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STUDIUM ZISKAVANIA USCACHTILYCH KOVOV
Z KYSLYCH ROZTOKOV POMOCOU IONOMENICOV

Lenka Vuznakova & Magdaléna Storkova

Technicka univerzita v Kosiciach, Hutnicka fakulta, Katedra nezeleznych kovov a spracovania odpadov, Letna 9,
042 00 Kosice, lenka.vuznakova@tuke.sk, magdalena.stotkova@tuke.sk

ABSTRACT

Vuziidkova L., Stofkova M.: The Study of Recovery of Precious Metals from Acid Solutions by Ion
Exchangers

Precious metals (PM) include iridium, osmium, palladium, platinum, rhodium, ruthenium gold and
silver thanks to their rare properties have found many practical applications in different branch of industry.
The limited world sources, low contents of PM in ores and high cost of their recovery become serious
problem and have led to the development of new processes for the recovery of these metals from the spent
materials. There is a need for new processes specially focused on the recovery of these metals from waste
treatment solution and diluted acid solutions such as those resulting from mining and treatment activities
or exhausted leaching liquors. The sorption of Pd(II) on the macroporous chelating resin Lewatit TP 214
and influence of Zn(Il) and Cu(Il) ions has been investigated. The results obtained in chloride media
showed adsorption for Pd(Il) (99 %), for Zn (1) (644 %) and for Cu(Il) (42-100 %), depending on metal

concentration.

Key words: ion exchange, Lewatit TP 214, Pd (1), Zn (II), Cu (1I)

UVOD

Nedostatok primarnych surovin s obsahom
uslachtilych kovov (Au, Ag, Pt, Pd, Rh, Ir, Ru
a Os), nizky obsah tychto kovov v surovinach a vy-
soké naklady na ich ziskavanie podnietili zvySeny
zaujem po hladani novych moznosti ich ziskava-
nia. Vhodnou alternativou sa javi ich ziskavanie
z druhotnych surovin. Vzhl'adom na skuto¢nost’, ze
maju nenahraditené postavenie v mnohych odvet-
viach priemyslu, z roka na rok je mozné sledovat’
narastajuci dopyt po tychto kovoch. Vyuzivaji sa
v chemickom, automobilovom, elektrotechnickom,
sklarskom, naftovom priemysle ale aj v medicine
a klenotnictve. Cast’ vyrobkov s obsahom tychto
kovov sa tak po uplynuti doby svojej Zivotnosti
stava vhodnou surovinovou zakladnou pre ich zis-
kavanie.

Je mozné pyrometalurgické spracovanie dru-
hotnych surovin, avSak jeho velkou nevyhodou

je, ze je zvyCajne malo selektivne a ekonomicky
nakladné. Pozornost’ sa preto sustred’uje najméi na
vyvoj hydrometalurgickych spésobov spracovania
tychto odpadov.

Na ziskavanie uslachtilych kovov z druhot-
nych surovin sa v hydrometalurgii najcastejsie po-
uziva technoldgia lthovania v lucavke kral'ovske;j.
Do roztoku sa vSak spolu s uslachtilymi kovmi
dostavaju aj sprievodné nezelezné kovy. Strate-
gickym uzlom uvedenych technologii sa tak stava
oddelenie uslachtilych kovov od sprievodnych ne-
zeleznych kovov.

V sucasnej dobe st k dispozicii viaceré tech-
nologie ziskavania uslachtilych kovov z roztokov,
ktoré st zalozené na fyzikalno-chemickych proce-
soch. Medzi nimi dominuji procesy cementacie
a elektrolyzy, ktoré st vhodnymi technikami pre
spracovanie koncentrovanejSich roztokov s obsa-
hom usl'achtilych kovov. Vzhl'adom na nizky ob-
sah uslachtilych kovov v odpadoch (cca 1%), sa



lthovanim v lacavke kral'ovskej ziskavaju roztoky

s nizkym obsahom tychto kovov. Najvhodnejsie

sposoby pre selektivne ziskavanie nizkych kon-

centracii uslachtilych kovov z kyslych roztokov su
kvapalinova extrakcia a ionova vymena. Vyznacuju
sa vysokou selektivnostiou a u¢innost'ou procesu.

Iénovou vymenou podl'a definicie [IUPAC (In-
ternational Union of Pure and Applied Chemistry)
oznacujeme:

1) proces, pri ktorom je adsorpcia jedného alebo
viacerych druhov iénov sprevadzana siibezne
desorpciou (vymenou) ekvivalentného mnoz-
stva jedného alebo viacerych iénov iného dru-
hu,

2) proces vymeny ionov medzi roztokom a i6no-
menicom.

I6énova vymena nasla uplatnenie v roznych
oblastiach l'udskej ¢innosti. Najbeznejsie sa s fiou
stretdvame pri Cisteni vod, ale aj pri priprave roz-
nych kyselin, zasad a soli, v analytickej chémii pri
chromatografii, v potravinarskom priemysle pri
priprave vina, cukru, dokonca aj v medicine a far-
makoldgii a samozrejme v chemickom priemysle.

UsPachtilé kovy

Uslachtilé kovy sa vyznacuju velkou che-
mickou stalostou a odolnostou voéi chemickej
korozii v Sirokom rozmedzi teplot. Maji osobitt
schopnost’ rozpustat’ plyny, ktord klesa v rade:
Pd > Ir > Rh > Pt > Ru > Os. Paladium je schopné
pri teplote 80 °C a tlaku 101 kPa rozpustit’ az 900
nasobok objemu vodika, v porovnani s vlastnym
objemom. Platina rozpusta vodik asi devétkrat
menej ako paladium. Je vSak schopna v podstat-
nej miere rozpustat’ kyslik. Rozptstanie vodika
v paladiu, pripadne kyslika v platine sa vyuziva
v suvislosti s katalytickym tc¢inkom tychto prvkov
v hydrogenacnych a oxida¢nych procesoch. Vo
vSeobecnosti maju vsetky kovy platinovej skupiny
dobr¢ katalytické vlastnosti.

Kvéli vynimo¢nym chemickym a fyzikdlnym
vlastnostiam je rozpusStanie uslachtilych kovov
velmi obtiazne a vyzaduje si pritomnost’ silné-
ho oxida¢ného cinidla. Na tieto ucely sa pouziva
roztok lucavky kralovskej (LK). Efektivnejsi ako
lthovanie v LK sa ukazal proces, v ktorom sa ako
lthovacie ¢inidlo pouziva HCI s pridavkom chlo-
ru, ktory vedie k zvySeniu oxidaéného potencialu
roztoku.

KedZze prevazna cast’ procesov pouzivanych
v hydrometalurgii uslachtilych kovov vyzaduje

pouzitie HCI, uslachtilé kovy sa v priemyselnych
roztokoch nachadzaju vo forme chléorokomplexov.

Spotreba uslachtilych kovov

Rocna svetova spotreba striebra sa odhaduje
na 58,44 kt. Z tohto mnozstva predstavuje spotre-
ba striebra vo fotografickom priemysle 5,63 kt. Pri
vyrobe minci a medaili sa spotrebovalo 1,3 kt a na
vyrobu Sperkov a drobného tovaru 7,7 kt Ag. Spot-
reba striebra v d’alSich priemyselnych aplikaciach
predstavovala 11,42 kt [1].

Svetova spotreba zlata je sustredena z 85%
do vyroby $perkov, 10% predstavuje priemyselné
vyuzitie, 3 % vyroba minci a 2 % stomatologia [2].
V roku 2005 predstavovala svetova spotreba zlata
3,75 kt [3].

Celosvetova spotreba Rh v roku 2004 bola
podla [4] 22,5 kt. Najvacsim dodavatel'om (80 %)
bola Juhoafricka republika a naviac Rh sa spotre-
bovalo pri vyrobe autokatalyzatorv (19,7 kt).

Takmer 58 % z celkovej svetovej spotreby Ru
(20,9t) sa vyuziva v elektronickom priemysle,
13,3% v chemickom, 14,2% v elektrochemickom
a 14,5 v inych priemyselnych aplikaciach.

Celosvetova ro¢na spotreba iridia sa odhaduje
na 3,6 t. Jeho aplikacia je takmer rovnomerne roz-
delena medzi chemicky (21,5 %), elektrochemicky
(22,4%), elektronicky priemysel (25,9 %) a dalsie
odvetvia priemyslu (30,2 %).

Celosvetova spotreba platiny vzrastla v priebe-
hu rokov 1996 az 2005 zo 154,2t na 208,7 t ro¢ne.

Aj ked sa udaje o celkovej rocnej spotrebe
paladia uvedené v Johnson & Matthey Platinum
2005 report a GFMS Platinum & palladium Sur-
vey 2005 lisia, je zrejmé, ze najvacsim svetovym
dodavatelom Pd je Rusko. Jeho produkcia tvori
takmer polovicu svetovych dodavok, ¢o predsta-
vuje 118,5t (resp. 87,1 t). Celosvetova ro¢na spot-
reba Pd v roku 2005 predstavovala 214,3 t (resp.
173,2't) [5, 6].

Aplikacie usPachtilych kovov v praxi

Uslachtilé kovy sa vzhladom k ich vysokej
elektrickej vodivosti a chemickej stalosti pouziva-
ju v chemickom priemysle ako inertné materialy,
v elektrotechnike ako vynikajuce vodice a predo-
vsetkym v automobilovom priemysle ako kataly-
zatory pri znesSkodnovani exhalatov z vyfukovych
plynov.

Nasledujtica Cast’ popisuje viaceré z hlavnych
vyuziti tychto kovov.



Autokatalyzdtory
Autokatalyzatory predstavuji najrozsiahlejsSiu

aplikaciu kovov platinovej skupiny. Platina, pala-
dium a rédium nanesené zvicsa na keramickom
nosici sluzia ako katalyzator na redukciu oxidu
uhol'natého, uhl'ovodikov a oxidov dusika na le-
gislativne pripustnii normu.

Priemysel

Vyroba kyseliny dusi¢nej

Mnoho chemickych procesov vyuziva kataly-
zatory na baze kovov platinovej skupiny na zlep-
Senie ucinnosti reakcii. Platinovy katalyzator sa
vyuziva pri vyrobe kyseliny dusi¢nej uz viac ako
storocie.

Hard disky

Potreba uchovavat’ v pocitacoch stale vicsie
a vicsie mnozstvo informacii viedla k rapidnemu
narastu pouzitia platiny pre zvécSenie kapacity
hard diskov. Dnes hard disky obsahujt platinu ako
sucast’ ich magnetickych vrstiev.

Zubna technika

Okrem zlata, ktoré sa na tieto ucely vyuziva
v najvicsej miere sa aj platina, a v Coraz vicsej
miere aj paladium spoloéne s d’alsimi kovmi (malé
mnozstva ruténia a/alebo iridia) vyuzivaja na vyro-
bu zliatin pre zubnu techniku.

Sklo

Platina sa vyuziva pri vyrobe rozli¢nych typov
sklenenych materialov najmé z dovodu vysokého
bodu tavenia, mechanickej stalosti a odolnosti voci
korézii. K platine sa v sklenenych materialoch pri-
dava taktiez rodium za Gcelom zvySenia odolnosti
a predizenia Zivotnosti materilu.

Ropa

Platinov¢ katalyzatory sa vyuzivaju aj na zlep-
Senie kvality nizko oktanovej nafty a pri vyrobe
ropnych poloproduktov uréenych na produkciu
platov syntetickej gumy a polyesterovych vlakien.
Paladium ma svoje uplatnenie v procese krakova-
nia. Pri spracovani ropy a jej produktov sa vyuziva
taktiez iridium.

Silikony

V oblasti vyroby konzerva¢nych materidlov ma
platina najvacsie uplatnenie pri vyrobe silikonov.
Pridavanie platiny do tychto materidlov napomaha
zlepsit’ ich vlastnosti a rozSiruje moznosti vyuzitia
v kazdodennom Zivote.

Elektronické suciastky

Komponenty s obsahom paladia, zlata a strie-
bra sa nachadzaju takmer vo vsetkych typoch elek-
tronickych zariadeni, najmé vo viacvrstvovych ke-
ramickych ¢ipoch, kondenzatoroch, vodivostnych
obvodoch, konektoroch a nosnych ramoch plos-
nych spojov.

Tégliky

Kvoli vysokej teplote tavenia a dalsim vy-
hodnym vlastnostiam ako je chemicka odolnost
a stalost’ sa platina a iridium pouzivaju na vyrobu
téglikov pouzivanych pre rozli¢né aplikécie.

Medicina

V istych formach platina inhibuje delenie bu-
niek. Z tohto dévodu sa vyvijaju lieky na baze pla-
tiny, ktoré sa aplikuju pri liecbe niektorych druhov
rakoviny. Platina je idealna na uvedené ucely z do-
vodu inertnosti a dobrej elektrickej vodivosti.

Senzory

Platinové senzory sa vyuZzivaju napriklad na
meranie mnozstva kyslika a NO, v automobilovom
priemysle. Kovy platinovej skupiny sa uplatnili aj
pri vyrobe folii, diskov a elektrod do senzorov vy-
uzivanych v medicine.

Klenotnictvo

Spotreba uslachtilych kovov v klenotnictve
predstavuje druhtl najvacsiu oblast’ vyuzitia tychto
kovov. Najviac sa na vyrobu $perkov spotrebuje zla-
to a striebro. V priebehu poslednych rokov je moz-
né sledovat’ aj narast spotreby paladia a platiny.

Dalgie moznosti aplikacie uslachtilych kovov:
* mince (Au, Ag)
« fotograficky priemysel (Ag)
* spajacie materialy (Ag, Au, Pd, Pt, Rh, Os)
« filmy, prasky (Au, Ag, Pt, Pd, Ru, Rh, Ir, Os)
 chemikalie (Au, Ag, Pt, Pd, Ru, Rh, Ir, Os)

Odpady s obsahom usPachtilych kovov

Opotrebované vyrobky z uvedenych odvetvi
priemyslu a odpadové materidly z vyroby sa stavaji
vhodnou druhotnou surovinou pre ziskavanie usl'ach-
tilych kovov. Na nasledujucich riadkoch je uvedeny
stru¢ny prehlad druhotnych surovin z jednotlivych
priemyselnych odvetvi, ktoré sa stavajii surovinou
pre sekundarne ziskavanie uslachtilych kovov.

Elektronicky priemysel
» FElektronika (pozlatené puzdra, konektory, pét-

ky,...)



* Analogové telefonne tstredne a ich diely (releo-
vé Ustredne, krizové spinace)

e Vypoctova technika (procesory, plosné spo-
je,...)

 Elektronika (diody, tyristory, tranzistory,...)

* Mobilné telefony a ich diely (plosné spoje, po-
zlatené kontakty od batérii)

Automobilovy priemysel
* Autokatalyzatory

Vyrobky z kovov platinovej skupiny

+ Casti meracej a regulaénej techniky (meracie
sondy, odporové teplomery)

e Termoclanky

» Laboratorne naradie (tégliky, misky, lodicky, ...)

Dentalne materialy
» Korunky

* Mostiky

e Amalgamy

Odpady z klenotnickej vyroby
+ Ulomky

* Mince

* Oplachové vody

Odpady zo sklarskej vyroby

* Farby

¢ Handry

* Oplachové vody

* Vyrobky

Iné

* RTG snimky

» Galvanickeé roztoky

» Katalyzatory,

* Oplachové vody z prevadzok

Na spracovanie primarnych surovin s obsahom
usTachtilych kovov, ale aj na spracovanie odpadov,
ktoré vznikaju pri ich tiprave a na spracovanie dru-
hotnych surovin sa naj€astejsie pouziva technolo-
gia lthovania v lacavke kralovskej. Touto tech-
noldgiou ziskavame kovy po vyluceni klasickym
sposobom vo forme chloroaménnych komplexov.

Ked'ze technické operacie neprebichaju so
100% ucinnostou, aj premyvacie a odpadové
vody, ktoré ziskame este stale obsahuju uslachtilé
kovy. Tieto vody mozeme vratit'’ do procesu, alebo
sa odvadzaji ako odpadové vody. Vzhl'adom k vy-
sokym cenam usl'achtilych kovov je v zaujme spo-
lo¢nosti ziskavat’ tieto kovy aj z odpadovych vod.

Charakteristické je, Ze druhotné suroviny obsahuju
10-100 nasobne vyssie koncentracie usl'achtilych
kovov ako primarna surovina.

V zavislosti od koncentracie kovov v roztoku
je mozné uvazovat o vhodnosti napriklad tychto
uvedenych metdd na ziskavanie kovov z roztokov.
Nasledujtci prehl’ad ponuka len niektoré vybrané
metody z viacerych vhodnych pre uvedeny tcel.

Metoda Vhodna koncentracia
I6nova vymena,

kvapalinova extrakcia < jednotky gdm (= Img/ 1ml)
Adsorpcia na aktivne

uhlie <1 gdm?
Elektrolytické

vyluCovanie 10-100 gdm
Cementacia 10-100 gdm™
Precipitacia / krystalizacia > jednotky gdm™

Kedze koncentracie uslachtilych kovov v re-
alnych roztokoch sa pohybujil v rozmedzi 1-800
pg/ml, je zrejmé, ze vhodnymi metodami na ziska-
vanie uslachtilych kovov z tohto typu roztokov st
i6nova vymena a kvapalinova extrakcia.

EXPERIMENTALNA CAST

Experimentalna cast’ tohto prispevku je veno-
vana ziskavaniu paladdia pomocou monosférického
makroporézneho ionomenica chelatového typu Le-
watit TP 214 (Tab. 1), ktory bol vyvinuty firmou
Bayer na ziskavanie ortuti z odpadovych vod.

Experimenty boli uskutocnené so syntetickymi
roztokmi Pd (IT), Cu (II) a Zn (II), ktoré boli pripra-
vené rozpustenim ich soli v 2M HCI. Experimenty
boli uskuto¢nené pri teplote 20°C.

Tab. 1 Characteristics of resin Lewatit TP 214

Skelet polystyrén
Funkéna skupina tiomocovina
I6nova forma Na*
Zadrziavanie vlhkosti 43-48%
Velkost ¢astic 0,55 (+/-0,05) mm
Celkova vymenna kapacita 2 eq/l
Max. pracovna teplota 80 °C
Pracovné pH 0-10

Bola pouzita staticka metoda i6novej vymeny;
2ml napucaného idnomenica sa uzavreli v banke
s 25ml roztoku a trepané na trepacke (140 kmitov/
min). Po 3 hodinach trepania boli fazy oddelené



filtraciou a koncentracia kovov v roztoku bola sta-
novena pomocou metody AAS.

VYSLEDKY A DISKUSIA

Staticka sorpcia Pd (II), Cu (II) a Zn (II) z jed-
noslozkovych roztokov

99,8
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99,4
99,2 4
99,0
98,8
98,6

Efficiency [%)

Pd [mg/ml]

Fig. 1 Efficiency of Pd sorption depending on metal
concentration

100

80

60 -

40

20 4

Efficiency [%)]

Zn [mg/ml]

Fig. 2 Efficiency of Zn sorption depending on
concentration
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Fig. 3 Efficiency of Cu sorption depending on
concentration

Na obrazkoch 1, 2 a 3 je znazornena u¢innost’
sorpcie jednotlivych kovov z monokomponent-
nych syntetickych roztokov. Ako vidiet, pouzity
idbnomeni¢ vykazuje vysokt G¢innost’ pre sorpciu
paladia a medi, uz menej zinku._

Staticka sorpcia Pd (II), Cu (II) a Zn (II)
z viaclozkovych roztokov

Bolo preukazané, ze med a zinok nemaju
vplyv na sorpciu paladia (Obr. 4, 5, 6). Uginnost
sorpcie paladia dosahovala vo vsetkych pripadoch
98,8-99,8 %.

100 fo—e—o—+——
80 A
60, Pd
o Zn

£ 404{° 0 e

> 0

e a

© 20

=

W] o
0

00 05 10 15 20 25 30 35

Zn [mg/ml]

Fig. 4 Influence of Zn (II) concentration on Pd (II)
sorption; [Pd ] = 0.0l mg/m
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> 40 RN
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Fig. 5 Influence of Zn (II) concentration on Pd (1)
sorption; [Pd] = 0.1 mg/ml

Z vysledkov experimentov taktiez vyplyva,
7e je mozné uz v procese sorpcie oddelit’ zinok od
paladia s uéinnost'ou 60-95% a med’ od paladia
s ucinnost'ou 0-80%, v zavislosti od ich koncen-
tracie. Uginnost’ separicie sa zvySovala s koncen-
traciou medi a zinku.

Podobnt tendenciu je mozné sledovat’ aj v pri-
pade sorpcie z roztoku s obsahom vsetkych troch
kovov (Obr. 7). Sprievodné kovy med a zinok
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nevplyvaji na sorpciu paladia ani v tomto pripade
a jej ucinnost’ je takmer 100% v celej Skale pouzi-
tych koncentracii. Pri najvyssej koncentracii medi
a zinku je mozné oddelit’ tieto kovy od paladia
s rovnakou u¢innost'ou (70 %).

100 15 ¢ . .
80 1
60 |

40 | o

Efficiency [%)]

20 1 e

0
00 05 10 15 20 25 30 35

Cu [mg/ml]

Fig. 6 Influence of Cu (II) concentration on Pd (II)
sorption; [Pd ] = 0.0l mg/m
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Fig. 7 Influence of Zn (II) and Cu (II) concentration on
Pd (II) sorption; [Pd ] = 0.01 mg/m

ZAVER

Technolodgia idnovej vymeny ma velky vyz-
nam pri rieSeni mnohych modernych procesov.
V hydrometalurgii sa tato technologia pouziva na
ziskavanie a koncentrovanie kovov zo zriedenych

roztokov priemyselnych odpadovych vod, ale aj na
delenie kovov blizkych chemickych vlastnosti. Vy-
uziva sa aj pri uslachtilych kovoch, kovoch vzac-
nych zemin a v hydrometalurgii uranu.

Ciel'om i6novej vymeny je ziskat' vysokokon-
cetrovany roztok, z ktorého sa bude ciel'ovy kov
ziskavat’ l'ahko a efektivne.

Odpadové roztoky, premyvacie vody, pripadne
chudobné (nizkokoncentrované) roztoky ziskané
lthovanim odpadov a medziproduktov sa vyzna-
¢uju nizkym obsahom uslachtilych kovov (< 1g/1)
a nickol'’konasobne vys$sim obsahom sprievodnych
kovov (Cu, Ni, Zn, Fe, a pod.). [6nova vymena
umoziuje selektivne ziskavanie kovov bud’ v pro-
cese sorpcie alebo eltcie, pripadne pouzitim viac-
stupriovej i6novej vymeny. Tento prispevok zaro-
ven prinasa priklad konkrétnej aplikacie procesu
i6novej vymeny pre selektivne ziskavanie paladia
z nizkokoncentrovanych roztokov.
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VPLYV RYCHLOSTI OSOBNEHO AUTOMOBILU
NA PRODUKCIOU EMISIi OXIDOV DUSIKA ZA STUDENEJ
PREVADZKY OSOBNEHO AUTOMOBILU

Viliam CARACH

Ustav montannych vied a ochrany zivotného prostredia, Deliusov Pavilon, Park Komenského 19, 043 84 Kosice,
viliam.carach@tuke.sk

ABSTRACT

Carach V.: The Influence of Personal Car Speed on Nitrogen-oxides Production During ,,Cold* Car Operation
The objective of this contribution is estimate the quantity of NO, emissions from personal vehicles traffic during
so — called cold ride period of personal vehicle. Emission estimation from personal vehicles by cold was carried
according to the methodology MEET which is in present used in countries of European Union. The methodologies
MEET differs the emissions of pollutants which are originate by hot and cold vehicles traffic. By emissions originate
by hot are differentiate emissions from gas and emissions from Diesel vehicles. At the same time to all personal

vehicles types we pursue vehicles with catalytic converter and vehicles without catalytic converter.

Key words: MEET, cold emissions, urban traffic, nitrogen oxides

UVOD

Uroveii znegistenia ovzdusia v mestskom
prostredi v rozhodujlicej miere zavisi od rychlosti
pohybujicich sa dopravnych prostriedkov. Mesta
s prehustenou cestnou automobilovou dopravou,
v ktorych sa tieto pohybuju nizkou priemernou
rychlostou, sa vyznacuji vel'mi znecistenym
ovzdu$im. V mestach s dobrym stavom cestnej
siete, kde su tieto cesty prejazdné relativne vyso-
kou rychlostou, krizovatky riadené tak, aby nedo-
chédzalo ku vzniku dopravnych zapch je ovzdusie
cestnou dopravou menej znec€istené ako v pripade
miest s prehustenou cestnou preméavkou.

Cielom tohto prispevku je urCenie mnozstva
emisii NO_ z prevadzky osobnych automobilov po-
Cas tzv. studenej doby jazdy osobného automobilu.
Vypocet emisii za studenej prevadzky automobilov
bol uskutoc¢neny podl'a metodiky MEET (Metho-
dologies for estimating air pollutant emissions
from transport), ktora sa v sucasnej dobe vyuziva
v krajinach Eurdpskej Unie.

METODIKA

Metodda navrhovana v projekte MEET pre od-

had emisii vznikajucich pri Starte za studena bola
vyvinuta empiricky s pouzitim tidajov zhromazde-
nych z mnohych eurdpskych testovacich progra-
mov.

V ramci projektu boli zozbierané a analyzované
udaje dolezité pre meranie emisii so studenym mo-
torom a s horticim motorom na tom istom vozidle
a za tych istych testovacich podmienok. Osobny
automobil bol jedinym typom vozidla, pre ktoré
bolo k dispozicii dostato¢né mnozstvo udajov. Tato
kategoria bola d’alej rozdelena na dieselové a ben-
zinové automobily, pri ktorych boli sledované au-
tomobily s katalyzatorom a bez katalyzatora.

Podl'a metodiky MEET sa referen¢na hodnota
zvysenych emisii pre kazdy typ skodliviny a vozi-
dla definuje ako hodnota zodpovedajlica Startova-
cej teplote 20°C a priemernej rychlosti 20 km.h'.
Tato referencna hodnota sa opravi pre skutoénu
Startovaciu teplotu a priemerna rychlost’ a pre
najazdenu vzdialenost’ (niektoré jazdy su kratSie
ako vzdialenost’ nutna k plnému zohriatiu motora
a pri tychto jazdach nedodjde k produkcii celkové-
ho mnozstva zvysenych emisii) pomocou funkcie
odvodenej v ramci projektu na zaklade rozborov
z vy$$ie uvedenych dat [1,3,4].
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Vzorec pre vypocet zvySenych emisii je funk-
cia priemernej rychlosti, teplota okolia a najazdena
vzdialenost’ v nasledujiicom tvare

Eyan = f )+ 2()=1]A(d) M

kde

f(V) je funkcia priemernej rychlost' v km/h pocas
studenej doby,

g(t) je funkcia teploty v °C (teplota prostredia pre
studeny Start, Startovacia teplota motora),

h(d) je tzv. oprava zvysSenych emisii, vyjadrend ako
funkcia najazdenej vzdialenosti,

w  je referencnd hodnota zvysSenej emisie.

REFERENCNA HODNOTA ZVYSENEJ
EMISIE

Referencna hodnota pre zvysené emisie sa de-
finuje ako mnozstvo produkované pri priemernej
rychlosti 20 km.h™!, $tartovacej teplote 20°C a pri

Tab. 1 Referen¢na hodnota zvySenej emisie @
Tab. 1 Reference excess cold-start emission @

dostatoéne dlhej jazde, aby mohol motor dosiahnut’
stav plného zohriatia [3,4].

VPLYV PRIEMERNEJ RYCHLOSTI

Vplyv priemernej rychlosti pre zvySené emisie
sa v metodologii MEET uvazuje pomocou funkeii
f(V), ktoré rovnako sluzia k oprave referencnej
hodnoty zvysenych emisii vo vzorci 1, ktory je
upravovany tak, aby stanovil hodnotu emisii pri
rychlosti 20 km.h ' [3,4].

VPLYV TEPLOTY OKOLIA

Zvysené emisie maju vSeobecne rasticu ten-
denciu znizovanim Startovacej teploty. Funkcie,
ktoré vyjadrujii zvySené emisie s prihliadnutym
k Startovacej teplote, boli vytvorené pomocou line-
armeho modelu a upravené tak, aby pre Startovaciu
teplotu 20 °C bola vysledna hodnota rovna 1 [3,4].

Typ osobnych automobilov Referen¢na hodnota 1;(v)ysene] emisie (w) pre
Benzinové automobily s katalyzatorom 1,77
Benzinové automobily bez katalyzatora 0,30
Dieselové automobily s katalyzatorom 0,03
Dieselové automobily bez katalyzatora 0,06

Tab. 2 Funkcia rychlosti f(V)
Tab. 2 Speed correction function f(V)

Typ osobnych automobilov

Funkcia rychlosti (f(V)) pre studenti dobu
prevadzky

Benzinové automobily s katalyzatorom

0,0636.V —0,2712

Benzinové automobily bez katalyzatora

0,1136.V —1,2727

Dieselové automobily s katalyzatorom

—0,0227.V + 1,4545

Dieselové automobily bez katalyzatora

—0,0227.V + 1,4545

Tab. 3 Funkcia teploty okolia g(T)
Tab. 3 Temperature correction function g(T)

Typ osobnych automobilov

Funkcia teploty okolia pre studeny Start g(T) pre
NO,

Benzinové automobily s katalyzatorom

1

Benzinové automobily bez katalyzatora

1

Dieselové automobily s katalyzatorom

dc=0,02.V+2,83

Dieselové automobily bez katalyzatora

dc=0,02.V+ 2,83




VPLYV NAJAZDENEJ
VZDIALENOSTI

Emisie z vozidla sa stabilizuju len vtedy, ak
je vozidlo Uplne zohriate, pred dosiahnutim tejto
podmienky musi vozidlo najazdit’ ur¢ita vzdiale-
nost — studend vzdialenost’. Tato vzdialenost’ sa
meni podla typu vozidla, spésobu riadenia vozidla
(priemerna rychlost), teploty okolia a konkrétnej
Skodliviny [1,3,4].

Zvysené emisie sa produkuju v priebehu celej
studenej vzdialenosti a pri kratSich jazdach nevzni-
ka celkové mnozstvo zvysenych emisii, ktoré by
boli vyprodukované pri dlhsej jazde za rovnakych
podmienok.

Opravy zvysenych emisii (h(d) vo v§eobecnom
vzorci) pre kratSie jazdy ako pre studenu vzdiale-
nost’ st vyjadrené ako funkcie pomeru dizky jazdy
k studenej vzdialenosti, teda plati

(1-e%)
h(d)=——=
() 1= )

kde

0 je pomer vzdialenosti celkovej jazdy a studenej
vzdialenosti,

a je konStanta.
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* do 1400 cm® (45%),
* od 1400 cm3 do 2000 cm® (21 %),
* nad 2000 cm?® (8 %).

Dieselové automobily boli rozdelené podl'a ob-
jemu spal’'ovacieho motora do 2 skupin:
* do 2000 cm® (15%),
* nad 2000 cm? (8 %).

Pri automobiloch spal'ujicich LPG sme ne-
rozliSovali ziaden objem motora a podla prie-
mernych udajov Eurdpskej tnie sme predpo-
kladali ich 3%-ny podiel na nasom trhu novych
a starSich automobilov. Podobne sme uvazovali aj
pri vSetkych typoch automobilov. Ich podiely na
celkovom pocte automobilov vychadzaji z posled-
nych udajov podl'a spravy MEET [1].

Pri benzinovych a dieselovych automobiloch
sme stcasne predpokladali:
» automobily s katalyzatorom (60 %),
» automobily bez katalyzatora (40 %).

CHARAKTERISTIKA CESTNEJ
SIETE

Cestna siet’ v ramci mesta KoSice pozostava
z ciest L., I, II1. triedy a tzv. mestskych komunika-
cii v §irSom centre mesta [1], [2].

Tab. 4 Koeficienty a pre vypocet faktora korekcie najazdenej vzdialenosti h(d)
Tab. 4 Coefficients a used to calculate the distance correction factor h(d)

Typ osobnych automobilov

Opravy zvySenych emisii h(d) pre NO,
— koeficient a

Benzinové automobily s katalyzatorom 2,3
Benzinové automobily bez katalyzatora 2,54
Dieselové automobily s katalyzatorom 0,89
Dieselové automobily bez katalyzatora 0,89

KATEGORIE OSOBNYCH
AUTOMOBILOV

Podl'a spal'ovaného paliva boli rozdelené osob-
né automobily do tychto skupin [1]:
* benzinové automobily,
* dieselové automobily,
* automobily pouzivajice ako palivo LPG.

Benzinové automobily boli rozdelené do kate-
gorii podl'a objemu spalovacieho motora do sku-

pin:

Sc¢itanie sa uskutocnilo na tychto cestach:
e [ trieda (cesta ¢. 50 a ¢. 68),
1L trieda (cesta ¢. 547, 548, 550, 552),
o IIL trieda (cesta ¢. 050168, 050184, 050187,
050191, 050192, 050201),
* mestské komunikacie (cesta ¢. 90000).
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Tab. 5 Useky cestnej siete
Tab. 5 Road traffic segments

Typ cesty Celkovy pocet iisekov Pocet usekov zaradenych do vypoctu
1. trieda 31 18
II. trieda 30 9
II1. trieda 36 11
mestské komunikacie 28 21
VYSLEDKY A DISKUSIA objemu spalovacieho motora), pretoze to metodika

Pomocou postupu, ktory uréuje metodika
MEET pri respektovani daného rozdelenia osob-
nych automobilov do jednotlivych tried, boli vypo-
¢itané hodnoty emisii NO, pri danych priemernych
rychlostiach osobného automobilu. V tabulke 6 st
uvedené hodnoty emisii NO, pri priemernych rych-
lostiach od 10 do 100 km.h™' pre osobné automobily
s benzinovym alebo dieselovym spal'ovacim moto-
rom. Pre rychlosti osobného automobilu nizsie ako
10 km.h"' nebolo mozZné vypocitat’ mnozstvo emisii
NO,, pretoze metodika nepredpoklada takuto nizku
priemernt rychlost’ v cestnej premavke osobnych
automobilov. Rychlosti osobnych automobilov
vyssie ako 100 km.h™! v mestskej cestnej premavke
sme pri vypocte nepredpokladali.

Pri vypocte emisii NO, pri réznych priemernych
rychlostiach osobného automobilu sme nerozlisova-
li jednotlivé triedy osobnych automobilov (podla

Obr. 1 Emisie NO, — dieselovy automobil
Fig. 1 NO, emissions — diesel car

MEET pri tomto druhu emisie nevyzaduje.

V grafe 1 su zobrazené emisie NO, pri spo-
minanych priemernych rychlostiach osobného
automobilu, resp. krivky emisii NO,, ktoré zobra-
zuju pokles emisii NO,. Emisie NO, z dieselovych
osobnych automobilov (s katalyzatorom a bez ka-
talyzatora) klesaju so zvySujicou sa priemernou
rychlostou automobilu.

Pri benzinovych automobiloch emisie NO,
vznikajuce za studenej prevadzky automobilu s na-
rastajucou priemernou rychlost'ou narastaji. Roz-
diel v mnozstve emitovanych emisii NO, za stude-
na je viditelny najmai v pripade osobnych benzino-
vych automobiloch bez inStalovaného katalyzato-
ra, kde v napr. v pripade priemernej rychlosti 60
km.h™!' (optimalna priemerna rychlost’ v mestskej
cestnej premavke) je rozdiel v emisiach NO, medzi
osobnym automobilom bez katalyzatora a s insSta-
lovanym katalyzatorom viac ako 6-nasobny.

~——diesel - kat vsetky objemy
diesel - nekat vsetky objemy



Tab. 6 Emisie NO,
Tab. 6 NO, emissions
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Priemerna rychlost benzin — kat benzin — nekat diesel — kat diesel — nekat
[km.h™'] vsetky objemy vsetky objemy vsetky objemy vsetky objemy

10 0,2527 0,1937 0,0132 0,0265
15 0,4136 0,5986 0,0132 0,0263
20 0,5384 1,3586 0,0131 0,0262
25 0,6379 2,0883 0,013 0,026
30 0,7191 2,7892 0,0129 0,0258
35 0,7866 3,4629 0,0128 0,0255
40 0,8436 4,1109 0,0126 0,0253
45 0,8923 4,7345 0,0125 0,025
50 0,9345 5,225 0,0123 0,0246
55 0,9713 59136 0,0121 0,0242
60 1,0037 6,4715 0,0119 0,0237
65 1,0325 7,0097 0,0116 0,0231
70 1,0582 7,5291 0,0112 0,0224
75 1,0813 8,0308 0,0107 0,0214
80 1,1022 8,5155 0,0101 0,0202
85 1,1212 8,9841 0,0093 0,0186
90 1,1385 9,4374 0,0081 0,0162
95 1,1543 9,876 0,0063 0,0126

100 1,1689 10,3007 0,0033 0,0065

7 AVER dodrziavani zavislosti ¢im vyssia rychlost, tym

Metodika MEET pocita emisie za studena
z cestnej prevadzky osobnych automobilov podl'a
zakladného matematického vzt'ahu, ktory je tvore-
ny funkciami rychlosti, teploty okolia a najazdenej
vzdialenosti tzv. studenej doby prevadzky auto-
mobilu. Funkcie teploty okolia a najazdenej stu-
denej vzdialenosti boli pri vSetkych uvazovanych
vypoctoch konstantné pre vsetky pripady. Jedinou
premennou bola rychlost’” automobilu, resp. funk-
cia rychlosti automobilu pocas studenej doby jeho
prevadzky. Vypocet zvySenych emisii vznikajucich
za studena bol uskutocneny pre rychlostné rozpitie
10 a7 100 km."'. Tieto rychlosti predstavuju teore-
tické minimalne ako aj maximalne priemerné rych-
losti dosiahnutelné v mestskej cestnej premavke.
Pri benzinovych automobiloch vybavenych kata-
lyzatorom sa tieto emisie zvySuju so zvySujucou
sa rychlostou automobilu. Pri benzinovych auto-
mobiloch bez katalyzatora je z vypocitanych hod-
not tzv. studenych emisii NO, je zrejmy chybajuci
ucinok katalyzatora. Pri tejto skupine automobilov
sa produkuje najvysSie mnozstvo tychto emisii pri

vyssie mnozstvo emisii. Rozdiel medzi studenymi
emisiami pri benzinovych osobnych automobiloch
bez katalyzatora oproti emisiam z benzinovych au-
tomobilov s katalyzatorom je az niekol'’konasobny.
V pripade dieselovych automobilov s katalyzator-
mi alebo bez katalyzatorov sa emisie NO, z naras-
tajicou rychlostou znizuju. Vyssie emisie NO, sa
dosahuju v pripade dieselovych automobilov bez
katalyzatorov. Tieto Udaje sa vyznacuju znac¢nou
mierou nepresnosti z dovodu nedostatoénych tda-
jov o emisiach vznikajucich za studenej prevadzky
prave pri dieselovych automobiloch. Z vypoctov je
zrejmé, ze emisie NO, vznikajuce za studenej pre-
vadzky automobilu st vyraznou mierou zavislé na
priemernej rychlosti automobilu pocas jeho stude-
nej prevadzky.
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VPLYV POUZITIA SPLYNOVACIEHO ZARIADENIA
NA MNOZSTVO EMISIi CO, Z OSOBNYCH AUTOMOBILOV
V CESTNEJ DOPRAVE
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ABSTRACT

Carach V.: The Influence of using LPG Device on CO, Emissions from Personal Passenger Cars
Traffic, mostly air and car traffic is the biggest producer of CO, (51 %) in present. CO, is one of the
most important greenhouse gases with more than 50% of emissions contributing for this major global
ecological problem. Rising concetration of CO, in atmosphere leads to higher global temperatures. The
main problem is the rise of CO, emissions in most developed countries despite international undertakings
accepted in 80’s. This is the main reason for finding solutions to reduce the amount of CO, emissions in
traffic. One of many solutions is the use of LPG fuel. The purpose of this article is to quantify the effectivity

of using LPG in personal passenger cars.

Key words: LPG, urban traffic, MEET, air pollution, mobile source, carbon dioxide

UvVOoD

Jednym zo Skodlivych u¢inkov dopravy na zi-
votné prostredie je to, ze prispieva ku znecisteniu
atmosféry. Oxid uhli¢ity patri medzi najdolezitejsie
tzv. sklenikové plyny a je zodpovedny za viac ako
75 % emisii prispievajucich k tomuto v sucasnosti
najzavaznejSiemu ekologickému problému. Naras-
tajuca koncentracia CO, v atmosfére vedie k na-
rastu globalnej teploty Zeme. V stcasnosti hl'ada-
ju svetové vel'moci moznosti znizenia produkcie
tohto sklenikového plynu. Jednou z moznosti je
vyuzivanie alternativnych paliv ako primarnych
paliv pre cestnti automobilovu dopravu ako aj pre
iné druhy dopravy.

Ciel'om tohto prispevku je vy¢islenie mnozstva
produkovanych emisii CO, s pouzivanim Standard-
ného uhl'ovodikového ropného paliva na modelo-
vej skupine osobnych automobilov a su¢asne na tej
istej modelovej skupine s pouzitim LPG ako alter-
nativneho paliva.

CHARAKTERISTIKA CO,

Oxid uhli¢ity je bezfarebny plyn, bez zapa-
chu, ktory je normalnou zlozkou atmosféry (0,03
obj. %). Globdlna ro¢né emisia CO, z antropogén-
nej ¢innosti je okolo 24 az 28 mld. ton. Najvyznam-
nej$im zdrojom CO, na Slovensku je spalovanie
fosilnych paliv pri vyrobe tepla a elektriny. Podiel
dopravy je cca 10% a 67 % CO, vznika pri vyrobe
cementu, vapna, magnezitu, koksu, elektrolytickej
produkcii hlinika a pri fermentacnych procesoch
v potravinarskom priemysle [5].

CO, je zakladnym sklenikovym plynom, ktory
vznika l'udskou ¢innost'ou. Prave tento plyn pred-
stavuje asi 75% vsetkych ,.emisii sklenikovych
plynov na svete. Oxid uhli¢ity sa uvoliuje pre-
dovsetkym pri spalovani fosilnych paliv, napr. uh-
lia, ropy a zemného plynu. A prave fosilne paliva
su zdrojom energie, ktory pouzivame najcastejsie.
Spal'ujeme ich na vyrobu elektriny a tepla a pouzi-
vame ako palivo do aut, lodi a lietadiel.
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ALTERNATIVNE PALIVA - LPG

Skvapalneny uhl'ovodikovy plyn (Liquefied
Petroleum Gas — LPG) je skvapalnena zmes pro-
panu (C,Hy) a butanu (C,H,¢) a dalsich primesi.
Je bez farby, chuti a zapachu preto sa don pridava
odorizant (latka z vyraznou vonou), aby ho nase
zmyslové organy zaregistrovali. Nie je jedovaty,
je vsak nedychatelny a ma mierne toxicky uci-
nok. V plynnom skupenstve je tazsi ako vzduch
a v kvapalnom zasa l'ahsi ako voda. Preto je dole-
zité si uvedomit’ ze pri uniku bude vzdy sadat’ na
najnizSie miesta, odkial’ vytlac¢i vzduch a v nevet-
ranych priestoroch sa tam udrzi ve'mi dlha dobu.
LPG sa ziskava pri tazbe zemného plynu a ropy
alebo ako vedl'ajsi produkt pri spracovani ropy
v rafinériach. Jeho vlastnosti st vel'mi podobné
benzinu a to ho predurcuje na pohon motorovych
vozidiel. Je to palivo s vel'mi priaznivymi vlastnos-
tami, s oktanovym vzajomnym pomerom propanu
a butanu [4].

METODIKA

Na vypocet, resp. odhad emisii oxidu uhlicité-
ho z cestnej dopravy v meste KoSice bola pouzita
metodika MEET. Tato metodika bola vyvinuta em-
piricky s pouzitim tidajov z mnohych eur6pskych
testovacich programov [1,3].

Metodika odhaduje emisie na zéklade v§eobec-
ného vztahu

E=ea M

kde E je mnozstvo danej emisie,
e je miera emisie na jednotku aktivity,
a je objem dopravnej aktivity.

Tato rovnica je platna pre emisie na vsetkych
urovniach, od jednotlivého motora po cely vozo-
vy park a od jednotlivej cesty po celt cestnu siet
v Eurdpe.

Pre odhad mnozstva emisii bol navrhnuty
vztah

E= Ehot + Esz‘art + Eevaporative (2)
kde E je celkova emisia,

E,, jeemisia produkovana, ak je motor
zohriaty,

E_,, je emisia, ak je motor studeny,
E o je emisia v dosledku vyparovania (iba
pri prchavych organickych zliceninach).

VYSLEDKY A DISKUSIA

Dodrzanim postupu podla metodiky MEET pre
vypocet emisii CO,, su vysledkom vypoctu ¢iselné
hodnoty koncentracii CO, uvedené v kg.24 hod™'.

V tabul’ke 2 st uvedené hodnoty emisii CO,
vypocitanych iba ako prispevok osobnych auto-
mobilov pocas 24 hodin na vybranych usekoch
ciest a mestskych komunikacii. Vyber ciest a ko-
munikécii bol selektovany mnozstvom informacit
o danom useku cesty. Z tohto dévodu boli vybrané
useky a cesty nachadzajiice sa priamo v meste Ko-
Sice, t. j. v mestskych Castiach Kosice 1. az Kosice
IV [1,3].

Pri vypocte emisii CO, boli osobné automobily
na danych cestnych tsekoch rozdelené do jednotli-
vych skupin podl'a typy spalovaného paliva na:

* osobn¢ automobily — benzinové,
» osobn¢ automobily — dieselové.

Emisné faktory pre uvedené skupiny automo-
bilov boli prebrané z projektu EMEP/CORINAIR

[3].

Benzinové automobily boli rozdelené do kate-
gorii podl'a objemu spalovacieho motora do skupin
[1]:

* do 1400 cm® (45 %),
* 0d 1400 cm3 do 2000 cm?® (21 %),
* nad 2000 cm? (8 %).

Dieselové automobily boli rozdelené podl’a ob-
jemu spal'ovacieho motora do 2 skupin [1]:
e do 2000 cm® (15 %),
* nad 2000 cm® (8 %).

V tabulke 1 st uvedené mnozstva emisii CO,
vypocitané metodikou MEET pre dané percentu-
alne zastipenie jednotlivych typov osobnych au-
tomobilov na vybranych cestnych usekoch mesta
Kosice.
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Tab. 1 Hodnoty vypocitanych emisii CO, na jednotlivych triedach ciest

Tab. 1 Values of calculated CO, emissions at each road type

Typ cesty Emisie CO, [kg.24 hod™] Emisie CO, [t.rok™]
I trieda 64155,90 23416,89
1I. trieda 15769,40 5755,80
1II. trieda 25246,70 9215,00
Mestské komunikacie 74982,90 27368,80
Spolu 180154,90 65756,49

Tab. 2 Emisie CO, z benzinovych osobnych automobilov na jednotlivych triedach ciest
Tab. 2 CO, emissions from gasoline passenger cars at each road type

Typ cesty Emisie CO, [t.rok™]
I trieda 20270,52
II. trieda 8008,08
III. trieda 2859,94
Mestské komunikacie 20415,50
Spolu 51554,04

Tab. 3 Emisie CO, z dieselovych osobnych automobilov na jednotlivych triedach ciest
Tab. 3 CO, emissions from diesel passenger cars at each road type

Typ cesty Emisie CO, [t.rok™]
I. trieda 3146,37
II. trieda 1895,90
III. trieda 1206,99
Mestské komunikacie 6953,27
Spolu 14202,53

V tabul’k4ch 2 a 3 st celkové emisie CO, uve-
dené v tabul’ke 1 rozdelené podl'a typu spal'ované-
ho paliva na emisie z benzinovych a emisie z die-
selovych automobilov. Z tabuliek 2 a 3 je zrejmé,
ze najviac emisii CO, produkuju benzinové auto-
mobily, ¢o stvisi aj s vy$§im poctom automobilov
spal’ujucich benzin oproti automobilom pouzivaji-
cim ako palivo naftu.

Ako je vSeobecne zname, vybavit osobny au-
tomobil splynovacim zariadenim na palivo LPG je
mozné iba benzinové automobily. V praxi docha-
dza k splyfiovaniu najmi osobnych automobilov
s Vacsim objemom motora (benzinové automobily

s objemom motora nad 2000 cm?), z dévodu znize-
nia prevadzkovych nakladov.

Pri vypocte emisii CO, sme uvazovali, Ze viet-
ky osobné benzinové automobily s objemom mo-
tora nad 2000 cm® (8% z celkového poétu osob-
nych automobilov) budii vybavené splynovacim
zariadenim.

Pre vypocet bola pouzita opét’ metodika MEET
a zachovany rovnaky postup vypoctu emisii. Emis-
né faktory pre palivo LPG su prebrané z projektu
EMEP/CORINAIR.

Vysledkom vypoctov st emisie CO, uvedené
v tabul’ke 4.

Tab. 4 Emisie CO, z benzinovych automobilov s objemom motora nad 2000 ¢cm® na jednotlivych triedach ciest
Tab. 4 CO, emissions from gasolinel cars with at each road type

Typ cesty Emisie ?02 [t.rok™] Emisie‘ Co, [t.l:ok"] ZniZenie e.misii CO, pouZitim
palivo LPG palivo benzin paliva LPG [%]
I. trieda 2025,01 2662,12 23,93
II. trieda 811,16 1088,19 25,46
111 trieda 286,21 402,80 28,94
Mestské komunikacie 1814,73 3041,16 40,33
Spolu 4937,11 7194,27 31,37
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Z ciselnych hodndt v tabulke 4 je zrejmé, Ze
v pripade vsetkych typov a usekov sledovanych
ciest by doslo k znizeniu mnozstva emisii CO,. Aj
ked’ sledovana skupina osobnych automobilov ma
len 8%-né zastupenie na celkovom zlozeni auto-
mobilového parku znizenie mnozstva emisii CO,
sa pohybuje od priblizne 24 % az do 40 %.

ZAVER

Za posledné roky sa stala doprava a najma
cestna doprava najvacsim zdrojom emisii CO,. Pri
trende zvySovania poctu automobilov a intenzity
dopravy predpokladame, ze emisie CO, sa budu
zvySovat. Z tohto dovodu je znizovanie, resp.
hl'adanie moznosti znizovania tychto emisii opod-
statneny vyznam. Jednou z moznosti je vyuzivanie
alternativnych paliv, akym je napr. LPG. Vypocty
v prispevku preukazali, ze LPG ako alternativne
palivo v osobnych automobiloch vyrazne znizi
tieto emisie (od 23,93 % do 40,33 %). Problémom
je vsak prvotnd investicia na prestavbu osobnych
automobilov.
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ABSTRACT

Lalik V., Vanek M., Farbiakova K., Schwarz M.: Emission monitoring of Contaminating Substances
from welding Process

In order to operate the technology source of pollution, it must comply with certain requirements from
applicable law. Such requirements are pollutant concentration limits (emission limits) in the effluent gas
before the release to the atmosphere. In the evaluation of the requirements on the air quality, the influence
on the human health and ecosystems is taken into account. Regulation of Ministry of environment SR no.
705/2002 Z.z defines the obligation to evaluate certain pollutants in the ambient air. It is usually done by
monitoring — practical measurement or modeling calculations. This paper provides results from analysis
of heavy metals concentration in aerosol emissions that are ventilated from the welding workplace by the
air conditioning and subsequently released to the atmosphere. Evaluation was performed by the MODIM
program for evaluation of pollutant dispersion in the air. The aim of evaluation is, based on the theoretical
pollutant concentrations results, to determine if the proposed stack heights are sufficient to assure, that the

concentration limits defined by the law are met.

Key words: pollutants, welding, aerosol, nickel, dispersion

UVOD

Zivotné prostredie predstavuje komplexny sys-
tém zloziek, akymi st voda, poda, ovzdusie, biota
a mnohé dalsie, ktoré sa navzajom ovplyviuju.
Negativnym zasahom do zivotného prostredia do-
chéadza k naruSeniu rovnovahy medzi jednotlivymi
zlozkami. K takymto negativnym vplyvom patri aj
znecistovanie ovzdusia. Narastajice koncentracie
emisii si v sicasnosti pri¢inou nielen lokalnych,
ale aj globalnych problémov. ZvySovanie zneciste-
nia ovzdusia je spdsobené najmé narastajiicim poc-
tom obyvatel'stva, konzumnym sposobom zivota,
rozvojom dopravy, urbaniziciou a rozvojom prie-
myslu. Vo vyznamnej miere sa na emisiach podiel’a
aj energetika — elektrarne, teplarne, kotolne a iné
zdroje. Osobitnou skupinou emisii st sklenikové
plyny (najmé CO,, NO, metan a uhl'ovodiky fluo-
ru), ktorych negativny u¢inok spociva v globalnom

otepl'ovani klimy.

Znecist'ujuce latky (ZL), ktoré sa dostavaju do
vol'ného ovzdusia, musia v zmysle platnej legisla-
tivy spifat’ uréité poziadavky, aby mohol byt’ zdroj
a zariadenie, z ktorého st vypustané, prevadzko-
vany. Touto poziadavkou vztahujicou sa na po-
trubia a kominy je, aby neprekracovali maximalnu
povolenu koncentraciu (emisny limit) pred vystu-
pom do vol'ného ovzdusia. Koncentracie a emisné
limity znecistujucich latok v stcasnosti stanovuje
vyhlagka MZP SR ¢&.706/2002 Z.z. [1] a upravuje
vyhlaska MZP SR ¢&.575/2005 Z.z. [2]. Pri hodno-
teni poziadaviek na vol'né ovzdusie sa pozaduje,
aby znecistujuce latky z technolégii a inych zdro-
jov znecistovania ovzdusia (ZZO) nemali nepriaz-
nivy vplyv na zdravie I'udi a bola zabezpecena
ochrana ekosystémov. Pri tom sa v zmysle zdkona
o ovzdusi NR SR ¢.478/2002 Z.z. [3] uplatiiu-
je vyhlaska MZP SR ¢.705/2002 Z.z. [4], ktora
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vymedzuje povinnost hodnotit’ vybrané druhy zne-
Cistujucich latok vo vol'nom ovzdusi. Spravidla sa
hodnotenie vykonava monitoringom — praktickym
meranim alebo modelovymi vypoc¢tami. Pri po-
sudzovani vplyvu ZL na zdravie chodcov sa kon-
centracia zistuje vo vyske 2m nad terénom, alebo
pri mensich zdrojoch v blizkych vzdialenostiach
vo vyske podesty budov, najmé obytnych domov.
Najjednoduchsim spoésobom, ako mozno zabezpe-
¢it,, aby zdroj nadmerne neznecist'oval ovzdusie, je
stanovit’ jeho vhodnu vysku.

V prispevku st hodnotené emisie vznikajuce
v procese zvarania v prevadzke orientovanej na
vyrobu Sportového nacinia pre vybavu telocviéni,
rehabilitatnych zariadeni nemocnic, §kol a domac-
nosti. Predmetom hodnotenia su emisie aerosolu
a v iom pritomnych tazkych kovov, ktoré st vzdu-
chotechnickym systémom odsavané z jednotlivych
zvaracich pracovisk do vol'ného ovzdusia. Hodno-
tenie sa uskutoc¢nilo programom MODIM, ktory sa
pouziva na vyhodnotenie rozptylu ZL z bodovych
a plosnych zdrojov. Ciel'om hodnotenia je na zakla-
de teoretickych vysledkov hmotnostnych koncen-
tracii znecistujucich latok zistit', ¢i projektantom
navrhnutd vyska vyduchu je dostatoéne vysoka na
to, aby v hodnotenej lokalite nedoslo k prekroceniu
limitnych koncentracii uréenych legislativou [4, 5].

MATERIAL A METODIKA

Zvarovna predstavuje komplex 14 zvaracich
pracovisk. Su projektované ako boxy, ktoré su od-
delené od okolitého priestoru pohyblivymi ocelo-
vymi stenami, ¢im sa zabrani oslneniu susednych
pracovisk. Zvaracie pracoviskd budu vybavené
pracovnymi stolmi a zvaracimi agregatmi. Pri
pracovnych stoloch bude instalacia 230 V a 400
V elektrického pradu. Kazdé zvaracie pracovisko
bude vybavené ucinnou vzduchotechnikou na od-
vadzanie znecisteného vzduchu zo zvarania. V su-
beznej prevadzke bude maximalne 10 zvaracich
agregatov.

Zvaranym a obrabanym materialom s oce-
lové konstrukéné rurky a materidly pre vyrobu
skeletov na $portové naradie. Pri zvarani sa bude
pouzivat’ systtm MAG (Metal Active Gas), ktory
na vyvoj tepla pouziva elektricky prad usmerne-
ny didédovym usmernovaCom. Pri zvarani sa spoj
dvoch Casti obrobku vytvori nanesenim vrstvy roz-
tavenej elektrody, ktora ochladenim vytvori spoj.

Jeho kvalita je zavisla od kvality materialu, z kto-
rého je elektroda vyrobena. Nanesend vrstva kovu
obsahuje ako dominantnu zlozku zelezo, spravidla
s prisadami malého mnozstva inych kovov. Tieto
v kvapalnom stave vytvoria na povrchu obrobku
spolo¢nu zmes, ktorou su jednotlivé zlozky (kovy
a niekedy i nekovy) navzajom spojené. Po ochlad-
nuti oboch spéjanych casti vznika relativne pevny
spoj, ktorého pevnostné a mechanické vlastnosti
mnohokrat prevySuju vlastnosti spajaného kovu.
Elektroda sa k zakladnému materialu privadza ako
pridavny material zvarania pomocou posuvného za-
riadenia a tavi sa na kov. Pri zvéarani sa bude pouzi-
vat’ ochranna plynova atmosféra (argén 80 % a oxid
uhlicity 20%), ¢im je chraneny elektricky oblik
a roztaveny kov pred atmosférickymi vplyvmi.

Odsavanie bude zabezpecovat’ jeden exhaustor
o objemovom vykone 16 950 m*h'! odsavan¢ho
vzduchu. Vzduch s Casticami tuhych znecistu-
jucich latok (TZL) sa bude odvadzat vyduchom
vo vyske 3m nad hrebetiom strechy do volného
ovzdusia. Pracovisko nebude vybavené ziadnym
odlucovacim zariadenim. Vysledky merani emisii
TZL (aerosolu) v zahrani¢i (0,6 az 1,5 mg.m>) na
rovnakej linke s tou istou technologickou napliiou
potvrdili [6], Ze emisie nepresahujii v priemere
1,5 mg.m a teda emisny limit tychto latok bude
mozné splnit’ aj bez instalacie odluc¢ovacieho za-
riadenia.

Posudzovany zdroj znecistovania ovzdusia,
podPa prilohy ¢. 2 k vyhlaske MZP SR ¢&. 706/2002
Z.z. [1], v zmysle vyhlasky MZP SR ¢. 410/2003
Z.z.[7] je zaradeny v kategorii:

2. (Priemyselna vyroba a spracovanie kovov
— stredny zdroj)
2.9.2 (Povrchové Gpravy kovov, nanasanie povla-

kov a stvisiace ¢innosti bez pouzitia orga-
nickych rozpustadiel)

Na zvaranie sa bude pouzivat’ elektréda — drot
o hrabke 1 mm, s obchodnym nédzvom FILCORD
C, certifikovany podla EN 10204 Type 3.1 dna
14.9.2006. Pri MAG metdde zvarania sa pri vlast-
nom technologickom procese uvolni zo zvaracej
elektrody 4 az 12mg kovu z 1 g elektrody [8]. Ten
sa meni na aeros6l, ktory sa ako dym odsava zo
zvaracieho procesu vzduchotechnickym zaria-
denim a odvadza do vol'ného ovzdusia. Zlozenie
dymu zavisi od:
— zloZenia pridavnych materidlov (drotov, elek-

tréd, zvaracich taviv a pod.),



— chemického zlozenia kovov zvaranych alebo
rezanych materialov a od ich ochrannych po-
vlakov (plastickych povlakov a ochrannych fa-
rieb na baze Pb, Cr, Ni, Cd, Zn, Al) [9].
Aerosol zo zvéracich pracovisk obsahuje zdra-

viu Skodlivé latky, pre ktoré platia emisné limity

(EL) uvedené v legislative [1]. Organom ochrany

ovzdusia bol uréeny emisny limit pre TZL 3 mg.m

za Standardnych fyzikalnych podmienok (teplota
odpadového plynu 0°C, tlak plynu 101 325 Pa).

Podiel prvkov, ktoré su povazované za znecistuju-

ce latky a ich emisné limity su uvedené v tab. 1.
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jadruje pre celkovy obsah vo frakcii PM,,. Jej hod-
nota sa vyjadruje v ng.m™ a vztahuje sa na $tan-
dardné podmienky: teplotu 293 K a tlak 101,3 kPa.
Limitna hodnota pre nikel je 20 ng.m>. Pre Mn,
Cu a Cr boli pouzité hodnoty uvedené v prilohe ¢.2
Informéacie o postupe vypoctu vysky komina [10].

VYSLEDKY A DISKUSIA

Podl'a poskytnutych informécii pri pricbeznom
chode technologie na pracovisku sa na jednom
zvaracom pracovisku (boxe) za 1 h. spotrebuje cca

Tab. 1 Emisné limity zne¢istujucich latok v aerosoéle zo zvarania
Tab. 1 Emission limits for the pollutants in the aerosol from welding

Prvok Obsah . o . .
P.c. v elektrode Zaradenie znec€ist'ujicich latok [1] Emisny limit [1]
lekg']
1. Mangan 14,3 2. skupina
R zne€ist'ujucich Ak q>25gh?,
2 Med 0,940 latok — potom EL =5 mg.m™.
3. Chrom 0,400 3. podskupina
II. Ostatné -
znecistujuce latky | 1-skupina
znedistujucich Akq>5ght,
4. Nikel 0,200 latok — potom EL =1 mg.m™.
2. podskupina

q = hmotnostny tok

Priloha ¢.1 k vyhlaske ¢.705/2002 Z.z. [4],
urCuje limitné hodnoty, horné a dolné medze tole-
rancie na hodnotenie irovne znecistenia ovzdusia
pre vybrané znecCistujuce latky. Pretoze v podstate
jedinymi emisiami unikajicimi do vol'ného ovzdu-
Sia z procesu zvarania su tuhé znecistujuce latky
vo forme aerosoélu, bol vyhodnoteny rozptyl Castic
PM,, (Particulate Matter 10 — hmota Castic s vel-
kost'ou pod 10 um). Tiez bol uskutoéneny modelo-
vy vypocet na obsah emisii kovov, ktoré su v nich
pritomné a ktoré si hodnotené v zmysle zak. NR
SR ¢. 478/2002 Z.z. (vyhlaska ¢. 706/2002 Z.z.,
pril. ¢.1). Ako imisny limit pre Castice PM,, boli
pouzita roéna limitna hodnota na ochranu zdravia
Iudi 40 ug.m uvedené vo vyhlaske MZP &. 705/
2002 Z.z. [4]. Pri posudzovani rozptylu zlicenin
niklu, vyjadrené ako Ni, bol akceptovany dodatok
k Vyhlaske ¢. 705/2002 Z.z. uvedeny vo vyhlaske
MZP SR ¢.351/2007 [5]. Ciel'ové hodnota sa vy-

300-450g zvaracej elektrody. Pre vypocet bola
odhadom pouzita hodnota 380 g.h™'. Predpoklada
sa, ze pri nominalnom vykone bude v ¢innosti 10
zvaracich boxov a 4 budu v zalohe. Z uvedenych
uvah vyplyva, Ze za 1 hodinu prevadzky sa spot-
rebuje cca 3,8kg drotu ako zvaracej elektrody.
Na zéklade organom ochrany ovzdusia povolené-
ho emisného limitu pre tento zdroj zneCistovania
ovzdusia (EL =3 mg.m?) by maximalny hmotnost-
ny tok TZL pri plnom vykone ventilatora bol q =
=V,.EL=16 000 m*.h"".3 mg.m>=48 000 mg.h"'=
=48 g h'=0,01333 g.s..

Aby sa neprekrocili legislativou urcené naj-
vysSie povolené imisné hodnoty koncentracii ZL
vo volnom ovzdusi, vo vypoctoch uvazujeme
s najvysSou povolenou emisnou koncentraciou
aerosolu a priemernou hodnotou emisii kovov pri
zvarani MAG. Hodnoty hmotnostnych tokov pou-
zitych vo vypocte su uvedené v tabulke 2.
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Tab. 2 Hmotnostny tok znecistujucich latok v aerosole
Tab. 2 Mass flow of pollutants in the aerosol

Hmotnostny tok
P.c. Prvok - motnostny tok [q] - Imisny limit

[g-h] [mg.s™']

Mangan 26,526 7,3683

. Med 1,8048 0,5013
3. Chrom 0,6566 0,1824 5 pgm”

1-3. Mn + Cu + Cr 27,9874 7,7743
4. Nikel 0,3772 0,1048 20 ng.m
Aerosél 48 13,3333 40 pg.m=

* je hodnota ,,S* prilohe ¢. 2 [10]

Znecistujuce latky vypustané z technologie
zvarania do ovzdu$ia boli vyhodnotené progra-
mom MODIM 1.2d za dvoch podmienok:

1. za priemernych rozptylovych podmienok, pri-
¢om sa pri vyhodnocovani brali do tvahy prie-
merné rocné poveternostné podmienky,

2. zanepriaznivych rozptylovych podmienok (in-
verzia teplot, bezvetrie, pod nizkou statickou
oblac¢nostou).

Model vypoctu (oficialny aj pre SR) vyhodno-
cuje znecCistenie ovzduSia vo zvolenych vyskach
nad zemou. Z hladiska hodnotenia vplyvu na zdra-
vie I'udi sa voli spravidla vyska 2m, ktora zodpo-
veda dychacej zéne chodcov. Tato vyska bola po-
uzita aj pri uvadzanych hodnoteniach. Pri vypocte
sa zohl'adiiuju hmotnostné toky emisii (pozri tab. 2)
z vyduchu, ktorym su zo vzduchotechnického sys-
tému odvadzané do volného ovzdusia, fyzikalne
charakteristiky prudiacich plynov (teplota, rych-
lost’), vyska od zemského povrchu, klimatické
podmienky.

Boli vyhodnotené koncentracie nasledovnych
znedist'ujticich latok:

— aerosol, za ktory sa pocitali tuhé znecist'ujiice
latky odvadzané vyduchom do vol'ného ovzdu-

Sia z linky zvarovne,

— skupina tazkych kovov — Mn, Cu, Cr,

— nikel Ni — prvok zo skupiny tazkych kovov,
ktoré¢ho hodnoty imisného limitu su uvedené
vo vyhlaske MZP SR ¢&. 351/2007 [5].

Koncentracie ZL boli vyhodnotené vo vzdiale-
nosti 150 az 200 m od zdroja (vyduchu), ¢o zodpo-
veda vzdialenosti najblizsich obytnych domov. Vy-
pocitané hodnoty za priemernych a nepriaznivych
rozptylovych podmienok s uvedené v tab. 3.

Pre prasnost’ (aerosél vo volnom ovzdusi
z prevadzky zvarovne), vyjadrent limitnou kon-
centraciou PM, , boli vypocitané v oblasti naj-
bliz§ich domov maximalne hodnoty viac ako
o jeden rad nizsie (~25 krat nizSie ako maximalne
pripustné). Koncentracia t'azkych kovov (Mn, Cu,
Cr,) obsiahnutych v aeroséle vo vol'nom ovzdusi,
v kritickej zone najblizsich osidlenych domov pri
prevadzke, sa za nepriaznivych rozptylovych pod-
mienok pohybuje v rozsahu 0,5 a7 0,7 ug.m=, ¢o je
takmer 10-nasobne nizsia hodnota ako maximalne
pripustna. Hodnoty koncentrécii emisii niklu (s po-
ziadavkou platnosti od 1. 1. 2012) neprekracuji le-
gislativou urentt maximalnu hodnotu (20 ng.m)
so 40 % rezervou.

Tab. 3 Vyhodnotenie koncentracie znecist'ujicich latok v mieste obytnej zony
Tab. 3 Evaluation of pollutants concentration in the residential district ambient air

Koncentrécia [pg.m™] Limitna
. Zneéist’ujﬁca Priemerné Ncpriaznivé hodnota V}'/sledok
P.¢ . . . 3
latka podmienky podmienky [ng.m?]
1. TZL-PM 0,04-0,06 1,0-1,6 40 vyhovuje
2. Mn + Cu + Cr 0,03—0,04 0,7-0,9 5,0 vyhovuje
3. Ni 0,4-0,5 ng.m? 10-11,3 ng.m? 20 ng.m vyhovuje




ZAVER

Na zéklade monitoringu imisnej situdcie pro-
jektovaného zariadenia mozno konstatovat’, ze vy-
pocitané imisné hodnoty zne€ist'ujlcich latok od-
chadzajucich z vyduchu zvarovne, neprevySuji
najvyssie hodnoty imisnych limitov stanovenych
legislativou [4,7]. Z vysledkov vyplyva, Ze navr-
hovana vyska vyduchu odvadzajuceho znec€ist'uju-
ce latky do voI'ného ovzdusia, bude za podmienok
zrealizovania projektu (3 m nad hrebetiom strechy)
dostato¢na pre vsetky hodnotené druhy znecist'u-
jucich latok unikajucich v aeroséle do volného
ovzdusia.
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ABSTRACT

Danova, D., Toropila, M., Kafka, 1., Kaleni¢ova, Z.: Changes in the Organism of Chickens After Effect
of Ionizing Radiation and Zinc

In our experiment we observed effect of ionizing radiation and zinc on the metabolism of chickens. In
our paper we observed effect of low dose of ionizing radiation on the organism of chickens with the incor-
poration of zinc chloride. We observed changes of glucose and cholesterol concentration and the activity
of alaninaminotransferase (ALT) in time interval 3., 7., 14., 21. and 30 days after whole-body ionizing
radiation with dose of 3 Gy gamma rays and in the combination of solution of zinc chloride 0,6 mg/kg.
Chickens were 28 days old on the beginning of experiment. On the radiation of animals we used cobaltic
gamma radiator CHISOSTAT from PF UPJS in Kosice. Concentration of glucose, cholesterol and activity
of ALT we determined by set PLIVA-Lachema Diagnostika, Brno. From our present results that low doses
of ionizing radiation concerning increased radioresistance organism of poultry reacts deducible changes of

concentration of glucose, cholesterol and changes of activity selected enzyme.

Keys words: chickens, ionizing radiation, metabolic changes, zinc

UvVOoD

Vaznym problémom v sucasnosti z hl'adiska
kontaminacie zivotného prostredia st cudzoro-
dé latky. Rezidua tychto latok sa nachadzajii vo
vsetkych zlozkach ekosystému, do ktorych prenika-
ju Pudskou ¢innostou a napokon zvierata s boha-
tym zdrojom potravin, ale aj roznych kontaminan-
tov. Ovzdusie, poda, rastlinna biomasa a zivocichy
vratane ¢loveka su vystavované mnozstvu emisii.
Znecistovanie zivotného prostredia, kontaminacia
potravin a krmiva umelymi hnojivami, priemysel-
nym odpadom a pohonnymi hmotami sa odraza na
zdravotnom stave ¢loveka, hospodarskych i vol'ne
zijucich zvierat. Jedna zo skupin mnohych faktorov,
ktord vazne ohrozuje nase okolie st kovové prvky.
Prave preto by bolo vhodné zaoberat’ sa blizsie tou-
to problematikou a to nielen osobitnym skimanim
samotnych kovov, ale aj ich interakciou s ionizu-
jucim Zziarenim vo vztahu k zivotnému prostrediu
a dopad na organizmus zvierat s moznou imple-

mentaciou na ¢loveka, ¢o je aj predmetom tejto
prace. Koscova a kol. (1) sledovali vo svojej praci
vplyv banskej a hutnickej ¢innosti na kontaminaciu
vodnej nadrze Ruzin tazkymi kovmi, kde ziskané
vysledky prekracuju limitné hodnoty vyrazne pre
prvky Cu, Zn, Mn a Hg. Tieto prvky sa dosial’ na-
chadzaju v prvotnych loziskovych Strukturach, ale
aj v banskych odpadoch, a preto je potrebné veno-
vat’ im pozornost’ aj v buducnosti. Gallo a kol. (2)
sledovali vyskyt a kumulaciu tazkych kovov v tele
samicej populdcie hovéddzieho dobytka v oblasti st-
redného SpiSa. Depozicia zinku v tkanivach nara-
stala s vekom zvierat, avSak diferencie medzi jed-
notlivymi skupinami boli $tatisticky vyznamné iba
v niekol’kych pripadoch. Najvyssie koncentracie
v kostiach. Kumulacia tazkych kovov narastd
v tkanivach zvierat s ich pribudajicim vekom, dva
az dva a pol rocné obdobie staci na to, aby rozdiely
v kumulacii kovov v tele zvierat boli Statisticky
vyznamné.
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Vysoky obsah sledovanych prvkov v kostiach
a ich nizky obsah vo vnutornych organoch doku-
mentuje, ze ide o dlhodobu kontaminaciu niz§imi
koncentraciami (3). Po intravenéznom podani Zn
mizne rychlo z krvi a objavuje sa vo vysokych kon-
centraciach v pankrease, peceni, slezine, oblickach
a lenv nizkychkoncentraciachv svalocha v mozgu
podla Hapa a Zemana (5, 4). Zinok, ktory sa na-
chadza v plazme, peceni a pankrease a v kostre,
tvori rychle metabolizovatelny rezervny fond.
Pri nedostatku v kimnej davke sa zinok z tychto
organov odcerpava, pricom sa koncentracia vo
svaloch a v mozgu nemeni. Pri akutnom deficite
zinku, rychlost’ jeho od¢erpavania nekompenzuje
potrebu a vznikaju priznaky deficiencie (6). Deficit
zinku u pohlavne dospelych samcov vyvolava atro-
fiu semenotvorného epitelu, ¢o spdsobuje vyrazné
poruchy spermatogenézy. To sa nasledne prejavi aj
v znizenej kvalite ejakulatu podl'a Cigankovej (7).
Motilitu spermii zinok ovplyviiuje kontrolou ener-
getickej utilizacie cez ATP systém a regulaciou fos-
folipidovych rezerv. Nad’ a kol. (8) sledovali vplyv
kadmia na zdravie a jednotlivé systémy organizmu
a eliminovanie jeho negativneho u¢inku interakciou
so zinkom u moriek. Zinok je siicastou mnohych
metaloenzymov a ovplyviluje viaceré systémy or-
ganizmu, obzvlast’ reprodukény aparat a imunitny
systém. Hettich a kol. (5) uvadzaju ucinok zinku
voéi teratogennému a karcinogennému posobeniu
kadmia.

V experimente na morkach bol sledovany
ucinok kadmia samostatne a v interakcii so zin-
kom na produkciu, zdravie, imunitu a obsah kad-
mia v tkanivach a organoch. Morky plemena BIG
6 boli rozdelené do Styroch skupin: kontrolna
skupina, skupina s pridavkom kadmia (1mg/
kus/den), skupina s pridavkom zinku (72 mg/kus/
denl) a skupina s pridavkom kadmia a zinku. Medzi
skupinamineboliu sledovanych parametroch bunk-
ovej imunity zistené Statisticky vyznamné rozdiely.
Obsah kadmia v stehnovom svale bol signifikantne
vyssi (P> 0,001) v skupinach s pridavkom kadmia
akadmia plus zinok, oproti kontrolnej skupine
s pridavkom Zn. Podobna zavislost' bola zistena
aj v obli¢kach a v peceni. V oblickach a peceni bol
zisteny aj vyznamny rozdiel (P > 0,001) v obsahu
kadmia medzi skupinou s pridavkom Cd (oblicky
1,09mg, pecen 0,78mg) a skupinou, ktorej bolo
podavané kadmium spolu so zinkom (oblicky
0,62mg, pecen 0,41 mg), o potvrdzuje ochranny
ucinok zinku.

Voda predstavuje Specifické zivotné prostredie
pre ryby avodné zivocisstvo. Na tento ekosys-
tém su viazané celym svojim Zivotnym prejavom.
Akékol'vek zmeny prostredia maju za nasledok
odozvu organizmu. Citlivost vodnych bezstavov-
cov aryb je taka vysoka, ze sluzia ako indikator
znecistenia. Ryby vo vodnych biotopoch st vrcho-
lom ekologického trojuholnika a kumuluja vo svo-
jich tkanivach mnohé cudzorod¢ latky. Problema-
tikou cudzorodych latok v rybach, ktora je stale
aktualna vo svete i u nas, sa zaobera urcita skupina
autorov, zktorych mozno citovat prace pojed-
navajlce o vi¢som aspekte kovov, ako je Kroupa,
Hartvich (9), Bican, Drbal (10), Svobodova a kol.
(11), Prihoda (12), Stranai (13, 14) a ini. Koncen-
tracia toxickych latok v tkanivach ryb je velmi
rozdielna a zavisi od druhu ryb, ich veku, ako aj
zlozenia potravy (14).

Stranai, Andreji, (14) podavaji v praci pre-
hl'ad kontamindcie svaloviny, pecene, obli¢iek ako
aj pohlavnych produktov niektorych druhov ryb
z Dunaja chromom, kadmiom, olovom a zinkom.
Na analyzu vylovili 13 druhov ryb, v praci vsak
dokumentuju len tkaniva jesetera malé¢ho, mreny
severnej, karasa striebristého a $tuky holarkticke;.
Vyrazné rozdiely v obsahu zinku v jednotlivych
tkanivach sposobili, ze koncentracia v svalovine
ryb je hlboko pod limitom 50,0mg/kg, a vo vse-
obecnosti svalovina nebyva kontaminovana hod-
notami presahujucimi limit v inych povodiach, ¢o
potvrdzovali aj udaje z Labe (11), z Luznice (9),
Vahu v Koplotovciach (13) i z Vahu v Ziline (12).
Rozdiely medzi hodnotami v svalovine nedra-
vych a dravych ryb boli nevyrazné. Z vysledkov
bolo zrejmé, Ze zinok ma snahu ukladania sa vo
zvysenej miere vo vnatornych organoch. V pripa-
de najstarSej skupiny $tuky a karasa striebristého
anajmladsej vekovej skupiny Stuky zistili v peceni
nadlimitné hodnoty. Zistené¢ hodnoty porovnavali
s platnymi hygienickymi limitmi. Z vysledkov vy-
plyva, ze svalovina analyzovanych ryb je mélo za-
tazena sledovanymi kovmi a hodnoty nepresaho-
vali platny limit, zatial¢o vnutornosti presahovali
nadlimitné hodnoty (14).

MATERIAL A METODIKA

V experimente boli pouzité kurcatd brojle-
rového typu vo veku 28 dni na zaciatku experi-
mentu v celkovom pocte 60 kusov. Zvierata boli



chované v experimentalnych priestoroch po pred-
chadzajucej dezinfekcii (15, 16). Voda a krmivo im
boli podavané ad libitum. Bola im skrmovana kim-
na zmes pre kurcata BR I a BR II. Ozarovanie zvie-
rat sme vykonali na UPJS v Kogiciach na pristroji
CHISOSTAT. Zvierata sme ozarovali v plexitovych
klietkach. V experimente sme pouzili jednorazova
celotelovi davku 3 Gy gama lucov s prikonom
0,0196774 Gy. min'. Bezprostredne po oZiareni
sme kur¢atam intraperitonealne aplikovali ZnCl,
o koncentracii 0,6mg/kg zivej hmotnosti. Na 3.,
7., 14.,21. a 30. den po oziareni sme vykonali ana-
lyzy. Krv sme zachytili do Petriho misiek umiest-
nenych na l'ade a po centrifugacii sme ziskané sé-
rum pouzili na analyzy. Na stanovenie koncentracie
glukoézy, cholesterolu a aktivity ALT sme pouzili
sety Pliva-Lachema Diagnostika s. . 0., Brno. Vy-
sledky z jednotlivych experimentov sme $tatisticky
vyhodnotili anovo testom porovnanim oziarenych,
kontrolnych skupin a skupin oziarenych kurciat.
V kazdej skupine sme analyzovali 6 zvierat.

VYSLEDKY A DISKUSIA

Z obr. 1 vyplyva, ze pri pouzitej davke Ziarenia
koncentracia glukozy v sére v porovnani s kontrol-
nou skupinou bola Statisticky nevyznamna. Apli-
kacia chloridu zino¢natého i oziarenia vyznamne
znizila jej koncentraciu na 7., 14. a 21. den.

29

Statisticky vyznamne zniZena koncentracia
glukozy bola u skupin kuréiat v kombinacii s pri-
davkom chloridu zino¢natého oproti kontrole aj
oproti oziarenym skupinam kurciat.

Aktivita ALT (obr. 2) u pokusnych zvierat sa
s vynimkou 3. dilia po oziareni v kombinacii ozia-
renia a chloridu zino¢natého Statisticky vyznamne
nemenila. V kombindcii oziarenych skupin kurciat
s pridavkom roztoku chloridu zino¢natého oproti
kontrole bola aktivita ALT Statisticky vyznamne
zvysena na 3. den a oproti skupine samotne ozia-
renych skupin kuréiat bola aktivita ALT Statisticky
vyznamne znizena na 3. den.

Oziarenie organizmu subletalnymi a letalnymi
davkami zvySuje aktivitu transaminaz (17). Zvy-
Senie aktivity adaptivnych enzymov poukazuje
na prevladajuce katabolické procesy v oziarenom
organizme suvisiace nielen so zmenami bunkove;j
priepustnosti a rozvojom tazkych histologickych
zmien hepatocytov vo v€asnom obdobi po ozia-
reni, ale aj stimuldciou syntézy de novo enzymov
transaminacie vyvolanou zvysSenou sekréciou kory
nadobliciek po oziareni, ¢o by mohlo stvisiet aj so
zvySenou glukoneogenézou.

Ako vyplyva z obr. 3, samotné oziarenie spo-
sobilo zvysenie koncentracie cholesterolu v sére
predovsetkym na 3. a 7. den po oziareni. AvSak
aplikacia chloridu zino¢natého pred oziarenim
ucinok ziarenia eliminovala, vysledkom ¢oho bola
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Obr. 1

Zmeny koncentracie glukozy v sére kontrolnych, oziarenych skupin zvierat a skupiny oziarenych zvierat

s aplikaciou chloridu zino¢natého v ¢asovom odstupe 3., 7., 14., 21. a 30. dni

*p<0,05 — statisticka vyznamnost’
Fig. 1

Changes of concentration of glucose in serum of control, irradiated groups of animals and irradiated groups

of animals with application zinc chloride in time intervals 3., 7., 14., 21. and 30 days

*p<0,05 — statistical significance
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Obr. 2 Zmeny aktivity alaninaminotransferazy v sére kontrolnych, oziarenych skupin zvierat a skupin oziarenych
zvierat s aplikaciou chloridu zino¢natého v ¢asovom odstupe 3., 7., 14., 21. a 30. dni

*p< 0,05 — Statisticka vyznamnost’
Fig. 2

Changes of activity of alaninaminotransferase in serum of control, irradiated groups of animals and

irradiated groups of animals with application of zinc chloride in times gap 3., 7., 14., 21. and 30 days

*p< 0,05 — statistical significance

koncentracia cholesterolu v porovnani s kontrol-
nou skupinou znizena az do 21. dna.

Statisticky vyznamne zvySena koncentracia
cholesterolu bola u skupin samotne oZziarenych
kur¢iat oproti kontrole aj oproti skupin kurciat
v kombinacii s oziarenim a pridavkom chloridu zi-
noc¢natého na 3. defi a v ten isty den bola zazname-

nana koncentréacia u skupin v kombindcii oziarenia
a s pridavkom chloridu zino¢natého Statisticky vy-
znamne znizend oproti kontrole aj oproti skupine
kurciat so samotnym oziarenim. Samotné metabo-
lické a morfologické zmeny po oziareni pozorovali
Falis (18) a Sesztakova (19).
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Obr. 3 Zmeny koncentracie cholesterolu v sére kontrolnych, oziarenych skupin zvierat a skupiny oziarenych
zvierat s aplikaciou chloridu zino¢natého v ¢asovom odstupe 3., 7., 14., 21. a 30. dni

*p<0,001 — $tatistickd vyznamnost’
Fig. 3

Changes of concentration of cholesterol in serum of control, irradiated groups of animals and irradiated

groups of animals with aplication of zinc chloride in time intervals 3., 7., 14., 21. and 30 days

*p<0,001 — statistical significance
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ABSTRACT

Cerkala E., Vajlikova M.: Administrative Legal Liability

Legal liability is created by actual rights and responsibilities of subjects in legal relationships. Its core
is the fact that there is a subject who breaks applicable legal norm — contravener (deliquent) and on the
other side, there is a governmental body assizes in the name of state. Governmental body acts as adminis-
trative agency (apparatus common advice), or judgement, which are due to auspicate the assize versus the
subject, who broke down stated legal rules either by acting or by neglecting of acting and next applicable
act imposes the punishment or order the for this acting. In this articles we deal with administrative torts,
their characteristics, ways of their deposition, with which the organs of public administration daily deal.
The law connects a threat of sanction or proceeding with the committing of administrative tort.

Key words: environmental law, administrative legal liability, sanctions, administrative tort, the state con-
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UvVOoD

Pravna zodpovednost’ je tvorend konkrétnymi
pravami a povinnostami subjektov pravnych vzt'a-
hov. Prejavuje sa v tom, Ze na jednej strane vystu-
puje subjekt, ktory porusil prislusnt pravnu normu
—porusitel’ zakona (delikvent), na druhej strane vy-
stupuje §tatny organ konajlici v mene $tatu. Statny
organ vystupuje ako spravny organ (organ verejnej
spravy), alebo sud, ktoré s povinné zacat’ konanie
proti subjektu, ktory stanovené pravne normy svo-
jim konanim alebo opomenutim konania porusil
a prislusny zakon za takéto konanie uklada trest,
alebo opatrenie.

Pod pravnou normou je treba rozumiet’ pravidlo
spravania vyjadrené v §tatom stanovenej a uznanej
forme, ktorej zachovavanie je vynutiteIné Statnou
mocou, pricom pravidlo spravania vymedzuje
rozsah opravneni a pravnych povinnosti pre ticast-
nikov pravnych vztahov. Opravnenie stanovuje
moznost’ subjektu prava spravat’ sa dovolenym
sposobom. Pravna povinnost’ stanovuje nevyhnut-
nost’ (nutnost’, povinnost’) subjektu prava spravat’
sa sposobom, ktory stanovuje pravna norma.

MATERIAL A METODY

Préavny rozbor — disquizitio iuris vychadza
z dostupnych publikovanych pramenov v danej
problematike a z dostupnych materialov v Sloven-
skej a Ceskej republike, zakona ¢. 71/1967 Zb.,
zakonov upravujucich jednotlivé zlozky zivotné-
ho prostredia a z tedrii $tatu a prava. Pri pravnom
rozbore sme vyuzili metdody formalno-logického
myslenia: analyzu, syntézu, analégiu a zovseobec-
nenie.

Metody ako systém postupov, ciest, regulativ-
nych principov v teoretickej 1 v praktickej ¢innosti
sa stali pracovnymi nastrojmi (instrumentum labo-
rum) pre pravny rozbor.

VYSLEDKY A DISKUSIA

Pravnu zodpovednost’ rozliSujeme ako subjek-
tivnu a objektivnu. Pri subjektivnej pravnej zodpo-
vednosti ide o zavinené protipravne konanie, umy-
selné alebo nedbanlivostné.

Pre objektivnu zodpovednost’ je priznacné, ze
vzdy ide o vysledok respektive protipravny stav,
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ktorého predpokladom nie je subjektivne zavine-
nie.

Z aspektu jednotlivych druhov porusenia prava
a im zodpovedajtcich sankcii sa rozliSuje pravna
zodpovednost na: trestnopravnu, ob¢ianskopravnu
a administrativnopravnu spétii so spravnymi de-
liktmi.

V tomto ¢lanku sa zaoberame spravnymi delik-
tami, ich charakteristikou, spésobmi ich ukladania,
s ktorymi sa v praxi spravne organy verejnej spra-
vy denne zaoberaju.

Spravnym deliktom je protipravne konanie,
ktorého znaky si uvedené v zakone a za ktoré
uklada spravny organ trest alebo opatrenie stanove-
né normou spravneho prava. Medzi pojmové znaky
spravneho deliktu zarad’'ujeme: konanie, protiprav-
nost’, trestnost,, zodpovedna osoba, znaky deliktu
stanovené zakonom.

Konanie subjektu moze byt komisivne — aktiv-
ne konanie alebo omisivne, t.]. opomenutie konania
— sankciovatel'nd je nec¢innost’ pravneho subjektu.

Protipravne konanie subjektu je také, ktoré je
v rozpore s pravom (pravnou normou), pripadne
s pravnym ukonom vykonanym na jeho zéklade.

So spachanim spravneho deliktu zékon spaja
hrozbu sankcie (trestu) alebo opatrenia. Ukladané
sankcie plnia prevencnu a represivnu funkciu.

Zodpovednou osobou moézu byt pravnické
osoby a fyzické osoby opravnené na podnikanie.
Podmienkou je deliktudlna spdsobilost’ tychto
0s0b, t.]. spdsobilych protipravne konat’ a niest’ za
to pravne nasledky.

Deliktualna sposobilost’ vznikd priamo zo za-
kona, alebo zakonom uvedenym sposobom, napr.
registracia v obchodnom alebo inom registri, regis-
traciou na MV SR.

Vychadzajtic z formulacie normativnych textov
pravnych noriem konstatujeme, Ze nie kazdé poru-
Senie pravnej povinnosti v oblasti verejnej spravy
je hned’ spachanim spravneho deliktu. Pre ulozenie
spravneho deliktu vzdy musi ist’ o naplnenie skut-
kovej podstaty spravneho deliktu a administrativ-
nopravnu normu, ktora pocita s ulozenim sankcie
za konkrétny spachany delikt. Inymi slovami, pri
absencii uvedenych doévodov vzdy ide o mono-
l6g zakonodarcu, pokial’ v normativnych textoch
sa subjektom nieco prikazuje alebo zakazuje, bez
moznosti akejkol'vek sankcie.

V sucasnosti pozname rozne Clenenia sprav-
nych deliktov. Spravne delikty sa ¢lenia na prie-
stupky a iné spravne delikty.

Spravnych deliktov sa dopustajii pravnické
osoby a fyzické osoby opravnené na podnikanie
porusenim pravnych noriem, za ktoré administra-
tivnopravne normy pocitaju s uloZzenim sankcii.'

Druh a vy$ka sankecii

Vsetky pravne normy regulujuce zlozky zi-
votného prostredia upravuji ako trest sankciu pe-
nazny, t.j. pokutu, len v zakone o ochrane prirody
a krajiny je upraveny vedlajsi trest prepadnutie
veci, zhabanie veci (§91) a (§93) zaistenie veci.

Vyska a forma tpravy sankcii v jednotlivych
pravnych norméach méze byt nasledovna:

1. rozpdtie od nuly do pevne stanovenej hornej
hranice,

2. rozpéitie medzi pevne stanovenou dolnou a hor-
nou hranicou,

3. rozpitim od nuly do pohyblivo stanovenej hor-
nej hranice,

4. presne objektivnou kvantifikaciou pokuty v za-
vislosti na mnozstve vypustenych emisii.!

Obligatérnost’ a fakultativnost’ ukladania sankcii

Relevantnou otazkou pri uplatilovani deliktudl-
nej zodpovednosti je obligatornost’ alebo fakultativ-
nost’ ulozenia sankcie. Povinnost’ ulozenia sankcie
je formulovana v jednotlivych pravnych normach
zakonov rozne. Stretdvame sa s vyrazmi adresova-
nymi spravnemu organu, ,,ulozi, ,,ukladaja®, ,,st
opravnené ukladat™, ,,m6zu ulozit* sankciu.

Z gramatického a logického rozboru vyply-
va, Ze nie su pochybnosti o obligatdrnom ulozeni
sankcie pri vyraze ,,ulozi“. V praxi pochybnosti
vzbudzuje vyraz ,ukladaji“. Zastdvame nazor,
ze ide o obligatornost’ ulozenia sankcie, 1 ked” do
urcitej miery nie je mozné vylucit' fakultativnost
uloZzenia sankcie pri pouZiti tohto slova. Pri dikcii:
,,SU opravnené ukladat™ a ,,moézu ulozit’ sankciu®
ide o fakultativne ustanovenia (1).

Lehoty pre ukladanie sankcii

Z procesné¢ho hladiska je nemenej zdvazna
otazka lehot pre ulozenie sankcie. Pozname subjek-
tivne a objektivne lehoty. Pod subjektivnou lehotou
rozumieme lehotu jedného roka odo diia, ked’ sa
prislusny organ pre zivotné prostredie o poruseni
povinnosti dozvedel. (V zakone o ochrane prirody
a krajiny 2 ro¢na subjektivna lehota). Subjektivna
lehota je vytvarana dvoma formulaciami, a to bud’



v jednoro¢nej lehote zacat’ konanie, alebo v jedno-
ro¢nej lehote ulozit’ sankciu. Napr. § 76 ods. 3 zak.
¢.364/2004 Z.z. ,,Konanie o ulozeni pokuty mozno
zacat’ najneskorsie do jedného roka odo dna, ked’
sa organ statnej vodnej spravy dozvedel o poruseni
povinnosti (subjektivna lehota), najdlhsie vSak do
uplynutia troch rokov odo dia, ked’ k poruseniu
povinnosti doslo (objektivna lehota)“. Alebo napr.
§105 ods.1 stavebného zakona ,,Pokutu mozno
ulozit’ iba do jedného roka odo dna, ked’ sa organ
opravneny na ulozenie pokuty dozvedel o tom, Ze
pravnickd osoba alebo fyzicka osoba opravnena
na podnikanie porusila alebo nesplnila povinnost’
(§106) (subjektivna lehota), najneskorsie vsak do
troch rokov odo dna, ked” doslo k poruseniu povin-
nosti alebo ked’ povinnost’ mala byt splnena (ob-
jektivna lehota)™.

Objektivna lehota je trojrocna a plynie odo
dna, ked’ doslo k poruseniu povinnosti — spachaniu
deliktu. V zakone o ochrane prirody a krajiny je
5 ro¢na objektivna lehota (1).

Statne donitenie

Stat prostrednictvom pravnych predpisov (ich
obsahu — pravnych noriem) stanovuje opravnenia
a pravne povinnosti, si¢asne musi predvidat’ situa-
cie, kedy moze dochadzat zo strany povinného
subjektu k porusovaniu pravnych noriem a pre také-
to pripady sa uz vopred vysporiadat’ so situdciami
mozného neplnenia, respektive ich porusovania.

Pravne normy na rozdiel od inych noriem (eko-
nomickych, politickych, religioznych, etickych
a pod.) v spolo¢nosti st charakteristické tym, ze za
nimi stoji donucovacia moc §tatu v zaujme ochrany
jednotlivea 1 spolo¢nosti pred neziaducimi dosled-
kami, ktoré by mohli nastat’ pri ich nereSpektovani,
respektive nedodrziavani.

Statne dontitenie je vieobecne interpretované
ako donutenie nepriame a donttenie priame.

Nepriame donutenie je chdpané tak, ze sub-
jekt, ktorému boli adresované pravne povinnosti
v pravnych normach vyplyvajucich z konkrétne-
ho normativneho pravneho aktu, alebo rozhodnu-
tia vydaného na jeho zaklade, si dobrovolne tieto
povinnosti splnil bez akéhokol'vek donucovacieho
zasahu $tatneho organu.

Konstatujeme, ze vychadza pritom predo-
vsetkym z konsenzu a prevencie a az nasledne sa
vychadza z pravnej zodpovednosti a Statneho do-
nutenia.
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Len v pripade, ze nepriame donutenie nena-
chadza adekvatnu pozitivnu odozvu v povinnom
subjekte prava, t.j. reSpektovanie a dodrziavanie
pravnych noriem a rozhodnuti vydanych na ich za-
klade, nastupuje moc $tatu, a to vo forme pravneho
donttenia, ktoré vedie k splneniu povinnosti ukla-
danych povinnému pravnemu subjektu.

Prostrednictvom donucovacej moci, §tat orga-
nizuje a zabezpecuje plnenie pravnych povinnosti
vyplyvajucich z pravnych predpisov. Pre priame
donutenie sa v pravnej praxi vzili oznacenia ako
exekucia, vynatené plnenie, respektive vynutitel-
nost’.

Vyznam a podstata Statneho dontitenia spociva
v tom, ze donutenie sa prejavuje v jeho neodvrat-
nosti. Vykon rozhodnutia $tatneho organu je moz-
né v zdkonom stanovenych procesnych postupoch
odlozit), ale nie odvratit, ak pravny predpis neusta-
novuje nieco iné.

Stat zabezpeduje realizéciu prava roznymi za-
konom stanovenymi metédami. V laickej verejnos-
ti dochadza casto k zamene, respektive k stotozne-
niu pojmov donutenia a sankcie.

Sankcia vznika ako dosledok nesplnenia si
povodnej (primarnej) povinnosti subjektom prava
amoze mat’ charakter represivny vo forme ulozenia
trestu alebo ochranného opatrenia, alebo méze mat’
charakter restitucny, reparacny, alebo satisfakény,
t.z. ze ide o povinnost’ nahradenia skody.

S represivnymi sankciami sa stretivame pre-
dovsetkym v trestnom a spravnom prave; charak-
teristické pre ne je, Ze su spajané s ulozenim trestu
alebo ochranného opatrenia.

V praxi niektorych uradov zivotného prostre-
dia boli vydavané rozhodnutia o ulozeni represiv-
nej sankcie — pokuty s tym, ze ak povinny subjekt
uvedent pokutu nezaplati v urCenej lehote, tato
pokuta sa mu tro¢i konkrétnym percentom ako pri
pozicke. Takyto postup je potom v rozpore s pova-
hou, poslanim a funkciou ukladanej sankcie. Vidi-
me tu pochybenie v tom, Ze takto pochopen a ulo-
7ena sankcia nenapiiia zamery a podstatu tatneho
donttenia pri porusovani pravnych noriem.

Inym pripadom z praxe je skutocnost’, ked’
spravny organ za porusenie pravnej normy, za pre-
ukazané spachanie skutku ulozil represivnu sank-
ciu vo vyske 0,— Sk s odovodnenim, Ze povinny
subjekt nema finan¢né prostriedky. Tuto skutoc-
nost’ si spravny organ nepreveril. Zastavame nazor,
ze z pohl'adu praxe dochadza zo strany spravneho
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organu k pochybeniu a to obchadzanim zakona.
Povinny subjekt na svoju obranu v odvolacom ko-
nani tvrdi, Ze ak pokuta bola udelena len vo vys-
ke 0,— Sk, potom je potrebné v odvolacom konani
prislusné rozhodnutie zrusit' ako bezpredmetné.
Domnievame sa, ze v praxi ide o ojedinelé rozhod-
nutie. Zastadvame nazor, ze sankciu vo vyske 0,— Sk
nie je mozné ulozit, a to tak z logicko-formalneho
nahladu, hl'adiska praxe, ako aj s ciel'om, ktory sta-
novil a sledoval zakonodarca v pravnej norme.

V prave zivotného prostredia pozname situ-
acie, ked’ nere$pektovanie represivnej sankcie sa
vynucuje d’al§imi represivnymi sankciami. Napri-
klad v zakone o izemnom planovani a stavebnom
poriadku (zak. ¢.50/1976 Zb. v zneni neskorsich
predpisov), pri pokracujucich deliktoch — pravny
subjekt uskutociiuje ten isty zamer stdle novym
naplilovanim tej istej skutkovej podstaty, pricom
jednotlivé utoky na chraneny zdujem spaja najméa
casova suvislost. Ide napr. o uskuto¢iovanie stav-
by bez stavebného povolenia.

Inych spravnych deliktov sa dopustaju prav-
nické osoby a fyzické osoby pri podnikatel'skej
¢innosti. V pravnych predpisoch spominané fy-
zické osoby st oznaované rézne a to i v tych pri-
padoch, Ze je to vysledkom jednej tvorcej dielne.
Pouzivaji sa oznacenia:

« fyzicka osoba opravnena na podnikanie,
« fyzicka osoba — podnikatel,
* podnikatel’.

Zastavame nazor, ze z hl'adiska terminologic-
kého zjednotenia a precizovania by v tomto mala
mat’ posledné slovo pravna veda.

Oznacovanie spravnych deliktov v pravnych
predpisoch zloziek Zivotného prostredia

Spravne delikty st ozna¢ované rdzne, spome-
nieme aspon niektoré:
* iné spravne delikty,
* spravne delikty,
* pokuty.

Vzhl'adom k réznorodosti pravnych uprav, Cle-
nenia spravnych deliktov je ziaduce z pragmatic-
kého hl'adiska upravit’ tito problematiku v jednom
pravnom predpise (1).

ZAVER

Spravne organy dozoru a dohl'adu pdsobiace
v starostlivosti o Zivotné prostredie musia dbat’
o to, aby kazdy zisteny delikt bol nalezite v stla-
de s pravnymi normami potrestany. Je potrebné si
uvedomit’, Ze nie je rozhodujucou vyska sankcie,
ale potreba odhalenia akychkol'vek poruseni prava
v zivotnom prostredi. Tento pristup nam zabezpeci,
aby pravne predpisy boli reSpektované verejnos-
tou, ¢o je dolezité najma z vychovného posobenia.

Ucelom represivnych sankcii je sposobit’ bo-
lest’, kym celom restitucnych, reparacnych a sa-
tisfakénych sankcii je zhojenie bolesti, spdsobenej
majetkovou alebo nemajetkovou ujmou, pricom
uloZenie represivnej sankcie nevylucuje ulozenie
restitucnej, reparacne;j ¢i satisfakénej sankcie (5).

Spolu s Platonom moézeme konstatovat’, ,,ze
ziadny trest vykonany podl'a zakona, nema sposo-
bovat’ zlo, ale urcite spésobuje jedno z dvoch: bud’
urobi potrestaného lepsim alebo v mensSej miere
hor$im* (4).
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ABSTRACT

Pertile E.: Suitability Analysis of Waste Rock Application in Hydric Reclamation in the Natural Wa-
ter-bearing Subsidence Troughs in OKR

The paper deals with a suitability analysis of waste rock application in hydric reclamation on the basis
of studying its impact on water quality in the natural water-bearing subsidence troughs. The evaluation
was carried out in sixteen localities where waste rock had been used in the past for the purposes of bank
system improvement. Within the evaluation of waste rock impact on the hydrochemical character of water
in the subsidence troughs the values of geochemical background were identified. In order to compare the
impact of waste rock on the quality of water, changes in the hydrochemical parameters were monitored in
the localities without waste rock banking, with partial (maximum - circumference) and complete waste
rock banking.

Key words: waste rock, water-bearing subsidence troughs, water quality, hydrochemical parameters, hy-

dric reclamation

INTRODUCTION

The Ostrava —Karvina District (OKR) can
be evaluated as a region significantly affected by
anthropogenic activities. With regard to the fact
that coal mining is done by controlled caving with-
out backfilling, changes in the relief occur. Apart
from terrain deformations, which often lead up
to disrupting the original ecosystems, there are
also changes in the regime of ground and surface
water, microclimatic conditions, physical-chemi-
cal, physical and deformational properties which
cause destruction of residences and underground
services. The areas above the cavities decline and
large subsidence troughs are formed. The extent
and speed of subsidence depends on the mining
technology, speed of the advance, seam thickness,
the method of packing the mined out areas, the
properties of the roof, etc. Water can accumulate in
the formed depressions. In the past such drainless
basins — subsidence troughs were often the subject

of extensive improvement works and served for the
foundation of settling basins for flotation tailings
and coal slurries. During areal improvement waste
rock was predominantly used and thus morpho-
logically very dull areas taking up several hectares
were formed with limited chance for revitalization.
Improvement with further possible utilization of
water areas was not applied as there were mainly
efforts to reclaim the devastated land resources.

The process of subsidence trough formation
in the Karvina partial basin of OKR has not been
finished and it will last even past mining termina-
tion. The subsidence troughs can even deepen and
widen due to mining activities. Currently, certain
improvement — reclamation constructions (ARS)
are designed as hydric reclamation.

The main objective of the study was a suitabil-
ity evaluation of waste rock in hydric reclamation
on the basis of studying its impact on water qual-
ity in the natural water-bearing subsidence troughs.
The evaluation was carried out in sixteen localities
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where waste rock had been used in the past for the
purposes of bank system improvement. In order to
compare the impact of waste rock on the quality
of water, changes in the hydrochemical parameters
were monitored in the localities without waste rock
banking, with partial (maximum % circumference)
and complete waste rock banking.

With regard to the fact that the legislation am-
biguously classified waste rock as waste, its en-
vironmental properties were evaluated according
to the leach ability tests. Raclavska and Matysek
(in Raclavska, Matysek, 2002) state that the values
of the monitored parameters of waste rock leach-
ing tests, subject to Regulation 383/2001 Coll. as
amended, are under limits of class I. Nonetheless,
in some cases the analyses of ground and surface
water inter-reacting with waste rock show unac-
ceptably high contents of certain components
(Raclavska, Grmela, 2006). The main problem is
heavily increased mineralization. Water seeping
through the heaps mostly have a natrium-sulphate
character with mineralization of up to 7 g'I"! with
SO,” content over 4 000 mg-1"' in extreme cases.

Evaluating the impact of waste rock on the
conductivity and dissolved substances, it was dis-
covered that in the localities where there is interac-
tion with waste rock along the overall water areas,
the conductivity values are considerably higher.
Among localities that were in contact with waste
rock only partially (maximum ’: water area) and
water areas without any contact with waste rock no
statistically significant difference was identified.
The scope of conductivity for the localities whose
water is in contact with waste rock along its over-
all circumference is from 74 to 288 mS'm'. Much
bigger variances in data (31-195 mS'm™) are ap-
parent with water areas which are in contact with
waste rock only partially. The most homogenous
set of the evaluated parameter data (conductivity,
dissolved substances) is demonstrated with the
group of localities without the contact with waste
rock (34-66 mS'm™).

What is considered harmful for the environ-
ment when evaluating hazardous properties H13
(Regulation No. 376/2001 Coll.) is the conductiv-
ity value of 2 000 mS'm™' (for water leach). Perma-
nent damage — destruction of cells due to deposit
pressure arise at values over 3 000 mS m™'. It is ap-
parent from the stated results that the water in sub-
sidence troughs which is in full contact with waste
rock has approximately twice higher conductivity

than the remaining evaluated groups of localities,
but it will not have any significant impact on the
water ecosystem.

Also hydrogen carbonates in the subsidence
troughs show differences in dependence on the
presence of waste rock. It was discovered that the
water areas that are in contact with waste rock, ei-
ther partially or fully, have much higher content of
hydrogen carbonates than the localities without any
contact with waste rock.

It is known that the ground water in areas where
waste rock is applied has a hydrogen carbonate or
sulphate character. Percentage representations of
hydrogen carbonate and chloride anions were as-
sessed with dissolved substances. In case of three
localities (Karvinsky les, Ignacok and Pansky stav)
it can be assumed that hydrogen carbonates are
dominant anions.

Evaluating the impact of waste rock on hydro-
chemical parameters it was identified that the local-
ities with which waste rock had been applied along
the overall circumference during reclamation had
almost 2.5 times higher concentration of chlorides
when compared with water areas which were in
contact with waste rock only partially. Compared
with localities with no contact with waste rock it
was almost 4.5 times higher.

The highest contents of chlorides were identi-
fied in the localities of Mokros and Lanovka I. The
Mokro$ locality is affected by leaching of chlo-
rides, which are increasingly present in the slurries
from coal preparation in the neighbouring locality
of Novy York.

With regard to the fact that during weathering
of carbonates the liberation of calcium becomes
easier, it can be assumed that the localities with
waste rock along the overall circumference should
have higher content of calcium. The acquired val-
ues imply that the saturated subsidence troughs
with dominant fraction of waste rock have almost
twice higher concentration of calcium than the two
remaining evaluated groups.

The situation was similar in case of magnesi-
um. It was not possible to clearly determine that the
source of Mg?" is the waste rock, which is apparent
from Table 1, calculating the concentration range
for the classification of hydrochemical parameters
in subsidence troughs affected by the presence of
waste rock. The most probably the magnesium
content will be of an organic origin and it will enter
the water system due to decomposition of biomass
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Table 1 Concentration range for the classification of hydrochemical parameters in subsidence troughs affected by the
presence of waste rock
Hydrochemical no contact with waste <Y contact with full contact with waste
parameter rock waste rock rock
conductivity (mS-m™) 33-60 45-112 117-284
dissolved substances (mg.l™") 175-197 232-473 412-1510
(HCO,) (mg-1™") 27-144 110-174 140-292
CI (mg'1") 11-25 19-39 46-121
Ca? (mg-1™") 31-70 49-74 68-177
Mg* (mg-1™) 21-33 20-33 21-97

(chlorophyll). This is also supported by the identi-
fied upward trend of magnesium content towards
the end of the summer months and beginning of
autumn.

The value of geochemical background (Ta-
ble1) is determined as an arithmetic mean adding
or subtracting a standard deviation (Xi%34). It is
clear from Table 1 that the criterion for water qual-
ity evaluation in subsidence troughs on the basis of
waste rock volume used was correct. The selected
parameters show considerable differences between
the individual groups, except for the above men-
tioned magnesium. On the contrary, it is apparent
that in case of the monitored parameters no con-
centration is so high to significantly influence the
water ecosystem.

CONCLUSION

Within the evaluation of waste rock impact on
the hydrochemical character of water in subsidence
troughs, values of geochemical background were
determined as an arithmetic mean adding or sub-
tracting a standard deviation. It is clear from the
concentration ranges for the classification of hydro-
chemical parameters in subsidence troughs affected
by the presence of waste rock that the criterion for
water quality evaluation in subsidence troughs on
the basis of waste rock volume used was correct.
In the selected parameters (conductivity, dissolved
substances, chlorides, hydrogen carbonates, calci-
um and magnesium) except for magnesium, which
will most probably be of a biological origin (chlo-

rophyll), the differences between the individual
groups are substantial. The acquired correlations
and percentage representations of hydrogen car-
bonates and chlorides in the dissolved substances
imply that in all the studied localities there will be
more sulphate ions and thus cations Ca®* and Mg?*
will prefer the bond onto an anion (SO,)* or onto
chlorides in case of magnesium.

On the other hand, it was apparent from the
hydrochemical data that in no case the concentra-
tions are so high to significantly influence the water
ecosystem. With regard to the high adaptability of
micro organisms to a certain “tolerable” change in
conditions, this issue must be a subject of further
hydrobiological or phytosociological research.
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ABSTRACT

Rihova Ambrozové J.: Importance of Biological Monitoring of Cooling Waters

In 2007, technical recommendation “Biological monitoring of cooling waters [-F-23” was issued in
the Czech Republic, which is addressed namely to operators and attending personnel of water cooling
systems and similar equipments. The attention is paid to the biological problems and to the specification
of biological methods (introduction into the subject matter, picked indicators, practice of determination
and evaluation respectively, follow-up outline). Further are mentioned the characteristics of water-cooling

facilities with the intent to inform likewise the biology specialists, which may face the aforesaid topic.

Key words: Water-cooling facilities; biological monitoring; biofilms; algae; bacteria

INTRODUCTION

The problems of occurrence of microorga-
nisms and their negative influence on the technolo-
gical processes is sufficiently solved e. g. in the wa-
ter supply and sewage plants (1). The operators of
industrial facilities, in the nuclear power plants as
well thermal power plants where the water is used
for cooling purposes, on numerous occasions enco-
unter the effects of microorganisms occurred. The
microorganisms in the cooling water circuit systems
emerge either in the form of bacterial biofilms or in
the form of fibres, algae or cyanobacteria. In the
light admission areas grow cyanobacteria and al-
gae creating blue-green or green mucous dangling
ropes or clumps, in that are other microorganisms
entrapped, which cause considerable problems in
the subsequent technological processes (2, 3). The
water cooling tower system is frequently an ideal
space not only for the formation of microbial sli-
mes, biofilms and scabs (also known in hydrobio-
logy as periphyton) but at the same time also an en-
vironment, where some harsh microorganisms can
propagate, especially pathogenic microorganisms
as Legionella genus bacteria (4). The scabs of the

filamentous algae in the water-cooling towers can
be reduced to a high degree through appropriate
measures trimming their basic surroundings. Of
course, microorganisms cannot be simply disposed,
it will be incident any time in the cooling water in
a certain concentration, but it is possible to control
this concentration and to minimize the abundance
by a proper action. On the basis of the biological
monitoring conducted, that looks not only to the
current state of the site but considers also a biolo-
gical forecast of the water quality development, we
can apply an optimal treatment of cooling systems
and perform the operation of the systems in a desi-
rable way (5, 6, 7).

MATERIAL AND METHODS

Good applicable biological methods for es-
timation of complexion of cooling water biologi-
cal parameters and characteristics can be sorted in
three categories:

(1) microscopic methods (so-called hydro-
biological analyses), whose purpose is the deter-
minination of microscopic image and estimation of
qualitative representation of microorganisms (and
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bioseston respectively) and their numeration in
1 ml water sample (scraping, scab, scum, sediment
sample) and of residual particles (abioseston), pos-
sibly also their quantification on percent cover basis
or on abundance basis (semiquantitative analysis);

(i1) biochemical methods, for example herein
mentioned concentration estimation of chloro-
phyll-a or previous used estimation method of en-
zyme activity, e.g. of dehydrogenases and ATP (ad-
enosinetriphosphate) which can serve as measure
of microorganisms amount in the circuit, further
BART™ tests to detection of cyanobacteria and
algae occurrence (i.e. ALG test);

(iii) cultivation methods (so-called microbio-
logical analyses), whose purpose is detection of
cultivable microorganisms (bacteria, micromycetes,
moulds, yeasts) in a certain volume of sample.

The aforesaid methods can be used both for
the water samples as well for sediments samples,
scrapings, scabs etc. Instead of sophisticated labo-
ratorial cultivation methods to determination of
various microorganisms groups, a number of quick
biochemical tests now present itself, which are
suitable for continuous quality monitoring of ad-
ditional as well circulating water. There are put up
numerous quick screening microbiological meth-
ods based biochemical activity or on so-called fa-
cilitated cultivation by means of paddle testers (8).
Microscopic analyse of cooling circuits and that of
biofilms samples and scabs is essential not only for
its execution speed and powerful predicative value,
but also for the low expensiveness (in the case of
microscope acquisition and its availability to con-
duct microscopic analyse is solely a nonrecurring
expense needed). All the additives supplied into
cooling circuits should be tested in advance in terms
of their useful effect onto parasitic microorganisms
as well in terms their side effects onto living en-
vironment. Newly developed laboratorial biotest
methods, that are stepwise introduced into our wa-
ter-resources research laboratories, should be more
applied also in the energetic (9, 10, 11, 12).

Contemporary situation in the monitoring of
cooling waters features is not captured in whole
and below quoted limits refer merely to waters
and don’t fall upon scabs. In 1974 Dr. Lecianova
(13) pursued the determination of bacteria and
their quantification in the cooling waters. From the
indicators chosen it concerns: ammonifying bac-
teria (106 CFU-mL™"), nitrifying bacteria (10°*-~10*

CFU-mL™), denitrifying bacteria (10* CFU-mL™),
enterococci (10° CFU-mL™), species Clostridium
perfringens (10* CFU-mL™"), sulphate reducing bac-
teria (10> CFU-mL™"), sulphuric oxidative bacteria
(10> CFU-mL™), ferric bacteria (10" CFU-mL™"),
psychrophilic bacteria (10° CFU-mL™"), mesophilic
bacteria (10° CFU-mL™"), bacteria of family En-
terobacteriaceae (10* CFU-1000mL™"), sporulat-
ing aerobic bacteria (10> CFU-mL™"), sporulating
anaerobic bacteria (10! CFU-mL™). Bartoni¢ek
(14) in his treatise indicates following limits for
biological parameters of circulatory systems which
shouldn’t exceed the number of psychrophilic bac-
teria 5-10* CFU-mL™"!, mesophilic of bacteria 10*
CFU'mL"! and 10* microorganisms in 1mL; the
value of saprobic index (S) cannot go over quota
2,5; what is completely missing are fibrous vari-
eties of bacteria, micromycetes and algae. The
above mentioned limits ensue from the thirty years
old study, that doesn’t specity indicators appropri-
ate for the estimation of cooling waters features.
In the case of their application onto contemporary
operated systems is a revision of the limits neces-
sary. For that reason it would be recommended to
pay attention especially to cooling systems in the
individual plants, to focus on the biological fea-
tures of the water and the scabs in course of the
whole year with regard to the possibility to dose
biocides or other conditioning agents. On the basis
of the biological parameters found in the systems
you will than be able to create your own evaluating
system of water quality, involving so-called normal
level (level of normal system status, organisms are
not propagated and do not cause technical failures)
and initial level (level, at which the propagation
of organisms comes up, frequently to unbearable
boundary causing technical failures, which are
solved through chemical dosing) determining the
subsequent treatment of water.

RESULTS

The observations submitted in this contribu-
tion state the contemporary values of biological
parameters of cooling waters completed with the
monitoring of microbial activity in the biofilms
emerging on the surfaces of proof stubs. The taking
of samples should be governed by principles estab-
lished in the standards EN 25 667, ISO 5667 and
TNV 75 5941.



The investigation object was the complexion
of presented microorganisms and the monitoring of
bacterial coats emergence in distribution systems
of cooling circuits and in feeding water pipelines.
Into monitoring was in the first instance involved
the water taken off from the systems, further the
scrapings from the wetted tank walls were remo-
ved and later the systems were equipped with the
proof stubs. The monitoring of the systems ran
away for a period of 3 years (15, 16). The monito-
ring was completed with evaluation of hydrobiolo-
gical parameters (i.e. qualitative and quantitative
estimation of the bioseston through exploration of
the microscopic image according to current stan-
dards of Czech Republic). From the values of the
biological parameters (number of organisms) were
defined the normal level and the initial level,
which were proved during following years. The re-
sults were also completed with the specification of
chlorophyll-a concentration as a measure of algae
biomass volume. There were performed bacterio-
logical characteristics of samples to determine the
basic microbiological quality indicators of waters
(cultivable microorganisms at 22°C and 36°C,
micromycetes, iron bacteria, coliform bacteria,
thermotolerant coliform bacteria, enteroccoci, spe-
cies Pseudomonas aeruginosa, sulphate reducing
bacteria) (17).

The methodology of scabs (periphyton) moni-
toring was founded on the mounted loops of proof
stubs, on whose surfaces a biofilm emerged (there
were used microscopical glass slides or plexiglass
longitudinal stubs with dimensions 100 x 14 mm,
scraped surface 82 x 14mm). The biofilm was after
14, 26, 28, 30, 32, 56, 63, 82, 84, 86, 112 up to
256 days repeatedly tested, there was explored the
dynamics of scabs emergence (the rates of acrobic
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and anaerobic zones, when it begins to emerge,
what is the influence of chemicals dosed, what is
their efficiency factor, etc.). There was conducted
biocide testing in the crude water entering into the
system and in the water taken off immediately from
the system. Inhibition or stimulation of biocide im-
pact was examined both on microbiological as well
on hydrobiological indicators.

On the basis of three-years systems monitoring
there were derived informative limits, referred to
the systems monitored. The limit, cited as so-cal-
led normal level, represents the value indicating
usual mode of the systems. The limit, denoted as
so-called initial level is already the value, whose
overload means an unwished biological parameters
status in the systems and its longer—term overloa-
ding can lead to material intrusion of distribution
pipelines and moreover also disturbance of their
functioning. This value can, on the other hand, also
advert to incorrectly chosen dosing of biocides or
bio-dispersing agents and the dosing frequency.
The adjustment of that limits (see Table 1 and 2)
is to be recommended to examine in the operating
unit also in the future. In the case of the chloro-
phyll-a concentration index, there were used nor-
mal level limits of 20 pg-L™! and initial level limits
of 50 pg'L™! in the water; and normal level limits
of 2:10° pg-L"a initial level limits of 5-10° pg-L™!
in the scraping. At the scraping sample the number
CFU-mL"! can be converted onto scraped surface
(the surface of one stub side is ca. 11,5 cm?, there
were scraped both stub surfaces, i.e. 23 cm?).

According to information on the occurrence and
detection of Legionella genus bacteria in cooling
circuits, which are presented in the publications of
Wisconsin Division of Health from 1987 (18), we
can define four signalling stages associated with the

Table 1 Example of designed hydrobiological values of normal and initial levels (water and scabs samples), measured

as numbers of microorganisms in 1 mL (org-mL™")

Water sample

Sample of scab (periphyton)

Studied system I "
Normal level Initial level Normal level Initial level
Circuit cooling water 5000 org'mL! 10 000 org'mL-" 106 org-mL"! 10% org-mL"
system

Cireuit of distribution | 54 60 oLt | 100 000 org-mL " 106 org'mL " 10% org'mL "
system I.

Cireuit of distribution | 5 0 orom+ | 10000 org-mL" 10° orgmL ! 10° orgmlL "
system II.
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Table 2 Example of designed microbiological values of normal and initial levels (water and scabs samples)

Organotrophic bacteria and other hygienic important microorganisms’”

Studied system

‘Water sample

Sample of scab (periphyton)

Normal level

Normal level

Normal level

Initial level

[CFU-mL™"] [CFU-mL™] [CFU-100 mL™] [CFU-100 mL ']
Circuit cooling water 10°—7-10° 106 410°—10¢ 10°
system
Circuit of distribution 10'—4-10 108 7.10%—5-108 101
system I.
Circuit of distribution 101-7-105 107 10°—8-10° 107

system II.

Indicators of faecal pollution

)

Studied system Water sample Sample of scab (periphyton)
Normal level Normal level Normal level Initial level
[CFU-10 mL '] [CFU-10 mL ] [CFU-100 mL '] [CFU-100 mL™]

Circuit cooling water 0-2-10* 106 0-3-10° 107

system

Circuit of distribution 0—4-10° 10 0-6-10° 108

system I.

Circuit of distribution 0-2-10° 105 0-5-10° 105

system II.

Note* Into group of Organotrophic bacteria and other hygienic important microorganisms were involved these

microbiological parameters: psychrophilic and mesophilic bacteria, micromycetes, species Pseudomonas aeru-

ginosa, iron bacteria and sulphate reducing bacteria.

Note’™ Into group of Indicators of faecal pollution were involved these microbiological parameters: enterococci,
thermotolerant coliforms, coliforms, species Escherichia coli

Legionella genus bacteria:

(1) If it is estimated that in the cooling circuit is
a low detectable quantity of Legionella genus bac-
teria (less than 1 CFU-mL™), there is no reason to
alarm and it is possible go on according to schedule
for the routine maintenance.

(i1) When there are estimated numbers of Le-
gionella genus bacteria in an interval from 1 to 10
CFU-mL", it is already necessary to pay increased
attention to repeated microbiological analyse ai-
med at verification of estimated positive bacteria
finding.

(iii) If the analyses show numbers of Legio-
nella genus bacteria in interval from 10 to 100
CFU-mL"!, the operator of the cooling circuit sho-
uld find the focus of bacteria, and preferably the
place from where the bacteria can enter into sys-
tem, and in the case of recognized possibility of
personnel health hazard through aerosol inhalation
it would be recommended treatment of systems
with biocides suppressing especially the growth of
Legionella genus bacteria.

(iv) If numbers of Legionella genus bacteria
reach 1 000 CFU-mL", an epidemic risk comes up

and thus is it necessary to raise the vigilance, to find
the focuses of bacteria and to eliminate the source
of their diffusion (mechanical removal of scabs).
In such a case a penetrative chemical treatment of
system is also necessary.

DISCUSSION

The basic concept of biological cooling water
monitoring should be a comprehensive and in-
-depth description of biological parameters (micro-
organisms) of cooling waters in the whole opera-
ting unit. First of all should be the biologist good
acquainted with the operating unit and he has to
discover the places, which way can the contami-
nation invade or from where it can be inputted the
source either of nutrients or of biological parame-
ters (microorganisms). It is recommended to watch
the source of raw water (water and scrapings from
the exposed stubs), the processing line (so far as it
is exploited for water treatment — the same concept
like in the case of assessment of water supply line
with the coagulation and filtration), distribution of
cooling water (circulatory cooling circuit, pumps,



system of insignificant technical water, system of
significant technical water and another lesser and
inserted distribution pipelines of cooling water)
(15,16). Moreover, if necessary, also potential in-
fluence of continual and periodical blow-downs
onto surrounding environment should be observed
on the basis toxicity tests of three water organisms
and of germinated vegetable seeds. Since in the
distribution systems is apparent presence of bacte-
ria rather then that of sole algae, it would be re-
commended to perform a comprehensive biologi-
cal monitoring, i.e. conduct not only determination
of the microscopic image (and thus qualitative and
quantitative analyse by means of light microscope
in a counting chamber e.g. type Cyrus I), but also
estimation of basic microbiological indicators, e. g.
of cultivable microorganisms with the specification
of the growth at 22 °C and 36 °C, of ferric bacte-
ria, micromycetes, furthermore of sanitary impor-
tant bacteria, e.g. coliforms and thermotolerant
coliform bacteria (of them then Escherichia coli),
of enterococci, of conditional pathogenic bacteria
(e.g. Pseudomonas aeruginosa), as well of another
in the present time substantially monitored Legio-
nella genus bacteria.

CONCLUSIONS

On the basis of a longer-term monitoring was
estimated the nature of biological parameters and
characteristics, quantities of organisms in the
course of year in the systems with dosing as well
without dosing of chemical agents. On the estimat-
ed numbers basis, there was created a monitoring
system picking up normal and initial levels of the
biological parameters. In the explored biofilm sam-
ples were proven no pathogenic bacteria tribes.
Coliforms in general have occurred in small quan-
tities, thermotolerant coliform and Escherichia
coli were only rare represented. Bacteria Pseu-
domonas aeruginosa, which appears most often in
biofilms, had only sporadic distribution and during
the monitoring period was proven no distribution
of sulphate reducing bacteria. The presence of
Legionella spp. bacteria can be called in question
already from sole microscopic estimation of water
and scabs samples. Microscopic tests of water and
of scabs samples indicate the occurrence of cy-
anobacteria or algae, the infusorians and amoebas,
which are hosts of legionels were in the systems
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found only in alow number. The plant received
a recommendation to perform hydrobiological and
microbiological analyses of the cooling waters in
frequency 1x monthly, in the vegetation season to
perform in particular microscopic water analyses in
the systems, where are biocides or other condition-
ing preparations dosed, alternatively also imple-
mentation of spectrophotometric determination of
chlorophyll-a concentration. Since the plants are
not able to perform the complex microbiological
analyse, it is appropriate to choose from the micro-
biological indicators the general indexes, which
can be monitored on the agars of paddle testers.
These testers enable to capture the total of acrobic
bacteria (cultivable at 22 °C and 36 °C), of colif-
orm bacteria, of moulds and yeasts and to monitor
the disinfection control. It would be recommended
to perform also the monitoring of the occurrence
or non-occurrence of physiological bacteria groups
(e.g. iron, slime-forming, sulphate reducing, deni-
trifying and nitrifying bacteria, the total of aerobic
bacteria, fluorescent pseudomonads).
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SOUHRN

Problematika spojena s vyskytem organismi
a jeho negativnim pulsobenim na technologické
procesy je dostate¢né feSena napi. ve vodaren-
skych a Cistirenskych provozech. Provozovatelé

zatizeni v prumyslovych podnicich, v jadernych
a tepelnych elektrarnach, kde se voda vyuziva pro
potieby chlazeni, se velmi Casto potykaji s u€inky
pritomnych mikroorganismi. Mikroorganismy se
v systémech cirkulacnich chladicich okruhd vy-
skytuji bud’ v podobé bakterialnich biofilmd nebo
ve formée vlaken fas ¢i sinic. V misté piistupu svét-
la rostou sinice a fasy, které tvoti modrozelené ¢i
zelené slizké visici provazce nebo chomace, do
kterych se zachytavaji dal$i mikroorganismy, coz
zpusobuje zna¢né problémy v naslednych tech-
nologickych procesech. Systém chladicich vézi je
Casto idealnim prostfedim pro tvorbu nejen mikro-
bialnich povlakd, biofilml a narostd, ale souc¢asné
i prostiedim, ve kterém se mohou pomnozovat nék-
teré nepiijemné mikroorganismy, zvlasté pak pato-
genni, kterymi jsou napf. bakterie rodu Legionella.
Narosty vlaknitych fas na chladicich vézich je moz-
no zna¢né omezit vhodné volenymi preventivnimi
opatienimi, upravujici jejich zékladni zivotni pod-
minky. Samoziejmé, biologického oziveni se nelze
jednoduse zbavit, v chladici vodé bude piitomno
vzdycky v n&jaké koncentraci, ale tuto koncentraci
je mozné fidit a mnozstvi minimalizovat vhodnym
zasahem. Na zakladé provedeného biologického
monitoringu, ktery pfihlizi nejen k aktualnimu sta-
vu lokality, ale pocita i s biologickou prognézou
vyvoje jakosti vody, lze aplikovat optimalni oSe-
tieni chladicich systémt a vhodné provadét mani-
pulace v systémech. V roce 2007 bylo v Ceské re-
publice vydano technické doporucent ,,Biologicky
monitoring chladicich vod I-F-23%, které je ur¢eno
predevsim pro provozovatele a obsluhu chladicich
vod a jim podobnym zafizenim. Pozornost je vé-
novana biologické problematice a specifikaci bio-
logickych metod (Givod do problematiky, vybrané
indikatory, postup stanoveni a popt. i vyhodnocenti,
navrh sledovani). Dale je zminéna i charakteristika
zatizeni s chladicimi vodami se zamérem informo-
vat piipadné i biologické pracovniky, ktefi mohou
prijit do styku s nastinénou problematikou.
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ABSTRACT

Rihova Ambrozovd, J., Bezdékova, E., Lougkova, P, Nekovatova J.: Environmentally Friendly Inhibi-
tion of Pathogenic Bacteria and Algae Propagation Due Phtalocyanine Agents

From 2004, in the laboratory of The Institute of Chemical Technology in Prague is being solved the
project FT-TA/034 “Environmentally friendly inhibition of pathogenic bacteria and algae propagation in
the circulatory cooling systems of nuclear power stations and in other similar technological facilities” to
determine effects of phthalocyanine agents. The project bearer is VUOS, Inc. in Rybitvi (Research Insti-
tute for Organic Synthesis Inc.), where are the new phthalocyanines synthesized. The aimed goal of the
research is environmentally friendly liquidation of bacteria and algae by means of photodynamic generated
singlet oxygen through impact of solar radiation in the circulation cooling waters of various technical and
technological systems. The principle of the problem outlined is the applying of phthalocyanine agents on
samples of pure bacterial, anabaenas and algae cultures to estimate the inhibition effect on the organism ex-
posed. In the course of solution, it is assumed that in such way conducted inhibition of bacteria, anabaenas
and algae as well of their proliferation would replace routinely used bactericidal and algicidal preparations,
which demand permanent dosing into circulating waters or perhaps from time to time an application of
shocking doses. The particular algicidal and bactericidal agents represents in this case in situ emerging
singlet oxygen, that is harmless to water biocenosis and whose presence in the water is no reason to ban the
outflow of waters treated in such a way into water streams. The goal should be also a direct estimation of
the effect those agents on cooling waters samples e. g. from the nuclear power plant systems. The purpose
of the tests performance is also elimination of filamentous green algae, emerging in the systems cooling
towers. The applied preparations are not toxic and do not burden the living environment, they contain no
substances interacting with surface materials of structures in the circulatory cooling circuit systems, etc.

Key words: Phtalocyanines; environmentally friendly inhibition; singlet oxygen; algae; bacteria

INTRODUCTION areas grow cyanobacteria and algae creating blue-
o -green or green mucous dangling ropes or clumps, in
Problem outlining

that are other microorganisms entrapped. The scabs

In the industrial plants, where the water is used
e.g. for cooling purposes, the operator on numerous
occasions encounter the effects of microorganisms
occurred; in the cooling water circuit systems with
cooling towers appears fibres of green algae or cy-
anobacteria, which may have a negative influence
on the technological processes and impede the sub-
sequent processing (1,2). In the light admission

of the filamentous algae in the water cooling towers
can be massively reduced through appropriate cho-
sen measures trimming their basic living surroun-
dings; and right treatment of cooling systems can be
performed on the basis of the biological monitoring
conducted, that looks not only to the current state of
the site but considers also and biological forecast of
the water quality development (3). The abundance
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of microorganisms would be solved through appli-
cation of biocide preparations, algicides or other
conditioning agents. Before the operating unit
adopts the decision to apply the aforesaid prepa-
rations, it should focus on particular technological
aggregates, which come into contact with the water
with high content of microorganisms or come into
contact with air (4). Prior to use of the preparations,
it would be recommended their testing directly in
the cooling system water, since improperly cho-
sen preparation can contain additives, that exhibit
stimulative effects onto microorganisms, support
their growth and propagation and herewith bring
about the exigency to apply other biocide agents.
Often used corrosion inhibitors on polyphosphate
basis cause again eutrophication of receiving water
and its deterioration for other consumers downstre-
am below (5, 6, 7). Therefore it is necessary ex-
clude them from the usage as soon as possible and
substitute for more suitable means. Applying bio-
cide agents against development of algae scabs is
often conducted dilettantish without consultations
with biologists and without foregoing verification
through laboratory experiments. Continuous do-
sing of low biocide concentrations frequently breed
out resistant microorganism cultures in the circuits
(and variances from normal shapes at some orga-
nisms respectively). In the case of circuits whe-
re are biocide agents used, it was through some
microscopic analyses found, that increased bioci-
de doses might influence upon morphological and
teratological formations of algae (8). This state of
problems guides us further to practice an environ-
mentally friendly inhibition of algae using phthalo-
cyanine agents, which topic is outlined below.

History of use phthalocvanine agents and_their

features

Live organisms, such as they are known on
the present, have adapted themselves throughout
evolution to solar radiation on the Earth’s surface
to the extent that they are under normal conditions
through visible light not injured. Nevertheless, si-
multaneous presence of applicable photosensitizing
dye and oxygen changes this radiation into a poten-
tially destructive factor. Raab (9) firstly scientifical-
ly demonstrated this phenomenon on an organism,
which was in a short moment killed through visible
light in the presence of oxygen and low concen-
trated acridine, eosine and/or another dyes. Three

years later Jesionek and Tappeiner applied eosin
and solar radiation to cure the skin cancer (9). Tap-
peiner and Jodlbalier have found that fluoresceines
sensitize the photoinactivation of enzymes and pro-
tozoa creation in the presence of oxygen and they
assume that this reaction could be far more general
than those as yet not much known cases (9). The
designation as “photodynamic effect’was used for
this reaction by reason of its differentiation from
sensitization of photographic slides through dyes.
Many years later the modern organic photochem-
istry adopted the term “sensitizer” to describe any
kind of physical process of energy transfer. Photo-
dynamic effect plays an important part in the physi-
ological photobiology depending upon the presence
of endogenous and usually incident pigments as
chlorophyll, carotenoids and cytochromes (9). As
regards the phthalocyanines, it is known, that the
represents substances of photodynamic type, acting
in the presence of oxygen, which is converted into
highly reactive singlet oxygen through influence
of energy conducted from photoexcited sensitizer
(10, 11).

First synthesis of phthalocyanine (Pc) was real-
ised in 1907, when Braun and Tcherniac (9) heated
o-cyanobenzamid up to higher temperatures. The
structure of this unsubstituted Pc-free metal was
discovered only 25 years later. Special porphyrines,
such as Pc are worldwide well known as materi-
als with unconventional features. The potentials of
substituents in ligand and in metal ion in the ligand
core create a precondition to construct new mate-
rials, the work as so-called sensitizers (e.g. in the
photodynamic cancer therapy), catalysts (e.g. for
oxidation of thiol in gas fraction), electrocatalysts
(e. g. for oxygen reduction in fuel assemblies), sen-
sors etc. The structure of Pc is formed from four
aromatic nuclei in an equal position and with the
same reactivity. The combination of metal ion,
ligand and the chemical environment (such as e.g.
polymer) determine the chemical and physical fea-
tures. The combination Pc with a polymer or inte-
gration of Pc into polymer matrix is another effec-
tive tool for design of new materials with special
features (9).

Contrary to the broad range of tested dyes the
Pc were only rarely utilized as photodynamic sen-
sitizers (it could be explained retroactively by lack
of photodynamic activity of commercial available
Pc containing Cu or Co). Water-borne Pc-complex-
es with metals (Al, Zn, Ca, Mg, Na, K, Fe*") were



used to approve bactericidal effect on dry cotton
stuff exposed to light and air (the procedure was
patented). Sulphonated zinc Pc-s prove to be more
effective in the photoinactivation of dinoflagellates
Ptychodiscus brevis than classical photodynamic
photosensitizers as methylene blue, bengali red and
hematoporphyrine (9).

Photodynamic cancer treatment is promising
application of photodynamic effect, which pro-
ceeds in two steps. Hematoporphyrine is medicated
intravenously and after the lapse of 1 up to 3 days
(enabling the selective retention of sensitizer in the
tumour) is the target molecule (target) irradiated
with red light, i.e. by the wavelength 630 nm. The
light can be conducted even through the skin in the
case of superficial tumours and/or by means optical
fibres to treat deeplaid tumours that are accessed in
the endoscopic way. The volume of the treated tis-
sue is determined by the light transmission through
the tissue; furthermore was found that this treat-
ment is appropriate in particular for relatively small
and fixedly localized tumours (9).

First of all the sensitizer reacts directly with
another chemical entity and it comes to transfer of
hydrogen or electron creating radicals which later
react with the oxygen molecule. This reaction shall
be classified as photo-oxidation type I. By one
another photo-oxidation, defined as type II, is the
reaction course reversed. The triplet of photo-sen-
sitizer reacts with oxygen most commonly through
energy transfer to create electronically excited state
of oxygen that reacts afterwards with an oxydiz-
able chemical substance. Less commonly, there oc-
curs the electron transfer from the sensitizer onto
oxygen creating hyperoxide radical O, and oxi-
dized forms of sensitizer (9). In a cellular system,
the central atom as well the peripheral substituents
on the Pc-macromolecule determine the rate of dye
received and hence every cellular photosensitivity.
The receiving process proceeds in two steps: The
first step is passive; it includes binding of metallo-
Pc sulphonated to the receptor in cellular mem-
brane. The second step is active and it includes
binding of the dye. While the nature of the central
atom influences the photochemical activity as well
the rate received from the cell, peripheral substitu-
ents influence primarily the rate received and indi-
rectly the photo-biological activity. The ability of
some metallo-Pc-s to generate singlet oxygen was
evaluated by monitoring deletion of dimethylfuran
from reaction mixture. It was found that the cen-
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tral atom in the compounds has an essential impact
on the sensitization ability. The activity decreases
in the tendency Zn>Mg>Cu>Mn>Co>Fe. In the
hydrous and aqueous organic solutions, the sul-
phonated Pc photo-oxidize the L-tryptophane and
cholesterol. The photo-cytotoxicity of Pc demands
molecular oxygen. The efficiency of photosensitiz-
er decreases with the oxygen concentration under
threshold of 3,4 % oxygen. The sensitivity depends
on the stage of the cellular cycle. Cellules in the
logarithmical stage of growth are fewer sensitive,
because they receive less dye (9).

MATERIAL AND METHODS

Based on the knowledge of the problems with
the biological vivification in the cooling water sys-
tems (12), there were proposed the tested cyano-
bacteria and algae species and further also bacteria
species. From the organisms collections (Czech
Collection of Microorganisms, CCM in Brno town,
Czech Republic) there were chosen taxa of cyano-
bacteria (Anabaena sp.), chlorococcal green algae
(Scenedesmus quadricauda, Chlorella vulgaris,
Raphidocelis subcapitata, Koliella spiculiformis)
and green filamentous algae (Stigeoclonium sp.).
There was suggested the testing methodology,
based on the standardised methodology EN ISO
28692. The test principle consists in the determina-
tion of the substance’s toxic effect onto inhibition of
growth and propagation of cyanobacteria and algae
in individual substance concentrations observed in
comparison with the controls in a pure nutrient so-
lution; in the testing course there are registered also
deviances from normal cellular shape, emergence
of conglomerates and similar formations; data
about organisms quantities are completed with the
indication of chlorophyll-a concentrations. There
are applied concentrations of 10, 8, 5, 3, 1, 0,5 and
0,1 mg-L", the exposure time is 72 or 96 h (13).

As regards the bacteria, there were chosen —
based on knowledge of cell walls permeability — the
examples of gram-positive bacteria (Enterococcus
faecalis CCM 4224) and of gram-negative bacteria
(Escherichia coli CCM 3954, Pseudomonas aeru-
ginosa CCM 3955) and moreover spore-forming
organisms types (Clostridium perfringens). The
testing of bacteria inhibition is related to prior rec-
ognition of growth curve character in the laboratory
stage; there are used cultivated methods according
to EN and ISO standards in force. There are applied
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concentrations of 5, 3, 1, 0,5 and 0,1 mg- L™, the
exposure time and readings of bacterial population
growth (per minutes or hours) depend on bacte-
rium type. Gram-negative bacteria are resistant to
the photodynamic influence of photo-sensitizers
and they will be photosensitive only after affecting
on permeability of the outer membrane, so long as
there would be no added substance, which could
impact on the permeability of the outer membrane
and make the bacteria photosensitive. Gram-posi-
tive bacteria are sensitive to the quantity of photo-
sensitizers, which shall impact on them photo-toxi-
cally; gram-positive bacteria are powerful photo-
inactivated by influence of various negatively
charged Pc (14). Gram-positive bacteria fix notably
a higher substance rate, but a higher substance rate
does not lead to better photo-inactivation efficien-

cy (15, 16). The most probably factor affecting the
binding of those substances onto bacterial cellular
membrane is the occurrence of negatively charged
workable groups on the molecule surface.

RESULTS

Laboratory testing, mentioned above, took pla-
ce total in 5 serials, in the tests were examined al-
together 11 groups of Pc compounds; their further
specification and classification according to chemi-
cal composition is listed in the Table 1.

In the framework of the tested substances gro-
ups were examined on the whole 51 preparations.
The efficiency of the particular agents groups is
specified in text below the summarized efficiency
in the Table 2.

Table 1 Groups of tested phthalocyanines according to chemical composition

Substances group Group type
1 Sulphonated hydroxyaluminium phthalocyanines of anionoid type
11 Hydroxyaluminium phthalocyanines substituted through heterocycle of cationoid type
il Sulphamidic hydroxyaluminium phthalocyanines
v Hydroxyaluminium karboxyphthalocyanines of anionoid type
\4 Sulphamidic hydroxyaluminium phthalocyanines of cationoid type
VI Zincic phthalocyanines of anionoid type
VIl Sulphonated hydroxyaluminium phthalocyanines of cationoid type
VIII Zinc phthalocyanines substituted through heterocycle of cationoid type
IX Sulphamidic zinc phthalocyanines
X Sulphamidic zincic phthalocyanines of cationoid type
XI Other cationic phthalocyanines

Table 2 Efficiency review of the substances tested

Substances Number of Bactericidal effects Algicidal effects
group substances tested
I 5 Strong effects Strong effects
11. 6 Strong effects Strong effects
111, 5 Stimulation Stimulation
Iv. 1 Stimulation Stimulation
V. 3 Stimulation, Stimulation,
: sporadic inhibition sporadic inhibition
VI. 1 Strong effects Strong effects
VIL 11 Strong effects Strong effects
Diverse influences — high Diverse influences — high
VIIIL. 6 inhibition, middle and low inhibition, middle and low
inhibition inhibition
IX 4 Stimulative and low inhibition Rather stimulative and low
i effects inhibition effects
X 5 Stimulative and low inhibition Rather stimulative and low
: effects inhibition effects
XI 7 Strong effects, initially growth Strong effects, initially growth
) stimulation stimulation




The group of substances no. I.: In this group we
observed very high effectiveness of inhibition on
bacteria growth, mainly on Enterococcus faecalis,
where visible inhibition was find out in the range of
Pc concentration 0,1 mg'mL". In case of tests on
bacteria Escherichia coli and Pseudomonas aeru-
ginosa the lowest concentration with observed in-
hibition was at value of 1 mg-L™". The tested E. coli
culture needed longer time of exposure, for exam-
ple 25,25 h. To compare this fact (i.e. 100 % effec-
tiveness), culture of P. aeruginosa required time of
5,5 h and culture of Enterococcus faecalis 1,25 h
of exposure. Pc-s in this group had also very high
algaecide effects on growth of algal and cyanobac-
terial cells, volume biomass and concentration of
chlorophyll-a. The observed inhibition was 100 %
in much higher tested concentrations than in tests
with bacterial cells.

The group of substances no. IL.: In the tests
with second group of Pc substances we observed
very high bactericide and algaecide effects. Bacte-
ria E. coli after 2 h of testing has shown scent of
100% inhibition, after 7 h no viable and cultivable
bacteria was detected in media. Bacteria E. faeca-
lis was eliminated after 30 minutes of exposition
in phtalocyanine solutions. The results obtained
from tests with this group of Pc were very similar
and homogenous. Tests with coenobia of species
Scenedesmus quadricauda (syn. Desmodesmus qu-
adricauda) have shown high inhibition of growth
speed that was close to 100 %. The cells in coenobia
were disrupted after 24 h testing time, the effective
range of tested concentrations was 0,5 mg-L™" up to
10 mg-L". Cells of chlorococcal alga species Chlo-
rella vulgaris were inhibited in concentration range
of 3mg-L"to 10 mg-L". The preparations of tested
solutions were in many cases very difficult, tested
Pc substances had demanding solubility (need of
an ultrasonic bathe), in solutions were observed un-
dissolved small particles, however this fact had no
influence on effectiveness of cells elimination and
growth inhibition.

The group of substances no. I11.: The tested Pc
substances have stimulating effects in solutions;
therefore the group is in practise unusable in the
form of solution. From this reason we have cho-
sen some of preparations and tested them in coa-
ting on concrete coupons. We can also recommend
another range of concentrations than used in tests,
for example 25 mg'L! to 50 mg- L.
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The group of substances no. IV.: The tested
sample of Pc was un-effective in inhibition of algal
and bacterial growth; the lower doses stimulated
tested organisms.

The group of substances no. V.: The initiation
of tests has shown the need of higher tested value
of concentrations and longer time of exposition in
comparison with routine tests with Pc. This pheno-
menon was observed in tests with bacteria (E. coli)
and algae (S. quadricauda, Koliella spiculiformis,
Raphidocelis subcapitata). The tests with alga also
show very high stimulation of chlorophyll-a for-
mation.

The group of substances no. VI.: In this group,
the tested Pc was un-effective. We must use higher
content of Pc particles in solution; hence it is ex-
pensive and uneconomic from the point of practical
Pc usage.

The group of substances no. VII.: In this group
of Pc, we have found out high bactericide and alga-
ecide effects, the highest inhibitions were observed
in test with P, aeruginosa, i.e. 100 % effectiveness
after 2 h of exposition at range of concentrations
of 5 mg-L" to 0,1 mg-L™". The bacterial culture of
E. faecalis was influenced after exposure time of
45 minutes at range of concentrations of 1 mg-L™!
to 2 mg-L!, after 1 hours of testing the inhibition
was 100%. Algal tests were also effective in whole
range of tested concentrations in actually short time
of exposition.

The group of substances no. VIII.

In this group of Pc-s, we have found out some
substances with high bactericide and algaecide ef-
fects, mean bactericide and algaecide effects and
with no bactericide and no algaecide effects. In
case of Pc substances with high bactericide and
algaecide effects, 100% inhibition were observed
at range of 3 mg-L™! to 10 mg-L™, after 2 h of tes-
ting at range of 0,1 mg-L™" to 0,5 mg-L™' we noted
the stimulation. In tests with algal species the in-
hibition was also 100%. In case of mean effective
group of Pc-s we observed at the start of tests small
stimulating effects in whole range of used concen-
trations. This fact we explained as bad solubility, in
solutions were observed undissolved particles, the
solutions were nearly clear. In case of no-effective
group of Pc-s we observed only stimulating effects
in whole range of used concentrations.

The group of substances no. IX.: In this group,
the tested Pc was un-effective. We must use higher
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content of Pc particles in solution; hence it is this
expensive and uneconomic from the point of prac-
tical Pc usage. For example, in algal test, the obser-
ved inhibition was only 14 %.

The group of substances no. X.: In this group
of Pc-s, we have found out mean bactericide and
algaecide effects, the effectiveness of inhibition
was for example on algal species S. quadricauda
24%. In test with E. coli we observed no high inhi-
bition, only E. faecalis embodied after 30 minutes
of testing inhibition at range of concentrations of
3mg-L'to 0,5 mgL".

The group of substances no. XI.: The initiation
of tests on bacterial cells has shown the need of hi-
gher tested value of concentrations and longer time
of exposition in comparison with routine tests with
Pc. The tests with alga shown very high inhibition
of growth, volume biomass and chlorophyll-a for-
mation, i.e. at range of concentrations of 1 mg-L"!
to 10 mg-L™" were observed 100% inhibition after
72 hours of testing.

On the basis of the laboratory tests results with
the pure cultures were selected ten Pc-s, which
were tested also on real proof samples. Using this
samples there was evaluated the complete impact
onto all the organisms occurred. A real proof sam-
ple was the water of a fishpond with a fish stock.
The testing was proceeded microscopically, whe-
reas there was estimated growth inhibition of cya-
nobacteria, algae and other animals in comparison
with a control group and moreover there was con-
ducted cultivation analyses of the count of organo-
trophic organisms colonies with the growth speci-
fication at 36 °C.

On the basis of microscopic image was the
estimated efficiency of Pc compounds very high
(it run in the range of 99,5-72,8% in concentra-
tion 10 mg-L™"). In the course of the test, there was
possible to observe diverse impacts of the prepa-
rations onto exposed organisms, e.g. diatoms or
chlorococcal algae were powerful inhibited. By
contrast, the results of the bacteriological analysis
have manifested diverse efficiency of particular
Pc-s and their efficiencies were rather low. The
chosen preparations were tested also in the form of
a coating on concrete cubelets. This cubelets were
mounted into cooling water basin of the secondary
circulatory circuit in the tower 3 of nuclear power
plant Temelin. The observance of the efficiency of
coating composition ran three months. The results
of the microscopic image have shown that the cho-

sen Pc-s are powerful to inhibit the growth of sca-
bing species of cynobacteria, algae and animals.
On the basis of cultivation analyses of organotro-
phic organisms with the growth specification at
36 °C, it can be said that the chosen Pc-s are highly
efficient. The efficiency is conspicuous already af-
ter shorter exposure time, with a longer exposure
time the bacterial efficiency of the coating falls off.
By reason of towers down time, the monitoring
was interrupted, but the cubelets kept to be moun-
ted and as such they remain to be observed. It is
assumed that although the coating comes by degre-
es to a peeling, its efficiency should be protracted,;
nevertheless, a longer examination is needed to
verify it.

CONCLUSION

We can establish the fact of bactericide and al-
gaecide effects of phtalocyanine compounds prepa-
red on basis of zinc phtalocyanine and aluminium
phtalocyanine of cationic type.

On the basis of preliminary testing in the la-
boratory, it may be stated a high efficiency of the
phthalocyanine agents, which of course differs de-
pending on the organism type used. In generally,
it could be said that the Pc-s are very powerfull to
inhibite the bacteria; in the case of algae, higher
dosing quantities should be chosen. Next to the
estimation of the efficiency onto tested bacteria,
cyanobacteria and algae tribes, the research will
be focused on application of this preparations such
as possible coating of wetted walls surfaces, e.g.
in the cooling towers. In the laboratory there were
preliminary conducted also proof tests with agar
plates containing strong Pc-concentrations, when
onto this plates were inoculated algae cultures. He-
reby was estimated the growth inhibition.

Further usages of Pc agents have been sug-
gested. Another application possibilities proposed
from our institute to be considered, are water sup-
ply plants, e.g. water pump stations, water collec-
tors, boosting break chambers or operating units
with technological lines, having problems with ma-
intenance of plaster coats and walls in the condition
ensuring not to damage the quality of the collected
water. Due to humidity and access of solar radiation
are the walls eroded through biological activity, in
particular of photosynthetically active organisms.
So in the constructions appear “green maps’ on the
walls with niduses of cyanobacteria and algae that



are released into air and become potential link to
contamination of organisms by airway into cham-
bers, where the drinking water is collected. The
manifestations are then scabs, biofilms and biolo-
gical unstable drinking water. The coatings on the
walls exposed to light could resolve this problem.
Another possible application objects are wetted
walls surfaces in saunas and rehabilitation centres,
where in the lighted rooms propagate not only al-
gae, but also bacterial scabs. A conceivable appli-
cation is also coating distributed immediately onto
paving slabs. There would be appropriate to choose
such kind of spray technology that brings a longer
durability of the coating and keeps its resistance to
dissolution.
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SOUHRN

V laboratofi na VSCHT je fesen od roku 2004
projekt FT-TA/034 |, Ekologicky Setrnd inhibice
mnoZeni patogennich bakterii a ras v cirkulacnich
chladicich systémech jadernych elektraren a ji-
nych podobnych technologickych zarizenich* na
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zjisténi ucinkd ftalocyaninovych preparati. Nosi-
telem projektu je VUOS, a.s. Rybitvi, které nové
ftalocyaniny syntetizuje. Cilem prace je ekologic-
ky setrny zptsob likvidace fas a bakterii pomoci
fotodynamicky generovaného singletniho kysliku
pusobenim slune¢ni radiace v cirkulacnich chla-
dicich vodach riznych technickych a technologic-
kych systému. Podstatou nastinéného problému je
aplikace ftalocyaninovych preparati ke vzorkam
Cistych bakterialnich, sinicovych a fasovych kul-
tur na zjisténi inhibi¢niho G¢inku na exponovaném
organismu. Béhem feseni se predpoklada, ze takto
provedend inhibice bakterii, sinic a fas a jejich
mnozeni nahradi bézné pouzivané baktericidni a al-
gicidni preparaty, které¢ vyzaduji trvalé davkovani
do cirkulované vody, popf. ¢as od casu aplikace

Sokovych davek. Vlastnim algicidnim a baktericid-
nim Cinitelem je v tomto ptipade in situ vznikajici
singletni kyslik, ktery je neskodny pro vodni bio-
cenodzu a jehoz pfitomnost ve vode neni divodem
pro zékaz vypousténi vody, oSetfené timto zptso-
bem, do vodnich tokti. Cilem by mélo byt i piimo
zjistit na vzorcich chladicich vod napt. ze systému
jaderné elektrarny ucinek téchto preparatd. Smys-
lem provéadéni zkousek je i eliminace vlaknitych
zelenych fas, tvoficich se v systémech chladicich
vézi. Aplikované preparaty jsou netoxické a neza-
tézuji zivotni prostiedi, také neobsahuji latky, které
by naptiklad interagovaly s povrchovymi materia-
ly konstrukci v systémech cirkula¢nich chladicich
okruhti.
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ABSTRACT

Ollerova, H., Maruskova, A., Kontrisova, O., Kontri§, J.: The Usage of Herb Species for Identification
of the Mercury Load in the Environment

The paper is focused on investigation of mercury accumulation in synanthropic herb species at chosen
localities in Slovakia. Mercury, which incomes to plants by atmospheric deposition, belongs to the impor-
tant environmental pollutants. In general, there is low availability of the soil Hg for plants. With the view
to determination of Hg content, there were sampled leaves of Achillea millefolium L., Artemisia vulgaris
L. and Tanacetum vulgare L. from 56 localities in Slovenské stredohorie Mts, Slovenské rudohorie Mts,
Fatransko-tatranskd Area and Podunajska Lowland. Soil was sampled at the same localities from the depth
5-20 cm. All samples were analysed with AMA 254. Hg concentrations in plants were in range from 0.010
t0 9.857 mg.kg™'. Over-limited values (upper than 0.12 mg.kg™) were noticed in Slovenské rudohorie Mts
and in Fatransko-tatranskd Area. On the basis of transfer factors, it is possible to speak about fact, that these
species are not active accumulators of Hg from soil. Despite it, they are species with great area of occurren-
ce, so they are very useful for comparing Hg accumulation within many areas in Slovakia.

Key words: mercury, accumulation, leaves, herb species

INTRODUCTION

Plants very sensitively react on all outside
anthropogenic influences therefore they could be
very useful as indicators of environmental quality.
There are many hazardous elements which refer to
environmental pollution from natural but mainly
from anthropogenic sources. One of the oldest
toxic heavy metals used in industry is mercury.
Nowadays wide usage of mercury in energetics and
traffic, chemical, electrotechnic, metallurgical and
mining industry caused substantial contamination
of environment. In the long run, mercury migrate to
the human food chain and it influences the human
organism in negative way.

Intensity of plant contamination with heavy
metals is unavoidable to evaluate in dependence

on plant species. High content of mercury in plant
tissues can be result of natural Hg content in bed-
rock and soil or it is result of pollution with Hg**
compounds from various human activities [1]. So
plants are able to uptake the mercury with roots
from soil, through stomas from atmosphere and by
leaves adsorption using dry or wet deposition. In
general, availability of Hg for plants is low and it
has an accumulation tendency in roots. However,
Hg barriers in roots can be destroyed by high Hg
content in soil [2]. According to Bencko et al. [3]
air deposition represents up to 90 % of total Hg con-
tent in plants. Prevailing part of Hg in atmosphere
(more than 90%) is in elementary form, the rest
presents Hg?* compounds and only small part is in
organic form. Long time period of persisting of el-
ementary Hg in atmosphere (1.5-2 years) allows its
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movement at long distance and its influence can be
manifest in distance of 10-50 km, according to the
source size [4].

This paper's aim is evaluation of Hg accu-
mulation in leaves of selected herbs in various ar-
eas of Slovakia. There are represent quite polluted
areas with anthropogenic activities as well as areas
relatively clean and outside of human activities in-
fluence.

MATERIAL AND METHODS

For determination of Hg accumulation were
sampled synanthropic herbs species — Achillea mil-
lefolium L., Artemisia vulgaris L. and Tanacetum
vulgare L. All three species belong to a family As-
teraceae. They are unpretentious herbs with occur-
rence on various sites (grass stands, balks, edges of
fields and forests, ruderal sites, etc.). Plant species
were sampled at 56 localities, from each one in the
number of 15-20 pieces. Localities were in the area
of Slovenské stredohorie Mts, Slovenské rudohorie
Mts and in Fatransko-tatranskd Area. Two locali-
ties were chosen in each of these areas — Podhol-
nomagurska Area and Podunajska Lowland. Lea-
ves were sampled at the end of growing season in
years 2002, 2003 and 2004. They were separated in
laboratory and dried in lab temperature. Dried and
unwashed samples were homogenized in a mill and
prepared for analyses.

At same localities were sampled soils from
rhizosphere of the herbs layer (in depth 5-20cm)
with shovel and knife. The average soil sample
was made from 5 partial sampling which were tho-
roughly mixed (approximately 1kg of soil). After
drying, soil was laid down with sieve with avera-
ge mesh size 2mm. Both samplings, plant and soil
were done in the same time period.

Chemical analyses were made using the Ad-

vanced Mercury Analyser AMA 254 (the single-
-purpose absorption spectrophotometry). The sam-
ple amount varied between 20 and 30 mg. Samples
were measured under the following times for dry-
ing, decomposing and waiting — 40 s, 140 s and
40s, respectively. Every sample was measured three
times at least. As reference materials were used
certificated reference materials 7003 (Silty Clay
Loam with normal analyte levels) and 7004 (Loam
with elevated analyte levels) from Labservice,
s.1.0., Slovakia. They were analysed with series of
10 samples. Results were compared with limit va-
lues in literature.

RESULTS AND DISCUSSION

There were analysed 168 plant samples con-
sists from all three mentioned herb species. Hg |
content in leaves of Achillea millefolium (tab. 1)
was stated at 0.034 mg kg™ (the median). The limit
value (0.12mg.kg™") in the sense of Maikovska
[5] — 0.12mg.kg™! was overrun in five cases. Con-
centrations in Artemisia vulgaris ranges from 0.01
mg.kg!to 6.860mg.kg . Median concentration is
0.036mg.kg'. Six localities had higher Hg con-
centrations than the mentioned limit — 0.12mg.
kg™!'. Median concentration for Tanacetum vulgare
was 0.037 mgkg™! from all researched localities.
Samples from two localities reached over-limited
concentration.

The average of Hg _ content in leaves of all
measured herbs is 0.247mg.kg "'+ 1.152 (median
0.036mg.kg ™). Relatively high Hg content in herbs
(0.249mg.kg™) is caused by high environment
contamination in Rudnany (48°52" N, 20°40" E),
where it is more than 1 mg.kg'. The average of
Hg, ., in leaves from all areas besides the Rudnany
represents the value 0.055 mg.kg"'+0.103 (median
0.034mg.kg"). Main sources of air pollution are

Tab. 1 Total content of Hg in herbs and soil samples (mg.kg')

Achillea Artemisia Tanacetum Herbs Soil *
millefolium vulgaris vulgare together

count 57 62 49 168 66
min 0.013 0.010 0.010 0.010 0.035
max 9.857 6.860 7.420 9.857 25.501
average 0314 0.231 0.196 0.247 1.347
median 0.034 0.036 0.037 0.036 0.129
standard deviation 1.404 1.007 1.045 1.152 4.937

Note: * The average values from all analysed localities




metallurgical and smelter industrial complex Ko-
vohuty Krompachy (48°54" N, 20°51" E), heating
plant in Spisska Nova Ves (48°56" N, 20°32" E)
and nowadays closed Zelezorudné bane Rudiany
(Iron Ore Mines in Rudinany) (tab. 2). The great
rate in Hg polluting is also caused by natural en-
dogenous geochemical anomalies.
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(0.019-0.026 mg.kg™) in Picea abies from Fat-
ransko-tatranska Area. Hg concentrations in herbs
from Slovenské stredohorie Mts range from 0.022
to 0.042 mg.kg™ [13]. Even Zvolen surrounding
with Hg values from 0.0116 to 0.0702 mg.kg ' does
not belongs to polluted areas [14]. In the sense of
Dombaiova [8] are fungi, moss and lichnes sampled

Tab. 2 Localities with higher Hg content in herbs (more than 0.12 mg.kg™!, in sense of Maiikovska et al. 1996)

Hg (mg.kg™)
Range Locality Achillea Artemisia Tanacetum .
. . . Soil
millefolium vulgaris vulgare

Stitnik - 0.115 - 0.173

Rudnany — above the
Slovenské sludge-drying bed 4.407 4.317 742 25301
rudohorie Mts lv{udnany — section 0857 6.860 B 25501

Zelba

Porac¢-Borodog 0.720 0.156 0.53 20.230
Fatransko- Spisska Nova Ves 0.199 0.526 — 1.587
tatranskd Area | Markusovce 0.861 0.295 - 2.733

Note: The WGS coordinates of mentioned localities: Stitnik 48°39” N, 20°21" E; Rudnany 48°52" N, 20°40" E; Porac-
-Borodog 48°53" N, 20°43" E; Spisska Nova Ves 48°56" N, 20°32" E; MarkuSovce 48°55" N, 20°38" E

In the literature Mankovska [5] states the range
of'the natural Hg content in plant biomass in the Slo-
vakia on 0.01-0,015mg.kg™. She gives values for
Rudnany in needles of Picea abies 0,4-5,2 mg.kg™,
Pinus sylvestris 0,5-4,3 mg.kg™! and around Prievi-
dza (48°46" N, 18°39" E) from 0.13 to 0.27 mg.kg ™!
in leaves of beech, oak and spruce needles. In leaves
of tree species she stated the value 0.10+0.13 mg.
kg as the average Hg content [6].

Bowen [7] found out 0.005-0.17mg. Hg kg™
in plants. Dombaiova [8] gets the average of Hg_ |
in tree species assimilation organs from Slovakia
to 0.048+0.038 (median 0.037mg.kg™), thereof in
leaves 0.045 mg.kg '+0.038 (median 0.036 mg.kg ')
and in needles it was 0.052mg.kg"'+0.037 (median
0.040 mg.kg™"). The average value of Hg,_ in fungi
is 2.145mg.kg"' +3.83 (median 0.561 mg.kg™).
Kovacsova, Durisova [9] found the Hg concentra-
tions in Picea abies needles between 0.0404—0.284
mg.kg ! in Slovenské rudohorie Mts.

KontriSova et al. [10] notice the Hg content in
needles of Picea abies from Slovenské stredohorie
Mts 0.025-0.058 mg.kg'. There are 0.028-0.137
mg. Hg kg! in needles of both Picea abies and Pi-
nus sylvestris in the urban area of Zvolen (48°34"
N, 19°05" E), according to KontriSova et al. [11].
Valka and Zarski [12] notice the Hg content

from Slovenské stredohorie Mts and Slovenské
rudohorie Mts as well as from other areas better Hg
accumulators than other species. This is confirming
with higher Hg concentrations measured in herbs
and tree species. The median of Hg contentis de-
creasing in the order: fungi (0.561 mg.kg')> lichens
(0.175 mg.kg™") > mosses (0.109 mg.kg™") >tree
species (0.037 mg.kg ') > herbs (0.034 mg.kg ™).

Some authors began to use the transfer factors
(TF) for more accurate analyses. They represent
the rate of the pollutant content in plants and in
soil. The average TF value, TF < 0.5, shows the
low intensity of the Hg moving from soil to the
plant. Species with TF closed to 1 are considered
as intensive Hg accumulators and they show that
Hg content in the plant was higher than in soil. It
could be explained by the atmospheric deposition
on leaves.

In the case of researched herbs, transfer values
are usually below the 0.5. This figure is exceeded
by Artemisia vulgaris in 13 cases. Moreover, only
at two localities it was higher than 1. Species Achil-
lea millefolium and Tanacetum vulgare exceeded
the TF 0.5 at 5 and 9 localities, respectively. Local
environmental conditions caused that TF = 1 was
exceeded in one locality in the area of Slovenské
stredohorie Mts by both mentioned species.
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Tab. 3 The overview of transfer factors

Achillea Artemisia Tanacetum
millefolium vulgaris vulgare
min 0.028 0.008 0.010
max 1.258 1.145 1.445
average 0.305 0.329 0.311
median 0.280 0.304 0.260
standard deviation 0.250 0.248 0.271

The Hg entrance and accumulation by plants
depend on many parameters, therefore TF values
range within the plant species as well as within
a locality.

Hg input from soil is limited by physical and
chemical soil characteristics, by solubility of chem-
ical Hg compounds and by physiology of plants
roots. One of the reasons of low content can be
a fact that only a part from soil solution is available
for plants. Others Hg forms are almost unavailable
for them. The second reason can be that 90% of
total taken up mercury is in the root system and
it is not transported to shoots. Roots represent the
barrier for Hg transportation to the shoots [15]. In
general, the availability of soil Hg is low for plants
and Hg has tendency to accumulate itself in roots.
The Hg mobility is rising with the decreasing pH,
whereas it is the highest in acid soils with pH < 4
[16]. The other and more common way of Hg input
to plants is taking up from atmosphere. Moreover,
the uptake of inorganic Hg is more effective than
organic one [3].

CONCLUSIONS

There is not any substantial mercury contami-
nation in sampled plants from Slovakia. Mercury
concentrations were decreasing in order Tanace-
tum vulgare, Artemisia vulgaris and Achillea mil-
lefolium (according to median value). In Slovenské
rudohorie Mts and in Fatransko-tatranska Area
were found over-limited values. Calculated transfer
factors, which show the intensity of heavy metals
uptake from soil to plant, were low and in average
they didn’t reach the value 0.5. It indicates the low
intensity of Hg uptake to plants (from soil or atmo-
sphere). Values of transfer factors and comparing
herbs values with Hg content in tree species prove
that researched plants are not active Hg accumula-
tors from soil. Despite of, they have wide occurren-

ce area and they are very accessible, so they can be
utilised for comparing the mercury contamination
in areas with various environment quality and also
natural conditions.
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SUHRN

Prispevok je zamerany na zistenie kumulacie
ortuti vo vybranych druhoch bylin na réznych lo-
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kalitach Slovenska. Ortut’, ktora sa do rastlin do-
stava prevazne atmosferickou depoziciou, patri
k vyznamnym kontaminantom Zzivotného prostre-
dia. Vo vSeobecnosti je pristupnost’ podnej Hg pre
rastliny nizka. Za icelom stanovenia obsahu ortuti
sme odobrali asimilacné organy druhov Achillea
millefolium, Artemisia vulgaris a Tanacetum vulga-
re na 56 lokalitach Slovenského stredohoria, Slo-
venského rudohoria, Fatransko-tatranskej oblasti,
PodhéI'nomagurskej oblasti a v oblasti Podunaj-
skej niziny. Na rovnakych lokalitach sme z hibky
5-20cm odobrali vzorky pdd. Vsetky vzorky sme
analyzovali pomocou jednotcelového absorpéného
spektrofotometra AMA-254. Koncentracie ortuti
sa u sledovanych druhov pohybovali v rozmedzi
od 0,010 do 9,857 mg.kg™'. Nadlimitné hodno-
ty (hodnoty vyssie ako 0,12 mgkg™) sa vyskytli
v Slovenskom rudohori a vo Fatransko-tatranskej
oblasti. Na zaklade transferovych faktorov mozno
povedat’, ze skimané druhy rastlin nie st aktivny-
mi akumulatormi Hg z pddy. Napriek tomu st to
druhy, ktoré maja Siroky areal vyskytu a pre svoju
T'ahkt dostupnost’ ich mozno vyuzit' pre porovnanie
kumulécie ortuti v roznych oblastiach Slovenska.
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