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PRIKLAD EKOLOGICKEHO HODNOTENIA BIOTOPOV
AKO PODKLAD PRE NAVRH MANAZMENTOVYCH

OPATRENI

MICHAELA BACIKOVA, ANDREA DIVIAKOVA

Katedra UNESCO pre ekologické vedomie a TUR, FEE TU Zvolen, T. G. Masaryka 24,
960 53 Zvolen e-mail: mbacikova@centrum.sk, diviakova@tuzvo.sk

ABSTRACT

(Bacikova, M., Diviakova, A.: Example of ecological evaluation of habitats as a basis for the proposal of

the management measures)

The paper deals with the issue of ecological evaluation of habitats, namely the evaluation of the nature-
protected significance of vegetation and the evaluation of major european non-forest habitats in two protected
areas, in natural monuments Bindarka and Miticka Slatina. The result was a draft management measures for
both model areas as a basis for the design of the management plan for protected areas.

Key words: habitat, ecological network, protected area, natural monument Bindarka, natural monument

Miticka slatina

UvoD

Clovek si musi uvedomit’, Ze tak ako prirodu
poznacil, musi jej teraz aktivne pomoct’. Aktivna
ochrana predstavuje konkrétne manazmentové
opatrenia pre zachovanie existencie a stalosti
biotopov. Pre spravne zadefinovanu starostlivost,
potrebujeme podrobné poznatky o danom rastlin-
nom druhu, ¢i biotope. Tieto udaje ziskavame pro-
strednictvom ekologickych analyz a hodnotenia.
Ide o podrobné skumanie existen¢nych a ekolo-
gickych narokov druhov ¢i biotopov. Ekologické
hodnotenie nam poukazuje viazanost konkrét-
nych druhov k ekologickym faktorom prostredia.
Na zaklade tohto hodnotenia dostavame vzacne
informécie o stave rieSenych biotopov, pripadne
nam vysledky hodnotenia pri opakovani poukazu-
ju na zmenu prostredia. Na tomto zaklade vieme
zostavit’ priame opatrenia a zasahy pre zlepSenie
a dosiahnutie pozadovaného stavu. Ekologické
hodnotenie a s tym spojené navrhy manazmentu
sa vyuzivaju v programoch starostlivosti o chra-
nené uzemia, alebo ako podklad pre posudenie
uzemia ako prvku ekologickej siete.

CHARAKTERISTIKA
MODELOVYCH UZEMI

Vyskum a hodnotenie biotopov prebiehal v 2
chranenych tzemiach, v prirodnych pamiatkach
(PP) Bindarka a Miticka slatina.

PP Bindarka predstavuje lokalitu s rozlohou
8,9828 ha, nachadza sa v katastri obce Soblahov,
okres TrenCin, TrenCiansky kraj. Predmetom
ochrany je zachovanie aluvialneho mociara a vy-
znamnej mokradnej fauny a flory a plati tu 4. stu-
pen ochrany. Nadmorska vyska sa v uzemi pohy-
buje od 300 — 400 m n.m.. Podl'a geomorfologic-
kého ¢lenenia tizemie patri do Alpsko-himalajskej
sustavy, konkrétne podcelku Trencianskej vrcho-
viny. Geologicky podklad je vo velkej preva-
he tvoreny vapencami a dolomitmi, s primesou
ilovych a pieskovcovych sedimentov. Takmer
v celej oblasti izemia sa vyskytuje fluvizem,
miestami doplnena pddnym typom kambizem
na flysi. Klimaticka oblast’ v lokalite sa prezen-
tuje ako mierne tepla, mierne vlhka, vrchovinova.
Hydrologicku os tuzemia tvori Dolinovy potok
s niekol'’kymi pritokmi. T4to siet’ je doplnena nie-
kolkymi vyvermi podzemnej vody, ktoré sa pre-
javuju formou silne podmacanej pody, pripade lo-



kalitami so stagnujiicou vodou (BACIKOVA, 2014).
Potencialnu prirodzenu vegetaciu predstavuju
dubovo-hrabové lesy karpatské a luzné lesy pod-
horské a horské (MiCHALKO, 1986). V sucasnosti
sa v rieSenom uzemi vyskytuju vlhké luky, kro-
vinové porasty s dominanciou druhov rodu Salix
a lesné porasty.

PP Miticka slatina predstavuje uzemie s roz-
lohou 2,8315 ha, nachadza sa v katastri obce
Trencianske Mitice, okres Trencin, Trenciansky
kraj. Predmetom ochrany je zachovanie zvysku
slatinného raseliniska s mocnost'ou 3m a plati tu
4. stupent ochrany. Nadmorska vyska predstavuje
310m n. m.. Na zaklade geomorfologického cle-
nenia sa uzemie vyskytuje v Alpsko-himaldjskej
sustave, priamo na rozhrani podsustavy Karpat
a Pandnskej panvy, konkrétne cast’ Ostry a Cast’
Banovska pahorkatina. Geologické podlozie tvo-
ria predovSetkym vapence a dolomity s mineral-
nymi komponentmi zivca a kremena. Lokalitou
prechadza tektonicka linia — Jastrabsky zlom,
ktora ma velky vyznam pre vznik a formovanie
raSeliniska. V tizemi bolo vyc¢lenenych niekol’ko
pddnych typov, pricom ide o rézne variacie typu
kambizem a rendzina. Taktiez bol zaznamenany
vyskyt fluvizeme, a samozrejme organozeme —
raseliny. Z klimatického hl'adiska ide o vrchovi-
novu oblast, mierne teplt a vlhku. V lokalite je
vyznamna predovsetkym podzemna hydrologicka
siet’, ktord sa prostrednictvom vyverov dostava
na povrch a vytvara lokality so stagnujliicou vo-
dou. Povrchovu hydrologicku os tvori nevelky
vodny tok, pretekajuci zapadnou Cast'ou izemia
(BACIKOVA, 2014). Potencialnu prirodzenti ve-
getaciu v tizemi tvoria dubovo-cerové lesy a du-
bovo-hrabové lesy karpatské (MICHALKO,1986).
V uzemi prevladaju krovinové porasty, lesné po-
rasty a tiez porasty roznych druhov ostric a mo-
notonnych zarastov druhu Phragmites australis.

MATERIAL A METODY

Terénny prieskum zamerany na mapovanie
a posudenie suc¢asného stavu biotopov prebichal
od 13. 6. do 15. 7. 2015, a to v zmysle Metodiky
mapovania nelesnych biotopov (SOP SR, 2014),
ktora je tpravou metodiky mapovania biotopov
(SEFFER ET AL., 2002) a jej modifikacie z roku
2012 (SEFFER ET LAsAK, 2012). Fytocenologické
zapisy boli robené v zmysle KrR1ZovA, Ni¢ (2000).

Prirodoochranna vyznamnost’ bola hodno-
tend v zmysle modifikovanej metodiky HALADA
(1998). Boli zvolené prislusné kritéria hodnotenia

a ich skala za Gcelom hodnotenia vegeta¢nych
formacii z pohladu ochrany prirody. Stupnica
hodnotenia bola upravena zvlast’ pre kazdé mo-
delové uzemie, i ked’ kritéria boli rovnaké. Boli
to nasledovné nasledovné kritérid: druhovéa bo-
hatost, prirodzenost, vyznamnost’ biotopu a su-
Casné manazmentové opatrenia, ohrozenost.
Podkladom pre hodnotenie prirodzenosti bola
klasifikacia podl'a MarRHOLD ET HINDAK (1998)
a JUrRKO (1990). Ohrozenost bola hodnotena
na zaklade Cerveného zoznamu vyssich rastlin
podl'a FERAKOVA ET AL. (2001). Rozsah hodnote-
nia pre jednotlivé kritéria bol v rozmedzi 1 — 5
bodov.

Pri hodnoteni priaznivého stavu biotopov
bol vyuzity Manudl k programu starostlivosti
0 zemia NATURA 2000 (POLAK ET SAXA (EDS.),
2005). Biotopy boli hodnotené opét’ na zaklade
urcitych kritérii, a to na zaklade poctu charakte-
ristickych taxénov, poctu indika¢nych taxonov,
edifikatorov (taxénov s pokryvnostou viac ako
50%), negativne — diferencialnych taxénov, SEN
taxénov (taxonov, ktorych pritomnost’ v druho-
vom zazname je nevyhnutna, biotop nie je danym
typom, ak sa v niom nevyskytuji vsetky SEN ta-
x6ny), vertikdlnej Struktary vrstiev E, E, E,, E,,
velkosti lokality, ohrozenia invaznymi neofytmi
a ohrozenia expanzivnymi taxénmi. Hodnoty boli
kritériam pridelené na zaklade tabulky kvantifi-
katorov. Kazdy eurdpsky vyznamny nelesny typ
biotopu ma svoju hodnotiacu tabul’ku limitnych
hodnét. Podklady sluzili k vypracovaniu loka-
litnej hodnotiacej tabulky limitnych hodnét pre
prislusné typy biotopov. Suctom vazenych hodnot
konkrétnych kritérii boli vypocitané pre prislusny
biotop jeho syntetické hodnoty stavu. Nasledne
boli urcené hrani¢né syntetické hodnoty kritérii,
ktoré boli limitmi pre zaradenie do prislusnych
katego6rii stavu biotopu (A - priaznivy stav, B —
priemerny stav, C — slaby/redukovany stav, D —
neznamy/nepriaznivy stav).

Na zaklade prechadzajucich hodnoteni bola
v zmysle metodiky MIKLOS, DIVIAKOVA, [ZAKOVICOVA
(2011) postdena vhodnost modelovych lokalit
ako prvkov miestneho tizemného systému.

VYSLEDKY

PP Bindérka

V izemi PP Bindarka bolo identifikovanych 9
typov biotopov, z toho 2 biotopy predstavuji eu-
ropsky vyznamné typy, a to Br6 — Brehové porasty
devitsilov a Lk5 — Vysokobylinné spolocenstva



na vlhkych lukach a 1 lesny eurdpsky vyznamny
biotop Ls1.3 — Jasenovo-jelsové podhorské luzné
lesy. Biotopy narodného vyznamu boli identifiko-
vané 3, konkrétne Tr7 — Mezofilné lemy, Ls2.1 —
Dubovo-hrabové lesy karpatské a Kr8 — Vibové
kroviny stojatych vod. V ramci celej lokality bolo

zaznamenanych 14 druhov stromov, 4 druhy kro-
vin a 84 druhov bylin, a to na 167 fytocenologic-
kych plochéch a zapisoch.

Vysledné hodnoty hodnoty kritérii prirodoo-
chrannej vyznamnosti dokumentuje tab. 1.

Tab.1 Vysledné hodnoty Kritérii vstupujucich do hodnotenia prirodoochrannej vyznamnosti biotopov PP

Bindarka

Tab. 1 Resulting values of criterions entering in the evaluation of nature-protection importance of habitats in

Natural monument Bindarka

Vyznamnost’
Typ/nazov biotopu Druhova Prirodzenost a snicasne ) Ohrozenost’
bohatost’ manaZmentové
opatrenia
LKk5
Hygrophilous tall-herb fringe
o . 2 5 4 1
communities of plains and
of the montane to alpine belts
Tr7
Mesophile fringes 2 3 2 !
X1
Herbaceous clearings 2 3 ! !
Kr8
Mire willow scrub > 3 2 N
Bré6
Hygrophilous tall herb fringe
.. . 2 3 4 1
communities of plains and of the
montane to alpine belts
Lk11
Common reed beds 2 3 ! 4
Ls1.3
Mixed ash-alder alluvial forests
of temperate and Boreal Europe 4 2 4 3
(Alno-Padion, Alnion incanae,
Salicion albae)
Ls2.1
Oak-hornbeam forests 4 2 2 3
X8
Watercourse veils ! ! ! !

V ramci hodnotenia priaznivosti stavu europsky vyznamného nelesného typu biotopu Lk5 sa v PP
Bindarka vyskytovali nasledovné charakteristické druhy Filipendula ulmaria, Aegopodium podagraria,
Caltha palustris, Phragmites australis, Lythrum salicaria, Carduus personata a Lysimachia vulgaris.
Z indikaénych taxonov to boli Filipendula ulmaria a Caltha palustris. Zo SEN taxénov sa vyskytovali
Lysimachia vulgaris a Filipendula ulmaria. V lokalite biotopu Lk5 bol zaznamenany aj vyskyt expan-

zivne ohrozujuceho taxoénu Phragmites australis.

Synteticka hodnota stavu biotopu predstavuje 2,2. Na zéklade dosiahnutia tejto hodnoty a hranic-
nych limitnych hodnét (Tab.3) zarad’'ujeme biotop do kategorie C, teda stav priemerny/redukovany. Tab.

2 dokumentuje hrani¢né hodnoty biotopu LkS5.
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Tab.2 Hrani¢né limity biotopu LkS v PP Bindarka

Tab. 2 Limits of habitat Lk5 in Natural monument Bindarka

Celovy pocet kombinacii LTSB 8192
Minimalna syntetickd hodnota L1
Maximalna synteticka hodnota 3,9
Rozsah hodnot 2,8
Median hodnét 2,5
Hrani¢né syntetické hodnoty kategérii D/C=138 C/B=25 | B/A=3,2

Pri hodnoteni eurdpsky vyznamného neles-
ného typu biotopu Br6 v PP Bindarka bol ziste-
ny vyskyt charakteristickych taxénov Petasites
hybridus, Poa trivialis, Aegopodium podagraria.
Z indikaénych taxénov sa vyskytuje v rieSenom

Tab. 3 Hrani¢né limity biotopu Br6
Tab. 3 Limits of habitat Br6

biotope druh Petasites hybridus. Syntetickd hod-
nota stavu biotopu predstavuje 1,775. Na zéklade
hrani¢nych syntetickych hodnét (tab.3) kategorii
a syntetickej hodnoty stavu biotopu zarad’ujeme
biotop od kategoérie D, teda nepriaznivy stav.

Celovy pocet kombinacii LTSB 8192
Minimalna syntetick4 hodnota 1,125
Maximalna synteticka hodnota 3,875
Rozsah hodnot 2,75
Median hodnét 2,5
Hranicné syntetické hodnoty kategérii D/C =1,8125 C/B=25 B/A=3,1875

V stcasnosti sa v lokalite PP Bindarka ma-
nazment vykonava iba v rozliseni liky — kosenie,
kroviny — orezavanie. Preto navrh konkrétnych
manazmentovych opatreni pre vybrané typy bio-
topov je nasledovny:

Lk5 Vysokobylinné spolocenstva na vlhkych
likach

e Kosenie (mozaikovité, kazdoro¢ne, I'ahkymi
samohybnymi technikami alebo ru¢ne, od 25.
8.-30.9.)

e Mulcovanie (celoplosne, 1/5rokov, l'ahkou
technikou so zdvojenymi nizkotlakovymi
pneumatikami, od 15. 9., pripadne neskor
podl'a vysusSenia pody)

e Odstranenie naletov Corylus avellana (celo-
plosne, 2 roky, mechanicka likvidacia rucny-
mi technikami, od 20. 2. po presuseni pody)

Br6 Brehové porasty deviit'silov

e zakazat' regulaciu vodného toku, predovset-
kym nad porastmi

e odstranovanie invazneho druhy Impatiens
parviflora (celoplosne, kazdoro¢ne, mecha-
nické vykopavanie a ru¢né vyberanie pod-
zemnych Casti rastliny, od 15. 8.)

e odstranovanie naletov Prunus spinosa (celo-
plosne, 1/2roky, mechanické odstranovanie
krovinorezom, koncom februara)

e vycistit' lokalitu od mensich nelegalnych
skladok stavebného odpadu v tizemi biotopu,
ktoré sa vyskytuje na juhovychodnej strane
prirodnej pamiatky

Ls 1.3 Jaseiovo-jelSové podhorské luzné lesy

e ponechat’ mftve drevo druhov jelsi a jasena
(min. 2 m’/ha)

e zvysit podiel'a jasefia na 30 az 35% — pod-
sejbou na sneh (semeno vybrat na zaklade
semennej oblasti a vyskovej oblasti (m n. m.)

e vycistenie od nelegalnych skladok odpadu

e 7z podrastu odstranit’ Impatiens parviflora —
celoplosne, raz roéne, mechanickymi ruénymi
sposobmi, od 15. augusta

e prerezanie husto zapojenych porastov nepd-
vodnych krovin Cornus mas, Ligustrum vul-
gare, Corylus avellana (celoplosne, 1/rok,
mechanicky krovinorezom, od 20. 8.)

Tr7 Mezofilné lemy

e kosenie (v pasoch, 1/rok, ruéné kosenie, od 20. 8.)

Kr8 Vibové kroviny stojatych vod

e nezasahovat do vodného rezimu

e neregulovat’ Dolinovy potok

e podpora prirodzené¢ho zmladzovania druhu
Salix rosmarinifolia (1/5 rokov, drevenymi
odrezkami, od 1. 2.

e odstranovanie invazneho druhu podrastu



Impatiens parviflora (celoplosne, kazdorocne,
mechanické vykopavanie a ru¢né vyberanie
podzemnych ¢asti rastliny, od 15. 8.)

e zrezavanie vibovych pratov druhu Salix ci-
nerea (1/3roky, mechanicky krovinorezom,
od1.11.)

Ls 2.1 Dubovo-hrabové lesy karpatské

e zabranit' nelegalnej tazbe dreva v lesnom
dielci ¢. 428

e ponechanie mrtveho dreva druhu Carpinus
betulus na uplny rozklad (min. 1,5 m*/ha)

e odstranovanie invazneho druhu podrastu
Impatiens parviflora (celoplosne, kazdoro¢ne,
mechanické vykopavanie a ru¢né vyberanie
podzemnych ¢asti rastliny, od 15. 8.)
Sledovana lokalita je zaradend medzi mok-

rade regionalneho vyznamu. V stcasnej platnej

uzemnoplanovacej dokumentacii vSak nie je na-
vrhnuta za prvok v miestnom tzemnom systéme
ekologickej stability. Pre podporu realizacie na-
vrhnutych manazmentovych opatreni v konkrét-
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nych biotopoch, s cielom dosiahnutia celkového
lepsieho stavu PP Bindarka, ako aj jej okolia navr-
hujeme lokalitu zaradit do MUSES ako miestny
biokoridor.
PP Miticka slatina

V ramci PP Miticka slatina bolo identifiko-
vanych 9 typov biotopov, z toho 2 typy biotopov
eurdpskeho vyznamu, a to Kr6 — Xerotermné kro-
viny a Vo2 — Prirodzené eutrofné a mezotrofné
stojaté vody s vegetaciou plavajucich a/alebo po-
norenych cievnatych rastlin typu Magnopotamion
alebo Hydrocharition. Tiez boli identikované
3 biotopy narodného vyznamu, a to konkrétne Kr8
— Vibové kroviny stojatych vod, Lk10 — Vegetacia
vysokych ostric a Ls7.4 — Slatinné jelSové lesy.
V ramci hodnoteného uzemia bolo vykonanych
77 fytocenologickych zapisov a bola zistena pri-
tomnost’ 11 druhov drevin, 10 druhov krovin a 79
rastlinnych taxonov.

V tab. 4 hodnoty su uvedené hodnoty kritérii
prirodoochrannej vyznamnosti.

Tab. 4 Hodnoty Kritérii prirodoochrannej vyznamnosti biotopov PP Miticka slatina
Tab. 4 Values of criterions of nature-protection importance of habitats in Natural monument Miticka slatina

Druhové Vyznamnost® a su¢asné
Typ/nazov biotopu s Prirodzenost’ manazmentové Ohrozenost’
bohatost’ .
opatrenia
. Kr6 . 3 1 4 1
Continental deciduous thickets
Kr7
Medio-European rich-soil thickets 3 4 ! 3
Kr8
Mire willow scrub 3 > 2 4
LKk10
Phalaris arundinacea beds; Large 3 5 3 4
Carex beds
Lk11
Common reed beds 4 3 ! 2
Ls7. 4
Alder swamp woods 3 3 2 !
Vo2
Natural eutrophic lakes with 1 5 4 |
Magnopotamion or Hydrocharition —
type vegetation
X1
Herbaceous clearings 3 3 ! 2
X3
Ruderal communities 4 > ! !

Pri hodnoteni priaznivého stavu eurdpsky
vyznamného nelesného typu biotopu Kr6 bol zis-
teny vyskyt charakteristickych taxonov Cornus
mas, Prunus spinosa, Geranium sanguineum,
Crataegus monogyna. Z indikaénych taxénov
sa vyskytuji Crataegus monogyna, Cornus mas
a Prunus spinosa. Expanzivny taxén ohrozujuci

biotop (Fraxinus ornus) sa v biotope nevyskytuje.

V prirodnej pamiatke Mitickd slatina biotop
Kr6 Xerotermné kroviny dosiahol syntetickt
hodnotu 2,425. Na zaklade tejto hodnoty ako aj
hrani¢nych limitov jednotlivych kategorii (tab.5)
bol vyhodnoteny stav biotopu ako nepriaznivy,
kategéria C priemerny/redukovany.
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Tab. 5 Hrani¢né limity biotopu Kr6 v PP Miticka slatina
Tab. 5 Limits for habitat Kr6 in Natural monument Miticka slatina

Celovy pocet kombinacii LTSB 8192
Minimalna syntetickd hodnota 1,075
Maximalna synteticka hodnota 3,925
Rozsah hodnot 2,85
Medi4n hodnét 2,5
Hrani&né syntetické hodnoty kategérii D/C=1,7875 | C/B=2,500 | B/A=3,2129

V ramci hodnotenia priaznivého stavu eu-
ropsky vyznamného nelesného typu biotopu Vo2
bol zisteny vyskyt charakteristického taxonu
Lemna minor. Z indika¢nych taxonov sa vyskytu-
je Lemna minor. Negativne diferenciacné taxony

Tab. 6 Hrani¢né limity biotopu Vo2
Tab. 6 Limits for habitat Vo2

sa v biotope Vo2 v PP Miticka slatina nevyskytu-
ju. Synteticka hodnota stavu biotopu predstavuje
1,55. Na zaklade dosiahnutia syntetickej hodnoty
a hrani¢nych limitov hodndt (tab. 6) bol biotop
zaradeny do kategorie A — priaznivy/vyborny.

Celovy pocet kombinacii LTSB 8192
Minimalna synteticka hodnota 0,75
Maximalna synteticka hodnota 1,75
Rozsah hodndt 1
Median hodnét 1,25

Hrani¢né syntetické hodnoty kategérii

D/C =1,000

[CB=1.25 [B/A=15

V lokalite sa ako jediné manazmentové
opatrenie vykonava kosenie spolocenstiev trstin
(v biotope Lk11) raz/1-2 roky a nasledne spale-
nie pokosenej. Navrhujeme preto nasledovny ma-
nazment:

Kr6 Xerotermné kroviny

e odstranenie druhu Robinia pseudoacacia (ce-
loplosne, 1/rok, vyrez krovinorezom vratane
vykopania korenov, od 1. 11.)

e vycistit’ nelegalnu skladku odpadu, zabezpe-
Cit' aby sa tam opit’ nevytvorila (osadenim
tabule s informéciou o zakaze ukladania od-
padu a naslednej pokute pri poruseni zdkazu)
Vo2 Prirodzené eutrofné a mezotrofné
stojaté vody s vegeticiou plavajicich a/
alebo ponorenych cievnatych rastlin typu
Magnopotamion alebo Hydrocharition

e monitorig kvality podzemnej vody zamerany
na vyskyt pesticidov z pol'nohospodarskej
¢innosti, vratane ich prislusnych metaboli-
tov a produktov vznikajucich pri rozklade.
Realizovat’ 2/ro¢ne. Konkrétne prvykrat pred
zaCatim polnohospodarskej Cinnosti v bliz-
kych pol'nohospodarskych uzemiach, druhy-
krat po skonceni.

e odstranenie druhu Phragmites australis (kaz-
dorocne, jedince vo vodnej hladine, vratane
okolia s rozsahom 1,5m od brehu smerom
von, ruéné kosenie a odstranenie pokosenej
biomasy, od 1. 6.)

LKk10 Vegetacia vysokych ostric
e kosenie (celoplosne, 1/2roky, ruéné kosenie,

odstranenie pokosenej biomasy, od 1. 10.)

e odstranenie naletu druhu Rosa canina (celo-
plosne, prioritne v JV oblasti, ruény vyrub aj

s korenovou sustavou, od 1. 10.)

Kr8 Vibové kroviny stojatych vod
e zregulovat’ vyskyt druhu Rubus caesius (v J

Casti biotopu, ru¢né vyzinanie kosakom,

od 1.7.)

e prerezavka krovin druhu Salix cinerea (celo-

plosne, krovinorezom, od 1.11.)

Ls 7.4 Slatinné jelSové lesy
e prerezavka krovinnych druhov Rosa canina,

Prunus spinosa, vratane odstranenia spilenej

haluziny (celoplosne, prioritne v JV ¢asti bio-

topu, krovinorezom, od 1. 7.)

e zdkaz regulacie pretekajiceho vodného toku
e zakaz tazby raseliny

ponechat’ mitve drevo druhu Alnus glutinosa

(min. 1,5 m*ha).

Lokalitu PP Miticka slatina navrhuje ma zak-
lade hodnoteni zaradit’ do ekologickej siete miest-
neho tzemného systému ekologickej stability ako
miestne biocentrum. Ako prvok MUSES bude
viac podtrhnuta praktickd ochrana v uzemi for-
mou navrhovaného manazmentu.



DISKUSIA

PP Bindarka, aluvidlny mociar s prietoc-
nou vodou, vytvara biotop pre mnohé ohrozené
i vzécne zivocichy i rastlinné druhy. Pokial’ na-
ozaj chceme udrzat’ existenciu spoloc¢enstiev vy-
skytujucich sa v rieSenej lokalite, je nevyhnutné
realizovat’ manazmentové opatrenia veduce k sta-
bilizécii a zlepSeniu stavu jednotlivych biotopov.
Pri hodnoteni prirodoochranej vyznamnosti sme
ako jedno z kritérii zvolili poc€et druhov. Pre nie-
ktoré biotopy to malo dosledok dosiahnutia niz-
Sicho poctu bodov. V niektorych pripadoch pocet
druhov v biotope nebol vysoky, ale vysoka bola
pokryvnost’ charakteristickych druhov. V takych-
to typoch biotopov je nizka diverzita druhov pod-
mienend prave tym, ze su vytla¢ané charakteristic-
kymi druhmi. Preto kritérium pocet druhov v hod-
noteni prirodoochrannej vyznamnosti je diskuta-
bilnym ukazovatel'om. Neda sa blizSie rozpoznat,
¢i je z hladiska ochrany prirody viac vyznamny
biotop, ktory ma vyssiu druhovil bohatost’ alebo
ten, ktorého pocet druhov sice nie je vysoky, ale
druhy ktoré su charakteristické a v podstate urcujt
dany typ biotopu, st dominantné a prevazuju, ¢im
zamedzuju vyskyt d’alSich druhov. V pripade hod-
notenia stavu europsky vyznamnych nelesnych
typov biotopov mézeme vylucit’ ako pricinu zlé-
ho stavu priamy vplyv ¢loveka, ked’ze v lokalite
prirodnej pamiatky st zdkazy a obmedzenia pre
viacero l'udskych ¢innosti. Za dévod priemernos-
ti, ¢i nepriaznivosti mozno povazovat nec¢innost
v oblasti realizdcie manazmentu. Pri porovnani
priaznivého stavu biotopov (LkS5, Br6) v ramci
SR viac ako polovica z mapovanych uzemi s vy-
skytom tychto biotopov ma stav nevyhovujici az
zly. Podla vysledkov monitoringu biotopov SOP
SR (www.biomonitoring.sk) ako dosledok tohto
stavu sa povazuju nevhodné manazmentové opat-
renia (az 30% z celkového poctu nepriaznivych
vplyvov).

V chranenom uzemi prirodnej pamiatky
Miticka slatina sa vyskytuje zvySok slatinného
raseliniska. V niektorych miestach fragmitelova
raselina dosahuje mocnost’ az 3m. Prave tento
vyskytujuci sa prvok bol dovodom vyhldsenia
a zarovenn predmetom ochrany PP Mitickd sla-
tina. Pre hodnotenie prirodoochrannej vyznam-
nosti biotopov bolo zvolenych niekol’ko kritérii.
Najspornejsie kritérium je pocet druhov, podobne
ako pri PP Bindarka, nie je jednoznacne jasné,
¢i je z hladiska ochrany prirody vyznamnejSia
druhova bohatost’ alebo pokryvnost’ charakte-
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ristickych druhov. Vyskyt zranitelnych alebo
ohrozenych rastlinnych druhov bol minimalny.
Toto mozno povazovat za dosledok pdsobenia
niekol’kych stresovych faktorov v sucasnosti,
ako aj vyrazné odvodnenie uzemia v minulosti.
Ekologické funkcie, ktorymi lokalita disponuje
su pre krajinu ako celok nezamenitel'né. Preto
za zaradenim uzemia do ekologickej siete vidime
realizaciu manazmentovych opatreni potrebnych
tak ako pre zachovanie lokality, aj pre zvySenie
jej ekologickych funkcii a vplyvov na krajinu.
V prirodnej pamiatke sa vyskytuji dva typy eu-
ropsky vyznamnych nelesnych typov biotopov.
Konkrétne ide o biotopy Kr6 a Vo2. Pri hodnoteni
priaznivosti stavu tychto biotopov sme dospeli
k zaveru, ze biotop vodného spoloc¢enstva Vo2 sa
v sucasnosti vyskytuje vo vybornom priaznivom
stave, i ked’ st to len malé fragmenty. Malé plo-
chy vyskytu povazujeme za vysledok odvodnenia
uzemia v minulosti. Pri hodnoteni priaznivosti
stavu biotopu Kr6 bolo spoloc¢enstvo vyhodno-
tené ako priemerné. Dolezité je si uvedomit, ze
tento typ biotopu vobec nie je typickym biotopom
raselinisk ¢i vlhkych luk. Jeho existencia v danom
uzemi je naozaj vynimocna a ojedinela. Nemalou
mierou sa za priemerny stav podpisala aj nie naj-
lepsia lokalizacia tohto biotopu. Biotop sa sice
nachadza na vhodnych abiotickych podmienkach,
avsak je vystaveny priamym stresovym faktorom.
Medzi zakladné patri susedstvo s ornou pddou.
Pokial’ nebude nastavena spravna a rychla aktivna
ochrana tohto biotopu jeho vyhliadky do buduc-
nosti su vel'mi nepriaznivé. Je len otazkou casu,
kedy biotop Uplne podl'ahne ruderalizécii ¢i tla-
ku antropogénnych vplyvov. V celoslovenskom
globale biotop xerotermnych krovin v priaznivom
stave nepredstavuje ani polovicu z celkového poc-
tu zmapovanych lokalit (www.biomonitoring.sk).
Podra vysledkov monitoringu SOP SR za najviac
ohrozujlce negativne vplyvy st povazované I'ud-
ské ¢innosti (az 56,2 % zo vsetkych ohrozeni).

ZAVER

V prispevku bol zhodnoteny vyznam lokalit
z pohladu ochrany prirody, ako aj priaznivost
stavu eurdpsky vyznamnych nelesnych typov bio-
topov vyskytujucich sa v modelovych uzemiach.
Krajinno — ekologické analyzy, mapovanie bioto-
pov, zhodnotenie prirodoochrannej vyznamnosti,
ako aj zhodnotenie priaznivosti stavu europsky
vyznamnych nelesnych typov biotopov nam tvo-
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rili spolahlivé podklady pre navrh manazmentu
v jednotlivych uzemiach. V neposlednom rade
sme vysledky vyuzili pre postidenie vhodnosti
chranenych tizemi ako prvkov USES. A to dobry
zéklad pre ndvrh programov starostlivosti o chra-
nené Uzemia.
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ABSTRACT

Combined, field groundwater level monitoring and electric conductivity measurements with chemistry

analyzes of groundwater and surface water sampling campaigns have been used in construction of CSM for
the Lubina — Pal¢ekove environmental loading (LUPAL). The EC (198-203 mS.m™) zoning in combination
with increased C1 (228-237 mg.1"), B~ (0.711-0.728 mg.1"") and rare-elements concentrations in samples (i.e.
Sr, Sn, Ni, Cu, Ag, Li) of VN148-2 well and contaminated leaks at PV148-41 show preferential contamination
extension to the SW. The cloud is rather dispersed in permeable sandy bifurcation channels and weathered
zone of Lubina Formation. Groundwater represents a master receptor, followed by topsoil profile and low-
connectivity suffering Paleogene profile. Its extension is predominantly limited towards SW by attenuation
capacity as a combination of dilution, sorbtion and short-term accommodation of contaminants. The site does
not represent a risk for publics.

Key words: conceptual site model, contamination transport, electric conductivity, hydrogeology, moni-

toring

FOREWORD

According to a Directive 2004/35/EC and
the Act No. 569/2007, the environmental loading
»is a site where hazardous substance caused by
human activity poses a significant risk to human
health or to the environment, soil and groundwa-
ter, except of environmental damage. There has
been a growing scientific and social-economic
concern on interaction of environment with con-
taminated sites (landfills, adits, abandoned mines’
and waste ponds, brownfields, industrial parks
etc) in Slovakia, accented in several systematic
reports (e.g. Paluchova et al., 2008; Helma et al.,

2010). Yet the final assessment of actual impact
of contaminated site on environment requires
multiple investigation initiatives that are time-
consuming and costly if realized from a basics. To
minimize costs and maximize an effect of a long-
term monitoring and remediation plan, includ-
ing an environmental risk analysis, a conduction
of conceptual site models (CSMs) has become
a valuable tool.

A conceptual site model is a pictorial repre-
sentation of complexity found in a natural system
(Gillespie et al., 2012). Alike for a groundwa-
ter flow, the CSM for contaminated site accents
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source, transport and fate, pathways and its ex-
posure routes towards the recipient (McMahon
et al., 1999) not only in a saturated, but within
a phaeratic and antroposphere zone as well
(Slaninka & Kordik, 2014). Each CSM is, in fact,
a visualization of a subjective belief involving
a bulk of uncertainties, which are its inherent con-
stituents (Thomsen et al., 2016). A number and
an impact of these consequently decreases with
knowledge and investigations of a site. It is then
an interpreter’s behalf to decide when the CSM
approaches a natural state sufficiently enough to
launch a more sophisticated (and more expensive)
investigation and remediation activities to counter
the contamination or its overall impact on a na-
ture.

INTRODUCTION

The Lubina — Palcekove landfill (LUPAL) is
situated 1,7km E off the Stara Tura town in a dis-
sected hill-lands of SW orientation and inclination
up to 7° as a part of Myjava uplands. Its approxi-
mate area is roughly 2.2 ha. An activity at a site
has been launched in 1970’s, serving the Stard
Turd — Chirana company as a waste disposal.
A character of the waste has been assumed as bio-
logical to medical and technical. Currently, a load
of municipal waste is officially reported. By reg-
istry of the environmental loads, an estimated
volume may count 70 000 m* with a yearly incre-
ment of 6 000 m’. A waste is systematically dis-
posed into cassettes and covered with compacted
soil. Yet there is no active remediatory barrier for
a contamination interaction with environment.

A relevant deep vertical structure includes
Quaternary accumulations and Paleogene en-
velope of the Klippen Belt (Tet'dk et al., 2015),
represented by the Lubina Formation. A survey
of (Kubicka et al., 1994) reports 1 — 2m thick
Quaternary antropogene forms (ST-1) through
the landfill as a combination of disposed waste
and multiple soil envelopes. Deluvial sediments
had been described as loam-dominated with a to-
tal thickness varying 2 (slope) to 10 (plane) me-
ters and minor records of sands with boulders at
a slope foots. All wells documented Paleogene at
depths of 5.5 —9.5 m.b.s.1., reduced to calcareous
claystones only. By actual drilling (Fricovsky et
al. in Kordik et al., 2016), the thickness of antrop-
ogene may reach up to Sm. (VN148-1). Deluvial
accumulations have been proven of fine-grained

character with rare sands and gravels organized
in separate and disconnected slope talus and
slides at a thickness of 0.5 — 1.5m (Gumanova
& Fricovsky, 2015). With the VN148-4 well,
we assume an immature seasonal riverbed de-
veloped in dells to the SW and W (Fig. 1). The
immature fluvial environment is represented by
normal grading and a transition of sandy loams
towards sands (see CSM model plotted on the
cross-section and borehole log of the VN148-4
in Fig. 3). Still, we assume these immature plains
are episodically covered with fine-grained delu-
vial tallus. In a vertical profile of Paleogene Lu-
bina Formation, calcareous sandstones’ interbeds
have been documented in claystones, siltstones
and marlstones, heavily weathered in first 5 — 10
meters (FriCovsky et al. in Kordik et al., 2016).

An initial year-long monitoring (Kubicka et
al., 1994) reported a dramatic increase in total
dissolved solids (TDS) at an inlet (ST-1 well) and
outlet (ST-2 ev. ST-3 wells) of the system from
636 to 2730 and 3450 mg.1"! respectively, consis-
tent to increase in an electric conductivity (EC)
at a rate of 73.1 (ST-1) to 273 (ST-3) mS.m™".
Assuming local homogeneity in hydrogeochemi-
cal system, the increase has been assigned to
groundwater interaction with a disposed material
and contamination leaching. It has also been con-
cluded that under extreme precipitations, leachate
is drained below a western wall of the landfill.
Authors assumed a cloud-shaped contamination
extension (Fig. 2). Next phase (Kubicka, 2007)
repeated continuous leachate formation at a site
by comparing EC and TDS between an inlet and
outlet, not explaining a high CHSK-Mn sampled
at ST-3. A last investigation campaign (Zitiian,
2012) briefly commented on a steady-state condi-
tions in an aquifer with no indices on continuous
secondary contamination, as given by EC, CHSK-
Mn and TDS measurements.

Our submission gives a brief review on use
of in-situ methods in construction and update of
conceptual site model grounded by geochemical
analyzes. Geochemical processes and groundwa-
ter flow are interpreted by variation in hydraulic
head and electric conductivity and its spatial dis-
tribution. The aim of the CSM is to give an up-
date on potential contamination extension and its
leachate form.
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Fig. 1 Position (left) and generalized lithofacial sketch of the LUPAL site (right)
Obr. 1 Lokalizacia (vPavo) a litofacialna schéma okolia skladky Lubina — Pal¢ekove (vpravo).
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Fig. 2 Initial CSM of the LUPAL landfill. Modified after Kubicka et al. (1994).
Obr. 2 Pévodny koncepény model skladky Lubina — Paléekové.
Upravené podla: Kubicka et al. (1994)

METHODS AND APPROACH

An essential attribute in a development of
a CSM is its iterativity and adaptability as new
data are collected (Thomsen et al., 2016). At each
stage, a model must be ensured with considering
both, actual and historical data. During site ob-
servation, we have conducted specific conduc-
tivity and temperature profiling, hydraulic head
pH and O, content measurements, and sampling
for complete geochemical analyzes. The LUPAL
landfill has been subjected to a geological project
“Monitorovanie environmentalnych zatazi na vy-
branych lokalitach Slovenskej republiky” (Kordik
et al., 2016). A complete investigation (Fri¢ovsky
et al. in Kordik et al., 2016) consisted of drilling,
remote sensing, surface resistivity and atmogeo-
chemical survey, soil sampling, hydraulic testing,
analyzes of geomechanical properties and soil
sampling.

Hydrogeological monitoring

A monitoring has been realized through Janu-
ary to August 2015 to cover hydrogeological sea-
sonality of a site, i.e. winter groundwater deficit
(snow cover) in January, groundwater saturation
(snowmelt) in March to April, groundwater verti-
cal fluctuation (late spring rainfall season) in May
to June and groundwater deficit (hydrogeological
drought) in July to August. We have used the SO-
LINST TLC multiprobe for a groundwater level
detection. Results have been evaluated in terms
of piezometry and variation in hydraulic gradients
in a surroundings. A regime has been analyzed by
plotting a piezometric profiles in a section and ac-
counting on a piezometric gradients in different
directions.
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Electric conductivity

With monotonous hydrogeochemical system,
most of contamination records unexpected increase
in total dissolved solids (TDS), which increases
a bulk groundwater density. This is a case for soluble
contaminants or contamination of specific density
higher than that of a groundwater. In consequence,
the groundwater table stratifies in an aquifer or bore-
hole vertically by density gradient. An exception is
a contamination with insoluble substances of density
lower than a density of a water table, which form
a separate phase at a top in a consequence.

The electric conductivity (syn. specific elec-
tric conductivity, electrolytic conductivity, spe-
cific conductance) is an indicator of TDS, as con-
duction in electrolyte depends on concentration
of ionic species (Hyashi, 2003), their mobility,
charge number and temperature (Mikita & Vy-
biral, 2007). If a vertical EC profiling processes
in regular steps, the obtained result is a borehole
electric conductivity log reflecting variation in
groundwater density. Because of its correlation
to TDS, the EC logging became a benefitial, low-
cost tool in contamination survey and delineation,
especially for sites where macrocomponent con-
taminants are leached to the groundwater.

We have used a SOLINST TLC multiprobe
in regular 0,5m steps sank through the centre
of a casing. This plots continuous conductivity
record with possible sharp interfaces or progres-
sive increase reflecting density behavior (Mikita,
2015). Measured EC is available for correlation
with TDS, concentration of particular contami-
nants, or for principal component analysis appli-
cation (Critto et al., 2003) if needed.

SITE INVESTIGATION

An entire site investigation is based on an ini-
tial recognition of combined aquifer of short-res-
idency, shallow filtration and open hydrogeologi-
cal structure. The aquifer associates with Quater-
nary deluvial sandy loams and sands at coefficient
of filtration k=3 .10° — 1 .10° m.s™' and coefficient
of hydraulic transmissivity of T=1.2.10* -1 .10
m%s! and weathered claystones to sandstones of
the Paleogene Lubina Formation, where k < 1 .10
m.s'and T <5 .10° m2s' (Kubicka et al., 1994;
Fricovsky et al. in Kordik et al., 2016).

Hydraulic head monitoring

Basically, the monitoring campaign cov-
ered keystone regime periods of a typical shal-

low-depth and short-residency hydrogeological
structure, experiencing a hydrogeological deficit
by snow-cover accretion, increased saturation
through a snow-melt and variation in hydraulic
head reflecting rainfall seasons or draught peri-
odically.

A relative piezometric groundwater level
increased through the January — March period,
except the well VN148-3. The water table climb
(Ahgw = 0.2 — 3m) is a typical snow-melt. Later
on, the increase ceased to April, as the vast snow
melted has already entered the aquifer and the
increase could had may come out of some rain-
fall. Through the rest of a monitoring period, the
groundwater level dropped constantly. However,
there is some difference in saturation and runoff
regime seen (Fig. 3a).

Both, the VO148-1 and VN148-1 appear sim-
ilar in a head response assuming similar perme-
ability. A drawdown in April through June records
aquifer saturation depletion (Ahgw =0.2—-3m) af-
ter a snow-melt and rainfalls ran off the area and
an infiltration zone began to suffer a hydrological
drought lacking some considerable recharge. Yet
the PGL-R clearly differs in rest of the wells. In
VN148-3, the groundwater level decreases con-
stantly. If we accept a low drainage permeability
in the area, the drop may come with runoff of fall
2014 rainwater wave for which it took 2 months
to get to the well from a recharge area. A local
snow-melt water can supply an aquifer saturation
around in March to April. It is well seen that the
head increases through June to August at a mini-
mum level (Ahgw = 0.1 — 0.2 m), just 2 months
after a snow-melt and early spring rainfall wave
runoff from the discharge zone, somewhat prov-
ing the assumed filtration period from infiltration
zone. At the VN148-2, there is a slow but continu-
ous PGL-R decline from April to August. Because
of local geology, a combination of several reasons
must be considered: a) the preferential runoff
is to the W (to the VN148-4); b) there may be
a groundwater filtration bifurcation creating nar-
row runoff channels in the SW direction, and; c)
there is lower permeability around the VN148-2
well prolonging a filtration period. The VN148-4
well located by the Sagnata tributary records the
largest increase in a PGL-R in January through
March (Ah = 3.2m) due to early spring activa-
tion of the %ydraulic communication between the
well and a creek. As the hydrological draught sets
on between June to August, the piezometric level
drops dramatically with tributary exsiccation
(Ah,, =3.5m).



Hydrogeological regime

The relative groundwater level implies dif-
ferent runoff direction regimes contributing on
overall groundwater filtration in the entire area,
yet along with spatial variation in permeability
and sensitivity to recharge. Two trends are consid-
ered: the “east-west” (VO148-1 to VN148-3) and
the “northeast-southwest (VO148-1 to VN148-
4). There is a difference in piezometric gradient
variation recorded for the E-W (i, = 0.18-0.2) and
NE - SW (i, = 0.09-0.95) direction. Definitely,
the E-W gradient responses faster, proving the
E-W direction preferential. By plotting a ground-
water level profiles (Fig. 3b-c), it appears the E-W
direction follows a terrain topography. Because of
the aquifer associates the Quaternary deluvial ac-
cumulations atop variously weathered Paleogene,
bifurcation in that direction cannot be excluded.
With the latter direction, the runoff is rather inde-
pendent on a relief inclination, implying a bifur-
cation at insulated buried slope talus sand bodies
in a consequence. This identifies the E-W direc-
tion preferential (at least at a given knowledge).

Electric conductivity logging

Previous reports (Kubicka, 2007; Zitian,
2012) concluded continuous decrease in electro-
lytic conductivity and difference between ST-1
and ST-2 or ST-3 wells respectively as a system
approached a steady-state referring to contamina-
tion ceasing.

We have performed a complete borehole log-
ging for electric conductivity in March, April,
June and August. Except the VN148-1, logs
plot in similar patterns in time (Fig. 4). With the
VN148-1 well, the electric conductivity varies EC
~ 108 — 115 mS.m" in March (local maxima) to
EC = 108 — 115 mS.m" in June (local minima).
A profile of March records a normal vertical dis-
tribution and increase of EC with depth, whilst
in April and June, the log performs as stabilized
(constant). The first record is probably conse-
quent to slow groundwater filtration and deficient
aquifer saturation, which drives the EC, TDS and
formation of density gradient in a water table. At
such conditions, interaction of effective borehole
radius with the waste plays rather an uncertainty,
regardless of direct dissolution or counter-flow in-
cidental contamination diffusion. A logging, how-
ever, recorded an apparent sharp interface (A) in
August at depths of 13 — 14m (EC = 82 — 88
mS.m™") that is, a 7% increase.
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An increase, compared to profiles of April and
June may be assigned to: a) groundwater diffuse
enrichment with contamination; or b) anisotropy
in combined aquifer saturation. The latter may
control a different groundwater filtration velocity
in deeper parts of less permeable (sandy) clay-
stones, which increases a TDS normally by pro-
longing a storage period in aquifer.

The VN148-2 well is situated = 150m to the
SW from the VN148-1. A baseline for consider-
ation is: a) there is a slower groundwater filtration
to the SW compared with the W trend; b) a ran-
dom bifurcation with lack of reservoir rewashing
must be expected; c) the well is on the outter mar-
gin of the landfill; thus, d) groundwater must be
of higher TDS, density and EC either because of
its normal enrichment or contamination. Indeed,
the logs show the conductivity varying in EC =
97 — 104 mS.m™' (June) to EC = 182 — 186 mS.m"!
(August). The increase compared to VN148-1 is
most pronounced in August at a fold of 2.5. Both
interfaces (B, C) are at a top of a water table (Fig.
4) and may be indicatory of a rainwater effect.
In deeper parts, the profile appears stabilized or
increases progressively, even above a mean toler-
ance value (EC = 125 mS.m™). The difference in
EC compared to VN148-1 is too high for normal
enrichment. Then, the contaminants dissolved
may not be of a concentration and charge high
enough to skew the profile with sharp interfaces
by disturbing a continuous density gradient, or
there aren’t contaminants causing a profile devia-
tion (such as chlorides).

With the VN148-3, the electric conductivity
profiles appear similar in absolute values to those
of VN148-1 or are rather lower, at EC = 60 — 62
mS.m"! in June to EC = 96 — 97 mS.m" in Au-
gust. Two interfaces (D, E on Fig. 4) in March and
April record an increase in EC of 8 % and 21 % at
depths of 13 — 14m and 14 — 15m respectively.
It is possible the March monitoring records early
snowmelt runoff stage or winter deficiency (by
+/- 2 months of groundwater residency) at low
groundwater stand, which increases the EC. In
April, the EC drops by dilution in a source zone
with snowmelt and spring rainfalls, which con-
tinues to June. In August, the EC increases with
building up the saturation deficiency and drop in
piezometric gradient between April (i, = 0.2) and
August (i, = 0.16). Yet a possible effect of time-
variable bifurcation must not be neglected.

In VN148-4, the electric conductivity is with-
in a range of EC = 52 — 54 mS.m"!' (June) to EC
=83 — 84 mS.m" (August). The well is installed
~350m SW from the VN148-1 and ~ 200m SW
from the VN148-2 in a direction of a hydraulic

gradient. Through the monitoring period, the pro-
file keeps stabilized in shape at relatively low con-
ductivities, lacking some sharp inferface record.
Apparently, this may be explained by: a) intense
dilution of a groundwater profile at hydraulic
communication with the Sa3nata tributary, b) mix-
ing of groundwater from the landfill with facies
originated in a nearby region or; c¢) by natural at-
tenuation of contaminants between VN148-2 and
VN148-4 wells. We rather prefer a combination
of all scenarios depending on a particular month.
Mixing and dilution may realize up to June. The
increase in August appears as resultant to draught
and aquifer saturation deficiency, building up the
EC in a profile.

A concern has been payed to a seepage at
a SW slope of the landfill (a monitoring point
PV148-41), described first in (Kubicka et al.,
1994), which forms through a heavy rainfalls
(Fig. 5). This has been observed in March and
April only, yielding conductivities of EC = 183
mS.m™! and EC = 163 mS.m™! respectively. The
conductivity is far above a nameplate conductiv-
ity of a rainwater (EC = 1 — 10 mS.m™), thus its
groundwater (seepage) origin is fairly reasonable.
These values are, moreover, similar to those mea-
sured at VN148-2.

GROUNDWATER CHEMISTRY

A sampling campaign has been realized in
April and June on groundwater and seepage
sample(s). In CSM praxis, there are two possible
approaches in analysis of contamination exten-
sion: a) to consider an analysis due to a given limit
value (here as to a Directive 1/2015-7 defining in-
dicatory — ID and intervention — IT criteria), or; b)
by comparing wells in reference, source and in-
dicatory zones. Both, the sampling and EC moni-
toring should be of reciprocal correlation. We list
a key geochemistry components in Table 1.

Analytical results

There is an increase in macrocomponents
and rare elements between the reference well
VO148-1 and VN148-2, that is most pronounced
by comparing positive April and June differences
in concentration of (6CI- = 1500 / 980 %), sul-
phate (SO, = 846 / 670 %), sodium (3Na* =
364 / 228%) and boron (8B = 3640 / 3500 %).
Within siliciclastic environment which forms the
aquiferous horizon, the enrichment cannot be of
natural character, implying groundwater interac-
tion with a landfill and leaching of contaminants.
The smaller relative difference in June may be



attributed to general increase in absolute con-
centrations of analyzed elements at the VO148-1
well. Indeed, differences in absolute concentra-
tions at the VN148-2 well are all below 20 %,
except a zinc. Comparing VO148-1 and VN148-
4, concentrations increase in the indicatory well
in April, however, a sampling in June recorded
only Sr*, Ca* and Na® of significant difference.
Concentrations decrease towards the VN148-4.
Largest drops at VN148-4 were recorded for chlo-
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ride (3Cl- = 92-93 %), sulphate (6SO,> = 92/ 94
%), sodium (dNa" =75 /76 %), boron (6B~ =95/
96 %) and TDS (8TDS = 52/ 57 %). By compar-
ing VO148-1 with VN148-3, there is a general in-
crease in monitored constituents (Tab. 1), proving
a direction of contaminated water flow direction
to the W as well. In comparison to VN148-2, con-
centrations are lower, except a typical NH,-NO,
reciprocal variation.
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Fig. 5 Landfill contaminated seepage at a SW wall foothill
Obr. 5 Kontaminované zamokrenie pod JZ stenou skladky

Tab. 1 Groundwater / seepage chemical analysis compared to limit values by Directive 1/2015-7
Tab. 1 Porovnanie chemickych analyz podzemnych vod a priesakovej kvapaliny s ID a IT limitmi Smernice

1/2015-7
z <2 03I 2 ¥ IVl oz o T 3
D x s & s s s z s s i S | I IT Unit
S ¢ ¢ ¢ ¢ |8 g g g g

DTM 04/15 04/15 04/15 04/15 04/15 04/15| 06/15 06/15 06/15 06/15 06/15 mg.l"!
pH 6.63 683 711 667 713 716 67 693 661 707 698 | — - mgl
EC 575 108.6 1286 1982 939 862 | 951 905 203 984 87.7 | 200 300 mgl’
NH, 0.05 007 048 007 004 004 | 202 006 007 005 005 ]| 12 24 mgl’
cl 148 682 285 237 55 172 | 211 541 228 486 182 | 150 250 mgl!
NO, 809 313 100 141 648 1.02 | 252 457 153 633 336 | - - mgl!
SO, 334 116 119 316 107 84 396 775 305 106 779 | - ~  mgl
HCO, 2702 5472 6844 777.8 4172 549 | 5545 3837 7381 4014 5002 | - - mgl!
COD-Mn 37 16 83 31 07 0.5 136 07 3.1 - <05]| 5 10 mgl!
Na 1262 29.14 27.65 58.61 20.14 146 | 1928 20.84 6333 23.11 1519 - - mgl
K 1.66 053 5241 197 105 148 | 7.4 044 199 114 059 | - - mgl"
Ca 76.83 1709 1547 262 1397 1263 | 1153 141 316 1431 1266| - - mgl!
Mg 1955 27.15 4485 73.09 2945 3928 | 3293 2246 76.16 31.06 3939| - - mgl!
Mn 0.004 0443 0006 0051 - 0008 | 0297 0024 0042 - 0002 - - mgl
Sio, 983 1432 1048 1659 11.66 1006 | 1439 1571 1994 1393 1261 | - ~  mgl
Li <0.01 0.015 0042 0.055 0.02 0018 | <0.0l 0011 0053 0019 0015 - - mgl
Ba 0.078 0.08 0.09 0.049 0.081 0.134 | 0.091 0.085 0052 0084 0.121| 1 2 mgl!
Sr 0.181 0279 0415 0478 0256 0403 | 0228 0246 0509 0279 0393 | —  — mgl’
B 0.019 0.138 0.866 0.711 0.101 0.025 | 0.02 0059 0.728 0.108 0.025| 05 5 mgl"
Al 0.022 0.031 0.049 0.032 0.022 0.073 - - 0021 - - 025 04 mgl"
As - - 1.2 - - - 4 - - - - 50 100 pgl!
Sb - - - - - - 3 - - - - 30 50 pgl!
Cu 4 41 136 22 - - - - - - — | 1000 2000 pgl!
Ni - 49 511 358 - - 237 - 252 - — | 100 200 pgl
Zn 721 122 2883 615 422 7.7 425 448 6214 219 265 | 1500 5000 pgl!
TDS 5394 1032 1296 1782 8527 853.5 | 884.8 768.8 1841 8356 798 | 2000 3000 mg.l’




A boron is typical indicator of contaminated
groundwater (Mikita & Barton, 2015) interacting
with landfill or ponds, as its limit concentration
value in a pure groundwater may reach up to 0.4
mg.I"". Only VN148-2 well and a seepage sample
PV148-41 recorded concentrations about a limit
value, distinctly different to other measurements.

Yet seasonal agricultural works must be con-
sidered in a region, as rapeseed, wheat and hor-
deum planting extends within the entire reference
and indicatory area, W and SW from the landfill.
In June, increased NH,, Mn and COD-Mn at the
VO148-1 may partially come with application
of fertilizers. Still, increased concentrations of
constituents in VO148-1 may be explained by
activation of diffuse contamination cloud exten-
sion counter the general groundwater direction.
Meanwhile increased NO,™ concentrations shall
be analyzed in a future.

Limit values analysis

Groundwater samples had been analyzed by
limit values defined in the Directive 1/2015-7.
The indicatory criteria or limit value (ID) identi-
fies a constituent in a groundwater which concen-
tration is above a normative and which abundance
in water or soil samples, including stream depos-
its, requires detailed study on its origination. The
intervention criteria or limit value (IT) for a water
or soil sample constituent which concentration
calls for onward remediation activities. Sampling
revealed the chloride concentrations in VN148-2
are above the ID limit (CI' = 228 and 237 mg.I
"). Simultaneously, the boron records concentra-
tions above the ID limit as well in PV148-41 (B-=
0.866 mg.I'") and VN148-2 (B-=0.711 and 0.728
mg.I"' respectively). In June campaign, the NH,
exceeded ID limits in VO148-1, most probably as
a consequence of fertilization as the pH compared
to April is somewhat equal. Its origin in a load-
ing can not, however, be excluded. We assume the
same origin of high COD-Mn at VO148-1.

RESULTS: CONCEPTUAL SITE
MODEL

Defining CSM components
In CSM conduction, site reckon, and analysis

of geological, hydrogeological and geochemical
conditions played crucial momentum in definition

23

of key components (Tab. 2) as follows:

e a reference zone: SW-oriented slopes of hil-
lands between the LUPAL and the 1I/581 road

e asource zone: a landfill body including its W
and SW oriented walls

e anindicatory zone: assumed to the W and SW
off the landfill towards the Sa$nata left and
right tributaries

e master contamination indicators: EC, CI', B-,
SO,*, Na*, Ca*, Mg*

e master recipients: groundwater in shallow and
short-term local filtration regime

e master receptors: combined Quaternary — Pa-
leogene local aquifer, infiltrated rainfalls, low
permeability host rocks and soils, topsoil pro-
file, living forms

e primary transport pathways: groundwater
flow, diffusion, rainfall infiltration, seepage

e primary exposure pathways: ingestion.

Contamination character and generation

Landfill material represents a master source
of contamination. Because of piezometry varia-
tion (Fig. 3) it is possible that the groundwa-
ter interacts with a material directly rather at
the outer margin of a landfill (NE to E margin).
During spring snowmelt seasons and in periods
of heavy rainfalls (spring, late fall), infiltrations
leach contamination in vertical flow towards an
aquifer through the entire source zone. Due to
a breakthrough between a source and indicatory
zone (app. 2 months), increased concentrations
are expected in April (snowmelt), July — August
(spring rainfalls) and December — January (fall
rain season), depending on aquifer saturation.

Because of vertical anisotropy in permeability
and grainage, including differentiation of weath-
ered / loosening zone, it is possible the contamina-
tion does not form a compact, but dispersed cloud,
extended in a trend of preferential groundwater
flow and orientation of groundwater bifurcation
channels. These associate with insulated Quater-
nary sands (slope talus) and intensively weathered
zones in Paleogene part of profile (Fig. 6).
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Tab. 2 CSM components definition and spatial distribution at LUPAL site
Tab. 2 Priestorové vzt’ahy zakladnych prvkov koncepéného modelu na lokalite Lubina — skladka KO Palce-

kove

Conceptual site model
P Reference zone

Source zone Indicatory zone

component
Contamination groundwater in shallow and short-term Tocal hydrogeological
recipients regime
rainfalls
local combined Quaternary and weathered zone Paleogene aquifer
Contamination -
topsoil profile
receptors

living forms, plants

low permeability rocks and soils in saturated and unsaturated zone

groundwater flow

Contamination transport diffusion

pathways

rainfall infiltration

seepage / leakage

Contamination exposure
pathways

ingestion

groundwater,

Sampling objects topsoil profile

surface water (leaks),
topsoil profile

roundwater,
g ’ groundwater,

topsoil profile

A transport regime

A groundwater flow represents a master trans-
port pathway for contamination, realizing con-
tinuously. Bifurcation between insulated sandy
forms applies rather than a planar splashing or
flow typical e.g. in fluvial accumulations (Fig. 6).
A flow to the west represents a constant prefer-
ential direction at higher velocities. Most prob-
ably, more channels approach near the VN148-3
reducing resultant contaminations compared to
VN148-2, where a mass flow realizes in low-per-
meable environment, supposingly, in a few chan-
nels only. While lacking a saturation, dilution is
not as intense in the SW direction, or, probably,
does not apply at all. Within an indicatory zone,
it is possible that more groundwater flow chan-
nels meet near the VN148-4 well, contributing on
contamination dilution amongst a seasonal impact
of its hydraulic communication with the Sagnata
tributary.

A diffusion is expectable in a E-NE direction,
counter the general flow. We assume the diffu-
sion is active through hydrological and hydrogeo-
logical draughts in summer and winter months,
somewhat explaining increased concentrations of
arsenic, nickel and antimony in VO148-1. Still,
the diffusion takes part in a confined groundwa-
ter body. A real effect of the process is, however,
a matter of uncertainty because of a seasonal ex-
ternal contamination propagation by fertilization
and a nearby heap composting. Unlike in a case
of groundwater flow, we rather assume mobile

constituents to contribute on an overall diffusion.

Local leakage and seepage has been partially
discussed above already. We assume that both
do contribute on contamination transition season-
ally. Slope leaks form in heavy rains when bifur-
cation channels get saturated shortly after a few
days. Local depressions below a landfill wall fill
with contaminated groundwater drained by sev-
eral bifurcation channels or weathered Paleogene
zone. In case drainage leaks flow over, a contami-
nation leaks cross the field road forming several
plashes (Fig. 7), where contaminants infiltrate
through the ploughed topsoil easily and may reach
a confined zone (Fig. 8). Then, the contamination
is, at some magnitude, transported by a ground-
water flow again.

Extension, fate, and attenuation

Contamination transport regime reflects hy-
drogeological regime and geological conditions
in soils and weathered rocks. Its vertical delinea-
tion is easily predictable by position of weathered
zone in Paleogene Lubina Formation. Because of
its predominantly pelitic character, unloosened
and unweathered claystones, siltstones and marl-
stones do not simply provide conditions for con-
tamination accumulation or transition. There is,
however, a question of its lateral extension.

At least two processes control the extension
and fate of contaminants. An initial concentration
depends on leaching intensity in a source zone,
either by vertically infiltrating rainfalls or contin-



uous groundwater-landfill material contact. Dilu-
tion is presumable mostly in W groundwater flow
direction, as bifurcation channels are expected
to intercept along with more intense mass flow.
Obviously, the rate of dilution itself depends on
an initial concentration and uncontaminated mass
available during transport. For secondary infiltra-
tions originated at a topsoil phashes W and SW
from the VN148-2 well, concentration in leaks
beneath the landfill wall is crucial. Towards the
VN148-4 well, the dilution effect is expected to
be controlled again by intersection of bifurcation
channels and available uncontaminated ground-
water or infiltrated riverbed water of the Sagnata
tributary.
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Fig. 6 LUPAL: contamination cloud block-model
Obr. 6 LUPAL: schéma distribucie kontaminacie

In fact, the dilution is one of processes ac-
counted in overall natural attenuation capacity of
a site in hosting the contamination. Another pro-
cess is sorption of contaminants at pelite (clay)
minerals, especially referring to rare elements
(Hg, Pb, Sn, Fe, Ag, Li etc.). Obviously, deluvial
formations are dominant in clays, and the sorption
capacity is expected high in Paleogene profile as
well. Topsoil documentation (Fricovsky et al. in
Kordik et al., 2006) identified a topsoil as clays.
To remark, in a text above, we have repeatedly
spelled sandy bifurcation channels. That is a cor-
rect statement, however, a clay proportion in delu-
vial sands must not be omitted. Then, the sorption
realizes regardless of direction. The highest sorp-
tion effect is expected within the indicatory zone
in a phaeratic soil and topsoil profile, or along a W
and SW margin of the landfill body in a source
zone, where the groundwater level is predomi-
nantly below the material and infiltrations must
slowly transit through variously thick deluvial ac-
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cumulations.

Unfortunately, studies on mineral assem-
blage have not been performed in a exploration
and monitoring of a site. Within siliciclastic en-
vironment, it is possible that Ca’* and Na* alter-
nate in formation of sodic clays, or the Ca®* enter
alkali silicates. Other alteration is expectable for
K" and Na' in formation of Na- and K- silicates.
However, cross-plotting of cations (Tab. 1) gives
skewed and a moderate correlation only, implying
their secondary source. It is, thus, impossible to
account an effect of local low temperature altera-
tion processes in groundwater.

Defining contaminants, especially those of
high specific density, such as chlorides or boron,
tend to occupy deeper parts of a water table, here-
by referenced to weathered Paleogene at variable
connectivity. Both do not enter chemical reac-
tions at low temperatures, neither they form solid
phases and contribute on density gradient forma-
tion in a water table. In this case, they may be
used as contamination tracers. High density water
table can, however, keep occupying void pores or
unconnected fractures and cracks at a bottom of
the aquifer, decreasing resultant concentrations
in monitoring and observation wells. This skews
a resultant attenuation capacity of an environ-
ment, as high density contamination cloud can be
expelled with reaching a saturation capacity of the
aquifer. Indeed, accommodation of contaminants
cannot then be accounted in a real attenuation po-
tential evaluation.

Contamination concentrations decreases sig-
nificantly with distance from a source zone (here
traced by EC, and chlorides, Fig. 8), as a combi-
nation of dilution, sorption and, most probably,
contamination accommodation. Then, vulnerabil-
ity of receptors must decrease with distance as
well, fairly pronounced in SW direction.

Receptors and exposure

Site analysis (presented in Tab. 2) gave a brief
review on receptors and their position within
a horizontal scheme of the environmental bur-
den and its local environment. A groundwater in
an aquifer is identified as most vulnerable and at
continuous exposure to contamination because of
its position and regardless of a seasonal period. Of
course, its vulnerability is seasonal and decreases
with distance from a source zone, towards mar-
gins of indicatory zone (Fig. 9). If accommoda-
tion of dense contamination is accepted, low-per-
meability and low-connectivity profile represents
another contamination receptor exposed directly.
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In case of secondary infiltration (Fig. 7), phaeratic
topsoil profile may be considered as a receptor
because of its attenuation capacity near contami-
nated splashes. To describe a CSM completely,
a phaeratic deluvium in a source zone cannot be
excluded as a potential receptor, vulnerable in
rainfall seasons.

Local plants in an indicatory zone represent
the master biotic receptor by their root systems,
receiving contamination by capillary rise. The
vegetation in a source zone, especially close the
contaminated leaks shows a damage already.
Exposure and vulnerability are, however, time-
variable. A problem of local wildlife (hares, roe
deers, wildboars and birds) exposure plays a sig-
nificant uncertainty and has not been studied yet.
It is, however, expectable that wildlife can be ex-
posed by ingestion while drinking a contaminated
splashes or leaks.

Fig. 7 LUPAL: seasonal contaminated plashes
Obr. 7 LUPAL: sezénne kontaminované zamokrenia
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Fig. 8 Chloride spatial distribution in April 2015
Obr. 8 Distribuicia chloridov v aprili 2015

A question of a public risk

Environmental loads represent distinguish-
able environmental hazards and barriers for an
urban development and a public health if lo-
cated near or within residential areas. At a status
quo, a nearest seat is almost 2km to the W from
a site, thus the LUPAL plays no risk for a public
in a town. No plans on developing residences or
a direct use of locality are known. As the entire
region is deficient in groundwater and does not
provide conditions to form at least a local drink-
ing water reservoir, we do doubt a possibility of
direct risk on a public by ingestion.

Master uncertainties

A presented CSM for the LUPAL site accounts
several uncertainties, related to monitoring and
observation system setup and lack of continual
data. According to conducted monitoring and po-
sition of wells W and SW from the landfill areal,
it is obvious at least two key bifurcation channels
including groundwater flow realize, defining the
W direction preferential, however, there is a lack
of data to prove or contest existence of others.
This is, however, a persistent uncertainty, as there
are no plans to upgrade a monitoring system.

A question of diffusion is a key uncertainty at
an E and NE margin of a landfill areal. There are
indices on its activation during draught periods
(summer, winter) observed at the VO148-1 well
where concentrations of contamination indicators
increase. Elimination of the uncertainty requires
a long term monitoring and consideration of fer-
tilization effect on groundwater at the inlet into
the system.

Questions may also arise about an effective
interaction of VN148-1 well with a leachate at
the landfill. Concentrations of indicators, such as
CI or EC values from sampling are above those
measured in an indicatory zone. A possible ex-
planation may be found in a local groundwater
contamination by a direct contact with a cloud or
by diffusion. Elimination of this uncertainty needs
additional monitoring campaigns.

Besides conducted analyzes, there may be
a problem with indicatory zone delineation with
arespect to seasonal attenuation capacity of a site,
for which a dilution (dependent on an available
groundwater mass) is a crucial factor. By all in-
dices (e.g. Fig. 4 and 8), the contamination dis-
perses and is attenuated towards SW margin of the



indicatory zone. Yet its western margin in a field
remains somewhat questionable due to lack of
flow regime and existence of more bifurcation
channels in a W direction. Again, more monitor-
ing is required.

CONCLUSIONS

The Lubina — Pal¢ekove (LUPAL) landfill site
has been subjected to a seasonal and short-term
development and monitoring conduction in 2015
(Fricovsky et al. in Kordik et al., 2016; Kordik
et al., 2016) to succeed previous exploration and
monitoring campaign (Kubicka et al., 1994). Field
works focused at drilling new monitoring wells
replacing objects from a year of 1994, devastated
with time, and conduction of simple in-situ mea-
surements of specific conductance (EC), ground-
water level monitoring and sampling.

Drilling has proven prevailing Quaternary
deluvial silts with minor insulated slope talus
sandy channels over fluvial immature levee (Fig.
1 and 9) covering weathered to compacted Paleo-
gene Lubind Formation typical with mudstones
and rare sandstones or sands, limiting a hydro-
geological regime to local-scaled, shallow and
short-termed. By piezometric measurements, it
appears it is strongly a snowmelt-rainfall depen-
dent, suffering to seasonal draughts in summer
and winter (Fig. 3a). In combination with geol-
ogy, groundwater flow realizes in insulated bifur-
cation channels rather than in a model of planar
flow, moreover, a W direction of flow, towards
VN148-3 appears a preferential (Fig. 3 b-c). Con-
ductance logging (Fig. 4) provided evidence on
secondary groundwater contamination in VN148-
2, later proven by chemical analyzes, however,
at a magnitude too low to cause sharp interfaces
in groundwater table density. EC logs within the
entire region have shown similar trends in de-
cline through periods of greater aquifer saturation
(snowmelt and rainfall runoff), increasing EC at
draught culmination in August. Groundwater and
leakage water sampling (Tab. 1) has proven the
CI, SO,*, Na’, K* and rare elements such as As,
Sb, Sr as contamination indicators. Concentra-
tion of contaminants increases distinctly towards
VN148-2 and PV148-41, where the latter forms
as drainage contaminated groundwater leaks in
heavy rains at SW foot of the landfill wall (Fig.
5). There is a moderate correlation of EC versus
B~ and Sr (R? = 0.64-0.71) and strong EC versus
CIL, SO,*, Na" and TDS (R* = 0.88-0.98), prov-
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ing the Cl-, B- and EC as contamination tracers
at specific site conditions. By EC analysis (Fig. 4
and 8), the magnitude of contamination decreases
with distance from a source zone significantly,
as a consequence of attenuation (most probably
where dilution is a crucial factor, or, at least, com-
bined with sorption of rare elements on clay min-
erals) and high-density contamination short-term
accommodation at a reservoir base, where frac-
ture connectivity and permeability is expected to
drop rapidly. Because of limited permeability, the
contamination cloud does not form a solid body,
but extends in channels along bifurcation profiles
(Fig. 6).

Synthesis of geological, hydrogeological,
geochemical and geophysical data (Fig. 9) gives
initial CSM for the LUPAL site. A contamination
forms by direct landfill material leaching in E and
NE part of the areal, in seasonal combination with
formation of contaminated planar infiltrations
during rainfall. Groundwater movement in W
and SW direction represents a primary transport
pathway in separate bifurcation channels espe-
cially in Quaternary sands and Paleogene high-
connectivity fracture zones (Fig. 7). Low perme-
ability in SW direction (VN148-2, PV148-41)
reduces effect of possible attenuation by lacking
a source for dilution, compared to different situ-
ation to the W (VN148-3). In rainfalls, saturated
combined aquifer is drained in terrain depres-
sions near the VN148-2 well, containing con-
taminated water (Fig. 5), splashed in long-term
and heavy rains to the nearby field (Fig. 7), form-
ing secondary plashes where contaminants may
infiltrate through a ploughed topsoil profile and
join groundwater flow again. An effect of attenu-
ation is well read by concentrations recorded at
VN148-4 (Tab. 1). Meanwhile, groundwater has
been identified as a key contamination receptor
(Tab. 2), with vulnerability decreasing with dis-
tance from the source zone (Fig. 9). A contami-
nation extension poses a risk on base weathered
rocks and topsoil profile as well, however, it is
assumed of low risk for a local biota, especially
wildlife and plants (direct ingestion or exposure
by capillary rise). Because of a distance from the
nearest residential area (Stara Turd) which is ap-
proximately about 1.7-2km, the environmental
loading poses a minimum or no risk on a public
health. Even after combined monitoring, uncer-
tainties still remain with a reference to seasonal
variation in indicatory zone delineation, existence
of more bifurcation channels between the source
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and the indicatory zone, and effect of diffusion in
low groundwater stands (hydrogeological and hy-
drological draught seasons).

A conducted CSM has also shown how rela-
tively cheap in-situ electric conductivity (syn.
conductance) logging and measurements can eas-
ily contribute on overall contamination analysis
and delineation. Obviously, in case of contami-
nants increasing a bulk groundwater density and
formation of a density gradient. Use of EC in
combination with piezometric studies and (low
frequency) sampling can therefore be a useful

tool at sites where dumps and landfills form an
environmental loading. The integrated concep-
tual site model provides a basis for onward site
monitoring optimization for next 5 years long
period. Additionally, in case of available financial
resources, the CSM (Fig. 9) recommends installa-
tion of observation objects (hydrogeological and
monitoring wells) towards inferred contamination
extension zone, or, as pronounced within the text,
between objects of VN148-2 and VN148-3 to
cover uncertainties in source zone runoff regime.
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Fig. 9 Lubina — Pal¢ekove, conceptual site model in map, flow-chart and cross-section as based
on field measurements and analytical results
Obr. 9 Schéma koncepéného modelu lokality Lubina — Palé¢ekove v plosnej mape, flow-diagrame
a na pozadi geologického rezu na zaklade terénnych merani a vysledkov chemickych rozborov



ZHRNUTIE

V ramci projektu Monitorovanie environmen-
talnych zatazi na vybranych lokalitich Sloven-
skej republiky bol optimalizovany monitorovaci
systém na skladke TKO Lubina — Paléekove.
Geologicku stavbu buduji jemnozrné deluvial-
ne sedimenty s izolovanymi polohami pieskov az
piescitych strkov prechadzajice na JZ do siltov
a pieskov udolnej nivy pritoku Sagnatej; v podlo-
zi vystupuju zvetrané, nizSie kompaktné kalovce
a pieskovce Lubinského stvrstvia. Z monitoringu
hladin podzemnych vod vyplyva bifurkacny typ
rezimu prudenia s preferenénym smerom na zapad
k vrtu VN148-3, kym v JZ smere k vrtu VN148-2
je odtok vyrazne pomal$i. Monitorovanie elektro-
lytickej vodivosti, vyuzivajuce princip hustotného
gradientu na zaklade prirodzenych, respektive ne-
prirodzenych zmien v celkovej mineralizacii vod-
ného stipca poukazuje na vyrazni zonalnost’ a vy-
soké hodnoty EC v okoli vrtu VN148-2, ¢o pouka-
zuje na preferenény smer transportu kontaminacie
a vysoky uc¢inok naried’ovania v zapadnom smere.
Spol'ahlivymi indikatormi kontaminacie interak-
ciou podzemnych vod alebo zrazok s materialom
skladky sa vysoké hodnoty EC, CI, B, SO,*, Na’,
Ca*" a pritomnost’ stopovych prvkov (As, Sr, Cu,
Ni, Hg, Li) vo vrte VN148-2 a kontaminovanych
priesakoch zo skladky (PV148-41). Je rovnako
mozné predpokladat’, e v smere k pritoku Sasna-
tej dochadza k vyraznej degradacii kontaminacie,
ktorda ma charakter disperzného, rozvetveného
kontamina¢ného mraku viazaného na priepust-
nejsie polohy pod hladinou podzemnej vody,
vplyvom naried’ovania, sorbcie stopovych prvkov
na ilovej primesi v zvodni, a docasnej akumulacie
mraku s vys$Sou hustotou v nizkopriepustnej zone
paleogénnych zvetralych sedimentov. Skladka
nepredstavuje hrozbu pre obyvatel'stvo, za bio-
tické receptory je mozné oznalit’ rastliny priji-
majice kontaminaciu kapilarnym vzlinanim cez
korenové systémy zo zvodne alebo pri vylievani
kontaminovanych priesakov, respektive zivocichy
pripadne pozivajuce kontaminované vody v okoli
dokumenta¢ného bodu PV148-41.
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ABSTRACT

Rasulov, O: Soil Pollution with Heavy Metals near the Aluminum Plant TALCO (Tajikistan)

The soil in the vicinity of industrial plants is often contaminated by pollutants in relation to industrial
production. This article deals with soil contamination around TALCO aluminum company at Tursunzoda
(Tajikistan). The soil samples were collected from two depths (010 and 10-20cm) from 9 sampling sites at
a distance of 1-6,7 km from the aluminum plant. The values of conductivity and pH (in water and in a solution
of KCl) in the soil samples were determined. By using a SPETSCH hydralic press powdered and homogenized
soil samples pressed into pellet with a uniform diameter (32 mm) and thickness (3 mm). Heavy metals, which
were qualitatively and quantitatively analyzed using X-ray fluorescence (XRF) spectroscopy and mercury was
determined by AAS (AMA254). Results show that the pH, conductivity and the heavy metal content do not
change substantially with a depth of collection, and also the distance from the company does not show signifi-

cant effect on the indicated concentration.

Key words: heavy meatals, aluminium production, soil contamination, XRF

UvVoD

V uplynulych dekadach doslo v doésledku
rozsiahlej industrializacie na niektorych pédach
v blizkosti priemyselnych podnikov k vyznam-
nému zvySeniu koncentracie tazkych kovov
(Bondarenko et al., 2008). Prirodzene sa vysky-
tujuce kovy alebo kovy umelého pdvodu moézu
byt v péde povazované za zneCistujlice, ak sa
vyskytuju v nadmernych koncentraciach alebo
na nespravnom mieste. Cudska ¢innost’ vyvolava
Casto mobilizaciu a redistribuciu tazkych kovov,
ktoré mozu vyvolat’ vedlajsie ucinky. Urcité kovy
sa hromadia v pdde v koncentraciach, ktoré sa to-
xické pre rastliny, a ktoré by mohli predstavovat’
riziko pre zdravie zvierat a 'udi. Akumulacia ko-
vov v pdde je uzko spojena s konkrétnym miest-
nym zdrojom, napr. vypustanie z hut, kovovy
a papierensky priemysel, chemicka vyroba, alebo
opustené tazobné lokality.

Pri priemyselnej vyrobe hlinika pripada
na kazda tonu oxidu hlinitého 0,3 az 2,5 ton od-
padového Cerveného kalu (zvySok bauxitu) v za-
vislosti od typu pouzitej bauxitovej rudy (Rubinos

a Barral 2013). Cerveny kal je alkalicky vedlajsi
produkt zo spracovania bauxitu, ktory zvycajne
obsahuje velké mnozstvo Fe O, (41%) a AL O,
(16 %); menSie mnozstvo SiO, (10 %), CaO
(9 %), Na,0 (4%) (Feigl et al., 2012), tazkych
kovov (vratane Cr, Mn, Zn, Ni, Cu, Pb, Cd, Co
a Hg), metaloidu As a radioaktivnych prvkov
(rozpadovej série>**U a **Th). Ro¢né tempo rastu
¢erveného kalu sa odhaduje pritom na 90 (Wang
etal., 2008, Schwarz et al., 2011) az 120 milionov
ton ro¢ne (Mora et al., 2015). Pri celkovej inven-
tarizacii v roku 2007 dosiahla jeho celosvetova
produkcia asi 2,7 miliardy ton (Sushil a Batra,
2008). Napriek existencii viacerych systémov
pre praktické vyuzitie ¢erveného kalu (Klauber
et al., 2011), vratane jeho pouzitia v stavebnom
priemysle, ako nosicov katalyzatorov, pri vyro-
be keramiky, plastov, naterov alebo pigmentov
(Feigl et al., 2012), d’alej ako katalyzatorov pre
priemyselné procesy (Sushil a Batra, 2008), pri
sanacii tazkych kovov kontaminovanych pod
(Mora et al., 2015), ako zachytiavata CO, ako
zrazacie Cinidlo a adsorbent stopovych prvkov
vratane tazkych kovov pri uprave vody (Wang
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et al., 2008), vécsina tohto nebezpecného odpadu
sa uklada na suchozemskych skladkach, v men-
Som mnozstve sa uklad4 aj na dno mori (Wang
et al., 2008). Takéto skladkovanie ¢erveného kalu
je nielen ekonomicky nékladné, ale spdsobuje aj
vazny ekologicky problém vzhl'adom na vysoku
bazicitu (pH ~ 13) a jeho silné korozivne vlast-
nosti, ktoré predstavuju riziko nielen pre materi-
aly, ale aj pre vSetky zivé organizmy (Schwarz et
al., 2012; 2013; 2014).

Ku kontaminacii pédy v blizkosti priemy-
selnych podnikov dochadza hlavne v dosledku
vypustanych emisii (Michalkova et al., 2013,
Schwarz et al. 2015), prevazne praSnym spadom
vyjadrenym ako tuhé znecistujuce latky (TZL).
Prehl'ad emisi¢ z hlinikdrne TALCO uvadza
Tab. 1. Mnozstvo emisii sa odvija predovsetkym
od mnozstva vyprodukovaného hlinika v zavis-
losti od jeho dopytu na svetovych trhoch.

Tab. 1 PrehPad emisii znecist’ujucich latok v hlinikdrni TALCO v rokoch 2006 az 2009
Tab. 1 Overview of pollutant emissions in the aluminum plant TALCO between 2006 and 2009

Polutant 2006 2007 2008 2009
TZL 2416,8 2027.3 2021 2038,5
SO, 700,67 692,55 690,5 693,8
co 18441 18539 18701 18800
NO, 179,0 212,6 2134 214,1
HF 120,7 119,4 119,0 120,2
Dechty 223 22,9 22,0 22,0

Zdroj: TALCO, a. s., www.talco.com.tj

MATERIAL A METODY

Charakteristika lokality

Klima okolo TALCO je kontinentalna s vel-
mi horticim a suchym letom. Priemerna teplota
v juli (najteplejsi mesiac) je +32° C a maximal-
na teplota siaha az do +45° C. Vlhkost’ vzduchu
v zimnom obdobi je priblizne 65 az 70%, a v let-
nom obdobi 40 az 45%. Rocny priemerny thrn
zrazok je 120-200mm (prevazne zrazky v zim-
nom a jarnom obdobi). Letné obdobie sa obvykle
vyznacuje vysokym slneénym ziarenim (Tajik
Soviet Encyclopedia 1986).

Odber a priprava vzorky

Vzorky pody boli odoberané podla metodi-
ky Vyskumného ustavu pédoznalectva a ochrany
pddy v Bratislave uverejnenej v Jednotnych pra-
covnych postupoch rozborov pod (Kobza et al.,
2011) v lokalite mesta Tursunzoda (Tadzikistan)
vo vzdialenosti 0,4-9,6km od podniku TALCO.
Mapka odberovych miest je znazornena na Obr.
1 a ich blizsiu charakteristiku (koordinaty GPS,
vzdialenost’ od zavodu a typ krajiny) uvadza tab.
2.

Pri kazdom odberovom mieste su vynesené

dve hodnoty, z ktorych prva zodpoveda hibke od-
beru 0-10cm a druha hibke odberu 10-20 cm.
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Fig. 1 Map of sampling sites around TALCO aluminum plant (Tajikistan)
Obr. 1 Poloha odberovych miest v okoli hlinikarne TALCO (TadZikistan)

Tab. 2 Charakteristika odberovych miest v okoli hlinikarne TALCO
Tab. 2 Characteristics of sampling sites around TALCO aluminum plant
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Koordinaty GPS Vzdialenost’ od zavodu Spdsob
Pé&. N E v km obhospodarovania
1 38°32¢10,81 68°1323.47< 0.71 Trvaly tra}fnaty porast
(luka)
) 38°32¢37,00¢ 68°11°49,08" 0.9 Trvaly traynaty porast
(lika)
3 38°32°54,74% 68°14°41 46" 0.87 Trvaly trdvnaty porast
(luka)
4 38°33°1,87 68°15°4,23* 1,5 orna poda
5 38°3320,21° 68°15°19,07* 2,05 ornd péda
6 38°3331,14* 68°1535,50% 2,56 orna poda
7 38°33°38,75¢ 68°15°52,75¢ 3,04 orna poda
8 38°33°57,94* 68°1627,87* 4,01 ornd pdda
9 38°3425,78* 68°18°12,88* 6,71 orna poda
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Na vybranom mieste odberu bola vyznacena
rozmer $tvorcovej plochy z ktorej rohov a stredu
boli pomocou odberovej sondy odobrané bodové
vzorky z dvoch hibok: 10 a 20 cm. Zo vzoriek boli
odobrané vsetky necistoty a neziaduce predmety,
napr. kamene, zvysky rastlin a pod. Ciastoéné bo-
dové odbery boli nasledne v mieste odberu zmie-
Sané a dokladne zhomogenizované do zmieSanej
vzorky. Naslednou kvartaciou bola hmotnost
vzoriek zredukovana na cca 250g. Priemerna
vzorka bola po preneseni do polyetylénového
vrecka oznacend a transportovana do laboratoria,
kde bola vysusena pri laboratdornej teplote do kon-
Stantnej hmotnosti. Vzorky boli mechanicky
dezintegrované pomocou platnerového maziara
a ziskany material bol zomlety v planetovom mly-
ne RETSCH Mixer Mills (MM 301) s achatovymi
komorami. Ziskany prasok s velkost'ou Castic asi
60 um a menej bol opatrne manualne zlisovany
za pouzitia hydraulického lisu SPECAC (s naj-
vy$$im tlakom do 15000 kg), aby nedoslo ku
krizovej kontaminacii vzorky alebo znecisteniu
z akéhokol'vek vonkajsiecho zdroja. Ziskané pe-
lety mali jednotny priemer 32 mm, hrubku 3 mm
a hmotnost' 4,9 g.

Analyza vzoriek

Upravené vzorky boli analyzované XRF ana-
Iyzou na pristroji NITON XL3t GOLD (Thermo
Fischer Scientific, USA). Pre stanovenie ortuti
bola pouzitd navazka priemernej vzorky pddy

a Hg bola analyzovana na pristroji AMA 254
(Advanced Mercury Analyser, Altec s. r. 0., CR.).
Pre kontrolu spravnosti vysledkov boli pouzité
analyzy certifikovanych referencnych materidlov
(Standard Reference Material 2709a San Joaquin
Soil — NIST a CMI 7003 Silty clay loam, Lab-
service, Slovakia). Reakcia pddy bola stanove-
na pri laboratornej teplote (teplotu udava tab. 3)
na pH metri INOLAB (WTW, s.r.o. SK) vo vode
a v roztoku KCI. Sucasne bola v pripravenych
vzorkach zmerana aj vodivost’ pody podl'a normy
STN EN 27888 na konduktometri LS318 (WTW,
s.r.o. SK) po ustaleni meranych hodnét.

Analyza dat

Data pouzité pre hodnotenie koncentracie
Skodlivych latok boli analyzované Statistickou
metddou pre testovanie rozdielov medzi dvoma
alebo viacerymi vysledkami — pomocou analyzy
rozptylu (ANOVA). Této analyza umoziuje ove-
rit’, ¢i na hodnotu nahodnej veli¢iny pre urcitého
jedinca ma Statisticky vyznamny vplyv hodnota
niektorého znaku, ktory mozno u jedinca pozoro-
vat’ (Online Statistics Education).

VYSLEDKYA DISKUSIA

Vzorky p6dy boli klasifikované podla vyuzi-
tia izemia (tabul’ka 2). Tabul’ka 3 uvadza hodnoty
pH merané v H,O a KCI spolu s hodnotami vodi-
vosti v pdde z dvoch hlbok (0-10 a 10-20 cm).

Tab. 3 Hodnoty pH a vodivosti odobranych pdédnych vzoriek v okoli hlinikarni TALCO
Tab. 3 pH and conductivity values in collected soil samples near the aluminium plant TALCO

Cislo pH pH VOdWOit : Teplota
oM 0-10 10-20 ms.cm “C
H,0 KCI H,0 KCI 0-10 1020

1 7,55 7,25 7,65 7,21 0,31 0,57 22,2
2 7,88 7,66 7,92 7,65 0,2 0,19 22,2
3 7,93 7,69 7,97 7,72 0,17 0,17 22,1
4 7,85 7,49 7,83 7,53 0,16 0,22 22,9
5 8,00 7,73 8,06 7,69 0,17 0,19 22,5
6 7,73 7,54 7,63 7,54 0,30 0,26 22,8
7 7,06 6,81 6,93 6,70 0,24 0,25 22,5
8 7,43 7,34 7,52 7,40 0,44 0,41 223
9 7,66 7,55 7,75 7,55 0,30 0,39 22,1
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Obr. 2 Porovnanie hodnét a) pH a b) vodivosti pddnych vzoriek z hibky odberu 10 a 20 cm vo vzdialenosti
1-6,7 km od hlinikarne TALCO (Tadzikistan))
Fig. 2 Comparison of a) pH and b) conductivity values of soil samples from the sampling depth 10 and 20 cm
at a distance of 1-6,7 km from the TALCO aluminum plant (Tajikistan)

Analyza variancie nameranych hodnot (obr. 2)
ukézala, e zmena podnej reakcie a vodivosti s hib-
kou pody nie je signifikantnd. Maximalna hodnota
pH bola zaznamenana vo vrstve 10 — 20 cm na odbe-
rovom mieste ¢. 5 s hodnotou 8,06 a najnizsia hod-
nota bola zaznamenana na odberovom mieste ¢. 7 vo
vrstve 10 — 20cm s hodnotou 6,7. Ani pri vodivosti
nie st vyznamné rozdiely v zavislosti od hibky od-
beru na vicsine odberovych miest a na odberovom
mieste ¢. 1 a 9 st mensie rozdiely zapri¢inené ne-
vyznamnym lokalnym znecistenim.

Obsah tazkych kovov v pddnych vzorkach
zisteny za pouzitia XRF spektrometriec a AMA
254 uvadza tabulka 4, kde st uvedené koncentra-
cie tazkych kovov (Cd, Pb, Zn, Co, Cr, Fe a Al
— minimalne, maximalne a stredné hodnoty), sme-
rodajné odchylky (SD) a TLV (limitna hodnota —
Threshold Limit Value) (USSR State Committee
for Nature. No.02-2333).

Tab. 4 Opisna S$tatisticka analyza vybranych tazkych kovov v hlinikarni TALCO a porovnanie s limitnymi

hodnotami TLV [n = 20]

Tab. 4 Descriptive statistical analysis of selected heavy metals in the aluminum plant TALCO and comparison

with limit values TLV [n = 20]

Heavy Min Max SD Priemer TLV
metals (mgkg)' (mgkg") (0) (mgkg" (mgkg™")
Cd 20,22 28,54 2,011 22,887 1
Pb 8,13 108,60 1,472 9,721 30
Zn 29,5 89,25 15,512 51,74 110
Cu 44,15 120,11 3,260 48,059 33
Ni* 106,08 166,99 13,627 115,841 40
Co* 89,86 243,29 54,031 217,054 5
Fe 465,3 32992,38 7720,245 24355,05 -
Cr 92,08 183,46 20,241 136,164 6
Al 3536,3 100351 24785,454 14023,39 -
Hg 0,006 0,034 0,006 0,013 0,5

Min. = miniméalna koncentracia; Max. = maximalna koncentracia; TLV = limitna koncentracia (Threshold Limit

Value); SD = smerodajna odchylka.

*hodnoty su < LOD (Limit of Detection). LOD je najnizsia detegovatel'na hodnota koncentracie.
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Porovnanim hodnét tazkych kovov odobera-
nych z dvoch hibok (10 a 20 cm) bolo zistené, Ze
horné vrstva je viac znecistena ako spodné vrs-
tvy s vynimkou pol'nohospodarskej plochy, kde
dochadza k vyraznému premiesavaniu pody pri
obrabani. Podobne ako pri pH a vodivosti, ani ob-
sah tazkych kovov nevykazuje v zlozeni oboch
vrstiev vyraznejsie rozdiely, ktoré by presahovali
Statisticku chybu vysledkov. Celkova akumulacia
tazkych kovov v podach v blizkosti hlinikarne
TALCO v Tadzikistane (region mesta Tursunzo-
da) dosahuje nasledovné poradie: Hg<Pb<Cd<Cu
<Zn <Ni <Cr <Co <Fe <Al. Pri viacerych kovoch
bolo zaznamenané prekrocenie povolenych na-
rodnych limitov v oboch vrstvach, pricom k naj-
vyraznejSiemu prekroceniu doslo v pripade Co
(viac ako 43-nasobok), Cd a Cr (viac ako 22-na-
sobok), Ni (takmer 3-nasobok).

Analyzou mnozstva a distribucie tazkych
kovov bolo v blizkosti zavodu TALCO zistené
prekrocenie hrani¢nych hodndt tazkych kovov
v pode.. Pri merani bolo taktiez zaznamenavané
pH pody. Vysledky potvrdzuju zndmu skutoc-
nost’, ze pri niz§ich hodnotach pH pody vykazuja
vyssiu koncentraciu tazkych kovov.

V kontaminovanych pdodach juzného Nemec-
ka — Bavorsko (Ruppert a Schmidt, 1987) bola
zistend trikrat vyssia koncentracia kadmia a olo-
va v porovnani s nekontaminovanymi pddami.
Jamnicka (2007) uvadza, ze v blizkosti hlinikarne
SLOVALCO je koncentracia tazkych kovov vy-
razne vyssia v porovnani s hranicnymi hodnota-
mi. Autorka taktiez povrdzuje vplyv zmeny pH
pddy na obsah tazkych kovov v pode.

Na obr. 2 su vynesené hodnoty obsahu Pb,
Cd, Cu, Zn, Ni, Cr a Co.
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Obr. 2 Priemerné koncentracie vybranych t'azkych kovov v pédnych vzorkach vo vzdialenosti 1-6,7 km
od hlinikarne TALCO (Tadzikistan
Fig. 2 The average levels of selected heavy metals in soil samples at a distance of 1-6,7 km from the TALCO
aluminum plant (Tajikistan)

Koncentracie tazkych kovov vykazujiina vset-
kych lokalitach odberu pomerne ustaleny priebeh,
okrem odberového miesta ¢. 4, kde bol zazname-
nany vyraznejsi pokles Cr a mierny vzostup Co
a Ni, sposobeny zrejme hydrogeologickymi po-
mermi na tejto lokalite, ¢o by si vyzadovalo dlho-
dobejsie sledovanie v priestore a Case.

ZAVER

Vysledky nasho vyskumu zameraného na zneci
stenie pody v okoli hlinikdrne TALCO v Tadzi-
kistane tazkymi kovmi potvrdili, ze koncentracie
niektorych tazkych kovov sa vyskytuju nad pra-
hovou hodnotou narodnych limitov. Tieto ano-

malne koncentracie mozu byt vysledkom antro-
pogénnych ¢innosti, vd¢§inou spojenych priamo
s vyrobou hlinika, alebo aj nepriamo znecistenim
od obytnych lokalit, dopravou, hnojenim polno-
hospodérskej pddy alebo dialkovym prenosom
atmosférického spadu. Statisticky sa nepodari-
lo preukazat’ vplyv hibky odberu a vzdialenosti
od hlinikarne na sledované hodnoty pH, vodivos-
ti ani vacsiny obsahu tazkych kovov.
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ABSTRACT

Schwarz M., Salva J.: The development of environmental criminality in the Slovak Republic

This article provides a basic overview on environmental criminality in the Slovak Republic. Environmen-
tal crimes can be broadly defined as illegal acts which directly harm the environment. This article presents
the development trend of environmental crimes in the years 2006 — 2016 on the basis of statistical data of the
Ministry of Interior of the Slovak Republic. Monitored indicators are the number of identified and solved ca-
ses, respectively the number of persons involved in criminal activity and the amount of damage that has been

caused by the illegal act.

Key words: environment, environmental criminality, illegal act, damage, offender

UvoD

Ludstvo casto nedokaze zladit' svoje kona-
nie s pozemskou prirodou, v dosledku ¢oho do-
chadza k zmenam zékladov systémov planéty.
V stvislosti s mnozstvom tychto zmien sa potom
objavuju zivotu nebezpecné hrozby (zmeny klimy
a nasledné suchd, povodne, hurikany, narusanie
ozonovej vrstvy atd’.), ktorych pri€iny je potrebné
blizsie spoznavat’ a ich nasledky zodpovedne rie-
$it’. V8eobecnym cielom T'udskej spolo¢nosti by
sa preto malo stat’ zitie v zhode s prirodou, ktorej
zdroje by mali ostat’ zachované aj pre nasledujuce
generacie (princip udrzatel'nosti).

Pravo na priaznivé zivotné prostredie (v d’al-
som texte ako ,,ZP*) patri medzi zékladné Pudské
prava a na Slovensku ho priamo zakotvuje aj Usta-
va Slovenskej republiky. Na zabezpecenie G¢innej
starostlivosti o ZP boli ustanovené aj d’alsie prav-
ne predpisy, ktoré konkrétne a presne vymedzuji
povinnosti subjektom prava (pravnické a fyzické
osoby, stat, obec, VUC, zainteresovana verejnost
a dal3ie subjekty). Priaznivé ZP je navyse aj jed-
nou zo zékladnych podmienok existencie zivota,
a preto je jeho ochrana mimoriadne délezita. Vd'a-
ka Tudskej ¢innosti bolo nenavratne znicenych
mnoho biotopov a vyhynulo vel'ké mnozstvo dru-
hov zvierat a rastlin. V sucasnej dobe sme sved-
kami vSeobecnej ekologickej krizy (zmeny klimy,

nekontrolované znecistovanie ovzdusSia a vodstva,
poskodzovanie ozonovej vrstvy, znizovanie biodi-
verzity organizmov, neregulované vyuzivanie bio-
tickych a abiotickych zdrojov, nedostatok potravin
a mnoho d’alSich problémov), a to nielen v lokal-
nom, ale aj v globdlnom meradle. Znec¢istovanie
ZP totiz nepozna hranice a trestné Giny proti ZP
mavaju ¢asto cezhrani¢né dosledky. Pravne Gpravy
ochrany ZP je preto nevyhnutné riesit' na nadné-
rodnej urovni (napr. EU, medzinarodné dohovory
a pod.). ZlepSovanie kvality ZP je jednym zo za-
kladnych ciel'ov Eur6pskej tinie, ktord vytvara uz
niekol’ko desatroci legislativny ramec vo forme
smernic, nariadeni a rozhodnuti (napr. [1-5]).

Vybor pre zivotné prostredie Eurdpskej tnie
pravidelne hodnoti nové hrozby z oblasti envi-
ronmentalnej kriminality spocivajice napr. v tu-
ristike odpadov (nelegalny import a likvidacia
odpadov, vratane nebezpecnych odpadov), v ob-
chodovani s ohrozenymi druhmi rastlin a zivo-
¢ichov, v nedovolenej vyrobe a drzbe jadrovych
materialov a vysoko rizikovych chemickych latok
atd’. Prispevok sa zaobera analyzou poctu pripa-
dov environmentalnej kriminality v SR v rokoch
2006 — 2016 podrla statistickych udajov posky-
tovanych PZ SR. Udaje su triedené podla para-
grafov trestného zakona [6]), pricom sa analyzuje
objasnenost’, vycislena $koda a pocet pachatel'ov
trestnej ¢innosti.
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CHARAKTERISTIKA ENVIRON-
MENTALNEJ KRIMINALITY

Oznacenie ,,environmentalna kriminalita® vy-
chadza z pojmu ,,zivotné prostredie®, ktoré pred-
stavuje suhrn, veci, podmienok a vplyvov, obklo-
pujuci kazdy zivy organizmus a pdsobiaci na jeho
fyzicky rozvoj, vratane ¢loveka. Pri environmen-
talnych trestnych ¢inoch je objektom utoku pacha-
tela ZP ako celok, alebo niektora z jeho zloziek
[7]. Problematika environmentalnej kriminality
je vel'mi Siroka a na kazdu jej Cast’ alebo zlozku
(napr. voda, ovzdusie, pdda, rastliny a zivocichy
a pod.) sa vztahuju samostatné pravne predpisy.
Ich porusovanie si vyZzaduje jasnu reakciu zo stra-
ny Statnych organov a prijatie vysoko u¢innych
opatreni na zefektivnenie rieSenia tejto proble-
matiky. Pachatel'ov trestnej ¢innosti totiz nestaci
len usved¢it' vySetrovatel'om, ale je potrebné aj

vyniest’ spravodlivy rozsudok a odstranit, resp.
nahradit’ vzniknuté Skody.

Siroky rozsah protipravnych konani v oblasti
environmentu si vyzaduje aktivnu medzirezortna
spolupracu a koordinaciu statnych zloziek pri eli-
min4cii tejto trestnej Cinnosti [8]. Skutkové pod-
staty konkrétnych trestnych ¢inov v aktudlnom
zneni trestného zdkona [6] zvdcsa vychadzaju zo
samostatnych pravnych predpisov pre jednotli-
vé zlozky ZP (legislativa o vode, ovzdusi, pode,
odpadoch, ochrane prirody atd’.). Problematike
environmentalnej kriminality sa v ramci trestného
zékona venuje jeho druha Cast, Siesta hlava, kde
su zahrnuté trestné ¢innosti vSeobecne nebezpec-
né a trestné &iny proti ZP, pre ktoré sti vymedzené
ustanovenia § 300 az § 310. Blizsi popis jednotli-
vych trestnych ¢innosti vratane sankcii v jednotli-
vych odsekoch je dokumentovany v tabulke 1 [6].

Tab. 1 PrehPad trestnych ¢inov vo¢i Zivotnému prostrediu v zmysle trestného zikona
Tab. 1 Overview of environmental crimes under criminal law

. Vyska

Paragraf | Ods. Znenie paragrafu sankcie
Ohrozenie Zivotného prostredia

(1) |nebezpecenstvo vzniku malej skody 3 roky

(2) | nebezpedenstvo tazkej ujmy na zdravi alebo smrti

1 az 5 rokov

(3) |[ako v odseku 2, ak v chranenom uzemi neopravnene postavi stavbu

1 az 5 rokov

§ 300 (4) | ako v odseku 2 len zavaznej$im sposobom konania alebo v chranenom uzemi | 1 az 5 rokov
(5) |ako v odseku 1, ale spdsobi znaénu Skodu na zivotnom prostredi 3 az 8 rokov
(6) |ako v ods. 1 alebo 2 a t'azka ujma na zdravi/smrt/Skoda velkého rozsahu ‘lr(?lfolvo
(1) | vznik véacsej skody z nedbanlivosti 1 rok
(2) | porusenie predpisov z nedbanlivosti a sposobena t'azka ujma na zdravi/smrt’ 3 roky
§ 301 (3) | ako v odseku 2, ak spacha ¢in uvedeny v odseku 1 v chranenom tGizemi 3 roky
(4) |[ako v odseku 1 alebo 2 a spdsobend zna¢na skoda 1 az 5 rokov
(5) |ako v ods. 1 alebo 2 a tazka ujma na zdravi/smrt/Skoda velkého rozsahu 3 az 8 rokov
Neoprdavnené nakladanie s odpadmi
(1) |nakladanie s odpadmi v malom rozsahu z nedbanlivosti 2 roky
§302 (2) |ako v ods. 1 a vznik vdc¢sej Skody/ tazkej ujmy na zdravi/ smrt’ O’rsoliif 3
(3) |ako v odseku 1, ale $koda v zna¢nom rozsahu. 1 az 5 rokov

(4) |ako v ods. 1 alebo 2 a tazka ujma na zdravi/smrt/Skoda velkého rozsahu

3 az 8 rokov

Neoprdavnené vypust'anie znecist'ujucich litok

(1) |sposobenie vicsej Skody, alebo opakované konanie O,rsoliif 3
§302a (2) | zavaznejsi sposob konania so $kodou znaéného rozsahu/predchadzajuici trest | 1 az 5 rokov
ako v ods. 1 a tazka ujma na zdravi/smrt/skoda vel'kého rozsahu/Elenstvo .
3) X . 3 az 8 rokov
v nebezpeénom zoskupeni.
Porusovanie ochrany véd a ovzduSia
(1) | nebezpecenstvo tazkej ujmy na zdravi/smrt’/znac¢nej Skody O’rsoliir 3
§303 (2) |ako v ods. 1, ale $koda v znaénom rozsahu 1 az 5 rokov
(3) |ako v ods. 1 atazka ujma na zdravi/smrt’/skoda vel’kého rozsahu 3 az 8 rokov

Porusovanie ochrany véd a ovzduSia z nedbanlivosti havarijny stav




Pokracovanie Tab. 1

Continued Tab. 1
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q Vyska
Paragraf | Ods. Znenie paragrafu sankcie
(1) | nebezpecenstvo t'azkej ujmy na zdravi/smrt/znacna skoda 1 rok
§ 304 (2) |ako v ods. 1, ale $koda v znaénom rozsahu O,rsolasz 3
(3) |ako v ods. 1 alebo 2 a tazka ujma na zdravi/smrt/$koda velkého rozsahu 1 az 5 rokov
Neoprdavnend vyroba a nakladanie s latkami poSkodzujiicimi ozonovi vrstvu
(1) |neopravnena vyroba a nakladanie, vratane nedbanlivosti 07r50121§1 3
§ 304a (2) |akov ods. 1, ale skoda v zna¢nom rozsahu 1 az 5 rokov
(3) |akov ods. 1, ale skoda vel'kého rozsahu 3 az 8 rokov

Porusovanie ochrany rastlin a Zivocichov

§ 305

(1) | sposobenie skody vicsicho rozsahu 2 roky

(2) |neopravneny vstup motor. vozidlami na lesny alebo pol'nohosp. pozemok 1 rok
obstaranie/drzba/pestovanie/chovanie/spractiivanie/dovoz/vyvoz chraneného

3) Zivo¢icha/rastliny, alebo obchodovanie/scudzenie a zdmerne odnatie/fal-| 0,5az3
Sovanie/pozmenenie alebo inak neopravnene pouzitie nezameniteného roky
oznacenia chranenych zivocichov alebo exemplarov, vratane nedbanlivosti

) ako v ods. 1, 2 alebo 3, ale zavaznejsi sposob konania/osobitny motiv/skoda 1 a3 5 rokov
v zna¢nom rozsahu/zna¢ny prospech/predchadzajici trest

) ako v ods. 1, 2 alebo 3, ale $koda vo vel'kom rozsahu/¢len nebezp. zoskupenia/ 3 a3 8 rokov

umyselny prospech

PorusSovanie ochrany stromov a krov

(1) | vznik skody vo vd¢som rozsahu 3 roky
§ 306 (2) |ako v ods. 1, ale Skoda v znaénom rozsahu/predchadzajtci trest 1 az 5 rokov
(3) |akov ods. 1, ale skoda vel'kého rozsahu/¢len nebezpe¢ného zoskupenia 3 az 8 rokov
Sirenie ndkazlivej choroby zvierat a rastlin
(1) | zavleCenie/rozsirenie nakazlivej choroby zvierat, vratane nedbanlivosti 1 rok
ko v ods. 1, ale skoda vacsieho rozsahu/rozsirenie takej choroby/zavazne;jsi
307 a ’ ] Y ] s
3 ) sposob konania 05 a2 3 roky
(3) |akov ods. 1, ale skoda v zna¢nom rozsahu 1 az 5 rokov
(1 zavleCenie/rozsirenie nakazlivej choroby uzitkovych rastlin, vratane 1 rok
nedbanlivosti
§ 308 ako v ods. 1 a rozsirenie takej choroby alebo skodcu/zévaznejsi sposob 0,5az3
@
konania roky
(3) |akov ods. 1, ale $koda v znaénom rozsahu 1 az 5 rokov
Unik organizmov
(1) | nebezpecenstvo uniku GMO z uzavretych priestorov/zavedenie GMO do ZP 3 roky
ako v ods. 1, ale $koda vicsieho rozsahu/osobitny motiv/zavaznejsi sposob N
2) Kkonania 1 az 5 rokov
§ 309 (3) |ako v ods. 1, ale poskodenie ZP v znaénom rozsahu/ujma na zdravi/smrt Alr(?lfolvo
S . y s . P 10 az
(4) |akov ods. 1, ale tazka ujma na zdravi/smrt’ viacerych osob/krizova situacia 20 rokov
Pytliactvo
) lov zveri/ryb bez povolenia a v ¢ase ich ochrany alebo zakazanym sposobom, 7 rok
ukryvanie/prechovavanie, alebo prevedenie zveri na seba alebo na iného y
ako v ods. 1, ale $koda malého rozsahu/hromadne u¢innym alebo 0.5 23 3
2) | zavrhnutiahodnym sposobom/osoba, ktora ma osobitne ulozent povinnost’ ’
rok
§310 chranit’ zivotné prostredie ¥
ako v ods. 1, ale skoda vacsieho rozsahu/predchadzajice odstdenie/ .
3) 1 az 5 rokov
zavaznej$i sposob konania
(4) |akov ods. 1, ale skoda v znaénom rozsahu 3 az 8 rokov
(5) |ako v ods. 1, ale Skoda velkého rozsahu 4az10

rokov
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VYVOJ ENVIRONMENTALNEJ
KRIMINALITY

Vyvoj environmentélnej kriminality bol ana-
lyzovany na zaklade verejne dostupnych informa-
cii ziskanych zo Statistickych udajov Ministerstva
vnutra Slovenskej republiky za roky 1997 az 2016
[10]. Uvedené Statistické tidaje umoziuji sledo-
vat’ vyvoj environmentalnej kriminality na zékla-
de viacerych sledovanych parametrov a to podla
druhu kriminality, podla ndzvov trestnych ¢inov
apodl'a paragrafov uvedenych v platnej legislative.

Na obr. 1 je prezentovany prehlad environ-
mentalnej kriminality podla jednotlivych para-
grafov v priebehu rokov 2006 az 2016, kde st
znazornené neobjasnené, objasnené a dodatocne
objasnené trestné Ciny (z toho udaje za posledny
rok st len do augusta).

Vyvoj environmentalnej kriminality pri ohro-
zeni ZP podla § 300 oproti stavu v rokoch 2006,
resp. 2007 poukazuje na vyraznej$i pokles cel-
kového poctu trestnych ¢inov (zvlast v pripade
neobjasnenych trestnych ¢inov), ktory sa znizil
v priemere priblizne o 50%. Najmé v obdobi ro-
kov 2009 az 2012 sa stiCasne navysil pocet objas-
nenych pripadov a tiez pocet dodato¢ne objasne-
nych pripadov. Priemerna objasnenost’ zistenych
pripadov dosahuje tiroven 18 % (vratane dodatoc-
ne objasnenych).

Podobnu situaciu mozno zaznamenat’ aj v pri-
pade trestnej ¢innosti spadajucej pod ustanovenie
§ 301 (ohrozenie ZP s vi&Sou skodou z nedban-
livosti) nielen v pripade poklesu poctu zistenych
trestnych ¢inov, ale aj v pripade ich objasnenosti,
ktora je pre tato trestnu ¢innost pomerne nizka
(v priemere len 19 % z vysetrovanych pripadov).

Pri neopravnenom nakladani s odpadmi (§ 302)
od roku 2011 sa zachyt trestnych ¢inov niekol’ko-
nasobne zvysil oproti predchadzajucemu obdobiu
(s vynimkou roku 2013). Priemerna objasnenost’
pripadov dosahovala pomerne vysoku uroven oko-
lo 30%, ktord vSak v rokoch 2014 a 2015 zazna-
menala pokles na priblizne 13%. Pri neopravne-
nom vypustani znecistujucich latok (§302a) boli
za uplynulu dekadu rokov zistené len dva pripady,
a to v rokoch 2012 a 2014, pri¢om ani jeden z tych-
to pripadov nebol doposial’ objasneny.

Zaujimavym zistenim je, Ze pri poruSovani
ochrany vod a ovzdusia, ¢i uz ide iba o spdso-
benie zhorSenia kvality vod, alebo ovzdusia (§
303) alebo nedbanlivostné sposobenie havarij-
ného zhorsenia (§ 304), je zachyt trestnych ¢inov
vel'mi nizky. V rokoch 2006 az 2009 nebol ziste-
ny ani jeden pripad. Od roku 2010 do sucasnos-
ti bolo v kazdom roku (s vynimkou roku 2015)
zistenych niekol'’ko, maximalne vsak tri pripady
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tejto trestnej ¢innosti. Objasneny, resp. dodato¢ne
objasneny nebol ziadny z doteraz zistenych pri-
padov uvedenej trestnej ¢innosti. Nedbanlivostné
sposobenie havarijného zhorsenia (§ 304) vyka-
zuje v celom sledovanom obdobi s niekolkymi
vynimkami pomerne vyrovnany trend na rovni
jedného zistené¢ho pripadu za rok. Z celkového
poctu zistenych pripadov tejto environmentalnej
trestnej ¢innosti bol objasneny len jeden pripad.

Vyvoj environmentalnej trestnej ¢innosti v ob-
lasti poruSovania ochrany rastlin a zivoc¢ichov so
sposobenim Skody vécsieho rozsahu (§ 305/1)
mozno charakterizovat’ stapajucim trendom, naj-
mé v porovnani s obdobim rokov 2006 az 2008.
Priemerné objasnenost’ tejto trestnej ¢innosti do-
sahuje troven takmer 42 %.

V oblasti neopravneného vstupu motorovymi
vozidlami na lesny alebo pol'nohospodarsky po-
zemok (§ 305/2) zaznamenala environmentalna
kriminalita prudky narast od roku 2009 v ramci
sledovaného obdobia. Potrebné je vSak pozname-
nat’, ze sucasne s narastom tohto druhu kriminali-
ty narastla aj miera objasnenia z pdvodnych 30 %
na v priemere priblizne 80 %.

Miera trestnej ¢innosti v podobe poruSovania
ochrany stromov a krov (§ 306) si v ramci sledo-
vaného obdobia zachovavala priblizne vyrovnany
vyvojovy trend. V roku 2016 vsak doslo k vyznam-
nému v priemere asi 4-nasobnému narastu tejto
trestnej ¢innosti (pricom udaje z tohto roku st uva-
dzane len do mesiaca august). Miera objasnenosti
pripadov dosahuje Groven v priemere 30 %.

V oblasti Sirenia nakazlivej choroby zvierat
a rastlin (§ 307) bola environmentélna trestna ¢in-
nost’ v sledovanom obdobi zaznamenana iba v ro-
koch 2007 a 2008. Spolu ide o tri pripady takejto
trestnej ¢innosti, z ktorych ziadny nebol doposial
objasneny.

Pytliactvo (§ 310) predstavuje najvyznamnejsi
druh environmentalnej kriminality v rdmci Sloven-
skej republiky. Od roku 2006 az 2011 bola miera
tejto trestnej Cinnosti na Urovni takmer 600 zis-
tenych pripadov za rok. V obdobi rokov 2012 az
2015 doslo k poklesu na 500 a menej zistenych
pripadov. Miera objasnenosti tychto pripadov si
v celom sledovanom obdobi zachovava priblizne
rovnaky trend na Urovni v priemere asi 72 %.

V nasledujucom texte a obr. 2 je prezentova-
ny prehlad environmentalnej kriminality s ukazo-
vate'mi spdsobenej $kody a poctu stihanych osob
v trestnych ¢inoch spachanych proti environmentu
v priebehu obdobia od roku 2006 do augusta 2016.

Pri trestnej Ginnosti v oblasti ohrozenia ZP
(§ 300) miera spdsobenej Skody vykazuje klesajiici
trend v sledovanom obdobi od roku 2007 az 2016,
¢o zrejme suvisi s poklesom poctu neobjasnenych
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trestnych ¢inov a sucasne aj s poklesom poctu zis-
tenych pripadov tejto trestnej ¢innosti. Priemerna
hodnota skody v ramci celého sledovaného obdo-
bia predstavuje 630 tisic eur. Vyvoj v oblasti poctu
0s0b zucastnenych na tejto trestnej ¢innosti zazna-
menal od roku 2006 narast na maximalny pocet
4 0s0b, v nasledujucom obdobi doslo k postupné-
mu poklesu tohto ukazovatela na maximalne jed-
ného pachatela v roku 2015 a 2016.

Environmentalna trestnd ¢innost’ v zmysle
ustanovenia § 301 (ohrozenie ZP s vi&Sou skodou
z nedbanlivosti) vykazuje od roku 2006 v oblas-
ti ukazovatel'a sposobenej Skody klesajuci trend
s obdobnym priebehom ako v pripade trestnej
¢innosti podl'a § 300. Priemerna spdsobena sko-
da v sledovanom obdobi dosahuje 1 350 tisic eur.
Pocet 0s6b zacastnenych na tejto trestnej ¢innosti
v priebehu sledované¢ho obdobia variuje, pricom
maximalny pocet 3 o0sob bol zisteny v rokoch
2009 a 2012.

Vyvoj trestnej ¢innosti neopravneného nakla-
dania s odpadmi (§ 302) je v oblasti ukazovatel'a
sposobenej Skody v sledovanom obdobi znacne
premenlivy, pricom nemozno preukazat’ zavislost’
medzi mnozstvom zistenych, resp. objasnenych
pripadov a spdsobenou environmentalnou $ko-
dou. Priemerna sposobena skoda v celom priebehu
sledovaného obdobia dosahuje hodnotu 740 tisic
eur. Maximalna sposobena $koda (takmer 1 800
tisic eur) bola zistena v roku 2006 pri najnizSom
pocte 11 zistenych pripadov, naopak pri najvys-
Som pocte 109 zistenych pripadov bola sposobena
environmentalna Skoda na urovni 260 tisic eur.
Z hladiska poctu 0sob ziiCastnenych na tejto trest-
nej ¢innosti bolo identifikovanych najviac v roku
2011, resp. 2012 (viac ako 40 o0sdb), pricom vo
zvySku sledovaného obdobia pocet pachatel'ov
trestnej ¢innosti nepresiahol 20 osdb.

Pri neopravnenom vypustani znecistujucich
latok (§ 302a) bola zistena spdsobena environ-
mentalna skoda len v roku 2014 v ramci celého
sledovaného obdobia a v tomto obdobi nebola
identifikovana ziadna osoba podiel’ajuca sa na tej-
to trestnej ¢innosti.

Pri trestnej ¢innosti porusovania ochrany vod
(§ 303) neboli v sledovanom obdobi rokov 2006
az 2016 zistené ziadne sposobené Skody, resp. ne-
boli identifikované ziadne osoby podiel'ajice sa
na tejto trestnej Cinnosti. V pripade spdsobenia
havarijného stavu z nedbanlivosti (§ 304) v oblas-
ti vod a ovzdusia boli kvantifikované spdsobené
Skody len v priebehu rokov 2006, 2008 a 2014.
Vo zvysku sledovaného obdobia nie si vyc¢islené
ziadne skody v dosledku tejto environmentalnej
trestnej ¢innosti. Pocet 0sdb identifikovanych pri
pachani trestnej ¢innosti v zmysle § 304 v celom
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sledovanom obdobi predstavuje dve osoby, ktoré
st evidované v rokoch 2012 a 2013.

Trestnd Cinnost’ poruSovania ochrany rastlin
a zivocichov so sposobenim Skody vécsieho roz-
sahu (§ 305/1) v oblasti ukazovatel'a spdsobene;j
Skody zaznamenala stupajuci trend v obdobi ro-
kov 2006 az 2007 s maximalnou Skodou presa-
hujtcou 100 000 tisic eur, nasledne doslo k prud-
kému poklesu spésobenych $kdd pod menej ako
1 000 tisic eur v roku 2009 a od roku 2010 bol
zaznamenany opétovny narast zistenych environ-
mentalnych $kod. Priemerna sposobena Skoda
v celom sledovanom obdobi predstavuje takmer
25000 tisic eur. V zmysle uvedeného ustanovenia
§ 350/1 mozno sledovat’ zavislost medzi poctom
objasnenych pripadov a po¢tom tychto os6b s ma-
ximom v roku 2011, kedy bolo identifikovanych
takmer 90 pachatel'ov trestnej ¢innosti. Oproti ro-
kom 2006 a 2007 je evidentny narast poctu osob
zicastnenych na tejto trestnej Cinnosti, pricom
v priemere predstavuje tento pocet 53 0sob.

Vyvoj trestnej ¢innosti charakterizujiicej ne-
opravneny vstup motorovymi vozidlami na les-
ny alebo pol'nohospodarsky pozemok (§ 305/2)
zaznamenal v sledovanom obdobi v porovnani
s rokom 2006 prudky pokles spdsobenej Skody
z hodnoty 900 tisic eur na takmer nulovi hodnotu.
Mierny narast bol zaznamenany v rokoch 2010 az
2012, no v nasledujucich rokoch doslo opat’ k po-
klesu na nulovu uroven sposobenej Skody. V prie-
mere Skoda spOsobend touto trestnou ¢innost'ou
predstavuje 95 tisic eur. Trend ukazovatel’a poctu
0s0b sleduje vyvoj poctu objasnenych pripadov
a v porovnani s rokmi 2006 az 2008 mozno kon-
Statovat’ narast poctu osob zucastnenych na uve-
denej trestnej Cinnosti, ktory v priemere predsta-
vuje 35 osob za kalendarny rok.

Sposobené skody v oblasti poruSovania
ochrany stromov a krov (§ 306) vykazuju zna¢ne
premenlivy priebeh v sledovanom obdobi. Narast
§kod v priebehu rokov 2006 az 2007 na uroven
5 000 tisic eur vystriedal pokles do roku 2009
(priblizne 160 tisic eur). Opdtovny narast a po-
kles spdsobenych skod sledujeme v rokoch 2010
az 2013, kedy az do scasnosti opét’ narastd mie-
ra sposobenej Skody v dosledku rieSenej trestnej
¢innosti. Priemernd spdsobend Skoda v celom
sledovanom obdobi predstavuje 1 800 tisic eur.
Obdobny premenlivy vyvoj mozno sledovat’ aj
pri pocte osob, kde maximalne hodnoty boli zis-
tené v roku 2009 (17 0sdb), resp. v roku 2016 (18
0s0b) a priemerny pocet predstavuje 7 osob za ka-
lendarny rok.

V oblasti trestnej Cinnosti Sirenia nakazlivej
choroby zvierat a rastlin (§ 307) bola spdsobena
Skoda zaznamenana len v rokoch 2007 a 2008
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s jedinou osobou pri tejto trestnej ¢innosti evido-
vanou v roku 2009.

Sposobend skoda pri trestnom Cine pytliactva
(§ 310) zaznamenala oproti stavu v rokoch 2006
az 2008 (Skoda v priemere 3 900 tisic eur) prud-
ky pokles na hodnoty blizke 100 tisic eur, ktoré
boli zistené v rokoch 2009 az 2016. Pocet 0sob

zucastnenych na uvedenej trestnej ¢innosti zazna-
menava klesajuci trend, a to najméd od roku 2011,
¢o suvisi ako s poklesom zistenych pripadov, tak
aj s poklesom objasnenych pripadov. Priemerny
pocet pachatel'ov tejto trestnej ¢innosti predstavu-
je v celom sledovanom obdobi takmer 400 os6b
za kalendarny rok.

Pocet zistenych pripadov trestnej €innosti v rokoch 2006 - 2016

§300; 1,53%.

§310; 66,20%

§301;0,93%

§302A; 0,03%
§303;0,14%
\_§304;0,11%

§306;2,72%
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Obr. 3 Podiel jednotlivych environmentalnych trestnych ¢inov v obdobi 2006 — august 2016
Fig. 3 The share of individual environmental crimes in the period 2006 — august 2016

Celkovy prehl'ad podielu jednotlivych envi-
ronmentalnych trestnych ¢inov (§ 300 az § 310)
zistenych v obdobi rokov 2006 az 2016 (do au-
gusta) je znazorneny na obr. 3. Dominantnym
trestnym Ginom v oblasti ZP v ramci sledované-
ho obdobia je pytliactvo (§ 310) s 66 % podie-
lom vsetkych zistenych pripadov. Trestna ¢innost’
porusovania ochrany rastlin a Zivo¢ichov so spo-
sobenim Skody véacsieho rozsahu (§ 305/1) pred-
stavuje takmer 15 % vSetkych zistenych pripadov
environmentalnej trestnej ¢innosti. Priblizne rov-
naky prispevok na urovni 6 % vykazuji trestné
¢iny neopravneného vstupu motorovymi vozidla-
mi na lesny alebo polnohospodarsky pozemok
(§ 305/2), resp. neopravnené nakladanie s odpad-
mi (§ 302). Zvyiné trestné &innosti v oblasti ZP
z hl'adiska podielu na celkovom mnozstve ziste-
nych pripadov nepresahuje trovein 3 %.

Celkovy prehlad vyvoja environmentalnej
kriminality na Slovensku v sledovanom obdobi

(sumar vsetkych pravnych ustanoveni § 300 az
§ 310 vratane spdsobenych §kod a evidovanych
0s0b) znazoriuje obr. 4. Environmentédlna trestna
¢innost’ z hl'adiska celkového poctu zistenych pri-
padov (viac ako 1 000) a poctu 0s6b (takmer 800)
zicastnenych na trestnej ¢innosti dosiahla maxi-
mum v roku 2011. Skoda spésobena v désledku
tychto trestnych ¢inov vsak dosiahla jednu z naj-
nizsich Grovni priblizne 5 500 tisic eur (mensia
Skoda bola zaznamena uz len v predchadzajucich
rokoch 2010 a 2009). Od tohto roku mozno v na-
sledujiicom obdobi sledovat pokles celkového
mnozstva zistenych pripadov (v roku 2015 iba
601 pripadov). Sucasne s poklesom trestnych ¢i-
nov klesa aj pocet 0s0b zucastnenych na trestnej
¢innosti. Od roku 2009 je mozné sledovat’ mierny
narast urovne sposobenej $kody, avsak tieto hod-
noty sa zd’aleka nepriblizuju k maximu v roku
2007 (vyse 121 000 tisic eur).
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Celkovy prehlad vyvoja environmentalnej kriminality
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Obr. 4 Celkovy prehPad vyvoja environmentalnej kriminality v rokoch 2006 — august 2016
Fig. 4 General trend in environmental criminality from 2006 to august 2016

Okrem vysSie uvedenych trestnych cinov,
ktoré trestny zakon priamo zarad’'uje medzi trestné
giny proti ZP (§ 300 az 310), by do tejto katego-
rie nepriamo mohli spadat’ aj d’alSie trestné Ciny,
napr. nedovolena vyroba a drzanie jadrovych
materidlov, radioaktivnych latok, vysoko riziko-
vych chemickych latok a vysoko rizikovych bio-
logickych agensov a toxinov (§ 298 a 299), ako
aj neopravnené uskutoCfiovanie stavby (§ 299a),
ktorymi sa vSak tento ¢lanok nezaobera.

Environmentalne pravo riesi delikty proti zi-
votnému prostrediu na viacerych urovniach — ob-
¢ianske pravo, spravne pravo a vaznejsie delikty
rieSené trestnym pravom. V ramci trestného prava
mohli byt donedavna stihané iba fyzické osoby,
pretoze pravnické osoby nedisponuju volovou
zlozkou, na druhej strane vsak za najzavaznejsimi
kauzami ohrozovania a poSkodzovania zivotné-
ho prostredia Casto stoja prave pravnické osoby.
Trestnopravne stihanie pravnickych oséb je preto
vSeobecne povazované za pozitivnu zmenu prav-
neho systému.

Stanovenie trestnopravnej zodpovednosti je
mimoriadne naroc¢na ¢innost’ vyzadujtica od vy-
Setrovatel’a spolupracu s viacerymi odbornikmi
podla konkrétneho druhu trestného ¢inu (che-
mici, biologovia, environmentalisti, geologo-
via a 1.), kedy treba jednoznaéne a bez pochyb
dokazat’ tzv. kauzalny nexus (pri¢inna suvislost’
medzi protipravnym konanim a nepriaznivym
nasledkom). Ulohou trestnopréavnej ochrany i-
votného prostredia je okrem perzekucie aj pre-
ventiva a nastavenie takych pravidiel, aby hrozba
trestov a sankcii pri uplatneni principu ultima

ratio na useku zivotného prostredia mala vyssie
uéinky nez len administrativnopravne pokuty
v ramci spravneho konania. Zvlastny doraz za-
sluhuje nahrada Skody alebo odstranenie ujmy,
ktoré su vsak pri deliktoch voci zivotnému pro-
strediu casto komplikované, kedy materidlova
hodnotu mozno vypocitat’ relativne bez problé-
mov, ale omnoho naroénejsie je zistit’ tzv. eko-
logicka ujmu ako nemajetkova skodu pri histo-
ricky cenenych predmetoch, napr. pri vyrube 300
ro¢ného stromu. Situdciu komplikuje aj skutoc-
nost’, ze znecistenie environmentu nepozna hra-
nice a environmentalna skoda sa moze prejavit’
aj na Gzemi inych Statov, kedy sa v zavislosti
od toho, ¢i ide o stranu povodcu alebo dotknuta
stranu, postupuje podla medzinarodnych zmlav
a dohad.

ZAVER

Pojem environmentalna kriminalita Coraz
viac rezonuje v spoloCenskom diani ¢i uz vo
svete alebo v SR. Tato oblast’ trestnych ¢inov
péchanych na ZP vyzaduje aktivny pristup zako-
nodarnych a kontrolnych organov k rieseniu tej-
to problematiky. Postavanie environmentalnych
trestnych ¢inov vSak z hl'adiska verejnej mienky
aj nad’alej pretrvava v tzadi a nevyvolava rov-
nakl mieru pohor$enia spolo¢nosti, ako je tomu
v pripade inych trestnych ¢inov. Uvedené mozno
pripisat’ v§eobecne nizkemu zaujmu spoloc¢nosti
0 veci verejné a o angazovanie sa v nich.

Analyzou environmentalnej  kriminality
v tomto ¢lanku bola zistena vo vSeobecnosti niz-
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ka objasnitel'nost’ pripadov trestnej ¢innosti, ¢o
je sposobené vysokou naro¢nostou vysetrova-
cieho procesu a preukdzanim viny pachatel'ov.
Kontrolné organy SR v sucasnosti nedisponuju
dostato¢nym poctom Specializovanych odborni-
kov na odhalenie environmentalnej kriminality
a stcasne velké mnozstvo zistenych pripadov
trestnych &inov proti ZP nedospeje vzhladom
na absenciu dokazovych a usved¢ujucich mate-
ridlov do sudneho konania a teda k vyvedeniu
trestno-pravnej zodpovednosti.

Zo zistenych Statistickych tdajov je mozné
konstatovat’, ze dlhodobo najvyznamnejsi trestny
¢in v environmentalnej oblasti predstavuje pyt-
liactvo (§ 310), ktoré dosahuje uroven takmer
70 % vsetkych trestnych ¢inov v tejto oblasti
trestného zakona. Prave tento trestny ¢in vSak za-
znamenal v poslednom obdobi postupne klesaji-
ci trend poctu zistenych pripadov, ¢o je charakte-
ristické pre vacsinu trestnych ¢inov spachanych
proti ZP. Tento jav mozno prisudit’ predovietkym
skutodnosti, Ze trestna &innost’ v oblasti ZP ne-
pacha jednotlivec, ale dochadza k organizovaniu
zlo€ineckych skupin, a preto je takato trestna
¢innost’ ¢oraz naroc¢nejsie postihovat’.

Na zaklade analyzy jednotlivych sledova-
nych ukazovatelov nemozno jednoznacne sta-
novit' zavislost medzi po¢tom pripadov a spd-
sobenou Skodou v dosledku trestnej cinnosti.
Pocet 0s6b podiel'ajucich sa na pachani trestnej
¢innosti zhruba kopiruje vyvojovy trend poctu
pripadov. Aj ked” environmentalne pravo vrata-
ne trestného prava rieSi vacsinu problémov pri
neustale sa zhorSujicom stave zivotného pro-
stredia, v praxi najvacSie problémy sposobuje
stale slaba vymozitelnost’ prava, nedostatocné
skusenosti vySetrovatelov pre vysoko odbornu
problematiku environmentu, kde maju pachatelia
pred organmi ¢innymi v trestnom konani znac-
ny naskok. Statistick4 analyza environmentalnej
kriminality aj napriek jej vysokej latencii moze
poukazat’ na slabé stranky vySetrovania, odha-
lit' nedostatky v trestnom poriadku (napr. nizke
sankcie) a poskytniut’ namety na zlepSenie pre-
ventivy a napravnych opatreni.
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ABSTRACT

Baranova, V., Bobul'skd, L.: Influence of Batrachochytrium dendrobatidis on amphibians popu-
lation

Amphibians have a huge species diversity, they are part of the food chain, an important substance
of energy and carbon substance that are disturbed by amount of variable stress factors. A species Batra-
chochytrium dendrobatidis, the mold causing chytridiomycosis in frogs, has become a global environ-
mental problem decimating amphibian populations in almost all continents. For this reason, it became
the target of many science researches worldwide. The main aim of this paper is a general introduction
of this species as well as its ecology and factors affecting its spread. A prerequisite is the knowledge of
individual abiotic and biotic factors that may aftect the development and expansion in its favour and thus
extend chytrid fungi in different kinds of frogs and causing the death of individuals or entire populations.
On the other hand, ecological factors can affect this species negatively and thus contribute to its regres-
sion. If the science wants to find out as effectively avoid the dissemination of B. dendrobatidis and thus
the massive extinction of amphibians, there is a need to obtain detailed information especially about the
ecology of this species.

Key words: chytridiomycosis, amphibians, abiotic and biotic factors, population, parasitism

UvVoD

Obojzivelniky maji obrovskt druhovu di-
verzitu, si sucastou potravovych retazcov, vy-
znamného kolobehu latok energie a uhlika, ktort
ale nariSa mnozstvo stresov a medzi ne patri aj
katastrofalny dopad infekéného ochorenia na ich
populacie vyvolaného druhom Batrachochytrium
dendrobatidis (B. dendrobatidis). Tato plesen
sposobujuca ochorenie chytridiomykézy hlavne
u ziab, sa stala globalnym ekologickym prob-
lémom decimujucim populacie obojzivelnikov
takmer na vsetkych kontinentoch. Ciel'om tohto
prispevku je vSeobecné oboznamenie sa s tymto
druhom ako aj s faktormi vplyvajicimi na jeho
rozsirenie. Ak vSak chceme zistit' ako efektivne
zabranit' rozSirovaniu druhu B. dendrobatidis,
a tym aj masivnemu vymieraniu druhov obojzi-
velnikov, musime ziskat' podrobné informacie
predovsetkym o ekologii tohto rychlo expanziv-
neho druhu.

Druh B. dendrobatidis (Langcore et al. 1999)
taxonomicky zaradzujeme do kmena Chytridio-
mycota (slov. bunkovky/chytridie). St to jedno-
bunkové a vlaknité huby tvoriace charakteris-
tické bicikaté vytrusy — zoospory. Vyskytuju sa
prevazne v sladkych vodach, niektoré v ocea-
noch a velka cast’ v podach terestridlnych ale-
bo semiterestrialnych stanovistiach. Chytridie st
saprobiotické huby degradujuce materialy ako
su chitin a keratin, alebo su aktivnymi parazitmi
rastlin, protist, bezstavovcov a stavovcov. V slad-
kovodnych ekosystémoch su vel'mi dolezitymi
zlozkami, ale ekologicky vyznam tejto skupiny
huab zostava neobjasneny (Sparrow 1960; Dermek
a Lizon 1985; Alexopoulos et al. 1996; Barr 2001;
James et al. 2006; Gleason et al. 2008). V ramci
kmenia Chytridiomycota patri druh B. dendroba-
tidis do radu Rhizophydiales, o ktorého ekologii
vieme len vel'mi malo, ale je zname, Ze niektori
zastupcovia tohto radu z teplejSich oblasti dokazu
vyuzivat’ pre svoj rast pel’ (Rhizophydium spha-
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erotheca) alebo riasy (Rhizophydium fragilaria)
(Letcher et al. 2008; Gleason et al. 2010; Letcher
a Powell 2012; Naff and Darcy. 2013). Rod Ba-
trachochytrium zastupuji len dva druhy a to B.
dendrobatidis (Longcore et al. 1999) a B. sala-
mandrivorans (Martel et al. 2013). Takmer vSetky
parazitické chytridiomycéty napadaju hlavne rast-
liny, riasy, mikroskopické organizmy a bezsta-
vovce. Prave kvoli parazitovaniu na stavovcoch,
konkrétne obojzivelnikoch su druhy z rodu Batra-
chochytrium tak vzéacne a z ekologického hladis-
ka nebezpecné (Fisher et al. 2009). B. salaman-
drivorans je druh chytridie posobujuci smrtel'né
kozné infekcie u salamandier a mlokov, ¢o ma
za nasledok prudky pokles ich populacii v severo-
zapadnej Europe a jej nedavne objavenie poskytlo
d’alSie vysvetlenie fenoménu ubytku druhov oboj-
zivelnikov, ktory sa stal sucast'ou globalnej krizy
biodiverzity. Spolo¢nymi prvkami druhov B. sa-
lamandrivorans a B. dendrobatidis st (1) vyvola-
vanie smrtel'nych koznych ochoreni a (2) spojenie
s vysokou umrtnost'ou ¢i zavaznym ubytkom po-
pulécii obojzivelnikov. Dodnes nie je presné jasné
aky je hostitel'sky rozsah infekcii u B. salaman-
drivorans ako to uz v sucasnosti pozname u druhu
B. dendrobatidis. Niektoré druhy ziab, Cervonov
alebo mlokov, ako je napriklad 4zijsky druh mlo-
ka ohnivobruchého (Cynops pyrrhogaster), st
vo¢i druhu B. salamandrivorans imunné, zatial
¢o pre eurdpske a americké druhy je infikovanie
tymto druhom letalne (Martel et al. 2013, 2014).

CHYTRIDIOMYKOZA

Chytridiomykoéza je vazne globalne plesnové
ochorenie sposobené druhom B. dendrobatidis.
Povazuje sa za fatalne ochorenie post-metamor-
fovanych ziab, ktoré moze byt taktiez prenasané
zdravymi zubrienkami. Diagnostikovana je via-
cerymi sposobmi. Medzi najmodernejSie cesty
detekcie druhu B. dendrobatidis a tym aj pritom-
nosti chytridiomycéty je zistenie pritomnosti Spe-
cifickych génov prostrednictvom molekularnych
technik (Specifické priméry Bdla / Bd2a) (Berger
et al. 1999; Annis et al. 2004; Civis et al. 2010).
Jedinym potrebnym organom pri diagnoéze chytri-
diomykozy je koza, pretoze su infikované jej vrs-
tvy a to konkrétne stratum corneum (zrohovatena
vrstva) a stratum granulosum (vrstva zrnitych
buniek). Vyskumy Bergera et al. (1998) ukazali
znac¢né zdrsnenie a odlupovanie povrchu pokoz-
ky pomocou vySetrenia snimacim elektronovym
mikroskopom povrchu koze infikovanych Ziab.
Typickymi klinickymi znakmi niektorych na-
padnutych ziab st letargia, nechutenstvo, zmena
farby koze a jej nadmerné odlupovanie. Niektoré
jedince vykazuji zmeny spravania a neurologické

priznaky. Pocas dia sedia nechranené so zadnymi
nohami prilozenymi volne k svojmu telu, alebo
maju pomali odpoved na hmatovy stimul. Ak
je s niektorymi zabami manipulované, su strnu-
1¢ a trasu sa, taktiez roztahuju zadné koncatiny
a stahuju predné. Je mozné predpokladat’, Ze hro-
madenie koze na tele nie je Specificky znak pri
inych ochoreniach, pri ktorych sa zaby stavaju
letargické a neschopné si ju davat’ dole, ale pri
chytridiomykdze moze ist’ o koznu reakciu na in-
fekciu. V poslednom, letalnom S$tadiu ochorenia
dochadza k strate prirodzenych reflexov jedincov
a kone¢na smrt’ nastava niekol'ko dni po néstupe
klasickych klinickych priznakov (Berger et al.
1998, 1999; Daszak et al. 1999; Civis et al. 2010).

Chytridiomykéza ma na svedomi celosve-
tovo viac ako 122 druhovych vyhynuti. V eko-
logii volne zijucich zvierat su infekéné choroby
beznou sucastou. Vo svojej podstate moze byt
choroba vnimana ako ekologicky, tak rovnako
aj fyziologicky proces. Z ekologického hladiska,
infekéné choroby predstavuju akysi produkt inte-
rakcii medzi hostitel'om a patogénom, Casto spolu
s mnozstvom z inych druhov z danej komunity.
Prikladom moze byt prenos parazita ovplyvnena
pritomnostou predatora, konkurenta alebo iného
parazita. Z fyziologického hl'adiska, proces, ako
je infekcia, je vel'mi ovplyvneny imunitou hosti-
tel'a, endokrinnou ststavou, telesnou zdatnost'ou
a replika¢nou schopnostou patogénu, na ktoré vo
velkej miere vplyvaju podmienky ich zivotného
prostredia (Skerratt et al. 2007; Blaustein et al.
2012; Olson et al. 2013).

POVOD A ROZSIRENIE
OCHORENIA

Nahle objavenie chytridiomykozy naznacuje,
ze jej etiologicky Cinitel, druh B. dendrobatidis,
bol do postihnutych oblasti niekol’kych kontinen-
tov invadovany. Povod tohto virulentného pato-
génu nam nie je presne znamy, pretoze najnovsie
vyskumy poukazuji na pritomnost’ tohto druhu
v zbierkach obojzivelnikov deponovanych z via-
cerych kontinentov. NajstarSie zdznamy druhu
pochédzaju z brazilskych vzoriek ziab uz z roku
1894, neskorsie pochadzajii z roku 1911 zo Se-
vernej Korei a z roku 1938 pochadzaju zdznamy
chytridiomykézy z afrického kontinentu, kto-
ré boli objavené u pazirnatky vodnej (Xenopus
laevis). Prave transport pazirnatky vodnej bol
pravym dovodom rozSirenia patogénu takmer
do celého sveta spusteny uz v tridsiatych rokoch
minulého storocia. Tento druh zaby bol mimo
Afriky vyuzivany na rozne medicinske ucely.
Enormné mnozstvo jedincov bolo odchytenych
z vol'nej prirody po roku 1934, a to po objaveni



tehotenskych testov pre I'udi. Tie boli totizto zalo-
zené na principe vyvolavania ovulacie u pazirna-
tiek ¢o zapri€inil vysoky obsah gonadotropnych
hormonov, ktoré im boli podané prostrednictvom
injekcii s mocom tehotnych zien (Rodriguez et al.
2014; Fong et al. 2015).

V sucasnosti je druh B. dendrobatidis rozsi-
reny na vsSetkych kontinentoch okrem Antarktidy,
kde sa prirodzene obojzivelniky nevyskytuju.
Udaje z roku 2012 uvadzaju vyskyt patogénu
v 52 krajinach (68%), kde sa intenzivne monito-
rovala pritomnost’ infikovanych jedincov obojzi-
velnikov, z ktorych bolo 516 pozitivnych z cel-
kovo 1240 analyzovanych druhov obojzivelnikov
¢o predstavuje priblizne 42%. Na obrazku 1 je
znazornenie distribucie druhu B. dendrobatidis
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v globalnom meritku z roku 2012 (Olson et al.
2013). Udaje z tohto roka uvadzaji, ze Slovensko
a Ceska republika patrilo ku krajinam s negativ-
nym vysledkom. Najnovsie vyskumy napriek ich
nizkej intenzite a monitoringu tohto druhu potvr-
dzuju jeho pritomnost’ u niekol’kych druhov oboj-
zivelnikov a to u ropuchy obycajnej (Bufo bufo),
kunky Cervenobruchej (Bombina bombina) a kun-
ky zltobruchej (Bombina variegata), skokana
hnedého (Rana temporaria) a skokana zelené¢ho
(Pelophylax Kl. esculentus) a taktiez sa potvrdila
pritomnost’ rodu Batrachochytrium u salamandry
Skvrnitej (Salamandra salamandra), mloka oby-
¢ajného (Lissotriton vulgaris) a mloka hrebenaté-
ho (Triturus cristatus) (Olson et al. 2013; Balaz
et al.2014).

Bd presence
s 9 Positive site
@ Negative site

@ Negative site,
sample size unknown

all screenshots
August 2012

Obr. 1 Globalne rozsirenie druhu B. dendrobatidis
Fig. 1 Global distribution of B. dendrobatidis (Olson et al. 2013)
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EKOLOGICKE FAKTORY
OVPLYVNUJUCE ROZSIRENIE
B. DENDROBATIDIS

Abiotické faktory dokazu obmedzit' schop-
nost” introdukcie nového organizmu, alebo vyZza-
dujt jeho adaptaciu. V réznych modeloch distri-
bucii invazivnych druhov hub sa preukazala ako
kriticky faktor pre ich Gspesnu introdukciu teplo-
ta. B. dendrobatidis ma §iroké rozpétie teplot a to
od 4 — 25°C. Prave takéto teplotné rozpétie do-
vol'uje tomuto druhu existovat’ v Sirokom spektre
ekosystémov. Nie je v§ak vylucené, Ze tato chyt-
ridia dokaze prezimovat’ len v uréitych podmien-
kach, a to za pomoci len urc¢itych hostitel'skych
druhov. Vystaveny horti¢ave a vysokému suchu sa
javi ako vysoko citlivy druh a pri 37°C zomiera
uz pocas Styroch hodin (Rollins-Smith et al. 2011;
Gladieux et al. 2015; Balaz et al. 2013; Blauste-
in et al. 2012). V kozi Ziab bol najdeny $pecialny
pigment pterorodin, ktory odraza slnec¢né luce
v infraervenom spektre. PocCas vyhrievania sa
na slnku tento pigment dovol'uje telu zostat’ chlad-
nym kvoli termoregulacii, zatial’ ¢o sa koza ziab
nahreje. VzhI'adom nato, Ze druh B. dendrobatidis
znesie len urcity rozsah teplot, zvySena teplota
koze obojzivelnikov vplyvom slne¢ného ziarenia
moze byt jednoduchou cestou ako porazit' sa-
motnu chytridiomykézu. NavySe, doba zvySenej
obla¢nosti neumoznuje vystavit' kozu slne¢nym
la¢om, ¢o mdze byt v tychto tropickych oblas-
tiach dovodom masovych thynov obojZzivelnikov
(Morelle 2008). B. dendrobatidis je schopny zit
vo vodnom prostredi bez pritomnosti hostitel’a
aj niekol'’ko tyzdnov. Optimalne pH pre rast tejto
chytridie je v rozmedzi 6-7, pricom pomalsi rast
pozorujeme uz pri pH 8 a minimalny rast pri pH
4 — 5. Je znamych niekol’ko dezinfektantov, ktoré
maji na druh B. dendrobatidis smrtiaci G¢inok.
Patri medzi nich napriklad etanol a Virkon, ktoré
dokazu zlikvidovat’ tito plesent uz za 30 sekund.
(Johnson a Speare 2003; Piotrowski et al. 2004).

Tak ako na citlivost’ obojzivelnikov voéi in-
fekcii, tak aj na samotny druh B. dendrobatidis
vplyvaju ako externé (environmentalne) tak Spe-
cifické interné (hostitel'ské) faktory. K internym
biotickym faktorom mdzeme zaradit’ pasivne ob-
ranné reakcie hostitel’a proti druhu B. dendroba-
tidis vylu¢ovanim antimikrobialnych peptidov, ¢i
hlienovych protilatok a sekundarnych metaboli-
tov. Rollins-Smith et al. (2011) dokazali, ze hiber-
nujice druhy niektorych druhov produkuju malé
mnozstvo tychto peptidov. Koza hostitel'ov neob-

sahuje pre druh B. dendrobatidis len nebezpecné
kozné peptidy, ale aj mikrobiom inych popula-
cii, ktoré su schopné inhibovat’ jeho rast. Zatial
¢o niektoré mikroby obojzivelnikov mézu byt
potencialnym patogénom, iné prinasaji benefity
a stavaju sa symbiotickymi. Medzi tie, ktoré maju
negativny vplyv na rast druhu B. dendrobatidis in
vitro patria napriklad rody Bacillus, Lysobacter,
Pseudomonas, Stenotrophomonas, Aeromonas
a d’alsie. V laboratornych experimentoch sa ako
probiotikum na efektivne zabranenie infikovania
ziab druhom B. dendrobatidis Gspesne pouzil
druh Janthinobacterium lividum (Rollins-Smith
et al. 2011; Blaustein et al. 2012; Becker et al.
2015;). V prirodnych populaciach obojzivelnikov
zostava taktieZ nepreskimana problematika adap-
tabilnej tolerancie samotnych hostitel'ov na druh
B. dendrobatidis. Podl'a aktualnych §tadii Savage
a Zamudio (2016) identifikacia kI'aiCovych imu-
nogenetickych vlastnosti vo¢i odolnosti na druh
B. dendrobatidis v prirodnych populaciach je
dolezitym krokom na obnovenie druhov. Kvoli
globalnemu rozsireniu a pretrvavaniu tejto chyt-
ridiomycéty si musia populacie obojZivelnikov
v divocine nakoniec vyvinut rezistenciu, ktora
im umozni dlhodobé prezitie druhov. Podl'a ich
nazoru, maju prirodné populécie obojzivelnikov
evolucny potencial na prisposobenie sa chytridio-
mykoze. Pri analyze biotickych faktorov druhu
B. dendrobatidis v sladkovodnych ekosystémoch
musime prihliadat’ na vplyv ,,poZieracov* z vod-
ného prostredia. B. dendrobatidis ma z parazitic-
kého hladiska vel'mi $iroky hostitel'sky druhovy
rozsah. Z obojzivelnikov napada hlavne Zaby, no
objavuje sa aj mimo triedy Amphibia. Ako alter-
nativni hostitelia sa preukazali sladkovodné raky,
napriklad Procambarus alleni, Procambarus
clarkii ¢i Orconectes virilis. B. dendrobatidis pre-
trvava aj na riasach, rastlinach, suchozemskych
plazoch, vodnom vtactve a hlistovcoch (McMa-
hon et al. 2013; Havlikova et al. 2015; Kolby et
al. 2015).

VHODNE EKOSYSTEMY
A HABITATY DRUHU
B. DENDROBATIDIS

Oblasti najvhodnejsie pre tento druh zahtiiaju
stanovistia, ktoré¢ sa vyznacuju najvysSou sveto-
vou diverzitou obojzivelnikov. Tieto tizemia pre-
ferenéne trpia aj ubytkom, alebo plnou stratou
prirodzenych habitatov. Z tohto dovodu sa zacali
Becker a Zamudio (2011) zaoberat’ otazkou nega-



tivneho prepojenia vyskytu B. dendrobatidis a in-
tenzity infekcie v tropickych oblastiach so stratou
habitatov obojzivelnikov. Stadie sa tykali oblasti
Kostariky a vychodnej Australie, kde zvySena
strata habitatov predpovedala nizsiu Sancu vysky-
tu ochorenia v populaciach obojzivelnikov. Pri-
¢inami boli nizSia hostitel'ska druhova bohatost’
a suboptimalne podmienky v naruSenych habita-
toch pre druh B. dendrobatidis. Z tychto dovodov
mozu aj antropogénne vplyvy prostrednictvom
deforestacie a ich dopadov na Zivotné prostredie
v nizinach vysvetlovat’ zvySeny vyskyt alebo az
prepuknutie infekcie vo vysokych nadmorskych
vyskach v nepristupnych oblastiach pre ¢loveka.
Vsetky tieto vysledky st aj paradoxom, pretoze
obojzivelnikom napadnutym chytridiomykdzou
v nedotknutych oblastiach dokdzu naruSené ha-
bitaty sluzit’ ako tkryty pred ochorenim, ale len
pre druhy schopné zniest' vplyvy deforestacie.
A z tohto dovodu je fauna obojzivelnikov bud’
ohrozena zakernym patogénom v nerusenych
oblastiach alebo stratou habitatov vplyvom l'ud-
ského zasahovania (Ron 2005). Podla stadii
Krigera a Hera (2007), B. dendrobatidis nie je
naprie¢ rozmnozovacich stanovist’ rozmiestneny
nahodne a permanentné vodné toky sa oproti efe-
meralnym ¢i terestrialnym habitatom obojzivelni-
kov javia ako vhodnejsie stanovistia pre rast tejto
chytridie a rozSirovanie chytridiomykozy. Takyto
konkrétny priklad tecticeho potoka, v ktorom bol
pritomny druh B. dendrobatidis je tropicky potok
El Copé v Paname, kde B. dendrobatidis spdsobil
viac ako 90% pokles abundancie obojzivelnikov
a viac ako 60% pokles v druhovej pestrosti oboj-
zivelnikov (Johnson 2006).

ZAVER

Globalny pokles populécii obojzivelnikov je
jednym z najvacsich ekologickych problémov
20. a 21. storocia, ktorym sa celosvetovo zaobe-
ralo mnozstvo vyskumov a vedcov hl'adajtcich
pri¢iny, mnohokrat az katastrofalnych rozmerov.
Nepozname jednotnt pri¢inu rapidneho znizo-
vania stavov, pretoze na populacie obojzivelni-
kov pocas ich zZivotného cyklu vplyva cela rada
negativny stresov. Prirodzené stresy ako s kom-
peticia, predatorstvo, reprodukcia, dostupnost’
zdrojov a choroby mézu byt v prirode mie$ané
so stresmi priamo alebo nepriamo vyvolané 'ud-
skym vplyvom. K takym zaradzujeme destrukcie
prirodzenych habitatov, zavleCenie invaznych
druhov, environmentalnu chemick kontaminaciu
a klimatické, ¢i atmosférické zmeny (Blaustein et
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al. 2012). Vo vedeckych komunitach vzrastol aj
zaujem hladiet’ na ekologické podobnosti medzi
hostitel'sko-parazitickym vztahom a vztahom
medzi predatorom a jeho koristou. Ako parazit,
tak aj predator ma potencial na kontrolu hustoty
populacie a rovnako aj zmenu individualnych
znakov hostitel'a alebo koristi. Ich ucinky sa
mozu objavit' v roznych fazach interakcie, pred,
po alebo pocas fyzického kontaktu s nepriate-
lom a dokazu viest ku kvalitativne podobnej
denzite a nepriamym désledkom na inych ¢lenov
spolo¢enstva (Rasconi et al. 2012; Preston et al.
2014). Obojzivelniky predstavuju dolezité spoje-
nie akvatickych a terestrialnych potravovych sieti
a rozsirujuce sa poklesy populacii alebo az miz-
nutia celych druhov mézu mat’ pre takto narusené
ekosystémy d'alekosiahle dosledky. Uz Zubrienky
ziab dokazu pozierat’ véacsie mnozstva vodnych
rias. Pocas metamorfozy prenesii obojzivelniky
z vodnych do suchozemskych ekosystémov znac-
ne mnozstvo zivin. V dospelosti zase obojzivel-
niky zastavaju predatorsku rolu hmyzozravcov
a pre vtaky, cicavce a plazy su dolezitou koristou.
Strata obojzivelnikov v tak velkom rozsahu ako
prebicha v stcasnosti s vplyvom chytridiomy-
kozy ako jednym z hlavnych stresov, méze mat’
ireverzibilné dosledky na globalnej trovni eko-
systémov. Nasledky straty biodiverzity na eko-
systémovej Grovni mézu byt zlozité, dlhotrvaji-
ce, zahfiajuce zmeny v primarnej produktivite,
prenose energii medzi vodnymi a suchozemskymi
habitatmi, v kompozicii a interakcimi medzi orga-
nizmami na réznych stupnoch trofickych tirovni.
A prave z tychto dovodov by mohli mat’ rapidne
poklesy populacii obojzivelnikov, na ktorych sa
v netnosnej miere podiel’a aj druh B. dendrobati-
dis, nemalé ekologické dosledky (Johnson 2006;
Blaustein et al. 2012).
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ABSTRACT

Dudova M., Smréova M., Hudak A.: Cloud Point Extraction —,,Green“ method of arsenic speciation

Arsenic is to be found in different oxidation states and it can form various species, most often As"' which
is carcinogenic. Total arsenic content can be determined mostly by methods of atomic spectrometry. In order
to determine the concentration of each specie separately, especially the content of carcinogenic As', one needs
to separate it from other species before the analysis. Specie-based analysis consist, in general, of two steps:
firstly, separation via various forms of arsenic and secondly, their quantification. Cloud point extraction (CPE)
was proven to be a suitable technique for this task since it is accurate, effective, safe, and neither time nor
money consuming. CPE extraction uses low amounts of organic solvents, thus being environmentally-friendly.
The combination of such a separation method with the detecting techniques — such as atomic absorption
spectrometry with electrothermal atomisation, or atomic absorption spectrometry with the hydride generation,
atomic fluorescent spectrometry with the hydride generation, or UV-VIS spectrometry — may be the key to
detecting various forms of arsenic. It is possible to create an easy, highly sensitive, and eco-based methodol-
ogy which is to be used to determine trace content of arsenic in any environmental samples, food products, or
biological samples.

Key words: cloud point extraction, arsenic speciation, mineral waters

UvVoD

Arzén je klasifikovany ako toxicky prvok
s karcinogénnymi u¢inkami. Chronicka expozicia
moze viest’ k zdvaznym poskodeniam organizmu,
ako napriklad k vzniku rakoviny pltuc, pecene,
obliciek, ¢i koze, rozvoju diabetes, anémie, ako
aj portch imunitného, nervového a reprodukéné-
ho systému (AREDES et.al. 2012, AYOTTE et.al.
2014, SHARMA — SOHN 2009).

Tento tazky kov sa v prirode vyskytuje v r6z-
nych oxidaénych stupiioch (AsY, As", As’, As™!)
a Spéciach, ktoré maju rdzne vlastnosti. V oxidac-
nom prostredi sa arzén vyskytuje prevazne vo for-
me anionov. V procese degradacie dochadza len
k jeho premene na inti oxidovanu formu, pripadne
na anionickt formu (CHOONG et.al. 2007, AB-
DOLMOHAMMAD-ZADEH — TALLEB 2014).

Vo vodnom prostredi existuje obvykle v dvoch
dominantnych oxida¢nych stuptioch, ako arzeni-
tan (As'™) a arzeni¢nan (AsV), ale tieZ vo forme
anioénov kyselin a ich soli. Toxicita arzénu za-
visi od konkrétnej formy, v ktorej sa vyskytuje.
Anorganické zluceniny arzénu su toxickejsie ako
organické (AREDES et.al. 2012, AYOTTE et.al.
2014, TANG et.al. 2005, ZHANG et.al. 2010).
Giirkan a kol. (GURKAN et.al. 2015) uvadza, 7e
arzenitan (As'™) je niekol’ko stonasobne toxickejsi
ako organicky arzén a 25 — 60 krat toxickejsi ako
arzeni¢nan (AsV).

Pritomnost’ arzénu v prirodnych vodach stvi-
si s procesom jeho lthovania zo zdrojovych hor-
nin a sedimentov obsahujucich zluceniny arzé-
nu. Obsah pritomného arzénu kolise v zavislosti
od meteorologickych podmienok, ako napriklad
striedanie obdobia dazd'ov a sucha. Vo vodnom
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prostredi je forma vyskytu zIicenin arzénu zavisla
od podmienok prostredia (predovsetkym pH). Ar-
zeni¢nany su stabilné za aerobnych podmienok,
zatial’ Co arzenitany za anaerdbnych, mierne re-
dukénych podmienok prostredia (CHOONG et.al.
2007). Rozne formy arzénu mézu byt pritomné
v prirodnych, ale aj v pitnych vodach.

Pripustny obsah arzénu v mineralnych vodach
v Slovenskej republike je 0,05 mg dm (POTRA-
VINOVY KODEX) a v pitnej vode 0,01 mg dm
(NARIADENIE VLADY Slovenskej republiky
354/2006 Z.z.). Jednym z aspektov, ktoré zne-
moznuju spolahlivo stanovit' potencidlne riziko
toxicity mineralnych vod obsahujucich arzén je
skutoCnost’, ze oxidacny stupeil arzénu vo vode
nie je mozné zistit' beznymi analytickymi meto-
dami pre stanovenie arzénu. Je mozné stanovit
celkovy obsah arzénu, bez ohl'adu na oxidacny
stupeni. Ako uz bolo uvedené, arzenitan je toxic-
kejsi ako arzeni¢nan, preto je nevyhnutné poznat’
koncentraciu jednotlivych Spécii a tak ur€it’ rizi-
ko toxicity (AREDES et.al. 2012, AYOTTE et.al.
2014, GURKAN et.al 2015). Obzvlast’ v posled-
nych rokoch je znacna Cast’ vyskumu zamerana
na stanovenie obsahu jednotlivych $pécii arzénu
v environmentalnych a biologickych vzorkach.

METODY VHODNE
PRE SPECIACIU ARZENU

Speciaéna analyza As™ a As¥ vo vieobecnos-
ti pozostava zo separacie roznych foriem arzénu
a ich naslednej kvantifikacie. Na $peciaciu arzé-
nu vo vodnych roztokoch je mozné zvolit' via-
cero metod, ako napriklad extrakciu s vyuzitim
teploty zakalu micelarnych roztokov, extrakciu
tuhou fazou, sekvencnu extrakciu, kvapalinova
chromatografiu, ¢i kapilarnu elektroforézu. Tie-
to metddy s obvykle prepojené s atbmovou ab-
sorpénou spektrometriou ako metéodou na stano-
venie obsahu arzénu. Zvolena metdda Speciacie
musi byt najmi spol'ahliva, efektivna, bezpecna,
rychla, ekonomicky a ¢asovo nenarocna (CHEN
et al. 2014). KedZze novodobym trendom nielen
v priemyselnej, ale aj laboratornej chemickej pra-
xi je dodrziavanie principov ,,zelenej chémie®, je
potrebné, aby spotreba pouzivanych organickych
ho zabezpecena Setrnost’ vybranej metody k zi-
votnému prostrediu, ako aj 'udskému zdraviu.

EXTRAKCIA S VYUZITIM TEP-
LOTY ZAKALU MICELARNYCH
ROZTOKOV (CPE - CLOUD PO-
INT EXTRACTION)

Extrakcia s vyuzitim teploty zakalu mice-
larnych roztokov bola prvy krat popisana v roku
1976 vedcami Miura a kol. (GOUDA — AMIN
2015, ALTUNAY — GURKAN 2015). Neskor sa
vd’aka moznosti rychlej separacie a prekoncet-
racie analytov stala jednou z najvyuZivanejSich
efektivnych a k zivotnému prostrediu Setrnych
metdd. Ide o proces sprostredkovany micelami,
kde sa jednotlivé Spécie analytov separuju na za-
klade ich hydrofébnosti s vyuzitim povrchovo
aktivnych latok (GURKAN et.al. 2015, COSTA
et.al. 2015).

Tato technika je vhodnou alternativou ku kva-
palinovej extrakcii a disponuje mnozstvom vy-
hod, medzi ktoré patri vysokd navratnost’, nizke
naklady, bezpecnost’, nizka spotreba organickych
rozpustadiel a moznost kombinacie s réoznymi
detekénymi technikami (GURKAN et.al. 2015,
GALBEIRO et.al. 2014, GOUDA 2014).

CPE je povazovana za takzvanu “zelent me-
todu” najmi kvoli vyuzivaniu zriedené¢ho rozto-
ku povrchovo aktivnych latok (surfaktantov) ako
extrakéného média, ¢o je taktiez vyhodné z fi-
nan¢ného hladiska. Surfaktanty nie su toxické,
prchavé a horl'avé v porovnani s organickymi roz-
pustadlami pouzivanymi v kvapalinovej extrakcii
(GOUDA 2014).

ZAKLADNY PRINCIP CPE

CPE metoda zahfna 3 zakladné kroky: 1. so-
lubilizaciu analytov do micelarnych agregatov, 2.
zakalenie a 3. fazovu separaciu (GOUDA 2014).

Micely st v dosledku ich heterogénnej Struk-
tary vyuzivané v analytickej chémii predovset-
kym za ucelom prekoncentracie a separacie analy-
tov. St schopné selektivne interagovat’ s roznymi
molekulami rozpustenych latok a dokazu vyrazne
modifikovat’ chemicktl rovnovahu, rozpustnost,
kinetiku a spektroskopické vlastnosti analytov
a ¢inidiel (GOUDA — AMIN 2014).

Tato technika je zalozend na procese prenosu
neiénového surfaktantu z jednej kvapalnej fazy
do druhej, za sti¢asného zahrievania roztoku nad
teplotu bodu vzniku zakalu (GOUDA — AMIN
2014), pri ktorej dochadza k formovaniu micely
(Obr. 1). Roztok sa vznikom micel zakali (AL-



TUNAY — GURKAN 2015). Ak teplota roztoku
presiahne teplotu bodu vzniku zékalu, dochadza
k dehydratacii jednotlivych micel a vzniku ich ag-
regatov. Nasledna centrifugacia a ochladenie celej
zmesi vedie k makroskopickej fazovej separacii
roztoku na 2 fazy: surfaktantom obohatent fazu
(SRP) malého objemu a zriedent vodnu fazu (Obr.
2). Analyt je extrahovany do surfaktantom obo-
hatenej fazy obsahujticej micely ako hydrofébne
kovové komplexy s prislusnym komplexacnym ¢i-
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nidlom (ALTUNAY — GURKAN 2015, GHAEDI
et.al. 2011). Jednoducha schéma procesu separacie
pomocou CPE je zndzornena na Obr. 3.

Efektivita tejto metody zavisi od hydrofob-
nosti ligandu a vytvoreného komplexu, od rov-
novaznych konstant v micelarnom prostredi, ako
aj od kinetiky tvorby komplexu a jeho prenosu
medzi fazami v priebehu separacie (GOUDA —
AMIN 2014).

-

Obr. 1 Schematické znazornenie formovania micely (RANGEL — YAGUI 2004)
Fig. 1 Schematic illustration of micelle forming (RANGEL — YAGUI 2004)
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Obr. 2 Znazornenie fazovej separacie zmesi vplyvom teploty (RANGEL — YAGUI 2004)
Fig. 2 Representation of phase separation of the mixture due to temperature (RANGEL — YAGUI 2004)
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Obr. 3 Schematické znazornenie procesu CPE extrakcie (EL-NAGGAR 2010)
Fig. 3 Schematic illustration of CPE extraction process (EL-NAGGAR 2010)
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VYBER VHODNEHO CHELA-
TACNEHO CINIDLA

Vytvorenie hydrofébneho komplexu kovové-
ho i6nu s chelatacnym ¢inidlom a jeho nasledna
extrakcia do SRP fazy je jednym z hlavnych fak-
torov, ktory ovplyviiuje G¢innost’ separacie kovo-
vych i6nov vo vodnom roztoku. Tento komplex
musi byt dostato¢ne hydrofobny, méa mat’ vysoky
rozdelovaci koeficient, vznikat’ rychlo a kvan-
titativne. Medzi univerzélne chelatatné cinidla
pre CPE extrakciu (Obr. 4) zarad’'ujeme najmi
APDC (amonium pyrolidinditiokarbamat), PAN
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N \}\l //

cr

o
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e

)
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(1-(2-pyridylazo)-2-naftol) alebo rézne chinoli-
nové derivaty. Vytvaraji hydrofobne zliceniny
s vigsinou kovovych iénov (HAGAROVA 2008).
Pre Specidciu As v prirodnych vodach sa najcas-
tejSie pouziva APDC (TANG et al. 2005, COS-
TA et al. 2015), Pyronin B (3,6-bis(dietylamino)
xantylium chlorid) (ULUSSOY et al. 2011), ktoré
reaguju s As''l, Pre prekoncentraciu AsY sa vyuZzi-
vaju napriklad aménium heptamolybdat tetrahyd-
rat (NH,)Mo.O,, - 4 H,0) (SHEMIRANI et al.
2005, COSTA et al. 2015) alebo akridinova oranz
(ALTUNAY — GURKAN 2015).

S
ONA{ NH4+
s

APDC

Pyronin B

Obr. 4 Chemicka Struktura chelata¢nych ¢inidiel PAN, APDC a Pyroninu B
Fig. 4 Chemical structure of the chelating agents PAN, APDC and Pyronine B

VYBER VHODNEHO
EXTRAKCNEHO
CINIDLA - TENZIDU

Dal§im vyznamnym kritériom pre Gspesny
priebeh CPE extrakcie je vhodne zvoleny tenzid.
Na velkost’ prekoncentracného faktora a extrake-
ny vytazok vplyva dizka alkylového retazca neid-
nového tenzidu, pritomnost” aromatickej skupiny,
pocet oxy-etylénovych jednotiek a taktiez kon-
centracia tenzidu. Vo vacsine publikovanych prac
sa ako tenzid pri Speciacii As vyuziva TRITON

X-114 (polyoxyetylén-7,5-oktylfenoxyéter, Obr.
5), ktory je neprchavy a netoxicky (BAIG et al.
2009, COSTA et al. 2015, GURKAN et al. 2015,
SHEMIRANI et al. 2005, TANG et al. 2005,
ULUSSOY et al. 2011). VSeobecne patri medzi
najviac aplikovatelné tenzidy, predovsetkym
z dovodu l'ahkej dostupnosti, finan¢nej nenaroc-
nosti, vysokej Cistote a stabilite. Pouzitie TRITO-
NU X-114 je vyhodnejsie aj z hl'adiska teploty,
pri ktorej dochadza k vzniku zékalu (30 °C) v po-
rovnani s pouzitim inych tenzidov, ako napriklad
TRITONU X-100 s teplotou zakalu 65 °C (HA-
GAROVA 2008, PYTLAKOVSKA et. al. 2013).
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Obr. 5 Chemicka Struktira tenzidu TRITON X-114
Fig. 5 Chemical structure of the surfactant TRITON X-114

DALSIE PODMIENKY
OVPLYVNUJUCE PRIEBEH CPE

Utinnost’ prekoncentricie zavisi aj od dal-
$ich podmienok, akymi su pH roztoku vzorky, cas
a teplota inkubdcie, separacia 4z a vyber vhod-
ného ¢inidla na zriedenie SRP fazy. Najmai v pri-
pade kovovych chelatov reakciu medzi analytom
a komplexaénym c¢inidlom znaéne ovplyviuje aj
pH roztoku vzorky. Pre zaistenie konstantnej hod-
noty pH pocas celého experimentu je potrebné
upravit’ hodnotu pH pridavkom tlmivého roztoku
(HAGAROVA 2008). Okrem tlmivého rozto-
ku moézu byt pridavané aj iné ¢inidla, napriklad
etanol, pridavkom ktorého dochadza k zvyseniu
teploty potrebnej na vytvorenie tenzidu, ¢im sa
zlepSuje kinetika fazovej separacie. Pritomnost
anorganickych elektrolytov naopak tito teplotu
znizuje (SILVA et al. 1997).

Za ucelom dosiahnutia ¢o najl'ahsej fazovej
separacie a Co najefektivnejSej prekoncentra-
cie kovovych iénov musi byt teplota inkubacie
vyssia ako teplota vzniku zakalu. Pri termalne
nestabilnych kovovych komplexoch sa vsak zvy-
Sovanie teploty inkubacie neodporuca, nakolko
moze dochadzat’ k rozpadu komplexu (GOUDA
— AMIN 2014, HAGAROVA 2008, SHOKROL-
LAHI et al. 2008).

Po inkubécii dochadza k separacii faz, ktorej
cielom je odseparovanie SRP fazy obsahujlcej
analyt od vodnej fazy. Tento proces je mozné
urychlit’ pouzitim centrifigy (centrifugécia trva
obvykle 5 — 10 mintt). Nasledne sa zmes ochla-
dzuje v l'adovom kupeli, pripadne v kupeli so
zmesou l'adu a NaCl. SRP faza sa stdva vysoko
viskoznou a vodnu fazu je tak mozné jednodu-
cho odstranit’ aj dekantaciou. Za tGcelom zvyse-
nia prekoncentracného faktoru je vhodné zmes
po odstraneni vodnej fazy zahriat’ vo vodnom
kupeli alebo v susiarni na teplotu 100 °C, ¢im sa
odstrania aj posledné zvysky vody (HAGAROVA
2008).

Poslednym krokom pred analyzou je znize-
nie viskozity SRP fazy pre ul'ahéenie jej analyzy
a bezproblémové nadavkovanie vzorky pouzitim
vhodného ¢inidla. Vyber opit’ zavisi od pouzitého
tenzidu, metddy detekcie a stanovovaného analy-
tu (HAGAROVA 2008, GHAEDI et al. 2011).
Casto st pouzivané napriklad kyselinové roztoky
organickych rozpustadiel ako metanol a etanol
(pri stanoveni analytu metdodou FAAS), koncen-
trované kyseliny (napr. HCI pri analyze pomocou
ICP-OES), ¢i 100% organické ¢inidla (napr. ace-
tonitril pre fluorimetrické stanovenia) (SAMAD-
DAR — SEN 2014).

MOZNOSTI ANALYZY
EXTRAKTU

Existuje viacero metdd stanovenia obsahu ar-
zénu vo vzorkach. Ked'ze sa vo vzorkach po Spe-
ciacii nachadzaju len vel'mi nizke obsahy arzénu,
je dolezité, aby bola dosiahnuta o najvyssia cit-
livost’ a vysoka selektivita. Najcastejsie sa preto
na stanovenie arzénu vyuzivaji napriklad atomo-
va absorpcna spektrometria (AAS), hmotnost-
na spektrometria s indukéne viazanou plazmou
(ICP-MS), alebo atomova fluorescencna spektro-
metria (AFS). (BAIG et al. 2009, COSTA et al.
2015, GOUDA 2014, HAGIWARA et al. 2014,
CHEN et al. 2014, KIM et al. 2014, SHEMIRA-
NI et al. 2005, ULUSOY et al. 2011). Vo vécsine
publikovanych prac, v ktorych sa pri Speciécii ar-
zénu vyuziva CPE, sa pri analyze extraktu uplat-
nuji metédy atdomovej spektrometrie. Ide hlavne
0 atomovu absorpénu spektrometriu s elektroter-
mickou atomizaciou (ETAAS) (BAIG et al. 2009,
COSTA et al. 2015, SHEMIRANTI et al. 2005,
TANG et al. 2005), s hydridovou generaciou par
(HGAAS) (ULUSOY et al. 2011), atomovu fluo-
rescenén spektrometriu s hydridovou generaciou
par (HGAFS) (LI et al. 2015), ¢i UV-VIS spektro-
metriu (GURKAN et al. 2015).
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Uvedené metody boli uspesne aplikované pri
analyze environmentalnych vzoriek, ako napri-
klad pitnej vody (SHEMIRANTI et al. 2005, ULU-
SOY et al. 2011), povrchovej a podzemnej vody
(BAIG et al. 2009, TANG et al. 2005), ¢i mineral-
nej vody (GURKAN et al. 2015), vzoriek potra-
vin (COSTA et al. 2015, GURKAN et al. 2015),
a taktiez pri analyze biologickych vzoriek, ako su
vlasy a nechty (SHEMIRANI et al. 2005).

ZAVER

Extrakcia s vyuzitim teploty zakalu micelar-
nych roztokov bola prvy krat pouzita v 80. ro-
koch 20. storo¢ia ako rychla a efektivna prekon-
centra¢na technika. Stala sa jednou z najvyuziva-
nejsich a k zivotnému prostrediu najSetrnejsich
met6d. Dalsim prinosom tejto techniky je jej spo-
lahlivost, bezpecnost, ekonomickd nenarocnost’
a vyuzivanie len malého mnozstva organickych
rozpustadiel. Pozitivom je aj velka kapacita
nakoncentrovania réznorodych analytov, a tiez
moznost’ spojenia tejto separacnej techniky s r6z-
nymi in$trumentalnymi analytickymi metodami.
Najcastejsie sa pri analyze extraktu s obsahom
arzénu uplatiluji najmi metddy atomovej spek-
trometrie, ktorych vyhodou je vysoka selektivita
a citlivost’. Tento tandem je predpokladom pre
vytvorenie jednoduchej, vysoko citlivej a eko-
logickej metodiky pre stanovenie stopovych ob-
sahov arzénu vo vzorkach zivotného prostredia,
potravin, ako aj v biologickych vzorkach.
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ABSTRACT

(Maruskova H., Pluhat K.: Reducing Emission from Transport focused on Carbon Dioxide)

This article deals with the reducing the emission from transport focused on carbon dioxide. The car in-
dustry drives down carbon dioxide emissions in recent years more than other industry sector. According to
FTI study the car industry is very regulated in the European Union — safety, the environment, type approval
of vehicles, taxation etc. and it has already cost much money. The European Union determines the ambitious

target to decrease the emission of carbon dioxide to 95 g/km in 2020.

Key words: emission, transport, carbon dioxide, reducing

INTRODUCTION

The transport is more and more important for
the people and it brings lots of advantages but
also the disadvantages. The transport influences
the environment by the emissions, noise, etc. Ap-
proximately 9% inhabitants live very close to the
roads (0 —200m) in the European Union and 25 %
people live to 500 meters (ENTEC UK LIMITED
2006). The people have to save the environment
and the health of the people by reducing the pol-
lution.

The transport increases every year so the ex-
haust gases (like carbon dioxide, carbon monox-
ide, nitrogen oxides, sulphur dioxide...) and the
consumption of the fuels also go up. The negative
effect from the transport is that the carbon diox-
ide is the main greenhouse gas (FOJTIKOVA,
LEBIEDZIK 2008). The European Union makes
efforts to reduce the carbon dioxide and many
countries have the taxes based on the producing
of the carbon dioxide.

The transport produces around 25% of the
greenhouse gases emissions in the European
Union and 20 % production of carbon dioxide is
made by the road transport. The transport sector
is responsible for 19 % of the total carbon dioxide

emission in Japan (OSHIRO, MASUI 2014) The
total greenhouse gases emissions from transport
in the United States are little bit higher than in
the European Union, it means 28 % in the United
States (KELLNER, IGL 2015).

The carbon dioxide and water are produced
by the complete oxidation during the combustion
of the fuels and air. When the oxidation is not
complete, there are also the carbon monoxide and
the hydrogen. There are differences between the
spark-ignition engine and compression-ignition
engine (HROMADKO, HROMADKO, HONIG,
MILER 2011).

The increasing of the carbon dioxide is caused
by the combustion of fossil fuels, deforesting,
cutting down the rain forests, etc. The transport,
industry, forestry, agriculture, waste technology,
building industry and supply of energy influ-
ence the greenhouse effect. In 1997 was accepted
the Kyoto protocol where the countries under-
took to reduce the greenhouse gases emissions
(HROMADKO 2012).

The European Parliament passed the target to
decrease the emission of carbon dioxide to 95 g/
km in 2020. This target means the savings of 15
million tons of emission every year. Europe is still
on the top in decreasing the emission of carbon
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dioxide because of this rule (www.curoparl.cu-
ropa.eu). The table 1 represents the total emission
from the transport in thousands of tons. There are
the data until 2013 and they are gained from the

Tab 1 Total emissions from the transport (k tons)

table called Total Transport Emission in Annual
Transport 2013 by Ministry of Transport Czech
Republic. In 2013 the emission of carbon dioxide
was decreased.

2005 2009 2010 2011 2012 2013
co, 18,180.3 19,098.4 18,112.8 18,149.9 17,759.7 17,589.5
co 2119 132.2 104.6 90.2 78.2 70.0
No_ 94.0 64.7 533 482 432 40.5
N,0 2.4 25 23 23 23 22
c:l‘i::toi:fn‘;rsga“ic 42.1 245 19.3 16.6 14.4 13.0
CH, 17 14 12 12 1.1 1.0
SO, 0.6 0.6 0.6 0.6 0.6 0.6
Particles 6.0 4.1 33 2.8 2.5 2.3
Pb 0.0 0.0 0.0 0.0 0.0 0.0

Source: www.mdcr.cz

The figure 1 illustrates the transport emission
in 2013. More than 50% of transport emission
belongs to the individual transport — 9,816.3k
tons, the second biggest share is made by the road

freight transport and the smallest part is for the
railway transport because of the electrified rail-
ways.

Individual transport: 9 816 315.7 tons

B Individual transport

B Road freight transport W Railway transport

&3 Water transport B Air transport

B Road public transport : ‘

B Public buses

Fig 1 Transport emission 2013

Source: www.ioda.cz

MATERIAL AND METHODS

This article was created after the reading lots
of literature and texts on websites. This topic is
not very often so there are general information in
the paper books. More actual information is pos-
sible to find in newspapers but there are not very

detailed information, the magazines are better.
However, the best information — the most actual
and detailed — is possible to find on the websites.
The total emissions from the transport were
provided in the document issued by Ministry of
Transport of the Czech Republic called Annual
Transport 2013. These figures are updated every



year and there is possible to observe the trend dur-
ing the years.

In the pie chart it is possible to see who (what
type of transport) is the biggest producer of emis-
sions. The most suitable chart is present in the
database of not only statistic data about transport
and transport economics called IODA.

The company JATO is occupied with automo-
tive business intelligence solution. This company
is well-known in many countries and offers lots
of information about transport. The tables 2 and 3
were presented by the Jato’s on the websites in the
document called Renault continues to lead vol-
ume brands as new car CO, emissions fall across
Europe.

The data for the table 4 were gained on ACEA
websites. The European Automobile Manufac-
tures provides information about the taxes based
on CO, emissions in European Union countries.
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The information were proceed and the table was
created as a summary. Finally all information
were evaluated and commented.

RESULTS AND DISCUSSION

The automobile factories still decrease the
volume of carbon dioxide of their cars. In 2014
every new car produces 3.5g carbon dioxide
less than last year in the European Union. The
best-selling car brand with the lowest average
of carbon dioxide (g/km) is Renault (tab 2) and
the model Renault Captur has the lowest CO,
emission. Renault also sells the electric car Zoe.
French producers (Renault, Peugeot, Citroén) are
in the third best positions. The best improvement
reaches the brand Nissan and Czech brand Skoda
is at 8" position (www.jato.com).

Tab 2 Top 20 best-selling brands ranked by average CO, emissions (volume-weighted)

Position Brand 2014 Average 2013 Average Difference 2013
CO, (g/km) CO, (g/km) Position

1 Renault 108.4 110.1 -1.8 1
2 Peugeot 109.4 114.8 -5.4 2
3 Citroén 111.4 116.3 -4.8 4
4 Toyota 112.5 115.9 -3.3 3
5 Nissan 113.8 129.2 -15.4 12
6 Seat 117.3 118.8 -1.5 6
7 Fiat 117.3 118.1 -0.8 5
8 Skoda 121.5 125.3 -3.8 8
9 Ford 121.7 122.0 -0.3 7
10 Volkswagen 123.3 127.8 -4.5 11
11 Suzuki 124.4 127.1 -2.7 10
12 Dacia 125.8 127.1 -1.3 9
13 Volvo 126.2 132.0 -5.8 17
14 Mazda 128.9 135.0 -6.1 -
15 Hyundai 129.7 129.7 0.0 15
16 Opel/Vauxhall 130.3 132.0 -1.7 16
17 Kia 130.9 129.5 1.4 14
18 Audi 132.4 135.0 -2.6 18
19 BMW 133.2 135.7 -2.4 19
20 Mercedes-Benz 133.5 139.4 -5.9 20

Source: www.jato.com
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In the table 3 there are 23 European markets
what are covered by Jato. The first place belongs
to the Netherlands because they buy the cars with
the lowest average of carbon dioxide (g/km). The
Czech Republic and the Slovak Republic have
nearly the same average and they are under the to-
tal average. The worst result has Switzerland with
141.5 g/km. All countries improve their result and

the biggest difference has Norway, and then Croa-
tia. The brands with the best improvement come
with the new models or turbocharged engines, or
both. The limit is established to 130 g/km in 2015.
The decreasing of the greenhouse gases emissions
is caused by the technological development and
the higher sales of the vehicles with diesel engine
(www.eea.curopa.cu).

Tab 3 European Markets — The CO, Winners and Losers

Country 2014 Average CO, (g/km) 2013 Average CO, (g/km) Difference

Austria 127.4 130.5 -3.1
Belgium 121.1 123.7 -2.6
Croatia 115.7 125.4 -9.7
Czech Republic 131.2 135.1 -3.9
Denmark 110.8 113.4 -2.6
Finland 128.2 132.8 —4.6
France 113.9 117.0 -3.1
Germany 131.9 135.8 -39
Great Britain 124.6 128.1 -3.6
Greece 107.3 111.3 -4.0
Hungary 131.5 133.8 2.3
Ireland 116.9 120.4 -3.6
Italy 117.9 120.7 -2.8
Netherlands 106.8 108.9 -2.1
Norway 110.4 123.2 -12.8
Poland 132.7 136.1 3.4
Portugal 108.6 111.7 -3.0
Romania 126.3 129.2 2.9
Slovakia 131.1 133.2 2.2
Slovenia 120.8 125.3 —4.5
Spain 118.7 122.2 -3.6
Sweden 130.8 135.1 —4.4
Switzerland 141.5 144.6 -3.1
Total Market 123.3 126.8 -3.5

Source: www.jato.com

The Netherlands is in the first position be-
cause of their tax system. According to European
Automobile manufactures” Association 20 coun-
tries from the European Union have the tax sys-
tem influenced by emission of carbon dioxide.

The table 4 shows the tax system influenced
by the CO,/fuel consumption in the European Un-
ion. Twenty countries use CO, taxation and only 8

countries including the Czech Republic and Slo-
vakia have no form of CO, tax. The most common
is the annual circulation tax that is established in
13 countries and the registration tax is in 12 EU
countries. Norway misses in the table 4 because
it is not a member of the European Union but the
electrical car have the taxation advantage because
there is a big difference 2013 /2014 in the table 3.



Tab 4 CO, based motor vehicle taxes in the European Union in 2015
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Country

CO,/fuel consumption tax

the fuel
consuption tax

the company
car tax

the
corporate
tax

the bonus-
malus system

the
registration
tax

the annual
circulation
tax

Austria X

Belgium X

X x (only malus) X

Bulgaria

Croatia

Cyprus

Czech
Republic

Denmark

Estonia

Finland

France X

Germany

Great Britain X

Il RNl

Greece

Hungary

Ireland

Italy

Lithuania

Luxembourg

Latvia

Malta

Netherlands

Poland

Portugal

Romania

Slovakia

Slovenia

Spain

Sweden

28 1 3

Source: Authors, www.acea.com

CONCLUSION

European cars have the highest environmental
standards in the world thanks to the huge efforts
by European automobile manufacturers and bil-
lions of euros spend on the research and devel-
opment. Nowadays the most cost-efficient action
have been done, so the bigger technical invest-
ments achieve smaller reductions. The next re-
ductions in average CO, emissions could be the
result of the development and the bigger sale of
alternative powertrains, including electric, hybrid,
fuel-cell and natural gas-powered vehicles. Other
possibilities (how to reduce the CO, emissions)
are focused on the intelligently designed, well-
built and well maintained roads or improve driver

trainer because the use of eco-driving techniques
can decrease the fuel consumption (www.acea.cz).
The European Parliament also wants to make the
new methods of testing what will be suitable for
the real vehicle operation. However, the costs for
innovation have to be social and economic accept-
able for both, the producer and the consumer.
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SUHRN

Tento ¢lanok sa zaobera znizenim emisii z do-
pravy so zameranim na oxid uhli¢ity. Automo-
bilovy priemysel znizuje emisie oxidu uhli¢itého
v poslednych rokoch viac ako ostatné odvetvia.
Podl'a FTI stadie automobilovy priemysel je
vel'mi regulovany v Eurdpskej tnii — bezpecnost’,
zivotné prostredie, typové schvalenie vozidiel
zdaneniu atd’. a to uz stalo vel'a penazi. Europska
unia stanovuje ambicidézny ciel’ znizit’ emisie ox-
idu uhli¢itého az na 95 g/km v roku 2020.
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