin G 25,5R,6R)-3,3-dimethyl-7-ox0-6-[(2-phenylacetyl)amino]-
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid. Some studies were conducted to
calculate ecotoxicological values for drugs. For diclofenac values of 30minEC50 on Vibrio
fischeri for were 11.45 mg L1 for Cerodaphnia dubia value of 48hEC50 22.70 mg L-! for Daphnia
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magna 68 mg L-1and for Lemna minor EC50 7.50 mg L1, For ibuprofen value of EC50 101.20
mg L1 on Daphnia magna 342 mg L in acute algal test on Desmodesmus subspicatus, 173 mg
L1 in acute toxicity test on fish and 22.00 mg L is value of EC50 for Lemna minor
(Cleuvers, 2003; Ferrari et al., 2003; Ferrari et al., 2004; Jemba 2006).

Informations concerning ecotoxicity of penicillin G and ampicillin on above mentioned
organism are sporadic. Avaiable data served for preparing dilution series in preliminary
tests. On the ground results of preliminary test were definitive test conducted. Achieved

results summarized table 7.

Daphnia magna Thannocephalis Sinapis alba | Lemna minor
platyurus
Substances
24hEC50 | 48h EC50 168hIC50 72hIC50 24hL.C50
(mgL™) | (mg.L?) (mg.LT) (mg.LT) (mg.L1)
Diclofenac-Na (455 é)— (1157 g— 169.4 83.8 132
56,1) 19.1) (162.2 - 174.1) (77.6-85.4) | (13.6-16.2)
Ibuprophen-Na (é(6)64.4— (5536 ;1— 1959 1222 2008
110.0) 59.6) (188.7-197.0)  [(118.6 - 125.4) | (196.4 - 205.0)
874.4 878.5
653.4 857.2
Penicillin-G (867.0 - (871.8 - n.d.
879.5) 883.2) (647.1 - 655.6) | (854.3 - 860.3)
Ampicillin (881253 g— (88359085— n.d 2867 6503
831.1) 858.4) (281.0 - 291.2) | (646.7 - 651.5)

Table 7. The ecotoxicity endpoints to crustaceans and plant testing organisms for
pharmaceuticals

In most of biotests diclofenac exhibits greatest ecotoxicity, follows ibuprofen, ampicillin and
penicillin G. It corresponds with results presented by Wollenberg (Wollenberg et al., 2000).
Ecotoxicological values for some antibiotics were approximately 1000 mg.L-! oxytetracycline,
680 mg.L! tylosine. It seems that antibiotics of penicillane (penicillin, ampicilin ) and
tetracycline (oxytetracycline) exhibit only low acute toxicity. According EU Directive
93/67/EEC belongs to the group of chemicals which would not be classified. Ibuprofen and
diclofenac on the basic of scheme of classification would be classified as potentially harmful
to aquatic organisms. In spite of higher ecotoxicity of NSAIDs acute toxicity is unlikely.
With regard to purpose for which pharmaceuticals are generated (bring some benefit to
alive organisms) strong acute effects caused by specific mechanisms may actually not be
expected. In addition value of EC50 for Daphnia magna is manifold higher than measured in
environment. From this point of view is prediction of chronic effect much more relevant.
Moreover residues of pharmaceuticals do not exist by itself in the environment. Toxicity of a
single substance could increase strongly in combination with other especially when mode of
action is similar. On the basis of these facts is necessary to test toxicity of mixture
compounds on battery of organisms representing various levels of ecosystem (Cleuvers 2003
& Fatta-Kassinos, 2010).
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3.2.2 Ecotoxicological evaluation of musk compounds

Polycyclic musks, the common name for synthetic musks with rings in their chemical
structure, are the most commonly produced and used musks. They include substances such
as traseolide (ATII), celestolide (ADBI), fixolide/tonalide (AHTN), versalide (ATTN),
galaxolide (HHCB), etc. Nitromusks, the common name for a group of (artificial) nitrogen-
containing musks (produced by nitration of organic compounds), includes a number of
compounds, such as: musk ketone, musk ambrette, musk tibetene, musk alpha and musk
moskene (in addition to musk xylene) (; Balk and Ford, 1999; HERA, 2004).

The musk tested compounds were Galaxolide, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethyl-
cyclopenta[g]-2-benzopyrane, Tonalide 1-(5,6,7,8-tetryhydro-3,5,5,6,8,8-hexamethyl-2-
naphthalenyl)-ethynone, Musk-ketone 1-tert-butyl-3,5-dimethyl-2,6-dinitro-4-acetylbenzene
and Musk-xylene 1-tert-butyl-3,5-dimethyl-2,4,6-trinitrobenzene.

The effect of musk compounds on the organism were studied from several view namely for
one organism as the acute or subchronic toxicity (Boleas et al. 1996; Carlsson & Norrgren 2003;
Dietrich & Hitzfeld 2004; Mori et al. 2006). The acute toxicity of AHTN and HHCB were tested
on the algae (Pseudokirchineriella subscapitata), crustacean (Daphnia magna), springtails (Folsomia
candida), nematode worm (Caenorhabditis elegans), earthworms (Eisenia fetida), rainbow trout
(Oncorhynchus mykiss), zebrafish (Danio rerio), brook minnow (Pimephales promelas), South
African frog (Xenopus laevis) and bluegill sunfish (Lepomis macrochirus).

The table 8. shows the ecotoxicological obtained dates from using tests for tonalide,
galaxolide, musk ketone and musk xylene.

Daphnia magna Thamnocephalus Sinapis alba Lemna minor
platyurus
Substances
24hEC50 48h EC50 168hIC50 72hIC50 24hL.C50
(mg.L7) (mg.L7) (mg.L7) (mg.L7) (mg.L7)
Tonalide (11 4581 _ (11 2393 ~ 1.58 5.42 5.20
(AHTN) 153) 136) (1.55 - 1.60) (5.38 - 5.45) (5.18 -5.22)
Galaxolide (11 1292 _ (11 0182 _ 1.14 492 4.62
(HHCB) 124) 113) (1.11 -1.16) (4.87 -4.95) (4.58 - 4.66)
2.33 213
6.14 4.84 5.36
Musk ketone (2.28 - (2.10 -
2.35) 2.15) (6.12-6.17) (4.79-4.87) (5.32 - 5.40)
Musk xylene (22 3329 - (22 1282— §-16 568 5p6
2.41) 2.26) (6.13 - 6.20) (5.65-5.71) (5.33-5.39)

Table 8. The ecotoxicity endpoints to crustaceans and plant testing organisms for polycyclic
musks and nitomusks

The higher ecotoxicity is typical for polycyclic musk compounds (AHTN and HHCB), but
results showed the lower ecotoxicity for nitromusk compounds (musk ketone and musk
xylene). The sensitivity of organisms is various. The fresh crustaceans (Daphnia magna and
Thamnocephalus platyurus) and Lemna minor are most sensitive than terrestrial plant (Sinapis
alba).
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3.3 Ecotoxicological evaluation of the sludges from wastewater treatment plant
(WWTP)
Modern sanitary practices result in large volume of human waste, as well as domestic and
industrial sewage, which are collected and treated at common collection points WWTP. The
growing use of sewage sludge as fertilizer results in many studies concerning their chemical
analysis and hazard assessment (Jones-Lepp and Stevens, 2003; Fatta-Kassinos et al., 2010).
Wastewater undergo preliminary, primary, secondary and in same cases tertiary treatment
before sewage sludge are produced. Wastewater treatment unit operations and processes
have three important parts. Physical unit operations - screening, comminution, flow
equalization, sedimentation, flotation, granular-medium filtration, Chemical unit operations
- chemical precipitation, adsorption, disinfection, dechlorination, other chemical
applications, Biological unit operations - activated sludge process, aerated lagoon, trickling
filters, rotating biological contactors, pond stabilization, anaerobic digestion, biological
nutrient removal. Sludge resulting from wastewater treatment operations is treated by
various methods in order to reduce its water and organic content and make it suitable for
final disposal and reuse. Anaerobic wastewater treatment is the biological treatment of
wastewater without the use of air or elemental oxygen. Anaerobic digestion/stabilization
reduces the volatile solid content by approx. 60 to 65 %, and significantly reduces
pathogens. The sludges from waste water treatment are several types and its composition
and properties depend on the level of the waste treatment.

e Raw sludge is untreated non-stabilized sludge. It tends to acidify digestion and
produces odours.

e  Primary sludge is produced through the mechanical wastewater treatment process. The
sludge amassing at the bottom of the primary sedimentation basin is also called
primary sludge. Primary sludge consists to a high portion of organic matters, as faeces,
vegetables, fruits, textiles, paper etc.

e Activated Sludge - The removal of dissolved organic matter and nutrients from the
wastewater takes place in the biological treatment step. It is done by the interaction of
different types of bacteria and microorganisms. The resulting sludge from this process
is called activated sludge. The activated sludge exists normally in the form of flakes,
which besides living and dead biomass contain adsorbed, stored, as well as organic and
mineral parts.

e  Return activated sludge - The activated sludge flows from the biological aeration basin
into the final clarifier. The main part of the separated sludge, which is transported back
to the aeration basin, is called return activated sludge.

e  Secondary sludge (Excess sludge) - To reach a constant sludge age the unused biomass
has to be removed from the biological treatment system as excess sludge. The excess
sludge contains not-hydrolysable particulate materials and biomass due to
metabolisms.

e Tertiary sludge - Tertiary sludge is produced through further wastewater treatment
steps e.g. by adding a flocculation agent.

The sludges from WWTP are various applications, mainly in agricultures and recultivation

in relation to environmental Directive 86/278/EEC (Council directive, 1986). On the other

hand they could represent big problem because of concentrated xenobiotics. The heavy
metals Zn, Cu, Co, Pb, Hg, Cr, Cd, anthropogenic xenobiotics (PCB, dioxins, PAHs, etc) are
serious contaminants of sludges. The stabilized sludges with containing organic matter,
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nutrients and biologically active substances represent the source of failure nutrients and
elements (N, P, K, Ca, Mg) and also organic matter, but their application on the land is
limited by xenobiotics and pathogen organisms. In 2006, were produced in Czech republic
220700 tons of sewage sludge (expressed in dry matter) 75 % of sewage sludge was land-
applied, 0,9 % incinerated, 13 used in other methods and 13 % were disposed on dumps.
Ratio of disposed sewage is relatively high. Some studies indicate that not only traditional
analytes [i.e., PAHs, PCBs, polychlorinated naphthalenes (PCNs -structurally similar to
PCBs, several of which exhibit dioxin- like toxicity), polychlorinated n-alkanes (PCAs)], and
for a class of PPCPs - synthetic musks are present at significant concentrations (Jones-Lepp
and Stevens, 2003). The Hazardous Waste Council Directive 91/689/EEC set the rules for
the management, recovery and correct disposal of hazardous wastes. The directive has
established, in its Annex I, different categories of wastes In order to characterise wastes as
hazardous, must display any of the 14 properties specified in Anne III. Property labelled
H14 - “ecotoxic” exhibits substances and matrices which present or may present immediate
or delayed risk for one or more sectors of the environment (Pablos et al., 2009). To decide if
wastes are hazardous ecotoxicological values LC(EC, IC)50 resulting from bioassay
provided by legislation on Daphnia magna, Sinapis alba, fresch water algal Scenedesmus
subspicatus and vertebrate Danio rerio are required.

Sludge mainly collected from wastewater treatment plants (WWTP Brno-Modiice) were
subjected to ecotoxicological characterization to provide a preliminary assessment of their
ecotoxicity. The various type of sludges were analyzed - anaerobic stabilized sewage sludge
(AS), dewatered anaerobic stabilized sewage sludges (DWAS) and desiccated stabilized
sewage sludge (DSAS) and activated sludge (ASV) from the small WWTP of the University
of Veterinary and Pharmaceutical Sciences in Brno were tested. Several toxicity tests were
performed under standard laboratory conditions using freshwater crustaceans (Daphnia
magna, Thamnocephalus playturus) and aquatic and terrestrial plants Sinapis alba. The values
of 24hL.C50, 48hEC50 and 72hIC50 are the basic data for the ecotoxicological assessment of
the sludge and for their classification following the Czech legislation. Following legislation
concerning ecotoxicological evaluation of waste were the test conducted on water leaches of
sewage. Wastes are extracted with the corresponding test medium in ratio 10L/kg dry water
for 24h. Leaches were diluted using dilution medium corresponding to each testing
organism in dilution series similarly to procedure with chemical substances (50, 100, 300,
500, 700 ml L-! and leach non-diluted only saturated with salt belonging to testing organisms
- I series). To compare ecotoxicity of sewage of various humidity, were sludge diluted with
water to have uniform dry matter as the most humid sewage (AS - II series. In case that

Daphnia 48hEC50 (ml L)  Thamnocephalus 24hLC50 (ml L) Sinapis 72hIC50 (ml L)

I series II series I series II series I series II series
AS 52.04 - 22.81 - 203.62 -
DWAS 136.38 340.37 39.57 128.02 262.00 -
DSAS 236.42 540.21 139.64 343.15 266.56 -
ASV 38.17 426.89 129.57 42234 - -

- value of IC50 could not be calculated because of growth inhibition was below 50%

Table 9. The values of LC(EC, IC)50 calculated for various type of sewage sludge
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values of LC(EC, IC)50 resulting from bioassays provided by Czech legislation are higher or
equal to 10 ml L1 at least for one of testing organisms (Daphnia magna, Sinapis alba, fresch
water algal Scenedesmus subspicatus and vertebrate Danio rerio) are the waste evaluated as
hazardous. Calculated values of LC(EC, IC)50 are in table 9.

In spite of the fact that testing organisms are not the same as define Czech legislation we can
predict that in no case sewage exhibit property labelled H14. Obtained values are above 10
ml L1 in all case. The most sensitive organisms are crustacean especially Thammnocephalus
platyurus. As environmentally friendly appears DWAS and DSAS - activated sludge which
is anaerobic stabilized and dewatered and consequently desiccated. It is possible that these
processes decrease amount of some water soluble or temperature instable xenobiotics. The
ecotoxicity assays confirmed that no sludge constituted a hazardous waste from
ecotoxicological point of view. Our results are in according to recent study concerning
ecotoxicity assays of different sludge (aerobic, anaerobic, unstabilised and sludge from a
waste stabilisation pond) which confirmed that no sludge constituted a hazardous waste
(Fuentes et al., 2006). The other question is if the bioassays of water leaches are relevant to
predict ecotoxicity of solid matrices (waste, sediments, sewage). The aim of study conducted
on various organisms by (Leitgib et al. 2007; Domene et al., 2008) was to assess applicability
and reliability of several environmental toxicity tests, comparing the result of the whole soils
and their water extracts. Measured endpoints were the bioluminescence inhibition of Vibrio
fischeri (bacterium), the dehydrogenase activity inhibition of Azomonas agilis (bacterium), the
reproduction inhibition of Tetrahymena pyriformis (protozoon), and Panagrellus redivivus
(nematode), the mortality of Folsomia candida (springtail), the root and shoot elongation
inhibition of Sinapis alba (plant: white mustard) and the nitrification activity inhibition of an
uncontaminated garden soil used as “test organism”. In most cases, the contact ecotoxicity
tests conducted on solid matrices indicated more harmful effect of these samples than the
tests using matrices extracts.

Organisms Type of test Endpoinds Ex;zior;l:on Result Directiva
Tests of solid
waste
Eisenia fetida - . ISO
springtail acute mortality 14 days LC50 11268-1
Avena saitva, Brasicca germination, ISO
rapa - plants acute growth inhibition 14 days 150 11269-2
Test of water leach
of waste
Vibrio fischeri - acute inhbitign of 30min  EC50 1SO 11348
bacterium luminescence
Daphnia magna - acute/ chro 1nh1b1t10.n of 48h EC50  1SO 6341
crustacean nic mortality
Desmodesmus
subspicatus, . S
Pseudokirchneriella chronic growth inhibition 3 days EC20 ISO 8692

subcapitata - algae

Table 10. Fundamental battery of ecotoxicity test for ecotoxicological evalution of solid
matrices
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Direct contact environmental toxicity tests are more reliable and enable better prediction of
environmental risk of tested matrices. Based on several studies (Rojickova et al., 1998;
Leitgig et al., 2007, Pablos et al., 2009) resulting in similar findings are in Czech
recommended another test inclusive obligatory battery of tests mentioned in Czech
Legislation. The direct contact environmental toxicity bioassays are able to follows the
requirements of environmental toxicology: reliability, sensibility, reproducibility, rapidity
and low cost.
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1. Introduction

In order to achieve sustainable development, environmental protection shall constitute an
integral part of the development process and cannot be considered in isolation from it [1].
The environment, especially water ecosystem, is continuously loaded with foreign organic
chemicals (xenobiotics) released by urban communities and industries. Water is not a com-
mercial product like any other but, rather, a heritage which must be protected, defended
and treated as such [2]. In the 20" century, many organic compounds, such as polychlorinat-
ed biphenyls (PCBs), organochlorine pesticides (OCPs), polycyclic aromatic hydrocarbons
(PAHs), polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) have been
produced and, in part, released into the environment [3]. The ultimate sink for many of
these contaminants is the aquatic environment, either due to direct discharges or to hydro-
logic and atmospheric processes [4]. In the 21 century ,new” pollutants namely pharma-
ceuticals, cosmetics and endocrine disrupting chemicals (EDCs) have become a source of
concern. Collectively, they are referred to as PPCPs (Pharmaceuticals and Personal Care
Products) and are now viewed as emerging contaminants. A wide range of pharmaceutical
and personal care products (PPCPs) is available on the market. From this range various
classes, e.g., antibiotics, antiphlogistics, antiepileptics, beta-blockers, lipid regulators, vaso-
dilators, and sympathomimetics, have been detected in drinking water, groundwater,
wastewater, sewage, and manure [5]. In last time there is increasing evidence that some of
these compounds are persistent in the environment, impacting nontarget organisms in vari-
ous ways including changes in sex ratios of higher organisms [6,7]. The presence of a xeno-

I m EC H © 2013 Zldmalovéd Gargosova et al; licensee InTech. This is an open access article distributed under the terms
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biotic compound in a segment of an aquatic ecosystem does not, by itself, indicate injurious
effects. Traditional chemical measurements alone are an insufficient basis for ecotoxicity as-
sessments. In general, both basic and advanced analytical chemical instruments such as
ICP/MS, GC/MS, HPLC/MS etc. are used for water quality analysis. However, it is difficult
to distinguish accurately the diverse and complex chemicals, even when using those ad-
vance chemical instruments. Furthermore, it is also almost impossible to detect the impact
on living organisms in the receiving environment due to their bioavailability and the inter-
action caused by the synergistic and antagonistic effect of different chemicals. Therefore a
new approach of identifying viable and ecologically relevant invertebrate toxicity testing
models seems very promising to assess the biological effects and ecological risk of exotic
chemicals when released into the environment as a battery of single species bioassays [8].

1.1. Pharmaceuticals

Pharmaceuticals (also drugs, medicaments, medications, medicines etc.) are biologically ac-
tive substances designated for use in the medical diagnosis, cure, treatment, or prevention of
disease [9]. These compounds improve the quality of human life, but due to their increasing
production and consumption resulting in their growing input into the environment there is
increasing impact of these compounds on the natural ecosystems, caused either by the active
compounds contained in medicaments or by their metabolites and transformation products
[10]. These compounds are sometimes called as pseudo-persistent pollutants, because in
many cases their persistence is not high, but due to continual input their levels in the envi-
ronment are kept less or more constant. The discharges from waste water treatment plants
represent one important source of pharmaceuticals in the water ecosystem, because most of
drugs is incompletely removed in waste water treatment plants (WWTP) [11-13]; they could
be partially removed by sorption on the sewage sludge or degraded by microorganisms in
activated sludge. The removal efficiency depends on many factors like drug properties, type
and parameters of the cleaning process, age of the activated sludge. The sludge activity
could be also negatively influenced by the presence of antibiotics in treated waste water.

Another important source of pharmaceuticals in the water ecosystem is agriculture, espe-
cially livestock production, where growth stimulants are used to increase production and
antibiotics are administered as prophylactic medication to animals. Biotransformation of
drugs during animal digestion is not very effective; from 30 to 90 % of administered active
compounds is excreted unchanged [10,14] and enter the environment directly via urine or
faeces, or in manure and suds used as fertilizers.

Non-steroidal anti-inflammatory drugs (NSAIDs) with analgesic, antipyretic and anti-inflam-
matory effects are one group of the most frequently used medicaments. Ibuprofen and para-
cetamol followed by diclofenac, ketoprofen and naproxen are the most well-known
members of this group. Their extensive use is caused by the fact, that many drugs in this
group do not require medical prescription. These compounds also belong to the most fre-
quently detected pharmaceuticals in the European waters. E.g, for ibuprofen the concentra-



Selected Pharmaceuticals and Musk Compounds in Wastewater
http://dx.doi.org/10.5772/52047

tions of units to tens of ng.L! in surface water, tens of ng.L"! in raw waste water and from
tenths to units of ng.L! in discharged water were found in the Czech Republic [15].

Antibiotics are another important group of pharmaceuticals. This term originally denoted
“any substance produced by a microorganism that is antagonistic to the growth of other mi-
croorganisms in high dilution” [16]. Nowadays also synthetic compounds are included in
this group. Antibiotics have been recently classified as a priority risk compounds due to
their high toxicity to algae and bacteria. Hence, these compounds in surface water have the
potential to disrupt the key bacterial cycles and/or processes critical to aquatic ecology (nitri-
fication/denitrification), agriculture (soil fertility) and animal production (rudimentary proc-
esses) [17,18]. Under long-term exposition the resistance of some pathogenic organisms
could develop [11,12].

Macrolide antibiotics are a group of drugs frequently used in human and veterinary medicine.
These primarily bacteriostatic antibiotics with a broad antibacterial spectrum are probably
the largest group of natural medicines. Macrolides have acquired its name by macrocyclic
lactone ring with 14, 15 or 16 carbon atoms, substituted with alkyl, aldehyde, ketone or hy-
droxyl groups, and with one or more neutral or basic amino sugars bonded to the ring by
glycosidic bond. The first macrolide antibiotic, erythromycin, was isolated in 1952 from the
metabolic product of fungus Streptomyces erythreus [19].

Macrolide antibiotics can be classified into four groups [20]:

1. Natural macrolides of 1% generation have a short half-life; therefore they must be ad-
ministered in relatively high and frequent doses. There is a potential of interactions
with some other drugs.

2. Synthetic macrolides of 2! generation have more favourable pharmacokinetic proper-
ties, applications are therefore less frequent and doses are lower than at first -generation
macrolides. There is also a lower incidence of drug interactions.

3. Azalides are formed by incorporating nitrogen into the 14-member lactone ring. From
other macrolides they differ with high half-life and very slow release from tissues.

4. Ketolides are the newest and so far little studied group of macrolide antibiotics. These
drugs were prepared by replacing sugar cladinose in the 14-member lactone ring by ke-
to-group and by attaching a cyclic carbamate group in the lactone ring. Due to these
modifications ketolides have much broader antimicrobial spectrum than other macro-
lides; besides, they are also effective against macrolide-resistant bacteria, due to their
ability to bind at two sites at the bacterial ribosome.

1.2. Musk Compounds

Musk compounds - synthetic fragrances — are substances with pleasant smell which are
present in personal hygiene products (perfumes, cosmetics, soaps, and shampoo), in clean-
ing and disinfection products, industrial cleaning products, air fresheners, etc. to give them
characteristic and pleasant scent. These compounds have been marketed since the begin-
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ning of 20" century and their industrial production has significantly increased during the
last 50 years [21]. Nowadays, four major classes of synthetic fragrances could be met:
nitromusks, polycyclic musks, macrocyclic musks and alicyclic (or linear) musks. Nitro-
musks were the first produced compounds of this type; structure of these compounds is
based on two- or threefold nitrated benzene with additional substitution by alkyl-, me-
thoxy- or keto- groups. Musk xylene (MX), musk ketone (MK) and musk ambrette (MA)
are the most important members of this group. These compounds show musk-like odour
in spite of the fact that their structure is very different from natural musk compounds.
They are partially soluble in water (0.15 ng.L" for MX; 0.46 ng.L"! for MK), but their rel-
atively high octanol-water partition coefficients (log Kow = 4.4, 3.8 and 4.0 for MX, MK
and MA, respectively) [22] indicate high bioaccumulation potential in water biota. These
compounds are also relatively persistent. According to data published till now, nitro musks
show low or none acute toxicity to aquatic organisms, but they are potentially toxic over
long time period [23,24]. It has been suggested that their transformation products are
potentially highly toxic [25]. The worldwide production of MX and MK (which are the
only two nitromusks of industrial importance today) in 2000 was estimated to 200 met-
ric tons and it shows decreasing tendency [26].

Polycyclic musks with several cycles in their structure were discovered in 1950s [27]. Chemi-
cally they are indane, tetraline or coumarine derivatives and tricyclic compounds. Current-
ly, these musks are the most widely used. Galaxolide (HHCB) and tonalide (AHTN) in
recent years are the most important commercial synthetic musks [21,28] followed by celesto-
lide (ADBI), phantolide (AHMI), and traesolide (ATII). Total worldwide use of polycyclic
musks in year 2000 was approximately 4000 tons [26]. These compounds are more resistant
against light and bases and bind well to fabric. Nevertheless, HHCB and AHTN are toxic to
aquatic invertebrates at concentration levels of ppb to low ppm, but they are almost non-
toxic to fish; similar situation occurs during longer exposition [29]. The first report about the
presence of these compounds in water and fish appeared in 1984, one year later these com-
pounds were found in human samples [27].

Macrocyclic musk compounds were discovered in 1926 by Austrian chemist Leopold Ru-
zicka [30,31] who characterized natural musks muscone and civetone as cyclic macromole-
cules and proposed the method of their synthesis. Since then, many other compounds of
this type has been characterized and synthesized. It was found that natural macrocyclic
musks are 15- or 17-membered rings, musks of animal origin are mainly ketones, whilst
those of plant origin are lactones. These compounds show excellent stability to light and
alkaline condition and very good fixation to fabric, nevertheless their synthesis is difficult
and usually multi-step procedure, and therefore their production costs are high. Due to this
fact the use of these compounds is limited, but they are expected to be of increasing impor-
tance in future [27].

Alicyclic musks, known also as linear musks or cycloakyl esters, represent the youngest
group of synthetic musks. Their structure is formed by modified cykloalkyl esters. The first
compound of this group — cyclomusk - was introduced in 1975 [32]. In 1990, the first com-
mercially successful linear musk — helvetolide — was launched, another linear musk — Ro-
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mandolide — was described ten years later [33]. Due to relative novelty there is lack of
information describing their occurrence in the environment and their ecotoxicity. A wide
range of musk compounds of this group are produced and marketed by the Czech company
Aroma Prague Ltd.

2. Environmental Analysis

2.1. Target Compounds

For this study six frequently used acidic non-steroid anti-inflammatory drugs (NSAIDs)
were selected. Figure 1 shows their structures and Table 1 summarizes their physical-chemi-

cal properties.
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Figure 1. Structures of selected NSAIDs.
Molecular mass
Compound CAS No. pK, log Kow
(g.mol"")

Salicylic acid 69-72-2 138.1207 297 24
Ibuprofen 15687-27-1 206.2808 491 3.6
Paracetamol 103-90-2 151.1626 9.38 0.4
Naproxen 22204-53-1 230.2592 4.15 2.8
Ketoprofen 22071-15-4 254.2806 4.45 3.2
Diclofenac 15307-86-5 296.149 4.15 3.9

Table 1. Physical-chemical properties of selected NSAIDs [34-37].
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From the group of macrolide antibiotics following drugs were selected:

Erythromycin is a mixture of macrolide antibiotics that are produced by the microorganism
Streptomyces erythreus. The main ingredient is erythromycin A. Erythromyecin is a white to
pale yellow powder or form a colourless to pale yellow crystals. It is slightly hygroscopic,
poorly soluble in water, soluble in ethanol and methanol. It is metabolized in the acidic en-
vironment of the stomach to inactive by-products (ketones, alcohols, ethers), which are re-
sponsible for its low bioavailability and gastrointestinal side effects. This bacteriostatic
macrolide antibiotic is used for treatment of respiratory infections caused mainly mycoplas-
ma, chlamydia, staphylococci or streptococci, as well as of infections of the skin or urinary
tract.

Clarithromycin is used for treating of respiratory infections caused mainly by mycoplasma,
chlamydia, staphylococci or streptococci, as well as of infections of the skin or urinary tract.
Clarithromycin has strong antibacterial properties and is more resistant against acidic envi-
ronment than erythromyecin; it has also improved pharmacokinetic properties and is better
tolerated in the GIT. Clarithromycin is a white crystalline powder, practically insoluble in
water but soluble in acetone.

Roxithromycin is a newer macrolide antibiotic with better tolerance than that of erythromy-
cin. It is used to treat the same diseases as erythromycin and also to treat isosporiases.

Chemical structures of selected macrolide antibiotics are in Figure 2.
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Figure 2. Structures of selected macrolide antibiotics.
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Molecular mass

Compound CAS No. (g.mol) log Kow
Erythromycine 114-07-8 733.93 3.06
Clarithromycine 81103-11-9 747.95 3.16
Roxithromycine 80214-83-1 837.05 2.75

Table 2. Physical-chemical properties of selected macrolides [34,35,37].

Musk compounds selected for this study are from the group of linear musks produced and
marketed in the Czech Republic by Aroma Prague Company. They are used for preparation
of various fragrances and perfume compositions. Their structures are given in Figure 3 and
physical-chemical properties in Table 3.
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Figure 3. Structures of selected linear musks.
Molecular mass
Compound CAS No. log Kow
(g.mol")
Arocet 88-41-5 198.30 4.42
Aroflorone 16587-71-6 168.26 3.40
Lilial 80-54-6 204.31 436
Linalool 126-91-0 154.25 3.38
Isoamyl salicylate 87-20-7 208.25 4.49

Table 3. Physical-chemical properties of selected linear musks.

2.2. Sampling locality

The presence of target compounds was monitored in the wastewater from municipal waste
water treatment plant (WWTP) Brno — Modfice (catchment region for population of about
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500,000 people). This facility was launched in 1961 as classic two-stage plant with anaerobic
sludge stabilization. In the period between 2001 — 2003 the overall reconstruction and exten-
sion of the WWTP was realized with the main objective to meet the treated wastewater ef-
fluent limits set by Czech and European standards and regulations, and to ensure sufficient
capacity of the facility to accommodate the growing demand of the city of Brno with almost
500 thousand of inhabitants and several industrial facilities, and also increasing number of
the surrounding agglomerations successively connecting to the Brno sewerage system.
Nowadays, the technology in WWTP Brno-Modfice corresponds to the EU parameters.
Waste water cleaning process includes mechanical removal of rough solid particles — me-
chanical treatment, which is followed by fat removal. Water is then directed to the sedimen-
tation tanks for removal of fine particles. The next step is biological treatment under
anaerobic conditions where dephosphatation and denitrification occurs, followed by biolog-
ical degradation under aerobic conditions. The rest of the non-biodegradable phosphorus is
subsequently removed by chemical precipitation with ferric sulphate. Activated sludge is re-
moved from the water in sedimentation tank, water is then discharged into the recipient and
sludge is thickened and decayed. Produced bio-gas is used for the combined generation of
heat and electricity. The residence time (technological delay) between inlet and comparable
outlet in Brno WWTP is 24 hours.

Figure 4. Sampling locality — waste water treatment plant Brno - Modfice.

Composite 24-hour samples were collected at inflow and outflow of the WWTP by automat-
ic sampling device in 2-hours intervals. Individual portions were collected in the dark glass
sample containers with a capacity of 1 L. Samples for analysis of NSAIDs were collected at
inflow and outflow of WWTP during July and August 2011, for determination of macrolides
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and musk compounds from 11" to 20" of April 2011. Samples were picked up from the
WWTP daily and transported to laboratory, where they were either analysed immediately
or stored in a refrigerator at 5 °C and analysis was initiated within 24 hours.

2.3. Analysis of Pharmaceuticals

Solid phase extraction (SPE) was applied for the isolation of target compounds from waste
water. The suspended particles were removed by filtration using Biichner funnel and fil-
ter paper Munktell Filtrak No 388 and No 390 for inflow samples and 390 for outflow
samples and pH of the samples was adjusted to a value of 2 by addition of hydrochlor-
ic acid (NSAIDs) or formic acid (antibiotics). 300 mL of waste water was then subjected
to solid phase extraction using Oasis HLB cartridges (volume 3 mL, 60 mg of sorbent,
Waters, USA), which were previously activated by 6 mL of methanol and washed with 6
mL Milli-Q water at pH = 2. After loading of sample the cartridge was again washed by
6 mL Milli-Q water at pH = 2, dried for 5 minutes under flow of nitrogen and then the
target compounds were eluted by 6 mL (NSAIDs) or 10 ml (antibiotics) of methanol. The
eluate was then evaporated to dryness under gentle stream of nitrogen. For the analysis
of NSAIDs the residue was dissolved in 300 puL of BGE and analysed by capillary zone
electrophoresis with UV detection. For analysis of macrolides the residue was dissolved
in 1 ml of acetonitrile and analysed by HPLC/MS.

2.3.1. Analysis of NSAIDs by capillary zone electrophoresis:

Agilent CE instrument equipped with UV-VIS detector of DAD type was used. Analytical
conditions were as follows.

* Separation capillary: fused silica uncoated, ID =75 pm, L =83.5 cm, 1 =75.4 cm

* Background electrolyte (BGE): 25 mmol.L" Na,B,O; in Milli-Q water (before each injec-
tion, the capillary was treated successively with alkaline solution of 0.1 M NaOH, water
and BGE

* Separation voltage: 30 kV, positive polarity
* Temperature of separation capillary: 25 °C

e Detection: 210 nm (bandwith of 40 nm), 200 nm (bandwith of 20 nm), 230 nm (bandwith
of 10 nm)

* Sample injection: hydrodynamic, pressure pulse at capillary inlet 5 kPa for 5 s
* Analysis time: 25 min
Fig. 5 shows an example of electrophoregram.

Obtained results together with removal efficiency and limits of detection are presented
in Table 4.
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Concentration Removal
Compound influent effluent efficiency I[-:QI?L'W
[ng.L7] [ng.L7] (%)
Salicylic acid 5.58-44.15 0.47-3.53 97 0.46
Ibuprofen 10.94-42.32 1.18-2.75 96 1.17
Paracetamol 1.00-14.61 0.52-1.65 97 0.46
Naproxen 0.61-14.48 0.51-2.35 78 0.50
Ketoprofen 2.15-28.21 1.34-6.46 92 1.28
Diclofenac 1.09-9.46 1.02-2.17 92 0.98

Table 4. Concentrations of NSAIDs at inflow and outflow, removal efficiency and limits of detection.

The ranges of concentrations of selected drugs in the influent and effluent and average re-
moval efficiency of the WWTP for each drug are listed in Table 4. All selected drugs were
detected in analysed samples of wastewater. Salicylic acid (average concentration 28.21
pg.LT) and ibuprofen (average concentration 23.11 ug.L"), were detected at highest concen-
trations and almost in all samples. It is caused by the fact, that these compounds are con-
tained in the majority of the most frequently used drugs in the Czech Republic. The levels of
other monitored analgesics were below 10 ug.L™. Relatively low concentration of favourite
painkiller — paracetamol — was surprising, but the reason could be partial decomposition of
this compound in waste water before the inflow to the WWTP. Ketoprofen, diclofenac and
naproxen were detected in wastewater only in some cases.

AL

Figure 5. Electrophoregram of NSAIDs standards: EOF — Mesityl oxid (marker of electroosmotic flow); PAR — paraceta-
mol; KET - ketoprofen; DIC — diclofenac; IBU — ibuprofen; NAP — naproxen; SAL - salicylic acid.

Average removal efficiency of all analysed compounds was above 90 %, except for naproxen
with an average removal efficiency of 78 %.
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2.3.2. Analysis of antibiotics by HPLC/MS

Analysis of samples was performed using high performance liquid chromatography with
mass spectrometric detection (HPLC/MS). Agilent 1100 Series liquid chromatograph with
Agilent 6320 spherical ion trap mass spectrometer and electrospray ionization were em-
ployed. Zorbax Eclipse XDB - C18 column (2.1 x 150 mm, particles 3.5 um) protected by Zor-
bax Eclipse XDB - C18 precolumn (2.1 x 20 mm, particles 3.5 um) was used for separation,
binary mobile phase consists from 10mM ammonium acetate (A) and acetonitrile (B), gradi-
ent started from 25 % B to 55 % B in 3 min, then 90 % B in 10 min. Flow rate was 150
pL.min. Conditions for electrospray: pressure of nebulizing gas (N,) 20 psi, flow and tem-
perature of drying gas (N,) 10 L.min" and 350 °C, respectively. Positive ions were scanned
within the range m/z 100 — 900. Individual compounds were identified by the combination
of retention time and quasi-molecular ion detection (erythromycin: t; =11.2 min, m/z = 734.8;
clarithromycin: t; = 13.0 min, m/z = 748.3; roxithromycin: t; = 13.4 min, m/z = 837.4), external
standard method based on the response on fragmentograms corresponding to the quasi-mo-
lecular peaks of individual compounds was used. Metrological parameters of used analyti-
cal method are presented in Table 5.

Compound
Parameter
Erythromycin Clarithromycin Roxithromycin
Coefficient of determination (R?) 0.9962 0.9993 0.9971
LOD [pg.L"] 0.1440 0.2428 0.0970
LOQ[ug.L"] 0.4305 0.7251 0.2903

Table 5. Metrological parameters of HPLC/MS method.

In real samples the presence of macrolide antibiotics was proved only exceptionally and at
levels close to limits of detection (erythromycin 17., 18. and 19. 4. 2011 at inflow at levels of
0.274 pg.L7, roxithromycin 12.4.2011 at outflow 0.1 pug.L?). Clarithromycin was not detected
at concentrations exceeding LOD at all. Therefore it could be concluded that macrolide anti-
biotics don’t represent any serious risk for the receiving water.

2.4. Analysis of musk compounds

Solid Phase Microextraction (SPME) in head-space mode was used for the isolation of target
analytes from waste water. Fibre with 65 um mixed layer polydimethylsiloxane — divinyl-
benzene was selected as optimal on the base of previous studies realized in our laboratory.
22 mL glass vials closed with Teflon-lined silicon septum were used. 14 mL of raw sample
was placed into the vial, 3.75 g NaCl was added, after inserting of magnetic stirrer vial was
closed and heated up to the temperature of 80 °C in water bath. Magnetic stirrer was set to
900 rpm. Equilibration time was 5 minutes, followed by 40 minute sorption. Blank samples
were treated by the same method using de-ionized water.
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Quantification ion

Compound (m/2) Qualifier ions (m/z) tz (min)

Linalool 93 71 121 9.12

Arocet (2 isomers) 82 123 57 13.483 14.044
Aroflorone 98 168 71 15.330

Lilial 189 204 147 20.675

Isoamyl salicylate 120 138 208 20.825

Table 6. Experimental parameters for the GC/MS analysis of linear musks.

Isolated compounds were analysed by GC/MS using Agilent 6890N GC and Agilent 5973 MS
equipped with quadrupole analyser and electron ionization @ 70 eV. Separation column was
DB-5MS (20 m x 0.18 mm x 0.18 pum) (J&W), helium 6.0 (SIAD, Czech Republic) at a flow rate
of 0.8 mL.min" (constant flow mode) was the carrier gas. Desorption from SPME fibre was
realized in split/splitless injector of the GC in splitless mode for 3 min at a temperature of
250 °C. Column temperature program was as follows: 50 °C for 3 min, then 10°/min to 90 °C,
then 5°/min to 120 °C, hold 4 min, then 10°/min to 160 °C, 5°/min to 185 °C, 20°/min to 285
°C, final isotherm 2 min. GC/MS interface temperature was set to 285 °C, temperature of ion
source was 250 °C. Mass spectrometer was operated in SIM mode; parameters are summar-
ized in Table 6.

. Isoamyl
Linalool Arocet Aroflorone Lilial i
salicylate
[ng.L"] [ug.L7] [ug.L7] [ug.L7] §
Date [ug.L"]

2 2 2 2 2
$ £ & $ $ < g & & ¢
< =3 c =3 € = c = IS =3
— o - o - o — o - o

11.4.11 61.31 ND 2.633 ND 3.442 ND 1222 0.049 0975 NQ
12.4.11 42.33 NQ 2.406 ND 1.342 ND 0.406 0.049 0922 ND
13.4.11 33.28 NQ 2.847 ND 1.413 ND 0439 0.017 0.328 ND
14.4.11 36.75 ND 1.388 ND 0.809 NQ 0.429 0.060 0.589 NQ
15.4.11 2592 0.199 0.473 ND 0.369 ND 0.197 0.042 0.121 NQ
16.4.11 66.72 0.139 1.399 ND 1.427 ND 0.404 0.049 0403 NQ
17.4.11 39.57 NQ 0.546 ND 0.727 ND 0.307 0.033 0.202 ND
18.4.11 90.81 0.114 3.223 ND 5.336 ND 0.391 0.058 0.492 NQ
19.4.11 75.67 ND 4.294 ND 2419 NQ 0.684 0.065 0.734 NQ
20.4.11 84.79 ND 4.406 ND 0.925 ND 0.433 0.047 0495 ND
Average 55.72 0.046 2.361 0.0002 1.821 0.0007 0.491 0.047 0.526 0.0003
LOD 0.0012 0.0004 0.0011 0.0002 0.0004
LOQ 0.0041 0.0014 0.0037 0.0008 0.0012

Table 7. Concentrations of selected linear musks in waste water. For the calculation of average compound
concentrations following values were used: ND = 0.5 « LOD and NQ = LOD.
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Table 7 presents the concentrations of selected linear musks in raw and cleaned waste water.
Linalool was found in highest concentrations at inflow ranging from 33 to 91 ug.L", fol-
lowed by arocet and aroflorone with levels in low units of pg.L". Inflow concentrations of
lilial and isoamy] acetate were in tenths of ug.L™. These concentrations are lower than that
of polycyclic musks at the same locality — levels found for galaxolide and tonalide were in
hundreds and tens of pg.L7, respectively [38]. For all linear musks except of lilial, high re-
moval efficiencies were attained, usually more than 99.5 %. Lilial removal efficiency was be-
tween 78.68 and 96.13 % (average 88.7 %). These results are very satisfactory.

3. Ecotoxicology

Our generation has recently stepped over a threshold of the new millennium. The growth of
the human population coupled with increasing consumption and overuse of natural resour-
ces brings with it also growing impact on the total environment. The human activities that
have accelerated since the 18" century with the beginning of the industrial revolution led in
many cases to long-term consequences which disturbed the natural balance and gathered an
irreversible and uncontrollable character [39]. Effects of above mentioned human activities,
mainly uncontrolled release of various manmade chemicals, is not without adverse conse-
quences. These negative effects are studied within the discipline of ecotoxicology, which
was firstly defined around 1969 by Dr. René Truhaut, a member of the French Academy of
Sciences. This new field of science “Ecotoxicology” he defined as “the study of adverse ef-
fects of chemicals with the aim of protecting natural species and populations.” Thus ecotoxi-
cology deals with potentially harmful effects of countless man-made chemicals and wastes
released into biosphere on organisms. Ecotoxicity involves the identification of chemical
hazards to the environment. "Ecotoxicity studies measure the effects of chemicals on fish,
wildlife, plants, and other wild organisms" [40,41]. Bioassays are one of the main tools in
ecotoxicological assessments. Ecotoxicology has the task to examine effects of chemicals or
environmental samples on species, biocenoses and ecosystems. Results of ecotoxicological
research constitute the main scientific background for setting immission standards for the
protection of the environment. The Water Policy Directive [2] of the European Union (EU)
strives for a good ecological and chemical status for surface waters. This Directive is to con-
tribute to the progressive reduction of emissions of hazardous substances to water. Howev-
er, the Directive is aimed especially at a monitoring of the state of the waters and is based on
a combined approach using control of pollution at source (substance-specific assessment)
through the setting of emission limit values and of environmental quality standards instead
of an assessing threats to the waters from effluent discharges [2,42]. The solution is the
whole effluent assessment (WEA), which can be defined as the assessment of the whole ef-
fluents by using a range of biological methods or techniques in order to reveal (potential)
effects. It focuses on toxicity (acute and chronic), genotoxicity (including mutagenicity), bio-
accumulation and persistence. Therefore WEA increases the understanding of the combined
effect of all known and unknown substances, especially in complex mixtures [43]. Global
evaluation of wastewaters should include ecotoxicological tests to complete the chemical
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characterization. The integrated assessment of biological effects of wastewater discharges in
the ecosystems is relevant and ecotoxicity tests are referred as extremely useful tools for the
identification of environmental impacts [44]. On the other hand there exist some ways how
to partially prevent environment and water ecosystem. On 1% June 2007 EU regulation
REACH entered into force. The law is the European Community Regulation on chemicals
and their safe use [45]. It deals with the Registration, Evaluation, Authorisation and Restric-
tion of Chemical substances. The aim of REACH is to improve the protection of human
health and the environment through the better and earlier identification of the intrinsic
properties of chemical substances. Three specific properties of a chemical are used to de-
scribe its potential hazard to the aquatic environment [46,47]:

* Aquatic toxicity: The hazard of a substance to living organisms, based on toxicity tests to
aquatic animals and plants.

* Degradability: The persistence of the substance in the environment, based on molecular
structure or analytical testing.

* Bioaccumulation/bioconcentration: The accumulation of a substance in living organisms
(from water sources for bioconcentration), which may or may not lead to a toxic effect;
based on calculations or bioconcentration factor (BCF) studies using fish.

Aquatic toxicity is determined using internationally harmonized test methods, which are
preferred; in practice, data from national methods may also be used where they are consid-
ered as equivalent. Data are preferably to be derived using OECD Test Guidelines, US Envi-
ronmental Protection Agency (EPA) or equivalent according to the principles of Good
Laboratory Practices (GLP). For ecotoxicity evaluation of chemicals fish, crustacean, algae
and freshwater plant (Lemna minor) are used. On the base of obtained results from tests the
hazards to the aquatic environment which they present is identified and chemical substan-
ces are classified into categories and they are assigned risk phrases [46,48,49].

3.1. Ecotoxicity testing of chemical compounds

To assess the effect of chemical compounds on various aquatic organisms the ecotoxicity
tests, biotests, bioassays using organisms from various trophic levels are used. The goal of
the ecotoxicological tests is the determination of effective concentration (EC), eventually le-
thal concentration (LC) or inhibition concentrations (IC) [40]. These parameters refer to the
concentration of toxic substance that results in 50% reduction of end-point relative to control
at a given period of time [50]. These concentrations of tested compounds cause the mortality
of 50 % testing organisms or 50% inhibition growth rate in relation to control group. Lower
values of LC (EC, IC)50 means higher toxicity of the tested chemical compounds. In accord-
ance with testing regulation the limit test, preliminary tests and definitive test were conduct-
ed with single compounds. In limit test concentration 100 mg.L! of tested compound is
used. Preliminary tests (range finding test) are used to find approximate toxicity of the
chemical compounds if it is unknown. In this case the dilution series is following: 100
mg.L?, 10 mg.L?, 1 mg.L", 0.1 mg.L? and 0.01 mg.L". The results of preliminary tests are
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used to determine the range of dilution series of the final test. From obtained experimental
endpoints (mortality, immobility, growth inhibition etc.) in ecotoxicity tests the ecotoxico-
logical values EC50, IC50, LC50 are calculated

3.1.1. Daphnia magna — acute toxicity test

Daphnia magna is a common component of freshwater zooplankton. It refers to the group of
Arthropoda, Branchiopoda, Daphnidae. Daphnia are small arthropods of 1-5 mm in size. They
live in various aquatic environments. Ontogenesis of individual is direct without larval
stages. During the year there is one or several biological cycles in which parthenogenetic
generations are alternated by bisexual generations which enclose the cycle. Species D. magna
is the largest species of Daphnia group. Thus it is vulnerable to fish predation that it is ex-
cluded from fish-inhabiting lakes. It occurs mainly in ephemeral habitats like small ponds
and rockpools where vertebrate predators are rare. D. magna is most commonly used species
in aquatic toxicity testing because of many characters that make it easy and economical to
culture it in the laboratory. It is relatively small but bigger than other daphnids, thus manip-
ulation with it is easy. It has short life cycle, high fecundity, and parthenogenetic reproduc-
tion. On the other hand in a few comparative studies D. magna tended to be less sensitive to
toxic substances than other cladorerans, and this may be due in part to life-history and size
differences [51,52]. Daphnids are integral part of water biocenosis and food chain; this is the
reason why their using in ecotoxicity testing is important. There exist many national and in-
ternational standard methods which use this organism for acute or chronic ecotoxicity as-
sessment [53-59].

Alternative small scale method Daphtoxkit F™ (purchased from MicroBioTests Inc., Gent,
Belgium) for the determination of EC50 value was used for our purposes. The Standard Op-
erational Procedure of the Daphtoxkit F™ is in accordance with the OECD and ISO test pro-
tocols for the acute Daphnia magna toxicity tests [54,55]. Standard Freshwater was prepared
with the concentrated salt solutions included in the kit. This medium, which has the compo-
sition recommended by the ISO for acute toxicity tests with D. magna, is used as a hatching
medium and as a dilution medium for the preparation of the toxicant dilution series. Be-
cause of low water solubility of tested substances DMSO as solvent for preparation of 100
mg.L7 stock solutions of tested compounds was used. Maximal concentration of DMSO
used for dilution series preparation in tests was 3 %. This concentration doesn’t exhibit any
negative influence on testing organisms in control group. Ephippia were hatched in Petri
dishes with Standard Freshwater (ISO) medium three days before test at temperature 20 - 22
°C under continuous illumination of 6 000 lux. Pre-feeding of neonate with suspension of
spirulina powder was done two hours before the test to prove them energetic reserve. Daph-
nids (aged less than 24 hours) were exposed to dilution series of tested compounds in pre-
liminary and final tests. Experiments were conducted at temperature 20 °C in darkness
incubator. After 24 and 48 h the endpoint - immobility was observed. The values of 24hEC50
and 48hEC50 were calculated by probit analysis. The test was considered valid if the num-
ber of dead organisms in the control did not exceeded 10 %.
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3.1.2. Thamnocephalus platyurus - acute toxicity test

Ecotoxicological evaluation of selected musk substances was done also via freshwater crus-
taceans Thamnocephalus platyurus. It refers to class Branchiopoda orders Anostraca, originat-
ed from North America. For calculation value of 24LC50 alternative test Thamnotoxkit F™
was used (purchased from MicroBioTests Inc., Gent, Belgium). The T. platyurus assay has
already been incorporated in some countries in regional or national regulations for toxici-
ty testing but requests have also been formulated from various sides to propose this micro-
biotest to “international” organisations for endorsement as a “standard toxicity test”, for
specific applications in a regulatory framework. On the base of proposal to the Internation-
al Standardisation Organisation (ISO) for consideration the T. platyurus microbiotest as a
new ISO standard ecotoxicological test committee draft ISO/CD 14380 was in 2010 pre-
pared. This test is often used to toxicity assessing in freshwater, waste water and determi-
nation of acute toxicity of chemicals [60-62]. Thamnotoxkit F™ is similar to Daphtoxkit F™
- it also contains all the materials to perform six complete acute (24-hour) toxicity tests
(range-finding or definitive) based on mortality of testing organisms. Larvae of the fairy
shrimp T. platyurus hatched from cysts are used. The test procedure followed the Stand-
ard Operational Procedure manual of the Thamnotoxkit F™ microbiotest. Standard freshwa-
ter was prepared by diluting of the concentrated salt solutions included in the kit to obtain
1 L of medium, which served for hatching of the cysts and for preparation of the toxicant
dilution series. In case of organisms T. platyurus acetone as solvent for preparation of 100
mg.L" stock solution of tested compounds was used. Maximal concentration of acetone used
for dilution series preparation in tests was 3 %, which have no negative effect on testing
organisms in control group. Before testing the eggs of T. platyurus were hatched 24 hours
at a temperature of 25 °C under continuous illumination at 4 000 lux. The assays were carried
out in the multiwell test plates provided in the kits in the darkness at temperature of 25 °C.
Larvae were exposed to dilution series of tested compounds in preliminary and final tests.
Lethality (endpoint for effect calculation) was observed after 24 h. The values of 24hL.C50
were calculated by probit analysis. The test was considered valid if the number of dead
organisms in the control did not exceed 10 %.

3.2. Ecotoxicity of linear musk compounds

In our study four selected synthetic linear musk compounds were evaluated via alternative
ecotoxicity tests on freshwater crustaceans T. platyurus and D. magma: Arocet (2-tert-butylcy-
clohexylacetate, Aroflorone (4-tert-amylcyclohexanone), Lilial [3-(4-tert-butylphenyl)-2-
methylpropanal] and Linalool (3,7-dimethylocta-1,6-diene-3-ol). All substances were
obtained from their producer Aroma Praha Company Ltd. Information on the occurrence of
these substances in waste water and surface water as well as information concerning their
ecotoxicity is absent in scientific literature. Material safety data sheet (MSDS), if available,
gives only data concerning their toxicity. The Globally Harmonized System for Classifica-
tion and Labelling of Chemicals (GHS) describes testing for hazards to the aquatic environ-
ment in Part 4, Chapter 4.1 [47]. The purpose of obtaining aquatic toxicity data for chemicals
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is to classify them to their acute or chronic toxicity in the hazard classification in different
classes. Ecotoxicological values obtained on the most sensitive of testing organisms (fish,
crustacean algae or other aquatic plant) in acute toxicity tests serve to classification in three
acute classification categories; ecotoxicological value <1 mg.L", (class I-very toxic to aquatic
organisms); 1 - 10 mg.L" (class II-toxic to aquatic organisms); 10 - 100 mg.L" (class III-harm-
ful to aquatic organisms). Substances with value EC50 above 100 mg.L? would not be classi-
fied. Results obtained in test of acute toxicity on D. magna and T. platyurus are summarized
in Table 8. To compare toxicity of linear musk compounds with other musks in Table 9 are
summarized results obtained in our laboratory on the same testing organisms via the same
testing procedure [38].

Thamnocephalus platyurus Daphnia magna
Tested compounds

24hLC50 [mg.L'] 24EC50 [mg.L"] 48EC50[mg.L"]
Lilial 11.98 4.4 213
Arocet 54.52 63.68 40.23
Arofloron 68.34 53.63 40.42
Linalool 53.94 156.26 124.59

Table 8. Results of acute toxicity tests of linear musks on Thamnocephalus platyurus and Daphnia magna.

Thamnocephalus Daphnia magna
platyurus
Group Compound
24h LC50 24h EC50 48h EC50
[mg.L"] [mg.L"] [mg.L"]
Musk xylene 6.15 2.39 2.22
Nitromusks
Musk ketone 6.14 2.33 2.13
Galaxolide (HHCB) 1.14 1.22 1.12
Polycyclic musks
Tonalide (AHTN) 1.58 1.51 1.33

Table 9. Results of acute toxicity tests of nitromusks and polycyclic musks on Thamnocephalus platyurus and Daphnia
magna.

From compounds tested in our study lilial was found as the most toxic to testing organisms.
Although we have ecotoxicological values only on one organism defined for chemicals wa-
ter ecotoxicity assessment, on the base of 48EC50 values obtained for D. magna we could try
to classify them as follows: all substances except linalool and lilial were harmful to aquatic
organisms (class-III). Lilial was found to be toxic to aquatic organisms (class-II). From re-
sults obtained on a limited number of species it seems that linalool is not hazardous to
aquatic environment. In comparison with results obtained in our similar study on the same
testing organism for polycyclic and nitro musk (see Table 9) we can conclude that linear

137



138 Waste Water - Treatment Technologies and Recent Analytical Developments

musk compounds are more friendly to the environment than polycyclic and nitro musks.
The 48EC50 values for tonalide, galaxolide, musk ketone and musk xylene on D. magna were
1.33 mg.L?, 1.12 mg.L", 2.13 mg.L! and 2.22 mg.L", respectively. In this case they could be
classified as toxic to aquatic organisms (II-class). As seems the linear musk compounds (ex-
ception lilial) are in our case in the order of ten times less toxic to the testing organism T.
platyurus and D. magna than polycyclic and nitro musks. As mentioned above this finding is
very positive in view of prevention of environmental pollution because the production of
linear musk compounds in the Czech Republic is on the rise and replaces the use polycyclic
and nitro musk compounds. Equally important is the finding that the concentration at the
outlet of the WWTP was mostly below the detection limit as in this article published. Excep-
tion is only lilial, but its levels detected at the WWTP outflow (mean value 0.047 ug.L, see
Table 7), are much lower than in our case the value of 24LC50 found in our experiments.

4. Conclusions

As a consequence of increasing living standard of mankind the environment is loaded with
increasing number of various chemicals. Pharmaceuticals and personal care products
(PPCPs) belong to the group with increasing use, but these compounds also attract increas-
ing interest as new or emerging environmental contaminants. Negative effects of these com-
pounds or formulations are caused not only by parent compounds, but also their
degradation or transformation products could show in some cases even stronger negative
effects than their precursors.

This study was focused on three groups of chemicals belonging to PPCPs: non-steroid anti-
inflammatory drugs, which are used widely, macrolide antibiotics which gain wider impor-
tance due to their therapeutical properties, and linear musk compounds which represent the
most modern synthetic fragrances with great perspectives. The levels of these compounds at
the inflow and outflow of waste water in municipal waste water treatment plant in Brno-
Modfice were determined. From the group of non-steroid anti-inflammatory drugs ibupro-
fen was the compound with the highest concentration in the raw waste water reaching more
than 40 ug.L", followed by salicylic acid and ketoprofen. The removal efficiency of the
cleaning process was found to be very good for all compounds under study with the excep-
tion of naproxen — its removal efficiency was 78 %, in all other cases it was better than 90 %.

The levels of macrolide antibiotics (erythromycin, clarithromycin and roxithromycin) were
found to be very low in raw waste water (in several samples erythromycin and roxithromy-
cin were found in sub- ug.L?, their levels in cleaned waste water were below the limits of
detection of used analytical procedure. It could be stated that these compounds due to low
concentrations don’t represent any serious risk for the receiving water.

The concentrations of linear musks produced in the Czech Republic in the raw waste water
ranged from tens of ug.L" for linalool, units of ug.L? for arocet and aroflorone to sub- ug.L™
levels for lilial and isoamylacetate. Removal efficiencies were in common better than 99.5 %
with exception of lilial with average removal efficiency of 88.7 %. The last compound also
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exhibited the highest ecotoxicity from all tested linear musk compounds with 24EC50 value
4.4 mg.L''. Nevertheless, this value significantly exceeds the concentrations found in real
samples.
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ABSTRACT

Surfactants form a group of daily-used substantais

have become a part of our life. Fitreir advantageous$

properties they are used as the main componerftsaof
extinguishing agents, which are applied in fightiwgh
widespread fires.

The main aim of our study was the evaluati
of ecotoxicological influence of the most used foextin-
guishing agents (FEAs) concentrates which are cdien
plied in fire cases by Fire Rescue Unit in Southré&W@n
region, Czech Republic. Following preparations wsee
lected: Sthamex F-15, Finifam F-15, Expyrol F-Mgus-
sol-APS F-15 and Pyrocool B.

In this study the working solutions of selectedrage
at their effective concentrations (3 — 5%) werde@sTo
predict their ecotoxicity for aquatic ecosystems #to-
toxicological tests in aquatic arrangement usingmah
organismsThamnocephalus platyurus and Daphnia magna
and plant organism_Lemna minor and Snapis alba were
conducted.

Subsequently the leachates of soil contaminated
firefighting agents were evaluated via the samemiggns
with the aim to assess possible influence of smiption
complex on ecotoxicity reduction. Ecotoxicologitests in
contact arrangement using animal organism - earthw
Eisenia fetida, and plant organism - lettuce se¢dgtuca
sativa were also conducted to predict the ecotoxic efiéc
FEAs on terrestrial organisms and possible infleené
biodegradability on ecotoxicity reduction.

The results of ecotoxicological tests in aquatieva#
as in contact arrangement should arouse attenéoause
the fire-fighting agents exhibit high ecotoxicitilous-
sol-APS F-15 was assessed as the least toxic agjént
hough its toxicity is still considerable. The irdhce of
soil sorption complex and biodegradation processes
FEAs ecotoxicity reduction was observed. On theelds
obtained results, this study points out the neeglcofoxi-
cological testing of foam extinguishing agents #igh-
lights the lack of legislative measures.

KEYWORDS:
ecotoxicity, fire-fighting foams, surfactants, water leachates.

t
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1. INTRODUCTION

industrial branches over the world, including tieddf of
Plfire protection. Usually they are used as stabifjznd wet-
ting agents in fire-fighting foam concentrates heseaof
their useful properties. Thus the extinguishingnieaare
mixtures of water, surfactants, solvents and cdldeitives.

In fact, uncontrolled fires represent significaiskrfor
living organisms, nature ecosystems and also $ogmif
threat of material. Due to this fact issue of farevention
and fire extinguishing has a high priority. In tfight
against fires air-mechanical extinguishing foane aiften
used, which are available in several basic moditios,
i.e. protein foam agents, synthetic foam agents aloo-
hol-resistant foam agents. All these agents hetp ushibit
and extinguish spacious fires, but after their igpfibn
they simultaneously contaminate the environment [1]

by Surfactants contained in extinguishing agents are s
face active substances, which have amphoteric cteara
This special property causes foaming of water, drigh
oxygen demand, water toxicity and emulsifying ofsfa
P Penetration of these substances into the environcaeses
water and soil contamination and disruption of wagater
treatment processes. It results in significant etoxicity
of contaminated matrices and in transfer of padlutio
the other environmental compartments. In the soili-e
ronment the sorption of various constituents @&-fighting
foams on soil particles can take place and thisdciead to
the reduction of acute toxicity for aquatic ecosyst but
on the other hand it could increase of acute toxfor
soil organisms [2].

Current legislative measures are focused only dasu
tants in detergents, but they are overlooked gfghting
foam concentrates. The objective of this study s
ecotoxicity evaluation of selected fire-fightingafos via
ecotoxicological tests in aquatic as well as intach
arrangements and the assessment of their influzmtiee
environment. Effect of soil sorption complex on o
city reduction of tested agents was also evaluated.

t
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TABLE 1 - The overview of ecotoxicologically evaluied extinguishing agents.

Commercial designation Extinguishing foam type

Concentration of

7 . Manufacturer
working solution

Sthamex F-15 Multipurpose foaming agent

5% DraBtér, Hamburg, Germany

Expyrol F-15 Synthetic foaming agent

3% Tyco/Saftoducts, UK

Finiflam F-15

Synthetic multipurpose foaming agen

3% Tyco/Safety Products, UK

Moussol-APS F-15 Alcohol-resistant foaming agent

% 3 Dr. Sthamer, Hamburg, German

Pyrocool B Synthetic foaming agent

Pyrocool Slovakia spol. s.r.o.,

0,
3% Slovakia

2. MATERIAL AND METHODS

2.1 Tested materials

Five specific fire-fighting foam agents, name
Sthamex F-15, Expyrol F-15, Finiflam F-15, Mousa&S
F-15 and Pyrocool B were selected for ecotoxiating.
Summary information about them is given in Table 1.

Samples of the above mentioned extinguishing ag
were obtained from Fire Rescue Unit of South Maaayv
region in the Czech Republic. Ecotoxicity tests eveon-
ducted with working solution of mentioned agenteféc-
tive concentrations which are listed in Table 1.

2.2 Testing methods

For the ecotoxicological evaluation of mention
FEAs two batteries of tests in aquatic and teriassr-
rangements were applied. The acute toxicity in w4g
environment was assessed via test battery whid¢hdad
Lemna sp. growth inhibition tesSinapis alba (white
mustard) root growth inhibition test and alternatiests
Thamnotoxkit E* and Daphtoxkit B! magna.

The Lemna testwith duckweedLemna minor was
performed according the standard test 1SO 2007%:2
Lemna sp. Growth Inhibition Test using Steinbergling
um. This medium was used as culture and diluentiumed
Biotests were carried out in 200 ml beakers fillgth 100
ml of relevant sample solution (dilution series tested

compounds diluted in Steinberg medium). The beake

were inoculated with two to four-fronds colonies laof

minor with total number of 9 fronds in each beaker. ¢ t(

under condition of continuous illumination, ligmténsity
6 000 — 10 000 lux and temperature 24 + 2 ° wereeth
out.

Thereafter number of fronds was counted. Growth
hibition (measured as the decrease in number ofidfd
during 7 days of incubation as compared to a cpoed-
ing control) was recorded after 168 h. Growth iitioh
as the toxicological endpoint served for calculgtialue
of 168hIC50. The test was considered valid, ifrthenber
of fronds in control test increased eightfold [3].

Sinapis alba root growth inhibition test follows
Methodological guideline No. 11/2007 of the Depaatiin
of Waste of The Ministry of Environment of the Che
Republic for the determination of waste ecotoxicRyin-
ciple of the test consists in 72-hour exposurehef high

ture of 20 = 2 °C in the darkness. Stock solutiohsari-
ous salts needed for preparation of diluent medomthis
testing organism were obtained as follow: (i) G&ELO
[ywas prepared by dilution of 11.76 g in 1 000 mliwoé
flask. The other stock solutions were preparedlioiv-
ing concentrations of salt: (ii) 4.9314 MgSO, 7H,0;
(iii) 2.59 gl NaHCQ; (iv) 0.23 gI* KCI. 2.5 mlfrom
| each stock solution was transferted1 000 ml volume
"ﬁgsk and this one was refill to the volume of D00l in
accordance methodological guideline with distilledter
to obtain diluent medium. 30 high quality seedSadlba
with same size and ochre colour have been depltyed
each concentration of tested sample solution. Sesde
placed on filter paper in Petri-dishes, which wasstened
:Jvith 6 ml of relevant sample solution. After 72 heuhe
“Hengths of hypocotyls of germinated seeds in teatetlin
control group were measured. The inhibition of rgrawth
lt?the endpoint for effect calculation) was evaluaiad value
of 72hIC50 - the result of the test - was calcial .

Thamnotoxkit F™ is one of the alternative tests
from production line of Belgian company MicroBioTes
Inc. Gent, Belgium. This user-friendly test is shes the

ortality of freshwater crustaceah platyurus after

4-hour exposition in tested solution. The testcpdure
followed the Standard Operational Procedure of the
Thamnotoxkit F The hatching of the cysts was initiated
20 — 22 hour prior to the start of the toxicity ttemder
continuous illumination of 3 000 to 4 000 lux at 25 As
Hfution and hatching medium served standard freséry
which was prepared by mixingf contents of five vials

0

S{the concentrated salt solutions included in thg &nd
filling to the volume of 1 000 ml by distilled wateMe-
dium (moderately hard reconstituted freshwater magle
according to the US EPA formula) was aerated fdeadt

iNt5 minutes and served for hatching the cysts angrip-
aration of the toxicant dilution series. The assiyshe
multiwell (1 ml volume per well) test plates progitl in
the kits were carried out. Each toxicant conceiutnavas
tested out in three replicates - ten individualshiee test
wells. The test plates subsequently were incubatezb
°C in darkness. After 24 hours number of dead dsgas
was counted. The result of the assay is value bflZ250,
which was calculated by probit analysis [5]. Th& tevas
considered valid if the number of dead organismthin
control did not exceed 10 %.

Daphtoxkit F™ magnais another alternative toxicity

CJ

quality seeds o§. alba to tested solution at the temper|

A-assay produced by the company MicroBioTests InentG
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Belgium. The test was conducted following tiandard
Operational Procedure of the Daphtoxkit ' magna
which is in accordance with the OECD and ISO test
tocols for the acut®aphnia magna toxicity tests. Assay
is based on immobilisation or mortality of cladces
D. magna after 48-hour exposure to test solution. T
hatching of ephippia was initiated 72 hours priorthe
start of the toxicity test under continuous illuitiion of
6 000 lux at a temperature of 20— 22 °C. As dlut
and hatching medium Standard Freshwater (ISO)
prepared by mixing of contents of four vials, whaie
constituent part of the kit, and filling it to vohe
1 000 ml by distilled water, followed by 15 minutera-
tion and preparing dilution series. Subsequentjyhdads
aged less than 24 hours were exposed to the dilsée
ries of tested compounds. 20 individuals were suted
in four replicates for every concentration and cargroup
of multiwell plate (well volume is 10 ml). At thené the
multiwell plate with a strip of parafilm was sealegd
covered with lid. Experiments were conducted atpena-
ture 20 °C in darkness incubator. After 24 and 48r#
number of immobilised organisms was counted. Vabfe

24hEC50 and 48hEC50 are the results of the asday. T

test was considered valid if the number of deaduoiggms
in the control did not exceed 10 % [6].

For the evaluation of soil sorption complex inflaen
on the ecotoxicity change of tested agents, leashaf
soil artificially contaminated with FEAs via the rsa
testing organisms were tested. Standard Europeén s
Lufa 2.3 as standard matrix was selected. The ponéa
tion of LUFA 2.3 with working solutions of selectadents
about effective concentration was performed avait
known amount of LUFA 2.3 was saturated to 70 %t®f

water holding capacity (WHC). Aqueous leachates gre

pared in accordance to Methodological guidelineDef

partment of Waste onthe determination of leachafg
wastes (by 24-hour shaking in the end-over-end eshak
sample - standard soil contaminated with FEA withiltkd

water in ratio 1:9 — solids/distilled water and seduent
filtration) was tested. Leaching under speed 5GdRPM

for 24 hours was performed. 15 minute sedimentadith
filtration through filter paper with of pores 5 fisllowed

[7]. Basic characteristics of individual leachaé#e shown
in Table 2.

TABLE 2 - Basic characteristics of soil contaminatd by individual
foaming agents

Contaminant pH K (US.cnt)
Sthamex F-15 6.71 351.0
Moussol-APS F-15 6.93 175.5
Finiflam F-15 7.24 278.0
Expyrol F-15 7.45 331.0
Pyrocool B 6.61 282.0

The acute toxicity in soil was assessed by tesehat
which included Screening test of germination ofue¢
seeds l(actuca sativa L.) and Test of escape behavio

FEB

Screening test of germination of lettuce seedk.(sa-

tiva) was performed in accordance with 1ISO 17126:2005.
Lettuce seeds were left for germination on filtapg@r mois-
tened with distilled water for 22 - 24 hours untddyoratory
temperature in darknes$hereafter 15 germinated seeds

hevere deployed into vessel with 400 g of contamithasiail
which was prepared by saturation of foaming agent t
70 % of WHC value. These were incubated under dark
conditions and temperature 24 °C for 120 + 2 ho#its.

wélse end of the test seedlings were taken out fromtagni-
nated soil and length of their roots was measuisdhe
result of the assay the value of percentage inbibivas
determined and Dunnettistest was applied to decide if
statistically significant difference between cohtest and
tested sample exists (ecotoxicity yes or not) fjreen-
ing test with the contaminated soil after 14-dagasition
under different condition (light, irrigation/darkp irriga-
tion) was repeated to assess if biodegradationepeas
have influence on resulting ecotoxicity.

Test of escape behaviour with earthwormsH. feti-
da) follows 1SO 17512-1:2008 and uses terrestriabharg
”_ism earthwornE. fetida for quick assessment of contami-

7

nated soil effects. The test was performed in tivarcber
design. Identical amounts of standard artificidl about
250 g were weighed to each chamber severed by inert
bulkhead. One part of soil was saturated by distilvater

to 70 % of WHC value and the second one by work-sol
tion of tested foaming agent. Thereafter the budiche
was removed and 10 adult organisms with weight abou
300 £+ 10 mg were inserted on the borderline of tiife
ferent soil. Testing vessels were covered up byénafiim
and placed to air-conditioned space at tempera2dreC

. and permanent lighting regime with light intengt@00 lux

for 48 hours. After 48 hours the number of orgasigmeach

o

—_ —

part of soil was counted. The rate of escape behawn
percentages was determined as result of the fest [9

RESULTS AND DISCUSSION

3.1 Tests of Ecotoxicity in Aquatic Arrangement

The results of ecotoxicity tests performed in auat
arrangement provide information about effects ofABE
on aquatic organisms after releasing into aquatidren-
ment. Ecotoxicological values calculated on theebaf
results obtained by evaluation of mentioned ecotugigy
tests in aquatic arrangement are presented in Babileese
results indicate high ecotoxicity during acute esqre of
aguatic organisms.

Moussol-APS F-15 was conclusively determined as
the least ecotoxic from all tested FEAs for altitesorgan-
isms. Ecotoxicological effects of other FEAs aréegaom-
parable. All obtained results predict high risk fayuatic
ecosystems. All aquatic organisms exhibit simitansstivi-
ty to all FEAs.S. alba has been found as the least sensitive

Lrorganisms in aquatic arrangement toxicity testiogibis

with earthwormsEisenia fetida).

in fact terrestric plant organism. Figure 1 showse
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TABLE 3 - Ecotoxicological values [cri. dm®] calculated on the base of results of ecotoxicitgsts conducted in aquatic arrangement

Ecotoxicological values/ Moussol-APS -
testing organism Sthamex F-15 F15 Finiflam F-15 Expyrol F-15 Pyrocool B
24hLC50
T, platyurus 3.93 78.88 4.79 3.74 3.65
24hEC50
D. na 154 65.80 161 144 1.52
48hECS0 0.96 40.62 1.37 1.09 0.68
D. magna
1L68h.'C5° n. p. 72.08 7.01 3.80 n.p.
. minor
72hIC50
S alba 16.05 195.53 17.95 42.32 12.39
n. p. — not performed

T. platyurus

2ahicsp  D-magna

24necsg  D-magna

aghecso S alba

72hIC50

FIGURE 1 - Graphical comparison of FEAs

parison of FEA ecotoxicity and comparison of tegti
organisms sensitivity.

3.2 Influence of soil sorption complex on ecotoxicity change

During evaluation of soil sorption complex influeng
noticeable ecotoxicity decrease was found.

The comparison of results @hamnotoxkit B eco-
toxicity test performed with working solutions ofem
tioned agents at effective concentrations and sjulessdly

with leachates of soil contaminated by firefightiagents
is shown on Figure 2.

Effective concentrations determined for water leac
tes are distinctly higher, which means that ecaibxiis
several fold lower. For leachates of Sthamex F-h8

h

Expyrol F-15
Finiflam F-15
Pyrocool B
Sthamex F-15

L. minor

168hIC50

ecotoxicityand testing organisms sensitivity

n Finifam F-15 no ecotoxicity was observed. This tfac

predicts appreciable soil sorption complex influeran
ecotoxicity reduction.

3.3. Ecotoxicity tests in contact arrangement

The results of ecotoxicity tests in contact arranget
provide information about direct ecotoxicologicafl-
ence of FEAs after their releasing into soil enwirent
and after acute exposure of organisms. Obtainedtses
are consistent with results of tests in aquatiaragement.
Even in this case, the acute toxicity of FEAs igejhigh.
Concrete results obtained by evaluation of corgaotox-
icity tests are presented in Figure 3 and Figure 4.

Figure 3 shows root growth inhibition &f sativa in

B freshly contaminated soil with FEAs in comparisoithw
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inhibition effects two weeks after FEAs depositiolur- | results predict high risk even for terrestrial g&bems,
ing this period different specific conditions (i.Bght, [ because inhibition effect is significant. Positfieding is
irrigation, laboratory temperature/dark, no irrigat cold) [ the fact that soil deposition resulted in lower tegity
were applied. Moussol-APS F-15 was determined as|tleffects. As the chart 3 shows, the ecotoxicityoisdr in
least ecotoxic FEAs from all tested agents agahese€ | soil after deposition (dark/light conditions)

100 +

88.76

91.2
90
78.88
80
70 +
60 |
53.46
20 1 Pure solution
40 - W Water leachate
30 -
20 4
10 -
3.93 3.65 4.79 3.74
O T T T T

Sthamex F-15 Pyrocool B Finiflam F-15 Expyrol F-15 Moussol-APS
F-15

¢ (cm3-dm3)

FIGURE 2 - Graphical comparison ecotoxicity of FEAgworking solution) and leachates from contaminatedoil (Water leachate).

100+

91.56

91.45 90.74
90 -

84.33

69.92
70 -

60
53.23

50 - 47.51 Base test

41.32 38.80 43.78 W Dark condition
401 . 37.14 M Light condition
30 -
20 ~ 17.8

10.44 11.9

10 - 8.5

Sthamex F-15 Moussol-APS  Finiflam F-15 Expyrol F-15  Pyrocool B
F-15

Inhibition (%)

FIGURE 3 - Results of Screening test of lettuce s@® (L. sativa) germination under standard conditiors in comparison with results on con-
taminated soil stored under various conditions.
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120

100

100

80

60

40 30

Escape behaviour (%)

20

FEB

100

80 80

Sthamex F-15 Moussol-APS F
F-15

inifam F-15 Expyrol F-15  Pyrocool B

FIGURE 4 - Results of Test of escape behaviour witharthworms Eisenia fetida performed in soil contarimated with FEAs.

than in freshly (base test) contaminated one. Tdsitipe

influence of degradation processes on ecotoxi@tduc-

tion is demonstrated wherein the temperature aglat |
play an important role.

This fact is in accordance with published inforroati
about biodegradability of surface active agents. &o
ample, the Polish study published in 2012 dealb watri-
ous tendencies of different types of fire-fightiftgmms to
biodegradation. Results of this study indicate dbpend-
ence between composition of FEAs and their abiiity,
biodegradation [10].

The main idea of our study is the assumption thi

the most problematic components of fire-fightingrfts are
surfactants. Unfortunately, FEAs producers donblish
information about mentioned agents’ composition weo
cannot confidently confirm this assumption.

Figure 4 presents the results of Tests of escalpavbd
iour with earthwornE. fetida. The results of this test agrg
with those of other tests. Again in this case theuM
sol-APS F-15 is the least toxic agent. On the otfzerd in
the experiments with Sthamex F-15 and Expyrol Fel5
escape was observed, which again demonstratesighe
toxicity of these products.

4. CONCLUSIONS

Our study was focused on the ecotoxicological eva
ation of fire-fighting foam concentrates. For thisrpose
commonly available and frequently used foam cong
trates Sthamex F-15, Expyrol F-15, Finiflam F-155ud-
sol-APS F-15 and Pyrocool B were selected.

Obtained results from tests in aquatic and coraact
rangement give evidence about high ecotoxicity edu
by acute exposition of organisms to the testedtanbss.

Although the Moussol-APS F-15 was evaluated as the
least ecotoxic agent, its ecotoxicity is still vérigh and
predicts significant environmental risk for livimgygan-
isms. The influence of soil sorption complex on BFEA
ecotoxicity reduction was proved on the basis sllts
obtained via ecotoxicity tests conducted with watEchate
of artificially contaminated soil. It is positiverf organ-
isms of aquatic ecosystem where ecotoxicity is eksing
at the expense of terrestric ecosystem where tht@xci-

ty is conversely increasing. This fact was confidnigy
the results of ecotoxicity tests in contact arrangset.

The influence of biodegradation processes on eeotox
icity reduction has been demonstrated through ¢kelis
of screening tests of germination of lettuce semasluct-
ed after contaminated soil storage under diffexnmtdi-
tions. It means that biodegradation processes hpasitive
influence with the meaning of environmental risks- d
crease. Results of our study give a suggestivetitire of
enext research both in FEAs ecotoxicity assessmedt a
influence of soil sorption complex together witlodeg-
radation processes on the ecotoxicity reduction.

It is important because of current legislation deal
hwith surfactants themself and their mixtures inedgents
but neglects them in the mixtures of fire-fightifegaming
agents.
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ABSTRACT

From the physical point of view, soil is a heterogenic polydisperse system. It often becomes a place of a secondary contamination
during extinguishing uncontrolled areal fires in nature. Foam extinguishing agents (FEAs), used at these events, basically contain
surface active substances and perfluorinated compounds. These tend to be captured in the soil matrix due to their specific properties.
Contaminants could be partly flushed out with rainwater, which causes several times dilution of contamination and lower ecotoxic
activity. However in the dry season, foam solution infiltrates into the bed soil without any dilution. This study deals with the direct
influence of soil the sorption complex on ecotoxicity of five selected FEAs, i.e. Expyrol F 15, Finiflam F 15, Moussol APS F 15, Pyrocool
B and Sthamex F 15. The substances tested were prepared in concentration of work solution and then applied on standard soil matrix
LUFA 2.3. For experimental purposes, a column infiltration apparatus was designed and compiled. Filtrates were collected and then
tested using the plant organisms Sinapis alba and Allium cepa L. The study compared ecotoxicologic effects of filtrates with an original
work solution. Moussol APS F 15 seems to be the least ecotoxic of the FEAs tested. A direct influence of soil sorption complex onto
ecotoxicity reduction was also established. This finding demonstrates the sorption ability of soil particles and ion exchange activity of

the soil matrix. It is a positive finding for biota of aquatic environment, yet at the expense of those in soil.

KEY WORDS: soil; FEAs; infiltration; filtrate; ecotoxicity

Introduction

Soil is the most complicated environmental compart-
ment. It consists of solid organic and inorganic material,
soil water and gas and, of course, biotic components.
All three environmental compartments (water, air, soil)
are linked (Vavri¢ek & Kucera, 2014). Due to this fact,
the majority of contamination comes into the soil bed.
A wide range of man-made chemicals is then partly or
totally captured there. It depends on the physicochemical
properties of soil whether the contaminant will be cap-
tured or somehow changed. The sorption, sequestration,
biodegradation, volatilization, leaching, desorption and
the uptake of plant and soil organisms, which contribute
to the further fate of contaminants in the soil environ-
ment. All processes mentioned act on the contamination
concurrently in dependence on the nature of pollution
and the soil matrix (Domene et al., 2010). Contaminants
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like surfactants affect biological and physical properties
of soil (Koehler et al., 2004).

It should be noted that the soil sorption complex affects
the contaminant fate in the environment in dependence
on its chemical nature. For example, mostly affected are
non-polar substances bound on solid soil particles or
substances with ion-exchange activity. Non-polar sub-
stances are of lipophilic nature and they can be captured
in the soil bed as they are passing through it. Ion active
substances can exchange ions from bonding groups and
thus change their own character. All these processes
can influence the bioavailability of the contaminant and
also its toxic activity (Ruggiero et al., 2002). In addition,
hardly controllable environmental conditions, such as
climate, can exert significant effects on the behavior of
contamination. An example is the comparison of the dry
and the rainy season (Ruggiero et al., 2002).

Environmental contamination can be assessed in sev-
eral ways. Risk assessment studies involve both biomoni-
toring and ecotoxicology testing. Basically, they are most
frequently used for testing surface and ground waters and
also soils. In the case of soil testing, we have two possibili-
ties. The soil matrix can be assessed directly via contact
testing using soil organisms or via water leachate testing
using water organisms.
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Contact test arrangements are simple with clear
results. The direct influence of contaminated soil can
be thus evaluated (Domene et al., 2010; Lors et al., 2011).
In contrast, water leachate testing offers information
about contamination dispersion, its solubility and, vice
versa, about the ability of the soil to capture individual
contaminants (Lors ef al., 2011). In the Czech Republic,
water leachates have to be prepared according to standard
guidelines issued by the Ministry of Environment of the
Czech Republic. The manual is harmonized with ISO
(2007). During leachate preparation, a ten-time dilu-
tion of contamination concentration occurs (ISO, 2007;
Methodological Guideline of the Waste Department to
Determine the Ecotoxicity of Waste, 2007). This step causes
a particular deviation and defacement of the real fate of
the contaminant. It is necessary to count with the dilution
factor to obtain approximate information about ecotoxic
activity. Nevertheless, it could be associated with a high
error. This may be the reason why bioassays with water
extracts are poorly predictive during assessment of envi-
ronmental risks of soil contamination (Lors et al., 2011).

This hypothesis naturally leads to the effort of design-
ing an experiment for assessment of the influence of the
soil matrix on contamination by the infiltration process.

Materials and methods

Soil matrix

The standard soil matrix LUFA 2.3 (LUFA Speyer
Germany) was used. It is naturally occurring soil in a
selected area, which is simultaneously used in agriculture.
LUFA 2.3 is classified as sandy loam soil type in accor-
dance with the United States Department of Agriculture
(USDA).

The supplier warrants that biocidal fertilizers, organic
manure, or pesticides have not been applied for five years
at least. Soil can not be sampled earlier than three months
after application of mineral fertilizers. Samples are taken
from the depth of 20 cm and sieved through a 2 mm sieve.
The supplier provides information about soil composition
and properties. Some of them are listed in Table 1 (LUFA
Speyer, 2013).

The advantage of this type of soil matrix lies in its
similarity with the natural soil ecosystem. Artificial soil
provided by OECD 207 can not provide this quality.

Table 1. Mean values of LUFA 2.3 analysis with standard deviation
referred to dry matter.

Parameter Unit Value

Nitrogen %N 0.08+0.02
pH-value 0.01M CaCl, 6.80+0.20
CEC meq/100g 10.9£1.10
WHC 9/100g 37.3%1.80
Organic carbon %C 0.94+0.10

CEC - cation exchange capacity; WHC - water holding capacity;
meq - miliequivalent

ISSN: 1337-6853 (print version) | 1337-9569 (electronic version)

Agents tested

In this study, fire extinguishing agents (FEAs) were tested.
These substances are complicated mixtures composed
mainly of alcohols, surfactants and other additives. Some
of them contain perfluorinated compounds, which belong
to persistent organic pollutants (POPs) with relatively
high environmental toxicity. Surfactants contained in
such a mixture can exchange some ionic groups with soil
sorption complex. Perfluorinated compounds can be then
adsorbed on solid soil particles, clay surfaces and abiotic
organic matter such as humic substances. Adsorption on
microbial biofilms is also possible (Lors et al., 2011).

We chose five FEAs for our experiments, i.e. Expyrol F-15
(EXP), Finiflam F-15 (FIN), Moussol-APS F-15 (MOU),
Pyrocool B (PYR) and Sthamex F-15 (STH). These FEAs
are used by the Fire Rescue Unit of the South Moravian
Region of the Czech Republic.

For experimental purposes, FEAs were diluted with
deionized water to concentrations of commonly used
work solutions, i.e. 5% concentration for STH and 3% for
the other ones. Solutions were used as stock solutions and
tested for hazardous property H14 (ecotoxicity).

Experimental design

At the beginning of our experiment, the column appa-
ratus for infiltration was designed. It was compiled from
a glass cylinder with specific proportions (see Figure 1).
Standard soil matrix was placed in such a way that it

-

SOLUTION \
INPUT

SOIL BED

W -

300

GLASS COLUMN

FUNNEL

U BEAKER

FILTRATE
OUTPUT

Figure 1. Technical scheme of the designed apparatus. Dimen-

sions are given in units of mm. /




reached average height, which corresponds to topsoil
height and also height used for infiltration in-situ experi-
ments (Hirzel & Matus, 2013; Johnson, 1963; Mijangos &
Garbisu, 2010). Work solutions of the FEAs tested were
individually applied in exact volume onto a thus prepared
matrix. The out-coming filtrates were collected and then
tested via ecotoxicology tests. Work solutions were tested
in the same way as their filtrates.

Column preparation

The bottom of the column was fixedly isolated by sterile
gauze. Standard soil matrix was added in order to reach
30 cm height after moderate shaking down. An identical
amount (736.5+1.1g) of soil matrix was used for every
infiltration process.

Filtrate preparation
Filtrates were prepared by using FEAs stock solutions.
Every single solution was poured into the prepared col-
umn and left to infiltrate spontaneously. Decrease of the
soil column occurred at the end of the infiltration.
Properties of work solutions and filtrates are presented
in Table 2. Parameters of stock solutions were measured
before infiltration, parameters of filtrates after the
process. Accurate experimental conditions are listed in
Table 3.

Ecotoxicological assessment
Ecotoxic activity of the prepared samples was evaluated
using the plant organism white mustard S. alba and the
higher plant A. cepa L.

Table 2. Fundamental properties of stock solutions and filtrates.

Sample type Stock solution Filtrate
Parameter pH Y (uS/cm) pH Y (uS/cm)
EXP 7118 1051 6.043 772
FIN 7430 830 5.442 1049
MOU 6.643 283 5.017 469
PYR 7.375 1492 4.638 1566
STH 7.530 1522 5.849 1258

y - electrical conductivity

Table 3. Experimental conditions for infiltration and experiment
outputs.

Soil IH of FH of Volume of  Filtrate

weight soilbed soilbed applied solution volume
FEA ((¢)] (cm) (cm) (mL) (mL)
EXP 735.10 30+0.5 24.5£0.5 1000 850
FIN 737.85 30+0.5 24.0+0.5 1000 850
MOU 735.34 30+0.5 24.0£0.5 1000 850
PYR 737.30 30+0.5 24.5£0.5 1000 850
STH 736.70  30+0.5 24.0+0.5 1000 850

IH - initial height, FH - final height

Interdisciplinary Toxicology. 2014; Vol. 7(4): 177-183
Full-text also available online on PubMed Central

Sinapis alba root growth inhibition test

The test was performed in standard arrangement accord-
ing to the Methodological Guideline No. 11/2007 of the
Department of Waste of The Ministry of Environment
of the Czech Republic for the determination of waste
ecotoxicity. The principle of the test lies in observation of
inhibition or stimulation of mustard root growth. Thirty
mustard seeds were exposed to several concentration
levels of the samples tested and the length of germinated
roots was measured after 72 hour exposition.

Seeds were applied at filtrate paper, moistened with
relevant solution, in Petri dishes of about ten centimetre
diameter. Petri dishes were placed into an incubator under
dark condition and constant temperature of 20 °C for 72
hours. At the end of the test, the length of germinated
roots was measured. Two replicates were done for every
concentration level, including control.

The control test was performed simultaneously with
every assay. Standard dilution medium was used in the
control. It is a mixture of four essential salts, namely cal-
cium chloride dihydrate in final concentration 11.76 g/L,
magnesium sulphate heptahydrate 4.93 g/L, sodium
bicarbonate 2.59 g/L and potassium chloride 0.23 g/L
(Methodological Guideline of the Waste Department to
Determine the Ecotoxicity of Waste, 2007).

Test inhibition of root elongation of onion sets Allium cepa L.

The assay principle is assessment of inhibition, or
stimulation, on the basis of comparison of root length in
toxicant solution with the length in control test. Six onion
sets were exposed to several concentration levels both of
FEAs and their filtrates. The length of germinated roots
was measured after seven days. To obtain more precise
results, the roots were cut and the total biomass amount
was determined for every concentration level.

Onion sets were peeled and rehydrated one day to
germination before testing. They were put into tubes and
filled with the relevant solution. The tubes with onions
were maintained in laboratory conditions under ordinary
daylight regimen and 20 °C for seven days. During the test,
the solutions tested in tubes were continuously refilled.
Finally, the length of germinated roots was measured.
The amount of the total biomass was then determined
for every single solution. Two replicates were done for
every concentration level. The control test was per-
formed simultaneously with every assay in two replicates
(Fiskesjo, 1985; Olorunfemi & Ogunsanwo, 2011).

Steinberg medium, used in the Lemna sp. growth inhi-
bition test, was chosen as standard dilution medium. It
was used for the dilution of both samples and the control
solution (ISO, 2005).

Statistical analysis

The obtained data were subjected to statistical analysis by

using the statistical software GraphPad Prism 6.0 in order

to compare the toxicity of filtrates and work solutions.
The data were tested with analysis of variance (one-way

ANOVA) to control statistically significant deviation of root

lengths between all replicates in every concentration level.

Copyright ©2014 SETOX & Institute of Experimental Pharmacology and Toxicology, SASc.
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Results

IC50 values, i.e. concentration causing 50% inhibition of
root growth, were calculated with 95% interval of confi-
dence using nonlinear regression of dose-response curve

as final results of the tests. Figure 2 represents individual
dose-response curves for filtrates.

Appropriate results obtained for the organism S. alba
are listed in Table 4 and for A. cepa in Table 5. Listed are
only values counted from biomass results in the table.

Stock solution

72hIC50
LoglC50+SE (mL/L) 95% CI
EXP 1.496+0.072 31.33 21.40-45.87
FIN 1.728+0.079 53.40 36.29-78.56
Mou 2.201+0.020 158.8 141.6-178.1
PYR 1.364+0.023 23.09 20.63-25.86
STH 1.355£0.025 22,63 20.05-25.53

Table 4. Ecotoxicological effects of the samples tested - S. alba root growth inhibition.

Filtrate
72hIC50
LogIC50 (mL/L) 95% ClI
1.534+0.036 34.24 28.69-40.85
1.978+0.047 95.03 75.78-119.2
2.380+0.040 239.7 195.8-293.5
1.957+0.031 90.59 78.29-104.8
1.538+0.020 34.48 30.74-38.68

Cl - confidence interval, SE- standard error

Stock solution

168hIC50
LoglC50+SE (mL/L) 95% Cl
EXP 1.281+0.102 19.10 9.036-40.39
FIN 1.541+0.053 34.75 23.52-51.34
MOU 1.884+0.058 76.49 52.77-110.9
PYR 0.919+0.069 8.293 5.021-13.70
STH 1.460+0.065 28.81 15.10-54.98

Table 5. Ecotoxicological effects of the samples tested - inhibition of A. cepa L. root elongation.

Filtrate
168IC50
LoglC50 (mL/L) 95% CI
1.337£0.075 21.74 12.58-37.57
1.545+0.004 35.05 33.71-36.44
2.315+0.605 206.3 OAS
1.186+0.086 15.35 9.244-25.48
1.515+0.022 32.76 28.56-37.58

Cl - confidence interval, SE- standard error, OAS - outside the acceptable scope
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Measuring of root length is not sufficient, due to the high
deviation between individual roots on each onion.

Further, the 72hIC10 (S. alba test) values were counted
for filtrates. They were compared with 72hIC10 values
obtained for commonly prepared leachates, as carried out
last year in our previous study (Hfibova et al., 2014). The
values were counted by taking into account the dilution
factor ten. In no case of leachate testing was 50% inhibi-
tion reached. Figure 4 summarizes these results.

Discussion

The experimental infiltration process had a significant
impact on pH reaction and conductivity of solutions (see
Table 2). All filtrates had lower pH value than the cor-
responding stock solutions. On the contrary, conductivity
of filtrates compared to stock solutions was elevated in
the case of FIN, MOU and PYR. Filtrates of EXP and STH
had lower values.

This finding points to the direct influence of the soil
matrix on physico-chemical properties of contamina-
tion. This is the consequence of combination of many
natural processes held in bed soil, climatic conditions and
chemical composition of contamination (Lors et al., 2011;
Ruggiero et al., 2002).

4 N
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Figure 3. Comparison of ecotoxic activity of work solutions and
filtrates of individual FEAs for testing the organisms S. alba and A.
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%
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Full-text also available online on PubMed Central

In the case of assessment of S. alba root growth inhibi-
tion, Sthamex F-15 proved to be the most toxic agent with
72hIC50 value 22.63 mL/L. Toxicity of the selected FEAs
was decreasing in the order STH>PYR>EXP>FIN>MOU.

A somewhat different trend was observed in the case of
inhibition of A. cepa root elongation testing. Toxic activ-
ity of FEAs was decreasing in the order PYR>EXP>STH>
FIN>MOU. This time, Pyrocool B was found to be the
most ecotoxic agent with 168hIC50 value 8.29 mL/L.

On the other hand, Moussol-APS F-15 proved the least
ecotoxic agent in all cases. All agents could fall within the
hazard category 3 (concentration ranging 10—-100mL/L;
harmful to aquatic life) given by Global Harmonised
System (GHS), except Pyrocool B and Moussol-APS F-15.
In the case of testing the organism A. cepa, Pyrocool B
could fall within the category 2 (concentration ranging
1-10 mL/L; toxic for aquatic life). The least toxic agent,
Moussol-APS F-15, could not fall within any category in
the case of the organism S. alba since the IC50 value was
higher than 100mL/L (GHS, 2005).

Indeed, classification of FEAs into GHS categories is
complicated, because their current composition is not
exactly known. Another option is available. FEAs can be
classified by US Fish and Wildlife Service Acute Toxicity
Rating Scales, which is used by OECD. According to this
classification, Pyrocool B is moderately toxic (IC50 range
1-10mL/L) for A. cepa and Moussol-APS F-15 is practi-
cally non-toxic (IC50 range 100-1000mL/L) for S. alba.
The other FEAs fall into the slightly toxic category with
IC50 range of 10-100 mL/L (Seow, 2013).

Both classification scales were proposed for acute
toxicity testing of water animal organisms such as crus-
taceans and fish. Thus concerning the effect on plant
testing, it can be used only for better imagination about
the degree of negative influence of complicated mixtures
like FEAs.

Figure 3 represents the comparison of toxic activity
of FEAs work solutions with their filtrates. The figure
clearly shows that filtrates affect both testing organisms

4 N

EXP

FIN
MOU
PYR @ Leachate
STH Filtrate
I T T T T T 1
0 10 20 30 40 50 60
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Figure 4. Comparison of 72hIC10 values of convent water leach-

ates and filtrates; test organism S. alba. /
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less than work solutions. This trend is significant in the
case of Pyrocool B, Moussol-APS F-15 and Finiflam F-15.
Ecotoxicity decrease of the remaining FEAs is weak or
almost none.

This finding points to some influence of soil environ-
ment on ecotoxicity reduction of contamination. We do
not know exactly which physicochemical mechanisms
have a major participation in this process. Sorption as
well as ion exchange or sequestration could affect the
composition of mixtures during the infiltration process
(Ruggiero et al., 2002).

Only few studies have so far focused on environmen-
tal impacts of FEAs. FEAs are commonly known to be
hazardous for organisms of aquatic ecosystems (Adams
et al., 2004; Koehler et al., 2004), yet very little is known
about their impact on plant species (Adams et al., 2004).
Adams et al. applied fire-fighting foams used in Australia
onto seedlings of higher plant Australian species. They
observed no detectable impacts on growth characteris-
tics, flowering and leaf damage (Adams et al., 2004).

Another study was done by Koehler et al. This field
study provided information about the impact of foam on
soil invertebrates, sampled at different times after foam
application. Neither did they observe any detectable
impact. However the authors admit that further investi-
gation of soil invertebrates at finer taxonomic level may
reveal population changes (Koehler et al., 2004).

Ecotoxicity of non-foam fire chemicals was compared
with foams in Midwest Science Center in South Dakota.
Bioassays were performed with fish, daphnids, amphipods
and algae in the study. The results point to a higher toxic-
ity of foams compared with non-foam chemicals used as
fire retardants (Hamilton et al., 1996).

Last year, we did an ecotoxic evaluation of FEAs which
are the subject of the current work. The results confirmed
high risks for aquatic environment and pointed to the
influence of soil on ecotoxicity reduction. Conventionally
prepared leachates were assessed in that study (Hfibova
et al., 2014).

This year, we compared the results of testing water
leachate and filtrates (see Figure 4). A negligible diver-
gence was observed in the case of Sthamex F-15. The
remaining FEAs showed considerable variances. It is obvi-
ous that two different approaches to soil contamination
assessment do not provide the same results. The first and
more common possibility is water leachate testing with
consideration of the dilution factor. The second one is
direct testing of filtrates released from the soil bed after
infiltration of a contaminant.

Conclusion

The present work is focused on the assessment of ecotoxic
activity of FEAs. Five foaming agents were chosen, namely
Expyrol F-15, Finiflam F-15, Moussol-APS F-15, Pyrocool
B and Sthamex F-15. A further aim of the study was rating
of the direct influence of the soil matrix on the contami-

ISSN: 1337-6853 (print version) | 1337-9569 (electronic version)

nation fate in the environment and subsequently on the
reduction of its ecotoxicity.

The results from tests with the plant organisms S. alba
and A. cepa L. provided information about risks for the
aquatic environment. Moussol-APS F-15 proved to be the
least hazardous agent for both test organisms. Overall, all
the FEAs tested are among the slightly toxic and harmful
substances according to the GHS and OECD classifica-
tion systems.

Itis important to assess the further fate of fire-fighting
foam after its application at the site of fire. Results of
two different experimental approaches were compared.
Laboratory testing of water leachates prepared according
to ISO (ISO, 2007; Methodological Guideline of the Waste
Department to Determine the Ecotoxicity of Waste, 2007)
was done last year in our previous study. This year, an
apparatus for infiltration experiment was designed to
assess the direct impact of soil on the contaminant during
its passage through the matrix. Filtrates were tested in the
same way as leachates. Comparison of the results points
to great differences between the approaches.

The message is clear. When assessment of contamina-
tion behavior in the environment is needed, it is necessary
to consider climatic and further natural conditions. The
situation of the rainy season is different from that of the
dry one, yet there is no direct division in real ecosystems.
Conditions are changing quickly and many factors play
arole in contaminant transportation and its transforma-
tion. Field studies may provide a better approach in this
case.

Finally, in the case of fighting fires, it is important
to take into account several factors including economic
ones, effectivity and hazards for the environment. Only
field studies could promote our understanding of natural
processes occurring in a contaminated area and help to
decide about the most effective and the least dangerous
solutions.
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SUMMARY

In our research the fish caught in surface water of the
Smrad’avka reservoir were studied. Some inorganic and
organic pollutants were monitored in the muscles and the
digestive system of these fish. The monitoring focused
particularly on indicator congeners of PCBs, because the
reservoir is situated in the surroundings of a reclaimed
waste site with deposited wastes consisting of paints con-
taining Delor 106. The highest levels were found for the
following PCB congeners (Ug/kg of fish tissue): PCB 28
(14.280) in eel, PCB 52 (1.1446) in tench, PCB 101
(7.417) in tench, PCB 118 (1.741) in tench, PCB 138
(34.980) in tench, PCB 153 (49.800) in tench and PCB 180
(27.780) in tench. Also contents of high-risk elements were
analysed (zinc, copper, nickel, arsenic, lead, cadmium and
mercury,). Samples containing higher levels of mercury
were also analysed for methylmercury. The levels of par-
ticular trace elements ranged as follows: Zn 3.7 — 12.5, Cu
0.126 — 0.612, Ni 0.045 — 0.125, Hg 0.0476 — 0.3152,
MeHg 0.0115 — 0.0820 and As 0.0216 — 0.0480, Pb 0.002
—0.030, Cd 0.001 — 0.007 mg per kg of fish tissue.

KEYWORDS: highs-risk elements, indicator congeners of PCBs,
bioindicator, fish, reservoir Smradavka.

INTRODUCTION

Fish is one of the species which is most often used as
an environmental bioindicator to monitor the level of
pollution in hydrosphere. It is recommended that this
monitoring should be complex which means, that the
levels of xenobiotics should be estimated not only in
water but also in sediment and tissues of animal bioindi-
cators. Monitoring studies of this kind are sometimes
extended to phytoplankton and zooplankton [1]. Fish are
often screened for high risk elements and PCBs.

In their studies [2 - 4], the researchers were thoroghly
monitoring the levels of high risk elements in fish living in
Finnish coastal waters, the Baltic sea and offshore waters
of western Estonia. According to available literature,
fresh-water fish have not been extensively researched as a
bioindicator to evaluate the level of contamination in a
fresh-water ecosystem.

The Ministry of the Environment and the Ministry of
Agriculture of the Czech Republic are annually evaluating
the contamination of fish, focussing particularly on de-
termination of high risk elements such as PCBs and
OCHI. The current levels of particular pollutants are not
too high and comply with both, domestic and European
limits; an increased level of pollution was only found as a
consequence of ecological accidents. Some publishing
researches in the Czech Republic are monitoring the lev-
els of high risk elements with respect to health of fish,
focussing on accumulation of high risk elements (Ni, Cr,
Cu) in selected tissues and organs of gudgeon (Gobio
Gobio). Kra¢mar et al. [5] found that the content of these
pollutants did not exceed the maximum permissible limit,
although the levels of nickel and chromium at two sites
monitored were different. A similar study was carried out
on brown trout (Salmo trutta morha fario) and perch
(Perca fluviatilis) in the national nature reserve Moi'ské
oko (The Vihorlat mountains) and at the Dobsinska reser-
voir in Slovakia [6]. The authors monitored the levels of
copper, zinc, cadmium, arsenic, lead and mercury. The
nature reserve Motské oko is an isolated ecosystem which
provides optimum conditions for monitoring pollution
using bioindicators. The levels of pollutants in tissues did
not exceed respective permissible limits. However, a high
content of cadmium in both water and sediment was de-
tected, which may be due to adjacent industrial towns
(Snina, Humenné). Increased levels of monitored ele-
ments were found in fish from the Dobsinska reservoir.
This reservoir is a popular tourist destination located
adjacently to a busy railway line. We introduce these data,
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because our monitoring study was also performed in fish
occurring in fresh-water reservoirs.

The monitoring of organic pollutants such as PCBs
performed world-wide employs different species of bioin-
dicators. Fresh-water ecosystems were studied only by
Spanish authors [7], who evaluated the distribution of PCB
congeners in tissues of lake fish. In the Czech Republic, a
complex study was conducted by Hajslova et al. [8], who
identified three species of fish as suitable bioindicators to
evaluate the level of contamination in the fresh-water
ecosystem. In their study, PCB 153 served as a represen-
tative congener. In the Czech Republic a complete study
was performed by Vavrova et al. [9, 10], who monitored
the content of PCBs at a site located in the river Morava
watershed after floods in 1997 and 1998. Their results
showed increased levels of PCBs in sediments; a massive
accumulation however of PCBs in fish tissues was not
found. Holoubek et al. [11] monitored the levels of all
primary organic pollutants at other sites located in the
river Morava watershed. Slovak authors published results
of a 5-years’ monitoring carried out in the surroundings of
Chemko Strazské in the PreSov district, where commer-
cial products named Delor were produced in the past.
Most of the findings which exceeded the maximum per-
missible limit were found in predatory fish. In other fish
species, the levels did not exceed the limits [12]. The
findings exceeding the permissible limits were evaluated
according to EU regulations.

MATERIAL AND METHODS

The fish were taken from the Smradavka reservoir in
order to find out whether fish can serve as a bioindicator
for evaluating the level of pollution in a fresh-water eco-
system. The fish were caught by workers of the Univer-
sity of Veterinary and Pharmaceutical Sciences in Brno in
cooperation with workers of the River Morava watershed
using an electrical device (direct current). The caught was
done properly by licensed workers in compliance with the
law relating to the protection of animals against maltreat-
ment. The following species of fish were taken: tench,
carp, bream, zander, roach, pike, and eel.

Chemicals

Elements risk analysis: all chemicals used for analyti-
cal work came from Analytical Grade (Merck, Germany),
except for HNOj; (65%), which was additionally purified by
subboiling distillation. H,SO, (96%) and HCI (37%) were
used - both from Suprapur, Merck, Germany. For dissolu-
tion and/or dilution of chemicals, fresh deionised water
with specific resistance >0.4 MQ.m was used. Standards of
particular elements were prepared from commercial 1 000
mg/1 stock solutions (Analytika, Czech Republic).

Anhydrous sodium sulphate of analytical grade was
heated in a muffle fumace at 650°C for 4 h - Florisil
60/100 mesh cleaned and heated at 600°C - before use.

Fresenius Environmental Bulletin

FEB

The sorbents were activated in a hot-air drier at 130°C
(the activated sorbents can be stored in brown wide-neck
bottles in a dessicator for 3 days); hexane, petroleum
ether, diethylether, residues analysis grade; sulphuric acid
96% (Suprapur, Merck).

A standards PCB congener mixture in hexane with
concentration of 100 pg of each congener per 1 ml (J.T.
Baker) was used; reference material was obtained from
the Commission of the European Communities, BCR
(Chlorobiphenyls in mackerel oil, No: 350).

Preanalytical and analytical procedures

Samples of tissues from fish were subjected to miner-
alization under wet conditions using a mixture of sulfuric
acid and nitric acid (2:1). The levels of lead, cadmium,
copper and nickel were determined using Electrothermal
Atomic Absorption Spectrometry (ETAAS), zinc was
determined by Flame Atomic Absorption Spectrometry
(FAAS), mercury by Cold-Vapour Atomic Absorption
Spectrometry (CV-AAS) and arsenic by Hydride Genera-
tion Atomic Absorption Spectrometry (HG-AAS). Sam-
ples in which mercury was detected were subjected to
analysis for the content of methyl mercury. After extrac-
tion, methyl mercury was determined using gas chroma-
tography with electrochemical detection [13].

As to extraction of PCBs from fish tissues: the sam-
ples were homogenised, titrated with anhydrous sodium
sulphate and extracted three times with a petroleum ether-
diethylether mixture (96:4). The extraction was enhanced
by sonication. The solvent was removed in a rotary vac-
uum, and 100 to 200 mg of the residue was weighted for
the clean-up in a florisil column. The clean-up procedure
was complected with sulphuric acid. Residues obtained by
extraction of tissue samples were dissolved in hexane [14].
PCBs were determined wusing dual-column high-
performance gas chromatography with electrochemical
detection (ECD) using HP 5 and HP 17 columns.

GC conditions: HP 5890 gas chromatograph, series II;
column: HP 5 and HP 17, length: 60 m, inner diameter:
0.25 mm, film thickness: 0.2 pm; injector: split/splitless
(150 s), temperature: 250°C, injected amount: 1 pl, car-
rier: helium — linear velocity: 36.5 cm/s; temperature
program: 2.5 min at 40°C followed by heating to 180°C
at a rate of 30°C/min, then to 280°C at a rate of 2°C/min,
10 min at 280°C; detector SNi ECD, temperature: 300°C;
pressure program: constant flow - 1.0 m/min.

RESULTS AND DISCUSSION

The results of our study are summarized in tables
that include not only average values and medians but
also ranges. The average level of risk elements in mus-
cles of fish taken from the reservoir Smradavka is pro-
vided in Table 1. It follows from this table, that 7 fish spe-
cies (tench, carp, bream, zander, roach, eel and pike) were
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TABLE 1
Content of risk elements in fish tissues [mg/kg].

FEB

Elements Pike Zander Eel Bream Roach Carp Tench
n=8 n=1 n=8 n=8 n=8 n=8 n=1
mean 4.92 5.78 8.98 9.72 3.74 9.39 12.5
Zn median 4.85 5.78 9.05 9.80 3.92 9.12 12.5
range 4.30-5.15 - 7.08-9.76 8.760-10.500 3.18-4.22 8.660-9.712 -
mean <0.002 <0.002 0.005 <0.002 <0.002 <0.002 <0.002
Cd median - - 0.004 - - - -
range - - 0.001-0.007 - - - -
mean 0.126 0.153 0.612 0.296 0.216 0.270 0.509
Cu median 0.112 0.153 0.0595 0.300 0.203 0.276 0.509
range 0.100-0.141 - 0.575-0.640 0.265-0.322 | 0.196-0.235 0.240-0.291 -
mean 0.045 0.066 0.125 0.115 0.055 0.067 0.106
Ni median 0.045 0.066 0.130 0.105 0.048 0.059 0.106
range 0.020-0.060 - 0.098-0.150 0.096-0.131 0.030-0.062 | 0.050-0.078 -
mean <0,002 <0,002 0.005 0.011 <0,002 0.014 <0,002
Pb median - - 0.004 0.010 - 0.018 -
range - - 0.002-0.009 0.002-0.030 - 0.005-0.026 -
mean 0.2045 0.2575 0.3152 0.2092 0.0926 0.0476 0.1262
Hg median 0.2060 0.2575 0.3098 0.2075 0.0876 0.0455 0.1262
range | 0.1905-0.2815 - 0.2412-0.3915 | 0.1454-0.2928 | 0.0715-0.0995 | 0.0395-0.0510 -
mean 0.0335 0.0635 0.0820 0.416 0.0115 0.0287 0.0282
MeHg | median 0.0342 0.0635 0.0805 0.0404 0.0120 0.0282 0.0282
range | 0.0295-0.0378 - 0.0790-0.0870 | 0.0141-0.0597 | 0.0100-0.0132 | 0.0188-0.0385 -
mean 0.0279 0.0349 0.0335 0.0216 0.0250 0.0243 0.0313
As median 0.0270 0.0349 0.0309 0.02230 0.0238 0.0215 0.0313
range | 0.0255-0.0293 - 0.0269-0.0363 | 0.0188-0.0270 | 0.0225-0.0272 | 0.0196-0.0290 -
TABLE 2

Content of PCB indicator congeners in muscle tissues of fish [pug/kg].
PCB Pike Zander Eel Bream Roach Carp Tench
n=6 n=1 n=8 n=8 n=6 n=8 n=1
mean 1.086 0.604 4.646 4.165 0.572 1.488 9.654
28 median 1.266 0.604 1.737 5.012 0.530 1.448 9.654
range 0.356-1.636 - 0.830-14.280 | 0.315-6.322 | 0.348-0.976 | 0.907-1.034 -
mean 0.349 0.001 1.047 1.206 0.208 0.517 1.446
52 median 0.225 0.001 0.408 0.861 0.135 0.517 1.446
range 0,232-0,559 - 0.404-3.084 | 0.106-2.996 | 0.084-0.484 | 0.373-0.661 -
mean 0.577 0.464 3.299 4.501 0.430 0.810 7.417
101 median 0.601 0.604 1.617 4.969 0.412 0.810 7.417
range 0.184-0.946 - 0.602-9.360 | 0.305-7.761 | 0.256-0.612 | 0.793-0.827 -
mean 0.194 0.001 0.596 1.482 0.171 0.335 1.741
118 | median 0.122 0.001 0.562 1.194 0.140 0.335 1.741
range 0.106-0.355 - 0.366-0.984 | 0.192-3.350 | 0.104-0.315 | 0.327-0.342 -
mean 9.978 1.164 11.842 13.540 4379 6.783 34.980
138 | median 8.380 1.164 9.304 13.738 1.780 6.783 34.980
range 2.480-19.073 - 5.700-23.060 | 2.715-23.970 | 1.040-9.615 | 4.565-9.180 -
mean 13.409 1.680 16.671 22.429 5.647 10.420 49.800
153 | median 13.060 1.680 13.511 20.734 2.500 10.420 49.800
range 3.168-24.000 - 8.260-31.400 | 3.960-44.285 | 1.440-12.360 | 6.560-14.280 -
mean 6.938 1.012 7.359 5.941 0.382 4353 27.780
180 | median 6.270 1.012 4.693 5.778 1.055 4353 27.780
range 1.360-13.185 - 2.800-17.250 | 1.010-11.720 | 0.650-5.520 | 2.430-6.276 -
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monitored. The number of fishes in each group was dif-
ferent ranging between 1 (zander, tench) and 8 (eel,
bream). It can be seen from the values introduced in this
table, that the level of contamination in fish taken from
this reservoir is very low and that the current limit for
residues, which is valid in the Czech Republic, was not
exceeded in any case. The levels of the most often moni-
tored risk elements such as cadmium and lead were below
the detection limit in several cases. The lowest level of all
risk elements was found in pike (predatory fish), while the
highest level was detected in tench which lives predomi-
nantly near the bottom. Although the levels of risk ele-
ments were very low, the presence of methyl mercury
cannot be neglected. The levels of risk elements were
compared with the data published by the State Veterinary
Administration of the Czech Republic in 2001 [15], which
showed that the findings are significantly lower than other
published data. However, it should be emphasized that the
levels found all over the Czech Republic were not high,
and that the hygienic limit was exceeded only once for
arsenic (predatory fish - rainbow trout) and once for mer-
cury (barbel). The findings were also compared with data
published in Slovakia. On the basis of this comparison, it
can be concluded that fish taken from the reservoir
Smrad’avka were less contaminated than fish monitored
in the Presov district, where in 10% cases the levels of
some risk elements were above hygienic limits - particu-
larly mercury and cadmium; sporadically arsenic and
chromium.

The following Table 2 shows average levels of indi-
cator PCB congeners (Hg/kg) detected in identical fish
species. It can be seen that the level of these xenobiotics
did not exceed hygienic limits. The levels of high- and
low-chlorinated PCB congeners found in most fish spe-
cies were not elevated and fall in the range of values pub-
lished in monitoring studies performed by the Ministry of
the Environment and Ministry of Agriculture of the Czech
Republic. The levels of PCB 153 and PCB 138 congeners
were the highest in all fish species. Our results were in
good agreement with the data reported by HajSlova et al.
[8], who conducted a long-term monitoring of PCB levels
in fish from Czech rivers. Findings concerning a level of
contamination in fish in the PreSov district showed that
this site is more polluted, since the hygienic limit was
exceeded in 8.76% of the cases [12]. The highest levels
were also detected for PCB 153 and for PCB 180.

The results obtained in this study demonstrate that the
levels of inorganic and organic pollutants in fish taken
from the fresh-water reservoir Smrad’avka are not very
high, although this site is close to a plant where a com-
mercial product containing Delor 106 was used in the
production of colours and paints. This is a positive find-
ing particularly in respect to the fact, that this reservoir is
a summer holiday area and water from the lake is used for
watering. Another study performed at our department
which focussed on the analysis of samples of waters and
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sediments collected from this reservoir showed, that the
levels of risk elements and PCBs fell in the range of val-
ues found in waters and sediments from other regions of
the Czech Republic.

CONCLUSION

The present study aimed to monitor the levels of risk
elements and the most common indicators are PCB con-
geners in several fish species taken from the fresh-water
reservoir of Smrad’avka. Fish as one of the most suitable
bioindicators of animal origin was chosen for this study.
The levels of particular trace elements ranged as follows:
Zn 3.7 — 12.5, Cu 0.126 — 0.612, Ni 0.045 — 0.125, Hg
0.0476 — 0.3152, MeHg 0.0115 — 0.0820 and As 0.0216 —
0.0480 mg per kg of fish tissue. The highest levels of
PCB congeners in fish were varying and did not seem to
characterize a particular fish species. The highest levels
were found for the following PCB congeners (ug/kg):
PCB 28 (14.280) in eel, PCB 52 (1.1446) in tench, PCB
101 (7.417) in tench, PCB 118 (1.741) in tench, PCB 138
(34.980) in tench, PCB 153 (49.800) in tench and PCB
180 (27.780) in tench.
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SUMMARY

INTRODUCTION

Bioindicators of animal origin are an effective tool
for the monitoring of environmental contamination of
agrarian ecosystems which are known to contain consid-
erably higher concentrations of some organic pollutants
than other matrices, such as air, water, or soil. Small terres-
trial mammals are also used in the monitoring of terrestrial
ecosystems in some countries. The major objective of this
study was to test the suitability of small terrestrial mam-
mals for chemical monitoring. Considering the nutrition
habits and lipid content in the skin and other tissues, the
following species were selected: a) small terrestrial mam-
mals - field vole (Microtus arvalis), bank vole (Clethrion-
omys glareolus), wood mouse (Apodemus flavicallis), and
yellow necked mouse (Apodemus sylvaticus); b) game
animals — hare (Lepus europaeus), roe deer (Capreolus
capreolus), fallow deer (Dama dama); c) others - pheasant
(Phasianus colchicus), carp (Cyprinus carpio), bee (Apis
mellifera). The animals were collected in defined localities
in South and Mid Moravia. Concentrations of PCB conge-
ners were determined in the skin, muscles, and liver, or, in
some cases, in composite samples of the digestive tract. It
is concluded that small terrestrial mammals are a suitable
bioindicator for the assessment of contamination rate in
both smaller localities and larger areas.

KEYWORDS: bioindicators, agrarian ecosystems, game animal,
small terrestrial mammals, PCBs, assessment of contamination.

The evaluation of an ecosystem relies on a number of
factors. In order to understand causal links between the
occurrence and behaviour of individual species and con-
nections between morphological features, physiological
processes and population dynamics of animals and plants,
scientists have employed the methodology of biological
indication and attempted to gain information about a
particular factor by monitoring its effects in living organ-
isms. According to Novakova [1], the bioindication meth-
ods are being increasingly used in ecological monitoring.

The main advantage of bioindication used to follow
changes in the environment during traditional biological
and ecological monitoring is that the sampling method is
relatively simple. However, traditional biological moni-
toring cannot be applied if the samples to be taken are not
homogeneous.

Systematic monitoring of the ecotoxicological im-
pairments in ecosystems is carried out on suitable living
objects (vegetable and animal species), whose response to
harmful substances observed in the environment is similar
to that of crops, domestic animals and humans.

Some of the most important properties required for
test species are listed below:

¢ abundant occurrence in all kinds of habitat;

» stability of basic physiological parameters and of
morphological features with limited ecological plastic-
ity, related to the conditions of natural habitats;
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* prompt response to anthropogenic factors and proc-
esses in ecosystems;

» tolerance of the above factor, i.e. resistance to long-
term and intensive effects of a particular pollutant;

¢ fast metabolism, so that the effect of pollutants can be
observed even at their trace concentrations

* long lifespan = to reveal consequences of chronic
exposure

» fast reproduction (fast sequence of generations): for
early detection of genetic changes, inherited defects
and deformities = to reveal the effect of a pollutant
on several generations of the same population;

¢ animals = must be located in a site of small size, then
the wvariations can be related to the particular
ecosystem,;

e easy accessibility = consistency of batch examinations;

» attachment to a group of species with known basic
physiological, biometric and population values;

* unaffected by crop growing and animal farming.

The best animal bioindicators are the following spe-
cies: brown hare, roe deer, pheasant, common partridge,
wild ducks and small rodents [2]. The examination of
blood performed in some of the test organisms is very
useful particularly for the determination of stress imposed
on an organism [3].

The ecosystem under the stress imposed by indicator
congeners of PCB was the subject of a number of detailed
environmental studies conducted particularly on wild
animals. Generally, most studies published in the
available literature were conducted on roe deer and otters.
The most common pollutants found were PCB congeners
138, 153 and 180, that also occurred in the highest
concentrations [4, 5]. A comprehensive study conducted
on foxes, which died of natural causes or were killed in a
hunt, was published in Italy. PCB congeners 138, 153 and
180 accounted for 64% of the total sum of PCBs and their
levels ranged from 1.0 to 2.6 pg/kg (calculated on fat) [6].

Wild game is a suitable animal bioindicator, which
can be used to determine contamination in any ecosystem.
When assessing external influences causing the
contamination of game we must consider pollution
monitoring performed in the area of former factories that
produced commercial PCB mixtures. One example of
such a contaminated environment is the area around the
chemical plant Chemko Strazské in the Slovak Republic,
where PCB mixtures with trade names Delor 103, Delor
106, Hydelor and Delotherm were produced [7]. Wild
game is the most vulnerable species to be affected by the
pollution of the ecosystem caused by extremely high
contamination of air, soil and vegetation by xenobiotics.
The levels of PCBs in serum, tissues and parenchymatous
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organs of game was monitored in the experimental site
“Orlova” located in the grounds of Chemko Strazskeé,
where in the period from 1959 to 1984 the products
containing PCBs were manufactured. One of the goals of
the study was to reveal waste sites that were established
illegally in the past. In 1997 the PCB concentrations
detected in pheasants living in this area exceeded the
permissible limit. As a result, the monitoring of these
pollutants in predators of small animals such as stray cats
and foxes was also initiated. The results of two years’
monitoring have shown that PCBs are still present in the
area, although the plant ceased the production in 1984.
The highest concentrations of PCB congeners were
detected in predators (stray cat, fox). An extremely high
level of PCB 138 (14.7 mg/kg) — one hundred times
above the permissible limit - was detected in a stray cat.
The permissible limit for PCB 138 (according to
regulations of the Ministry of Labour of the Slovak
Republic and of the Ministry of Agriculture of the Slovak
Republic No. 981/1996-100 - Food Code of the Slovak
Republic) is 0.20 mg/kg.

A relatively high level of occurrence of PCBs was
also detected in pheasants with the highest value of PCB
180 being 3.39 mg/kg (the permissible limit for PCB 180
was 0.15 mg/kg). The PCB levels in hares and wild boars
were not as high as in pheasants; concentrations of PCB
153 and PCB 180 congeners in these animals were just
above the permissible limit. For roe deer only one single
detected value exceeded the permissible limit, while in
deer the limit was not exceeded in any case. In 1998 the
PCB levels found in the liver and muscles of all
monitored wild animals were above the permissible limit.
According to the authors this was probably caused by a
high level of ground water in 1998 that flushed out
persistent xenobiotic substances from illegal waste sites
up to the surface. The highest PCB levels were found in
animals occurring in the close vicinity of a factory site used
for the transportation of commercial mixtures containing
PCBs. Interestingly, PCB levels in muscles were higher
than those in the liver of all species examined [8]. The
results obtained during the monitoring of 30 different wild
animals (hares, pheasants, wild boars, roe deer, deer)
carried out between 1995 and 2000 showed that both
maximum and average levels of PCBs were highest in
pheasants; this trend applies particularly to PCB 153 (its
average concentration was 8.53 mg/kg, its maximum con-
centration was 28.53 mg/kg). The highest concentration
was 142 times higher than the permissible limit. It should
be noted that the level of PCB 28 was relatively high and
probably resulted from secondary contamination origina-
ting from the environment. The authors compared this
result with the maximum value detected in pheasants in the
Czech Republic in 1998 (1.79 mg/kg, calculated on fat). In
spite of high levels of PCB138, PCB 153 and PCB 180
found in monitored animals the state of health of game
living in the vicinity of Chemko Strazské was good [7].
To prevent negative consequences of the PCB production,
barriers were built up in order to divert wild animals into
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a neighbouring environment. Game is regularly examined
for PCBs and the potential PCB sources in the area of the
former production plant are controlled and isolated
whenever possible [8].

The pollution of agricultural ecosystems can be moni-
tored using animal bioindicators in which the levels of
pollutants may be significantly higher in comparison with
the levels currently detected in air, water and soil. Accu-
mulation coefficient K. [9] must be determined for all
bioindicators employed in the monitoring as well as in the
search for pollution sources.

Small terrestrial mammals can be used as bioindica-
tors of ecotoxicological burden. The major benefit is that
analyses of relatively large sets of animals yield factual
information on the area under study. It has been recom-
mended to prefer those animals which feed on plants,
such as species of the genera Microtus, Clethrionomys,
and Apodemus[1].

Studies focused on the concentration of PCB in tissues
of small terrestrial mammals are rather rare and all contain
only data on sum of PCB lacking congener analyses. Re-
sults of comprehensive ecotoxicological studies of the
effects of PCB on mice, published by other authors, who
used white footed mice (Peromyscus leucopus), indicate
that this species is a suitable bioindicator [10; 11].

MATERIAL AND METHODS

Fresenius Environmental Bulletin

The game animals and small terrestrial mammals (lo-
calities Velka Losenice, Staré Mésto) to be analysed for
PCB were collected in 1996 to 1998. The game animals
were trapped and prepared for analyses with specialists of
the University of Veterinary Sciences Brno. The small
terrestrial mammals were trapped and prepared for analy-
ses on contract with the specialist of the Institute of Land-
scape Ecology of the Czech Academy of Sciences, Brno.
Catches were collected at 24-h intervals, transported to
the laboratory and stored at -10 °C until dissection. Spe-
cies and gender were identified and sexual activity was
determined by dissection [2].

Kidneys, livers, muscles, skins, and the rest of the di-
gestive tract were collected separately. Individual samples
were too small and the content of lipids too low for sepa-
rate analyses. Therefore, composite samples were pre-
pared and PCB were determined in the skin, muscles,
digestive tract and/or livers. Kidney samples were unus-
able owing to their small size and low weight.

Chemicals

Anhydrous sodium sulphate (analytical grade), heated
in a muffle furnace at 650° C for 4 h; Florisil 60/100 mesh,
cleaned and heated at 600° C; aluminium oxide (chroma-
tography grade), cleaned and heated at 400° C; before use,
the sorbents were activated in a hot— air oven at 130° C.

FEB

The activated sorbents can be stored in brown wide-neck
bottles in a dessicator for 3 days; n-hexane, residue analy-
sis grade; petroleum ether (analytical grade, boiling point
40-60°C), additionally distilled twice in a ground-glass
apparatus; diethyl ether, analytical grade, bidistilled, per-
oxide-free and dried over anhydrous sodium sulphate;
acetone, (residue analysis grade); sulphuric acid 96 %
(Suprapur, Merck); n-hexane, isooctane (SupraSolv;
Merck), elution mixtures n-hexane-diethyl ether (94:6), n-
hexane — acetone (94:6).

Standard PCB congener mixture in isooctane with a
concentration of 10 ng of each congener per 1 ml (Pro-
mochem, Germany); standard PCB congener mixture in
n-hexane with a concentration of 100 pug of each congener
per 1 ml (J.T.Baker); reference material of Dr. Ehrenstor-
fer company (Lard with Pesticides and PCBs, R 900100;
NIST, standard reference material 2974 Organics in
Freeze-Dried Mussel Tissue).

Preanalytical procedures

Lipid content was determined gravimetrically. Ho-
mogenized samples were dried with anhydrous sodium
sulphate and lipids were extracted continuously with
diethylether for 6 hours. The solvent was evaporated and
the extracted lipids were weighed and expressed in g per
100 g of tissue. Lipids to be analysed for PCB were ex-
tracted in the same way, except for the solvent which was
a 94 : 6 mixture of n-hexane : diethylether.

PCB indicator congeners were determined using the
Standard Operation Procedures of the Laboratory of Or-
ganic Pollutants, which are included in the Laboratory
Manual: animal tissues were homogenized, ground with
dried anhydrous sodium sulphate, sonicated and extracted
three times with cold petroleum ether/diethyl ether (96:4).
The extracts were pooled after reducing their volume to
1 ml in a rotary vacuum evaporator, and cleaned on a
column of Florisil. The volume of the cleaned extract was
reduced to 1 ml and the extract was prepared for High
Resolution Gas Chromatography with Electron Capture
Detector (HRGC/ECD). All measurements were done in
three duplicates.

Analytical methods

Gas chromatograph, Hewlett-Packard 5890 Series II
with ECD ® Ni (USA); capillary column HP 5 (60 x
0.25 mm, film thickness 0.2 um ); 5 % phenylmethylsili-
cone; split/ splitless injector (150s); temperature 250° C,
injector volume 0.1 pl “hot needle” technique. Carrier gas:
helium - linear speed 16.5 cm . s ~'; temperature programme:
40°C for 5 min followed by an increase at 30° C . min” to
180° C and at 2° C . min™ to 280 °C, and 280° C for 10 min;
detector © Ni ECD, temperature 300° C; pressure pro-
gramming: constant flow at at 1.0 m . min '

Quantitative assessment was carried out using the ex-
ternal standard method (absolute calibration) within the
linear range of the detector. Regarding the wide range of
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concentrations of the analytes under study to be expected in
real samples, a calibration range of 0.1 to 500 ng per 1 ml of
the standard working solutions was chosen corresponding
to 0.1 to 500 pg in the injected volume of 0.1 pl. Under the
conditions of our analyses, the following detection limits
(ng per ml) for ECD were defined: PCB 28 — 0.01; PCB
52 —-0.01; PCB 101 — 0.02 PCB 138 — 0.02; PCB 153 —
0.02; PCB 180 — 0.02.

RESULTS AND DISCUSSION

For purposes of greater clarity, the results obtained in
our study are summarized in tables and depicted in figures.
The basic statistical parameters (median, range and SD) are
introduced for each PCB congener. Table 1 shows that the
lowest concentrations were found for PCB 101 and that in
most cases the findings were below the detection limit.
PCB 28 and PCB 52 were mainly detected from a group of
low-chlorinated PCBs. The concentrations detected indi-
cate that atmospheric deposition also contributed signifi-
cantly to pollution. Increased levels of PCB 28 and PCB 52
congeners are typical of this site, which was highly conta-
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minated by both analytes in the past. The matrices exam-
ined came from the region where Delor 106 (a commer-
cial product containing PCBs, which was manufactured in
the former Czechoslovakia) had been used for the produc-
tion of paints and varnishes before 1986. Our findings can
be compared with the data published in Slovakia on the
monitoring of the surroundings of Chemko Strazské
where commercial products containing PCBs (Delors)
were manufactured [7, 8].

The mean as well as individual concentrations of
high-chlorinated PCBs, such as PCB 118, 138, 153 and
180, did not reach or exceed the permissible limit valid
for game in the Czech Republic. However, the occurrence
rate of these congeners is alarming. If we compare our
data to those reported by the State Veterinary Administra-
tion of the Czech Republic it is obvious that our findings
are higher than the average values nationwide. On the
contrary, some of the individual concentrations of indica-
tor PCB congeners found in game living in different sites
of the Czech Republic are orders of magnitude higher.
The permissible limit from 2000 to 2001 for game was
exceeded only three times.

TABLE 1 - Basic statistical parameters of PCBs in bioindicator samples [pg/kg f.c.] (n=25).

hare hare roe deer roe deer fallow deer fallow deer
PCBs congeners . . .
muscle liver muscle liver muscle liver
mean 6.4 6.9 4.9 7.2 9.4 13.3
28 median 5.8 7.1 4.8 7.0 8.9 12.8
range 2.2-9.6 1.9-9.0 1.8-6.6 3.5-10.2 6.6-14.8 9.1-18.6
SD 0.7 0.8 0.5 0.8 0.9 0.6
mean 1.9 4.3 3.4 3.9 4.0 5.2
52 median 2.0 4.1 3.2 4.0 3.7 5.5
range 1.0-4.3 2.2-6.0 1.9-5.3 2.8-6.9 1.7-5.8 3.2-74
SD 0.5 0.8 0.7 0.3 0.8 0.4
mean <1 1.1 <1 1.0 2.2 39
101 median <1 1.0 <1 1.4 2.6 4.1
range X 1.0-1.8 X <1-1,6 0.9-3.2 2.8-54
SD X 0.6 X 0.3 0,5 0.8
mean 1.0 2.9 2.2 5.3 2.9 8.8
118 median 1.2 2.8 2.4 5.0 3.2 9.0
range <1-2.2 <1-4.0 1.0-4.2 3.8-7.1 1.7-5.2 7.3-10.9
SD 0.8 0.7 0.9 0.6 0.5 0.8
mean 24.1 34.7 17.9 33.2 18.4 39.3
138 median 23.8 353 18.2 31.9 17.9 40.6
range 18.9-29.8 30.6-40.4 12.9-22.7 26.6-37.4 10.2-20.8 30.6-45.9
SD 0.9 1.2 1.3 1.5 1.5 1.3
mean 15.6 18.7 15.2 223 14.8 20.4
153 median 16.2 19.3 14.9 22.9 15.3 20.8
range 10.7-21.0 14.6-21.5 10.2-17.9 18.4-27.8 9.9-19.8 12.7-26.4
SD 1.0 1.2 1.3 1.5 1.0 1.1
mean 49 8.3 6.9 10.4 5.1 7.4
180 median 5.2 7.8 7.3 10.9 4.8 7.0
range 3.0-7.3 6.1-10.2 4.9-8.6 7.9-13.8 2.6-7.7 4.7-8.8
SD 1.0 0.9 0.9 1.3 1.4 1.4

x — not evaluated; SD — standard deviation; n — number of samples
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TABLE 2 - Basic statistical parameters of PCBs in bioindicator samples [pg/kg f.c.] (n=18).

FEB

PCBs congeners pheasant phe.:asant dead carp Carp
muscle liver bees muscle soft roe
mean 3.6 9.8 4.2 8.0 10.1
28 median 2.9 10.6 3.8 7.7 9.6
range 1.6-7.2 6.9-14.6 2.6-6.3 5.9-10.0 8.3-12.5
SD 1.3 1.6 1.1 0.9 0.7
mean 2.1 2.9 1.9 2.5 34
52 median 2.2 3.3 1.7 2.7 3.0
range 1.0-3.8 1.7-5.9 1.0-2.6 1.3-3.9 2.2-5.0
SD 0.5 0.6 0.5 1.0 0.7
mean 1.7 3.0 <1 1.6 2.0
101 median 1.6 3.2 <1 1.8 2.0
range 1.1-4.0 2.2-6.2 X 1.0-2.4 1.0-2.9
SD 0.5 0.8 X 0.6 0.8
mean 1.9 3.9 1.0 12.8 17.6
118 median 2.3 4.4 1.4 11.9 16.8
range 1-5.6 2.8-7.6 <1-19 7.7-14.8 12.6-19.9
SD 0.8 0.9 0.5 0.8 0.8
mean 19.6 32.5 20.9 82.4 78.5
138 median 21.4 319 19.7 80.6 79.2
range 13.5-30.2 25.0-43.1 13.5-26.8 65.7-94.8 63.3-90.8
SD 1.3 1.8 0.8 1.1 0.5
mean 10.7 19.9 8.4 14.3 15.5
153 median 11.7 19.0 7.7 12.9 14.8
range 7.7-14.8 10.3-26.2 5.4-11.7 9.2-18.3 10.7-18.4
SD 0.8 1.3 1.3 0.9 0.8
mean 9.6 13.0 6.3 4.3 33
180 median 10.6 13.3 5.9 4.0 3.5
range 6.9-15.0 9.8-16.6 2.9-8.6 2.5-6.3 2.3-6.9
SD 0.8 0,7 0.8 0.5 0.4

x — not evaluated; SD — standard deviation; n — number of samples

Table 2 presents the concentrations of indicator PCB
congeners in bioindicators of other animal origin. It pro-
vides the PCB concentrations found in the tissues of
pheasants, in the bodies of dead bees and in carp muscles
and milt. Samples of all these matrices were taken at the
same site as those described in Table 1. Obviously, the
trend of the results is similar to that found in the bioindica-
tors of the first group of animals. Therefore, it may also be
assumed that in this case the pollution originated from a
contaminated region (reclaimed and illegal waste sites with
disposed waste and paints) and also from secondary con-
tamination arising from atmospheric transfer. The lowest
concentrations were found for PCB 101 and 118 (bodies of
dead bees), while the highest concentrations were detected
in matrices originating from carp. The amounts of these
PCBs detected in single carp muscles and milt were 94.8
and 90.8 pg/kg of fat content (f.c.), respectively.

Table 3 provides an overview of the findings deter-
mined in small ground-living animals. In addition to the

data obtained in the contaminated site at Staré Mé&sto, it
contains the levels of pollutants found at the Velka Losen-
ice site, that is considered to be a “clean site” of the Czech
Republic. These data show that there were no significant
differences in the concentrations of the analytes monitored.
Furthermore, the results prove unambiguously that small
ground-living mammals belong to a group of bioindicators
that are closely related to the particular site and can reliably
indicate the strain on the particular ecosystem. This gives
us a clear signal of the presence of a source of contamina-
tion, that also occurred at this “clean site”. This was proba-
bly a former waste site established in the past by an indus-
trial or agricultural plant, which used commercial products
containing PCBs. If we compare our results with the data
published worldwide, it is obvious that the levels of ana-
lytes monitored in particular matrices were similar; the only
differences occurred in the pollutant levels in muscles.
However, this may be connected to the age and weight of
single strains of mice. It was not clear from the literature
how old the respective animals were [3, 12].
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TABLE 3 - Basic statistical parameters of PCBs in mice samples [pg/kg f.c.].

FEB

PCBs congeners .Locality - Velké Losenice (n=15) . Locality - Sta.ré Meésto (n=15)

skin liver muscle skin liver muscle

mean 1.6 3.5 1.4 2.8 4.2 1.9

28 median 1.9 3.7 1.6 3.1 4.0 2.2
range <1-2.2 2.3-4.9 1.0-2.2 2.0-4.2 2.8-6.2 <1-3.2

SD 0.4 0.6 0.5 0.8 0.5 0.7

mean 1.3 1.9 1.3 1.5 2.3 1.3

52 median 1.1 2.1 1.5 1.6 2.6 1.5
range <1-1.7 1.1-3.3 1.0-2.1 <1-1.9 1.9-6.0 <1-2.6

SD 0.3 0.6 0.4 0.3 0.6 0.3

mean 2.0 2.9 1.6 1.2 2.5 2.2

101 median 2.3 3.0 1.5 1.4 2.9 2.0
range 1.3-2.9 1.8-4.1 <1-2.6 <1-1.7 1.4-4.7 1.2-4.4

SD 0.7 0.6 0.3 0.2 0.8 0.9

mean 4.3 6.3 2.4 3.6 7.0 4.1

118 median 4.0 6.0 2.9 2.9 7.4 4.4
range 2.9-5.1 5.0-7.4 1.8-3.3 1.7-5.2 3.7-9.2 2.8-7.3

SD 0.6 0.6 0.8 1.1 0.9 0.8

mean 12.9 23.5 8.9 15.4 25.6 10.3

138 median 13.3 24.1 8.9 14.9 25.9 11.2
range 11.2-17.4 18.9-31.3 6.7-12.1 11.8-19.6 19.1-32.3 6.9-13.6

SD 0.9 0.7 0.8 0.6 0.8 0.9

mean 10.8 16.8 6.5 9.8 18.2 7.5

153 median 10.7 17.2 7.0 9.2 19.3 7.7
range 9.5-13.1 12.8-20.9 3.8-10.9 7.8-10.9 10.7-24.5 4.8-9.3

SD 0.9 1.4 1.0 0.9 1.5 1.0

mean 6.9 11.2 2.9 6.3 13.4 4.4

180 median 6.3 10.6 3.1 6.7 14.1 4.3
range 5.2-8.7 8.1-14.7 1.7-6.2 5.0-7.9 8.2-19.7 2.9-8.3

SD 0.6 0.8 0.8 0.6 0.9 0.9

x — not evaluated; SD — standard deviation; n — number of samples
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FIGURE 1 - Concentrations of all indicator PCB congeners (ug/kg of f.c).
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FIGURE 2 - Contents of individual PCB congeners by percentage in all the materials monitored.

For better clarity, Fig.1 shows the concentrations of
all indicator PCB congeners (ug/kg of f.c.) detected in the
matrices specified above. From the results, it is obvious
that in all the materials the highest concentrations were
found for PCB 138 and 153; high values were also found
for PCB 28 and 180. Fig. 2 depicts the contents of indi-
vidual PCB congeners by percentage in all the materials
monitored. The columns in the Fig. are arranged in a
manner, that for each animal strain the first column indi-
cates the muscles and the second, the liver (or the milt, for
carp). The figure also shows that the hydrosphere, for
which the sediment was the most contaminated, contains
PCB 138 as the most common pollutant.

In our research we addressed the problem of using
game and small ground-living mammals to evaluate the
levels of contamination by organic pollutants, particularly
by PCB. During the experimental monitoring the question
emerged as to whether it was at all necessary to observe
the provisions of Act No. 246/1992 Coll. relating to the
Protection of Animals against Maltreatment and related
regulations and guidelines as amended. Provided that the
treatment of small ground-living mammals captured for
the purpose of research is classified as an experiment, the
following laws and regulations which define the condi-
tions and rules for using wild animals in experiments,
must be observed: Act No. 246/1992 Coll. relating to the
Protection of Animals against Maltreatment as amended
by Act No. 162/1993 Coll., Act No. 193/1994 Coll., Act
No. 243/1997 Coll., and by Constitutional Court Verdict

No. 30/1998 Coll., Regulation on the Breeding and Use of
Laboratory Animals No. 311/1997 Coll., the Veterinary
Care Act and amendments to related laws (Veterinary
Care Act) No. 166/1999 Coll., Act No. 114/1992 Coll.
concerning the Protection of Nature and Landscape and
related laws as amended, Regulation No. 395/1992 Coll.,
which implements certain provisions of the Act concerning
the Protection of Nature and Landscape, Act No. 16/1997
Coll. relating to the conditions of the import and export of
endangered wild animal and plant species and other meas-
ures for the protection of these species as amended, Regu-
lation No. 82/1997 Coll., which implements certain provi-
sions concerning the conditions of the import and export of
endangered wild animal and plant species and other meas-
ures for the protection of these species.

CONCLUSIONS

Indicator PCB congeners were monitored in the ma-
trices of selected bioindicators of animal origin, that oc-
curred in the site where Delor 106 was used during the
manufacture of paints and varnishes from 1970 to 1985
and where there was a factory for the preparation of pre-
coated gravel using a technological procedure requiring
Delor 103. It was shown that game, small ground-living
mammals, fish and the bodies of dead bees can be em-
ployed as sensitive indicators of the pollution in a particu-
lar ecosystem. The lowest concentrations of PCBs were
found for PCB 101 and 118, while the highest concentra-
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tions were detected for PCB 138 in all the mentioned
materials. In terms of absolute values the highest concen-
trations of PCB congeners were found for the following
matrices: PCB 28 — 18.6 pg/kg f.c. (fallow deer liver),
PCB 52 — 7.4 pg/kg f.c. (fallow deer liver), PCB 101 —
6.2 pg/kg f.c. (pheasant liver), PCB 138 — 94.8 pg/kg f.c.
(carp muscle), PCB 153 — 27.8 pg/kg f.c. (roe deer liver),
PCB 180 — 19.7 pg/kg (mouse liver). On the basis of our
study it can be concluded that all the tested bioindicators
of animal origin can be used for evaluating the level of
contamination in various ecosystems.
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SUMMARY

Concentrations of indicator PCB congeners were de-
termined in plant samples collected in an area where a
paint factory using PCBs as primary materials had oper-
ated in the seventies and eighties. The sampling sites
included recultivated legal waste dumps and places of
cleared illegal waste dumps. In addition to alfalfa, rape,
and cereals, included among the EPA bioindicators, sting-
ing nettle, corn camomile, saltweed, and bindweed were
sampled as typical representatives of dump vegetation.
Further, the contamination of browsing plants which
forms a food basket basis for game animals, was evalu-
ated. Results of HRGC/ECD analyses unambiguously
demonstrated that failure in safe disposal of waste materi-
als containing PCBs can result in a significant contamina-
tion of all compartments of the ecosystem, in particular of
the hydrosphere and pedosphere. Some species of dump
vegetation (singing nettle, corn, camomile, saltweed) have
proved to be excellent bioindicators, particularly for areas
where cultured plants are not available.

KEYWORDS: Agrarian ecosystem, plant bioindicators, dump
vegetation, cultured plants, browsing plants, polychlorinated bi-
phenyls indicator congeners, high resolution gas chromatography/
electron capture detector analysis.

INTRODUCTION

Bioindicators rank with matrices in which concentra-
tions of organic pollutants may considerably exceed those
found in air, water, sediments, or soil. Bioindicators,
which are frequently used in monitoring studies and
screenings, should allow selective and specific determina-
tion of contaminants not only in all compartments of the
environment, but also in all links of food chains of species

living in the area under study. Contaminants detectable by
use of bioindicators include also PCB indicator congeners
28, 52, 101, 118, 138, 153, 180, which rank with priority
pollutants monitored in the Czech Republic [1]. Plant
bioindicators are used in the Czech Republic in environ-
mental studies of agrarian ecosystems where they can
yield information for both conventional monitoring and
biomonitoring. The most frequently used plant species are
alfalfa, cereals, and oil plants [2]. Of great importance is
the source of contamination. Monitoring of PCBs can
often identify long-distance transmission as one of the
contamination sources. Airborne volatile PCBs can origi-
nate from various sources including agricultural produc-
tion [3]. Thus, PCBs penetrate into plant tissues and in-
fluence the contamination level. Papers dealing with the
contamination of crops by xenobiotics are rather scarce.
Most of the respective investigations were carried out in
fodder plants and were oriented rather on effects of feed-
ing of contaminated crops to farm animals [4]. No de-
tailed studies concerning the use of plant bioindicators
were found in available literature.

Game species are often used in the assessment of en-
vironmental pollution of agrarian ecosystems, because
they consume a variety of plant species including both
those typical of dump vegetation and cultured crops, such
as alfalfa, fodder plants, cereals, and oil plants. Part of
their food basket is also leafage of various bushes grow-
ing on balks and/or game refuges. Such plants are called
here browsing plants. Knowledge of the level of contami-
nation of this link of the food chain is, therefore, neces-
sary for studies of transfer of xenobiotic [4, 5]. Compre-
hensive studies of plant contamination were completed in
Moravian areas affected by disastrous floods in 1997 and
1998. Effects of floods on the contamination of soil and
vegetation by persistent organic substances are summa-
rized in the ,Report on the 1998 Monitoring Results -
Hazardous Substances within Food Chains and Influenc-
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ing Imputes published by the Ministry of Agriculture of
the Czech Republic in 1998 [6]. A similar study was fo-
cused on the passage of contaminants from plants into
tissues of wild animals [7,8].

There is not a lot of information in the literature
available, dealing with a contamination of plant material
and/or soil by PCBs. Various studies published till now
are focused on biodegradability effects and/or transfer of
such contaminants from lower to higher links of food
chain. The effects of the phytogenic surfactant soya lecithin
on the aerobic biodegradation of PCBs spiked into a syn-
thetic soil were studied. Soil was spiked with both biphenyl
(4 g/kg) and Fenclor 42 (1 mg/kg) and treated in aerobic
batch slurry-phase microcosms (17.5 % w/v). In the pres-
ence of soya lecithin , a higher availability of biphenyl- and
chlorobenzoic acid — degrading bacteria and higher PCB
biodegradation and dechlorination yields were observed;
the effects increased proportionally with the concentration
of the soya lecithin applied. A significant decrease of soil
ecotoxicity was also revealed in soya lecithin supplemented
microcosms [9]. Another study was focused on accumula-
tion of soil originated PCBs in plants [10]. The present
study concerns PCB accumulation in soil at two depths as
well as in Taraxacum officinale plants. An analysis of the
distribution of different groups of PCB congeners in plant
and soil material revealed the highest content of hexa and
hepta chlorinated biphenyls fractions. Statistical test of
pair comparison has revealed significant differences in
accumulation rates for the following pairs: pentachlori-
nated congeners are accumulated at a higher rate than
tetrachlorinated ones and hexachlorinated congeners are
accumulated at a higher rate than pentachlorinated ones.
This phenomenon occurs in the area of railway junctions
(areas heavily polluted with oil derivatives).

MATERIAL AND METHODS

Plant samples including alfalfa, cereals, oil plants and
dump vegetation, were collected from recultivated waste
dumps and old neglected dumps of a paint-producing
factory in the Middle Moravian region and tested for the
content of indicator PCB congeners. Browsing plants
constituting the main component of a food basket of game
animals were collected in the same area. Samples were
collected five times during the April - August using
standard procedures used in the Czech Republic within the
monitoring of environmental pollution. For each species,
3000 g of plant mass was collected as a composite sample.
The mass was homogenized and 300 g were taken as a
laboratory sample. Five aliquots of approx. 50 g were
analyzed and the results were expressed as means of the
5 concurrent analyses.

Chemicals

Solvents: n-hexane, residue analysis grade; petroleum
benzine, boiling range 40-60°C; diethyl ether, analytical
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grade, bidistilled, peroxide — free; acetone, residue analy-
sis grade; n-hexane, isooctane (SupraSolv; Merck), elu-
tion mixture n-hexane — acetone; sulphuric acid 96 %
(Suprapur Merck); anhydrous sodium sulphate, analytical
grade, annealed in a muffle furnace at 650°C for 4 h;
Florisil, 60/100 mesh, cleaned and annealed at 600°C,
aluminium oxide, chromatography grade, cleaned and
annealed at 400°C (before use, the sorbents were acti-
vated in a hot-air drier at 130°C; SPE with C,3 and Flo-
risil; standard PCB congener mixture in isooctane with a
concentration of 10 pg of each congener per 1 ml (Pro-
mochem, Germany), standard PCB congener mixture in
n-hexane with a concentration of 100 Ug of each congener
per 1 ml (J.T.Baker, Holland). Analytical standards for
PCBs (congeners No. 28, 52, 101, 118, 138, 153, 180)
were obtained from Dr. Ehrenstorfer (Germany). The
concentration of PCBs in the working solution (test mix-
ture) was 0.2 pg/ml.

Preanalytical procedures

PCBs were separated by fivefold extraction (50g dry
plant material) with 70 ml n-hexane-acetone (94+6) mix-
ture under intensive shaking for 20 minutes. Pooled extracts
were concentrated to the volume of 10 ml and then cleaned
by acid hydrolysis with conc. sulfuric acid (96-98 %) at the
ratio 10+1. Organic extract was quantitatively transferred
in to vacuum rotary evaporator, evaporated to dryness and
redissolved in 1 ml of n-hexane. this solution was cleaned
by SPE in columns with C;g and Florisil packing.

Analytical methods

PCBs were identified and quantified by HRGC/ECD
using two different packings to confirm the result; columns
HP 5 and HP 17 (length 60 m, 0.25 mm i.d.) film thickness
0.2 pum “hot needle” technique. Carrier gas: helium-linear
speed 16.5 cm/s; temperature program 40°C for 5 min
followed by increase at 30°C to 180°C and at 2°C/min to
280°C and 280 °C for 10 min; detector Ni ECD, tempera-
ture 300°C. Quantitative assessment was carried out using
the external standard method (absolute calibration) within
the linear range of the detector. Working characteristics:
detection limits for all PCB congeners were 1 ng/kg, relative
standard deviations (%) were PCB 28 (15), PCB 52 (22),
PCB 101 (18), PCB 118 (15), PCB 138 (20), PCB 153 (20)
ad PCB 180 (15).

The estimate of the detection limits was defined as a
treble value of RSD for concentration approaching zero.
RSD for the concentration 0.05 pg/ml was lower than 8%
for any of the congeners. Principles of QA/QC and GLP
were adhered to throughout sample processing and analyses.

RESULTS AND DISCUSSION

Unlike animal bioindicators, analyses of most of the
plant indicators are used in ecosystem evaluation studies
rather as a complementary. Nevertheless, they should be
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used within comprehensive evaluations of ecosystem
pollution, because they can yield valuable information on
impacts of ambient air concentrations as well as in ex-
treme situations, such as flood.

Plant species used within our study for the assess-
ment of ecosystem pollution were divided into two
groups. The first one includes typical dump species
(stinging nettle, saltweed, bindweed, grass, corn camo-
mile) and the other, cultured crops (sunflower, rape,
wheat. alfalfa) included in the Czech Republic and also
by EPA among bioindicators.
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Table 1 presents concentration ranges for PCBs 28,
52, 101, 118, 138, 153, and 180 found in typical plant
bioindicators. In the sunflower concentrations of PCB 28,
118, 138, 180 were found to be below the limits of detec-
tion, while concentrations of PCB 52 and 101 gave evi-
dence rather for secondary contamination from low chlo-
rinated PCBs. Very similar trend was demonstrated in
rape and wheat. In alfalfa the concentrations of PCBs 101
and 118 were below the detection limit and those of the
remaining indicator congeners were rather low. This ten-
dency is in line with results of various monitoring pro-
grams of the Ministry of Agriculture and Ministry of
Environment of the Czech Republic.

TABLE 1
Content of PCB indicator congeners in plant bioindicators: cultured plants [pg/kg d.m.] (n = 22).
PCB congeners sunflower rape wheat alfalfa
mean <l 2.9 1.3 1.3
98 median <1 3.4 1.5 1.6
range X 2.1-5.0 <1-2.1 1.0-2.1
SD X 0.4 0.6 0.7
mean 1.5 1.1 1.0 1.3
53 median 1.6 1.2 1.0 1.2
range 1.0-2.0 1.1-1.5 <1-1.1 1.2-1.4
SD 0.6 0.3 0.2 0.3
mean 1.0 1.0 1.0 <1
101 median 1.0 1.0 1.0 <1
range <1-1.2 <1-1.1 <1-1.1 X
SD 0.2 0.1 0.1 X
mean <1 1.3 <1 <1
118 median <1 1.4 <1 <1
range X <1-1.9 X X
SD X 0.5 X X
mean <l 1.1 1.9 3.0
138 median <1 1.2 2.0 2.9
range X <1-1.2 <1-3.0 1.9-4.2
SD X 0.3 1.1 1.3
mean <1 <1 1.7 2.2
153 median <1 <1 1.5 2.3
range X X <1-2.1 2.0-2.6
SD X X 0.5 0.4
mean <1 <1 <1 1.0
180 median <1 <1 <1 1.0
range X X X <1-1.2
SD X X X 0.3
X - not evaluated

SD - standard deviation
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TABLE 2
Content of PCB indicator congeners in plant bioindicators: dump vegetation [pg/kg d.m.] (n = 19).
PCB congeners Stﬁgﬁigg orache camomile grass bindweed
mean 1.9 2.6 2.4 2.7 2.2
28 median 2.0 2.9 2.6 2.5 2.1
range 1.2-3.2 2.1-3.6 1.9-3.2 1.8-3.3 1.0-3.0
SD 1.1 0.9 0.6 0.8 1.0
mean 1.5 1.0 1.5 1.5 1.5
52 median 1.4 1.1 1.3 1.4 1.6
range 1.0-2.2 <1-1.5 1.1-2.2 1.2-2.1 1.0-2.3
SD 1.0 0.3 0.6 0.6 0.9
mean <1 <1 1,0 <1 <1
101 median <1 <1 1,0 <1 <1
range <1-1,2
SD 0,1
mean 1.0 <1 1,0 <1 <1
118 median 1.0 <1 1,0 <1 <1
range <1-1.1 <1-1.2
SD 0.1 0.2
mean 4.5 2.9 2.6 4.1 2.7
138 median 4.2 3.0 2.7 3.9 2.8
range 2.2-8.3 2.0-5.2 2.2-3.8 2.7-7.2 1.0-5.1
RSD 1.6 1.0 0.6 2.1 1.3
mean 34 32 2.7 3.9 2.8
153 median 3.5 33 2.9 3.6 2.7
range 1.6-7.2 2.2-7.6 1.9-5.6 1.8-5.5 1.0-3.8
SD 1.5 1.9 1.2 0.9 0.8
mean 2.1 1.0 1.6 1.5 1.0
180 median 1.9 1.0 1.4 1.7 1.1
range 1.0-3.9 <1-14 1.1-2.2 1.2-2.4 <1-1.3
RSD 0.8 0.2 0.5 0.6 0.2
X - not evaluated; SD - standard deviation

The highest individual value of 4 pg/kg was found for
PCB 138 (alfalfa). All concentrations corresponded to
background values established in the Czech Republic
within the program ,,Assessment of the State of Environ--
ment“. Very low concentrations were found in cereals.
The highest value of 3 pg/kg (PCB 138) was demon-
strated in a single sample (wheat). Similar concentrations
were also found in samples of sunflower and rape. Mean
value for concentrations in rape was somewhat higher
with the maximum of 5 pg/kg for PCB 28 in one sample.
In this case, the contamination was due rather to the am-
bient air burden of the respective agrarian ecosystem.

Such contamination could not have originated from
the waste dump of the paint-producing factory, where
higher-chlorinated PCBs were used. Secondary airborne
contamination was more likely in this case.

Higher PCB concentrations were demonstrated in
dump plants of which 5 species were sampled and ana-
lyzed. The samples given in Table 2 were collected from
a waste dump of a paint-producing factory. Table 2 shows
that the concentrations of any indicator congeners were
markedly higher in the species typical for the lower level
of the vegetation. The higher concentrations of PCBs 138
and 153 found in grass can be attributed to elution of
intact paints from the dump. The rather high concentra-
tion of PCB 28 indicates that secondary contamination
should also be considered. Similar tendencies were ob-
served also in other species of dump vegetation (bindweed,
saltweed, corn, camomile). The highest mean concentra-
tions (for about 8 pg/kg for PCB 138 and 7 pg/kg for PCB
153) were found in stinging nettle — the species which
proved to be very useful also in the assessment of pollution
of agricultural ecosystems due to long-lasting floods.
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TABLE 3
Content of PCB indicator congeners in plants bioindicators: browsing plants [pg/kg d.m.] (n=12).
PCBs congeners grassland browsing browsing browsing
plants I plants II plants IIT
mean 29 14 17 19
3 median 2.3 1.5 1.6 1.8
range 1.5-3 1.1-2.1 1-1.9 1.1-2.3
SD 0.7 0.6 0.4 0.5
mean 1.2 1.0 1.2 1.1
57 median 1.1 1.2 1.1 1.0
range <1-1.6 <1-1.7 <1-1.5 <1-1.4
SD 0.5 0.4 0.4 0.3
mean 1.1 <1 <1 1,0
median 1.0 <1 <1 1,2
101
range <1-14 X X X
SD 0.3 X X X
mean 1.9 1.3 1.3 1.4
118 median 1.7 1.4 1.3 1.6
range 1.3-2 1-1.9 1.2-1.6 1.1-2
SD 0.4 0.6 0.2 0.5
mean 3.2 3.7 4.9 5.2
138 median 3.0 3.9 4.5 5.1
range 1.9-5 2.2-4.8 3.7-6.2 3.5-7.4
SD 0.7 0.9 1.1 1.2
mean 2.4 2.3 2.7 2.5
153 median 2.2 2.5 2.6 2.7
range 1.7-3.2 1.8-3.1 1.9-2.9 1.9-3.5
SD 1.1 0.8 0.6 0.9
mean 1.7 1.8 1.8 1.9
130 median 1.6 1.6 1.7 1.8
range 1.1-2.6 1.2-2.4 1.0-2.1 1.1-2.2
SD 1.0 0.9 0.6 0.7
X - not evaluated

SD - standard deviation

ug/kg DM

stinging
nettle

orache

camomile

grass

bindweed

EIPCB 28 mean EIPCB 28 median BPCB 52 mean BPCB 52 median

FIGURE 1 - Concentration of low-chlorinated PCBs in dump vegetation.
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In the Table 3, concentrations of PCBs congeners are
given which were found in the browsing plants. These
plants constitute according to the game-keepers main com-
ponents of a food basket of game animals Results in the
Table IIT show that contamination of these materials could
be both due to atmospheric deposition and sources from
recultivated and/or illegal dumps located in this region.
Nevertheless it can be stated, that the values are not enor-
mous high compared to other findings which were pre-
sented from various regions in the Czech Republic.

Fresenius Environmental Bulletin

FEB

The mean and median values for concentrations of
PCB 28 and PCB 52 congeners in dump vegetation bioin-
dicators may be seen on Fig.l. These results could be
probably explained as an evidence for secondary con-
tamination due to existing ambient air levels.

Fig. 2 show mean medians concentrations for PCB
congeners 138 and 153 in dump vegetation bioindicators.
Samples shown on Fig. 2 were collected from a waste
dump that belongs to a paint producing factory. Both PCB
congeners given in Fig. 2 formed a part of paints produced.

ug/kg

stinging orache

nettle

camomile

grass bindweed

EIPCB 138 mean EIPCB 138 median B PCB 153 mean BPCB 153 median

FIGURE 2 - Concentration of high-chlorinated PCBs in dump vegetation.

ug/kg DM

grassland
I

browsing plants browsing plants browsing plants

EPCB 28 mean EIPCB 28 median BPCB 52 mean EPCB 52 median

FIGURE 3 - Concentration of low-chlorinated PCBs in browsing plants.
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ug/kg DM

grassland

browsing plants |

browsing plants Il browsing plants IlI

PCB 138 mean EEPCB 138 median EPCB 153 mean BPCB 153 median

FIGURE 4 - Concentration of high-chlorinated PCBs in browsing plants.

Fig. 3 shows results for most important lower-
chlorinated PCBs (PCB 28 and PCB 52). It may be seen
that higher concentrations were found for both mean and
median values of PCB 28 in all matrices taken into con-
sideration. Among the higher-chlorinated PCBs the con-
geners PCB 138 and PCB 153 were chosen (see Fig. 4.)
Again it could be seen that no substantial differences
between mean and median values were found.

Our results are difficult to compare with those pub-
lished abroad, because plant bioindicators have seldom
been analyzed for purposes of comprehensive evaluation.
It must be stressed, however, that they are indispensable
for the assessment of agrarian ecosystems.

CONCLUSION

Several types of plant bioindicators that may provide
valuable information for the assessment of contamination
of agrarian ecosystems by xenobiotics of the PCB type
were tested. For this purpose, dump vegetation and se-
lected cultured species were analyzed. Plant bioindicators
including alfalfa, cereals, oil plants, and dump vegetation
were collected at sites of recultivated or illegal dumps in
an area where paints containing higher-chlorinated PCBs
(Czechoslovak commercial product Delor 106) paints
were manufactured up to 1984. At the same time brows-
ing plants were evaluated. Analyses by HRGC/ECD dem-
onstrated the presence of indicator congeners except for
PCBs 101 and 118 in all the samples tested. Homogenates
of dump vegetation contained especially the congeners 138
and 153 originating without doubt from uncontrolled
wastes of PCB-containing paints (stinging nettle: individual
value PCB 138 up to 8.3 pug/kg, PCB 153 up to 7.2 pg/kg;

grass: individual value PCB 138 up to 7.2 pg/kg, PCB
153 up to 5.5 pg/kg; bindweed: individual value PCB 138
up to 5 pg/kg). The concentrations of the lower — chlorin-
ated PCBs 28 and 53 reached up to 5 pg/kg and the con-
tamination was probably due to atmospheric levels.
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Abstract

Vavrovd M., H. Zldmalovd GargoSovd, E. Sucman: Impact of Environmental Pollution on
Contamination of Locally Grown Roughage. Acta Vet. Brno 2002, 71: 389-400.

Contamination of ration components and roughage fed to dairy cows and finishing bullsin two
different agricultural ecosystems in the district of Uherské Hradisté (localities Buchlovice and
Stupava) was monitored. Whereas the site Buchlovice was characterised by intensive agricultural
production, the site Stupavawas|ocated in the protective zone of the Kory¢any water reservoir and
ecological agriculture was practised in a part of this area. Materials used for analyses included
irrigation water, grass growth, haylage, wheat, roughage, preserved feeds and trough samples of
feed. Samples of afalfaand clover were also collected as ration components and bioindicators of
plant origin. From each samplekind and/or sampling site 15 sampleswere collected. In addition to
feeds, bovine milk and beef liver and muscle (m. longissimus dorsi) samples were analysed (10
samples of animal material). Imissions were measured by the mobile laboratory of Regional
Hygienic Services, Brno, allowing the determination of SO,, NO,, CO, O, fly ash. The samples
were analysed for polychlorinated biphenyls (PCB) by high resolution gas chromatography with
electron capture detection. Also tested for PCB residues were milk and tissue samples collected
fromdairy cowsand bulls. The concentrationsof indicator PCB congenersdid not exceed the safety
limit in any of the sampling areas (mean concentrations of PCB in feed between 1-2 ug-kg-; mean
concentration of PCB and animal tissues between 2-9 pg-kg?). Caculation of the transfer
coefficient Q proved to beasuitabletool for the assessment of residuetransfer (dairy cows0.2-1.0;
bulls 0.3-1.0). Feed was identified as an important contamination source for animal tissues and
milk.

Polychlorinated biphenyls, agricultural ecosystem, transfer coefficient Q, food chains

Like other ecosystems, the agricultural ecosystem is exposed to the action of
contaminating xenobiotics. In accordance with the world-wide tendencies, criteriafor the
assessment of the burden by xenaobiotics are currently tightened in the Czech Republic to
prevent possible damage to human and animal health. Also significant are the effects of
pollutants on ecological aspects of the agricultural landscape.

In addition to some extrinsic factors of agricultural ecosystems, the transfer of chemical
xenobiotics in food chains depends also on intrinsic factors of the agricultural production.
The extrinsic factors include the pollution of air, dry and wet imissions, and surface water;
the intrinsic factors are associated with biological, physical, chemical and biological
characteristics of soil, with the technology of agricultural production, and with zoohygienic
conditions. Theintrinsic factorsbecome moresignificant inareaswith intensive agricultural
production, in which ecological dysbalance of the agricultural ecosystem often develops. Its
major cause are high concentration of farm animals, inadequate handling of wastes from
animal production, and excessive use of fertilisers. Such activities result in a complex soil
devastation, biological dysbalance in farm animal herds, and penetration of contaminants
into feeds and subsequently into raw materials and foods of plant and animal origin (Zima
et al. 1994).
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The individua elements of the food chain can be contaminated by inorganic or organic
chemicals. Of the latter, monitoring concentrates particularly on polychlorinated biphenyls
(PCB) and polyaromatic condensed hydrocarbons (PAH).

PCB represent amixture of congenersthe concentrations of which in tested materials may
differ from each other by several orders of magnitude. Approximately 150 congeners can be
detected in environmental samples. Investigations in agricultural ecosystems usually
concentrate on sevenindicator congeners(PCB 28, 52,101, 118, 138, 153, and 180). Reviews
completed in several countries indicate that approximately 2% of the total amount of PCB
have penetrated into the environment; expressed in absolute valuesit is approximately 10 x
10%kg. Considering their physical and chemical characteristics, i.e. low water solubility, long
persistence in the environment, and high resistance to chemica degradation, it is
understandable that high accumulation of PCB was repeatedly demonstrated in food chains
of various animal species (Elliot et al.1991; O" Connor et a. 1990). These authors used
monitoring datafor the assessment of the occurrence of organochl orine chemicalsin porcine
and bovine tissues in 1991 through 1997. The most marked decrease by up to 17% was
observed for the concentrations of PCB 153, HCB, a—HCH, and p,p"-DDE in the samples
collected from cattle and the authors suggested the use of monitoring datafor risk assessment
(Glynn et a. 2000). PCB metabolism and burden in lactating dairy cows fed naturaly
contaminated feedsfor four monthswereinvestigatedby Thomas etal. (1999). Daily intake
(mg/day) was found to represent 0.9 to 1.5% of the total burden for the persistent congener
PCB 153 and up to 43% of the total burden for readily metabolised congeners (PCB 52).
Balance studies demonstrated that PCB was metabolised completely, while other congeners
passed into milk and were demonstrable in milk products. Ciberej et a. (1999) found
increased concentrations of PCB, including the congener 28, in tissues of wild animalsliving
in the contaminated area around the chemical factory Chemko StraZzske (Slovakia) where a
PCB-containing product had been manufactured in the past and attributed them to secondary
contamination from the earlier heavily polluted ecosystem. Because of existing industrial
production in the region, ecosystem in the sampling site was under long-term load of both
commercia mixtures(Delor 103 and Delor 106). Takinginto account thisfact onecanexplain
observed concentration of indicators congenerswhich are part of both mixtures. Ciberej et
al. (1999) have published similar findings.

Monitoring of concentrations of selected analytesin all ecoblocks of the production of
foods of plant and animal origin is necessary for comprehensive assessment of food chain
contamination. Asfar as beef is concerned, the extrinsic factorsto be monitored include air
contamination, composition of imissions, and contamination of drinking and irrigation
water, roughage, and feed supplements. Similarly, the intrinsic factors to be monitored
include soil, animal wastes, barn indoor environment, and animal body fluids and tissues
(Zima eta. 1994; Vavrova eta. 1999).

Transfer studies in defined agrarian ecosystems allow the identification of the most
critical element of the food chain. Of particular importance are data on the feed - tissue
transfer. Best suited for their assessment is the transfer coefficient Q calculated astheratio
between mean mass of the analytein animal tissues and itsconcentrationin plant mass. This
calculation allows monitoring of penetration of xenobiotics into the food chain and is aso
useful for pilot studies that should precede implementation of more extensive monitoring
programmes (Kolektiv 1998; Kolektiv 1999).

Materialsand M ethods

Two sampling sitesin the district of Uherské Hradisté were selected for the monitoring of dynamics of organic
pollutants in an agricultural ecosystem. Whereas the site Buchlovice was characterised by intensive agricultural
production, the site Stupava was located in the protective zone of the Kory¢any water reservoir and ecological
agriculture was practised in apart of thisarea.
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Materialsfor analysesincluded irrigation water, grassgrowth, haylage, wheat, roughage, trough sampl es of feed
and preserved feeds. Samples of alfalfaand clover were also collected as ration components and bioindicators of
plant origin. From each sample kind and/or sampling site 10 samples were collected.

Thecollected sampleswere analysed for indicator PCB congeners. Therelevance of such analysesresulted from
thefact that the areaunder study harboured recultivated dumps of wastesfrom apai nt manufacturing factory where
Delor 106 (acommercial PCB-containing product manufactured in Slovakia) had been used up to the end of 1987.

In addition to feeds, bovine milk and beef liver and muscle (m. longissimus dorsi) samples were analysed. Two
litre volumes of milk sampleswere collected at the morning milking. The weight of animal tissue samplesranged
between 450 and 600 g. The interval between sampling and analyses never exceeded 12 h and the samples were
storedin arefrigerator during thisperiod. Standard operation procedures (SOP), which areapart of thelaboratory’s
quality manual (V avrova 1999a) were strictly adhered to.

PCB, separated from 1 litre of water sample each by triple extraction with hexane (50, 30, and 30 ml,
respectively) were cleaned in an aluminium oxide column and subsequently with sulphuric acid. The cleaned
samples were condensed in a rotary vacuum evaporator and the residue was diluted in 1 ml of isooctane. Results
of analysesof plant materialswere converted to 85% dry matter. Dried, approximately 30-g sampleswere extracted
four times with 70-ml volumes of a hexane-acetone mixture (94 : 6) and further processed as described for water
samples. Milk samples were processed as follows: volumes of 200 ml were heated to 40 °C and milk fat was
separated by low-temperature centrifugation at 6 000 rpm for 15 min. The separated fat layer was triturated with
anhydrous sodium sulphate and extracted with petroleum ether-diethylether mixture (96 : 4). The extraction was
enhanced by sonication. The solvent was removed in arctary vacuum evaporator and 100 to 200 mg of the residue
wasweighed for clean upinaflorisil column. The clean-up procedure was completed with sulphuric acid. Samples
of animal tissues were homogenised, triturated with anhydrous sodium sulphate and extracted three times with
petroleum ether- diethylether mixture (96 : 4). The extraction was enhanced by sonication. Clean up was carried
out as described for milk samples. Residues obtained by extraction of the milk and tissue samples were dissolved
inisooctane. All the sampleswere measured in duplicates. Means of 15 analyses of water or plant material samples
and 10 analyses of animal material samples are given in the tables.

PCB were determined by high resolution gas chromatography (chromatograph HP 5890, Series|1) with electron
capture detection using the following parameters. capillary column HP 5, column length 60 m, column inside
diameter 0.25 pm; film thickness 0.2 pm, split/splitlessinjector, injection temperature 250 °C; temperature mode
40 °Cfor 40 min, increaseto 180 °C at 30 °C per minand to 280 ° C at 2 °C per min, and hold at 280 °C for 10 min;
detector 63Ni ECD, detector temperature 300 °C; constant flow at 1.0 m per min. Standards supplied by Dr.
Ehrenstorfer (Germany) were used for congener identification. QA/QC conditionswereassured by use of certified
reference materials CRM Dr. Ehrenstorfer (Germany) containing the analytes under study in freeze-dried bovine
liver tissue, freeze-dried beef, and bovine fat. Moreover, national reference materials tested for worthiness by the
National Reference Laboratory at the Institute of Chemical Technology in Prague were used. The detection limit
for PCB congeners was 1 pg-kg. Arbitrary values of 0.5 pg-kg? were substituted for concentrations below the
detection limit in the cal cul ations of means.

Imissions were measured by the mobile laboratory of Regional Hygienic Services, Brno, alowing the
determination of SO,, NO,, CO, O, fly ash and recording of air temperature and atmospheric pressure.

120
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20

0 ] — |

SO, NO, CO O3 fly ash

mg.m3

O Stupava O Buchlovice
Fig. 1. Imission burden in the district of Uherské Hradisté (mg(tn-3)

Resultsand Discussion

Dynamics of penetration of PCB into the food chain were investigated in the district of
Uherské Hradist&, in which the pollution of the agricultural ecosystem by organics had been
monitored for a long period. Two sampling sites were selected to avoid effects of
bioclimatological factors. One of them was on the windward side of a paint producing
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Tablel
Mean concentrations of PCB indicator congenersin irrigation water (ng(lit) and grass growth (ugRgt 85% dry matter)
Sampling site
PCB congeners Borsice u Buchlovic Stupava
Irrigation water Grassgrowth Irrigation water Grassgrowth

mean 1 3 1 2

28 median 1 3 1 2
range <13 <15 <1-2 <14
mean 1

52 median <1 2 <1 <1
range 1-3
mean 1 1

101 | median *xx > <1 <1
range <1-2 <1-3
mean 1 1

118 | median 1 2 <1 <1
range <1-3 <14
mean 10 3 5 1

138 | median 12 4 6 2
range 8-16 1-6 1-8 <13
mean 12 3 3 2

153 | median 11 4 3 2
range 4-18 1-6 1-5 1-4
mean 8 2 2 1

180 | median 7 3 2 1
range 2-10 1-4 1-3 1-2

factory in which the PCB-containing product Delor had been used up to the end of 1987; the
other sampling site, located near the Chiiby highlands, met the requirements put on
ecological agricultural production.

Data characterising the pollution rate in the area under study in terms of imissions are
shown in Fig. 1. Data on concentrations of SO,, NO,, CO, O and fly ash indicate that the
imission burden in the area under study was not extremely high. Ambient temperature and
atmospheric pressure at the time of sampling were 9 °C and 1002 kPa at the site Buchlovice
and 7 °C and 997 kPa at the site Stupava. It should be pointed out that the data reflect
momentary situations and apply to the time of the measurement only. Measurements
repeated at short intervals several times a day would be necessary to obtain actual
background values.

Basic statistical parameters (mean, median, range) for PCB congenersin irrigation water
and grass growth are given in Table 1. The results indicate that sum concentration did not
exceed 50 ng.l1, which is the value laid down as the limit for drinking water. Also
concentrations of theindividual indicator congenersin grass growth wererather low at both
the sampling sites. Concentrations below the detection limit were found for some of them.

Table 2 shows means, medians and ranges for PCB congeners in feed components
intended for the nutrition of dairy cows and finishing bulls at the site Buchlovice. It can be
seen that the findings were below the detection limit in some of the analysed matrices. This
applied particularly for the low-chlorinated congeners (PCB 52, 101, and 118). Generally,
all the concentrations were low and did not exceed background values for the Czech
Republic.
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Table2
Basic statistical parameters for concentrations of PCB congeners (uglkg! 85% dry matter) in feed components
for finishing bulls and dairy cows—locality Buchlovice

corllag(ér?er s é-:ggr; Bgtle;;gp Clover Alfalfa Straw Wheat
mean 3 3 2 1 2 1
28 median 3 2 3 2 2 1
range 1-7 1-7 1-6 1-5 1-4 <1-2
mean 2 2 2 1 1 <1
52 median 2 1 2 2 <1 <1
range 1-4 1-4 1-3 1-3 <1-1 <1
mean 1 1 1 1
101 median 1 1 <1 <1 <1 <1
range <12 <1-3 <1-2 <1-2
mean 1 1 1 1 1 <1
118 median 1 1 1 1 <1 <1
range <1-1 <1-1 <1-3 <1-2 <1-1 <1-1
mean 3 4 3 2 2 2
138 median 4 5 4 4 3 3
range 2-6 37 1-9 2-5 1-6 1-6
mean 2 3 2 2 3 2
153 median 3 3 2 3 3 2
range 2-6 2-4 1-4 1-5 2-8 1-4
mean 2 2 1 1 1 1
180 median 2 2 2 1 2 1
range 1-5 <1-6 1-4 1-3 <1-5 <1-1

Tables 3 and 4 show basic statistical parameters for PCB congeners found in animal
tissues and milk at the site Buchlovice. The data indicate that, like in the environmental
samples, the concentrations did not differ from background values for the Czech Republic.
Those of some congeners, particularly 101 and 118, were undetectable.

Fig. 2 showsmean PCB congener concentrationsin feed components harvested within the
site Buchlovice. The highest concentration were found for the PCB congeners 153, 138, 180,
and, likein Slovakia, 28. Thefindings can be attributed to secondary contamination from the
ecosystem components. The concentrations of PCB congeners were rather low and it can be
concluded that feed components produced at thissite were free of excessive amountsof PCB.

Buchlovice

ng.kg'

! T(TFW

0 T T T T T T
PCB 28 PCB 52 PCB 101 PCB 118 PCB 138 PCB 153 PCB 180

B Roughage [Trough samples [ Beef M Liver

Fig. 2. Mean concentrations of PCB indicator congeners in feeds (85 % dry mass) and animal tissues — finishing
bulls (fat)
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Table3
Basic statistical parameters for concentrations of PCB congeners (ugRg! 85% dry matter) in roughage,
trough samples, tissues of finishing bulls—locality Buchlovice

c ori;cc:erl? ers Roughage ;ﬁgf’; Beef Liver

mean 3 2 4 6

28 median 3 3 5 7
range 2-7 2-6 39 311
mean 1 1 2 3

52 median 1 1 3 3
range 1-2 1-3 1-8 2-9
mean 2 2 1 1

101 | median 2
range 1-3 <1-4 <1-1 <1-2
mean 1

118 | median 2 1 2 2
range <1-3 <1-1 1-3 1-3
mean 4 3 5 8

138 | median 5 5
range 1-10 2-9 3-10 2-14
mean 3 3

153 | median 4 4
range 2-7 2-8 4-10 313
mean 2 2 2

180 | median 2 2 3 3
range <1-4 1-4 1-6 1-6

Fig. 3 showsmean PCB congener concentrationsin feed for and tissues and milk of dairy
cowsin the site Buchlovice. Again, the highest values were obtained for the congeners 28,
138, 153, and 180. The highest mean concentrations were found in liver samples. Safety
limitswere not exceeded in any of the analysed matrices and the concentrations were at the
level of values commonly found in the Czech Republic.

Buchlovice

ugkg'

i W i T il

PCB 28 PCB 52 PCB 101 PCB 118 PCB 138 PCB 153 PCB 180

M Roughage [ Trough samples [JMuscles [ Liver [ Milk

Fig. 3. Mean concentrations of PCB indicators congenersin feeds (85 % dry mass) and animal tissues (fat) and milk
—dairy cows (fat)
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Table4
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cor%(ér?a' s Roughage ;rrgg?; Beef Liver Milk

mean 2 3 4 7 3

28 median 3 2 4 8 3
range <1-6 1-6 1-10 3-16 1-10

mean 1 1 2 3 1

52 median 1 1 3 3 1
range <1-1 <1-1 <1-5 1-5 <1-1

mean 1 1 1 2 1

101 median <1 1 1 1 1
range <1-1 <1-2 <1-1 <1-3 <1-2

mean 1 1 1 1 1

118 median 1 1 1 1 1
range <1-3 <1-2 <1-2 <1-3 <1-2

mean 4 4 7 9 5

138 median 4 5 8 10 5
range 1-11 2-8 5-14 4-18 2-9

mean 3 3 5 9 3

153 median 5 4 6 10 3
range 1-7 2-5 2-9 4-14 1-8

mean 1 1 2 3 2

180 | median 2 2 3 4 2
range 1-4 1-5 1-4 1-7 1-6

Means, medians and ranges of PCB concentrations in components of feeds intended for
finishing bulls and dairy cows at the site Stupava are shown in Table 5. Concentrations
bellow the detection limit were found in all the analysed matrices for PCB 101 and 118, in
alfalfaand wheat for PCB 28 and 52, and in all the analysed matrices except for silagesfor

Stupava

ng-kg!

I N I

B |

PCB 28

PCB 52

PCB 101

PCB 118

PCB 138

PCB 153 PCB 180

B Roughage [ Trough samples [ Muscles [ Liver

Fig. 4. Mean concentrations of PCB indicator congeners in feeds (85 % dry mass) and animal tissues — finishing

bulls (fat)
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Table5
Basic statistical parameters for concentrations of PCB congeners (Lgkg? 85% dry matter) in feed components
for finishing bulls and dairy cows—locality Stupava

corlljg%:lgers sCi I(;rgne Bg?;;gp Clover Alfalfa Straw Wheat
mean 1 2 1 1

28 median 1 1 2 <1 1 <1
range <1-2 1-4 <1-5 <1-3
mean 1 1 1 1

52 median 1 2 1 <1 2 <1
range <1-2 1-4 1-2 <1-3
mean

101 median <1 <1 <1 <1 <1 <1
range
mean

118 median <1 <1l <1 <1 <1 <1
range
mean 1 2 1 1 1 1

138 median 2 3 2 2 1 1
range 1-4 1-9 1-5 1-3 1-2 1-2
mean 2 1 1 1 1 1

153 median 3 2 2 2 1 2
range 1-8 1-7 1-5 1-7 1-4 1-4
mean 1 1

180 median 1 1 <1 <1 <1 <1
range 1-3 1-2

PCB 180. It can be concluded from the data that the contamination of the components was
too low to influence noticeably the concentrations of the congeners under study in rations
for finishing bulls and dairy cows.

Basic statistic parameters for PCB congeners found in finishing bulls and dairy cows at
the site Stupava are shows in Tables 6 and 7. Many findings, particularly in roughage and
trough samples of feed, were below the detection limit. The concentrations did not exceed
10 pglkgtin any of the materials and feeding of low-contaminated feed did not result in an
increase of PCB concentrationsin tissues.

Stupava

5

4
&> 3
=
2 2

| [ [TH N [ [

0 T T T T T T

PCB 28 PCB 52 PCB 101 PCB 118 PCB 138 PCB 153 PCB 180

B Roughage [ Trough samples [ Muscles ELiver TIMilk

Fig. 5. Mean concentrations of PCB indicators congenersin feeds (85 % dry mass) and animal tissues (fat) and milk
—dairy cows (fat)
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Table6

Basic statistical parameters for concentrations of PCB congeners (uglRg! 85% dry matter) in roughage,
trough samples, tissues of finishing bulls—locality Stupava

o orllag(ér? ors Roughage ;rrgg?; Beef Liver
mean 2 2 3 5
28 median 2 3 4 4
range 1-4 1-5 1-7 1-7
mean 1 1
52 median <1 <1 2 1
range <1-5 <1-3
mean
101 median <1 <1 <1 <1
range
mean 1 1
118 | median <1 <1 1 1
range 1-4 1-3
mean 1 1 1 3
138 | median 2 2 2 4
range 1-4 <1-6 <1-5 1-7
mean 1 1 2 2
153 | median 2 2 1 2
range 1-5 1-3 1-4 1-4
mean 1 1
180 median <1 <1 1 2
range 1-3 1-3

Fig. 4 showsmean PCB congener concentrationsin feedsfor and tissues of finishing bulls
reared in the ecosytem Stupava. Like at the site Buchlovice, the highest concentrationswere
found for PCB 28 and 138. Theformer were probably due to secondary contamination from
the ecosystem. The remaining values were very low and did not reach background values
for the Czech Republic in many cases.

Mean PCB congener concentrations found in the ration for and tissues and milk of dairy
cowsat thesite Stupavaare givenin Fig. 5. Even here, the concentrationswerevery low and
generaly lower than at the site Buchlovice. Like in the preceding figures, the highest

concentrations were found for
the congeners PCB 28, 138, and
153. The safety limits were not
exceeded in any of the analysed
matrices. Because of existing
industrial production in the
region, ecosystem in the
sampling sites was under long-
term load of both commercia
mixtures (Delor 103 and Delor
106). Taking into account this
fact one can explain observed

12

1
0.8

0.6

0.4 —
0.2 *{ ]
0

PCB 138 PCB 153 PCB 180

transfer coefficient

O Liver OMuscles O Milk

Fig. 6. Transfer coefficient Q of indicator congenersfor dairy cows
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Table7

Basic statistical parameters for concentrations of PCB congeners (ugkg1 85 % dry matler) in roughage,
trough samples, tissues and milk of dairy cows—locality Stupava

PCB Roughage ;rrgg?; Beef Liver Milk

mean 2 2 2 4 1

28 median 1 1 2 3 1
range <1-4 <1-4 1-5 1-7 <1-3
mean 1 1 1

52 median 1 <1 1 1 <1
range 1-3 <1-2 <1-3
mean

101 median <1 <1 <1 <1 <1
range
mean 1 1

118 median <1 <1 1 2 <1
range 1-4 1-3
mean 1 1 4 3 2

138 median 2 2 4 4 3
range 1-5 1-3 1-9 1-8 1-7
mean 1 1 2 2 1

153 median 2 2 2 3 2
range 1-4 1-4 1-7 1-8 1-7
mean 2 3 2

180 median <1 <1 1 2 1
range 1-4 1-4 1-3

concentration of indicatorscongenerswhich arepart of both mixtures. Ciberej etal. (1999)

have published similar findings.

The most effective method for the assessment of transfer of xenobiotics from feedsinto
animal tissues is the calculation of the transfer coefficient Q. The method is particularly
suitable for the assessment of organic pollutant burden in cattle in which the ration contains
ahigh proportion of locally grown roughage. Published dataindicate that calculation of the
transfer coefficient Q allowsthe assessment of transfer of pollutantsfrom feedsinto animal
tissues. Values Q > 0.1 areindicative of significant passage from feeds into animal tissues

1.2

1 —

0.8
0.6 — I

0.4 —

transfer coefficient

0.2 —

0
PCB 138 PCB 153 PCB 180

O Liver [COMuscles
Fig. 7. Transfer coefficient Q of indicator congenersfor bulls

and identify thefeed asthemost
probable source of xenobiotics
present in animal tissues. Only
data from the more polluted
sampling site were used for the
assessment, because values
near the analytical limit would
introduce a serious numerical
error into the calculation.

This applies particularly to
indicator PCB congenerswhich
were found at concentrations
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below the analytical limit not only in irrigation water and grass growth, but also in plant
products, above all in straw and wheat at the sampling site Buchlovice and in several other
feed components at the site Stupava.

Since many of the findings were below the detection limit, the transfer coefficient Q was
calculated only for dataobtained at the site Buchlovice. Fig. 6 shows Q coefficientsfor dairy
cows calculated using results of analyses of trough samples of feed. It isevident that all the
analytes, except for PCB 118, passed from feed into hepatic and muscular tissues and milk.
In spite of the low concentrations, feed can be regarded as one of the identified
contamination sources and must be included among other possible sources in any
comprehensive assessment. The Q coefficient for finishing bullsisshownin Fig. 7. Again,
the passage of PCB congeners from feeds into animal tissues was demonstrated and feeds
were identified as one of the possible contamination sources.

Similar results were obtained in fattening bullsin which Q < 0.1 only for PCB congeners
101 and 180 were found. These results are significant if we assume that the indicator PCB
congeners are released stepwise from depot fat tissues. Calculations dealing with
comparable ecosystem were not found in the available literature.

It can be concluded that the concentrations of organic pollutants were below the hygienic
limit in most samples of animal tissues and milk analysed within our study. It must be
pointed out, however, that monitoring of thetransfer coefficient Q isnecessary evenin such
situations, because accumulation of alarger number of various xenobiotics can affect not
only hygienic quality, but also safety of foods.

In the food chain dynamics of contaminants was assessed using results of analyses for
indicator PCB congeners of compound rationsfor dairy cows and fattening bulls, irrigation
water and grass growth which constitutes a part of rations consumed by farm and, aboveall,
wild animals. The latter are also used in ecosystems as biological indicators of plant origin.

Values of the transfer coefficient Q were used to assess the dynamics of transfer of the
analytes under study from feedsinto animal tissues. The transfer was apparent particularly
in organic pollutants. Transfer studies are necessary for the assessment of public health
hazards because their results can justify measures aimed at minimisation of xenobiotic
burden in the food chain.

QOdraz znecisténi agrarniho ekosystému na kontaminaci objemnych krmiv
v ném produkovanych

Byla sledovéana kontaminace soucésti krmné davky a objemovych krmiv zkrmovanych
dojnicim a byckim ve dvou riznych zemédélskych ekosystémech v okrese Uherské
Hradisté (lokality Buchlovice a Stupava). Zatimco pro Buchlovice je charakteristicka
intenzivni zemé&d€lska produkce, Stupava je situovana v ochranném pasmu vodni nadrZze
Korycany. V ¢asti této oblasti je realizovano ekologické zemédé€lstvi. Materily zvolené pro
analyzy zahrnovaly zdvlahovou vodu, travni porost, sendZ, pSenici, objemova krmiva,
konzervovanou pici a Zlabové vzorky krmiva. Byly rovnéZ shromazdovény vzorky vojtésky
a jetele jako soucasti krmné davky a rostlinné bioindikatory. Pro kazdy typ vzorkl bylo v
kazdé oblasti odebrano 15 vzorki. Navic byly analyzovany vzorky mléka, jater a svaloviny
(m. longissimus dorsi), vidy 10 vzorkl kazdého Zivoc¢i§ného materidlu. Imise byly méfeny
v mobilni laboratofi Krajské hygienické stanice Brno, kterd umoZiovala stanoveni SO,,
NO,, CO, O; a polétavého prachu. Ve vzorcich byly metodou vysokorozliujici plynové
chromatografie s detektorem elektronového zachytu stanovovany polychlorované bifenyly
(PCB). PCB byly stanovovéany rovnéZz v mléce dojnic a v mase byckd. V zZadné ze
sledovanych oblasti neptfekrocily nalezené koncentrace indikatorovych kongenert PCB
hygienické bezpe¢nostni limity (primérné koncentrace PCB v krmivu byly v rozmezi 1-2
mgRg!, primérné koncentrace PCB ve tkdnich zvifat byly v rozmezi 2-9 mglg').
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Vypoctené koeficienty pfenosu Q (pro dojnice 0,2-1,0; pro bycky 0,3-1,0) se ukazaly jako
vhodny ndstroj pro posouzeni pfestupu residui. Bylo prokizano, Ze krmivo je dileZitym
zdrojem kontaminace Zivoci§nych tkani a mléka.
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SUMMARY

This paper presents partial results of an experiment in
which the levels of PCBs in tissues and blood plasma of
pigs were monitored. The pigs were administered cap-
sules consisting of commercial PCB-containing products
dissolved in lard. Blood samples from pigs were taken in
two weeks’ intervals during a period of 26 weeks. The
pigs were divided into three groups: Delor 103 group,
Delor 106 group and a control group. In the Delor 103
group, the levels of low-chlorinated PCBs in pigs de-
creased while the levels of high-chlorinated PCBs in-
creased. The ratio between the levels of low-chlorinated
and high-chlorinated PCBs in one experimental pig was
1:0.91 at the beginning of the experiment. In the 13™ blood
sample, the ratio was 1:2.62. The level of PCB 153 sig-
nificantly increased while the levels of PCB 52 and PCB
101 decreased. For the Delor 106 group, the ratio (i.c.
low-chlorinated vs. high-chlorinated PCBs) was 1:4.69
over the whole monitored period compared to 1:3.19 in
control pigs. Furthermore, the total level of PCB conge-
ners in the Delor 106 group was higher than that in the
Delor 103 group. A level of contamination in tissues
resulting from PCBs can therefore not only be assessed on
the basis of the concentrations of PCBs in blood plasma.

KEYWORDS: pigs, oral application, blood plasma, Delor 103,
Delor 106, control groups, indicator PCB congeners.

INTRODUCTION

Compared with cattle, less attention with respect to
contamination by PCBs has been paid to pigs, although
they are the most common farm animals. This was proba-
bly due to the fact that the rearing period of pigs and
therefore the exposition to pollution is shorter. This was

also the reason why pigs were subjected only to routine
controls, provided that primary sources of contamination
were eliminated [1]. However, some studies focussed on
identifying the sources of PCBs in large-capacity farms in
the Czech Republic. The levels of individual PCBs in pigs
were investigated in a detailed study performed in the
district of Hodonin in the Czech Republic [2]. The authors
examined the levels of the most common congeners in
materials such as drinking water, feeding mixtures, settled
dust collected from stables, sewage sludge and dust col-
lected from adjacent carriage roads. They evaluated the
ratios between low-chlorinated and high-chlorinated
PCBs but they did not test, however, human blood for
these analytes. Moreover, food alone as a potential source
of PCBs cannot be omitted. In 1995, the State Veterinary
Administration (SVA) tested 101 samples of feeding
mixtures for PCBs and found out that the levels of PCBs
in 10.9% of the samples exceeded the permissible limit of
50 pg kg' on dry matter basis [3]. According to the re-
sults of SVA for the year 2000, the levels of PCBs were
below the maximum permissible limit in all domestic
commodities of monitored animal food [4].

Blood is a biological material that can be used to
evaluate the level of contamination in living animals,
because it acts as a transporting medium and may there-
fore serve for the transport of lipophilic xenobiotics such
as PCBs. Blood and the individual components of it, en-
able the transport and distribution of PCB congeners in
tissues; PCBs are transported by the blood’s transport
system, which may also partially enhance their stability.
In this respect, lipoprotein complexes, particularly those
rich in lipids, represent an excellent system for the trans-
port of PCBs into tissues [5].

For monitoring the PCB levels, blood was used in
several studies which dealt with the effects produced by
PCBs. The majority of these studies were performed only
on laboratory animals. The main goal of an experiment
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carried out on pigeons was to determine and identify
respective transport systems [6]. The congener PCB 153
was almost always predominant. It follows from the
above mentioned study, that individual fractions of blood
(i.e. plasma and serum) contained different PCB conge-
ners. Therefore, it can be concluded that individual frac-
tions play an important role in the transport of lipophilic
xenobiotics. The distribution of PCBs is more complex
and cannot be explained only on the basis of their solubil-
ity in lipid components present in plasma fractions. It
follows from the reported data that PCBs are bound to
apolipoproteins and plasma proteins, which play an im-
portant role in their transport into tissues. Halogen substi-
tuted biphenyls are assumed to connect to hydrophobic
sites of the blood proteins or blood cells rather than to
specific sites of the proteins [7]. Whole blood or serum is
mostly examined in order to assess contamination of
human population by organochlorinated pollutants, origi-
nating from the working environment. On the other hand,
plasma is usually tested in monitoring studies. A compari-
son of the levels of xenobiotics detected in different com-
ponents of blood enables to assess the distribution of
these xenobiotics. This topic was addressed in a study
performed by Mes et al. [8], who found that the levels of
most tri- and tetrachlorobiphenyls were higher in whole
human blood than in the serum (only 25% of the total
finding) or plasma (40%). The opposite distribution was
found for high-chlorinated biphenyls (from hexa- to octa-
chlorobiphenyls); their levels in plasma and serum ranged
from 55 to 83%. Furthermore, the above mentioned au-
thors reported that it was difficult, to evaluate the recov-
ery of the PCB 153 congener in whole blood when the
proteins did not precipitate during pre-analytical work-up
performed before extraction. However, there is no other
paper in the literature available that supports their finding.
Another finding, which has not been confirmed yet, was
published by Mes, Douglas and Bryce [9]. The authors
related the decreased recovery of the congener PCB 153
to freshness of blood and claimed, that the recovery of
this congener decreased by 50% when the tests were per-
formed on blood samples stored in a freezer for one
month. However, the authors provided no information
about the temperature at which the blood samples were
stored before performing the analysis.

MATERIALS AND METHODS

Fresenius Environmental Bulletin

In this study Czech white high-bred pigs were used.
Before starting the experiment, the stable and an adjacent
room for feed preparation were cleaned and disinfected.
Only pigs which were used for our experiment housed in
the stable. In accordance with the Czech legislation, a
detailed plan concerning the setup of the experiment was
developed. At the beginning of the experiment, the pigs
weighed approximately 40 kg. They were orally adminis-
tered gelatine capsules containing a technical mixture of
the PCBs Delor 103 or Delor 106. The composition of

FEB

Delor 103 corresponds with Aroclor 1242 and this of
Delor 106, with Aroclor 1260. The mixtures were dis-
solved in porcine lard at a concentration of 1 mg kg™'. The
experiment was carried out with 18 pigs, divided into
three groups of 6 pigs: Delor 103 group, Delor 106 group
and the control group. Only one capsule per animal was
administered by using a special dosing device - such a
device was used in order to ensure that the capsule was
entirely swallowed by an animal. One week after admini-
stration of each PCBs dose, the blood samples were col-
lected. Thus, blood sampling was carried out 13 times
over the whole monitored period, in intervals of 14 days.
For sampling, the usual glass syringes were used. Prior to
analysis, the samples of blood plasma were stored in a
freezer - in glass test tubes with grounded solid glass stop-
per. Some pigs died of pneumonia during the experiment.

The stable was located in a village, approximately
16 km away from the plant Colorlak where dyestuffs
containing Delor 106 had been produced before 1986.
Therefore, a possibility of a secondary contamination was
considered, originating from the environment due to air-
borne PCBs.

Chemicals

Anhydrous sodium sulphate, analytical grade, was
heated in a muffle furnace at 650°C for 4 h. Florisil
60/100 mesh was heated at 550°C. Prior to use, the sor-
bents were activated in a hot-air drier at 130°C (the acti-
vated sorbents can be stored in brown wide-neck bottles
in a dessicator for 3 days). Hexane and methanol for the
analysis of residues grade were used. Sulphuric acid 96%
(Suprapur, Merck) was also applied.

The following standard materials were used: Standards
PCB congener mixture in hexane with a concentration of
100 pg ml™" of each congener (J.T.Baker, ULTRA Scien-
tific JTB-0004A-4). Reference material of Dr. Ehrenstorfer
GmbH (lard with pesticides and PCBs, No. 40410). Abso-
lute Standards, Inc., Part # 92366, Lot # 120202, 7 com-
ponents, 10 pg ml™'; Hamden CT. AccuStandard, Inc.;
C-WHO-01 World Health Organisation, Congener Mix,
2.0 yg ml™'; New Haven CT.

Extraction and clean up procedures

Extraction of PCBs from blood plasma: To a sample of
plasma (5 ml) in a glass test tube, 3 ml of methanol was
added and vigorously shaken for 1 min. After this, hexane
was added (15 ml), followed again by vigorous shaking
for five minutes. The hexane layer was quantitatively
transferred into a clean test tube and the first purification
using acid hydrolysis was performed (the ratio hex-
ane/sulphuric acid was 10:1). The layers were separated
and the hexane layer was filtered through a layer of anhy-
drous sodium sulphate. The concentrated extract was
purified using column chromatography on Florisil. The
analysis was performed on a gas chromatograph by em-
ploying the standards of Dr. Ehrenstorfer.
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TABLE 1 - Average levels of indicator PCB congeners in
blood plasma of pigs, after administration of Delor 103 [mg/kg].

Pig No PCB 28 PCB 52 PCB101 | PCB118 | PCB138 | PCB153 | PCB 180
1 0.081 0.034 0.225 0.325 0.365 0.537 0.095
2 0.084 0.040 0.256 0.301 0.390 0.542 0.091
3 0.083 0.051 0.294 0.340 0.369 0.551 0.105
4 0.072 0.068 0.270 0.344 0.367 0.493 0.091
5 0.072 0.047 0.283 0.337 0.366 0.528 0.101
average 0.078 0.048 0.266 0.329 0.371 0.530 0.097
mediane 0.081 0.047 0.270 0.337 0.367 0.537 0.095
SD 0.006 0.013 0.027 0.017 0.011 0.022 0.006

Legend: SD — standard deviation

Analytical methods

Gas chromatograph, Hewlett-Packard 5890 Series 11
with ECD ® Ni (USA); capillary column HP 5 (60 x
0.25 mm, film thickness 0.2 um ); 5% phenylmethylsili-
cone; split/ splitless injector (150s); temperature 250° C,
injector volume 0.1 pl “hot needle” technique. Carrier
gas: helium - linear speed 16.5 cm . s ' temperature
programme: 40°C for 5 min followed by an increase at
30° C . min"' to 180° C and at 2° C . min”' to 280 °C, and
280° C for 10 min; detector S Ni ECD, temperature 300° C;
pressure programming: constant flow at at 1.0 m . min .

Quantitative assessment was carried out using the ex-
ternal standard method (absolute calibration) within the
linear range of the detector. Regarding the wide range of
concentrations of the analytes under study to be expected
in real samples, a calibration range of 0.01 to 500 ng ml!
of the standard working solutions was chosen, correspond-
ing to 0.01 to 500 pg in the injected volume of 0.1 pl. Un-
der the conditions of our analyses, the following detection
limits (pg ml") for ECD were defined: PCB 28 — 0.01;
PCB 52 - 0.01; PCB 101 — 0.02 PCB 138 — 0.02; PCB
153 - 0.02; PCB 180 — 0.02.

RESULTS AND DISCUSSION

In this work, the congeners 138, 153 and 180 belong
to the group of high-chlorinated, while the congeners 28,
52 and 101, 118 are supposed to be low-chlorinated con-
geners. The following results were obtained during our
experiment:

In the Delor 103 group, the level of low-chlorinated
PCBs decreased during the monitored period while the
level of high-chlorinated PCBs increased. According to
the literature, this trend can be attributed to facilitated
absorption of low-chlorinated PCBs in lipid components
present in plasma fractions and to faster metabolic trans-
formation. The calculated ratios between the levels of
low-chlorinated and high-chlorinated PCBs found in
samples of blood plasma at the 1% and 13™ collection are

as follows (see Table 1, Fig.1): 1% collection — pig no.1
(1:0.91), pig no.2 (1:1.03), pig no.3 (1:0.97), pig no.4
(1:0.87), pig no.5 (1:0.88). For the 13" blood sampling,
the ratio accordingly changed with increase of the level of
high-chlorinated PCBs: pig no.l (1:1.99), pig no.2
(1:2.48), pig no.3 (1:2.44), pig no.4 (1:2.46) and pig no.5
(1:2.62). This applies also for the ratio of 1:1.38, which
was calculated from average concentrations of indicator
PCB congeners over the monitored period. Table 1 pre-
sents average concentrations of indicator PCB congeners
detected during the monitored period.

——PCB 28
—8—PCB 52
—A—PCB 101
—»%—pCB 118
—%—PCB 138
——PCB 153
——PCB 180

1 2 3 4 5 6 7 8 9

10 11 12 13

FIGURE 1 - Dynamics of PCBs in blood plasma
of pig No. 3 after administration of Delor 103.

Figure 1 illustrates the dynamics of PCBs in blood
plasma of pig no.3. It is shown, that the levels of low-
chlorinated PCBs decreased during the experiment, while
the levels of high-chlorinated PCBs, particularly PCB
153, increased significantly during a period of 26 weeks.

Figure 2 shows the levels of particular PCB conge-
ners in pigs of the Delor 103 group during the monitored
period, and provides a comparison between the levels of
particular congeners and the total content of PCBs. It can
be seen, that the level of congener PCB 153 increased
significantly during the experiment, while the concentra-
tions of the congeners PCB 52 and 101 decreased.
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Delor 103

BPCB 180
BPCB 153
OPCB 138
mpCB 118
BApcB 101
OpcCB 52
BpcCB 28

FIGURE 2 - Proportional representation of indicator PCB
congeners in blood plasma of pigs from Delor 103 group [%]

Table 2 presents average concentrations of indicator
PCB congeners in blood samples from control pigs. Pigs
in which the levels of PCBs were below the detection
limit of 0.001 pg kg were excluded from evaluation. The
ratio of low-chlorinated to high-chlorinated PCBs helped
to determine, which commercial PCB-containing product
was a primary source of contamination. The ratios for the
control pigs were as follows: pig n0.9 (the 9" sampling
1:3.03; the 13™ sampling 1:2.72), pig no.11 (the 7™ sam-
pling 1:3.37; the 13™ sampling 1:3.74). The ratio of 1:3.19
was calculated from the average concentrations of indica-
tor PCB congeners determined in blood plasma during the
experimental period. The mean concentration was calcu-
lated from two values found in two control pigs. Since the
levels found in the remaining control pigs were below or at
half of the detection limit, they were not considered. It can
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be concluded from the results in Table 2, that the levels of
PCBs in control pigs were within scale of 1 pg kg'. This
indicates a ‘background‘ level of contamination by PCBs
which was probably caused by Delor 106, originating
from a slight contamination of the stable (dust settled in
the stable) and from slightly contaminated manger sam-
ples, where the roughage prepared in the particular agri-
cultural ecosystem was placed. As already mentioned, the
site was polluted by Delor 106 produced in the nearby
dyestuff-producing plant Colorlak.

The following results concern the blood plasma of
pigs after oral administration of Delor 106. In this case,
the high-chlorinated PCB congeners predominate over
low-chlorinated ones. To highlight the difference between
the levels of PCBs in pigs 13 —18 over the monitored
period, we selected the results obtained for the 1% and the
13" sampling. The ratio between the levels of low-
chlorinated and high-chlorinated PCBs in individual pigs
ranged from 1:2.23 to 1:7.11 for the first sampling and
from 1:2.94 to 1:14.98 for the 13™ sampling. The ratio
(low-chlorinated PCBs to high-chlorinated PCBs) calcu-
lated on the basis of average values was 1:4.69. The aver-
age content of indicator PCB congeners in blood plasma
of pigs administered Delor 106 is introduced in Table 3. It
can be seen from the results that the average content is
significantly higher, particularly in the case of PCB 138
and PCB 153. Compared with Delor 103, Delor 106 was
accumulated to a higher extent. This might reflect differ-
ences in chemical, biological and environmental proper-
ties of Delor 103 and Delor 106.

TABLE 2
Average levels of indicator PCB congeners in blood plasma of pigs, in the control group [ug/kg]
Pig No PCB 28 PCB 52 PCB 101 PCB 118 PCB 138 PCB 153 PCB 180
9 0.848 0.084 0.234 0.098 1.11 2.28 0.076
11 0.787 0.101 0.223 0.077 1.41 2.78 0.177
average 0.820 0.009 0.230 0.090 1.26 2.53 0.130
TABLE 3 - Average levels of indicator PCB congeners in
blood plasma of pigs, after administration of Delor 106 [mg/kg].
Pig
No PCB 28 PCB 52 PCB 101 PCB 118 PCB 138 PCB 153 PCB 180
13 0.071 0.024 0.104 0.054 0.326 0.570 0.109
14 0.062 0.016 0.102 0.027 0.210 0.405 0.090
15 0.064 0.021 0.093 0.054 0.316 0.417 0.147
16 0.080 0.033 0.097 0.140 0.429 0.768 0.098
17 0.433 0.115 0.292 0.169 2.051 2.882 0.940
18 0.562 0.278 0.495 0.306 3.190 4.509 1.638
average 0.212 0.081 0.197 0.125 1.087 1.592 0.504
mediane 0.076 0.029 0.103 0.097 0.378 0.669 0.128
SD 0.225 0.103 0.165 0.105 1.243 1.713 0.647

SD — standard deviation
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Figure 3 illustrates the dynamics of PCBs in blood
plasma of pig no.13 during the experimental monitoring;
the levels of both congeners, PCB 138 and PCB 153,
increased remarkably. These congeners represent the most
common PCBs occurring in raw materials and in animal-
based food contaminated by Delor 106. During the moni-
tored period, the level of contamination in pigs after oral
administration of Delor 106 was evaluated also on the
basis of the levels of individual PCB congeners (in %).

—e—PCB 28
—8—PCB 52
—&—PCB 101
—>—PCB 118
—%—PCB 138
—@—PCB 153
—+—PCB 180

1 2 3 4 5 6 7 8 9 10 11 12 13
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100% BPCB 180
a0 OPCB 153
EPCB 138
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BPCB 118
4% MmPCB 101
0% BPCB 52
EPCB 28

%

FIGURE 3 - Dynamics of PCBs in blood plasma
of pig No. 13 after administration of Delor 106.

delor 108 stanchard
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BpPCB 32
OPCB 101
OPCB 118
BPCB 138
OPCB 153,
BPCB 180

delor 106 standard

OpPCB B
BPCB 52
OPCB 101
OPCB 118
BPCB 138
OPCB 153,
BPCB 180

CHor 103-+dHor 106starcard

OpcB B
BpB
OPcB 101
OpPcB 118
BPCB 18
OPcB 13
BPCB 180

FIGURE 4 - Proportional representation of indicator PCB
congeners in blood plasma of pigs from Delor 106 group [%].

As can be seen in Figure 4, the congener PCB 153
predominated in all pigs, followed by PCB 138. On the
other hand, the lowest levels (in %) were found for PCB
52 and PCB 118. This is the major difference between the
effects produced by Delor 106 and Delor 103. The spec-
trum of PCB congeners corresponded well with the values
found in tissues, organs and body fluids of farm animals
during routine controls, reported in their bulletins by the
State Veterinary Administration of the Czech Republic
[10] and the Czech Agriculture and Food Inspection Au-
thority of the Czech Republic [11].

cHor IBgpication

OpBB
[1ze:152
OpcB 01|
OpcB 118
BpPCB 13
OpcB 153
BPCB 1)

cHor 106gppication

opaB B
BpB R
OpCB 101
OPaB 118

0P 153
BPGB 180

oontrd goup

)

OpeB
PGB
Opc 10l
OpcB118

0pB 153
BpB18)

FIGURE 5
Comparison of Delor 103 and Delor 106 with indicator congeners detected in blood plasma.
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Figure 5 presents a comparison of Delor 103 and
Delor 106 with indicator congeners found in blood
plasma of pigs. The concentrations of PCBs in the com-
mercial products Delor 103 and Delor 106, and in a
Delor 103/Delor 106 mixture (1:1), are introduced on
the left side, whereas the levels of indicator PCB conge-
ners in blood plasma of pigs are provided on the right
side. This graph illustrates that low-chlorinated PCBs in
pigs underwent gradual transformation to high-
chlorinated PCBs.

Analogous findings were reported by Slovak authors
who addressed a similar problem [12]. In their system-
atic long-term study, commissioned by the management
of Chemko Strazské, they detected an increased content
of PCB 28 and PCB 52 in some matrices (game) col-
lected at the site of Chemko Strazské. The authors
claimed that the level of both congeners was still high,
although the concentrations of all PCB congeners had
been gradually decreasing over the years.

It is difficult to compare our results with data from
literature, because the experiments reported by other
authors were usually aimed at the dynamics of PCBs.
The authors used contaminated feed [13] instead of a
commercial product as in our experiment. Our main
effort was to ensure that the experimental animal was
contaminated with a definite dose of a commercial
PCB-containing product. Furthermore, the above men-
tioned authors concluded that the decrease of PCB lev-
els was caused by dilution resulting from the growth of
pigs and showed, that some PCB congeners occurring in
fat may undergo redistribution during an animal’s life.
The extent of redistribution was shown to be propor-
tional to the number of chlorine atoms in the particular
PCB and decreased with the solubility of a particular
PCB in water.

CONCLUSION

The levels of PCBs in blood plasma of pigs were de-
termined after administering capsules containing the
commercial products PCB Delor 103 and Delor 106,
dissolved in lard. It was shown that the ratio between the
levels of low-chlorinated and high-chlorinated PCBs
(calculated from average values) over the whole moni-
toring period in the Delor 103 group was 1:1.38. This
confirms that low-chlorinated PCBs underwent meta-
bolic transformation. Furthermore, the content of PCB
153 increased while the levels of PCB 52 and 101 de-
creased. In the Delor 106 group (except for the pigs
no.17 and no.18), the high-chlorinated PCBs predomi-
nated; the ratio ranged from 1:2.23 to 1:7.11 for the 1%
and from 1:2.94 to 1:14.98 for the 13™ sampling. A level
of contamination in tissues resulting from PCBs cannot
be assessed only on the basis of the concentrations of
PCBs in blood plasma. On the basis of our results, we
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suggest to analyse blood plasma and biopsy samples of
lard at the same time. This ensures that the ratio between
the levels of PCBs in blood plasma and tissues will be
correct, enabling to correlate the PCB levels in these two
biological materials which in turn can be used after-
wards as a possible material for monitoring.
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