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Prehladové studie

UPLATNOVANI PRINCIPU UDRZITELNEHO PODNIKANI V AGC
FLAT GLASS CZECH

APPLICATION OF SUSTAINABLE PRINCIPLES IN AGC FLAT GLASS CZECH
Vilém Kunz

Ing. Vilém Kunz, Ph.D., Katedra marketingové komunikace. Fakulta socialnich studii. Vysoka
$kola finanéni a spravni z.U. Estonska 500, Praha. Ceskd republika.

Kontakt: Kunz.Vilem@seznam.cz

Abstract: Pfipadova studie je zaméfena na uplatiiovani principd udrzitelného podnikani v AGC Flat Glass
Czech, které se stalo v této firmé nedilnou soudasti firemni soucasti jeji strategie. Firma byla ocenéna fadou
vyznamnych ocenéni za své dlouhodobé tsili v této oblasti. Pozornost je vénovana stéZejnim (Casto velmi
inspirativnim) aktivitim AGC Flat Glass Czech ve vSech klicovych oblastech udrzitelného podnikani.

Klicova slova: spolecenskd odpovédnost podniku, udrzitelné podnikani, eticky kodex, AGC, Integrovany
systém managementu jakosti

Abstract: The case study is fosuced on application of sustainable entrepreneurship principles in AGC Flat
Glass Czech, which has become unseparable part of its strategy. The firm has won many significant awards for
its activities in this area. The main attention is put on core (and often very inspirative) activities of AGC Flat
Glass Czech in all key areas of sustainable entrepreneurship.

Key words: Corporate Social Responsibility, Sustainable Entrepreneurship, Ethical Codex, AGC, Integrated
Quality Management
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Uvod

Stale cCastéji se v poslednich letech zacinali hledat odpovédi na otazky, jaka je role
podnikatelského sektoru v dnesni znalostni spoleCnosti, stejné jako neustale rostl tlak
jednotlivei, skupin a celé vefejnosti na spolecensky odpovédné chovani podnikt a dodrzovéni

etickych standardi (DAHLSRUD, A., 2008, KOLK A., 2005). Spole¢enska odpovédnost
firem ( Corporate social responsibility — CSR) je postupné podporovana nejen ze strany
podnikatelského sektoru obecné, ale i ze strany nékterych vlad i celé fady nadnarodnich a
mezinarodnich organizaci (napt. OSN, OECD, EU).
Mezi hlavni elementarni principy, které jsou v ramci konceptu CSR zdlraznovany lze uvést
predevsim:

e Princip dobrovolnosti

e Aktivni spolupraci a otevieny dialog se v§emi zainteresovanymi skupinami

e Angazovanost firem

e Systemati¢nost a dlouhodoby ¢asovy horizont

e Dtvéryhodnost

e Fungovani firmy s ohledem na tzv. ,triple-bottom-line business (GRAY, R., 2005,
KUNZ, 2012)

Na ptednich svétovych univerzitach jsou studenti na prednaskach i seminafich seznamovani
se zakladnimi principy spoleCensky odpovédného chovani, stejné¢ jako s pfipadovymi
studiemi excelentnich firem, jeZ jsou jiz fadu let mnohostranné aktivni v této oblasti.
(KOTLER, P., LEE, N. 2005)

I v blizké budoucnosti 1ze ocekavat, Ze tento trend bude i nadale pokracovat a to, jak ve svéte,
tak i v Ceské republice, kde je zejména v poslednich letech spoleenské odpovédnosti firem
vénovana stale vEétsi pozornost, véetné hledani cest k jejimu dalSimu rozSifovani, pficemz
jednou z nich je i seznamovani s ptiklady dobré praxe v této oblasti (KASPAROVA, KUNZ,
2013).

Piedstaveni skupiny AGC
Skupina AGC je jednim z nejvétSich vyrobcii plochého skla na svété. Ve své evropské
pobocce AGC Glass Europe, kterd ma sidlo v belgickém Bruselu a zaméstnava témér
13.500 osob, vyrabi ploché sklo pro stavebnictvi (vnéjsi fasady a dekorativni sklo do
interiérl), automobilovy pramysl, solarni priimysl ¢i specializovana pramyslova odvétvi.
Vize spole¢nosti ,,Vybrousime budoucnost skla inovativnimi a dostupnymi technologiemi a
zlepSime kazdodenni Zivot lidi* stejné jako motto ,,Glass Unlimited*, vyjadiuje vystiznym,
zpusobem hlavni zdméry a moznosti tohoto sklafského koncernu, at’ jiz se dotykaji:
e udrzeni vysokého standardu kvality produkti a nabizenych sluzeb
e uplatilovani nejnovéjsich sklaiskych technologii
e vyuzivani modernich vyrobnich zatizenich, ktera se pouzivaji v desitkach vyrobnich
a priblizné ve stovce zpracovatelskych zavodii po témét celé Evropé ( od Spanélska az
po Rusko)
e Usili vytvafet motivujici a piijemné prostiedi pro zaméstnance

e (i snahy vyhovét rozmanitym pozadavkim zakaznikd.
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Pfi naplnovani této vize se skupina AGC opird o dodrzovani a prostfednictvim vSech svych
divizi i sdileni zakladnich spole¢nych firemnich hodnot, kterymi jsou:

e Inovace & vynikajici pracovni vykon - na vSech urovnich firmy, tedy nejen v oblasti
vyzkumu a vyvoji, ale také napt. v péci o zékaznika, persondlni politice, ¢i kontrole
kvality)

e Rozmanitost - nejen vzhledem ke geografickému rozmisténi spole¢nosti respektovani
kulturnich, etnickych, nabozenskych, ¢i rasovych rozmanitosti

e Zivotni prostfedi - dlouhodobé snaha skupiny pfispivat k rozvoji trvale udrzitelného
rozvoj. Respektovani ochrany Zzivotniho prostiedi ¢i snaha udrzovat a zlepSovat
nepietrzit¢ bezpecné pracovni prostfedi jsou i samotnym jadrem mise AGC.
Environmentalni politika AGC se opird o dvé kli¢ové oblasti, a to jednak vyvoj
novych vyrobku s lepSimi dopady na Zivotni prostiedi v pribéhu celé Zivotnosti a dale
zavedeni vyrobnich postupu, které pouzivanim nejéistéjsich technologii chrani Zivotni
prostiedi.

e Integrita — vSechny spole¢nosti skupiny AGC Group kladou hlavni diraz na integritu v
jednani se svymi akcionafi.

4

Etické rizeni a eticky kodex skupiny

K tomu, aby mohla byt spole¢na firemni hodnota ,,integrita®“ promitnuta do vize skupiny
AGC, byl vypracovan ,, Eticky kodex skupiny*. Eticky kodex AGC je zavazny pro vSechny
manazery a zamgstnance této celé skupiny.

V ramci koncernu AGC byly vytvofeny i1 organizaéni slozky pro dozor nad dodrZzovanim
pravidel, které jasné¢ vymezuje ,, Eticky kodex skupiny®“. Velmi dileZitou pozici, ktera byla
ziizena pro zajisténi tohoto procesu, je funkce vedouciho dozoru nad dodrZzovanim pravidel.
Mezi jeho hlavni tkoly patii nejen to, Ze odpovidéa za planovani, zavadéni ¢i monitorovani
aktivit pro zajisténi souladu s pravidly, ale do jeho pravomoci spadaji regionalni etické
vybory pro Japonsko a Asii, Severni Ameriku a Evropu.

Usporadani organizacnich slozek pro dodrZovani pravidel ve skupiné AGC demonstruje i nize
uvedend schéma (obr. 1).

Spravnirada

Hlavni eticky
manazer

Vedouci dozoru nad
dodrzovanim zasad

(pri Etickém vyboru
pro Japonsko a Asii)

- Eticky vybor pro
Ethkg vybor pro Severni
vropu Ameriku

Obr. 1 Schéma Uspotadani organiza¢nich slozek pro dodrzovani pravidel ve skupiné AGC .
Fig. 1 Scheme of organizational units for compliance group AGC.
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Skupina AGC vymezuje v etickém kodexu hlavni zasady a postupy pii oznamovani
nedodrzeni pravidel skupiny AGC, vcetné tzv. zdsady nepostizitelnosti, ktera zdiraziuje, ze
proti zaméstnanci, ktery informoval o mozném poruseni etického kodexu, nebudou podnikany
zadné odvetné kroky. Zaméstnanec muze v piipad¢ zjiSténi porusSeni pravidel oznamit
zalezitost napft. na tzv. Asisten¢ni linku, ktera je zfizena.

Eticky kodex se dotyka tfinacti hlavnich oblasti, kterymi jsou:

e Soulad s pravnimi piedpisy a zdsadami spolecnosti a korektni obchodni jednani
e Dodrzovani pravidel hospodaiské soutéze a antimonopolnich zakont
e Ochrana zdravi a bezpecnost pii praci

e Ochrana zivotniho prostiedi

Respektovani lidskych prav

Bezpecnost a kvalita vyrobkl

Transparentni finan¢ni vykaznictvi

Zakaz nedovoleného obchodovani

Radné nakladani s majetkem spoleénosti a respektovani druhych osob
Zasady pfi stfetu zajmt

Korektni postoj k pohosténi a darim

Kontakty s politiky a vefejnymi Ciniteli

Regulace mezinarodniho obchodu.

Socialni pilif CSR

Nedilnou soucasti globalni skupiny AGC Glass je také AGC Flat Glass Czech, jehoz hlavni
vyrobni zavody i vedeni spole¢nosti se nachézeji v Teplicich v severnich Cechach. AGC Flat
Glass Czech je nejvétsim vyrobcem plochého skla a jeho aplikaci ve stiedni a vychodni
Evropé a zaroven patii také k nejprogresivnéjSim tuzemskym vyvozcim. V soucasnosti
vyvazi tii Ctvrtiny své produkce do osmi desitek zemi svéta.

Spoleénost AGC Flat Glass Czech zaméstnava v CR i s dcefinymi spolenostmi témét 3500
zaméstnancu a fadi se tak k nejvyznamnéj$im zaméstnavatelim v celém Usteckém kraji, ktery
se dlouhodob¢ fadi v Ceské republice mezi regiony s nejveétsi mirou nezaméstnanosti.

AGC Flat Glass Czech se pravidelné¢ umistuje v prvni desitce nejlépe hodnocenych
zaméstnavatelil v Ceské republice, pfi¢emz dokonce ziskala prvni misto v hlavni kategorii
soutéze Sodexo Zaméstnavatel roku.! V této soutézi, jejimz organizatorem a vyhlasovatelem
je firma Fitcentrum, ziskala AGC Flat Glass Czech v minulosti i Cenu personalistli za
nejlepsi ,,Persondlni projekt roku“ za realizovany ,,Projekt ochrany zdravi pracovnikd v
horkych provozech a navic manaZer lidskych zdroji PaedDr. Libor Sehnal obdrzel i cenu
,,HR Osobnost roku“.

Ocenéna byla mimo jiné také u AGC snaha vzbudit u zaméstnancti inovacéni Gsili, pficemz
nové ndpady zaméstnanci se nemusi tykat pouze oblasti vyroby, ale mohou sméfovat napft. i
do oblasti Zivotniho prostfedi, marketingu, nakupu ¢i financi. Diky tomu, ze se podafilo ve

1 Tuto cenu udéluje profesiondlni porota na zdkladé nékolika kritérii, kterd souviseji zejména s nabizenymi
mozZnostmi pracovnich pfileZitosti, vzdéldvani nebo dalsiho rlstu pracovnikl, kvalitou managementu,
systémem hodnoceni, jakoZ i stupném ddvéry zaméstnancd ve firemni hodnoty a kulturu. AGC Flat Glass Czech
tuto souté? té7 vyhrala a vedle toho se v této soutéi stala i 6x nejlepdim zaméstnavatelem Usteckého kraje.
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firm¢ vymyslet jednoduchy a efektivni zptisob v podobé¢ elektronické platformy na firemnim
intranetu, kterd umoznuje rychle zajimavou myslenku piedstavit, podafilo se jen béhem roku
2014 ziskat vice nez 700 inovacnich néapadi, z cehoz vice nez 70 inovaci bylo Uspésné
zavedeno.?

V personalni politice spolecnosti je krom¢ zminéné podpory inovacniho Gsili zaméstnanct
kladen ddraz i napf. na budovani dobrych mezilidskych vztahti na pracovisti, ¢i participace
zamgstnancu a jejich celkovou angazovanost na rozhodovani a cilech spolecnosti, stejné jako
jejich osobni rozvoj. Podporovana je i vysokd uroven komunikace ¢i spole¢né feSeni
problémil za vyuziti fady komunika¢nich nastrojli jako napft. ¢tvrtletnik GlassFocus, intranet,
internet, memoranda, informac¢ni nasténky, panely, pravidelné pracovni porady a meetingy.
Také vytvoreny koncept socidlni politiky AGC Flat Glass Czech.je pomérn€ velmi Siroky a
zahrnuje napf. 1 :

Socialni vypomoc v piipadé nezavinéné finanéni tisné (napf. invalidita, ZPS apod.)
Odmeénu pti odchodu do penze.

Odstupné nad ramec zékoniku prace

Odmény za dlouhodoby pracovni vykon

PéCi o byvalé zaméstnance (poznavaci zajezdy, setkani s vedenim spole¢nosti,
prispevek na stravovani

e Bezuroc¢né pljcky zaméstnancim (napft. na potizeni bydleni ¢i rekonstrukci bytu)

Vedle toho jsou napf. zaméstnancum piedavany generalnim feditelem spole¢nosti v ramci
slavnostniho vecera zlaté, stiibrné a pamétni medaile AGC Flat Glass Czech.®

V AGC jsou pravidelné provadény ve spolupraci s nezavislym dodavatelem ve dvouletych
cyklech 1 sociologické priizkumy nézorové hladiny zaméstnancli. Prizkumy se dotykaji celé
fady oblasti jako napt. pracovnich podminek, systému odménovani, systému socidlnich vyhod
a zamé&stnaneckych benefitil, zdravotni péce ¢i komunikace. Vysledky téchto prizkumu jsou
firmou pouzivany jako podklad pro aktualizaci, Upravu ¢i zménu jednotlivych
zaméstnaneckych programd.

K budovani mezilidskych vztaht pfispiva fadu let i pofadani tradicnich akci, které jsou
uréeny ¢asto nejen zaméstnanciim, ale i jejich rodinnym pfislusnikim. Patii mezi né napf.
Vano¢ni koncert, Mikulasska besidka, fotbalovy turnaj AGC Cup, spojeny s détskym dnem ¢i
Dny otevienych dvefi.

AGC Flat Glass Czech tzce spolupracuje s nékolika vysokymi $kolami v Ceské republice,
pfi¢emZ napf. s libereckou Technickou univerzitou uz téméf dvé desetileti. Tato spoluprace
S vysokymi Skolami probih4 tradi¢nimi 1 netradi¢énimi formami jako napft.:
e studijni stdze, diplomové prace, tzv. Dny Kkariéry, odborné exkurze tuzemské i
zahrani¢ni ¢i odborné semindie umoziuji zapojeni studentit do Zivota AGC Flat Glass
Czech
e udélovani stipendii - napf. za nejlepsi bakalaiskou ¢i diplomovou préci
e penézni a materialni dary vysokym skolam (napi. TU Liberec, UJEP)

2 Zatimco investice do této oblasti pfedstavovaly 20 tisic eur, ndvratnost byla témé&F 300 tisic eur.

3 Stiibrné medaile ziskdvaji zaméstnanci pii odpracovani 25 let ve firmé&. P¥i odpracovani 30 a vice let ve firmé
ziskavaji zlaté medaile a pfi odchodu do starobni penze obdrzi zaméstnanci pamétni medaile.
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e feSeni védeckovyzkumnych tkolt pfimo v AGC s moznym zapojenim akademickych
pracovniki 1 studentt

e spoluprace pii tvorbé novych studijnich obort - napf. ,, Technologie zpracovani skla a
polymert ,, - UJEP Usti nad Labem

e AGC Student Mobility Grant - umoziuje ziskani finan¢nich prostiedka k ucasti na
mezinarodnich odbornych a védeckych konferencich 1 umoznuje kratkodobé
zahrani¢ni studium.

Vedle toho je AGC Flat Glass Czech napf. i majoritnim vlastnikem soukromé Stfedni $koly
technické AGC a.s.

Projekt v Teplicich je budoucnost

Spolecnost AGC Flat Glass Czech je také vlastnikem fotbalového klubu FK Teplice, spustila
také projekt na podporu sportu, mladeze a regionu s nazvem ,,V Teplicich je budoucnost®.
Projekt ,,V Teplicich je budoucnost* vychazi i z vysledki studie o vyznamu rozvoje sportu a
aktivniho zivotniho v regionu i celé spole¢nosti, kterou si nechala spole¢nost AGC
vypracovat. Soucasti této studie byly i vysledky realizovaného prizkumu k postaveni sportu a
klubu v regionu.* Provedeny priizkum pfinesl celou fadu velmi zajimavych zjisténi, které se
stali také inspirativni pro mozné budouci planované projektové aktivity. Napiiklad bylo
zjisténo, ze témet 40 % oslovenych respondentii vnimé aktivity klubu jako nejvyznamnéjsi
sportovni a kulturni akce regionu, ¢imz stavi FK Teplice do role vyznamného inicidtora
traveni volného casu v regionu. Prizkum také ukazal, ze fotbal i pfes rostouci oblibu
individualnich sportd, dominuje u vetejnosti jak v aktivni ¢innosti, tak i v pasivnim zajmu a
fanouskovstvi.® Podle vysledki povazuje 44 % oslovenych FK Teplice za sportovni instituci,
kterd v kraji nejvic pracuje s mladezi, 92 procent dotazovanych navic vnima ptisobeni klubu
jako pozitivni nebo velmi pozitivni. Z prizkumu téz vyplynulo, Ze téméf 80 % oslovenych
obyvatel Teplicka vnima jako diileZitou podporu sportu vedenim mést ¢i kraje, stejné jako
ocenuji podporu sportu vyznamnymi firmami v regionu.

Vlastni studie navic kromé vysledka priizkumu piibliZila napt. i situaci v Usteckém regionu,
¢i analyzovala hlavni sociodemografické charakteristiky Teplicka, resp. daného regionu jako
demograficky vyvoj, ekonomicky vyvoj, zaméstnanost a vyvoj na trhu prace, kriminalitu,
Skolstvi, zdravotnictvi ¢i kulturu. Nasledné byly ve studie analyzovany i aktudlni Zivotni
trendy, a to zejména v oblasti sportovnich volnocasovych aktivit, pfi¢emz se studie snazila i
komparovat stav v Ceské republice a v regionu, napt. s trendy v Evropské unii.

Projekt ,,V Teplicich je budoucnost* se neopird vSak pouze o vysledky realizovaného
vyzkumu, resp. studie, ale vychdzi zejména z hlavnich hodnot a principi vlastnika
fotbalového klubu FK Teplice, spolecnosti AGC. Skupina AGC ve vSech zemich kde piisobi
se snazi dlouhodobé chovat spolecensky odpovédné, veetné podpory rozvoje zivota v danych
regionech. Nejinak je tomu i v Ceské republice. Navic Ustecky kraj, v némz v Ceské
republice AGC piisobi, se potyka i s celou fadou spolecenskych problémd, jejichz feSeni
vyzaduje také casto spoluprici mezi vefejnym a komerénim sektorem, samoziejme
doprovazenou podporou od mistnich komunit. Sport a sportovni vyziti, v€etné fotbalu sehrava
Vv otazce kvality Zivota obyvatel daného regionu velmi vyznamnou roli. Také proto chce
spolecnost AGC ve spolupraci s dalSimi partnery, a to nejen zfad komer¢niho sektoru,

4 Tento prizkum provedla brnénskd agentura Liberal Agency.
5> Pouze 13% oslovenych respondent(i v tomto prizkumu uvedlo, Ze nikdy nebylo na fotbale.
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ptispét prostiednictvim projektu ,,V Teplicich je budoucnost k rozvoji sportovniho i
spolecenského vyziti v regionu Tato vize se opird o snahu dlouhodobé napliiovat hlavni
vytcené cile:

e Byt vzorem a sdilet pozitivni hodnoty sportu s obany

e Podpofit vnimani fotbalu jako sjednocujiciho celospolecenského fenoménu a stat se
nejvyznamnéj$im sportovnim klubem v Ceské republice v roviné spolecenské
odpovédnosti

e Rozvinout a oteviit své aktivity pro komplexni podporu vychovy déti a mladeze v
regionu

e Podporovat Sirokou diskusi pro posileni role sportu, aktivniho zivotniho stylu a hodnot
fair play v kazdodennim zivoté

e Propojit zkuSenosti profesionalniho sportovniho klubu s rekreacnim sportem a
sportovné-kulturnim vyzitim obyvatel

e Efektivnéji propagovat region a jeho potencidl pro cestovni ruch

e Vyuzit své dlouholeté zkuSenosti ve prospéch vytvateni komplexni podpory sportu ze
strany kraje 1 mésta

e Pfinaset nové zkuSenosti a know-how sportovniho managementu pro Siroké sportovni
zazemi v regionu

e Umoznit zapojeni vSech dalSich subjektt pro sdileni spolecné vize a hodnot AGC Flat
Glass Czech s garanci dobrého jména FK Teplice

e (Celkove zvysit kvalitu Zivota a moznost spoleenského vyziti v regionu.

e Byt vzorem pro obCany a motivovat je k zapojeni do naplitovani socialni odpovédnosti
vuci mistu, kde ziji, a péci o své okoli.
Cely projekt se opird o tfi zakladni pilite , které spocivaji jednak ve snaze vést mladez
k aktivnimu zivotnimu stylu a také v dlouhodobém usili podpofit vnimani fotbalu jako
spolecenské udalosti a zabavy pro mladé lidi a rodiny, resp. posilit odpovédnost obyvatel ke
svému regionu.

Integrovany systém managementu jakosti

AGC Flat Glass Czech je také drzitelem souboru certifikati k integrovanému systému
managementu jakosti (na podkladé normy ISO 9001:2000), ochrany Zivotniho prostfedi (ISO
14001:2004) a bezpec€nosti a ochrany zdravi pfi praci (OHSAS 18001:1999).

Hlavnim davodem, pro¢ se spole¢nost k tomuto kroku rozhodla, bylo nejen ziskani
certifikatl, ale zejména snaha vytvofit fungujici systém, ktery zdsadnim zplisobem pfisp&je
k rozvoji celé firmy.

Zavér
CSR se stava nejen dulezitym prosttedkem ktomu, aby firmy byly dlouhodobé

konkurenceschopné, ale také proto, aby se okolni komunity a spole¢nost trvale Gspé$né
rozvijela.

Vzhledem k tomu, Ze spolecenskd odpovédnost firem se stava i v dnesnim podnikatelském
svét¢ vyznamnym faktorem firemni konkurenceschopnosti je potiebné, aby také
podnikatelské subjekty v Ceské republice usilovaly o trvalé zvySovani jejich standardu CSR.
Proto nejen v souvislosti se vstupem CR do Evropské unie, kterd povaZuje za zasadni
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myslenky tohoto konceptu co nejvice prosazovat, nabyvaji otazky spojené s Sirokou
implementaci principti CSR také v ¢eském podnikatelském prostiedi na duleZitosti.

Z vyse popsané¢ho je patrné, ze u AGC Flat Glass Czech se spolecenska odpovédnost stala
nedilnou soucasti jejich firemni strategie a ve své kazdodenni praxi realizuje celou fadu
rozmanitych a Casto inspirativnich CSR aktivit, které se dotykaji nejen ekonomické oblasti
CSR, ale také oblasti socialni ¢i environmentalni.
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Vyskumné spravy

ADSORPTION OF COPPER FROM AQUEOUS SOLUTIONS
BY USING NATURAL CLAY

Ismael Sayed Ismael, Sherif Kharbish* , Eman Saad, Ali Maged
Suez University, Faculty of Science, Geological Department
El salam,Suez, Egypt

* e.mail: sherifkharbish@hotmail.com Tel: +20 111 33 77 024

Abstract: In this study, removal of copper (Cu?*) from aqueous solutions is investigated using a natural clay.
During the removal process, batch technique is used, and the effects of pH, clay amount, heavy metal
concentration and agitation time on adsorption efficiency are studied. Langmuir, Freundlich and Dubinin—
Radushkevich (D-R) isotherms are applied in order to determine the efficiency of natural clay used as an
adsorbent. Results show that all isotherms are linear. It is determined that adsorption of Cu?* is well-fitted by the
second order reaction kinetic. In addition, calculated and experimental heavy metal amounts adsorbed by the unit
clay mass are too close to each other. It is concluded that natural clay can be used as an effective adsorbent for
removing Cu?* from aqueous solutions.

Keywords: Natural clay; Copper; Zinc; Freundlich isotherm; Langmuir isotherm; D-R isotherm; Reaction
kinetic
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Introduction

Water is usually not occur at the locations & times where & when it is most needed. As a
result, it becomes one of the most strategic raw materials. The pressure of increasing
population, urbanization, lack of environmental awareness, lack of implementation of
environmental rules and regulations can cause surface water and groundwater pollution.
Water pollution is harmful for human and animal health.

Copper (Cu) is an essential substance to human life, however in high doses it is toxic and can
cause anemia, liver and kidney damage. Cu metal contamination exists in water from many
industries such as electronic, plating, mining and glass coloring. It is unfortunate that Cu is
persistent which is not easily metabolized or breakdown in the environment. Various methods
exist for the removal of Cu from water such as ion-exchange, reverse osmosis, adsorption and
chemical settling (Cheremisinoff, 1995) (Lin & Juang, 2002). Among them adsorption is
the most effective and widely used method. Activated carbon and chelation resins are the
most common adsorbents used in water treatment all over the world (Veli & Oztiirk, 2005).
However, activated carbon and commercial chelating resins are expensive materials, therefore
many studies have been done in order to find out effective and low cost adsorbents.

The present work investigates the feasibility of the low-cost adsorbent kaolinite clay for the
removal of Cu from water. In the study, the effects of several factors such as pH,
concentration of solution, clay mass and contact time on copper removal efficiency were
examined.

Huge amounts of clays are available in the Arab Republic of Egypt. Alkatamya clay is a local
term that refers to natural clay mineral from Wadi Hagoul area in Egypt. Wadi Hagoul clays
were used in the past as friendly building materials compared to Portland and cements.

1. Materials and methods

Clay samples were obtained from Wadi Hagoul, Suez, Egypt. The chemical composition of
adsorbent is provided in (Tab.1). Adsorption of Cu with clay was carried out in a batch
reactor. 1000 mg/L of Cu stock solution was prepared by dissolving 3.8 g of Cu(NO3)2-3H20
in 1 L distilled water. Standard Cu solution ranging between 10 and 300 mg/L were prepared
by diluting the stock solutions. Samples was determined to be 50 mL. pH adjustments were
carried out using 0.1N HCI and 0.1N NaOH. 200 rpm stirring rate and 25 “C temperature were
applied in the shaker. Samples with clay content in the range of 0.05—- 0.08 g were taken from
the shaker at regular contact time intervals and the clay was separated by filtering.

Tab. 1. XRF Analysis of Clay (%)

Oxides SiO2 | Al,O3 | TiO2 | Fe203 | MgO | CaO | K20 | Na2O | P2Os | L.O.1 | Total

Amountn(%) | 49.79 | 13.77 | 0.17 |9.98 |11 |248 127 |0.75 |2.15 |18.48 | 99.94

The equilibrium isotherms for Cu was obtained by performing batch adsorption studies.
Solutions of 100 mg/L concentration were adjusted to optimum pH values and clay amounts
ranging between 0.05 and 0.8 g were added to solutions. The adsorbed heavy metal amount
(g.) per unit absorbent mass was calculated as follows:

_ (Cp—Ca)Vy,
= (et @

9e
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Where, C, is the initial heavy metal concentration, C, is the concentration of heavy metal at
equilibrium (mg/L), W} is the clay mass (g) and V;, is the solution volume (L).

2. Results and discussion
2.1 Evaluation of the adsorption capacity

2.1.1 Effect of pH

In the experiments, clay content was kept constant (0.05 g) and agitation time was determined
to be 24 h at 200 rpm. The results are shown in (Fig.1). The highest removal efficiency in the

Cu adsorption with natural clay was obtained at pH 6. At lower pH values, the adsorption
efficiency was decreased.
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Fig. 1. Effect of pH on the removal of Cu?* by natural clay. Initial metal concentrations 50 mg/L, clay dosage
0.05 g/100 mL, contact time 24 h.

2.1.2 Effect of clay dosage

In the Cu removal, it is seen that the adsorption efficiency increases as the clay amount
increases (Fig. 2). The increase in the efficiency can be explained by the increasing surface
area where the adsorption takes place. As seen in (Fig. 2), optimum clay dosages that can be
used in Cu is 0.5 g/50 mL.
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Fig. 2. Effect of clay dosage on the removal of Cu?* by natural clay. Initial metal concentrations 100 mg/L, pH 6,
contact time 24 h.

2.1.3 Effect of metal concentration

The adsorption efficiency increased to a certain level and remained stable as the concentration
increased. Following the saturation on the surface where the adsorption takes place, no more
metal ions can be adsorbed. The optimum metal concentration was determined as 150 mg/L.
The results obtained from the experimental studies are shown in (Fig. 3).
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Fig. 3. Effect of metal concentration on the removal of Cu?* by natural clay. Clay dosage 0.05 g, pH 6, contact
time 24h.
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2.1.4 Effect of agitation time

As shown in (Fig.4) on the natural clay the equilibrium adsorption was established rapidly
within 120 min, indicating that the initial adsorption was fast and maximum uptake was
reached within 175 min for Cu, thereafter, the amount of adsorption remained almost
constant. This was due to the decrease of adsorption sites on the clay which gradually
interacted with the metal ions, but the adsorption rate depends on the metal ions which
transported from the bulk liquid phase to the actual adsorption sites (Yu et al., 2000).
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Fig. 4 Effect of contact time on the removal of Cu2+ natural clay. Clay dosage 0.05 g/50mL, pH 6.

2.2 Adsorption isotherms
2.2.1 Langmuir isotherm

Langmuir isotherm models the single coating layer on adsorption surface (Langmuir, 1918).
This model supposes that the adsorption takes place at a specific adsorption surface. The
attraction between molecules decreases as getting further from the adsorption surface (Unlii
& Ersoz, 2006). Langmuir isotherm can be defined according to the following formulas:

Omaxbce
= Jmax e 2
e 1+bcy ( )

Where, g, is the amount of adsorbed heavy metal per unit clay mass (mg/g), qma. IS the
monolayer capacity, b is the equilibrium constant and ¢, is the equilibrium concentration of
the solution (mg/L).

Eg. (2) can be written in the following linear form in Eq. (3):
- —— 4+, 3)

e bamax  Gmax
The results obtained from the empirical studies were applied to Langmuir isotherm. The
dependence of f from ¢, was obtained by using empirical results for the natural clay (Fig.5).
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Fig. 5 Langmuir isotherms for the natural clay.

The data obtained from the various plots as summarized in (Tab. 2) show that adsorption of
Cu follow the Langmuir isotherm model very well.

Tab. 2 Langmuir, Freundlich and D-R isotherm parameters.

D-R isotherm constants Freundlich isotherm constants Langmuir isotherm constants
2 E kp Gm r n ks r B oz
(kJmoDl  (moF kJY)  (mglg) (mg/g)
0.9%9 2.1% E71.04- 64.95 D88 344 1231 0.873 0.06 64.56

2.2.2 Freundlich isotherm

Freundlich isotherm is used for modeling the adsorption on heterogeneous surfaces
(Freundlich, 1906). This isotherm can be explained by the following equation:

g, =kpc," @

Where, k is the Freundlich constant (mg/g) and % is the adsorption intensity:
The linear form of the Eq. (4) can be written as:

Log q. = Logks + i Logc, (5)

Fig. 6 shows the dependence of legg, from logec, for the natural clay. It is seen that the
Freundlich isotherm curves are linear in Cu adsorption. The Freundlich constant k. and

adsorption intensity % for Cu are calculated from the slopes of these curves (Tab. 2).

http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-
environmentalne-manazerstvo/

20


http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/
http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/

ACTA UNIVERSITATIS MATTHIAE BELII Sekcia Environmentalne manazérstvo roc¢. XVIII, ¢. 1, 2016

1.8 \— linear fit of freundlich\

05 00 05 10 15 20 25
log Co

Fig. 6 Freundlich isotherms for the natural clay.

2.2.3 Dubinin—Radushkevich (D-R) isotherm

Langmuir and Freundlich isotherms are insufficient to explain the physical and chemical
characteristics of adsorption (Ngah & Fatinathan, 2010). D-R isotherm is commonly used
to describe the sorption isotherms of single solute systems.

The D-R isotherm is expressed as:

In Qe = In q"m_lr":.DE2 (6)
Where, g is the heavy metal amount (mg/g) that is removed per unit clay mass, g,, is the D—
R adsorption capacity (mg/g), k, is the constant related with adsorption energy (mol®k/J?),
and ¢ is the Polanyi potential.
According to the Eq. (6), the Polanyi potential (¢) can be given as:

e=RTIn(1+2) @

Ce
Where, R is the gas constant (kJK—1 mol—1) and T is the temperature (K).

The main energy of adsorption (E) is calculated by using the following formula:
1

E = )

V=2kp

Where, E gives information about the physical and chemical features of adsorption.

The D-R isotherm is applied to the data obtained from the studies. As it is seen in (Fig.7), the
D-R plot yields a straight line. In the D—R isotherm, adsorption capacities g,,, adsorption

energy constants k5 and the main adsorption energies E are calculated for copper removal in
(Tab. 2).
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Fig. 7 D-R isotherms for the natural clay.

The magnitudes of E for Cu adsorption are 2.19 and 3.19 kJ/mol, respectively. These low
values of adsorption energy show that the adsorption has a physical nature.

2.3 Kinetics of adsorption

Adsorption kinetics are used in order to explain the adsorption mechanism and adsorption
characteristics.

2.3.1 Pseudo-first-order reaction kinetic

In order to investigate the mechanism of adsorption kinetics, two different kinetic models
were tested to interpret data obtained from batch experiments. The pseudo-first-order rate
equation of (Lagergreen, 1898) is expressed as follows (Ren et al., 2008):

Log(q. —q:) = Log q. — 22103 t (9)

Where, k; the adsorption rate is constant for the first order adsorption, g. is the amount of
heavy metal adsorbed at time t (mg/g) and g, is the amount of heavy metal adsorbed at
saturation (mg/qg).

In the study, the initial Cu concentrations were determined as 50, 100, 200 mg/L. The
dependences of these concentrations against time are shown in Fig. 8. In order to calculate the
adsorption rate constants of Cu, the first order reaction kinetic was applied. For natural clay, it
is seen that the curves in the plots of log(q,— g.) against time, are linear. Rate constants k4

were calculated from the slopes of the curves (Tab 3).
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Fig. 8 Pseudo-first order reaction kinetics for the adsorption of copper on natural clay.

Tab. 3 Kinetic parameters for the adsorption of Cu(ll) on the natural clay.

Pseudo-first-order model g glexp) Pseudo-second-order model
Sample Conc
ky (01)  ge(mglg)  r? (mg/g)  k; (g/mgh) g, (mg/g)  r?
Natural 30 0.002 6.65 068 2208 0213 23.14 0999
clay 100 023 2989 095 4504 0.081 4697 0908
200 0.01% 35.14 088 3944 0079 61.5 0997

2.3.2 Pseudo-second-order reaction kinetic

Adsorption data was also evaluated according to the Pseudo-second-order reaction Kinetic
proposed by (Ho & McKay, 1998):

d
—=ky(q. — q.) (10)

Where, k, is the second order reaction constant. If Eq. (10) is integrated, the following
expression is obtained:

= k,t+c, (11)

Ge—dr

In Eq. (11), ¢, is the integration constant of the second order reaction kinetic. With an

algorithmic arrangement, the following statement is formed:

t 1 1

— = +—t 12

d kzaqe de ( )

Pseudo-second-order kinetic was also applied for the experimental data of each natural clay.

The curves in the plot of qi against t are linear and &, rate constants can be calculated from
t

the slope of these curves (Fig. 9).
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Fig. 9 Pseudo-second order reaction kinetics for the adsorption of copper on natural clay.

The values of g, calculated are found from the intersection points of the first and second degree
reaction Kkinetic curves. (Tab. 3) presents all of the data.
As the difference between g, caiculated and g experimental Values is considered, it is seen that the

Cu removal with natural clay is well followed and described by the second order reaction
kinetic. Moreover, all the correlation coefficients of second order reaction kinetic are higher
than that of the first order reaction kinetic. So, the results suggested that the pseudo-second-
order adsorption mechanism was predominant for this adsorbent system.

3. Discussion and Conclusions

In this work, removal of Cu is investigated using natural clay. pH is a significant factor in
adsorption processes since it causes electrostatic changes in the solutions. Hydrogen ions
themselves are strongly competing with adsorbates. At the end of experiments carried out at
25 °C and 200 rpm, optimum pH value for Cu?* removal is determined as 6.

The empirical values are evaluated according to the Langmuir, Freundlich and D—R isotherms
that are generally used to describe the adsorption processes. It is stated that all of isotherm
models fit very well. By using the Langmuir isotherm, the adsorption capacities for Cu is
found as 64.56 mg/g. In the Freundlich isotherm calculated adsorption intensities for copper is
3.44. The correlation coefficients for copper is 0.99. Moreover, in the D-R isotherm,
adsorption energies are calculated to state the physical and chemical characteristics of
adsorption. The magnitudes of E for copper adsorption is 2.19 kJ/mol, respectively. These
low values of adsorption energy show that the adsorption has a physical nature.

Cu adsorption from aqueous solutions using natural clay is well described with the second
order reaction kinetic. In the second order reaction kinetic, ge, calculated and ge, experimental
values are quite close to each other whereas in the first order kinetic the difference between
these values are greater. Furthermore, the correlation coefficients are higher in the second
order reaction Kkinetic.

As a result of this study, it may be concluded that natural clay may be used for elimination of
heavy metal pollution from wastewater since it is a low-cost, abundant and locally available
adsorbent.

http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-
environmentalne-manazerstvo/

24


http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/
http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/

ACTA UNIVERSITATIS MATTHIAE BELII Sekcia Environmentalne manazérstvo roc¢. XVIII, ¢. 1, 2016

References

Cheremisinoff, P.N., 1995. Handbook of Water and Wastewater Treatment Technology, Marcel Dekker Inc.,
New York, 1995.

Freundlich, H. M. F., 1906. Over the adsorption in solution. Journal of Physical Chemistry, 57(385471), 1100-
1107.

Ho, Y. S. & McKay, G., 1998. Sorption of dye from aqueous solution by peat.Chemical Engineering
Journal, 70(2), 115-124.

Lagergren, S., 1898. About the theory of so-called adsorption of soluble substances. Kungliga Svenska
Vetenskapsakademiens Handlingar, 24(4), 1-39.

Langmuir, 1., 1918. The adsorption of gases on plane surfaces of glass, mica and platinum. Journal of the
American Chemical society, 40(9), 1361-1403.

Lin, S. H. & Juang, R. S., 2002. Heavy metal removal from water by sorption using surfactant-modified
montmorillonite. Journal of Hazardous Materials, 92(3), 315-326.

Ngah, W. S. & Fatinathan, S., 2010. Adsorption characterization of Pb (II) and Cu (ll) ions onto chitosan-
tripolyphosphate beads: Kinetic, equilibrium and thermodynamic studies. Journal of environmental
management, 91(4), 958-969.

Ren, Y., Wei, X. & Zhang, M., 2008. Adsorption character for removal Cu (II) by magnetic Cu (II) ion
imprinted composite adsorbent. Journal of hazardous materials, 158(1), 14-22.

Unlii, N. & Ersoz, M., 2006. Adsorption characteristics of heavy metal ions onto a low cost biopolymeric
sorbent from aqueous solutions. Journal of Hazardous Materials, 136(2), 272-280.

Veli, S. & Oztiirk, T., 2005. Kinetic modeling of adsorption of reactive azo dye on powdered activated carbon
and pumice. Fresenius Environmental Bulletin, 14(3), 212-218.

Yu, B., Zhang, Y., Shukla, A., Shukla, S. S. & Dorris, K. L., 2000. The removal of heavy metal from aqueous
solutions by sawdust adsorption-removal of copper. Journal of Hazardous Materials, 80(1), 33-42.

http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-
environmentalne-manazerstvo/

25


http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/
http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/

ACTA UNIVERSITATIS MATTHIAE BELII Sekcia Environmentalne manazérstvo roc¢. XVIII, ¢. 1, 2016

CONCEPTIONS OF FINNISH AND BRAZILIAN CHILDREN
OF THE CONTENT OF THE HUMAN HEAD AND BRAIN

Eila Jeronen, Amauri Betini Bartoszeck? Marja-Liisa Kalinen3, Eine Lehtinen?

Dr., Adjunct Professor at the University of Oulu, Docent (comparable with Adjunct Professor)
at the University of Helsinki and at the University of Lapland, Finland

2Associate Professor of Physiology and Neuroscience, Institute of Biology, Laboratory
of Cellular Metabolism, Educational Neuroscience and Emergent Science Education,
The University of Parana, PR-Brazil

3Master of Education, University of Oulu, Finland

Abstract: Teachers have a special role when supporting students” understanding of health and well-being and
function of the human body. However, international studies show that the majority of 15-year-old children do
not understand the human body as a whole. In Finland, have been carried out only a couple of studies concerning
conceptions of children on the structure and function of the body. In Brazil as well, there are a scarcity of studies
concerning graphic representation of organs and organ systems at the level of preschool, primary school pupils,
and adolescents at secondary school.

This phenomenographic survey is based on the development theory about thinking of children and on the theory
of biological thinking. The task is to clarify what kind of conceptions Finnish and Brazilian 4-10-year-old
children have of the content of the human head and how the conceptions relate with scientific knowledge. It will
be also discussed how a teacher can support understanding and learning of biological knowledge.

A total of 1340 children participated voluntarily in the study. Material consists of drawings and interviews of the
children. It was analysed using phenomenographic methods. According to the results, the conceptions varied
much even in the same age group. Some children had primitive scientific conceptions, but especially conceptions
of the young children were based on imagination. Most children knew that the brain is located in the head. Some
of them were able to name parts of the brain and knew something about its function, e. g. that it thinks and
directs movements. The conceptions were based on the experiences of the children, were very tenuous and
included many mistakes. No one of the children had totally correct knowledge of the structure and function of
the brain. When starting a new biological theme it is very important to take into account experiences and
everyday conceptions of children. In addition, it should be clarified what the children mean by the biological
concepts they use.

Keywords: phenomenography, thinking of a child, everyday conception, science-based knowledge, mental
model, brain.
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Introduction

For good life we need people who want to act by sustainable way. Teachers have a special
role when educating students to understand the fast changing present and the uncertain future.
Based on research, quality of knowledge and the way of using it, participation and evaluation
should be stressed more in education than currently (Fadel, Bialik, & Trilling, 2015, 25).
Sustainability requires health environment and well-heeled people. Keeping in good health
requires knowledge of the human body. However, many studies (e.g. Reiss, et al., 2002, 58—
63) show that most of the 15-aged students do not understand the structure and the function of
the body of their own. In Finland, only a couple of studies concerning conceptions of children
of the human body and no studies focused on conceptions of children of the human head and
brain have been carried out until now. There are few studies concerning the internal anatomy
of the human body in Brazil (Bartoszeck et al., 2008 a., b; 2010; 2011; Bartoszeck &
Bartoszeck, 2012).

In this article, we describe how Finnish and Brazilian aged 4-10 children understand the
content of the human head and especially the location, and the structure and the function of
the brain. Studies of the conceptions of children give information how children perceive
themselves as a biological being and support thus teachers in their work.

In the study, thinking of children is approached based on the cognitive development theory
of Piaget (Piaget & Inhelder, 1977; Piaget, 1988) and the theory concerning biological
thought of children by Carey (1987). According Piaget (1988), 2—7-aged children are in the
pre-operational stage. After that the concrete operational stage continues until age 11. During
these stages, children understand objects and events based on their sense observations and
therefore they have difficulties to understand such abstract items as the content of the head.
Carey (1987) states that children understand the function of the human body first as
a wholeness and not until later on the meaning of separate organs and organ systems.

The study is a phenomenographic, qualitative survey with quantitative features. It describes
(Niikko, 2003, 16) how Finnish and Brazilian children understand biology of human beings,
especially the content of the head and the brain. It is discussed, how scientific the conceptions
of the children are and how teachers can support their students in understanding and learning
of biological information and concepts. Scientific knowledge consists of information what is
justified and produced using methods what are approved by scientific community (Ronkainen
etal., 2011, 16).

A total of 1340 pupils participated voluntarily in this study, 131 from Finland and 1209 from
Brazil. From the Finnish children 29.3 % were aged 4-6 and 70.7 % aged 7-10 and from the
Brazilian children aged 4-6 comprised 21.3 % and aged 7-10 comprised 78.7 %. The material
included the drawings of the children concerning the content of the human head and the
interviews based on the drawings. The drawings were used because most children could
barely write the name of the biological structures. The analysis of drawings is an useful
method when studying conceptions of children (Johnson & Wellman, 1982; Reiss et al., 2002;
Bartoszeck & Bartoszeck, 2012; Rabello, 2014). Through interviews, we wanted to get more
information of the ideas of the participants and to secure that the drawings were understood in
the right way. The data was analyzed by the phenomenographic methods. The research
questions are:

1. What kind conceptions do Finnish and Brazilian children aged 4-10 have concerning the
content of the human head, and especially the location, the structure and the function of the
human brain?

2. How does the scientific knowledge of the human head and the human brain appear in the
conceptions of the children?
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3. How can a teacher support his/her students in understanding and learning of biological
information and concepts?

Learning and thinking skills on the 21st century

One of the international goals for future, widely agreed upon may be, is the construction of a
sustainable society (Fadel, Bialik, & Trilling, 2015, 1-6). Until now, the goal has not been
achieved. Worry about future, marginalization, and stressful lifestyle foster indisposition not
only for adults but also for youngster (Luopa et al., 2014, 3). Healthy lifestyle and life habits
are ways to create better future but they can not be taken for granted instead children should
be educated to understand that.

Teachers have a key role when supporting students to understand scientific information
concerning human being, environment, community, and society (Vauras et al, 2014; Volet et
al., 2013). According to Fadel et al. (2015, 25), it should be emphasized more than nowadays
the next educational issues: 1) what we know and understand, 2) how we use what we know,
and 3) how we behave and engage in the world.

Learning is more efficient, if students are initiated into the acquisition of scientific knowledge
(Vauras et al., 2014). Different learning environments support self-efficacy, autonomy,
engagement, and meaningful learning (Turner & Fulmer, 2013), and current and contextual
tasks foster creativity and flexibility. Collaborative learning can be supported e. g. by
searching information (Volet, Summers, & Thurman, 2009) and producing knowledge in
groups (Khosa & Volet, 2014), by evaluating learning, action, and knowing together (\Volet,
Vauras, Khosa, & liskala, 2013), and by scaffolding learning processes (Vauras, Kinnunen,
Kajamies, & Lehtinen, 2013). Getting over difficulties and failures and development of
emotional life should also be emphasized (Vauras, Lehtinen, Volet et al., 2014).

The curricula of kindergartens and primary schools in Finland and in Brazil

In Finland, the goal of early childhood education is to foster balanced growth, development,
and learning of children. Based on scientific orientation, children are familiarized with nature
phenomena through experiential learning methods (Sosiaali- ja terveysalan ..., 2005, 11, 28).
How well and how much children get information of the human body depends on every
teacher because teachers create local curricula.

In the new Finnish national curriculum for basic education (Opetushallitus, 2014, 2015, 10),
students' personal development, respect of life, human rights, and education for sustainable
life habit form the basis of education. Local curricula can be structured by teachers either
utilizing traditional, subject-based knowledge or modern integrative, interdisciplinary
knowledge. Value-based learning should be supported through co-operation with home.
Learning environments and methods should be selected so that they support development,
learning, and co-operation of students based on the goals. It has also been expressed that
variation of experiential and action learning methods stimulate creativity, autonomy,
motivation, and collaborative learning of students. Students should be guided both
individually and in groups in their goal settings and searching solutions for problems. They
should have possibilities to participate in action of their community. In addition, it is
mentioned that senses, observations, and description of observations and action are crucial for
learning and development of cognitive skills. (Opetushallitus, 2014, 2015, 10-17.)

Knowledge of the human biology broadens and deepens step by step from one grade to
another. During the grades 1-6 (aged 7-12), the biology studies belong to the environmental
studies and during the grades 7-9 (aged 12-15) to biology. The environmental studies include
beside biology also geography, physics, chemistry, and health education. Education is based
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on respect for nature, valuable life, and human rights. Teaching is based on scientific
knowledge as a goal for cognitive development. It is also mentioned that children are a part of
their living environment and they should be guided to know and understand phenomena in
nature and built environment, themselves and other human beings, and the meaning of health
and well-being. (Opetushallitus, 2015, 239-241.) In the grades 7-9 as a goal is to support
students to understand life and evolution, functions of the human body, and basics of genetics
through experimental learning methods. In addition, factors affecting growth, development,
and health and effects of genome and environment on the development of features should be
discussed. (Opetushallitus, 2015, 379-381.)

In Brazil, according to the National Education Plan the early childhood education plan is for
0-5 year-old children and divided in two groups: nursery school (aged 0—3) and kindergarten
/preschool (aged 4-5) which is compulsory education. The Federal Council of Education
which belongs to the Ministry of Education establishes a core curriculum for the kindergarten
consisting of rudiments of reading and writing of Portuguese language, counting numbers,
and basic notions of history, geography, science, arts and physical education, whereas for the
primary school (aged 6-14) besides the same subject matters in a more advanced fashion, it
also includes a foreign language (Barreto, 2003; Becker, 2007).

Brazilian legislation allowed for two options within secondary school (aged 15-17), the
”scientific” with emphasis on the natural sciences, and the “classical” with emphasis on the
humanities. However, the 1996 Education Law abolished these differences. This law created a
list of what all Brazilian pupils needed to study: Portuguese language and mathematics, the
physical and natural world, the social and political reality, the arts, physical education, history
of Brazil, and a foreign language (adapted from Schwartzman, 2011).

Cognitive skills develop in stages

According to Piaget, cognitive development of a child is based on maturation of the nervous
system and experiences of an individual. The development stages follow each other always in
the same order but the individual age and duration of a stage varies depending on intelligence
and the social-cultural environment of a child. Every development stage forms a basis and a
requisite for the next stage. Piaget divided the cognitive development into four stages:
sensorimotor stage (from birth to aged 2), pre-operational stage (from aged 2 to aged about 7),
concrete operational stage (from aged 7 to 11), and the formal operational stage (from aged 11
to aged about 15, expanding into adulthood). (Piaget & Inhelder, 1977, 94-147; Piaget, 1988,
99-107.)

During the sensorimotor stage, the cognitive structures develop. They form the basis for
observations and cognitive skills. The basis of emotional reactions also develop at this time.
(Piaget & Inhelder, 1977, 13.)

In the pre-operational stage, a child learns to name objects and understand their meaning. E.
g. in biology education, it is thus important to discuss biological terms and concepts. A child
is able to tell about his/her action and to predict acts. He/she uses symbols in his/her plays and
interprets reality using imagination. He/she has the belief that everything that exists has some
kind of consciousness and he/she replaces logic with intuition. Thought and use of concepts
are based on sense observations. During the pre-operational stage, a child is step by step able
to co-operate and to become socialized. (Piaget & Inhelder, 1977, 61-118; Piaget, 1988, 13—
53.)

During the concrete operational stage, a child starts to use operations. Operations are actions
what are internalized and recalled. (Piaget & Inhelder, 1977, 94-128.) A child aged 7-8 is
able to classify, list, and measure objects and he/she can make logic conclusions; but the
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objects of the operations are concrete not verbal assumptions or statements and therefore a
child is not able to understand symbolic language. Different biological tasks including
pictures, photos, and organ models are useful when developing classification skills of
children. At age about 7 year-old, a child is able to work independently and co-operate with
other people (Piaget & Inhelder, 1977, 50-128; Piaget, 1988, 70-102).

During the formal operational stage, a 14—15-year-old child is able to understand that reality
is formed by various combinations of different objects, factors, ideas, and statements. He is
able to think logically by using abstract objects. He is also able to make conclusions
concerning the statements what he/she does not believe or what he/she thinks to be only
assumptions. In addition, he/she is able to use abstract concepts and to construct theories.
(Piaget & Inhelder, 1977, 126-143; Piaget, 1988, 87-90.) Through formal operations people
can understand the function of the human body, because the biological concepts are
observations and ideas what are seen to be true.

The cognitive development theory of Piaget has been criticized e. g. by saying that the
participants of Piaget's studies were children of Swiss, middle-class families and therefore the
results cannot be generalized (Kronqvist & Pulkkinen, 2007, 17). The cognitive development
theory is argued to be too holistic, because all skills of a child do not develop at the same time
(Bandura, 1977). As a weakness of the theory it has also been said to be that the theory is
fastened to the biological age (Krongvist & Pulkkinen, 2007, 87). Many researchers have
argued that Piaget underestimated the cognitive skills of children and overestimated those of
youngsters. Researchers have also shown that all adults do not reach the formal operational
stage. (e.g. Hautamaki, 1984, 121; Lehtinen et al., 2007, 109.) In addition, Piaget did not take
into account social environment although social factors affect cognitive development
(Bandura, 1977).

Piaget himself has commented the criticized views. He has been worried about generalization
of his results and has stressed that ages are average ones and not fastened to the age of an
individual child (Piaget, 1988, 99). In the study, we use Piaget's cognitive development theory
when discussing about thinking of kindergarten and primary school children. At kindergartens
and schools, a child learns new concepts and relations between them. A concept means a
category of objects, things, or actions what is formed and named based on the common
attributes of items. Through concepts a child organizes his/her world and structures his/her
world view. (Laine, 1984, 11; Havu-Nuutinen & Jarvinen, 2002, 139-140.) The participation
of a child in action of his/her community requires that meaning of the concepts used by
him/her are similar enough with the concepts used in his/her community (Hirsjarvi, 1983,
102; Laine, 1999, 29-31; Brotherus et al., 2002, 80.) The development of concept
understanding is a core area in kindergarten and primary school education.

The development of biological thought of children

Carey (1985; 1987) has studied the development of biological thought of 4-10-year-old
children. Thinking processes start to change at age about 10. First a child understands the
connection between the human body and life. He/she knows that the function of the body is
necessary for all animals. However, he/she does not understand similarities between the
human body and the bodies of other animals. Later on, a child understands that the human
beings are mammals and starts to value the structure of the human body. Finally, he/she
understands that some functions are similar both in the human and animal organs and organ
systems.

First a child understands the body as a wholeness and not until later the meaning of the single
organs. At agel0, a child knows the names of some internal organs and understand that the
internal organs affect life, growth, and reproduction. The development of understanding is
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based on changes in conceptual thought what means that a child is able to differentiate and
integrate items. (Carey, 1987, 184-185.) Differentiation means e. g. that a child is able to
name single animals and plants and to separate animal and plant species; integration means e.
g. that a child knows that all animals and plants are organisms. This kind thinking does not
require modifying of any theory. Later on, new conceptions with new concepts develop on the
basis of former conceptions. (Carey, 1985, 189-201.)

The concepts are the constructions, what develop step by step from informal concepts towards
scientific concepts. The former ones are based on experiences of a child and are concrete, the
latter ones are learned through education, and understanding of them requires that a child is
able to think abstractly. (Vygotski, 1982, 154-160.) The concepts concerning the human brain
and also other biological concepts are scientific in the meaning expressed by Vygotski.

Conceptual thinking is based on a mental image of a concept or a mental model of an object
and determination of it (Vinner, 1991, 65-73). The development of a mental image is based
on a direct stimulus. The determination of a concept strives for an explanation what is useful
when determining new concepts. When concepts develop the mental image of it can remain
unchanged, blend in the determination or stay a part of it. Single concepts form concept
systems. The development of concept systems requires that a child has concepts what can be
affected through education. (Vygotski, 1982, 169.) In Finland, teaching of the human body at
kindergartens depends on teachers (Sosiaali- ja terveysalan ..., 2005, 11, 28). In the Finnish
elementary schools, knowledge of biological concepts broadens and deepens step by step,
when anatomy and physiology of the human body are studied starting from the environmental
studies in the primary schools up to the biology education in the lower secondary schools.
(Opetushallitus, 2014, 2015, 132, 241, 381).

The Brazilian school science biological curricula proposes for the kindergarten years (aged
4-5) seasons of the year, invertebrate and vertebrate animals, flowers and trees. At grades 1 to
3 (aged 6-8) introduction to organ and organ systems, growth of human beings, and grades 4
to 5 (aged 9-10) animals in relation to the environment and human beings; basic concepts of
bones, muscles, nervous system, and sense organs. Children enrolled at grades 6 to 8 (aged
11-12) study comparative basic animal morphology and physiology including digestion,
respiration, circulation, excretion, movement, sense organs and nervous system. On the other
hand, at grades 9 to 10 ( (aged 13-14) pupils are taught about human anatomy and
physiology, specially locomotion, endocrine organs, neural coordination, sexual education,
diseases, and drugs (Bartoszeck et al., 2008)

Teaching and learning biology is not easy because a child explains phenomena and issues
through his/her intuition if he/she does not have knowledge of scientific information. A
teacher should therefore clarify how informal knowledge of a child relates with scientific
knowledge and try to find out how he/she can support a child in learning and understanding of
scientific concepts.

Conceptions of children of the human body and the content of the human head

In many countries, studies concerning conceptions of children on the human body and the
content of the human head have been carried out (e. g. Gellert, 1962; Reiss et al., 2002;
Zoldosova & Prokop, 2007; Bajd & Ivekovi¢, 2010). Instead in Finland, as far as we know,
only the article of Jeronen et al., (2010) is published until now. Our study is also the first one
where conceptions of Finnish and Brazilian children are compared with each other. In the
previous studies, study material has included drawings, questionnaires, and interviews.
Comparison of the results of the studies is difficult due to the different guidelines for children
in the study situations and different research methods, and because cultural differences have
affected interpretations of the results. However, a common conclusion can be drawn; it is that
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knowledge of the children of the human body is insufficient and misunderstandings are usual
in all age groups. (Prokop, Fancovic¢ova, & Tunnicliffe, 2009.)

Conceptions of children on the human body

Most changes in the quantity and quality of knowledge happened at age 4-9 in Gellert's
(1962) study where 96 American 4-16 year-old children participated in. The youngest
children described body based on their experiences. As most important organs and external
structures they mentioned were feet, nose, and bones because they can palpate them. The
children aged 7-8 knew heart based on its beat. The under 9-year-old children mentioned that
heart is connected with emotions but they did not know that it belongs to the circulatory
system. The children aged 9-10 were able to list internal organs such as stomach, urinary
bladder, and lungs, but they did not understand relationships between them. They knew that
the lungs clean blood, and the 11-year-old children knew something about the digestion. Not
until at age 1216, the children had knowledge of the function of organs and organ systems.

Beside maturation and education the conceptions of children are also affected by cultural
differences. Reiss et al., (2002) studied conceptions of the human body of 7-15-year-old
children from 11 countries through the drawings by children. The children mostly described
respiratory and digestion organs, and the skeleton. From aged 7, the children from Brazil,
North-lreland and Taiwan knew scientific knowledge more than their coevals in other
countries. Most of 15-year-old children did not understand the human body as a wholeness
although the 7-year-old children already knew single organs. According the researchers, the
differences of the conceptions are based on differences of the educational systems and
families. (Reiss et al., 2002, 58-63.)

Zoldosova and Prokop (2007, 239-246) studied conceptions of 6-10-year-old children
concerning the development during pregnancy. In total 20 children participated in the study.
Based on their drawings and interviews, the researchers showed that the conceptions were
different both from the level and the content even in the same age group. According the
researchers, the main reasons for this variation are quality and quantity of information sources
and temperament of a child, i. e. how curious, interested, and open a child is.

Bajd and Ivekovi¢ (2010) studied effects of teaching on conceptions of children. The
participants were at age 5-6 (n=72). The children described before and after teaching period
what happens to an apple when it is eaten. The information gathered at the beginning of the
study was taken into account when planning a teaching period of the digestion. The digestion
processes were taught using action learning methods for some weeks. Before teaching 51 %
of the children drew a whole apple going through the digestion system, after the teaching
period only 18 %. Before teaching 14 % of the children were able to draw the digestion
system, afterward 42 %. Different activities supported understanding of the digestion
processes. The children had some correct knowledge but plenty of wrong knowledge of the
human body in both situations. According to the researchers, a reason is that we can not see
inside the body. (Bajd & Ivekovi¢, 2010, 31-37.)

Jeronen et al. (2010) clarified conceptions of North-Finnish, 7-8-year-old children on the
human body. Based to the drawings and interviews of 20 children, it was shown that the
children hardly have knowledge of the human organs. Some children had informal knowledge
and some simple scientific knowledge. The conceptions were based on concrete observations
and misconceptions were common. Drawing of the bones was difficult for every one. The
connections between the skull, backbone, ribs, and limbs were unknown. About 50 % of the
children draw muscles into the hands and feet and knew that the muscles are needed for
movements. All participants knew the heart and the most of them were able to tell something
about the digestion. (Jeronen et al., 2010, 145-148).
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The studies above show that children aged 4-16 know best the organs which they can palpate.
They have knowledge of single organs but they do not understand the anatomy and
physiology of the body as a whole.

Conceptions of children of the human head and the human brain

There is a scarcity of studies concerning the conceptions of children of the content of human
head and the human brain. Johnson and Wellman (1982) studied conceptions of 3—14-year-
old children of the human brain. The 3-year-old children did not know where the brain is
located in the head but some of aged 4 and 5 knew. The youngest children knew that the brain
is needed for thinking but they did not understand that it is needed also when telling stories or
shaking the head. Some of the 4-year-old children had conceptions of the brain functions. The
most of over the 5-year-old children understood that the brain is needed e. g. when doing
homework. Not until aged about 10, the children understood that the brain is needed in all
functions of the body. The children aged 8-11 knew that the brain has to do with behaviour,
and 14-year-old children understood that the brain is needed in all actions and behaviour.
(Johnson & Wellman, 1982, 222-234.)

Bartoszeck and Bartoszeck (2012) studied conceptions of Brazilian 4-10-year-old children of
the content of the human head and discussed how the conceptions and the descriptions of the
brain develop. The children draw of the content of the human head and some of them were
interviewed based on their drawings. The age and gender of the children were taken into
account when categorizing the drawings using the following types: the mental image model,
hydraulic model, the dog bone model, the enteric model, the epithelial model, the calotte
(skull cap) model, and the neuroanatomical model (Table 1).

Table 1 The categorization of the material (Bartoszeck & Bartoszeck, 2012, 128-133).

Types Characteristics

Mental image model The brain is described by mental images.

Hydraulic model The brain is described by lines as the flow of a small brook.

Dog bone model The brain is described as dog bones all over the skull.

Enteric model The brain is described by tubes or thick threads similar to the intestine on the top
of the skull.

Epithelial model The brain is described as patches similar to the epithelial tissues.

Skullcap model The brain is described on the top of the skull.

Neuroanatomical model The brain is described by right and left hemispheres.

The drawings of children included all models mentioned above. Most children described the
brain using lines in accordance with the hydraulic model. Some children described the content
of the head with mental images or dog bones. However, although mental image drawings still
persisted during the grades 2—4, a drop on the percentage of the hydraulic model and the dog
bone model was noticed (p. 131). Some of the older children draw the brain in accordance
with

the enteric or epithelial model. The drawings in accordance with the skullcap model were
done more by the older children than the younger ones. Some children draw the brain in
accordance with the neuroanatomical model. The children before the second grade did not
described the brain by this way. The interviews showed that although some children did
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drawings in accordance with the neuroanatomical model, they did not make a clear distinction
between the biological structure of the human brain from thoughts. (Bartoszeck & Bartoszeck,
2012, 130-133.)

The studies above show that the conceptions of children on the content of the human head and
the human brain differ from each other. The younger children describe more often than the
older ones the brain through functions and the older ones through the structure of the head and
the brain.

Material and methods

The study is a phenomenographic qualitative survey with quantitative features (Hirsjérvi et
al., 2009, 135-137; Morse, 2010, 339-352; Collins, 2010, 353-378). In the
phenomenographic study, conceptions based on individual experiences are described (Niikko,
2003, 16-46). A conception is the sum of a person's ideas and beliefs concerning something
constructed by an individual himself/herself (Ahonen, 1994, 116-117). Same concepts get
different meanings depending on cultures and therefore phenomena and items are interpreted
and understood by different ways (Hakkinen, 1996, 24-25). In the study, qualitative
differences of conceptions of Finnish and Brazilian children (aged 4-10) concerning the
content of the human head and the human brain are described.

Larsson (1986, 14-20) divides the phenomenographic studies into subject educational studies,
general pedagogical studies, studies measuring effectiveness of schooling, and other than
pedagogical studies. The study belongs to the subject educational studies, what concern
knowledge of scientific concepts and misconceptions. These kinds of studies are important
because teachers are able to support their students only if they understand how children
understand scientific phenomena (Hékkinen, 1996, 16-17). According to Aarnos (2010, 180),
the phenomenographic approach is one of the best approaches when studying conceptions of
children.

In total 1349 Finnish and Brazilian children (4-5-year-old n= 161, 6-7-year-old n=321, 8-
10- year-old n=867) participated voluntarily in the study (Table 2).

Table 2 Distribution of the number of the Finnish and the Brazilian children by age level.

Grade/ages Finnish N Brazilian N
Kindergarten | (aged 4) 7 30
Kindergarten Il (aged 5) 10 114
Kindergarten 111 (aged 6) 24 113
Primary school (PS) 1% grade (aged 7) 15 154
Primary school (PS) 2" grade (aged 8) 32 225
Primary school (PS) 3" grade (aged 9) 22 268
Primary school (PS) 4" grade (aged 10) 21/131 305/1209

The number of the Finnish children is small because kindergartens and schools should be
located near the university because as low costs as possible, and in the near surrounding, there
were only a couple of kindergartens and schools what wanted to participate in the study.
However, the sample is large. According to Larsson (1986, 31), the number of participants is
typically 20-50 participants in a qualitative study. The material included the drawings of the
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kindergarten and primary school children and the interviews based on these drawings. In one
of the Finnish primary schools, the children had learned a topic of human being including the
human body just before the study.

In every study place, the researchers asked the students to write down their first names, age on
the top of a blank A4 sheet of paper with a black pencil. Next, pupils were asked to draw
”what they think they have inside their head”. An outline of the head and a portion of the neck
were drawn on the blackboard of the classroom or in some cases onto the papers to serve as a
model. Alternatively, some pupils preferred to use a profile of a head what was also accepted.
The students were given 10-15 minutes to complete their drawings. Many of them
spontaneously labeled the biological structures on the outlines. The auxiliary teacher wrote
labels to the younger children when requested. The fieldwork was conducted in whole class
settings.

Prokop and Fancovicova (2006) have argued that drawings do not express exactly what
children know about the human body. Therefore the children were interviewed based on their
drawings immediately after the drawing situations. Through the interviews we wanted to
secure that we get the answers concerning our research questions and that we understand the
drawings of the children in the right way. Using interviews it is possible to come closer to
participants meanings and to understand better their conceptions (Puusa, 2011, 78). For safety
feeling of the children (Hirsjarvi et al., 2009, 211), in Finland the teachers divided the
children in the groups of 2—4, and the interviews were carried out in the familiar and peaceful
places (Eskola & Vastamdki, 2001, 29). At the beginning of every interview, the sequence of
events were told to children (Hirsjarvi & Hurme, 2000, 47).

The Finnish participants were grouped on kindergarten, preschool and primary school, and
based on the attending grades and enumerated according to the gender and age of the children.
The interview material was analyzed by the phenomenographic methods (Niikko, 2003) and
the drawings by categorizing them quantitatively (Greene ym., 1989) according to the
description of Bartoszeck and Bartoszeck (2012) (Table 1).

In a similar way, the Brazilian participants were grouped on kindergarten, preschool and
primary school, and the attending grades corresponding to their ages. Drawings where
collected and a random sample of the children were interviewed to explain the meaning of
their drawings. Classification and analysis of the drawings was carried out independently by
the authors according to the model types (Table 1.) The goal of the study was not to draw any
statistical conclusions but to find out how children at different ages describe the human head
and the human brain.

Results

The results point out some differences between the conceptions of the children from the participating
countries concerning their thinking about the content of the human head and the structure and the
function of the human brain. The conceptions of the children are presented based on the frequency of
the description categories (Niikko, 2003, 37-38). Most conceptions concern the human brain and
these conceptions are presented first. Secondly are presented the conceptions of blood vessels and
thirdly the conceptions of nerves. The last presentations concern other conceptions of the contents of
the human head.

Conceptions of the location and the size of the human brain

According to Johnson and Wellman (1982), some 4-5-year-old children know that the brain is located
in the head. The Finnish results support this observation. Only three of the Finnish participants did not
describe the brain. One boy aged 8 gave back a blank paper and told that he has no idea about the
content of the human head. Another 9 year-old boy had drawn a ring, and he was not able to tell what
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it means. The third boy aged 9 had drawn the flag of his mother-country and told that he misses his
mother-country and that he does not have any knowledge about the human brain. Some Brazilian
children drew representations of their own resemblances.

The Brazilian results revealed that the children from kindergarten up to the 4th grade of primary
school were adepts of historical models of the brain and thus a rubric was developed by the authors
based on their previous experience when dealing with children drawings in other biological domains,
to allocate a grade to the drawings (Table 3).

Table 3 The rubric used to allocating a grade to the drawings of the Finnish and Brazilian children.

Level Criteria

1. Unrecognizable scribbling.

2. Lines, entangling of threads spread all over the skull.

3 Amoebic shape sphere with stripes or spokes or spiral lines.

4, Connecting tubes all over the skull.

5. Sphere-like or cranial “callote” shaped brain, connected or not to sense organs.

6. Roughly represented cerebral hemispheres with cerebral circumvolutions at approximate position,

gross anatomical brain structure.

Concerning the Finnish results, on the level 1 were 71.42% of the drawings made by the 4
year-old boys and same aged girls achieved the level 2 (14.29%) and the level 3 (14.29%).
The boys aged 5 years had values for the level 1 (20.0%), and the level 2 (80.0%)
respectively. The same age girls had the level 1 (80.0%) and the level 2 (20.0%). On the other
hand, the 6 year-old boys achieved the level 1 (57.14%), the level 2 (7.14%), mental image
model (7.14%) the hydraulic model (21.43%), and the enteric model (7.15%) (Table 4). The
same age girls had the level 1 (30.0%) and the hydraulic model (20.0%), the dog bone model
(20.0%) and the skullcap model (30.0%).

The conceptions of the brain depicted by the 7 year-old boys were the hydraulic model
(20.0%), the enteric model (40.0%), and the skullcap model (40.0%), whereas the girls same
aged were on the level 1 (10.0%), the hydraulic model (10.0%) and the skullcap model
(80.0%).

On its turn, the 8 year-old boys still presented drawings at the level 1 (9.09%) and other
historical models such the hydraulic model (27.27%), the enteric model (27.27%), the
skullcap (9.09) and the neuroanatomical model (27.28%).

Almost the same trend was observed for the girls at the same age: the mental image model
(14.28%), the skullcap model (14.28%) the hydraulic model (38.09%) and the enteric model
(9.55%), and the neuroanatomical model (23.80%).

The conceptions of the brain represented on the drawings by the 9 year-old boys were: the
mental image model (12.5% respectively), the hydraulic model (75.0%), and the
neuroanatomical model (12.5%), whereas the girls same aged presented the mental image
model (30.76%), the hydraulic model (7.69%), enteric model (23.07%), and the
neuroanatomical model (38.46.0%).

The results of the last age group, the 10 year-old boys, which presented the epithelial and the
mental model (7.6% each), hydraulic model (53.94%) and neuroanatomical model (30.86%),
whereas the girls same age presented the hydraulic model (12.5%), the enteric model 25.0%)
and the neuroanatomical model 62.50%).
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Table 4 Classification of drawings of the Finnish children according to the model types (%).

Grade/model Mental | Hydrau- | Dog Enteric | Epithe | Skull | Brain Un- N
image | lic bone lial cap hemisphere | ¢assified

Kindergarten | - - - - - - - 100.0 7

(nursery)

Kindergarten Il | 20.0 - 20.0 - - - - 60.0 10

Kindergarten 111 | 4.16 20.83 8.33 4.16 - 125 - 50.0 24

1% grade - 13.33 - 13.33 - 66.66 | - 6.66 15

2" grade 9.37 34.37 - 15.62 - 12.50 | 25.0 6.25 32

3 grade 2272 | 3181 - 13.63 - - 31.81 - 22

4™ grade 4.76 42.85 - 9.52 4.76 - 38.09 - 21/131

Concerning the Brazilian results, there were 48 % from the drawings made by the 4-5 year-
old boys and 65 % from the drawings made by the same aged girls were on the level 1. 49 %
of the 6 year-old boys were also on the level 1, whereas 32 % of the same aged girls were on
the level 3 (amoebic shape). Most conceptions of the brain of the youngest children
represented on the drawings correspond to historical models (mental image model) (Table 5).
However, many 7 year-old boys achieved level 3 (44 %) and girls same aged contrary to
expected level 1 (49 %), whereas the opposite was noticed for pupils 8 year-old where boys
achieved level 1 (50 %) and girls level 3 (62 %). On the other hand, the same trend was
noticed for older children which achieved level 3. Thus, 9 year-old boys had a frequency of
46 % and girls 60 %, and both 10 year-old boys and girls had a frequency of 50 %. Although
mental image drawings still persist in all range of ages, there is a drop on the percentages of
hydraulic model and bone model and a meaningful increase as the brain shaped as a “callote”
(level 5 of structural complexity). But even so, children 9 year-old poorly represented the
brain as distinguishable brain hemispheres as described in level 6 (7.8 % of the total sample)
(Table 5).

Table 5. Classification of drawings of the Brazilian children according to the model types (%).

Grade/ Mental Hydraulic | Dog bone | Enteric Epitelial |Callote Brain Unclassi |N
model image hemisphere | fied

Kinder- |- 23.33 13.33 - - - - 63.33 30
garten |

Kinder- |1.75 22.8 17.54 - 0.87 7.89 - 49.12 114
garten 11

Kinder- |2.91 40.77 10.67 5.82 - 1.94 - 43.68 113
garten 111

1t grade |[2.60 15.60 2.60 4.50 3.20 20.10 - 51.2 154
2" grade |6.20 12.80 3.50 6.20 3.10 28.88 0.80 37.7 225
3 grade |2.20 6.70 - 6.70 6.30 50.30 2.90 23.60 268
4" grade |4.20 450 0.60 9.10 2.20 52.70 7.80 18.30 305/1209

Conceptions of the structure of the human brain

Like in the study of Bartoszeck and Bartoszeck (2012), the drawings of the Finnish and the
Brazilian children included all models. The children aged 4-5 described mostly the brain in
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accordance with the mental image model (Figure 1). They draw fancy creatures, animals or
every-day things into the head.

Figure 1 Examples of the drawings by 4-5-year-old children representing the mental image model.

From the descriptions of the brain, it can be observed the effort of a child in the
preoperational stage to replace his lacking scientific knowledge intuitively by using his/her
imagination (Piaget & Inhelder, 1977, 61-118; Piaget, 1988, 13-53).

Drawings in accordance with the hydraulic model did most the children aged 8-10 (Figure 2).
Also many 6-7-year-old children did this kind of drawings, but 4-5 aged children had only
few drawings in accordance with the hydraulic model.

Figure 2 Examples of the drawings by 8-10-year-old children representing the hydraulic model.
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Many of the 4-5 aged children described the brain in accordance with the dog bone model.
The children who described the brain in accordance with the hydraulic model or the dog bone
model are in the pre-operational stage. These children in the concrete operational stage
perceived the content of the head palpating it (Piaget & Inhelder, 1977, 127-128). During the
interview two Finnish 6-7-year-old children who drew dog bones into the head, told that they
mean with them the skull not the brain (Figure 3).

Figure 3 Examples of the drawings by 6—7-year-old children representing the dog bone model.

Some children described the brain in accordance with the enteric model (Figure 4) and the
epithelial model (Figure 5).

Figure 4 Examples of the drawings by 8-10-year-old children representing the enteric model.
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Figure 5 Examples of the drawings by 8-10-year-old children representing the epithelial model.

Based on the descriptions in accordance with the enteric model and epithelial model it was
seen that many children have conceptions what are comparable with the gyri of the cerebrum
(Langley, Telford, & Christensen, 1980, 226).

The most drawings in accordance with the skullcap model (Figure 6) were done by the 8-10-
year-old children. Only children aged 4-5 did not draw in accordance with the skullcap
model. The result support the study of Bartoszeck and Bartoszeck (2012). Based on the
results, it can be seen that most children aged 6—10 have scientific knowledge concerning the
location of the brain (Langley et al., 1980, 226).

Figure 6 Examples of the drawings by 8-10-year-old children representing the skullcap model.

In total, there were only some drawings in accordance with the neuroanatomical model. They
were done by the 8-10-year-old children (Figure 7).
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Figure 7 Examples of the drawings by 8—-10-year-old children representing the neuroanatomical model.

Some of the Finnish children named parts of the brain such as cerebrum and cerebellum. A
Finnish girl knew that the sense centre, the speech centre and the moving centre are located in
the brain. The children said that they got the information from television programme, a first-
aid manual and their parents. During the interview it was appeared that the children did not
understand exactly what they had heard and read (Eloranta, 2003, 243-244). The result
supports the statement of Krongvist and Pulkkinen's (2007, 137) that Finnish children in this
age think by concrete way.

The anatomy and physiology of the brain are learned in the environmental studies during the
grades 1-6 (Opetushallitus, 2014, 268). However, according to the Finnish children, human
beings have many brains. The conception of many brains is based, maybe, on the Finnish
name of the brain — aivot — what is a plural form. This is indicated by the observation that also
the primary children, who had studied the brain just before our research, thought that human
beings have many brains. They had either no clear conception of the structure of the brain. It
seems that the children have difficulties to understand that the cerebrum, the cerebellum and
the brain stem are the main parts of the brain and not different brains (cf. Langley et al., 1980,
226). The result supports the observation of Reiss et al. (2002, 58-63) that a child can have
knowledge of different organs and parts of them but he/she does not understand the wholeness
formed by them.

Conceptions of the function of the brain

From aged 5 the Finnish children located thought and after that also other functions into the
head (Table 6). Most Finnish children aged 4-5 told that we need the brain when doing
something required and thinking. The children aged 67 years also understood that we use the
brain when we put something into memory and remember something. Most 8-10-year-old
children also described the function of the brain using symbols. After aged 9 the children had
knowledge that emotions originate in the brain. The result differs from the results of Gellert
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(1962). They also told about thought, remembering, and guiding of functions of the brain.
They also told about composition and discussion. The older ones understood that we need the
brain for living.

Table 6 Typical mentions of the Finnish children during the interview explaining their drawings and the role of

the brain.
Age Mentioned during the interview.
aged 4 The brain gives rules: you must be quiet.
aged 5 The brain thinks.
aged 6 The brain thinks, recalls, and commands.
aged 7 The brain says what is right and wrong.
aged 8 The brain includes ... such a picture machine. When | was a baby, | did not had it yet in my head but
now | have it. And it gives me pictures; when I run it, it gives more slides. So, and it gives
me....memories from some days.
aged 9 The brain tells you who you love.
aged 10 A human being can not live without the brain.

During interviews with the Brazilian children to explain their drawings and what the brain
they think it does, the youngest pupils collectively mentioned ” it is a place with pipes where
blood and ideas circulate ”, “where happiness lives”, ” a place with things that help us see,
dream and sometimes aches” (Table 7). Older pupils (8-10 year-old ones) which drew pictures
resembling the brain structures said that ” ideas are recorded and move in the inner lines and
tubes” it feel pain (head-ache!) ”, “gives will power and remember things”, ”make eyes,
ears, arms and legs work”, ”control hunger and thirst”, and "’helps pay attention and think”.

Table 7 Typical mentions of the Brazilian children during the interview explaining their drawings and the role of

the brain.

Age Mentioned during the interview.

aged 4 The brain makes us grow, calm down, think; the head protects the brain.

aged 5 The brain prevents that we get sick, have stomach ache, remember things, guess, think and dream.

aged 6 The brain is a group of tubes or vessels where the blood flows, is like ropes, makes us intelligent,
happy, see, sleep, dream and we do not live without it.

aged 7 The brain helps us to pay attention when watching cartoons, learn and think, makes ideas circulate
and how to write a letter to friends and relatives.

aged 8 The brain makes us have a will, learn anything we want if we work hard.

aged 9 The brain makes the body organs and organ systems to work properly, control our memory and help
us remember and miss friends and relatives.

aged 10 The brain help us to deal with calculation such as sums and multiplications, to study lessons to sit for
examinations, to say a poem!

So to sum up, most of the 4-10-year-old children knew that the brain locates in the head.
Although they did not know the concept the brain exactly, they knew that the brain is needed
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for thought and functions of the body. Many children used mental images (Dunderfelt, 2011,
81-82) when describing the function of the brain. Mental images are related with the
structuring of concepts (Vinner, 1991, 65-73) and the development of the schemata (Piaget,
1988, 159). Wadsworth (2004) suggests that schemata (the plural of schema) be thought of as
'index cards' filed in the brain, each one telling an individual how to react to incoming stimuli
or information. The structure and function of the brain seem to be too abstract for most 4-10
year-old children. The result supports the observation of Bartoszeck and Bartoszeck (2012)
that the younger children describe the brain generally through single functions instead the
older ones use the neuroanatomy descriptions.

Conceptions of the blood vessels inside the head

Aged 4-5 Finnish children did not have conceptions of the blood vessels inside the head, only
over 6-year-old children described them (Table 8). Some children did not know the concept
blood vessel instead they used the word tube”. The older Finnish children had scientific
knowledge of the functions of the blood vessels (Langley et al., 1980, 440).

Table 8 Typical mentions of the Finnish children during the interview explaining their drawings and the role of
the blood vessels inside the head.

Age Mentioned during the interview.

aged 6 The blood tubes transport blood.

aged 7 In the blue vessels blood runs in to the one direction and in the red vessels in to the other one.
aged 8 The function of the vessels is to keep a human being alive and give colour in to the skin.
aged 9 The blood vessels carry nutrients and oxygen to the muscles and structures like that.

aged 10 Blood cells move in vessels. There are such kind white cells what protect body.

Most conceptions, however, were shaky: I do not know. | only remembered that there are
blood vessels in the brain. So, I am not able to tell but some function they must have.”. The
children had many mistakes: ”That ... from the brains the blood vessels go to the eyes, the
nose and the ears.” and: ”The blood vessels carry commands all around the head and all over
the human body.” Some children used red and blue pencils for describing blood vessels.
Although the children were not able to name the blood vessels they had pre-conception of the
veins and the arteries (Langley et al., 1980, 440-459). The idea for colours based on books.

The Brazilian children did not have an idea that the blood circulates inside tubes in the brain
but few children mentioned the existence of vessels in the brain. They used red colour pencils
to indicate this idea but not more than this.

To sum up, after aged 7 the Finnish children knew that there are blood vessels in the head.
Most conceptions were shaky and misconceptions were common. The Brazilian children
follow the same trend as described on the Table 7.

Conceptions of the nerves inside the head

The Finnish children who draw nerves inside the head were from the primary school where a
topic of human being was thought just before our research. The children told that their
conceptions are based on the stories of their teacher. Some children remembered that they had
heard of nerves but their conceptions were shaky: [My teacher] ”has told to me that nerves
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are able to do something and from them something comes into the brain. The nerves can do so
that if someone touch you so it creates emotions.”

The Brazilian children seem not to be aware of nerves. They did not depict them on their
drawings and did not mention the existence or function of nerves. Data was collected
independent of previous discussion by teachers on how the brain works.

To sum up, it can be seen that some Finnish primary aged children had conceptions of nerves
but the conceptions were shaky and included many misconceptions. Children mixed the
functions of blood vessels and nerves with each other. All children who described nerves
were from the primary school where the human topic was taught before our research.
Teaching had effects on the conceptions of the children. However, even so the conceptions
were shaky and mistakes common also after the learning period. The result resembles the
observations of Bajd and Ivekovi¢ (2010, 31-37). No data was collected from Brazilian
children on this topic.

Conceptions of the eyes, ears, the nose and the mouth

About 50 % of the Finnish children aged 7-10 described external features such as the eyes,
the ears, the nose and the mouth. Into the eyes some had written “eyeball” and they were not
able to tell more about it. Some 7-10-year-old children had scientific knowledge. However,
mostly the conceptions were incorrect and the children described their drawings like a girl:
”Voice tube [goes] into the mouth [and it starts] from the lungs.”. In her drawing, however,
tubes went from the ears to the brain. Also in the drawings of some other children, there were
tubes from the ears to the brain, from one ear to another, or from the brain to the eyes, the
nose, and the mouth. The children told about their drawings for instance: “That is an
important part. It includes such kind flat part... if you touch it, it can be broken and then sense
of hearing goes away. | know because | have been in doctor and it was put exhaust pipe. .
The girl had knowledge about the eardrum between the outer and middle ear based on her
experiences (Langley et al., 1980, 257). The exact knowledge of the structure of the eyes,
ears, the nose and the mouth and the relation between them had no Finnish children. The
descriptions were concrete what is typical during the concrete operational stage. A reason can
also lay on the style how Finnish teachers and parents tell about phenomena and items to
children.

The Brazilian children just mentioned the general functions of sense organs during the
interviews but there was no detailed description presented on the drawings.

Some primary children used scientific concepts such as oesophagus, nasal cavity, ear canal,
and Eustachian tube. However, during the interviews it was noticed that they did not
understand them. Knowledge is short and mistakes are common.

Other conceptions of the head

At the end of the interviews, the Finnish children could tell more about his/her drawing or
other things concerning the content of the human head. A boy told that viruses affect
symptoms: “Therefore | have headache because viruses have their own war in the head.”
Many children told about the muscles of the head, skull, nasal bone, jawbone, and ossicles. A
child draw the whole skeleton inside the skull, and during his interview, he told that he did
not have any knowledge that the skull belongs to the skeleton. Children also told stories what
they had heard from their fathers but what they were not able to draw. A boy stated that
“trombus is quite difficult to draw.” and another boy that My dad has told me about amazing
leukocyte polices that they attack bugs.” A boy described sepsis based on the animation series
so: ”’If caries comes into a tooth and bacteria start to go into the brain...and they dig that hole
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and nest there. And when they go into a blood vessel then it comes through it and then it starts
to go through and then comes sepsis and kills you.”

The Brazilian children only describe what the brain does without dealing with other
conceptions about the head.

To sum up, it can be seen that experiences of children affect their conceptions of the content
of the head. The conceptions were shaky and included many mistakes. The result support the
statement of Eloranta (2003, 238-248) that every-day experiences are important to take into
account also in science education. No such every-day data was collected with the Brazilian
children.

Discussion

The knowledge of the human anatomy and physiology is important. Through it we can
understand effects of life habits on physical, mental, and social health and action (Andersson,
2008). It also helps us to understand that our selections affect environment (Palmberg &
Svens, 2011). The crucial role in the development of understanding of children lays on
teaching and learning processes. Teachers are able to support their students by meaningful
way only if they know what their students know and think about learned issues. Many studies
show that most 15-year-old children do not understand the human body as a wholeness
(Reiss et al., 2002, 58-63). In this study, the conceptions of 4-10-year-old Finnish and
Brazilian children of the content of the human head and the human brain are described. In
addition, it will be discussed how the conceptions are related with scientific knowledge and
how teachers can support their students to understand and learn biological information and
concepts.

The conceptions of the 4-10-year-old Finnish children of the content of human head and the
human brain were different and varied also within the same age group. Some children had
every-day conceptions and some primitive scientific knowledge. The younger the children
were, the stronger imagination dominated their conceptions. Most children knew that the
brain is located in the head. Typically, the children described the brain through single
structures. After aged 6 many children were able to list parts of the brain and tell that the
brain are needed for thinking. Many children knew that the brain are connected with the eyes
and ears and that they are needed in action. However, the concept the brain was not clear even
for all 7-10-year-old children. Many of them thought that we have many brains. Also the
function of the brain was unclear. The situation concerning the Brazilian children are similar.
The results support those of Bartoszeck and Bartoszeck, (2012) that not until aged about 10
children are able to observe items and phenomena realistically. No one of the children was
able to tell how the brain parts act and what kind wholeness they form as they are very young
and thus more elementary neurophysiology practical classes are in demand (Rushton et al.,
2010). Johnson and Wellman (1982, 223) have also stated that children understand first the
brain as a thinking organ and later on that the brain regulates all action of the human beings.
That children are able to understand the organ systems as a wholeness teaching should be
started from single organs and go step by step towards the wholeness of body (Reiss et al.,
2002).

The external and palpating structures are understanable by children and they form important
part of their living environment. The content of what is inside the head is difficult to
understand because its function is an abstract thing. The conceptions of the children were
shaky and included many misconceptions. Although many primary children used scientific
concepts of the content of the head their knowledge of its structure and function was limited.
For instance they mixed the blood vessels with the nerves. The result support the view of
Vygotsky (1982) that a child recognizes a scientific concept better than the object of it. It was
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observed that also the 8-10-year-old children understand scientific concepts by the concrete
way. Consequently in teaching and learning situations, it is not enough if a child tell what
he/she knows about the learning issue, instead a teacher should clarify what a child means
with the concept used by him/her. If misconceptions are not corrected during primary
education, they can hinder learning of scientific information later on.

Social experiences and family culture affect the conceptions of children (Latomaa, 2000).
Children at the same development stage have different conceptions of the content of the head.
Although some children had primitive scientific knowledge most conceptions included
informal information based on every-day experiences of children (cf. Havu-Nuutisen, 2005).
Many children described the content of the head and the brain using concrete acts and argued
that their teachers or parents had told so or that they had seen it on television. According to
Jarasto and Sinervo (1997, 98-99) the concepts used by a child are not always scientific but
they are useful in the meaning of a child. Knowledge of a student and understanding of
his/her experiences and every-day conceptions are important for teachers because they can
affect the structuring of their students' scientific conceptions only if teaching is in
concordance with the cognitive development stage of a child.

Teaching has effects on the conceptions of the learning thing and phenomena (Vygotsky,
1982, 169; Bajd & Ivekovi¢, 2010). The drawings made by the children who had studied
human body before our research, included less external features than other drawings. These
drawings were more realistic and they were not based on pure imagination. The children
from this group draw also nerves inside the head. Beside student knowledge also subject
knowledge is important for teachers to know. It includes content knowledge and teaching
knowledge. (Shulman, 1987.) Through content knowledge a teacher can recognize mistakes
and deficiencies in the conceptions of a child and through teaching knowledge he/she can
select objectives, methods, learning material, learning tasks, and learning environment
supporting learning of a child. According to previous studies it has no meaning if a
curriculum and teaching processes are structured based on the either traditional, subject-based
knowledge or modern integrative, interdisciplinary knowledge (Astréom, 2007). Instead
learning is affected interest, attitudes, and motivation of a student (Duit & Treagust, 2003).
These are affected information as such (Hellden, Lindahl, & Redfors, 2005), joy of learning,
and experiences of succession (Osborne, Simon & Collins, 2003). Also learning environment
and teaching methods are important (Echinger, 1997; Smeds et al., 2015).

In the Finnish curriculum for basic education (Opetushallitus, 2014, 2015), teachers are
encouraged to use different learning environments and various teaching and learning methods.
Authentic teaching and learning situations (Smeds et al., 2015) and problem-based methods
(Yli-Panula, 2005) support learning of abstract things (cf. Ahopelto, Mikkila-Erdman,
Penttinen, & Anto, 2009). Learning is effective when activities are based on different senses
(Szczepanski & Dahlgren, 1997; Tauriainen, Jeronen, Lindh, & Kaikkonen, 2013). E.g.
mistakes concerning agriculture were decreased when teaching was carried out in farms
(Smeds et al., 2015). When learning situations are integrated with things and actions what are
important for students, students understand better what they should learn and remember
longer what they have learned (Krogh & Jolly, 2012).

According to educational books, the anatomy and physiology of the human body can be
taught using e.g. experiential methods such as problem based learning, project learning, group
work, and mind and concept maps. Also laboratory work and demonstrations are good ways
to concretize structure and function of the human body. Visits to research institutes and
researchers' visits at schools add authenticity. Plays and information and communication
technology bring liveliness to learning situations. (Eloranta, Jeronen, & Palmberg, 2005, 97—
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158.) Discussions and co-operative learning support the structuring of conceptions (Gelman
ym., 2010). However, more investigation is needed about how different teaching and learning
methods and environments really affect childrens' structuring and understanding of biological
concepts.

According to Bajd and Ivekovi¢ (2010, 31-37) activities support understanding of the human
anatomy and physiology. It is possible that kindergarten and primary aged children can make
small studies about their body. E.g. they can palpate bones and muscles, examine size, form
and relations of different organs using lay figures and organ models. They can also search
information about functions of human body from internet and libraries and discuss about the
factors affecting health based on their findings. A teacher has a crucial role as a motivator
and a guide in these kinds pupil-centered learning methods (Vauras, Kinnunen, Kajamies, &
Lehtinen, 2013). Some children are curious to experience and to learn new things, others are
timid based on their temperament. However, learning skills and level are not depending on
temperament. Through education, support and experiences also a timid child learns to thrust
him/herself and act goal-directly in new situations (Keltikangas-Jarvinen, 2004).

The development of scientific literacy is important to take into account when selecting
learning material. The term scientific literacy refers to a skill to acquire new knowledge, an
understanding of key scientific terms and concepts (i.e., science content knowledge) as a form
of human knowledge; as an awareness and understanding of the impact of science and
technology on society, and willingness to engage to act as a reflective citizen (Miller, 1983;
Organization for Economic Cooperation and Development, 2009). As learning material,
media will be more important in future also in biology education. The creation and study of
material is a big task for teacher educators and teachers In Finland because Finnish material of
human body what is suitable for kindergarten and primary education concerning the human
body does not exists yet and it is also scarce in Brazil.

In qualitative research, reliability can be thought of as the trustworthiness of the procedures
and data generated (Stiles, 1993). It is concerned with the extent to which the results of a
study or a measure are repeatable. The research methods and results are described thoroughly.
Quotes from the childrens' expressions describing the children's conceptions are reported for
trustworthiness (Miles & Huberman, 1994). In the phenomenographic research, validity of the
research is depending on credibility (Eskola & Suoranta, 2008, 212).The findings are
confirmed by revisiting data in different circumstances (Bryman, 2001). Because we were
personally familiar with the kindergartens and schools  participated in the study, we
minimized bias in the data collection, interpretation and presentation of the findings by using
‘bracketing’, whereby we continuously reflected openly on our own ability, our experience,
judgement and beliefs (Cutcliffe & McKenna, 1999). We used also another way of enhancing
the validity of our study, triangulation. We gathered material at different kindergartens and
schools in two countries, in Finland and in Brazil, and our material included the drawings and
the interviews of the children based on their drawings (Halcomb & Andrew, 2005;
Williamson, 2005).
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POROVNANIE KONTAMINACIE ZASTUPCOV RODOV PINUS A
QUERCUS TAZKYMI KOVMI V OBLASTI VYBRANYCH
OPUSTENYCH Cu LOZiSK EUROPY

COMPARISON OF HEAVY METAL CONTAMINATION OF THE
REPRESENTATIVES OF THE GENUS PINUS L. AND QUERCUS L. AT THE
SELECTED EUROPEAN Cu DEPOSITS
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Abstrakt: Vysledky S$tudia bioakumulacie tazkych kovov v zastupcoch rodov Pinus L. a Quercus L. na
Styroch, v minulosti vyznamnych, dnes uz opustenych Cu-loziskach Eurdpy: Lubietova (Slovensko), Libiola a
Caporciano (Taliansko) a Sao Domingos (Portugalsko) mozno povazovat’ za zna¢ne komplikované. Rozdiely
v kontaminacii drevin, ktoré su na haldach prevazne v dominancii a na referenénych plochach voci banskym
regionom su zna¢né. Banské regiony st v porovnani s referenénymi plochami vyrazne kontaminované
tazkymi kovmi. Aj ked’ na jednotlivych lokalitaich vykazuju Studované dreviny (Pinus sylvestris a Quercus
petraea v Lubietovej, Pinus pinaster a Quercus rotundifolia na ostatnych loziskich) rozne zavislosti pri
prijme a transporte tazkych kovov, mozno konstatovat, Ze biodostupnost’ kovov je pomerne limitovana.
Vicsina rastlin st exkludery (BCF<1), len Ag vykazuje mimoriadne vysoky stupen biokoncentracie. Aj BCF
hodnoty Pinus sylvestris z LCubietovej poukazuji na vysoky stupent biodostupnosti Pb a Zn a schopnost
akumulovat’ Zn v ihli¢i (u oboch zastupcov Pinus na vsetkych lokalitach). U ostatnych kovov pozorujeme (s
nepodstatnymi vynimkami) ich prednostni akumulaciu v korenoch.

KPiadové slova: pdda, rastliny, biokoncentracny faktor, translokacny faktor, enrichment faktor

Abstract: The results of the heavy metal contamination study of the representatives of the genus Pinus L. and
Quercus L. at four abandoned but historically important European Cu-deposits Cubietova (Slovakia), Libiola
and Caporciano (Italy) a S8o Domingos (Portugal) are relatively complicated. The plant contamination at
mining areas in comparison with reference areas substantially differ. At the mining areas show the plants
much more bioaccumulation of heavy metals in their tissues. The bioavailability of individual heavy metals is
varied but generally relatively limited. Most of the studied plants are excluders (BCF<1). Only Ag show
extraordinary high degree of bioconcentration. Also BCF values in Pinus sp. from Lubietova indicate high
level of Pb and Zn bioaccumulation. Zinc is accumulated in needles at all four Cu-deposits.

The rest of the metals is accumulated preferentially in roots.

Key words: soil, plants, bioconcentration factor, translocation factor, enrichment factor
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Uvod

Cu-Ag lozisko Lubietova je situovaneé vo Fatransko-tatranskej oblasti v Starohorskych
vrchoch, ktoré tvoria juhozapadné pokratovanie Dumbierskych Tatier. (Mazir a Luknis,
1980), kde sa ponéraju pod vnutrokarpatsky paleogén a stredoslovenské neovulkanity.
(Lukni§ a Plesnik, 1961; Luknis, 1972). Rudné pole Podlipa (obr. 1) je lokalizované v
drobovych a arkézovych bridliciach a zlepencoch v blizkosti styku s granitoidnymi
porfyrmi a porfyroidmi spodného terigénneho permu (Polak et al., 2003; obr. 2). Rudné
pole bolo rozfarané 18 $télnami. Hniezda rtd, zrudnené SoSovky a rudné zily a Zilniky
(hlavne v juznej Casti) dosahovali hrabku 30-40 metrov. Obsah medi (v pravdepodobne
rucne triedenej rude) kolisal od 4 do 10 %, zriedkavo vSak az do 22 %. Obsah Ag bol 70
g.t%. Bergfest (1951) uvadza aj vyskyt zlata. V lokalite sa vytazilo za obdobie 500 rokov
priblizne 25 tisic ton medi. TerajSie zasoby sa odhaduju este na d’alSich 25 tisic ton. V rude
je asi 70 g.t* obsahu Ag, ¢o reprezentuje asi 1 750 ton striebra (Bergfest, 1951).

Hlavnym rudnym minerdlom si chalkopyrit a mineraly tetraedrit-tennantitového radu.
Dalimi minerdlmi st pyrit a akcesoricky galenit. Bldha (1979) uvadza, Ze najvyznamnejsie
sa tetraedrit nachadza v $t6lni Kliment, na ktorej stoji osada Podlipa. Z d’alSich rudnych
minerdlov sa uvadza aj hematit (spekularit). Vel'mi dobre bola vyvinuta oxidacnd a
cementacnd zona, kde boli v minulosti hlavnymi rudnymi minerdlmi kuprit a rydza med’.
Charakteristickd je pestra asocidcia sekundarnych medenych minerdlov: libethenit,
pseudomalachit, olivenit, euchroit a farmakosiderit.
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Obr 1 Rudné pole Cubietova — Podlipa
Fig 1 Ore-field Cubietova — Podlipa

Obr 2 Geologicka pozicia rudného pola Lubietovad (llavsky et al., 1994). Vysvetlivky: 1 — sidla, 2 —
krystalinikum, 3 — perm — brusnianske slvrsstvie, 4 — perm — predajnianske suvrstvie, 5 — spodny trias —
donovalské sivrstvie, 6 — stredny trias (dolomity, dolomitové brekcie), 7 — miocénne vulkanity a ich
vulkanoklastika — komplex Lvoze, 8

— pliocénne $trky, piesky, ily, 9 — cesty, 10 — povrchové toky

Fig 2 Geological setting of ore-field Cubietova (Ilavsky et al., 1994). Explanations: 1 — settlements, 2 —
crystalline complex, 3 — Permian, Brusno unit, 4 — Permian, Predajnianske unit, 5 — Lower Triasdic, Donovaly
unit, 6 — Middle Triassic (dolomites, dolomite breccias), 7 — Miocne volcanites, Lvoze complex, 8 — Pliocene
gravels, sand, clay, 9 —roads, 10 — brooks
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Cu lozisko Libiola je situované v severnych Apeninach v Ligurii blizko Sestri Levante v
udoli horskej riecky Gromolo (obr. 3). V minulosti malo nezanedbatelny ekonomicky
vyznam. Spominal ho vo svojich pisomnostiach uz Strabon (Ferraio, 1973). Celkova dizka
tunaj$ich podzemnych banskych diel presahuje 30 km, pri¢om rudné pole ma rozlohu 4 km?
(Klemm a Wagner, 1982).

Okrem toho sa tazba rud uskutocniovala aj v troch vel'kych povrchovych dobyvkach (obr.
4). Od roku 1962 je lokalita opustena.

Ob 3 Prame rie¢ky Gromolo drenujtici dobyvky na rudnom poli Libiola
Fig 3 Gromolo brook spring which overrum through the ore-field Libiola
Obr 4 Libiola, jedna z povrchovych dobyvok (lomov)

Fig 4 Libiola: one of the surface mines (quarries)

Ide o mineraliz&ciu stratiformného charakteru asociovant s vulkano-sedimentarnymi
masivnymi sulfidickymi rudami (Terenzi, 1988). Tieto su geneticky spaté s geodynamickou
evoluciou severnych Apenin. Zrudnenie tvoria masivne SoSovkovité telesa, ktoré su
konkordantné s bazaltoidnymi horninami typu pillow-lavas a ofiolitmi vnatornych
ligtrskych jednotiek série Val di Vara a malé agregéty sulfidov vypliiiajice dutiny a pukliny
v horninovom komplexe (Zaccarini a Garuti, 2008). Ferrario a Garuti (1980) rozliSuju
masivne pyrit-chalkopyritové rudy v bazaltoch, ekonomicky maélo vyznamné pyrit-
chalkopyritové Zzilnikové zrudnenie v pillow-lavas a vtrdsend mineraliziciu tvorenu
pyritom v serpentinitoch a bazaltoch.

Z podzemnych banskych diel (5t6Ini) vytekaju dva typy banskej vody: typicka kysla banska
voda (AMD, resp. ARD) oranzovej farby (pH 2,4 — 3,5) a blizko neutrélne modré vody (pH
6,5 - 6,7; obr. 3; Dinelli et al., 2001).

Toskanske Caporciano (Montecatini Val di Cecina) patrilo v 19. storo¢i k
najvyznamnej$im eurdpskym loziskdm medi. Uz v 10. az 11. storo¢i pr. Kr. ho tazili
Etruskovia (Riparbelli, 1980; Schneider, 1890). Lozisko je situované na zapadnych svahoch
Monte di Caporciano. V obdobi medzi rokmi 1830 az 1907 tu bolo vytazenych 30 000 ton
medi. V 1855 bolo exploatovanych 2700 ton medi (Orlandi, 2006). Pokusy exploatovat
lozisko v rokoch 1950, 1955, 1957, 1959 nenaplnini o¢akavania a preto v roku 1963 baiu
definitivne zatvorili (De Michele et al., 1987).

Zdrojom kovov su magmatické horniny. Mezotermalne zrudnenie situované v ofiolitoch

tvorenych efuzivnymi bazaltovymi horninami (obr. 5) vzniklo remobilizaciou rad (Klemm
a Wagner, 1982).
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Ekonomicky najvyznamnejS$imi mineralmi boli chalkopyrit, bornit a chalkocit (Mazzuoli,
1883; Lotti, 1884). V okoli banskych diel su pocetné haldy (obr. 6).
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Obr 5 Geologicka pozicia loziska Caporciano (Terenzi, 1988)

Vysvetlivky: Diabasi spilitici — diabasové spility, Radiolariti — radiolarity, Flysch - flys, Argillie scagliose —
Supinaté ily, Selagite — biotitom bohaty trachit

Fig 5 Geological setting of Caporciano deposit (Terenzi, 1988)

Explanations: Diabasi spilitici — diabase, Radiolariti - radiolarites, Flysch — flysh, Argillie scagliose — clay
layers, Selagite — biotite rich trachite

Obr 6 Haldy banskej hlusiny na lozisku Caporciano s naletom borovic piniovych (Pinus pinaster)

Fig 6 Dumps of the mining waste at Caporciano deposit with Pinus pinaster

S&o Domingos je portugalské Cu-lozisko, ktoré je situované v provincii Baixo Alentejo v
takzvanom iberskom pyritovom pruhu, priblizne 60 km JV od mesta Beja (obr. 7). Tazené
bolo uz v predrimskom obdobi. Rimania tazili v okoli Sdo Domingos zlato a striebro
(Alvez, 1997). Aj v sucasnoti patri medzi najvyznamnejSie loziskd metalogenetickej
provincie masivnych kyzovych rad (VMS) Pyritového pruhu, ktorého rezervy sa stale
odhadujii na 1 700 Mt (Saez et al., 1999). Chalkopyritovopyritové rudy tu vSak boli
exploatované az od 19. storocia. Za priblizne 100 rokov, konkrétne v obdobi rokov 1867 az
1966 sa tu vytaZzilo 25 Mt rudy spolo¢nostou Mason and Barry Company, z toho 9,9

Mt medonosného pyritu na vyrobu siry. V obdobi rokov od 1913 do 1932 bolo
vyprodukovanych

3 445 533 ton medi (Matos et al., 2006; Matos et al., 2008, Rego, 1996). Tazba sa
uskutociiovala predovSetkym povrchovo. NajvyznamnejSia exploaticia sa realizovala v

lome blizko lokality Achada do Gamo (obr. 8), kde stoji aj upraviia rad a v prilahlej oblasti
(obr. 9).
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Obr. 7 Geologicka pozicia loZiska Sdo Domingos v juhoiberskom pyritovom pruhu (podla Inverno et al.,
2015) Vysvetlivky: Baixo Alentejo flysh gr. — flySové horniny série Baixo Alentejo; Iberian pyrite belt:
volcanosedimentary complex — ibersky pyritovy pruh: vulkanicko-sedimentarny komplex; phylite-quartzite gr.
(Mid.-Up. Devonian) — séria fyliticko-kremitych hornin (stredny az vrchny devon); Pulo do Lobo Antiform —
Pulo da Lobo antiklinala; Ferreira-Ficalho gr. (Mid.-Up.Devonian) — jednotka Ferreira-Ficalho (stredny az
vrchny devon); Chanca gr. (Mid.-Up. Devonian) jednotka Chanca (stredny az vrchny devon); Pulo do Lobo
(Devonian ?) — Pulo do Lobo séria (devén ?); Sdo Domingos mining area 1- Open pit, 2 — Achada do Gamo
plant — bansky areal Sdo Domingos, 1 — povrchovy lom, Gpraviia rudy v Achada do Gamo; Cenozoic —
kenozoikum; Sines Massif (Mesozoic) — Sinesky masiv (mezozoikum); Undifferentiated Mesozoic —
nerozliSené mezozoické horniny;

Massive sulfide deposits — masivne sulfidické rudy; Fault, geological limit — zlom, hranica geologickej
jednotky

Fig. 7 Geological setting of Sdo Domingos deposit in South Iberian pyrite belt (after Inverno et al., 2015)

Obr 8 Sdo Domingos: jama po povrchovej t'azbe Cu-rid - Achada do Gamo
Fig 8 S0 Domingos: pit after the surface exploitation of Cu-ores - Achada do Gamo

Obr 9 Sdo Domingos: kanal po povrchovej tazbe Cu-rud

Fig 9 Sdo Domingos: channel after the surface exploitation of Cu-ores
http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-
environmentalne-manazerstvo/

56


http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/
http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/

ACTA UNIVERSITATIS MATTHIAE BELII Sekcia Environmentalne manazérstvo roc¢. XVIII, ¢. 1, 2016

Metodika préce

Pre nase $tadium sme zvolili rastliny z rodov Pinus L. a Quercus L. (Pinus sylvestris a
Quercus petraea v Dubietovej, Pinus pinaster a Quercus rotundifolia na ostatnych
loziskach s vynimkou Libioly, kde sa vyskytoval len zastupca rodu Pinus L.), ¢o umoznilo
ich porovnanie. Na vsetkych Studovanych loziskadch sa odobrali v rokoch 2012 — 2015
vzorky z viacerych jedincov (z kazdého jedinca samostatne korene, kondre, ihlicie/listy) a
vzorky pddy z ich korefiového balu do hibky ca 20 cm. Vzorky rastlin a pody sa odobrali aj
z blizkych referencnych ploch (s vynimkou lokality Sao Domingos) nezasiahnutych
kontamindciou tazkymi kovmi.

Pddne vzorky boli vysuSené pri laboratérnej teplote. V laboratoriich ACME Laboratory
(Vancouver,

Kanada) sa realizovali ICP-MS analyzy pddy a rastlin z navazky 2 g. Na pieskovcovom
kapeli bola do sucha odparena vzorka v roztoku H>O-HF-HCIOs-HNO3z pripravenom v
pomere: 2 : 2 :1: 1. Po pridani 10 ml 50 % HCI sa za neustadleho mieSania vzorka zahriala
na vodnom kupeli. Vychladnuty roztok bol doplneny na presny objem HCI a nésledne
analyzovany pomocou ICP-MS.

Pomer obsahu tazkého kovu v nadzemnej Casti (u drevin v listoch/ihli¢i) vo¢i obsahu kovu
v pdde odraza biokoncentraény faktor (BCF).

Vo vzorkach Pinus spp. a Quercus spp. sa pri vypoéte BCF vychadzalo z obsahu t'azkych
kovov v pode a v asimilaénych organoch. Baker (1981) rozoznéva na zdklade stanovenia
BCF nasledovné rastlinné stratégie:

- exkludery - dochadza k imobilizacii kovu v koreni, ak je hodnota BCF < 1

- indikatory - rastliny, v ktorych obsah kovov odraza obsah externého prostredia, ak je
hodnota BCF = 1

-akumulatory az hyperakumulatory - prejavuje sa aktivna koncentracia kovov v
nadzemnych castiach, najmd vo vakuolach v listoch, ak je hodnota BCF > 1.
Hyperkumulatory su charakteristické 100- az 1 000-nasobne vy$Sou hodnotou
koncentracie kovov sustredenou v nadzemnych ¢astiach nez v korenoch a v podach.

Translokaény faktor (TF) sa stanovil pre zistenie, v ktorych organoch, resp. Castiach,
rastlina dominantne akumuluje sledovany tazky kov ( Singh et al., 2010), ktory vyjadruje
pomer chemickej koncentracie sledovanych prvkov alebo latok v ihli¢i/listoch rastliny
(alebo zvicsa pri bylinach v celej nadzemne;j Casti) vo¢i ich koncentracii v koretioch rastlin.
Enrichment factor (EF; slovensky preklad eSte nebol ustaleny) sa pocita ako podiel
obsahu tazkého kovu v pdde z kontaminovanej pody (rastlinnej ¢asti) voc¢i obsahu tazkého
kovu v pode (rastlinnej Casti) z referencnej plochy (Salomons a Forstner, 1984). Pre nasu
pracu sme EF pocitali ako podiel obsahu kovu v pode z haldového stanovista vs. v pode z
referen¢nej plochy.

Isty problém pri vyhodnocovani tidajov spdsobovala skuto¢nost’, Ze sme zo vSetkych lokalit
nedisponovali rovnakym siborom analyzovanych prvkov.

Vysledky
Obsahy kovov v pode na lokalite Cubietova — Podlipa su uvedené v tab. 1.
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Tab 1 Vysledky analyzy pddy z haldového pol'a LCubietova — Podlipa (A, B) a z referenénej plochy (C, D)

Table 1 Results of the analysis of water from the waste heaps field Lubietova -

reference surfaces (C, D)

Podlipa (A, B) and the

Stanovist | € Cu Zn | Pb Ag |Cd |Ni Co As Sb
e % mg.kg?
A 258 |541 |20 |24,1 |16 |01 |316 [53,6 |294 (392
B 22 | 676 |1 |17, |07 |0, |25 |349 | 153 | 26,
5 6 9 |[7 1 8 4
X 24 (365 |2 |20, |11 |0, |28, |442 | 224 | 32,
2 4 0 |9 5 1 7 5 8
C 13 | 25 3 [16 |01 |0, |85 [51 7 10,
8 9 |1 1 4
D 11 |13% (3 (13 |03 (0 |78 |71 32 17,
2 6 |6 1 5
X 12 | 208 (3 |14, |02 [0 |82 |61 19, | 14,
5 8 |4 1 5 0

Najvyssie priemerné hodnoty na haldovom poli sa zistili u Cu (x = 3653,5 mg.kg™), As (X
=223,5 mg.kgl), Co (x = 44,25 mg.kg™l), Sb (x = 32,8 mg.kgl), Fe (x = 2,415 %), Ni (x =
28,7 mg.kgl), Pb (x = 20,9 mg.kg?), Zn (x = 19,5 mg.kg?), Ag (x = 1,15 mg.kg™?) a Cd (x

=0,1 mg.kgl). V tab. 2 st obsahy kovov v Pinus sylvestris a Quercus petrea.

Tab 2. Vysledky analyzy rastlinnych organov Pinus sylvestris a Quercus petrea z haldového pol’a Cubietova
— Podlipa a z referen¢nej plochy
Tab 2. The results of the analysis of plant organs Pinus sylvestris and Quercus Petrea field of waste heaps
Lubietova - Podlipa and the reference area

Rastlin .| Cast |Fe [Cu | zZn| Pb |Ag |Cd|Ni |Col|As|Sb
a Stanovist .
o rastlin | o4 mg.kg!
y
haldové pole
Pinus |A a 156, | 28,1 (15,0 |14,5 (0,70 |0,0 (2,70 |2,3 0,4 |0,5
sylvestri 8 0 |0 |0 3 0 |2 |0
S b 164, 12,90 (15,7 |32,2 (3,04 |0,0 (2,50 |1,3 0,5 (0,1
6 0 0 3 0 (6 |[3
c 148, | 59,9 |44,3 (38,3 18,00 |0,1 14,90 (2,5 (0,1 (0,0
5 0 0 0 0 0 [5 |4
B a 148, | 25,4 115,0 (10,3 10,55 |0,0 |2,33 (1,9 (0,2 (0,3
0 0 0 0 2 8 |2 |2
b 179, (2,50 |15,7 (28,112,84 |0,0(2,41 (1,0 (0,3 (0,1
2 0 0 2 0 |6 |0
c 103, | 52,4 (40,2 |38,3 (6,04 |0,0 (5,22 |3,1]0,1 (0,0
2 0 0 0 9 0 (1 |2
x A,B X a 152, | 26,7 (15,0 |12,4 (0,63 |0,0 (2,52 |2,1 0,3 |0,4
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4 3) 0 0 3 4 12 |1
xb 171, 12,70 |15,7 130,12 |2,94 |0,0 |2,46 |1,1 (0,4 |0,1
9 0 5 3 5 |6 |2
XC 125, | 56,1 |42,2 138,3 7,02 |0,1 (5,06 [2,8 |0,1]0,0
9 5 5 0 0 0 |3 |3
[ X 150, | 28,5124,3126,9 |3,53 |0,0 (3,34 2,0 (0,3 0,1
1 3 2 5 5 3 |0 |9
Quercus| A a 274,19,20 (59,0 |57,1| 40,1(0,1 (11,8 |3,5(0,5]0,2
petraea 6 0 0 0 0 0 |0 (5
b 204,10,00 (41,7 |4,70)2,04 (0,1 14,70(1,0 (0,6 |0,0
1 0 0 0 |4 |9
c 85,2 (8,10 |10,3 |28,6 | 30,3 0,0 (3,70 (1,0 |0,7 |0,1
0 0 0 6 0 |7 |1
B a 305, (6,40 (48,1 (54,1 32,4(0,019,82|2,7(0,3 (0,1
0 0 0 7 7 5 |0 |9
b 254, 10,00 35,6 (3,10 1,74 |0,0 |2,63 (0,7 [0,3 0,0
9 6 8 o |7 |7
c 105, |5,70 |7,87 |22,4| 25,3 0,0 |1,74 0,8 (0,6 |0,1
5 0 9 3 2 |18 |0
xAB X a 289, |7,80 |53,5 (55,6 | 36,2(0,0 |10,8 3,1 (0,4 |0,2
8 5 0 9 9 |1 3 |0 |2
X b 229, 10,00 (38,6 3,90|1,89 (0,01(3,6710,8(0,5]0,0
5 8 9 5 |1 |8
XC 954 (6,90 |9,09 |255( 27,8 0,0 (2,72 (0,9 |0,7 |0,1
0 5 5 1 (3 |1
X 204, 14,90 (33,7 28,3 | 22,0(0,0(5,73 1,6 (0,5]0,1
9 7 3 1 7 3 |4 |4
referen¢na plocha
Pinus |[C a 0,01 10,8 (21,5 (1,59 | 23,9 (0,0 11,80 |1,4 |0,3 (0.1
Sy|vestri 5 9 0 0 6 0 1 5
S b 0,00 2,12 (32,3 (1,23 | 19,5(0,0 11,30 1,6 {0,8 [0,1
9 0 0 2 2 |0 |9
c 0,00 |4,08 (27,1 (151 24,0(0,0 1,00 (2,2 (0,4 (0,5
9 0 0 6 7 10 |9
D a 0,02 9,87 (18,4 (1,40 19,7 (0,0 |1,60|1,2 0,2 (0,0
1 0 0 5) 0O [0 |4
b 001|114 (22,2 (1,21 | 14,7 (0,0 |1,00|1,4 (0,7 (0,0
5 0 0 1 4 |1 |8
c 0,01|3,15 (26,3 (1,61 24,0(0,0 0,90 (2,0(0,3 (0,0
5 0 0 4 3 |0 |5
xC,D Xa 0,02 10,3 (19,9 (150 | 21,8 (0,0 /1,70 1,3 |0,2 (0,1
0 8 5 0 5 0 |5 |0
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xb 0,011,633 (27,2|1,22| 17,1|0,0 11,1515 (0,7 |0,1

0 5 0 1 3 |5 |4

XC 0,01 (3,62 (26,7 (1,56 | 24,0(0,00,95(2,10,3]0,5

0 0 0 5 5 [5 |2

[ X 0,01 (5,21 (24,6 (1,43 20,9(0,0 1,27 |16 |0,4|0,2

0 3 7 4 6 [5 |5

Quercus|C a 0,01 (3,33 [3523,33| 29,5|0,0 11,10 (7,5]0,3 0,1
petraea 1 0 0 3 2 |19 |2
b 0,00 |0,72 (26,8 |0,76 |1,40 |0,0 |0,70 (0,6 {0,1 |0,1

6 0 4 3 [0 |2

c 0,01 (0,97 (37,21,82 4,10 (0,0 |6,0010,50,3 0,0

9 0 2 6 (0 |3

D a 0,00 |4,11 (41,2 4,23 | 36,7 0,0 12,30 (8,1(1,1]0,2
7 0 0 5 2 |1 |5

b 0,00 (1,03 (29,7 (1,13 |4,20 |0,0 |1,50 |0,7 |0,3 |0,2

4 0 2 5 (0 |1

c 0,01 (1,26 (44,1262 9,80 |0,0|7,90 (0,6 |{0,6 |0,1

5 1 4 6 (9 |3

xC,D X a 0,01 3,72 |(38,2|3,78| 33,1|0,0 1,70 (7,8 0,7 |0,1
0 0 0 4 2 |5 |9

xb 0,01(0,88 (28,2]0,95|2,80 |0,0 1,10 (0,6 {0,2]0,1

0 5 2 9 (0 |6

XC 0,02 (1,11 (40,6 (2,22 |6,95 (0,0 |6,95]0,6 |0,50,0

0 5 3 1 |0 |8

X 0,01 (1,90 (35,7232 | 14,210,03,25|3,0(0,4 (0,1

0 0 8 3 4 (8 |4

Vysvetlivky k tab. 2, 4, 6, 8a, 8b: a — koren, b — konar /stonka, ¢ — ihli¢ie/listy, [1 X —
priemerna koncentracia t'azkého kovu v celej rastline

Najvyssie hodnoty dosahuje zhodne u oboch drevin Fe (x = 150,05 a 204,88 %). V Pinus
sylvestris nasleduji Cu (x = 28,53 mg.kg?) > Pb (x = 26,95 mg.kg?) > Zn (x = 24,32
mg.kg?) >Ag > Ni > Co > As > Sh > Cd a v Quercus petraea Zn (x = 33,77 mg.kg™) > Pb
(x = 28,33 mg.kg?) > Ag (x = 22,01 mg.kg?) > Ni (x = 5,73 mg.kg™?), Cu (x = 4,90 mg.kg"
1Y>Co>As>Sb>Cd.

Najvyssie obsahy Cu, Zn, Pb, Ag, Cd, Ni, Co sa u Pinus sylvestris zistili v ihli¢i, kym u
Quercus petraea v koreioch. Len v pripade As bola najvyssia hodnota stanovena v listoch.
Obsahy Fe st na referencnej ploche o pat’ radov a Pb o jeden rad nizsie.

Tab 3 Vysledky analyzy pody z haldového pol’a Libiola (A, B) a z referenénej plochy (C)
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Tab 3 The results of analyzes of the waste heaps Libiola fields (A, B) and the reference area (C)

. Feo Mnao Cun Pho Zno Nia Con Aso Sha
~Stanovistey
%x mgkeglo j
Ac 15,902 960z 9462 75a 4112 g1a 342 112 402 |
Bo 19,082 750c 32392 114c 265¢c 6682 82z 152 772 |
xa 13,750 1-812a 6226a 56a 439 717a 2124 11a 340 |
Ce 9872 0,122c 16282 182 952c 632 22c 70 1,5¢

Obsahy kovov v pode na lokalite Libiola st uvedené v tab. 3. Najvyssie priemerné hodnoty
na haldovom poli sa zistili u Fe (x = 13,75 %), Cu (x = 6226 mg.kg™?), Mn (x = 1812 mg.kg"
B, Ni (x = 717 mg.kg™), Zn (x = 439 mg.kg?), Co (x = 212 mg.kg™), Pb (x = 56 mg.kg™),
As (x = 11 mg.kg?), Sb (x = 3,4 mg.kg™?). Obsahy kovov v Pinus pinaster st uvedené v tab.
4. Tieto klesaju generalne v poradi: Fe (x = 890 mg.kg™) > Zn (x = 189 mg.kg™?) > Mn (x =
94 mg.kg?) > Cu (x = 68 mg.kg?) > Pb (x = 11,0 mg.kg?). Najvyssie koncentracie
konkrétne Fe, Zn, Cu, Pb sa zistili v korenoch rastlin. Vynimkou je len Mn, ktorého
najvyssia koncentracia bola namerand v ihli¢i.

Tab 4 Vysledky analyzy Pinus pinaster z haldového pol’a Caporciano a z referen¢nej plochy
Tab 4 The results of the analysis of Pinus pinaster from waste heaps field Caporciano and the reference area

Stanoviste | <*f | _E¢ | Mn | Cu | Pb [ Zn
rastliny % mg.kg!

a 2540 32 69 31 32

A b 250 13 18 0.7 28
c 480 15 19 0.6 38

a 1320 140 224 451 363

B b 560 148 36 123 331
c 190 216 18 43| 337

a 1930 86 147 24,1| 198

x b 405 81 37 6,5| 180
c 335( 116 19 25| 188

x % 890 94 68 11.0| 189
a 760 21 24 28 22

C b 68 g 20 0.5 19
c 113 11 14 04 24

X X 314 13 19 12 22

Obsahy kovov v pode na lokalite Caporciano prezentuje tab. 5. NajvySSie hodnoty v
antropozemi na haldovom poli sa zistili u Fe (x = 5,79 %), Cu (x =7 300 mg.kg™), Mn (x
=809 mg.kg?), Zn (x = 582 mg.kg™) a Ni (x = 115 mg.kg™).

Obsahy kovov v Pinus pinaster i v Quercus rotundifolia klesaju generalne v poradi: Mg (x
= 1869 a 3367 mg.kg™) > Fe (x = 467 a 1128 mg.kg™) > Al (x = 306 a 753 mg.kg™') > Cu
(x = 162 a 320 mg.kg™?). V Pinus sp. nasleduje koncentracia Zn (x = 82 mg.kg™®) > Mn (x =
43 1128 mg.kg™?) > Cd (x = 2,75 1128 mg.kg?) > Pb (x = 0,7 1128 mg.kg™). V Quercus
rotundifolia je poradie Mn vs. Zn a Pb vs. Cd opa¢né: Mn (x = 104 mg.kg™) > Zn (x = 84
mg.kg)> Pb (x = 1,3 mg.kg™?) > Cd (x = 1,03 mg.kg™?). Najvyssie koncentracie sa u oboch
drevin zistili v korenoch. Vynimkou je Mg v Pinus pinaster, ktorého obsahy v ihli¢i su
vyssie ako v korefioch: 2548 vs. 1563 mg.kg™. Na referencnej ploche st obsahy kovov v
pode podstatne nizsie. Aj poradie ich koncentrécii je Ciastocne odlisné. Tu st v rastlindch
najvyssie obsahy Mg (570 a 239 mg.kg; v tab. 6)
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Tab 5 Vysledky analyzy pody z haldového pol'a Caporciano (A-L) a z referenénej plochy (M)
Tab 5 the results of analyzes of the waste heaps Caporciano array (A-L) and the reference area (M)

oo | TR Mo | Ccu | Pb [ Zn | Ni | Co [ As | sh
% mg kg™
haldoxé pole
A 6.02 810 6389 13 767 111 34 3 0.5
B 5.90 790 8291 28 698 113 32 4 0.5
C 6.34 800 6 664 13 541 159 36 2 0,7
D 6.27 700 9326 27 939 131 36 2 0.5
E 6.08 670 9247 22 89 124 34 3 0.5
F 6.40 830 6360 17 102 112 35 3 0.5
G 531 730 6379 25 718 7 27 1 0.5
H 5.65 200 5137 13 675 106 30 0.9 0.4
I 468 1250 5021 27 589 145 32 3 0.6
J 572 82 8 451 23 883 7 30 2 0.4
K 6.43 890 11324 24 1064 | 107 33 3 0.5
L 6.02 860 5985 12 784 112 31 2 0.4
x 5,79 809 7300 24 582 115 32 3 0.5
referencna plocha
M [ 311 | 0055 | 876 | 14 | 53 [ 54 [ 20 [ <1 | 0.1

Tab 6 Analyzy Pinus pinaster a Quercus rotundifolia z haldového pol’a Caporciano a z ref. Plochy
Tab 6 Analysis of Pinus pinaster and Quercus rotundifolia field of waste heaps the Caporciano nad ref areas

Rastlina Cast’ Fe Mn Mg Al Cu Pb Zn cd
Stanoviste rastliny

mg.kg-1

haldové pole

Pinus A a 280 10 1070  |200 138 0,2 50 2,87

inaster
P be 350 23 1480 |200 163 0,9 93 8,82

120 52 2020 |70 23 0,2 122 2,75

F a 770 25 1570  |600 435 0,7 80 2,29

bc 1360 28 1360 |200 122 0,7 86 3,36

580 59 2220 400 81 0,6 119 0,88

G a 910 17 2050 |700 265 0,6 52 2,35

bc 510 18 1480 [300 184 0.6 |77 6,53

300 55 2020  [200 44 0,6 143 2,54

L a 620 22 1560 400 347 0.5 26 0,23

bc gy 71 1670 100 |60 15 |66 0.36

520 137 3930 (300 80 1,5 73 0,06

X a 645 19 1563 475 296 0,5 52 1,94

xbx 3757 [35 1498  [200 132 0,9 81 4,77

380 76 2548 243 57 0,7 114 1,56

LIx 467 43 1869 306 162 0,7 82 2,75

Quercus B a 967 28 1879  [753 217 0,4 51 1,23
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rotundifolia bc [470 55 1640 [200 22 0,9 61 0,19

120 |99 2390 |75 19 03 |45 0,12

C a 1270 |44 2790 [1100 [511 |15 48 0,49

bc g0 71 2310 [600 174 [2,1 148 [0,46

560 [121  [3520 [500 |78 15 |43 0,17

D a 12400 [225  [18710 [9900 (3288 [7,8 545 (9,18

bc g7 P57 4040 [700 [181 |06 87 4,56

490 [133  [8220 [300 [80 0,3 81 1,09

H a 2100 |59 3840 [150 [1446 2.1 92 0,86

bc 300 71 2000 [100  [37 11 77 0,22

280 [135  [3020 [100 [17 0,8 75 0,08

| a 150 [19 790 |75 33 1,0 23 0,43

bc 1130 |26 1070 [70 9 0,6 36 0,59

130 130  [1590 [70 6 0,3 63 0,23

J a 690 |96 3830 [300 |95 1,0 32 0,62

bc  Ba0  [166 [2340 |69 11 0,8 55 0,43

260 431  [3500 |50 8 11 39 0,08

K a 620 22 1560 [400 [347 0,5 26 0,23

bc g 1 10 100 |60 15 66 0,36

520 [137 [1670 [300  [80 15 73 0,06

X a 2599  [70 4771 1811 [848 2,0 117 [1,86

’C‘ b X 447 |74 1915 248 |71 11 76 0,97

337 [169  [3416 [199 |41 0,9 60 0,30

Quercus 1128 [104 [3367 [753  [320 |13 84 1,03
rotundifolia 0 X

referencnd plocha

Pinus M AB [o8 10 420 [40 20 0,3 20 0,10

pinaster c 100 15 b0 [0 |20 s |41 0,09

40 24 780 |61 10 1,0 52 0,04

Pinus 79 16 570 |50 17 0,7 38 0,08
pinaster L x

Quercqs _ M a 98 10 280 76 48 0,2 21 0,09

rotundifolia be g & [t B2 7 04 |28 [0,28

56 21 426 |48 5 0,1 36 0,22

Quercus 77 16 239 |59 20 0,2 28 0,20
rotundifolia HED

Obsahy kovov v pdde na lokalite Sio Domingos st uvedené v tab. 7. Najvyssie hodnoty na haldovom poli sa
zistili u Pb (x = 2218,94 mg.kg?), nasleduje As (x = 1071,57 mg.kg?) > Cu (x = 890,44 mg.kg?) > Zn (x =
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765,14 mg.kg') > Mn (x = 488,71 mg.kg?) > Sb (x = 71,29 mg.kg™?) > Bi (x = 27,33 mg.kg™?) > Ni (x =
26,28 mg.kg?) > Co (x = 24,85 mg.kg™) > Fe (x = 9,84 %).

Tab 7 Vysledky analyzy pody z haldového pol'a Sdo Domingos
Tab 7 The results of analyzes of waste heaps field SGo Domingos

Fe Cu Pb Zn Ni Co Mn As Sb Bi
Stanoviste % mo kg
A 20.57 | 1207.7 | 1516.0 4162 16.0 73.9 268 507 48.7 | 11.2
B 9.30 347.1 29954 648 155 10.9 130 1474 62.8 |32.1
C 10.15 | 546.4 6712.0 217 15.2 8.2 220 2631 102.9| 54.3
D 8.76 229.9 572.5 168 8.3 3.4 59 1647 57.4 |96.4
E 733 |263.3 |1789.7 |102 9.4 3.6 139 780 489 |1338
F 4.68 147.9 136.5 97 52.5 18.1 1164 76 8.7 2.8
G 6.62 |112.6 |360.0 88 346 |6.6 298 628 341 |84
H 16.64 | 216.4 9407.3 85 4.9 25 92 3906 225.0|63.8
| 10.25 | 6204.7 | 1501.0 312 23.0 98.9 1386 343 50.4 | 125
J 6.25 1283.6 | 7145 1463 62.3 36.7 1878 273 439 |61
K 21.37 | 728.9 2008.1 574 75.4 23.7 547 922 745 | 229
L 7.82 233.7 718.9 169 8.4 7.9 150 1187 65.0 |354
M 13.46 | 757.1 2122.6 2533 9.0 44.4 165 439 156.4 | 17.6
N 5.33 186.9 510.7 94 335 9.2 346 189 194 |54
X 9,84 890,44 | 2218,94 | 765,14 | 26,28 | 24,85 | 488,71 | 1071,57| 71,29 | 27,33
Tab 8a Vysledky analyzy rastlinnych organov Pinus pinaster z haldového pol’a Sdo Domingos
Tab 8 The results of the analysis of plant organs Pinus pinaster field of waste heaps Sd0 Domingos
Rastlina Cast’ Fe Cu | Pb | Zn |Ni Co | Mn [As [Sb Ag
StanoviSte | rastliny % mg kg
l?inus A a 0.261 |44 47 61 25 6.2 72 22 129 | 366
pinaster bc oo [6 |5 |14 |04 |37 |32 |1 |009 |8l
0.024 |4 5 36 0.7 1.9 159 |14 |0.14 176
B a 0.358 |23 112 |63 75 |485 |138 |56 [2.28 |543
E 0.045 |4 16 186 |7.1 2.7 533 |17 0.28 [430
0.043 |7 17 278 4.5 8.8 825 |8 0.35 |522
C a 0.281 [106 |230 |41 30 |28 |66 100 | 2.83 1301
bc 0.026 |7 10 67 2.1 2.6 86 10 |0.12 |723
0.024 |4 9 135 |43 21791407 |11 0.18 1555
D a 0.396 |24 |42 20 29 |07 |34 |93 |350 |161
b 0.025 |6 5 11 1.9 1.0 58 9 0.08 1512
c 0.027 |5 5 22 1.6 1.2 118 |12 0.20 |94

http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-

environmentalne-manazerstvo/

64



http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/
http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/

ACTA UNIVERSITATIS MATTHIAE BELII Sekcia Environmentalne manazérstvo roc¢. XVIII, ¢. 1, 2016

E a 0183 [35 [76 |25 |44 |13 |240 [17 |1.88 |[186
bc 0025 |8 12 |44 [30 |14 [e81 |2 0.20 |366
0.027 |3 9 75 |35 [12 [1965|3 020 |81
xa 2.969 (46 [101 |42 |4 12 [110 |58 [2.36 511
i:( bx 0026 |6 10 |64 |3 2 278 |8 0.15 |622
0.029 |5 9 109 |3 46 [695 10 [0.21 486
X 0117 [19 [40 [72 |3 20 [361 |25 [0.91 |[540

Vysvetlivky k tab. 2, 4, 6, 8a, 8b: a — koren, b — kondr/stonka, ¢ — ihli¢ie/listy, [ X — priemerna koncentrécia
tazkého kovu v celej rastline

V tab. 8a su obsahy kovov v Pinus pinaster z haldového pola Sao Domingos. Najvyssi
obsah sa potvrdil u Fe (x = 0,117 %) a u Ag (X = 540 mg.kg™?). O &osi nizsie obsahy sa

preukazali u

Mn (x = 361 mg.kg?) > Zn (x = 72 mg.kg™) > Pb (x = 40 mg.kg?) > As (x = 25 mg.kg?) >
Co (x = 20 mg.kg™?) > Cu (x = 19 mg.kg™?) > Ni (x = 3 mg.kg™?) > Sb (x = 0,91 mg.kg™?).
Najvyssie obsahy Fe, Cu, Pb, Ni, As a Sb su v koretioch, najvyssie obsahy Ag v konaroch a
najvyssie akumulacie Zn, Co a Mn v ihli¢i.

Tab 8b Vysledky analyzy Quercus rotundifolia z haldového pol'a Sio Domingos
Tab 8b Results of analysis of Quercus rotundifolia field of waste heaps S& Domingos

Rastlina Cast | Fe | Cu |[Pb| Zn | Ni | Co [ Mn | As | Sb | Ag
Stanoviste| rast|iny % mg kg

Quercus F a |0095| 22| 8| 19| 54| 108] s09] 22| 058 29

rotundi- bc |0,038 4| 6| 21| 45| 09| 87| 11| 037| 75

folia 0018| 3| 6| 28| 31| o5|1825| 12| 028] 26

G a |0104| 9| 15| 51| 64| 48[1735] 87| 097] 122

bc |0016] 6| 6| 49| 68| 1,8]2029] 1,3] 027] 57

0019 4| s| 59| 38| 1,1|2987| 15| 025 60

H a |0136| 17| 57| 43| 46| 06| 81| 185| 1,39| 147

bc |0048| 10| 18] 40| 31| o0,7] 140| 57| 044] 132

00s4| 5| 25| 72| 21| o6| 497| 85| 049] 68

| a |0057| 147] 13| 12| 1,7] 15| 55| 24| 051 71

bc [0017] 9| 3| 27| 19| 16| 328 10| 012] 77

0,025 s| 4] 25| 13| 09| s14| 16| 015| 37

J a |0168| 79| 51| 223| 43| 1,7| 131] 21,4 4,88] 169

bc [0020] 9| 7| 57| 31| o8| 112] 25| 020] 127

0030 5| 7| e8| 180| 06| 213 30| 031] 54

K a |0344| 53| 82| 74| 52| 16| 60| 31,2] 229] 362

b |0,022 s| s| 13] o4| 36| 08| 10] 015 133

¢ |o228| 19| 38| 136] 24| 09| s61| 161] 1,70| 203
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L a 0,178 | 103 | 45| 136| 2,7| 3,9 70| 26,2 | 2,66 | 1082

bc 0,023 28| 6| 105| 25| 3,8 110, 1,7| 0,19| 650

0,036 15| 11| 175 2,0| 25| 371| 3,0| 0,39| 168

M a 0,168 25| 45 82| 1,7| 1,8| 120| 8,6| 1,62| 196

bc 0,012 9| 8 35| 57| 30| 111| 18] 0,16 98

0,025 41 6| 115 09| 1,1| e664| 18| 0,20| 112

N a 0,100 25| 61 42| 63| 25| 320 53| 093] 273

bc (0,021 9| 8 35| 59| 31(1068| 1,1| 0,17| 103
0,029 5| 7 42| 3,7| 1,4(24% | 1,1| 0,24 21
xa ]0,150 53| 42 76| 43| 3,2| 342| 138| 1,76 | 272
xb 0,025 10| 7 42| 3,8 2,1} 528| 19| 0,23| 161
XC 0,052 7| 12 80| 41| 11|1125| 4,2| 045 83
Ox |0,076 23| 20 66| 41| 22| 665| 6,6/ 081| 172

Tab. 8b dokumentuje obsahy kovov v Quercus rotundifolia z haldového pol'a loziska Sdo
Domingos. Obsahy kovov klesan( v poradi: Fe (x = 0,076 %) > Mn (x = 665 mg.kg? ) >
Ag (x =172 mg.kg?) > Zn (x = 66 mg.kg™?) > Cu (x = 23 mg.kg?) > Pb (x = 20 mg.kg?) >
As > Ni > Co > Sh.

Najvyssie koncentracie vsetkych sledovanych kovov s vynimkou Zn a Mn sa u Quercus
rotundifolia zistili v korenoch. Zinok a mangan sa koncentrovali prednostne v listoch.

Obsahy kovov v pdde na lokalite Sdo Domingos st prezentované v tab. 7. Najvyssie
priemerné hodnoty na haldovom poli sa zistili u Fe (x = 9,84 %), Pb (x = 2218,94 mg.kg™?),
As (x = 1071,57 mg.kg?l), Cu (x = 890,44 mg.kg?), Zn (x = 765,14 mg.kg™?), Mn (x =
488,71 mg.kg™?), Sb (x = 71,29 mg.kg?), Bi (x = 27,33 mg.kg™?), Ni (x = 26,28 mg.kg™) a
Co (x = 24,85 mg.kg™).

Vyskum potvrdil pomerne vyznamné rozdiely v schopnosti zastupcov rodov Pinus a
Quercus na roznych loziskach akumulovat’ vo svojich pletivach kovy (tab. 9). Vypocitané
hodnoty BCF §tudovanych rastlinnych druhov indikuja, ze ide (s vynimkou Ag a Cd v rode
Pinus) o exkludery (BCF<1). Zastupcovia oboch sledovanych rodov su akumulatormi Ag.
Na haldovom poli Podlipa v Lubietovej je aj Pinus sylvestris akumulatorom Zn a Pb.
Rovnaky trend sa potvrdil aj v areédli opusteného Cu-loziska Sdo Domingos u Pinus
rotundifolia, ktory je akumuldtorom Mn, Ag, Cd a Co. Bioakumula¢né a translokacné
trendy na loziské&ch Libiola a Caporciano st uvedené v tab. 9.
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Tab. 9 Biokoncentraéné a translokacné faktory vypocéitané pre zastupcov rodov Pinus L. a Quercus L. na
Studovanych loziskach

Tab. 9 bioconcentration and translocation factors calculated for the representatives of the genus Pinus L. and
Quercus L. to study bearings

Lozisko | Rastlina | Fe

=
5
0o
=

=
&
0
f=¥
i
0o
fe]

&
w2
=

Pinus 27| 2

"""" 0.010] 0.11 27( 2,22 1,60 5,001 1,00( 0.00| 0.05)| 0.00| 0.00

Lubietova Ouercus
LETCHS. 0,000 0.17 0.16| 0,51| 1,19 | 18,93 0.60| 0,12] 0,02| 0.00| 0.00

Libiola SR 0.002| 0.12( 001 0,68 0.02( 66.36( 0.69( 001 0.04( 0.01( 0.02

Linys, 0.002| 007 o001| 029| 004| 7375 o045| 001 0.02]| 0.05| 0.01

Keks. 0006| 0.14| 001 008| 005| 6659 007| 003| 0.15| 0.52| 034

0003| 497 001| 042 001 5751 1.85( 0.24( 5.62( 0.01( 0.00

----------- Quercus 0004| 354| 024| 041|001| 43.79| 027| 0.16| 0.11| 0.01| 0.01

Translokaény faktor — TF

0940| 1.1| 214 295|018 11.43( 333( 1.81( 1.9( 0.36| 0.08

Lubietova &g}:‘
SCUBTEIS, 0770| 099| 087| 050|050 075| 060] 031] 029 1.54| 044
peuaeq
Libiola Linus 0170| 11| oa8| 1.6|014| 023| 020|375 031] 0.09| 0.06
Rinasier
Linus 0590| 426| 019] 237| 1.46| 159| 067] 1.00| 1.75| 1.00| 036
C apar ci ano RINQsier.
w——| e 2 e ) N
5 | o400 3.82| o011 136|094 220| 023| 127| 3.60| 1.00| 1.94
retundifolia
Pinys. . ) - - 1N B
: 0.103| 520| o014] 2.49| 011| o045| o070| 067 16.4] 023 030
S. Domingos pinasier.
Cha e Quercus . = Z - 2 -
45 | 0300| 5.56| 021 136 032| o045| 041 099| 051] 045| 0.10
retundifolia
Enrichment faktor - EF
f?"‘"—‘-‘-, 8466.67 026 [075[820| 000 | 005 | 148] 165|128 042
Lubietova !?Qje‘eimg 3
SCUEIEES. | 3976000 021 | 140|1471| 011 | 021 [ 636040053012
Reraeq
Libiola Linus 772|7008| 128] 036 525 5.76| 2.64| 1.86| 3.90
Zinasier
Linys 2539| 410| 6.13| 9.00| 8,61
C apor ciano RIRASIEr.
it © | Quercus S, S [P—— —
US| 26520( 7.00| 17.67| 5571000 20,67
rotundifolia

Vysvetlivky: Hodnoty BCF >1 a TF >1 st vyznacené tuénym pismom

Vo vicsine pripadov nizke hodnoty TF naznacuji, ze v skfman7ch druhoch rodov Pinus a
Quercus sa kovy akumuluju hlavne v korenoch a len v nemnohych pripadoch vstupuju
prednostne do asimilacnych orgénov. NajvyraznejSie sa akumulécia kovov v ihli¢i prejavila
v Pinus sp. z haldového pol'a Podlipa v Lubietovej a v Caporciano. Zvysené hodnoty
translokacného faktora (TF>1) sa zistili aj u Quercus sp. v Caporciano. Generélne sa
najvyssie hodnoty TF sa zistili u Mn, Zn, Ni a Co. Vo¢i hodnotdm BCF sa hodnoty TF lisia
predovsetkym tym, Ze v pripade Ag nevykazuji vSeobecny trend zvysenia hodnot (tab. 9).
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Diskusia

NajlepsSie porovnanie umoziuju tie rastlinné druhy, ktoré nachadzame na vSetkych
loziskach, pripadne aspon zastupcovia rovnakych rodov (v nasom pripade Pinus L. a
Quercus L.). Hodnoty BCF su u vSetkych druhov zo Studovanych lozisk pomerne nizke, ¢o
znamena, ze pre hlavné kontaminanty pritomné na Studovanych loziskach (Fe, Cu, Pb, Zn,
Cd, As, Sbh, Ni a Co) su sledované druhy len exkladermi. Vynimkou je Ag, ktoreho hodnoty
BCF rovnako pre Pinus spp. a Quercus spp. st vysSie ako 1 (pohybujt sa v rozmedzi od
5,00 po 73,75), ¢o potvrdzuje, ze vSetky Styri druhy st akumulatormi striebra. Na
niektorych loziskach vykazuje vyssie hodnoty Pinus pinaster (Caporciano, SGo Domingos)
a na inych loziskéach (Cubietova, Libiola) zastupcovia rodu Quercus.

Vynimkou su borovice z lokalit Cubietova a Sio Domingos. Na tychto dvoch loziskach su
hodnoty BCF>1 aj pre Zn, Pb a Cd (Cubietovd) a Mn, Cd a Co (Sao Domingos), ¢ize ide o
akumulatory uvedenych prvkov.

Hodnoty TF, ktoré odrdzaji schopnost’ rastliny translokovat’ kontaminant z korefiov do
nadzemnej Casti, su tiez prevazne nizke. Hodnotu 1 prevysuju spravidla len u Mn, Zn, Ni a
Co (tab. 9). Najvyssie hodnoty TF sa potvrdili u Pinus pinaster a Quercus rotundifolia na
lozisku Caporciano. Najvyssia hodnota TF sa vSak zistila pre Co v Pinus pinaster na
lozisku Sao Domingos (tab. 9). Mozno konStatovat’, Ze vo vicSine rastlin sa tazké kovy
akumuluji v korenoch (cf. Baker, 1981) a len v nepocetnych pripadoch su schopné
prechadzat’ do nadzemne;j Casti, resp. do ihli¢ia a listov. Mame k dispozicii len neuceleny
subor udajov o enrichment faktore (Kisku et al., 2000; Singh et al., 2010). Tento indikuje
znacny rozdiel v kontamindcii pody a rastlin na referencnej ploche a na kontaminovanych
lokalitach. Najvicsie rozdiely sa zistili u obsahov Fe, Mn, Cu a Pb (tab. 9). Studované
rastliny teda nie st vhodné na fytoextrakciu. Kontaminanty sa v nich akumuluji hlavne v
korenioch.

V oblastiach s mimoriadne vysokou kontaminaciou tazkymi kovmi, akymi st napr. haldy a
odkaliska sa rastliny vyuzivaji skor na fytostabilizaciu, t.j. na proces, ktory ma za ciel
kontrolovat” Sirenie polutantov do okolia (Smrcek, 2003). V takychto regionoch by
fytoextrakcia mohla trvat’ niekedy aj niekolko tisic rokov. Pri fytostabilizacii rastliny
stabilizuju polutanty za pomoci redoxnych reakcii, pri ktorych sa postupne prevadzajd do
nerozpustnej formy a zabudovavaju ich do svojich organov (Kadukova et al., 2006).
Migraciu kontaminantov v péde obmedzuje absorpcia a akumulacia polutantov v korefioch
rastlin, pripadne ich adsorpciou na korenovy systém, vyzrazanie, tvorba komplexov, alebo
redukcia, resp. ich vdzba na organickii hmotu (Privetz, 2001). Fytostabilizacia sa vyuziva
ako zaveretny krok remediicie polygonov sanovanych réznymi inymi metédami.
VyuZzivajil sa najmé rastliny s nizkou schopnostou akumulovat’ kontaminanty v biomase
(Dercova a Zuffa, 2004; 2005),. Prave tito stratégiu sme pre vacsinu prvkov potvrdili aj v
skimanych druhoch drevin. Zaverom teda moZno konStatovat, ze Studované rastliny na
vybranych Cu-loziskach Cubietova, Libiola, Caporciano a Sdo Domingos sa daju vyuzit’ len
na fytostabilizdciu, aby udrzali kontaminanty v pdde tym, Ze priamo ovplyvnenia
chemické, biologické a fyzikalne podmienky v pode.

Zaver

Najvyssie obsahy Fe v pdde sa zistili na lozisku Libiola. Pre toto lozisko su charakteristické
aj vysoké obsahy Cu, Ni a Co. Podobne vysoké obsahy Cu sa potvrdili aj v Caporciane.
Pody na loZisku Sao Domingos vykazuji mimoriadne vysoké obsahy Pb, Zn, As a Sb.
Rozdiely v kontaminécii rastlin na referenénych plochach voci banskym regiénom su
znacné. Banské regiony su voci referenénym plocham vyrazne kontaminované tazkymi
kovmi. Hoci na jednotlivych lokalitach vykazuji Studované rastliny rozne zavislosti, mozno
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konstatovat’, Ze biodostupnost’ kovov je generalne pomerne limitovana. Vacsina kovov sa
akumuluje v koreiloch, takze Studované rastliny st exklidermi (BCF<1) a nie st preto
vhodné na fytoextrakciu (bioremediacné odstranovanie kovov z pddy). Vynimku tvori
niekol’ko kovov (hlavne Ag), ktoré vSak z environmentdlneho hl'adiska nepredstavuju na
studovanych loziskach Ziadne riziko. Studované dreviny, ktoré na vietkych lokalitach
vykazuju vitalne, pocetné populécie (s vynimkou ojedinelého vyskytu Quercus petraea v
Lubietovej), mozno vyuzit' len za G¢elom fytostabilizacie.
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HODNOTOVA KULTURA A ORGANIZACNA KULTURA:
OCQ DOTAZNIKOVE SETRENIE

THE VALUE CULTURE AND ORGANIZATION CULTURE:
OCQ SURVEY

Ivan Murin, Alica Brskova

PhDr. Ivan Murin, PhD., Bc. Alica Brskova, Katedra Zivotného prostredia, Fakulta prirodnych vied,
Univerzita Mateja Bela v Banskaj Bystrici, Tajovského 40, 974 01 Banskd Bystrica,
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Abstrakt Kultara ako hlavny adaptaény proces ovplyviiuje postoje pri rozhodovani. Predpokladame, Zze
vSeobecné povedomie a kultura organizacie vzajomne suvisia a ich zistovanie ma suvis s modelom manazmentu
organizacie. To znamena, Ze organiza¢na kultira je vel'mi uzito¢ny nastroj pre manazérov pri riadeni roznorode;j
pracovnej sily v rdmci slovenského podnikatel'ského prostredia. Kontexty hodnotovych postojov mézeme hl'adat’
vV hodnotovom prostredi lokalneho spolocenstva. Dotaznikové zistenia ku kvalite organizacnej kultary
organizacie smeruju do praxe.

KPiacové slova: hodnotova kultdra, kultira organizacie, environmentalne manazovanie, dominancia, OCQ
dotaznik

Abstract: The culture as main adaptation processes determine perception of environmental problem. Provided
the general environmental awareness and culture are interrelated and their implementation shall be linked to the
organization's management model. This means that organizational culture is a very useful tool for managers in
managing a diverse workforce within the Slovak business environment. Context of value attitudes we can look in
value system in local culture. The results of the issue are oriented to praxis.

Keywords: value culture, culture of organisation, environmental management, dominance,, OCQ questionnaire
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Uvod

Diverzita kultdr, kvalita zivota, in§pirujice pracovné prostredie su otazky ktoré patria medzi
zakladné civilizaéné poziadavky. Environment sa aktualne chape v jeho komplexnosti, teda
vo vnimani vSetkych prostredi do ktorych sucasnik denne vstupuje. Civilizatné zmeny,
predovsetkym industridlnej doby 20. storofia zapri¢inili, Ze sa téma optimalneho, ¢i
prirodzeného habitusu z akademického prostredia preniesla do bezného zivota I'udi. Hoci sa
spociatku problémy kultlry a prostredia pocitovali ako fenomény akademickej diskusie dnes
st témou diskusie celospolocenskej. S problémami sa stretavame ako v jednotlivostiach -
nezavislych faktoroch, tak aj pri systétmovych zmenach. Prejavuje sa ich vzajomna
previazanost. Dokladuji to priklady konkrétnych terénnych zisteni rozpadu dlhodobo
vytvaranych  loké&lnych kultdr na celom UGzemi Slovenska a devasticia prostredia
nezvladnutou industrializaciou, naslednou restrukturalizaciou (napriklad regiony Gemer,
Novohradu). Oba fenomény sa takto ocitli na jednej strane zdovodnitelnych
i nezdovodnitelnych obav o regionalny vyvoj na Slovensku. Tieto obavy nastartovali
konkrétne kroky veduce K udrzatelnosti regionov. Udrzatelny rozvoj je chapany ako
trojdimenzionalny koncept navrhovania a implementovania politiky a stratégie napredovania
spolo¢nosti. Vychadza zo vzajomnej vyvazenosti a podpory politiky hospodarskeho rastu,
socidlneho vymedzenia a ochrany Zivotného prostredia. Znamena to, ze potreby generacii by
sa mali uspokojovat’ v kontinuite generacii minulych a buducich. K tomu aby sa stratégie
zobrazili v realnom priestore je potrebné prikladat’ Studie, analyzy a aplikécie z konkrétnych
slovenskych lokalit. Tato $tadia ma za ciel' zdokumentovat’ hodnotova kultaru v organizacii,
ktord je v nepretrzitom chode viac nez 100 rokov. Dotvarala hodnotovy systém mnohych
generacii, aktualne sa Vv nej uplatiiuju manazérske systémy spolo¢enskej zodpovednosti.
Zamerom §tudie bolo zistit’ ktoré hodnoty by mali tvorit’ kultiru zamestnaneckej organizacie
a priniest kontextudlne vyklady ktymto zisteniam. Hypoteticky predpokladame, ze
dominovanie ako spO0sob rozhodovania podmietiujii aj kultirne vzory regionu, odkial
zamestnanci  pochadzaju (Gallese, 2003). V aplikovani na zavadzanie nastrojov
environmentdlneho manazovania to zanemend, Ze vSeobecné kultirne povedomie lokalneho
spolocenstva, environmentalnu stratégiu podniku ovplyviuje kultirna rola dominancie
Vv profesijnom rozhodovani. To sa odrdZa vo vytvaranom stereotype dominujiceho manazéra
a zamestnancov ako predstavitel'ov submisivnej role. Otazku ¢i tomu potom zodpovedaju aj
riadiace stratégie a nastroje manazérov tato Stidia nerieSi. V sucasnosti sa fenoménom
stereotypnych postojov najviac stretavame pri terénnej evidencii prejavov konformizmu.
Aplikacie zisteni smeruju do zlepSenia kvality Zivota v zmenach priebehov kazdodennosti
(Ratica,1992).

Etické kodexy antropologickych vied vedome azamerne obmedzili autorov pri blizSom
lokalizovani vyskumu v organizéacii, identite respondentov a inych identifikujacich
Strukturalnych charakteristikach.

Kontext kultiry a kaZdodennosti.

Obréatenie sa vedcov Kk pozornosti malych spolocenstiev, malo svoj hviezdny cas
Vv Sestdesiatych rokoch minulého storocia. Vtedy bolo inSpirativne skimat’ prejavy kultury,
socialne role, spravanie a javy ktoré by wvykreslili ako je zostavena mikrokultara
spolo¢enstiev. Renesancia zaujmu nastala po postmodernej kritike makrodynamickych
procesov vplyvajacich na kultiru a spolo¢nost’ (Bourdieu, 1992). Skimanie 'udského konania
Vv postmodernej dobe prinieslo rozpor medzi realitou kazdodennych ¢innosti a procesmi, ktoré
sa zdovodnovali globalne a univerzalne (D'Andrade, Strauss 1992). Kazdodenna existencia sa
tak zacala javit’ kontrastne aj voc¢i vykladom globalnym. Denny rytmus ¢loveka sa v tomto
ponimani redukoval na rytmus uviaznuty a v jeho referen¢nej kulture (lokalnej, regionélnej,
narodnej) a v organizac¢nej kulture institucii do ktorych denne vstupoval. Pokial’ je tloha
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lokalnej kultiry vo svojich funkciach pomerne zndma (Benedict,1999), organizacna kulttra sa
vytvarala v Eurdpe s prenikanim industrializacie a s iou spojenou zmenou Vv kazdodennom
zivote (Lejano, Stokols, 2013). Vziajomné vplyvanie kazdodennej kultary a organizacnej
kultry v ¢ase prace ma vyznam pre pochopenic modelov spravania sa. Podl'a Wagnera
(1995), organiza¢na kultiira ma v sucasnosti silny vplyv na spravanie a postoje zamestnancov.
Organizacnd kultira zahfna Standardy a normy, ktoré predpisuju zamestnancom ako by sa
mali spravat’ v danej organizacii (Martins & Martins 2003). Hoci sa manaZéri a zamestnanci
sa spravaju v hodnotovom prostredi lokélnych kultar, s vSak ovladani, rezirovani a
zmiernovani kultirou organizacie (Brown 1998). Spravanie zamestnancov ovplyviluje aj ich
zviazanost’ s organizaciou. Vzhladom k dynamike kultury je dolezité zaznamenat, ako sa
zamestnanci stotoZnuju s organizaciou a ako sa v nej adaptuju ich kulturne (Siegel, 1955).

Jednotlivec a organizacny zavizok

Meyer a Allen (1991) urcili organizacni kultiru ako predchodcu organiza¢ného zavézku.
Koncept organizacného zaviazku, moze byt opisany z perspektivy postojov, spravania a
motivacie. Organizacny zavdzok ako odraZa pocity, ako st oddanost, identifikacia a lojalita
voci organizécii ako objektu zaviazku (Morrow, 1993). Meyer, Allen a Gellatly (1990: 711),
tiez naznaCuju, Ze organizany zavdzok ako postoj je "charakterizovany priaznivymi
pozitivnymi kognitivnymi a citovymi komponentmi o organizacii*.

Reichers (1985: 468), je toho ndzoru, ze "organizacny zavizok ako spravanie, je viditeI'né, ak
su Clenovia organizicie zviazani do existujucich skupin v ramci organizacie". Preto,
organiza¢né zavazok je stav bytia, v ktorej organizaéni ¢lenovia st viazani svojimi ¢inmi a
presvedceniami, ktoré udrzuja ich €innost’ a ich vlastnu Gi€ast’ na organizaciu (Miller & Lee,
2001). Organizacny zéavizok z tohto hladiska, je charakterizovany prijatim organiza¢nych
cielov zamestnancami a ich ochotou vyvijat’ Gsilie v mene organizécie (Miller & Lee 2001).
Werner (2007: 335), ukazuje organizacny zavdzok ako "postoj suvisiaci s pracou, uzko spity
s vykonom a adapta¢nou premenou zamestnancov". Tato definicia organizacného zavizku je
relevantnd pre tuto Stadiu, pretoZe pomaha urcit’ pocity ¢lenov organizacie ako su oddanost,
identifikacia a lojality k organizacii ako objektu.

Rozni autori diskutovali o moznej teoretickej suvislosti medzi organizacnym zavizkom a
kultarou. Zda sa, ze kultira ma tendenciu ovplyviiovat pracovné usilie a odhodlanie
zamestnancov priamo prostrednictvom kultdrnych hodnét, a nepriamo prostrednictvom
postupov v oblasti I'udskych zdrojov (Black, 1999). Drenth, Thierry a Wolff (1998) nasli vo
svojom vyskume pozitivny vzt'ah medzi vysokou Uroviiou organizacného zavéizku a dvomi
rozmermi kultdry - a to na podporu orientovana kultura a na inovacie orientovana kultdra.

V snahe porozumiet tymto terminom, je nevyhnutné poskytnat  zakladni definiciu
organizacnej kultry. Martins a Martins (2003: 380) definovali organizacnti kultiru ako
"systému zdielaného vyznamu v drzbe ¢lenov, ktory odliSuje organizaciu od inych
organizacii". Arnold (2005: 625) uvadza ", Ze organizacna kultira st normy, presvedCenia,
principy a sposoby, ako sa spravat, ktoré sa spoja, aby kazda organizacia nadobudla odlisny
charakter". Z tychto dvoch definicii vyplyva, Ze organizacnd kultira odliSuje jednu
organizaciu od druhej. Werner (2007: 25) uvadza, Ze vodcovia organizacie musia zistit’, aky
typ kultury bude odrazat’ organiza¢nu viziu a hodnoty, ur¢it’ vhodné spravanie vytvorenie
takej kultiry a potom vytvarat’ stratégie pre v§tepovanie tohto spravania v celej organizacii".

To naznacuje, Ze organizacnd kultlra je vyjadrenim spdsobu i, akym by sa jej ¢lenovia mali
spravat. Avsak, tento vzor hodnoét, noriem, presvedcenia, postojov, principov a predpokladov,
ktory dava organizicii, jej jedinecny charakter, moZe byt nepisanym alebo neverbalnym
spravanim, ktoré oznacuje spdsob, akym sa veci robia (Brown, 1998). Odlisné vlastnosti
organizacie sa mozu prejavit az Styroch rozmeroch, a to sila, rola, vykon a podpora
(Harrison,1993). Hodnoty na baze preferencie podl'a Browna (1984) delime na spolo¢enstvom
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zdiel'ané hodnoty (pretrvavaju v koncepciach vhodnejSieho) a spolocenstvu priradené hodnoty
(dodlezité v suvislosti s objektom, v nejakom kontexte). Antropologickeé a etnografické zistenia
kontextov su univerzalne aadresneé, socialno-psychologické hodnotenia su relativne,
multidimenzionélne a koncep¢né.

Metdda vyskumu kultiry v organizdcii Dotaznik organizacnej kultury (OCQ)

Existujii r6zne popisné modely, ktoré sa pokusaju diagnostikovat’ organiza¢nu kultaru v
oblasti organizacného rozvoja. Harrison (1993) predstavuje teoreticky model pre diagnostiku
organizacnej kultury, ktory je pouzity v tejto §tadii. Dotaznik OCQ (Organisation culture
quastionare) nam poslizi na zistenie, aka je existujuca a preferovana kultura v organizacii
v nami skimanej lokalite. Dévodom pre pouzitie dotaznika (OCQ) je pristup Harrisona
(1993), ktory sa zda byt vhodny pre tato Studiu po prvé preto, ze triedi organiza¢nu kulturu
do Styroch dimenzii kultury, ktorda moze byt v korelacii so skalou organizacného zavizku. Po
druhé, OCQ meria aktualne a preferované rozmery organizacnej kultary. Najviac dominantna,
je dominantna a najmenej dominantné kultirna orientdcia sa meraju na zaklade sti¢asného a
preferovaného vnimania organiza¢nych ¢lenov (Harrison & Stokes, 1992). Harrison (1993: 9)
sa uvadza, ze "OCQ je dotaznik vyvinuty k diagnostike kultury v organizacii, s cielom urcit’
rozne kultirne orientécie a iniciovat’ stratégie pre zmenu kultury".

Dotaznik sa skladd zo 60 poloziek a meria Styri dimenzie organizacnej kultury, menovite
vykon, sila, tloha a podpora (Harrison 1993). Kazdy z tychto rozmerov ma 15 poloziek,
alebo Strukturovanych otazok k jeho meraniu. Dotaznik pouzil Stvorbodovu Likertovu
stupnicu pre respondentov, aby ohodnotili existujuce a preferované rozmery organizacnej
kultary. Podl'a Harrisona (1993), st takto definované hodnotenia :

1 = Najmenej prevladajuci nazor, alebo preferovana alternativa
2 = Prevladajuci nazor, alebo preferovana alternativa

3 = Viac prevladajuci nazor, alebo preferovana alternativa

4 = Najviac prevladajuici nazor, alebo preferovana alternativa.

Stadie tykajiice sa spolahlivosti tohto dotaznika ukazuji, Ze sa jedna o spolahlivy meraci
nastroj na diagnostiku organizacnej kultary (Harrison, 1993). Podla Harrisona (1993:
27),spolahlivosti Styroch rozmerov dotaznika organiza¢nej kultiry, boli vypocitané podla
Spearman-Brownovho vzorca, a to pre vykon (0,86), silu (0.90), dlohu (0,64) a podporu
(0.87). Celkova spol'ahlivost’ dotaznika je 0,85 (Harrison 1993). Existuji dokazy o platnosti
konceptu, akymi je schopnost’ dotaznika subezne menit’ s d’al§imi preventivnymi opatreniami,
ktoré by teoreticky mali odraZzat’ rovnaké zékladné postoje a hodnoty (Harrison 1993).

Vymedzenie lokality a vyskumnej vzorky

V regione Malohont, v jeho severnej casti mézeme tradovanie, obmeny, stabilizovanie starych
a adaptaciu novych znakov lokalnej kultiry sledovat’ od pociatkov etnografického skimania
na Slovensku. Tento region tvorili lokality so vzajomne konvergujicou lokalnou kultarou a
Struktirou obyvatel'stva. Dokladuju to etnografické syntézy tradi¢nej kultury Slovenska
(Ethnographic Institute of the Slovak Academy of Science, 1994) . Pre vytvaranie lokalnych
variantov a regiondlneho typu (Bitusikova, 2007) bola vyznamna historickd ako aj existujica
Struktara sidiel, prevazuji v nej sidla s mensim poctom obyvatel'stva do 5000 obyvatelov
(Slovensky statisticky trad Slovenskej republiky, 2014). Region sa osidloval v réznych
historickych vinach a to v zavislosti na historické a socialne zmeny. Historicky sa vytvaral
systém poznatkov, Struktira profesii a vzajomné socialne vdzby - korporécie. Diverzita
profesijnych skupin v minulosti predstavovala SirSie spektrum prevaZzujucich zamestnani a
¢innosti — tradnikov, obchodnikov, uditelov, hutnych robotnikov, samostatnych rolnikov,
druZstevnych rol'nikov, robotnikov na pilach, lesnych a banskych robotnikov, Zien 1 muzov v
sluzbach a v zdravotnictve. Okrem tychto zamestnani existovala eSte v minulom storo¢i velka
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skupina zamestnani, ktoré¢ sa realizovali mimo lokalit regionu. Historicky iSlo o préce
povoznikov, dopravcov a s rozvojom Zeleznice a dopravného spojenia o vznik alternujucich
povolani v industrialnych centrach (Rimavska Sobota, Hnust’a-Likier, Tisovec) z ktorych bola
najpocetnejSie zastipena skupina robotnikov a kovorolnikov. V sucasnosti organizicie
poskytujuce pracovné prilezitosti (d’alej len organizacie) v regione celia mnohym
problémom, vyzvam a prilezitostiam v neustale sa meniacom svete podnikania. Zmeny
zahtnaju predovsetkym udrzanie technologického pokroku a meniace postavenie na
globalnom trhu.

Dotaznikovy prieskum v organizacii, ndm umoznil kvantitativne zistit’ aké hodnoty preferuju
pracovnici skUmanej organizacie o pri prijimani rozhodnuti (Altman, 1973).
Zamestnavatel'skd organizacia na vyrobu vapna bola zalozend v polovici 19. storocia.
Obyvatel'stvo skumanej lokality sa vyznamne identifikovalo a identifikuje schodom
organizacie. Dnes organizacia na vyrobu vapenného hydratu zamestnava celkovo 150
zamestnancov. Ti pracuju bud’ pri tazbe, vyrobe alebo administrative ( napriklad strojnici,
strelmajstri, Soféri, udrzbari elektrikari, laborantky,). Podl'a internych Statistickych udajov
bola ziskana vzorka 120 zamestnancov, co predstavuje 80% z celkovej pracovnej sily
organizacie, v ktorej sa realizovalo zistovanie metodou dotaznikového prieskumu. Podl'a
internych Statistickych tidajov, vac¢sina respondentov teda muZov aj Zien, bolo vo veku nad
50 rokov ( 58%). Je dodlezité uviest, ze vacsina (73,%) respondentov boli robotnici, zatial’ co
iba 2,1% pracovalo v manazmente a 24,6% boli technicko - hospodéarski pracovnici.
Z hladiska ich vzdelanostnej turovne prevazovalo stredné odborné s maturitou (68%)
a z hl'adiska narodnosti, dominovali Slovaci (98%). VicSina respondentov odpracovala
Vv organizacii 10 az 20 rokov (64 %).

Kultdra organizacie a preferovanie firemnej kulttry

Popisna $tatistika vysledkov zahifia rozdelenie frekvencie existujicich a preferovanych
dimenzii organizaénej kultary. Udaje ziskané od 120 respondentov, sliZzia na interpreticiu
ich vnimania rozmerov organizaénej kultary. Pokial’ ide o prvy rozmer existujucej kultary
organizacie ktorym je vykon, bolo zistené, Ze je najmenej dominantny u 58,3 %
respondentov. Druhy rozmer, teda sila, je najdominantnejSia u 65 % respondentov. Treti
rozmer Uloha, dominuje u 68,3 %, no astvrty rozmer, teda podpora, ta je najmenej
dominantnd u 57,5 % opytanych.

Tab 1 Dimenzie existujucej kultary organizacie
Tab 1 Dimension of existed organisation culture

Vykon N =120 100%
Najmenej dominantny 70 58,3%
Dominantny 34 28,3%
Najdominantnejsi 16 13,3%
Sila N =120 100%
Najmenej dominantny 11 9,2%

Dominantny 31 25,8%
Najdominantnejsi 78 65%

Uloha N =120 100%
Najmenej dominantny 13 10,8%
Dominantny 82 68,3%
Najdominantnejsi 25 20,8%
Podpora N =120 100%
Najmenej dominantny 69 57,5%
Dominantny 36 30%

Najdominantnejsi 15 12,5%

http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-
environmentalne-manazerstvo/

75


http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/
http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/

ACTA UNIVERSITATIS MATTHIAE BELII Sekcia Environmentalne manazérstvo roc¢. XVIII, ¢. 1, 2016

Vysledky hodnotenia dotazniky preferovanej organiza¢nej kultary, si nasledovné. 56,7 %
zamestnancov, hodnoti prvy rozmer vykon ako najdominantnej$i, silu ako najmenej
dominantni 81,7 %. Nasleduje tloha, ktora je preferovand ako najdominantnejSia u 37,5 %
zamestnancov a posledny rozmer preferovanej kultiry organizécie — podpora, je
najdominantnejsia u 65,8 % respondentov.

Tab 2 Dimenzie preferovanej kultdry organizécie
Tab 2 Dimension of prefer organisation culture

Vykon N =120 100%
Najmenej dominantny 7 5,8%
Dominantny 45 37,5%
Najdominantnejsi 68 56,7%
Sila N =120 100%
Najmenej dominantny 98 81,7%
Dominantny 9 7,5%
Najdominantnejsi 13 10,8%
Uloha N =120 100%
Najmenej dominantny 32 26,7%
Dominantny 43 35,8%
Najdominantnejsi 45 37,5%
Podpora N =120 100%
Najmenej dominantny 15 12,5%
Dominantny 26 21,7%
Najdominantnejsi 79 65,8%

Analyzou vysledkov sme dospeli k zaveru, Ze v existujucej kultire v skiimanej organizacii
bol najdominantnejsi rozmer sila. Dominantna bola aj Uloha, teda praca sa riadi postupmi a
pravidlami, ktoré st zdkladom popisu préace, o je ovela ddlezitejsie ako osoba, ktord vyplia
pracovnu poziciu. Najmenej dominantné rozmery v existujdcej kultire organizacie boli
vykon, ktorého cielom je priviest spravnych l'udi dohromady, aby sa dosiahol uspech a
splnenie stanovenych cielov organizicie, a podpora, zaloZend na vzajomnej dovere medzi
jednotlivcom a organizaciou.

Existujica sucasna kultura v skiimanej organizécii, je zaloZend na nerovnosti pristupu k
zdrojom. Organizécia mé jediny zdroj energie - sily, vrcholny manazment, ktorého vplyv sa
Siri do celej organizacie az k zamestnancom. To znamena, Ze sila je centralizovand a
organizacné prvky su spojené s centrom pomocou funkénych a Specializovanych vzt'ahov.
Podla Martins a Martins (2003: 382), "vysokd formalizacia v ,organizécii vytvara
predvidatelnost’, systematickost’ a sudrznost™. Inymi slovami, silnd kultira organizacie mdze
sluzit ako nahrada za formalizdciu. To naznacuje, Ze formdlne pravidlda a predpisy
organizacie, ktoré reguluj0 spravanie svojich ¢lenov, moézu byt internalizované
organiza¢nymi ¢lenmi, ked prijimaju kultiru organizicie a to sa odohrava bez potreby
pisomnej dokumentécie (Martins & Martins 2003). ZI& formalizécia pravidiel a predpisov by
preto mala odrazat’ slabu organizaénu kultdru.

Pokial ide o kultaru, ktort by zamestnanci organizacie preferovali, najdominantnejsia by bola
podpora, potom vykon, teda realizacia ciel'ov, tloha a sila by bola najmenej dominantna.
Zamestnanci preferovali kultaru podpory, ktora popisuje organiza¢nti klimu, zalozenti na
vzajomnej dovere medzi jednotlivcom a organizaciou. Na podporu orientovana organizacia je
urcend len pre jednotlivcov ktori ju tvoria, a moZe byt schematicky zndzornena ako skupina,
v ktorej ziaden jednotlivec nedominuje.

D4 sa predpokladat’, Ze respondenti st viac afektivne, teda citovo zaviazani k organizacii, ak
st existujuce kultury vykonu a tilohy, vnimané ako dominantné. Citovy zavdzok je tiez
vysoky, ak je existujuca kultura moci, vnimanad ako najmenej dominantna. Vysledky d’alej
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ukazuji, ze emocény zaviazok je vysoky, ked respondenti vnimaju preferovanu kultiru
podpory ako najviac dominantnu a preferovanu kultdru moci ako najmenej dominantna.

Je tiez zrejmé, Ze normativny, teda necitovy zavdzok, na zdklade nékladov spojenych s
odchodom z organizicie a pocitov povinnosti zostat s organizaciou je vysoky, ked
respondenti vnimaji existujicu kultdru sily ako najviac dominantn a existujucu kultaru
podpory ako najmenej dominantnu.

Vseobecne mozno konstatovat’, Ze respondenti, ktori su afektivne viazani k organizécii, su
viac ochotni zachovat’ svoj vztah s organizéciou, ako tych, ktori su normativne zviazani.
Citovo angazovani zamestnanci sa zapajaju sa v organizacii, identifikuji sa s organizaciou
a upevnuju vztahu s organizaciou.

Vysledky stadie maji vyznamny vplyv na organizaciu, ktord sa podiel’ala na $tadii, ktoré sa
mozu ucit’ z tychto vysledkov. Dolezitou dedukciou z vysledkov je to, Ze zameranim sa na
citovy zavdzok, budli organizacie schopné pozitivne ovplyvnit’ udrzanie si zamestnancov,
produktivne spravanie a pohodu zamestnancov. Opa¢né zameranie, a to s dorazom necitovy
zavazok, alebo néklady na odchod zamestnancov, nezaistia pozitivne vysledky.

Je dolezité poznamenat, ze afektivny zdvizok musi byt podporovany preferovanou kulturou
podpory a Ulohy anie preferovanou kultirou sily. Dalsim dosledkom tejto 3tudie je, Ze
organizacie by mali zhodnotit' ich kultiru, organizatné odhodlanie a zavdzok svojich
pracovnikov pred pokusom o0 zmenu ich organiza¢nej kultiry. To umoZni organizaciam
vytvorenie preferovanej organiza¢nej kultary pre podporu afektivneho zavéizku. Z vyskumu
tiez vyplyva, ze preferovana kultara moci- sily povedie k normativnemu zavézku, ktory sa
zameriava na odhodlanie zamestnancov na zéklade nédkladov, ktoré su spojené s ukoncenim
sluZobného pomeru a S povinnost'ou zamestnancov zostat’ s organizaciou.

Diskusia

Précu na tejto téme v sti¢asnosti sprevadza niekol’ko obmedzeni. VSeobecne obmedzujtce je
v sucasnosti pracovat’ v etnografickom teréne. Neddvera vo vyskumnika sa prejavuje ako
Vv lokalnom tak profesijnom spolocenstve. Svety lokalnej kultiry a kultdry organizacie su
vymedzené socialnymi normativami. Ich presahy zasadne ovplyviiuje organiza¢ny zavizok.
Obmedzenie dotaznika sa vztahuje k vzorke alebo skupine obyvatel'stva. VSetci respondenti
boli z jedinej organizacie, ktora mohla ovplyvnit’ ich vnimanie. Mnohi pracovali len v tejto
organizacii atak nemézu porovnavat iné prostredia. Nedostatok pracovnych organizacii v
lokalite stazuje moznost overit vysledky a interpreticie s podobnymi Stidiami v inych
organizaciach. Nakoniec, prieskum pouzity v empirickej Stadii bol od zaciatku vnimany
prierezovo, teda so sebou nesie hodnotu vysledkov v jednom ¢asovom bode. Longitudinalna
Stadia v organizacii a navratové vyskumy v lokalite vykonané v priebehu casu, by boli
vypovedné vzhl'adom vplyvu meniacej sa organizacnej kultiry na organizacny zavézok ako aj
vyvoj V lokdlnom spoloCenstve. Postoje ktoré boli zistené z dotaznika by sa mohli v
buducnosti porovnavat’ so v§eobecnymi postojmi obyvatel'stva vyskumnej lokality. Bolo by
dolezité porovnat’ ¢i su zistené preferencie odzrkadlenim momentalne preferovanej kultiry
v skimanej organizacii alebo koreSponduju so vSeobecnymi hodnotami lokalneho
spolo¢enstva. O tom, ze mdze ist’ o vzajomny suvis vypoveda historicky fakt, Ze hodnotovy
systém ovplyviiuju tradované Cinnosti a denna interakcia, vyrobna organizécia v lokalite
existuje uz desiatky rokov. V niektorych historickych obdobiach v organizécii pracovala
vacSina produktivneho obyvatel'stva v lokalite vyskumu. Vzajomne vdazby a vytvaranie
hodnotového systému odvodeného od organizacnej kultiry dielne, fabriky, druzstva su
etnograficky dostato¢ne zdokumentované. Mézeme to ilustrovat’ na viacerych lokalitich na
Slovensku. ktoré boli zaloZené ako profesijné spolodenstva zamestnancov (Banska Stiavnica,
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Gelnica, Svit, Poltar a podobne). Prepojenost’ kultiry organizacie s kazdodennou kultarou je
teda vztah vzajomne difuzny a prirodzeny.
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PERCEPCIA KVALITYVZIVOTA NA PRIKLADE MESTA
RUZOMBEROK

PERCEPTION OF QUALITY OF LIFE (THE CASE STUDY OF RUZOMBEROK)

Viera Novanska, Lucia Kacovd

RNDr. Viera Novanska, PhD. rod. Chrenscovd, Mgr. Lucia Kacova, Univerzita Komenského v Bratislave,
Prirodovedecka fakulta, Katedra krajinnej ekolégie, Mlynska dolina, llkovicova 6, 842 15 Bratislava, e-
mail: novanska@fns.uniba.sk, lucia.kacova@gmail.com

Abstrakt: Predkladany ¢lanok sa zaobera kvalitou Zivota. Prezentuje vysledky dotaznikového prieskumu
environmentalnej percepcie obyvatelov mesta Ruzomberok. Odraza nazory ludi, preferencie a hodnotenie
spokojnosti s kvalitou ich Zivota v meste Ruzomberok. Vysledky vyskumu priniesli pohl'ad na percepciu
niektorych podmienok mestského prostredia. Poukazali na negativa (znedistené ovzdusie (67 %), vysoka
nezamestnanost’ (55 %), nedostatok pracovnych prileZitosti (54 %), nizke prijmy v zamestnani (47 %) i pozitiva
mesta Ruzomberok (priroda (91 %), dobra poloha v rdmci Slovenska (46 %), dostatok miest na rekreéciu a $port
(39 %), pokojné a bezpeéné mesto (36 %). Vysledky vyskumu mézu slazit’ ako podklad pri tvorbe projektov
zameranych na skvalitilovanie Zivota a zaroven pri vypracovavani strategickych rozvojovych planov pre mestské
prostredie.

Kracové slova: mesto, kvalita zivota, vnimanie, dotaznikovy prieskum, Ruzomberok

Abstract: The paper deals with the quality of life. Submitted article presents results of the questionnaire research
of quality of life of inhabitants in Ruzomberok city. It reflects opinions, preferences and assessment of
inhabitants on the quality of their life in Ruzomberok city. Results of research have brought view at perception
of some conditions of the urban environment. They pointed to the negative (air pollution (67 %), high
unemployment (55 %), lack of job opportunities (54 %), low paying jobs (47 %) and positive factors of
Ruzomberok city (nature (91 %), good location in Slovakia (46 %), sufficient number of places for recreation
and sport (39 %), peaceful and safe city (36 %). The research results can be a basis for developing of projects
aimed at improving of life quality and also for developing of strategic plans for the urban environment.

Key words: city, quality of life, perception, questionnaire, Ruzomberok

http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-
environmentalne-manazerstvo/

79


http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/
http://www.fpv.umb.sk/katedry/katedra-zivotneho-prostredia/acta-universitatis-matthiae-belii-seria-environmentalne-manazerstvo/
mailto:novanska@fns.uniba.sk
mailto:lucia.kacova@gmail.com

ACTA UNIVERSITATIS MATTHIAE BELII Sekcia Environmentalne manazérstvo roc¢. XVIII, ¢. 1, 2016

Uvod

Zvyseny zaujem o kvalitu zivota je pre sucasni spolocnost’ priznacny (Pacione, 2003).
Hancock (2000) povazuje za mozny podnet tohto zaujmu snahu o pochopenie moznych
dopadov urbanizécie a suburbanizacie na kvalitu Zivota jednotlivca aj spolo¢nosti. Dolezité je
aj poznanie, e to, o méa skutony vyznam, nie je len dizka Zivota (kvantitativny aspekt), ale
predovsetkym jeho kvalita. Prostrednictvom vyskumu kvality zivota sa vytvara novy obraz
sveta a Cloveka, kde sa hl'ada vychodisko zo sucasného neuspokojivého stavu. Kvalita zivota
sa spaja s otazkou ako zit’ lepSie, ale aj s otazkou ako zit’ inym spdsobom (Ira, Andrasko,
2007).

Kvalita Zivota je pojem tazko uchopitelny pre svoju multidimenzionalitu a komplexnost
(Kovac, 2001; Massam, 2002; Andrasko, 2005; Ira, Andrasko, 2007; Hefmanova, 2012).
Dotyka sa pochopenia I'udskej existencie, zmyslu zivota a samotného bytia. Zahfna hl'adanie
kl'aCovych faktorov bytia a sebapochopenia. Skiima materidlne, psychologické, socidlne,
duchovné a d’alSie podmienky pre zdravy a $tastny Zivot ¢loveka. Komplexny pohlad na
zivot zahfiia ako vonkajSie podmienky, tak i vnitorné rozmery Zivota cloveka (Ira, Murgas,
2008). Podla Tokarovej (2002) by sme mohli pod kvalitou zivota rozumiet ziaducu
(optim&lnu) uroven existencie, zZivota jednotlivcov alebo skupin, ktora je vyjadrena pomerom
k $tandardu, vyjadreného v dokumentoch uréitej krajiny. Clovek si obsah pojmu kvality
Zivota uvedomuje najlepSie najmé vtedy, ked” sa jeho Zivotna situacia zdsadnym spdsobom
zmeni. Meni sa doteraj$ia socialna pozicia ¢loveka a s touto zmenou st poznamenané aj
zmeny doterajSich hodnét (Tokérova et al., 2003). Podl'a Miihlpachra (2005) kvalitu Zivota
mozno vidiet' tiez ako mieru, v ktorej jedinec vyuziva moznosti svojho Zivota. Svetova
zdravotnicka organizacia (WHO) povazuje kvalitu Zivota za mnohorozmerny konstrukt
(Dzuka, 2004). Podla jej definicie, je kvalita Zivota povazovana za individudlne vnimanu
zivotnu situaciu v kontexte urcitej kultiry a urcitého hodnotového systému, vo vztahu k
vlastnym cielom, ocakdvaniam, hodnotiacim kritéridam a zaujmom. Takto definovana
individudlna kvalita Zivota je ovplyviiovand telesnym zdravim, psychickym stavom, stupfiom
nezavislosti, socialnymi vztahmi a ekologickymi vlastnostami zivotného prostredia (The
WHOQOL-Group, 1997). Podl'a AndraSka (2006) predstavuje kvalita zivota fenomén, ktory
sice nie je priamo ,uchopitelny*, ale je moZzné sa mu priblizit prostrednictvom vhodne
zvolenych ukazovatelov. Je tvoreny zdielanymi charakteristikami prostredia a ich
subjektivnym ohodnotenim ¢lovekom, ktory v tomto prostredi Zije. Zatial' co podmienky a
vplyvy okolitého prostredia st zvdcsa interpretované ako objektivna dimenzia kvality Zivota,
jej subjektivna dimenzia predstavuje suhrn takych subjektivnych vstupov kazdého Eloveka
ako temperament, ndzory a postoje, individualny systém hodndt alebo schopnost’ adaptacie
(Andrésko, 2006).

Jones (2002) tieto dve zékladné¢ dimenzie oznacuje ako externt (prostredie okolo nés) a
internu (vyjadrenie toho, ,,Co sa deje v naSich hlavach®). Podl'a Myersa (1987) je kvalita
zivota tvorend charakteristikami miesta (izemia), ktoré vplyvaji na zivot jeho obyvatelov
(kvalita ovzduSia, doprava a pod.) a ich vlastnymi subjektivnymi hodnoteniami tychto
podmienok. Odkedy je kvalita zivota chapana ako multidisciplinarny komplex, zddraziuje sa
potreba kombindcii oboch dimenzii (Massam, 2002). Podla MurgaSa (2007) subjektivnu
dimenziu mozno stotoznit’ s psychologickou, je predmetom zdujmu psycholdgie a mediciny a
objektivnu dimenziu moZno stotoznit' s priestorovou, je predmetom zaujmu geografie a
priestorove] socioldgie. Objektivna dimenzia kvality Zivota predstavuje teda externé
podmienky a vplyvy okolitého prostredia a zivotnych okolnosti na zivot ¢loveka, ktoré sa vo
vacsine pripadov rozdel'uju na socialne, ekonomické a environmentalne. Subjektivna
dimenzia na druhej strane predstavuje suhrn subjektivnych vstupov kazdého cloveka, ako st
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nazory, postoje individualny systém hodndt, schopnost’ adaptacie, sposob percepcie okolitého
prostredia, atd’. (Ira, Andréasko, 2007).

Hornak, Rochovska (2007) tvrdia, Ze zachytit’ komplexnym spdsobom pojem kvalita Zivota je
vel'mi obtiazne, ale v mnohych pracach nachadzame urcité indexy, indikatory, faktory, ktoré
sa prostrednictvom tychto ukazovatel'ov snazia zachytit' kvantitu i kvalitu ,,kvality Zivota®.
Vo vyskumoch kvality Zivota (napr.: Cummins et al., 2003; Kovac, 2001) sa pri jej merani
alebo rozmienani na jednotlivé Casti pouzivaji slova ako kritéria, domény a subdomény,
ukazovatele, komponenty, ¢&initele, indikatory, a dalsie. Casto su uzivané synonymicky
(Horndk, Rochovska, 2007). Podl'a Babincdka (2004) je pre ucely merania kvality zivota
najvhodne;jsi termin indikator, ktory nezodpoveda snahe stanovovat’ priciny, skor vsak tento
fenomén zachytit, vyvodit, hodnoverne popisat, priCom mdze, ale nemusi, byt
determinujucim. Uvazuje o indikatore kvality zivota ako o lakmusovom papieriku, ktory sam
s kyslostou prostredia priamo nesuvisi, dokaze ju vSak spolahlivo ur¢it. Adamek a Némec
(2005) uvadzaju, ze vyskumy, ktorymi meriame kvalitu Zivota sa robia najmé preto, aby sme
porozumeli, v akej situacii sa nachadzame a aby sme dokézali porovnat’ mieru spokojnosti v
roznych vrstvach a Castiach spolo¢nosti. Hancock (2000) tvrdi, Ze meranie kvality Zivota je
jeden zo spdsobov, ktory nam umozni pochopit’ ako sa mame (jednotlivci a spolo¢nost’) a ako
sa citime.

Kvalitu Zivota hodnotime podl'a subjektivnych a objektivnych indikéatorov. Medzi objektivne
indikatory mozeme zaradit ekonomicku situdciu, zdravie a zdravotni starostlivost,
zamestnanie, vzdelanie, rodinné vzt'ahy a prostredie. Subjektivne indikatory sa odvijaju od
individudlneho vnimania a hodnotenia jednotlivych Zivotnych situdcii. Tu moézeme zaradit’
subjektivnu spokojnost’ so Zivotom a tiez subjektivnu spokojnost’ s miestom svojho Zivota
(Angelovic¢, 2013). Na meranie subjektivnej kvality zivota sa pouzivaju tzv. ,,makké data“ —
ziskavané prostrednictvom prieskumov verejnej mienky (Hornak, Rochovska, 2007).

Kvalita Zivota je ovplyvilovand premennymi (Vadurovd, Miihlpachr, 2005) ako napr.
psychosomaticky stav jedinca, socidlne vztahy, kultira, hodnotovy systém, vztah ¢loveka k
jeho cielom, ocakdvaniam, normam a obavam, vierovyznaniu a tieZ ako vzt'ah ku kl'aicovym
oblastiam jeho Zivotného prostredia. Mozeme teda konStatovat’, Ze v sebe zahfiia to, ako
¢lovek vnima svoje individudlne miesto v Zivote.

Metodika

Ciel'om skumania bolo, prostrednictvom dotaznikového prieskumu, zistit’ postoje obyvatel'ov
k sti¢asnej situacii v meste a ich pohl'ad na kvalitu Zzivota v meste Ruzomberok.

Z&kladny subor tvorili miestni obyvatelia od 18 rokov s trvalym pobytom v meste. Vyplnené
dotazniky sme ziskali od 243 respondentov. Vyskumu sa zucastnilo 47 % muzov a 53 % Zien.
Dominovalo obyvatel'stvo vo veku od 18 rokov do 35 rokov. Zastupeni boli respondenti so
strednym vzdelanim s maturitou (38 %), s vysokoskolskym vzdelanim II. stupiia (29 %) a 1.
stupiia (15 %), strednym vzdelanim bez maturity (7 %), z&kladnym vzdelanim (8 %) a
vysokos§kolskym vzdelanim III. stupiia (3 %).

Pre ucely prieskumu bola vybrana explorativna metoda — dotaznik, ktory je vhodny najmaé pri
hromadnom ziskavani informécii, ale aj ndzorov a postojov k problémom od velkého poétu
respondentov (Halasova, 2001). Metéda dotaznikového prieskumu bola uz vyuzitd vo
viacerych pracach pri hodnoteni subjektivnej kvality zivota, napr. Hrab¢akova, Murin (2014);
Angelovi¢ (2013); Babinéak (2013); Godor, Madzinova (2011), Hindl (2010). Autori sa
zamerali na hodnotenie jednotlivych komponentov kvality Zivota.

Struktura dotaznika bola zostavena na zaklade $tadii zameranych na percepciu obyvatel'ov v
suvislosti s udrzatelnym rozvojom a kvalitou zivota (napr. Huba, Ira, 2000; Ira et al., 2005;
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Andrasko, 2005; Chrenscova, 2009, 2011). Dotaznik pozostaval z uzavretych
otazok/poloziek, z otdzok polouzavretych, ktoré poskytovali moznost’ vyberu jednej alebo
viacerych odpovedi a skalovanych otazok.

Zber dat sa uskutoc¢nil pocas rokov 2013 a 2014. Respondenti boli osloveni osobne alebo
elektronicky (e-mailom) a poziadani o vyplnenie dotaznika. Ziskané Udaje z dotaznikov od
243 respondentov sme kvantitativne vyhodnotili.

Charakteristika zaujmového Uzemia

Ruzomberok je centrum dolného Liptova a lezi na sutoku Vahu a Revicej v zapadnej Casti
Liptovskej kotliny na rozhrani vyznamnych slovenskych pohori — Velkej Fatry, Choéskych
vrchov a Nizkych Tatier, v nadmorskej vyske 496 m n. m. Lezi na krizovatke ciest, ktoré
spajaju juznu so severnou a vychodnu so zépadnou castou Slovenska. Okres Ruzomberok
tvori 25 obci s rozlohou asi 64 680 ha.

Na uzemi mesta zilo k 31. 12. 2014 spolu 28 874 obyvatelov s trvalym pobytom, z toho 15
056 zien a 13 818 muzov. Vekovu Struktiru obyvatel'stva charakterizuje vysoké zastupenie
obyvatelov v produktivnom veku (72 %) (Kamanova, 2014). Z hladiska narodnostnej
Struktiry je izemie homogénnym uzemim s prevahou obyvatel'stva slovenskej narodnosti (91
%). V meste prevazuje obyvatel'stvo rimsko-katolickeho vierovyznania (69%) (Statisticky
urad SR, 2011).

Okres Ruzomberok patri do regidénu bez vaznejSich problémov s chudobou (Matisik, 2014).
Ekonomicky aktivne obyvatel'stvo v okrese Ruzomberok je 27 203 jednotlivcov. Miera
nezamestnanosti ma klesajucu tendenciu (Kamanovd, 2014). Podl'a $truktiry ekonomicky
aktivneho obyvatel'stva je povazovany za sluzbovo-priemyselny typ obce (Mladek, 2001).
Mesto Ruzomberok disponuje Sirokou obc¢ianskou vybavenost'ou a sluzbami. Hospodarsky
Zivot v meste sa orientuje najmd na papierenski a textilni vyrobu. NajvyznamnejSim
zamestnavatel'om v oblasti priemyslu je Mondi Business Paper SCP. Pol'nohospodarstvo je
zamerané na rastlinnu (pestovanie obilnin, zemiakov, krmovin), ale aj na zivo¢isnu vyrobu
(naymé chov hoviddzieho dobytka, oviec). Samotné mesto Ruzomberok lezi v ochrannom
pasme narodnych parkov Nizke Tatry a Velka Fatra. Uzemie je charakteristické existenciou
kultarnych pamiatok, bohatych T'udovych tradicii, zachovanim tradi¢nych remesiel a
kultirneho dedi¢stva. Dopravu v meste zabezpeCuje automobilova a Mestskd autobusova
doprava RuZzomberok, ktord je sticastou SAD Liptovsky Mikula$ a.s. Doprava mimo mesta je
pokryta dial’kovou a medzinarodnou autobusovou dopravou a zelezni¢nou dopravou.

Vysledky a diskusia

Podl'a Angelovi¢a (2013) je sucastou hodnotenia kvality Zivota obyvatel'ov zistovanie
spokojnosti so Zivotom a tieZ s miestom svojho Zivota. Pre zhodnotenie kvality Zivota v meste
jeho obyvateI'mi bola preto na Gvod respondentom polozena otazka ,,Ako ste spokojny
s kvalitou zivota v mieste svojho bydliska (v meste Ruzomberok)? Vécsina respondentov (38
%) sa vyjadrilo, ze su s kvalitou zivota ani spokojny ani nespokojny. Spokojnych je 26 %
respondentov a nespokojnych 27 %. Odpoved’ velmi nespokojny uviedlo 7 % a velmi
spokojny len 2 % respondentov.

Respondentom boli polozené tiez otazky ,V ¢om vidite pozitiva byvania v meste
RuZomberok?* a ,,V ¢om vidite negativa byvania v meste Ruzomberok?* OtazKky/polozky v
dotazniku poskytovali respondentom moznost’ vyberu viacerych odpovedi.

Osloveni obyvatelia mesta Ruzomberok najcastejSie uvadzali, ze pozitivom byvania v meste
Ruzomberok je okolitd priroda (uviedlo az 91 % respondentov), nasledovali odpovede:
pritomnost’ Vojenskej nemocnice (52 %), dobra poloha v rdmci Slovenska (46 %), dostatok
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miest na rekreaciu a sport (39 %), pokojné a bezpecné mesto (36 %), vyznamny dopravny
uzol (29 %) a nizka kriminalita (20 %). Prehl'ad d’alSich odpovedi uvédza tabul’ka 1.

Tab 1 Pozitiva byvania v meste Ruzomberok z pohl'adu respondentov

Tab 1The adrantages of living in Ruzomberok from the point of view of respondents

Pozitiva byvania v RuZomberku Percentualne vyjadrenie (%)
okolita priroda 91
dostatok miest na rekreaciu a Sport 39
moznost’ kultirneho vyzitia 8
bohata histéria 10
vyznamné historické pamiatky v meste a okoli 10
vyznamny dopravny uzol 29
dobra poloha v rdmci Slovenska 46
vysoka navstevnost’ turistov 5
nizke naklady na byvanie 13
nizka kriminalita 20
dostatok pracovnych prilezitosti 1
dostupnost’ kvalitnych socialnych sluzieb
kvalitné zakladné a stredné Skoly 14
pritomnost’ Katolickej Univerzity 12
novovybudovana kniznica Katolickej Univerzity 17
pritomnost’ Vojenskej nemocnice 52
pokojné a bezpeéné mesto 36
kvalitné zivotné prostredie
spolupréca vedenia mesta s miestnymi obyvatel'mi
iné: pritomnost’ obce Vlkolinec— unikatny krajinno-sidelno-
architektonicky komplex 0.4
iné: relativne nizka cena nehnutel’nosti 0,4

Obyvatelov mesta najviac trapia problémy spété s problematikou kvality ovzdusSia a
materidlneho dostatku, resp. nedostatku (nezamestnanost’, Zivotné uroven, socidlne istoty). Za
najvacsie negativa byvania v meste respondenti povazuji najmé znecistené ovzdusie (67 %).
NajcastejSie zvolené odpovede sa tykali aj zamestnania. Aj napriek klesajlcej tendencii sa
nezamestnanost (Kamanovd, 2014) negativne prejavuje na Zivote v meste. Vysoka
nezamestnanost’ je negativnym javom pre 55 % opytanych, nedostatok pracovnych prilezitosti
— cestovanie za pracou zvolilo 54 % a nizke prijmy v zamestnani 47 % opytanych. Prehl'ad

d’alSich odpovedi uvadza tabul’ka 2.

Tab 2 Negativa byvania v meste Ruzomberok z pohl'adu respondentov

Tab 2 The disadrantages of living in Ruzomberok from the point of view of respondents

Negativa byvania v RuZomberku

Percentualne vyjadrenie (%)

vysoka nezamestnanost’ 55
nedostatok moznosti pre kulturne vyzitie 43
nedostatok obchodnych zariadeni 42
vysoka kriminalita 6
nizke prijmy v zamestnani 47
vysoké naklady na zivot 12
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zla doprava v meste, slabé pokrytie MHD 25
nedostatok pracovnych prileZitosti — cestovanie za pracou 54
klesanie poétu obyvatel'ov — stahovanie do vaésich miest 25
nizka kapacita materskych $kol 15
nedostatok zakladnych a strednych $kol 1
zIy stav infrastruktdry 12
zla dostupnost’ socialnych sluzieb 10
pritomnost’ firmy Mondi SCP, a.s. 15
znecistené ovzdusie 67
nedostatok zelene 18
iné: nedostato¢na uroven miestnej samospravy

iné: malo moznosti pre Sportové aktivity

iné: esteticky nepriaznivé centrum mesta

iné: nedostatok oddychovych z6n 0,4

V ramci zistovania kvality zivota v meste Ruzomberok sme sa snazili pokryt viaceré
komponenty kvality zivota (byvanie, vzdelavanie, Zivotné prostredie, kriminalita, doprava,
vybavenost’ vybranymi sluzbami, zdravotna starostlivost’), na ktoré poukazuji vo svojich
pracach aj autori Andrasko (2005), Mitchell (2000), Van Kamp et al. (2003).

V otazke zistovania spokojnosti s moznostami, ktoré ponika mesto (subor rdéznych
podmienok pre zivot ako byvanie, pracovné prilezitosti, kvalita prirodného prostredia, sluzby,
osobna bezpec¢nost’ a pod.), bola hodnotenim 1 — 5 (1 vyjadruje spokojnost’ a 5 nespokojnost’),
najlepsie ozndmkovana dostupnost’ internetu (56 %), postové sluzby (53 %), dostupnost’
obchodov s potravinami (49 %), aroven zdravotnych sluzieb (47 %), uroven $kol (47 %) a
osobna bezpecnost (47 %). NajdynamickejSie vyvijajici ukazovatel sa javi indikator
napojenia na internet z domacnosti. ,,Kompjuterizaciu a internetizaciu“ mozeme povazovat’ za
fenomén, ktory postupne zasiahol celé Slovensko, pocet domacnosti pripojenych na internet
sa zvysuje (Statisticky urad SR, 2011a).

Za najvicsi nedostatok povazuju respondenti méalo pracovmych prilezitosti (36 %). Dalsie
hodnotenie poloziek je uvedené v tabul’ke 3.

Tab 3 Spokojnost’ respondentov s oblastami zivota v meste Ruzomberok (v %)
Tab 3 Satisfaction of respondents with areas of life in Ruzomberok (%)

Oblasti Zivota v meste RuZomberok 1 2 3 4 5
uroven zdravotnych sluzieb 17 47 25 8 3
uroven $kol 14 47 29 8 2
uroven socialnych sluzieb 3 27 47 17 6
kvalita byvania 8 36 38 14 4
dostupnost’ obchodov s r6znym tovarom 6 21 26 31 16
dostupnost’ obchodov s potravinami 24 49 19 4 4
pracovné prilezitosti v meste 1 9 21 36 33
uroven kulturnych a rekrea¢nych sluzieb 3 22 42 24 9
dostupnost’ internetu 24 56 11 5 4
osobna bezpe¢nost’ 15 47 28 3
postové sluzby 15 53 21 7 4
uroven verejnej dopravy 3 32 40 16 9
kvalita prirodného prostredia 16 32 26 18 8
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Vysvetlivky: 1 vel'mi spokojny, 2 spokojny, 3 ani spokojny ani nespokojny, 4 nespokojny, 5 vel'mi nespokojny

Kvalitu Zivotného prostredia (ZP) mdZeme povazovat za kIiovi prioritu vo vztahu k
zabezpeceniu kvality zivota. Aj Henderson et al. (2000) pri posudzovani kvality zivota na
urovni Statov medzi indikatory zaradil Zivotné prostredie. Respondentom boli preto polozené
otazky ,,Ako ste spokojny s kvalitou zivotného prostredia v meste Ruzomberok?“, ,, Do akej
miery ste spokojny s jednotlivymi oblastami Zivotného prostredia v meste? a ,,Co zhorSuje
kvalitu zivotného prostredia v meste (zdroje naruSovania Zivotného prostredia)?*

S kvalitou ZP je spokojnych 25 % respondentov, ani spokojnych/ani nespokojnych 28 %,
nespokojnych az 32 % respondentov. Moznost ,,vel'mi spokojny* vybralo len 2 % a ,,vel'mi
nespokojny* 13 % respondentov.

Néazory obyvatel'ov na jednotlivé oblasti zivotného prostredia, boli zistované hodnotenim 1 —
5. S kvalitou pitnej vody je vdcSina respondentov spokojna (41 %). Pri kvalite pdd (46 %),
hluku (35 %), nakladani s odpadom (39 %), celkovom vzhl'ade mesta a jeho budov (35 %)
a pri hodnoteni zelene v meste (29 %) respondenti uviedli, Ze su ani spokojni/ani nespokojni.
Nespokojni boli respondenti s kvalitou ovzduSia (35 %) a praSnostou (33 %) v meste.
Ruzombercéania sa trapia aj so zapachom (32 %) v meste, ktory casto kazi celkovy imidz
mesta. DalSie hodnotenie je uvedené v tabulke 4.

Tab 4 Spokojnost’ respondentov s oblastami zivotného prostredia v meste (v %)
Tab 4 Satisfaction of respondents with the environments in Ruzomberok (%)

Oblasti Zivotného prostredia

V meste Ruion?berok 1 2 3 4 S
kvalita ovzdusia 2 12 22 35 29
kvalita p6d 7 29 46 16
kvalita pitnej vody 25 41 24 8 2
hluk 6 31 35 18 10
prasnost’ 3 15 22 33 27
zapach 1 11 23 32 28
nakladanie s odpadom 6 24 39 21 10
celkovy vzhl'ad mesta, jeho budov 4 21 35 25 15
zelen v meste 8 28 29 25 10

Vysvetlivky: 1 ve'mi spokojny, 2 spokojny, 3 ani spokojny ani nespokojny, 4 nespokojny, 5 vel'mi nespokojny

Ciel'om percepéného vyskumu bolo tiez zistit’, ¢i vedia miestni obyvatelia posudit’ negativne
stresové faktory na Zivotné prostredie. Na z&klade vyhodnotenia odpovedi respondentov (obr.
1) mdzeme usudit,, Ze respondenti za faktor, ktory najviac prispieva k zhor$eniu kvality ZP
povazujui dopravu (72 %) a firmu Mondi SCP, a.s. (68 %). Aj podl'a Programu hospodérskeho
a socialneho rozvoja mesta Ruzomberok na roky 2015 — 2022 patri medzi najvacsie zdroje
znecist'ovania ovzdusia Mondi BP SCP a.s. Ruzomberok a doprava. Doprava je aj zdrojom
hluku. RieSenim by mohol byt odklon dopravy z mesta, t. j. vybudovanie dialnice vedutce;j
mimo mesto. Nedisciplinovani ob&ania (50 %) maju tiez velky podiel na kvalite ZP.
Respondenti uviedli ako zdroj naru$ovania ZP aj polnohospodarstvo (1 %) a rekreaéné
zariadenia (2 %).

Na zaver boli respondentom poloZené otazky ,,Na ktoré oblasti zivota by sa malo mesto v
buducnosti hlavne zamerat’ a ktoré aktivity by mali byt podporované?* a ,,Akym mestom by
sa mal Ruzomberok v buducnosti stat’?*
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Obr 1 Zdroje narusovania zivotného prostredia v meste Ruzomberok (v %)
Fig 1 Sources of distortions oft he environment from the perspective of the respondents

Az 82 % respondentov sa vyjadrilo, Ze je potrebné zamerat’ sa na zlepSenie moznosti
zamestnanosti a vytvarania novych pracovnych pozicii. NajCastejSie vyskytujuce oblasti sa
tykali aj Gprav ciest, chodnikov abudov. Upravu a zlepSenie udrzby ciest oznacilo 45 %
opytanych, Gpravu vzhl'adu niektorych budov 40 %. Respondenti (44 %) poukazali na potrebu
podporovat’ v meste rozvoj cestovného ruchu a vytvarat nové $portoviska. Dal§ie vyznamné
oblasti su uvedené v tabulke 5.

Tab 5 Oblasti zivota, na ktoré by sa malo mesto v budicnosti zamerat’
Tab 5 Areas of life that should be addressed in the future city

Oblasti zamerania mesta Percentuéalne vyjadrenie (%)
zamestnanost’, vytvaranie novych pracovnych pozicii 82
Uprava ciest 45
zlepSenie udrzby ciest 45
zvysena udrzba chodnikov 30
zvysenie parkovacich miest 36
posilnenie mhd 18
zlepsit’ kultirny program 40
zlepsit’ udrzbu parkov a mestskej zelene 38
zlepSenie udrzby verejnych priestranstiev 33
vytvaranie novych Sportovisk 44
Skolstvo 24
starostlivost’ o pamiatky 19
cestovny ruch 44
vystavba novych obchodnych zariadeni 30
podpora bytovej vystavby 35
prestavba, tprava vzhl'adu niektorych budov 40
zlepSenie spoluprace obd¢ania, podnikatelia, miestna samosprava 39
iné: zlepSenie stavu centra mesta 0,4
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Vicsina respondentov (57 %) by chcelo, aby mesto Ruzomberok bolo mestom s dostatkom
pracovnych prileZitosti, mestom zelene a kvalitného ZP (56 %), mestom $portu a volno-
Casovych aktivit (47 %), vyznamnym turistickym centrom (43 %), pokojnym a bezpe¢nym
mestom (42 %), mestom s kvalitnymi sluzbami, bohatym kultarnym a spolo¢enskym zivotom
(38 %), mestom tranzitu, obchodnou kriZovatkou a najlep$§im mestom na Slovensku (0,4 %).

Zaver

Kvalita zivota patri medzi hodnoty spoloc¢nosti. Je to pojem Casto pouzivany vo vedeckych
studiach, politickych prejavoch a vo vicsine strategickych planovacich dokumentoch, kde
vyjadruje zakladny ciel’ stratégie dokumentov. S kvalitou Zivota sa spdjaju pojmy ako dobry
zivot, blahobyt, bezpecie, Stastie a spokojnost’. Pri skvalithovani Zivota je vel'mi dolezité
socioekonomické hladisko. Vyznamna tlohu maju preto Stidie zamerané na percepciu
kvality Zzivota, zivotného prostredia jeho obyvatelmi, na postoje a konanie cloveka v
zivotnom prostredi.

Vysledky vyskumu ziskané na zdklade vyhodnotenia dotaznikov obyvatelov priniesli
priestorovo vnutorne nediferencovany pohl'ad na percepciu niektorych podmienok mestského
prostredia, ktoré zohrava vyznamnu ilohu vo vnimani kvality Zivota. Respondenti poukazali
na negativa (znecistené ovzdusie, vysoka nezamestnanost’, nedostatok pracovnych prilezitosti,
nizke prijmy v zamestnani) i pozitiva mesta Ruzomberok (okolita priroda, dobra poloha
v ramci Slovenska, dostatok miest na rekreaciu a sport, pokojné a bezpe¢né mesto, vyznamny
dopravny uzol, nizka kriminalita) a na cestu, ktorou sa treba uberat’ v snahe o skvalitiovanie
zivota. Z odpovedi je zrejmé, ze s kvalitou zivota v mieste bydliska su respondenti ,,ani
spokojny ani nespokojny*“ a za prioritné oblasti povazuji zvySovanie zamestnanosti,
zlepsovanie udrzby ciest a rozvoj cestovného ruchu. Mesto by sa vo vizidch obyvatel'ov malo
stat’ predovSetkym mestom pracovnych prileZitosti a podnikatel'skych moznosti, mestom
zelene a kvalitného zivotného prostredia. Najvac¢si potencial a najvacsie predpoklady na
rozvoj maju ¢innosti terciarneho sektoru. Tento sektor ma vSetky predpoklady na to, aby
tvoril nosny potencial pracovnych prilezitosti a celkovej ekonomickej reprodukcie mesta.

Vysledky vyskumu sa mézu stat’ cennym podkladom pri spracovani strategickych planov
a projektov zameranych na skvalithovanie Zivota a rozvoj mesta. Na vyskumnych datach
mozno zalozit’ kons$truktivnu komunikaciu s verejnostou a dosiahnut’ efektivnu participaciu
verejnosti na planovacich procesoch smerujicich k skvalitiovaniu zivota. Predkladany
prispevok poskytuje viaceré zistenia tykajice sa sposobu vnimania kvality zivota na uzemi
mesta Ruzomberok a zaroven je zdrojom otazok a nametov pre d’alsi vyskum, ktory ma prinos
pre skimanie r6znych aspektov kvality Zivota v mestskych prostrediach a aj pre rozvoj
vedeckého poznévania zmien v spolo¢nosti.
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OF THE URBAN ECOSYSTEM OF MALACKY

Alena Rendekovd?, Karol Miéieta?

IMgr. Alena Rendekovd, Univerzita Komenského v Bratislave, Prirodovedeckd fakulta,
Katedra botaniky, Révova 39, 811 02 Bratislava 1, Slovenskd republika, e-mail:
alenarendekova@gmail.com

2prof. RNDr. Karol Miéieta, CSc., Univerzita Komenského v Bratislave, Prirodovedecka fakulta,
Katedra botaniky, Révova 39, 811 02 Bratislava 1, Slovenskd republika, e-mail:
micieta@fns.uniba.sk

Abstrakt: V prispevku sa zaoberame dynamikou ruderalnej vegetacie v mestskom prostredi z dlhodobého
Casového hladiska. Vyhodnocovali sme zmeny v spektre ruderalnych spolocenstiev mestského ekosystému
Malaciek po priblizne $tyridsiatich rokoch. Za skiimany ¢asovy usek v spektre spoloCenstiev nastali vyrazné
zmeny. Niektoré spolofenstva, ktoré sa v Studovanom UGzemi v minulosti vyskytovali, sme v stcasnosti
nezaznamenali. Jednou z pravdepodobnych pric¢in st zasahy ¢loveka do podmienok prostredia, ku ktorym doslo
pocas skumaného obdobia na lokalitach, kde boli spolo¢enstva v minulosti rozsirené. Predpokladame, ze vyraznym
faktorom bolo napr. zregulovanie potoka Malina. VV Malackéach sme v si¢asnosti zaznamenali pomerne vel’ky pocet
spoloCenstiev, ktoré sa v meste pred Styridsiatimi rokmi nevyskytovali. Patri k nim aj pomerne velky pocet
spoloCenstiev, v ktorych dominuju invazne neofyty, ako napr. Ambrosia artemisiifolia, Conyza canadensis,
Helianthus tuberosus a Solidago gigantea.

KPiacové slova: invazne druhy, mesto, neofyty, synantropna vegetacia, vegetaéné zmeny

Abstract: The contribution is focused on the study of dynamics of ruderal vegetation in urban environment from
the long time perspective. We present evaluation of the changes of the spectrum of ruderal plant communities
of the urban ecosystem of Malacky city after forty years. Compared to the past, we have recorded significant
changes in the spectrum of communities. Currently are missing some communities, which occurred in the study
area in the past. One of the probable reasons is anthropogenic interference to the environmental conditions, that
occurred during the studied time period at areas, where communities have been spread in the past. We suppose,
that significant factor was e.g. regulation of the stream Malina. Several communities are present in Malacky
currently, that did not occur in the city in the past, among them a large number of communities, which are
dominated by invasive neophytes such as Ambrosia artemisiifolia, Conyza canadensis, Helianthus tuberosus
and Solidago gigantea.

Key words: invasive species, city, neophytes, synanthropic vegetation, vegetation changes
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Uvod

Clovek ¢oraz va¢smi zasahuje do prostredia, ako aj do povodnych ekosystémov Zeme, o ma
vyrazny vplyv na rastlinstvo aj Zivoéisstvo. Clovekom vyrazne pozmenené podmienky
prostredia nachddzame v mestskych aglomeraciach. Vyskum vztahov organizmov
k mestskému prostrediu sa oznacuje terminom 'urban ecology' teda 'mestska ekologia'.
Z hladiska ekoldgie mesto mozno povazovat za ekosystém, definovany svojim vyvojom,
Struktarou a funkciami, v ktorom dochddza k vymene energie aktory zahfna bioticka
aj abioticka zlozku. Mestsky ekosystém ma vlastny spdsob, akym sa meni v priebehu ¢asu, ¢o
ovplyviiuje spdsob spravania organizmov, dynamiku populacie ako aj vznik a dynamiku
celych spoloCenstiev (Sukopp, 2002; Forman, 2014). Spolocenstva, ktoré existuju
v $pecifickych podmienkach mestskych ekosystémov, na izemiach, ktoré vyrazne pozmenil
¢lovek, sa nazyvaju ruderalne (Jarolimek et al., 1997).

Kvoli zasahom ¢loveka sa podmienky v urbanizovanom prostredi v priebehu ¢asu pomerne
vyrazne menia, ¢o ma velky vplyv na ruderalne spolodenstva, preto je vyznamne a dolezité
Studovat zmeny ruderalnej vegetacie. Zamerom predkladaného prispevku je prispiet
k vedomostiam o dynamike ruderalnych spoloCenstiev Vv mestskych aglomeréciach.
V prispevku sa zameriavame na dlhodobé zmeny, ktoré nastavaji po desatrocCiach.
V priebehu posledného storocia sa sposob zivota na Slovensku vyrazne zmenil. Cielom prace
je zistit, ¢i aaké zmeny nastali v spektre spoloCenstiev mesta Malaciek po priblizne
Styridsiatich rokoch a poukéazat’ na mozny suvis zmien so zasahmi ¢loveka do prostredia.

Uzemie, ktoré sme zvolili, povaZujeme za zaujimavé z hladiska vyskumu dynamiky
ruderdlnych spolocenstiev, nakolko v meste Malacky v poslednych desatroéiach doslo
vplyvom ¢innosti ¢loveka k vyraznym zmendm podmienok prostredia. V meste doslo
k velkym zmenam v oblasti urbanizmu hlavne po roku 1968. Nastala modernizacia mesta
asnou suvisiaca vystavba. Potok Malina, ktory preteka izemim Malaciek, bol uzavrety
do potrubia. Vicsia Cast’ mesta bola zbtrana. Postavili sa panelové viacpodlazné bytové domy
v centre, priemyselna zona arozne podniky. Dramaticky sa zvysil aj pocet obyvatelov,
ktorych vroku 1945 bolo priblizne 8 000, kym v 60. rokoch 20. storo¢ia uz takmer
dvojnasobok. Po roku 2000 bol v okoli mesta vybudovany priemyselny a technologicky park
Eurovalley, vyrubala sa cast’ lesov, ale na Uzemi po nich ostal prdzdny priestor. Na kraji
mesta vzniklo golfové ihrisko. Pocet obyvatel'ov este viac vzrastol, v suCasnosti v Malackach
Zije priblizne 18 500 obyvatel'ov (Macejka, Marek, 2009; Macejka, 2015).

Prostrednictvom dopravnych ciest, prevozom tovaru a mnohymi inymi sp6sobmi
sa do mestskych aglomerdcii dostavaju nepdvodné taxdny pochédzajuce z inych krajin,
archeofyty a neofyty. V mestach dochadza k stretu tychto druhov z roznych Casti Zeme, ako
aj z roznych podmienok prostredia. Mnohé nepdvodné taxdény sa v novych Uzemiach stand
invaznymi, za¢nu sa $irit’ na ukor inych, va¢sinou pévodnych druhov. Invdzne taxény Casto
vytvaraju rozsiahle porasty. Takéto druhovo chudobné spoloéenstva, v ktorych dominujd
invazne druhy, na mnohych miestach nahradzaji povodné, druhovo bohatSie fytocenozy
(Pysek, Tichy 2001). V Malackach sa v obdobi rokov 1969 — 1973 vybudoval tsek dialnice
Bratislava — Malacky. Vybudoval sa aj nadjazd, ktory privadzal dial'nicu priamo do mesta
(Macejka, Marek, 2009; Macejka, 2015). Uvedené faktory mohli vyraznou mierou ovplyvnit’
dynamiku spektra spolo¢enstiev tvorenych nepdévodnymi druhmi.

Vplyv ¢innosti ¢loveka na mestské prostredie, dynamika ruderalnej vegetacie a stadium
spolocenstiev s dominanciou nepévodnych druhov je v centre zdujmu mnohych vedeckych
pracovnikov. Vyznamnu pracu, ktora najkomplexnejSie hodnoti ruderalnu vegetaciu na izemi
mesta Malacky, publikovala Krippelova (1972), ktord v meste realizovala fytocenologicky
vyskum v rokoch 1954 — 1969. Autorka z tohto obdobia z Gzemia uvadza fytocenologicke
zapisy spoloCenstiev, ako aj Udaje 0 ich vztahu k stanovistnym pomerom v antropogénnom
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prostredi. Uvedend praca Krippelovej (1972) umoznila vypracovanie predkladanej
porovnavacej Stadie. Synantropnej flore a vegetacii okolia Malaciek sa vo svojom kratkom
prispevku venovala Banasova (1982), ktora informuje o porastoch na osobitnych
stanovi§tiach — v dnach priekop pozdiz dialnice Bratislava — Malacky. Na strednom
Slovensku v Banskej Stiavnici $tudoval Hilbert (1971) vegetaciu na smetiskach, pri¢om
porovnaval vegetaciu smetisk rdzneho veku a s roznou intenzitou naruSovania. Zmeny vo
vyskyte invaznych druhov drevin v areali Botanickej zahrady Univerzity Pavla Jozefa
Safarika v Kosiciach po $tyroch rokoch vyhodnotil Kelbel (2012), pri¢om sa zameral na
suvislost’ zmien s realizdciou opatreni zameranych na potlacenie Sirenia invaznych taxénov.
Analyze vplyvu cloveka na zivotné prostredie v sidelnych S$truktarach sa venovali
Hrabc¢akova a Murin (2014). Autori okrem iného konStatuji aj negativny vplyv c¢loveka
spbsobeny vysadzanim niektorych rastlin.

Metodika

Charakteristika $tudovaného izemia

Mesto Malacky sa nachédza na juhozépade Slovenska, v centre juznej Casti Zahorskej niziny,
Vv oblasti Borskej niziny. Katastralne izemie mesta ma rozlohu priblizne 23 km2. Malacky
lezia v nadmorskej vyske okolo 160 m. n. m., na naviatych pieskoch a strkovych presypoch,
v povodi rieky Moravy s pritokmi Rudava a Malina, ktoré vyrazne ovplyviiuju charakter
Uzemia. Mesto na nachadza v teplej, mierne vihkej klimatickej oblasti s miernou zimou
(Macejka, Marek, 2009; Macejka, 2015). Z fytogeografického hladiska mesto Malacky patri
do panonskej oblasti, obvodu vlastnej panonskej flory (Eupannonicum), okresu Zahorska
nizina (Futak, 1980). V meste je v sucasnosti vybudovana pomerne rozsiahla bytova zastavba
aj viaceré priemyselné podniky, mestom prechadza Zelezni¢nd trat’ a dialnica. Dialnica aj
viaceré priemyselné objekty boli postavené len pred niekol’kymi desatrociami. V poslednych
desatrociach sa charakter mesta vyrazne zmenil aj zregulovanim potoka Malina (Macejka,
Marek, 2009; Macejka, 2015). Nakolko podmienky v Malackach sa vplyvom c¢loveka
V poslednych desatroiach vyrazne zmenili, Gzemie je vel'mi vhodné na ucely vyskumu
dynamiky ruderéalnych spolocenstiev.

Zber dat a pouzité subory dat

Na vyhodnotenie dynamiky spektra ruderalnych spolocenstiev sme pouzili dva subory
fytocenologickych Gdajov. Prvy pozostava z vyse 100 fytocenologickych zapisov z Malaciek
zrokov 1954 — 1969 (Krippelova, 1972). Druhy subor obsahuje 93 zapisov z Malaciek
z rokov 2014 — 2015 (Rendekova, 2016).

Fytocenologicky vyskum prebiehal v sulade s metodami ziirissko-montpellierskej Skoly
(Braun-Blanquet, 1964), v zapisoch sme pouzivali upravend Braun-Blanquetovu stupnicu
abundancie a dominancie, rozSireni o stupne 2a, 2b, 2m (Barkman et al., 1964). Z&pisy
z minulosti aj zo stcasnosti boli ulozené v programe TURBOWIN (Hennekens, Schaminée,
2001) a nasledne upravené v programe JUICE (Tichy, 2002).

Analyza déat

Zapisy zo sucasnosti sme priradili Kk jednotlivym syntaxonom na zéklade celkoveého
druhového zlozZenia zadpisov, pritomnosti diagnostickych, charakteristickych a konStatnych
druhov a stanovistnych podmienok, ako aj prostrednictvom numerickej Klasifikacie
v programe SYN-TAX 2000 (Podani, 2001), pricom sme vyskusali viaceré zhlukovacie
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metody [R-flexibilnd metddu (B-flexible) (B = -0,25), metodu priemernej cesty (Group
Average)] v kombinécii s viacerymi koeficientmi podobnosti [Ruzi¢kov koeficient (Ruzicka's
coefficient), Wishartov index (Wishart's index)]. Diagnostické, charakteristické a konstantné
druhy sme identifikovali podl'a publikacii Jarolimka et al. (1997), Jarolimka a Sibika (2008).
Néasledne sme porovnali zoznam spolo¢enstiev, ktory sme vytvorili po syntaxonomickom
vyhodnoteni zapisov zo sti¢asnosti podl'a vysSie opisaného postupu a zoznam spolocenstiev
vyhotoveny na zéklade fytocenologickych zapisov z minulosti (Krippelova, 1972).

Nomenklatira

Nomenklatiru taxéonov sme zjednotili podl'a Zoznamu nizSich a vysSich rastlin Slovenska
(Marhold, Hinddk, 1998). Nomenklatara syntaxénov je zjednotena podla publikacie
Jarolimka a Sibika (2008). Taxony, ktoré v texte uvadzame ako archeofyty, neofyty alebo
invazne, st do tychto kategorii zaradené na zaklade publikacie Medveckej et al. (2012).

Vysledky a diskusia

Spektrum ruderalnych spolocenstiev v Malackéach sa za priblizne 40 rokov pomerne vyrazne
zmenilo (Tab 1, Tab 2, Tab 3). Niektoré spoloCenstva sa v meste vyskytovali
len v minulosti (Tab 1), viaceré spolo¢enstva sme naopak zaznamenali len v sti¢asnosti
(Tab 2), d’alsie sa v meste zachovali od minulosti doteraz (Tab 3).

Spoloc¢enstva zaznamenané len v minulosti

Tab 1 Ruderélne spolo¢enstva zaznamenané v Malackach len v rokoch 1954 — 1969
Tab 1 Ruderal communities recorded in Malacky only in 1954 — 1969

Roky Roky
Nazov syntaxénu 1954- 2014 -
1969 2015
Trieda
Stellarietea | Asociacia Hyoscyamo nigri -Malvetum neglectae X ~
mediae
Trieda Asociacia Arctietum lappae
Artemisietea o . .
vulgaris Asociacia Hyoscyamo -Conietum maculati ~
Trieda Molinio- o . .
: 'MO” | Asociacia Potentilletum anserinae X
Arrhenatheretea
Vysvetlivky:

x Spologenstvo sa v Malackéch vyskytovalo a bolo zaznamenané fytocenologickymi zapismi
~ Spolocenstvo sa v Malacké&ch vyskytovalo aj v rokoch 2014 — 2015, ale len 1 — 2 m? velké porasty

spolocenstva

V meste Malacky boli v rokoch 1954 — 1969 zaznamenané $tyri spolocenstva, ktorych vyskyt
sa Vv stcasnosti v meste nepotvrdil (Tab 1). Medzi ne patri asociacia Hyoscyamo nigri-
Malvetum neglectae. Autorka zapisov z minulosti (Krippelova, 1972) uvadza, Ze asociacia
bola v minulosti vyskytom viazana na starSiu ¢ast’ mesta. V rokoch 2014 — 2015 v Malackéach
na viacerych lokalitach v ¢ase optimalneho vyvinu asociacie rastli len jednotlivé jedince alebo
vel’'mi malé porasty druhov rodu Malva, v ktorych sa ale nevyskytoval subdominantny druh
asociacie Urtica urens, ani kombinacia diagnostickych a charakteristickych druhov,
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na zaklade ktorej by sa porasty dali jednoznaéne zaradit’ do asociacie Hyoscyamo nigri-
Malvetum neglectae alebo do vyssich syntaxonomickych jednotiek.

V minulosti v meste bola zaznamenana asociacia Hyoscyamo-Conietum maculati, av§ak ani
tito asocidciu sme Vv sucasnosti nezaznamenali, resp. mdzeme konStatovat, Ze v meste
(napr. ned’aleko ulice Pri Maline) sa nachadzaju porasty, v ktorych dominuje Conium
maculatum, ale si druhovo nedosytené a zaberaju plochy vel’ké len priblizne 1 — 2 m2,

Pocas vyskumu v rokoch 2014 — 2015 sa nepotvrdil ani vyskyt asocidcie Arctietum lappae.
Porasty tejto asociacie sme v sucasnosti pravdepodobne prehliadli. V minulosti sa asociécia
vyskytovala na nezastavanych priestranstvach, takze pravdepodobnou pri¢inou sucasnej
absencie nicktorych porastov asociacie moze byt’ fakt, ze viaceré starSie lokality jej vyskytu
sa zastavali.

Dalsou asociaciou, ktorG sme v Malackach v sucasnosti nezaznamenali, je asociacia
Potentilletum anserinae. Dominantny druh tejto asociécie, Potentilla anserina sa v meste
vyskytuje jednotlivo, alebo v inych porastoch, avSak nejde o porasty asociacie Potentilletum
anserinae. Autorka zapisov z rokov 1954 — 1969 konstatuje, Ze asociacia sa ¢asto vyskytovala
v blizkosti potoka Malina a na miestach, kde porasty intenzivne zosl'apovala hydina a kde
sa do pody dostavali pomerne vel’ké mnozstva jej trusu. Vyznamné faktory, ktoré ovplyviiuju
vyskyt asociécie, su podla autorky urCity stupeni vlhkosti pody, zoslapovanie a hnojenie
trusom hydiny. Autorka uvadza, Ze na porastoch sa zvykli cely den past’ a odpocivat’ husi.
Porasty sme v siicasnosti nezaznamenali aj napriek tomu, zZe sme pocas vegetacnych sezon
presli brehy potoka Malina, ktory je vSak v sucasnosti na rozdiel od rokov 1954 — 1969
uzavrety do potrubia a ¢ast’ byvalého koryta je v sucasnosti uplne zasypana a prekryta. Prave
zregulovanie potoka, ku ktorému do$lo za skimany ¢asovy Usek (Macejka, Marek 2009;
Macejka, 2015), je pravdepodobnou pri¢inou, pre¢o sme v stasnosti asociaciu v meste
nezaznamenali. Aj intenzita pdsobenia pasucej sa hydiny je v sucasnosti menSia,
¢o takisto moze sposobovat’ sic¢asnu nepritomnost’ porastov asociacie.

Spoloc¢enstva zaznamenané len v sucasnosti

Tab 2 Ruderalne spolocenstva zaznamenané v Malackach len v rokoch 2014 — 2015
Tab 2 Ruderal communities recorded in Malacky only in 2014 — 2015
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Roky Roky
Nazov syntaxénu 1954- 2014 -
1969 2015

Asociacia Brometum sterilis
Trieda Asociacia Linario vulgaris -Brometum tectorum
Stellarietea | Asociacia Polygono -Portulacetum oleraceae
mediae Spolo&enstvo s Conyza canadensis [Stellarietea mediae ]
Spolocenstvo s Geranium pusillum [Stellarietea mediae ]
Asociacia Asparago -Chondrilletum juncei
Asociacia Berteroetum incanae
Asociacia Echio -Melilotetum
Asociacia Falcario vulgaris -Agropyretum repentis
Asociacia Odontito -Ambrosietum artemisiifoliae
Trieda Spolocenstvo s Calamagrostis epigejos [Artemisietea vulgaris ]
Artemisietea  |Spolocenstvo s Cirsium arvense [Artemisietea vulgaris ]
vulgaris  |gpolodenstvo s Pastinaca sativa [Dauco-Melilotion ]
Spolocenstvo so Saponaria officinalis
[Convolvulo arvensis-Agropyrion repentis |
Spoloc¢enstvo so Solidago gigantea [Artemisietea vulgaris ]
Spolocenstvo so Stenactis annua [Dauco -Melilotion ]
Spolocenstvo s Trifolium arvense [Artemisietea vulgaris ]
Asociacia Geo urbani -Chelidonietum maji
Asociacia Sambucetum ebuli
Asociacia Veronico sublobatae -Alliarietum petiolatae
Spolocenstvo s Helianthus tuberosus [Senecionion fluviatilis ]
Spoloc¢enstvo so Solidago gigantea [Senecionion fluviatilis ]

X X X X X X X X | X X X X X

x

Trieda Galio -
Urticetea

X X X X X | X X X

Vysvetlivky:
X Spoloc¢enstvo sa v Malackach vyskytovalo a bolo zaznamenané fytocenologickymi zapismi

V Malackach sa  vsucasnosti  vyskytuje viacero spolocenstiev, ktoré v meste
v minulosti neboli zaznamenané (Tab 2). Zvlastnostou napr. je, Ze Krippelova (1972)
v rokoch 1954 — 1969 v Malackach nezaznamenala vyskyt Ziadnych porastov spolocenstiev
triedy Galio-Urticetea, hoci v sucasnosti sme v meste zaznamenali az péat takychto
spolocenstiev. V jednom z nich (v asociécii Sambucetum ebuli) je dominantou druh Sambucus
ebulus, ktory je expanzivny a vdvoch znich (spolocenstvo s Helianthus tuberosus
[Senecionion fluviatilis], spolocenstvo so Solidago gigantea [Senecionion fluviatilis])
dominuju invazne neofyty Helianthus tuberosus a Salidago gigantea. Uvedené fakty su
zrejme pri¢inou, preco sa tieto spoloenstva v sucasnosti v mestskom ekosystéme Malaciek
pomerne vyrazne rozsirili, hoci v minulosti sa na Uzemi vébec nevyskytovali. K nim patri aj
pomerne velky pocet takych, v ktorych su dominantné d’al$ie invazne neofyty: asociacia
Odontito-Ambrosietum artemisiifoliae, spolocenstvo s Conyza canadensis [Stellarietea
mediae], spoloc¢enstvo so Solidago gigantea [Artemisietea vulgaris] a spolo¢enstvo so
Stenactis annua [Dauco-Melilotion]. V Malackdch je v sucasnosti vyrazne rozSirena aj
asociacia Polygono-Portulacetum oleraceae, ktora z minulosti nie je uvadzana av ktorej
dominuje archeofyt Portulaca oleracea.

V rokoch 2014 — 2015 sme na Studovanom tUzemi zistili aj vyskyt vzacnejSej asociacie
Asparago-Chondrilletum juncei a vyskyt spolocenstiev, o ktorych je zo Slovenska (Jarolimek
et al., 1997) znamy zatial’ len maly pocet fytocenologickych udajov: spolocenstvo s Geranium
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pusillum [Stellarietea mediae], spoloc¢enstvo so Saponaria officinalis [Convolvulo arvensis-
Agropyrion repentis], spoloc¢enstvo s Trifolium arvense [Artemisietea vulgaris]. V sucasnosti
sme v Malackach zaznamenali aj dve spoloCenstva, ktoré doposial’ neboli fytocenologicky
opisané: spolocenstvo s Cirsium arvense [Artemisietea vulgaris] a spolo¢enstvo s Pastinaca
sativa [Dauco-Melilotion].

Spoloc¢enstva zaznamenané v minulosti aj v su¢asnosti

Tab 3 Ruderalne spolocenstva zaznamenané v Malackach v rokoch 1954 — 1969 aj v rokoch 2014 — 2015
Tab 3 Ruderal communities recorded in Malacky in 1954-1969 and also in 2014 — 2015

Roky Roky
Nazov syntaxénu 1954- 2014 -
1969 2015
Trieda Polygono | ¢ i4cia Matricario -Polygonetum arenastri X
arenastri -Poetea o
annuae Asociacia Poetum annuae X X
Trieda Stellarietea | Asociacia Hordeetum murini X X
mediae Asociacia Lolio -Cynodontetum dactyli X X
Trieda
Artemisietea | Asociacia Tanaceto -Artemisietum vulgaris X X
vulgaris
Trieda Molinio- | o i4cia Lolietum perennis X X
Arrhenatheretea soclacia p
Vysvetlivky:

x Spolocenstvo sa v Malackach vyskytovalo a bolo zaznamenané fytocenologickymi z&pismi

K spolocenstvam, ktoré sa v mestskom ekosystéme Malaciek vyskytovali v minulosti
a zaznamenali sme ich aj v rokoch 2014 — 2015, patria napr. viaceré na Slovensku bezné
spolo¢enstva zosl'apovanych biotopov: asociacie Lolietum perennis, Matricario-Polygonetum
arenastri, Poetum annuae a spoloenstva, ktoré su celkovo hojne rozsirené v nizSich
nadmorskych vyskach a v teplych juznych regionoch Slovenska: asociacia Lolio-
Cynodontetum dactyli, asociacia Tanaceto-Artemisietum vulgaris. Pri¢inou, preco
su spolocenstva v meste pritomné aj aktudlne, je fakt, Ze hlavné faktory, ktoré vplyvajl na ich
existenciu (zo$l'apovanie ¢lovekom, tepla klima) v mestskom ekosystéme Malaciek pdsobia
aj v stcasnosti.

Zaver

V prispevku sa zaoberame analyzou dynamiky ruderdlnych rastlinnych spolocenstiev
v mestskom prostredi. Vyskum sme realizovali v meste Malacky, v ktorom v priebehu
poslednych desatroc¢i ¢lovek roznymi spdsobmi vyrazne pozmenil podmienky prostredia.
Porovnali sme spektrum ruderalnych spolocenstiev, ktoré sa v meste vyskytovali v rokoch 1954
— 1969 so spektrom, ktoré sme zaznamenali v rokoch 2014 — 2015. Analyzou sme dospeli
k zaveru, Ze v sti€asnosti sa nepotvrdil vyskyt niektorych spolo€enstiev, ktoré boli v minulosti
zaznamenané na lokalitdch, na ktorych sa podmienky za Styridsat’ rokov vyrazne zmenili.
Tieto spoloCenstva sa vyskytovali napr. na plochéch, ktoré boli zastavané, alebo na brehoch
potoka Malina, ktoré boli zregulované a prestali sa na nich past husi. Na§ vyskum dalej
ukédzal, ze v meste si v sucasnosti naopak rozsirené viaceré spoloCenstva, ktoré pred
Styridsiatimi rokmi neboli zaznamenané, medzi nimi aj pomerne vel'ky pocet spolocenstiev,
v ktorych dominujd invazne neofyty. Prezentované vysledky potvrdzuja, Ze vplyv ¢loveka
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na fytocendzy v mestskom prostredi je zretelny. V priebehu ¢asu vplyvom ¢innosti ¢loveka
doché&dza k vyraznym zmenam ruderalnych spolo¢enstiev.
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HODNOTENIE ZDRAVOTNYCH RIZIK EXPOZICIE
POLYCHLOROVANYM BIFENYLOM POCAS SANACNYCH PRAC

HUMAN HEALTH RISK ASSESSMENT OF THE EXPOSURE TO POLYCHLORINATED
BIPHENYLS IN CONTEXT OF THE REMEDIATION WORKS

Marek Drimal

PhDr. Marek Drimal, PhD., Katedra Zivotného prostredia, Fakulta prirodnych vied, Univerzita Mateja
Bela v Banskaj Bystrici, Tajovského 40, 974 01 Banska Bystrica, marek.drimal@umb.sk

Abstrakt: Hodnotenie zdravotnych rizik predstavuje overeni metodu pomocou ktorej je mozné popisat’ a
kvantifikovat’ zdravotné rizika pre pracovnikov v $pecifickych podmienkach pracovného prostredia. Hodnotili
sme jednu z najviac problematickych zatazi v SR (Strazske - Chemko — odpadovy kanal. Nagim hlavnym cielom
bolo na zaklade kvantifikovaného znecistenia kanala polychlorovanymi bifenylmi (PCB) vyhodnotit’ potencialne
zdravotné rizika pre pracovnikov realizujucich sana¢né prace.

Po urceni expozi¢ného scenara a ciest vstupu PCB do organizmu (inhalcie vyparov a prachu, ingescie a
dermalneho kontaktu) sme urcili pre kazdu cestu priemernt celoZivotni denni davku pre posudenie rizika
karcinogénnych u¢inkov (LADD=0.0004 mgkg-1.defi) a ¢asova 40 diiova priemerni dennd davku pre
posudenie nekarcinogénnych chronickych uc¢inkov (ADD=0.002 mg.kg-1.den). Najvyssi podiel z davok
predstavoval prijem PCB nahodnou ingesciou (74%). Vsetky hodnotenia sme realizovali za predpokladu nulove;j
ochrany pracovnikov osobnymi ochrannymi prostriedkami. Pouzili sme pristuyp RME scenara (reasonable
maximum exposure) kde sa pocita s 95 percentil kvantitativnych parametrov.

V oblasti nekarcinogénnych chronickych Gc¢inkov sme urcili sumarny koeficient nebezpecenstva pre vsetky
cesty 123.4 ¢o indikuje vysoké riziko s potrebou realizacie opatreni na jeho redukciu. Najvyssi koeficient bol
identifikovany pre ingesciu (90.7). Hodnoty karcinogénneho rizika pre jednotlivca nedosahovali zvysené
hodnoty. Pre vSetky cesty vstupu dosiahla hodnota 0.00007.

Kruacové slova: polychlorované bifenyly, hodnotenie zdravotnych rizik, staré¢ environmentalne zat'aze

Abstract: Health Risk Assessment is a propper method through it is possible to evaluate the health risks for
workers in the specific conditions of the occupational environment. We described one of the most problematic
areas in the Slovak Republic (Strazske - Chemko ). Our main objective was, based on quantified pollution of the
channel by polychlorinated biphenyls (PCBs), to assess the potential health risks to the workers did the
remediation work.

After determining the exposure scenarios and PCBs routes of entry into the organism (inhalations of fumes and
dust, ingestion and dermal contact), we have determined for each exposure route an average lifetime daily dose
for the risk assessment of carcinogenic effects (LADD = 0.0004 mg/kg/day) and time 40-day average daily dose
for assessment of non-carcinogenic chronic effects (ADD = 0.002 mg/kg/day). The highest proportion of the
doses was taked by PCBs intake by accidental ingestion (74%). We carried out all evaluations provided zero
protection of the workers with personal protective means. We used the approach of RME scenario (reasonable
maximum exposure) which is intended for 95 percentiles of quantitative parameters.

In non-carcinogenic chronic effects, we have deterined the global hazard quotient 123.4 which shows high risk
with the need for implementation of measures for its solutions. The highest value was determined for ingestion
(90.7). The values of the carcinogenic risk for individuals did not achieve increased values. For all the routes of
entry the value of 0.00007 was achieved..

Keywords: polychlorinated biphenyls, Health Risk Assessment, old environmental burdens
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Uvod

PCB je Specificka skupina syntetickych organickych latok, spdsobujuca Siroké spektrum
negativnych uc¢inkov na zdravie ¢loveka ale aj na zlozky zivotného prostredia. Nie je znamy
ziadny prirodny zdroj tychto latok. PCB su olejovité kvapaliny, alebo tuhé latky bezfarebné
az slabo zltkastej farby.

PCB st vo vSeobecnosti inertné odolné voci kyselindm aj zdsaddm a maja termalnu stabilitu.
(Afghan a Chau, 1989).

PCB su relativne nerozpustné vo vode, ich rozpustnost’ klesd s narastajicim poctom
naviazanych atomov chloru. Su rozpustné v nepolarnych organickych rozpustadlach a tiez v
tukoch. S horl'avé , ich produkty spal’ovania st Casto eSte nebezpecnejSie. (NFPA, 1994).

Vyparovanie je dolezity transportny proces PCB rozpustenych vo vode. Odlisnosti prchavosti
a rozpustnosti u jednotlivych kongenérov ovplyviluje rozdelenie a pritomnost’ v sedimentoch
a vo vode. Studia na jazere Michigan ukazala Ze vyprchavanie moze byt dominantnym
procesom odstranovania PCB z jazier (Swackhamer a Armstrong, 1986). PCB vyprchava
velmi rychlo najmid z miest kde ma voda vysoku dynamiku pohybu (kaskada, pereje,
vodopady) (McLachlan et al., 1990).

Prevazna vécsina udajov ziskanych zo Studii ¢loveka ale aj laboratornych zvierat poskytuje
silny dokaz o toxickom potenciali expozicie PCB. Informacie o zdravotnych ucinkoch su
dostupné zo stadii I'udi exponovanych v pracovnom prostredi, z epidemiologickych studii
Pudi ktori konzumovali kontaminovany ryzovy olej v Japonsku (Yusho incident) a na
Taiwane (Yu Cheng incident) ale tiez zo $tadii suvisiacich s konzumaciou ryb a inych
zivociSnych produktov. K najvyznamnej$im zdravotnym uc¢inkom PCB patria morfologické aj
funkéné zmeny pecene, Stitnej zl'azy, koze, o¢i, imunologické zmeny, neurovyvojové zmeny,
znizena pérodna hmotnost’, reprodukéna toxicita a rakovina (ATSDR, 2000).

Popis zaujmovej lokality lokality:

Odpadovy kanal Chemko Strazske bol v minulosti vyuzivany na odvadzanie vody z COV
Chemka Strazske do Laborca. Z uvedené¢ho jasne vyplyva, Ze kanal je jednym zo zdrojov
znecistenia a bol prostriedkom na odvedenie vod s obsahom PCB a inych chemickych latok z
Chemka Strazske. V sucasnosti je predmetny kanal sucastou definovanej starej
environmentalnej zataze, evidovenej v registri (Enviroportal.sk) . Predpoklada sa Ze uvedena
zataz bude predmetom sanacné¢ho zasahu. V roku 1959 bola uvedena do cinnosti vyroba
polychlorovanych bifenylov (PCB). V rokoch 1959-1984 celkova vyroba dosiahla ako 21 000
ton, z ¢oho asi polovica bola exportovana hlavne do vychodnej Eurdpy. Produkované bola
vzdy zmes polychlorovanych bifenylov pod komerénym oznafenim Delor, Hydelor
a Deloterm.

Cielom prezentovanej prace je kvalitativne a Kvantitativne hodnotenie zdravotnych rizik
pracovnikov pri realizacii sananych prac.

Metody

Metody odberov a analyzy vzoriek

Z odpadného kanala Strazske, kanala Dusa, jeho pravobrezného pritoku a rieky Laborec do
ktorej kandl Usti bolo odobratych celkovo 11 vzoriek dnového sedimentu. Boli realizované
analyzy PCB kongenérov: PCB 28, PCB 52, PCB 101, PCB 118, PCB 31, PCB 20, PCB 44,
PCB 149, PCB 153, PCB 138, PCB 180, PCB 18, PCB 170, PCB 194, PCB 105.

Vyuzili sa metddy plynovej chromatografie — IPP 305-EPA 8270C, IPP 455, STN15308,
ECD detekcie STN EN 15308, STN EN 61619 a MSDS detekcia STN EN 12766 EPA 8270.
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Metodika hodnotenia zdravotnych rizik

Realizacia hodnotenia zdravotnych rizik pre pracovnikov sanacie bola vykonana podla
Smernice MZP ¢&. 1/2015 — 7. na vypracovanie analyzy rizika znedisteného tzemia, ktora bola
publikovana vo vestniku MZP ¢&. 1 z roku 2015. Zakladom metodiky su metodické postupy
USEPA - Exposure Factors Handbook.

Pri posudzovani sanacného zasahu sme vychéadzali z predpokladu zaciatku sana¢ného zasahu
v kandli ktory je bez vody. Tz. ze odCerpanie, resp. odvedenie vody nie je predmetom toho
posudzovania. Pre hodnotenie chronickych nekarcinogénnych tc¢inkov boli vyuzité parametre
RfD aRfC .

Pri hodnoteni sa posudzovali nasledujice expozicné cesty: ndhodna ingescia znecistenych
sedimentov, dermdlny prijem prostrednictvom znecistenych sedimentov, inhaldcia z
evaporacie do vonkajSieho prostredia (vplyvom koncentracie PCB zistenej v sedimente). Je
vyznamna v mokrom procese sandcie, inhalacia suchého sedimentu prostrednictvom
polietavého prachu, prevazuje v suchom procese sanacie.

Sposob urcenia koncentracie PCB v sedimentoch

Predmetom hodnotenia bude suma kongenérov PCB v Strazskom kanali. Pre c¢o
najobjektivnejSie zhodnotenie situdcie budii okrem vysledkov realizovanych merani do
vypoctov zahrnuté aj koncentracie zistené inymi autormi. Do hodnotenia budi vstupovat’
hodnoty na Grovni 95 percentilu.

Spésob urcenia kvantity sedimentov v kanéli

Mocnost’ sedimentov je odhadnuta na zéklade popisu v minulosti odoberanych vzoriek a
merani vykonanych v okoli kandla v aredli Chemko StraZske. Od mocnosti sedimentov sa
odvija uréenie ¢asovych parametrov hodnotenia (Eas sanacie 40 dni).

Pre prieskum profilu kanéla ale aj re identifikovanie inych potrebnych tidajov vyuZzivanych
pre rdzne ucely bola aplikovana metoda ERT- 2D elektrickej odporovej tomografie. Ide o
systém komplexného odporového merania s vi¢Sim poc¢tom elektrod.

Vysledky
Vstupné koncentracie

Vystupy vykonanych analyz su uvedené v tabulke la, v tabulke 1b st hodnoty sumy PCB
namerané inymi autormi v telese kandla.

Tabla Namerané hodnoty PCB

Kongenér ¢ (mg.kg™?) n
PCB 105 0.533 11
PCB 149 7.761 11
PCB 170 4 11
PCB 18 1.74 11
PCB 194 0.079 11
PCB 20 0.348 11
PCB 44 4.837 11
PCB 77 0.109 11
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PCB 114 0 11
PCB 123 2.162 11
PCB 126 1.415 11
PCB 156 0 11
PCB 157 0 11
PCB 167 0.942 11
PCB 169 0 11
PCB 189 0.225 11
PCB 81 0.11 11
PCB 28+31 7.949 11
PCB 52 11.945 11
PCB 101 4.103 11
PCB 118 0.008 11
PCB 138 3.034 11
PCB 153 8.57 11
PCB 180 7.811 11
suma PCB 63.46 11

Tab 1b Historické determinované hodnoty sumy PCB v sanovanom kandli

4100 mg.kg* Kocan 1998, UPKM

48 mg.kg? Kocan 1998, UPKM

1900 mg.kg? Kocan 1998, UPKM

108.6 mg.kg™* Hucko 2002, VUVH Bratislava

733.2 mg.kg* Hucko 2002, VUVH Bratislava

566.7 mg.kg* Hucko 2002, VUVH Bratislava

PCB 105
e PCB 170
Lot PCB 18

PCB 194
PCB 153 A

- PCB 20
PCB 138 ___ PCB

3 — 9 _77 pCB114

PCB 118
PCB 123PCB 156

%PCB 157

PCB 101
PCB 52

Obr 1 Struktiira kongenérov
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95 percentil vyssie uvedenych hodndét PCB je koncentracia 3440 mg.kg™?, ¢o bude vstupna
koncentracia PCB v sedimentoch.

Hodnotenie expozicie
Expozicia nahodnou ingesciou kontaminovanych sedimentov
Predpokladom tohto spdsobu prijmu kontaminantov je konzumdcia stravy bez nalezite]
hygienickej o€isty ruk, resp. pozitie ¢astic prachu v ktorych sa nachadzaju hodnotené latky.
Pri vypocte sme vychadzali zo vzorca:

ADDing (LADDing) =(CS.IR.CF.EF.ED)/(BW.AT)
Koncentracia v sedimentoch (CS) 3440 mg.kg?, prijem pozitim (IR) 337 mg.den™ (MZP),
frekvencia expozicie (EF) 40 defi.rok?, trvanie expozicie (ED) 1 rok, konverzny faktor (CF)
0.000001 kg.mg™( MZP), hmotnost jedinca (BW) 70 kg ( MZP, 2014), priemerny cas (AT)
365 dni pre ADD /25550 pre LADD (MZP).

e vypocitana ADD(mg.kg?.deri?) 0.001815
e vypocitana LADD (mg.kg™.dei™!) 0.000026

Expozicia dermalnym kontaktom so znecistenymi sedimentami

U niektorych organickych latok je tato expozi¢na cesta vyznamnd. PCB maju také vlastnosti
ktoré umoziuju prienik cez kozu. Davky sme pocitali podl'a vzorca:

ADDdermal (LADD dermal) = (CS.CF.SA.AF.ABS.EF.ED)/(BW.AT)
Konverzny faktor (CF) 0.000001 kg.mg* (MZP), povrch exponovanej koze (SA) 2733 cm?,

(US. EPA), faktor adhézie sedimentu k pokozke (AF) 0.3 mg.cm? .pripad? (U.S. EPA),
koeficient absorbcie (ABS) 0.14 (U.S. EPA).

e vypocitana ADD(mg.kg™.day?) 0.000618
e vypocitana LADD (mgkg™.day™) 0.000009

Expozicia inhalaciou kontaminovaného prachu

Pri vykopovych préacach v telese kanéla je predpoklad zvySenej prasnosti. Vyznamna moze
byt najmi pri manipulacii so suchym materidlom ¢omu sa pri sanacnom zasahu neda celkom
vyhnut'. Z pohl'adu expozicie pracovnikov st dolezité najmé prachové castice PM10.

ADDinhal (LADDinhal ) = (CA . IR . ET . EF . ED/ (BW . AT)

Koncentracia v ovzdusi (CA) — prepo¢itand koncentracia PCB na 5 mg.m™ koncentrécie
PM10 v pracovnom ovzdusi, ked sa predpoklada ze 100% prachu je z kontaminovanych
sedimentov 0. 0172 mg.m, miera vdychnutia (IR) 0.6 m® hod* (MZP), &as trvania udalosti
(ET) 8 hod.dent™® (MZP).

e vypocitanaADD (mg.kg?.deri!) 0.000022
e vypocitana LADD (mg.kg*.den!) 0.0000003

Expozicia inhal&ciou vyparov zo sedimentov

Je nespochybnitelné Ze sedimenty st v pripade environmentalnej zataze Strdzskeho kandla
vyznamnym zdrojom kontaminacie. Naprieck tomu ze PCB nevynikaju vysokou
rozpustnost'ou vo vode a pokial’ st sedimenty stabilné nie je vyznamnejSia expozicia loveka
pravdepodobnd moéze sanacny zéasah tieto podmienky vyrazne zmenit'. V tejto situécii je uz
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potrebné uvazovat’ aj s expoziciou pracovnikov inhaladciou odparenych PCB. K doélezitym
podmienkam ktoré intenzitu odparovania ovplyviiuji patri teplota a obsah vody v
sedimentoch.

ADDinhal (LADDinhal ) =(CA.IR.ET.EF.ED/ (BW.AT)

Koncentracia PCB v ovzdusi CA - Pre vypocet resp. modelovanie koncentracie v dychacej
zone pracovnikov bol pouzity distribuny model Divocos (Dispersion of Volatile
Contaminants) holandského RIVM. Vypocitany 99.4 percentil koncentracie je na trovni
1.484 ug.m3,

vypocitana ADD (mg.kg*.den™!) 0.000013

Calculated LADD (mg.kg*.derit) 0.0000002

Charakterizéacia rizika

Nekarcinogénne riziko sa ur¢i porovnanim vypocitanych ADD s referenénymi hodnotami
(RfD, TDI). Kvantitativnym vyjadrenim je bezrozmerny koeficient nebezpecenstva HQ
(Hazard Quotient).

Pri hodnoteni karcinogénneho rizika bol podl'a odporac¢ania USEPA aplikovany CSF 2 mg.kg’
den™ Riziko karcinogénneho ticinku CVRK bolo vypo&itané vynasobenim LADD s CSF pre
prislu¢ny expozicny scenar.

Tab 2 Ziskané HQ a CR.

HQ CR
pozitie 90.7 5.19E-05
dermalny kontakt 30.9 1.77E-05
inhalacia prachu 1.1 6.00E-07
inhalacia vyparov 0.7 4.00E-07
suma 123.4 7.05E-05

Z uvadzanych hodnot je zrejmé Ze v pripade vykonu sanaénych prac bez akejkol'vek ochrany
¢1 uz rezimovymi, hygienickymi opatreniami, alebo bez pouzitia osobnych ochrannych
prostriedkov  je najvysSie riziko spojené s incidentalnym pozitim kontaminovaného
sedimentu. Vyznamné je i riziko expozicie dermalnym kontaktom. Hodnotu 1 prekrocilo aj
riziko inhaléacie prachu pri manipulécii so sedimentom v suchom stave. Normovana hodnota
individualneho rizika karcinogénnych ucinkov prekrocena nebola.

Diskusia

Napriek tomu Ze Studie realizované v intenciach témy predkladanej prace nie su vel'mi
pocetné, nami zistené hodnoty expozicie (celkova expoziéna davka 0.00247 mgkg™? den) ,
koeficientu nebezpecenstva (HQ 123.4) a karcinogénneho rizika 0.00007 je mozné porovnat’ s
vystupmi z viacerych relevantnych stadii.

Expozicia PCB v pracovnom prostredi bola hodnotena v elektrarni v meste Prakan v Thajsku.
Okrem PCB boli pracovnici exponovani aj PCDD a PCDF latkam. Celkova davka PCB pre
pracovnikov dosiahla 67.89 pg.kg?, koeficient nebezpedenstva pre pracovnikov bol 34,
karcinogénne riziko 0.0025. V tejto Studii boli posudzované 4 cesty vstupu PCB — ingescia
pddy a potravin, inhalacia prachu, dermalny kontakt (Hatfield Consultants, 2009, Ge et al.,
2013).
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Vyznamna $tadia bola realizovana s USA v blizkosti kontaminovanej lokality v ddsledku
prevadzky skladky nebezpeénych odpadov s preukdzanou kontamindciou PCB.
Kontaminovand bola pbéda najma s pripravkom Aroclor 1260 ale aj vnttorné ovzdusie
objektov v okoli, kde boli namerané predovsetkym monochlérované¢ PCB. Hodnotene rizik
bolo zamerané na dojené deti u ktorych bol definovany koeficient nebezpecenstva 3600-
12600 pri davke 0.25 mg.kg™ dent (Davis, Wade, 2003)

Vyznamné Stadia hodnotenia zdravotnych rizik bola realizovana v USA v suvislosti s
kontaminaciou rieky Hudson. Hodnotenie expozicie bolo realizované pre expozicné skupiny
dospelych, deti a mladych I'udi (adolescentov) vykonavajtcich v okoli rieky rézne aktivity
(kupanie, rekreacia) ale tiez pre skupinu l'udi konzumujucich ryby ulovené v rieke. Okrem
vody, ryb a ovzdusia (uvazovalo sa s vyprchavanim PCB) bola zohl'adnend ak kontaminacie
sedimentov rieky. Bolo urcené karcinogénne aj nekarcinogénne riziko. NajvysSie hodnoty
karcinogénneho rizika (0.0006) boli kvantifikované pre dospelych pri ingescii
prostrednictvom ryb. Riziko pre prijem cez sedimenty bolo maximalne na urovni 0.000009

pre rekreantov. Koeficient nebezpeCenstva bol najvyssi pri ingescii ryb u malych deti
(HQ=104) (U.S. EPA, 2000).

Pre vyhodnotenie stavu kontaminacie PCB v Midway Atoll bolo pouzitych 28 PCB
indikatorov. Celkové kkoncentracia v pode kolisala v rozsahu (XPCBs) od 2.6 do 148.8 ng g™
s priemerom 50.7 ng g~! a medianom 39.5 ng ¢!, najvyssia hodnota dosiahla 148.8 ng g .
95th percentil karcinogénneho rizika dosiahol pre ingesciu 0.034 E-06, vdychnutie 0.23 E-06
a dermalny kontakt 0.00079 E-06 (Ge, 2013). Rozlozenie davky je podobné nasim
zisteniam..

Zaver

Pri uréitej suhre nepriaznivych okolnosti , ktorymi st najmé klimatické podmienky,
nekvalifikovand pracovna sila bez nalezitého preskolenia a poucenia, nedostatok a nizka
kvalita osobnych ochrannych prostriedkov 1 nizky Standard hygienickych navykov moze byt
riziko poskodenia zdravia aj pri relativne kratkom case vykonavanej prace (40 dni) vyznamné.
Dokazuje to vysoka hodnota sumy koeficientu nebezpecenstva 123.4.

Hodnotena situdcia ukazuje ze v niektorych pripadoch méze zohravat’ vyznamnu tlohu prijem
toxickych latok incidentalnou ingesciou, preto je potrebné zamerat pozornost’ na pouzitie
osobnych ochrannych prostriedkov, najma rukavic a striktné dodrziavanie hygienickych zasad
—umyvanie ruk, a predovsetkym zékazu fajcenia a konzumaécie jedla na pracovisku.

Podobné zasady je potrebné dodrziavat’ aj pre zabranenie expozicie po kontakte s kozou ktora
moZe byt vzhl'adom na vlastnosti PCB dolezitd (HQ takmer 31).

Napriek tomu Ze inhalé&cia nepredstavuje v modelovanom pripade dominantny prijem PCB, je
potrebné realizovat’ opatrenia aj v tomto smere, kedze ide z pohl'adu pravdepodobnosti o
vyznamnU cestu expozicie.
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