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Farsang, A., Kovats, N., Horvath, B., Molnar, P., Béres, C., Rétfalvi, T.: Toxicity testing of raw and
filtered wastewater samples from sewage treatment plant.
Main objective of this manuscript is to analyse the cleaning efficiency of a regional wastewater treatment

plant through monitoring its the change of ecotoxicological properties. The other aim of this research was the
comparative analysis of the sensitivity of the protocol using filtered and unfiltered wastewater samples based
on correlation with analytical parameters. Whole effluent samples were collected at the municipal wastewater
treatment plant of Szombathely and were tested with the Microtox® 100 according to the respective standard
protocols (Microtox, ISO 11348-3 protocol). The samples were evaluated parallel with both chemical and
analytical (metals, BOD,/COD) analysis methods.

The results proved that the plant operates with good cleaning efficiency even under extreme weather
conditions. The role of total and dissolved metals in the toxicity of the samples was small. Measurements
on the samples using the Microtox luminometer according to conventional methods on the unfiltered and
filtered samples correlated strongly with the amount of measured toxic organic compounds (COD / BOD,)
and the filtered samples also represented the meteorological conditions well. Measurement on raw samples
might overestimate the toxicity in the case of highly turbid samples. However, filtering removed a portion of

particle-bound contaminants.

Keywords: Vibrio fischeri, Microtox, wastewater, ecotoxicity, metals

INTRODUCTION

Wastewater treatment plants are complex
systems, with different physicochemical and
biological phenomena taking place simultaneo-
usly. Wastewater collected from municipalities
and communities must ultimately be returned to
receiving waters. Whole effluent toxicity (WET)
testing poses a great challenge in environmental
protection, due to the wide variety of possible
contaminants and the dynamic nature of wastewa-
ters. Monitoring requires a reliable, sensitive and

cost-effective test. The assay based on the bio-
luminescence inhibition of Vibrio fischeri fulfi-
lls these requirements and is probably the most
widely applied bacterial test in WET assessment
(principles and new developments were reviewed
by Ma et al. 2014, commercially available test
systems were reviewed by Kokkali and van Delft,
2014). V. fischeri is considered ’the most sewage-
-sensitive organism’ (Papa et al., 2016).

For water and wastewater samples, the ISO
11348 standard (Water quality — Determination
of the inhibitory effect of water samples on the



light emission of Vibrio fischeri /Luminescent
bacteria test/) applies. The Microtox system,
which follows this standard, has been the most
thoroughly investigated tool for wastewater toxi-
city evaluation (reviewed by Ren, 2004). Dalzell
et al. (2002) measured the toxicity of metals, or-
ganic pollutions and industrial wastewater using
Microtox®. The most sensitive bioassay was
Vibrio fischeri. Mendonca et al. (2008) analy-
zed samples of wastewater for ecotoxicological
and physicochemical parameters. The Microtox
test proved to be the most sensitive and showed
good correlation with organic pollutions. (BOD,/
COD). For municipal wastewater samples Kovats
et al. (2012) compared the effectiveness of the
traditional and the kinetic protocols developed
for the testing of solid and / or colored samples.
Toxicity values measured with the conventional
protocol were higher than those with the kinetic
protocol for most samples. The cause of the er-
roneous over-representation of toxicological data
was the discoloration and turbidity of the samples
in the case of unfiltered samples, and the discolo-
ration of the samples in the case of filtered sam-
ples. However, with analytical measurements the-
se conclusions could not be proved.

The objective of the manuscript was to moni-
tor the cleaning efficiency of a regional wastewa-
ter treatment plant through sampling at four major
sampling points of the plant using a Vibrio fische-
7i test organism. By using both toxicological and
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analytical examinations in parallel, we got a com-
prehensive picture of the operation of the plant.
Further aims of the study were to find out whether
turbidity and/or color of municipal wastewater re-
ally cause virtual toxicity reading in case of the
ISO 11348-3 protocol, and also to assess how
filtering affects toxicity in case of Microtox me-
asurements.

2 MATERIALS AND METHODS

Research was performed at the regional mu-
nicipal wastewater treatment plant (WWTP)
in Szombathely. The WWTP was designed as
225.000 population equivalent. The wastewater
and the rainwater arrives from a combined sys-
tem drainage from the downtown area, while the
recently built parts already use a separated sys-
tem. The peak plan capacity is 1500 m*h with
an average daily flow rate of 19600 m*/day. The
wastewater treatment follows the traditional steps
(Fig. 1.): pre-treatment with mechanical removal,
primary treatment to remove suspended solids,
secondary treatment (biological treatment) by
activated sludge process which performs carbon,
nitrogen and phosphorus removal. After the se-
condary clarifiers the effluent flows into the Perint
rivulet. The samples were taken (Fig. /.) on nine
occasions between 06.2012 and 12.2012. from
(1.) raw wastewater, (2.) sedimented water from
primary clarifiers, (3.) biological treated water
from aerobic reactor and (4.) effluent water.

v Screen, anarv
> oil/sand Clarifier
separators

Anaerobic, anoxic and
aerobic treatment with
activated sludges

Secondary
Clarifier

A

Fig. 1. Schematic diagram of the treatment processes at Szombathely WWTP and sampling points

Samples were used immediately (within 24
hours) for toxicity measurements, whereas they
were stored in a freezer at -30° C for elemental
analysis. Before each sampling we recorded the
average temperature and the amount of rainfall
during the last 24 hours. The other abiotic pa-
rameters (rainfall, temperature) were based on

the data of the National Meteorological Service
(Table 1.). With samples taken at different me-
teorological conditions, the wastewater cleaning
efficiency can be analyzed.



Tab. 1 Temperature and rainfall data

Date of Average Wet
sampling temperature (°C) (mm)
25.06.2012. 18 0
10.07.2012. 24,5 3
25.07.2012. 22 24
22.08.2012. 26 0
09.10.2012. 14 2
25.10.2012. 9,5 0
06.11.2012. 6 43
07.12.2012. -5 0
10.12.2012. -4
22.02.2013. -4

2.1 Toxicity bioassays

For ecotoxicity testing, assays were perfor-
med as described by the Microtox® 100 Operating
Manual (in compliance with ISO 11348-3 proto-
col). The Vibrio fischeri test bacteria were deli-
vered lyophilized in frozen state by LabSysWare
Ltd. (Budapest, Hungary) to our laboratory. The
amount of the active sludge in the samples incre-
ased from the influent to the biological reactors,
causing the turbidity of the samples. ISO 11348-
3 requires that turbid samples should be filtered
prior to measurement. According to Microtox’s
conventional protocol, the sample had been filte-
red through a 0.45 pm filter prior to measurement.
For the last 6 sampling occasions a comparative
analysis was performed on filtered and unfiltered
samples. Hereinafter, all results are either refer-
red to as ’Microtox conventional protocol’ or
"Microtox raw EC50°.

2.2 Chemical measurements

The pH was measured on an Orion™ 3-Star
Plus Benchtop pH Meter. Determination of the
metal content was performed according to MSZ
1484-3: 2006 standard (Testing of waters. Part 3:
Determination of dissolved, suspended and total
metals in water by AAS and ICP OES) For the
preparation of the samples a Mars microwave di-

gestion apparatus was used. The element analysis
was performed on a Spectro Genesis ICP-OES
instrument. All standards and reagents were of
analytical grade (highest purity available), sui-
table for elemental analysis. The samples were
measured for dissolved and total metal content.
For the calculation of the total metal content the
sample was disrupted without filtration using
chemicals from the standard specification. For
the calculation of the dissolved metal content the
samples were filtered before quantification using
a 0,45um syringe filter. For the measurements ul-
tra pure water (Zeener Power 1. Water Purification
System) were used. Chemicals and standards used
for sample preparation and measurements were
supplied by WWR International Ltd. (Debrecen,
Hungary). Chemical oxygen demand (COD) and
5 days of biological oxygen demand (BOD,) were
received from the WWTP laboratory.

2.3 Statistical analysis

The statistical analysis was implemented
using IBM SPSS Statistics. The correlation of
several datas was examined by calculating the
Pearson and Spearman correlation coefficients.

3 RESULTS AND DISCUSSION
3.1 Toxicity of samples

Toxicity was measured with the Microtox
Luminometer on 40 samples collected at 10 oc-
casions (4 samples each, between 25.06.2012 and
22.02.2013) filtered (per protocol) (Fig. 2.) and at
6 occasions (09.10.2012.-22.02.2013.) they were
also measured without filtering. It should be no-
ted that high EC50 values mean low toxicity. For
the Microtox luminometer the highest measurable
effect (reduced light emittance) was below 15%
for the 50% diluted samples in the effluent. If the
software could not determine EC50 value the next
measurement started with 80% dilution in the case
of the filtered samples.
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Fig. 2. Toxicity of the wastewater samples (06.2012 - 02.2013.)



For each of the ten sampling occasions, to-
xicity decreased from the influent to the effluent.
While the influent was always toxic, sedimented
wastewater was only moderately toxic or non-to-
xic, and samples taken from the biological reactor
and the effluent were both unlikely to be toxic.
Unfiltered samples had lower EC50 values due
to sludge turbidity. Turbidity at the four sampling
sites varied, but had an identical pattern during
sampling times. From the influent to the biologi-
cal pool turbidity of the samples increased conti-
nuously due to the increased presence of live slud-
ge. The effluent sample was almost completely
clean after post-settling and contained no floccu-
lants. On the other hand, filtration removed the so-
lid particles and also removed the potential toxic
effects associated with them. We used analytical
measurements to find an answer for the toxicity.
Wastewater is a complex chemical and biological
system with regard to its compisition. Inorganic
(metals, etc.) and organic pollutants (derivatives
of drugs, cosmetics, etc.) both play an important
role in its toxicity.

3.2. Toxic metals in the waste water

Many researchers investigated the sensitivity
of Vibrio fischeri bacteria to metals. Compared
with other test organisms the bacteria were fo-
und to be less sensitive (Teodoviric et al., 2009;
Pardos et al. 1999; Kungolos et al., 2004).
Guéguen et al. (2004) examined the toxicity of
samples taken from a river contaminated with
metals using Vibrio fischeri and also an algae test
(Pseudokirchneriella subcapitata). The dissolved,
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colloidal and total metal content of the samples
was also compared to the toxicity data. The algae
test was found to be more sensitive to metallic
contamination of the samples. While this might
be explained by their high metal concentrations,
no correlation between metal concentrations and
toxicity was observed, suggesting that metal spe-
ciation in the truly dissolved fraction may be more
important than the absolute metal concentration.
The combined presence of metals and organic
pollutants in the samples further modifies the to-
xic effect.

According to Microtox’s conventional proto-
col, the sample had been filtered through a 0.45
pm filter prior to measurement. Therefore, dis-
solved metal concentrations were compared to
the toxicity readings of the Microtox luminome-
ter on the 40 samples. No correlation was found
between dissolved metal concentrations and the
complete data set or the data sorted per objects.
Concentrations of dissolved metals in the influ-
ent varied between 0 and 218 pg / 1. In the ef-
fluent the concentrations of the detected metals
decreased slightly, ranging from 0 to 87 pg / 1.
According to the literature, the measured metal
concentrations were way below the effective con-
centrations of the Vibrio fischeri test (Teodoviric
et al. 2009; Fulladosa et al. 2005; Mortimer et
al., 2008; Abbondanzi et al. 2003; Geuguen et
al. 2004; Hsieha et al. 2004; Kurvet et al. 2011).
Thus, it can be assumed that the role of dissolved
metals in the toxicity of the samples was negli-
gible (Table 2.).

Tab. 2 Dissolved metal concentration during the ten sampling times (Min: the lowest metal concentration,
Max: the highest metal concentration, Med: median concentration)

influent sedimented water blolog:;:i(::eated effluent

Concentration (ng/l) Concentration (pg/l) Concentration (ug/l) Concentration (pg/l)

Min Max Med | Min Max Med | Min Max Med | Min Max Med
Al 0 218 40 12 230 48 0 381 44 0 71 0
Cd 0 24 2 0 8 2 0 24 0 0 12 0
Co 0 14 5 0 20 0 20 4 0 10 1
Cr 0 46 9 0 46 5 0 21 2 0 14 4
Cu 0 24 8 0 24 0 58 10 0 44 10
Mn 0 24 12 0 24 12 3 87 26 0 51 6
Ni 0 24 10 0 34 5 0 57 22 0 21 4
Pb 0 71 13 0 52 0 63 22 0 55 4
Sn 0 41 13 0 34 6 0 44 10 0 34 3
Zn 0 124 35 0 57 29 0 345 37 0 87 17
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Total metal content, in addition to the dissol-
ved metal forms, includes flakes in the suspended
state and the biologically inactive non-free forms.
The EC50 values of the 24 unfiltered samples in-
dicated an increase in toxicity from the influent to
the biological pool, which is consistent with the
values of the increasing metal concentrations that
we have measured (7able 3.). However, the tur-
bidity caused by the active sludge present in the
samples should be taken into account. We com-
pared the data of filtered and unfiltered samples.
Strong correlation was found between the EC50
values of filtered and unfiltered samples measured
on Microtox (r = 0.913; p = 0.85). The strong
correlation shows that virtual toxicity caused by
turbidity is the primary cause of the close rela-
tionship between sample pairs. However, other
compounds that bind to solid particles also play
a lesser role in toxicity.

The incoming metals are concentrated in the
sludge during wastewater treatment, similarly to
toxic organic materials. Metals in wastewater are
incorporated into biomass through biological pro-
cesses (biosorption, bio-accumulation) (Kaur et

al. 2002). By co-precipitation, in oxidative envi-
ronments, heavy metals are adsorbed and deposi-
ted to precipitating iron hydroxide flakes (Koppe
et al., 2008). There is no accurate information on
the proportion of the biologically inactive and
suspended parts in the undissolved metal fraction.
However, it can be assumed based on metal con-
centrations and toxicity data that the biologically
bound (inactive) form is in a higher proportion in
the samples, because the toxicity of suspended
metals should have been significant (Heinlaan et
al 2008, Mortimer et al., 2008). Total metal con-
centrations were decreasing from the influent to
the effluent. The amount of aluminum, zinc and
lead decreased the most, since they had the highest
median concentrations in the influent (1183 pg /1,
320 pg /1, 144 pg/ 1). Total metal concentrations
of the effluent water fulfilled the strictest require-
ments of the corresponding regulations (Zn<1000
ug /1; Cu, Ni<500 pg / I; Cr<200ug / 1; Pb<50ug
/'1). Based on our results, it could be concluded
that the role of dissolved and total metal content
in toxicity was low in the samples taken at the
Szombathely wastewater treatment plant.

Tab. 3 The total metal concentration during the ten sampling times (Min: the lowest metal concentration, Max:
the highest metal concentration, Med: median concentration)

influent sedimented water biologicai treated effluent

Concentration (pg/l) Concentration (ug/l) Concen‘t?::ti‘;; (ug/l) Concentration (pg/l)

Min Max Med | Min Max Med | Min Max Med Min Max  Med
Al | 335 7984 1183 | 340 16963 1626 | 70600 145463 117119 | 56 126 98
Cd 0 27 7 0 21 8 0 175 0 6 13 7
Co 0 33 0 0 15 0 0 200 0 9 12 11
Cr 0 115 30 9 123 21 0 1075 531 12 72 15
Cu 11 151 74 16 234 41 950 2625 1381 14 21 18
Mn | 10 294 70 55 226 86 650 2688 1631 24 95 39
Ni 6 69 34 15 65 23 0 1075 531 16 114 18
Pb 10 316 145 19 138 44 950 2625 1381 21 34 27
Sn 26 108 62 19 56 29 113 425 300 28 34 33
Zn | 113 16141 320 179 2440 378 | 11363 34588 15225 31 108 71

3.3 Toxic organic pollutions

Biological degradation of some organic con-
taminants of communal wastewaters is fast, whe-
reas degradation of other compounds is more
difficult. Easily degradable substances include
carbohydrates, alcohols, organic acids, proteins
and fats, which could be found in municipal

wastewaters at high concentrations. Slowly de-
gradable organic pollutants are harmful at lower
concentrations (ng/l), and they exert their effects
mostly through their toxic, carcinogenic, accumu-
lative properties. Organic substances in water can
be very diverse and abundant and in many cases
the qualitative / quantitative determination of all
compounds is not possible. Therefore, organic



matter content is characterized by so-called sum
parameters (COD: Chemical Oxygen Demand,
BOD: Biological Oxygen Demand). Nowadays
the focus of organic analytical research are:
cosmetics (Szymanski et al. 2000; Traczyk et al.
2005; Eriksson et al. 2003), derivatives of drugs
(Farré et al. 2001; Kasprzyk-Hordern et al. 2008;
Schultz et al 2008; Sim et al 2011) and insectici-
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des (Bester 2005; Ahmed et al 2011). Yu X. et al.
(2014) studied drug effluents with Vibrio fischeri.
Bacterial toxicity correlated well with the COD
data. Mendonca et al (2009) also found the cor-
relation appropriate between the BOD, and COD
data and the EC50 value measured by the Vibrio
fischeri test for municipal effluent and influent
wastewater treatment plants.

Tab. 4 The toxicity values and the organic sum parameters of the samples

Sampling point EC50 (%) filtered EC50 (%) raw BOD_ (mg/l) COD (mg/l)
infuent 38,07 - 432 870
sedimented water 98,88 — 220 800
effluent 925 — 2,5 15
infuent 38 — 222 360
sedimented water 107 - 200 320
effluent 375 — 2,5 15
infuent 50,32 - 69 109
sedimented water 157 - 148 230
effluent 720 - 2,5 15
infuent 34,36 - 222 350
sedimented water 83,95 — 284 430
effluent 987 - 2,5 15
infuent 50,28 7,16 310 460
sedimented water 79,02 29.8 380 770
effluent 708,1 698 2,5 31
infuent 37,77 6,2 279 490
sedimented water 35,55 11,2 238 460
effluent 445,54 475 2,5 15
infuent 122 50,9 127 201
sedimented water 182,6 17,7 228 302
effluent 670 545 2,5 15
infuent 22,13 14,5 258 450
sedimented water 73,21 19,4 288 470
effluent 427 398 2,5 15
infuent 41,01 5,5 310 490
sedimented water 38,57 8.4 380 550
effluent 731 718 2,5 15
infuent 38,91 11 320 510
sedimented water 1533 16 203 310
effluent 657 687 5 15

The relationship between the Microtox raw
and filtered data, the COD and BOD, values was
analyzed using the influent, sedimented, and ef-
fluent wastewater. Microtox filtered EC50 had
a strong negative relationship with BOD, and
COD (COD: r=-0.75; p=-0.81 and BOD: r=-0.80;
p=-0.78). Microtox raw EC50 had a stronger ne-
gative relationship with BOD, and COD (COD:
r=-0.85; p=-0.78 and BOD :r=-0.89; p=-0.78).
Negative correlation arises because high EC50
values implicate low toxicity. Based on the data

series it can be concluded that the toxicity of the
wastewater samples can be primarily related to or-
ganic pollutants. COD and BODS5 measurements
were performed on unfiltered samples in an accre-
dited laboratory. This caused the stronger nega-
tive relationship for raw samples, indicating that
during the filtration we removed some of the toxic
materials that are attached to the flakes. Organic
compounds were rapidly degraded or adsorbed to
the sludge during the purification process. In pro-
portion to their decreasing amounts, their EC50
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values increased drastically (the toxicity decrea-
sed). The influent and the primary clarifiers were
the most toxic and analogically, they contained
the most organic substances. The effluent contai-
ned a small amount of organic pollutants based on
the total organic parameters and its toxicity could
not be detected in any of the cases.

3.4 Effects of meteorological factors

The effect of high intensity rainfall was in-
vestigated on the toxicity of the filtered samples
taken at different objects. Prior to the sampling
there were significant amount and high intensi-
ty rainfalls on two occasions: on July 25th and
November 6th, 2012. During the summer sam-
pling, 24 mm and in autumn sampling, 43 mm rain
dropped off the day before the sampling. Due to
the falling rain in July, the stormwater tank rea-
ched only 65%, so no direct wastewater went into
the Perint rivulet. The fallen rain had no effect on
the toxicity of the influent wastewater because the
hydraulic pressure has already left the channel.
The dilution effect could not be observed at the
primary clarifier, either, due to the short (some

hours) residence time. The biological reactor is
a large object, with multiple days of residence
time, the effect of summer rainstorm was detec-
table in the measured EC50 values (Fig. 3.). In
November, nearly twice the amount of rainfall
dropped compared to July. At this occasion the
plant was almost washed away by a sudden rain.
The stormwater tank became full and a portion
of the diluted wastewater flew from the plant to
the Perint rivulet. The EC50 values were clearly
higher at the effluent (135%), primary clarifier
(182%) and biological reactor (570%). During the
sampling, the dilution effect reached the primary
clarifier which had short (some hours) residence
time and the biological reactor, with a residen-
ce time of several days. In February next year
(22.02.2013), a slow thawing caused by winter
snow reached the plant. Due to the high amount
of wastewater, the stormwater tank reached 54%,
butso no direct wastewater reached Perint rivu-
let. The effect of melting snow wasis significant
on the samples taken from the primary clarifier
(EC50 = 153.3) and the biological pool (EC50 =
325). For the effluent, toxicity wasn’t detected.

—— “biological treated
water (EC50%)

# sedimented water
(EC50%)

"/ influeat (EC50%)

Q ¥
N ":\‘.

Fig. 3. EC50 data of the wastewater samples for three objects

4 CONCLUSIONS

The cleaning efficiency of the wastewater tre-
atment plant was sufficient, based on the data me-
asured by the Microtox Luminometer. From the
influent to the effluent, the level of toxicity was

decreasing, even under extreme weather condi-
tions. Role of dissolved and total metal content in
toxicity was low in the samples. Significant cor-
relation was found between the amount of oxidi-
sable organic pollutants and Microtox EC50 valu-



es. In the wastewater samples containing complex
pollutants, most likely organic compounds contri-
buted to the measured ecotoxic effects. One of the
main questions of the work was how filtering af-
fects the toxicity of the sample. It was found that
filtering reduced the toxicity of the sample, rai-
sing the question, if this reduced toxicity was due
to the actual removal of toxic particles or removal
of turbidity. However, the fact that Microtox raw
EC50 had a stronger negative correlation with
BOD; and COD than filtered EC50, might lead to
the conclusion that filtering did remove a portion
of particle-bound contaminants. Strong correla-
tion of Microtox values with organic pollutants
and the clear pattern which reflected meteorolo-
gical conditions might favor the application of
the conventional protocol (ISO 11348-3:2010) for
WET assessment.
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ABSTRACT

Fortiakova P., Schwarz M., Ko¢an A., Conka K.: Analysis of polychlorinated dibenzo-p-dioxins, diben-
zofurans and dioxin like polychlorinated biphenyls in foods

Polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) represent a group
of persistent organic pollutants (POPs), toxic substances which occur in natural environment including human
bodies. Presented chlorinated aromatic compounds (also dioxin-like PCBs, DL-PCBs) were analyzed by high
resolution gas chromatography coupled to high resolution mass spectrometry operating at a mass resolution R
=10 000 (10% valley definition) in food samples (chicken egg, meat of carp, cow’s and sheep’s milk and lard)
originated from different areas in Slovakia. Toxic equivalent of food samples was determined. Values of TEQ
were compared with maximum levels setting in Commission Regulation (EC) No 1881/2006 and action levels
setting in Commission Recommendation 2011/516/EU.

Key words: persistent organic pollutants, polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofu-
rans, polychlorinated biphenyls, food

ﬁVOD materské mlieko, cez kEoré"m(")iu prenikat’ do tiel
doj¢enych deti (DOMOTOROVA, et al., 2012;
KOCAN et al.,, 2000). Bola zistena savislost
medzi expoziciou POPs a poskodenim zdravia.
Zdravotné ucinky spajané s POPs zavisia od ce-
I€ho radu faktorov: predovsetkym od urovne ich
mnoZstva (koncentracie), ale aj od dizky a frek-
vencie expozicie. Vplyvom dlhodobej expozi-
cie st pozmenené imunitné funkcie organizmu,

Perzistentné organické polutanty (POPs) su
skupina latok, ktoré maji schopnost’ transporto-
vat’ sa v prostredi, dlhodobo v fnom pretrvavat
a akumulovat’ sa v rastlinnych a zivoc¢isnych tka-
nivach. Do tejto skupiny latok zarad’ujeme okrem
inych aj halogénované (najcastejSie polychloro-
vané) dibenzodioxiny (PCDD), dibenzofurany S, ; - e
(PCDF), bifenyly (PCB) a organochlorové pesti- porusenéf ,VyVOJ ner\{ovevhf) s'ysvtemu, obJavvuJu
cidy. Transportom cez vzduch alebo vodu mozu 52 vftl.nkcne abnorrn.laht.y s't1tnej zliazy a pecene.
POPs prekonavat’ vzhl'adom na miesto ich vzniku VysV51e' koncentracie leXan\{ SpOSObl.lJu repvroj
velké vzdialenosti. Po depozicii napr. na listoch dukéné Pomchy, .cuk’rovku, prip. rak(r)vmu, kozné
rastlin sa nasledne akumuluju v tkanivach zvie- (v)c}.lrore’ma,. psychické poruchy, negativne ovplyv-
rat, ¢loveka nevynimajuc, v koncentraciach, ktor¢ U VYvOj mozgu atd’. (CHRIASTEL et al. 2003;
moézu mat’ vplyv na zdravie populacie. Kumula- LANGER et al, .20075 HERTZ'PICCI.OTTO’
ciou v tukovych tkanivich matick kontaminujti al., 2008). U viacerych PCDD/F a dioxinom
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podobnych DL-PCB bolo opisané poskodenie
kochlearnych vlaskovych buniek (ototoxicita)
(SISTO et al., 2015).

Kontamindcia potravového retazca sa u vac-
Siny POPs zacina cez ovzdusie inhalaénou cestou.
Rovnako vyznamnou cestou vstupu je aj ingescia
a transdermalny vstup. Ku kontaminacii potravo-
vého retazca dochadza cez ostatné zlozky Zivot-
ného prostredia (ovzdusie, vodny sediment, poda)
a do uvahy pripada aj kontaminacia pri vyrobe
potravin, napr. pouzitie kontaminovaného oleja,
suSenie/idenie kontaminovanym drevom a pod.
Odhaduje sa, ze az 90 % profesionalne neexpono-
vanej populdcie je exponovana POPs alimentarne
(LANGER, et al., 2008; HERTZ-PICCIOTTO
et al., 2008).

Vo vzorkéach zo zivotného prostredia, krmiv,
potravin a Tl'udskej populacie mozno detegovat’
sedem toxickych PCDD substituovanych v po-
lohe 2, 3, 7 a 8 zo 75 teoreticky moznych kon-
genérov PCDD, desat’ 2,3,7,8-substituovanych
PCDF zo 135 teoreticky moznych kongenérov
PCDF a dvanast DL-PCB vykazujtcich dioxino-
va toxicitu z 209 teoreticky moznych kongenérov
PCB. Pre porovnanie toxickej davky bol zavede-
ny tzv. toxikologicky ekvivalent (TEQ) vyjadru-
juci koncentraciu prislusného kongenéru, ktora
ma analogicky toxicky uc¢inok ako najtoxicke;jsi
2,3,7,8-TCDD. V praxi sa celkové TEQ vypocita
ako sucet koncentracii jednotlivych kongenérov
vynasobenych prislusnymi faktormi ekvivalent-
nej toxicity. V roku 1999 bol stanoveny Svetovou
zdravotnickou organizaciou (WHO) akceptova-
telny denny prijem TEQ v rozsahu od 1 do 4 pg.
kg telesnej hmotnosti. Tento rozsah predstavuje
medzinarodne uznavani referenéni expoziénu
davku, ktora je povazovana za bezpe¢nll uroven
expozicie.

Vysoka chemickd a metabolicka stabilita,
rozpustnost’ tychto zlucenin v tukoch spdsobuje
ich celozivotnu akumulaciu v zivych organiz-
moch. Odhadovany pol¢as rozkladu v T'udskom
tele je 7 az 11 rokov. Najlepsi spdsob prevencie
alebo redukcie l'udskej expozicie je ich priame
meranie u zdroja napr.: striktnou kontrolou prie-
myselnych procesov za ucelom redukcie tvorby
dioxinov (WHO 2016, WHO 2016a). V sucas-
nosti sa PCDD, PCDF a DL-PCB vyskytuju
takmer vSade. PCDD st uvolfiované najmé pri
spalovacich procesoch (spalovanie komunalne-
ho, nebezpecného, priemyselného, nemocni¢ného
odpadu, ale aj vykurovanie domdacnosti, emisie
zo spal’ovacich motorov a fajéenie) (SALAY and

GARABRANT 2009). Vzhladom k ich ubikvit-
nému rozSireniu a nebezpecnym vlastnostiam
predovsetkym na l'udské zdravie je tejto proble-
matike venovana zvysena pozornost (CONKA
et al., 2015). V literatare (KOVAC et al. 2011;
JACOBSON and JACOBSON, 1996; FEELEY
and BROUWER, 2000) je opisovany cely rad
zdraviu Skodlivych u¢inkov tychto latok: kardio-
vaskularne (ziskand progresivna artérioskleroza
prip. myokardialne poruchy), respiracné (dysp-
noe); gastronintestindlne (nauzea, vomitus, pan-
kreatitida); hepatalne (hepatocelularna porucha
vratane hepatomegalie a enzymovych abnorma-
lit); dermatologické (fotosenzitivita s naslednym
vznikom chlorakné, kozna fragilita a hirzutiz-
mus, neskora kozna porfyria a/alebo hyperpig-
mentacia); muskoskeletdlne (myalgia a bolest
svalov); neurologické (polyneuropatia, posko-
denie funkcie mozgu, mentalne zmeny, dystonia
a bolest’ hlavy); psychologické (inava, asténia
a posttraumatické stresové poruchy); metabolic-
ké (tvorba cytochromu P-4501A1 a P-4501A2,
hyperlipidémia, hypovitamindzy); imunologic-
ké (imunosupresia); urogenitalne (hemoragicka
cistitida); hematologické (pokles protrombinu);
endokrinologické (poruchy tolerancie glukdzy
a poruchy funkcie §titnej zlazy a jej hormoénov);
reprodukéné (vrodené anomalie, tetratogenita,
vratane poruch vyvoja Stitnej zlazy, kongenitalne
anomalie CNS, aborty, rdzne poruchy gravidity,
endometridza, zaostavanie vo vyvoji, kvalitativne
a kvantitativne zmeny v spermidach, abnormality
v sexualnych funkcidch, zmeny v hormonalnych
hladindch (znizena hladina testosterénu, disrup-
tory estrogénov), impotencia), ototoxicita (strata
sluchu) (TRNOVEC et al., 2010).

EXPERIMENTALNA CAST
MATERIAL A METODY

Analyza PCDD, PCDF a dioxinom pribuz-
nych PCB (DL-PCB) bola uskuto¢nena plynovou
chromatografiou v spojeni s vysoko rozliSovacou
hmotnostnou spektrometriou (GC-HRMS) v Na-
rodnom referen¢nom centre pre dioxiny a pribuz-
né zluceniny, Slovenska zdravotnicka univerzita
v Bratislave. Analyzovanych bolo celkovo 16
vzoriek potravinovych komodit pochadzajucich
z velkochovov a pridomovych chovov réznych
oblasti SR (Tab. 1).



Tab. 1 Zoznam a oznacenie analyzovanych vzoriek

Tab. 1 List and labeling of analysed samples
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‘(?Zf)l;?(?HIe Druh komodity | Lokalita gz:li‘f’eme E;::ll:) dity Lokalita

VZ1# Brav¢ova mast’ | Dubova — Nemecka | VZ9P Ovcie mlieko | Krompachy — HriSovce

vZz2: Bravcova mast’ | Starina — Prislop VZ10° Ovcie mlieko | Dubova — Jasenie

vzZ3: Bravéova mast’ | Bardejov — Hertnik | VZ11° Ov¢ie mlieko | Dubova — Predajna

VZ4: Kravské mlieko | Dubovéa — Zamostie | VZ12° Slepacie vajcia | Starina —Topol'a

Vz5 Kravské mlieko | Starina — Jalova VZ13* Slepatie vajcia | Sala — Mocenok,

VZ6* Kravské mlieko | Starina — Jalova VZ14* Kapor Sala — Selice, Téglag

vZ7* Kravské mlieko |KosSice — Velka Ida | VZ15* Kapor Sal'a — Mo&enok-Dlhac
.. . Krompachy — ] Sala — TeSedikovo,

VZz8® Ov¢ie mlieko Sla tviga Y VZ16* Kapor Telekto®

* pridomovy chov * velkochov © nazov rybnika

PRISTROJE A VYBAVENIE

Na spracovanie vzoriek potravin boli po-
uzité nasledujice zariadenia: lyofilizator Heto
LyoPro 3000 (Heto-Holten, Déansko), zariadenie
pre urychlenu extrakciu rozptstadlom ASE 300
(Dionex, USA), vakuovy rotatny odparovak
(Heidolph, Germany), zariadenie na odparovanie
TurboVap II (Zymark, USA), poloautomatic-
ké zariadenie na Cistenie a frakcionaciu vzoriek
Power-Prep ™ (FMS Ltd., USA).

Na spektrometrické stanovenie PCDD, PCDF
a DL-PCB bol pouzity vysoko rozliSovaci plyno-
vy chromatograf (Hewllet-Packard 6890, USA)
s vysoko rozliSovacim hmotnostnym spektromet-
rom MAT 95XP (Thermo Finnigan, Germany,
HRGC-HRMS). Analyza prebehla za nasleduju-
cich podmienok:

— elektronova energia 48 eV,

— hmotnostné rozlisenie 10 000, detekény a kvanti-
fikaény rezim MID, iény [M+2]", M" alebo
[M+4]" pre kazdy analyt,

— HRGC: cistota nosného plynu He 4.6 99,996 %,
splitless davkovanie, konstantny privod ply-
nu.

Na separaciu kongenérov PCDD/F a PCB sa

pouzila koléona DB-5ms (60m x 0,25 mm ID x

0,25 um, J&W Scientific, USA):

—  prietok nosného plynu 0,8 ml.min™!

— vstrekovany objem extraktu 4 pul

— teplotny program: 120 °C (1,5 min), 30 °C.
min”', 200 °C, 3 °C.min"', 287 °C, 10 °C.
min', 325 °C (20 min).

— nosny plyn He

Na separaciu kongenérov PCDD/F obzvlast' vo

vzorke ryb z hladiska presnejSej kvantifikacie

na DB-5ms kolone koelujucich zlt¢enin sa doda-
tocne pouzila koléna Rtx—2330 (60m x 0,25 mm
ID x 0,1 um, Restek, USA):
prietok nosného plynu 1 ml.min™!
— vstrekovany objem extraktu Sul
— teplotny program: 120 °C (1,5 min), 30 °C.
min', 200 °C, 2 °C.min"", 260 °C (20 min).
— nosny plyn He.

Pouzivané sklo bolo oplachnuté toluénom,
umyté horicim vodnym roztokom saponatu,
oplachnuté horticou vodou, metanolom a na za-
ver destilovanou vodou. Umyté sklo sa ponechalo
vysusit odkvapkanim na filtraény papier. Dalej sa
sklo Cistilo vypalenim vo vysokoteplotnej suSiarni
pri teplote 400 °C pocas 8 hodin. Cisté a suché
sklo sa uzatvorilo hlinikovou féliou a skladovalo
sa az do doby pouzitia na bezprasnom mieste.

PRIPRAVA VZORIEK

Jednotlivé oznacené vzorky kravského a ov-
¢ieho mlieka, bravcovej masti, ryb a slepacich va-
jec boli pred samotnou upravou uskladnené
v mraznicke. Rozmrazené vzorky rybicho mésa
boli nakrajané a zhomogenizované pomocou la-
boratorneho nozového mlyna Grindomix GM
200. Z rozmrazenych ryb boli odstranené hlava,
vnutornosti a koza. Priblizne 200 g z kazdej vzor-
ky sarozotrelo v lyofiliza¢nej miske. Zo slepacich
vajec bol na d’aliie spracovanie oddeleny Zitok,
ktory sa po homogenizacii sklenenou ty¢inkou
vylial rovnomerne po celej ploche lyofilizacnej
misky. Takto pripravené vzorky sa lyofilizovali
priblizne 48 hodin. Diferenciadlnym vazenim bol
zisteny obsah suSiny (%) vo vzorke. Extrakcia
rybich vzoriek sa vykonala pomocou extrakcné-
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ho zariadenia Dionex ASE300. VysuSena vzor-
ka sa preniesla do vycCistenej extrakénej patrony,
na ktorej dno sa vopred zatlacil filtraény papier.
Na vrch naplne v ASE patrone boli pridané izo-
topicky znacené extrakéné Standardy a precisteny
filtra¢ny papier. Na extrakciu tuku zo vzoriek ry-
biecho misa sa pouzila zmes organickych rozpts-
tadiel n-hexan : aceton (4:1, v/v) v dvoch cykloch
pri teplote 100 °C (5 min).

Vzorky brav€ovej masti sa nelyofilizova-
li a neextrahoval sa z nich tuk, spracovavali sa
rovnakym spdsobom ako tuky izolované z inych
typov vzoriek. Tuk z lyofilizovaného vajecné-
ho zitka sa extrahoval na koléne s vnitornym
priemerom 15mm, do ktorej sa nasypalo presné
mnozstvo vzorky homogénne zmieSanej s bez-
vodym siranom sodnym. Tuk sa eluoval zmesou
dichlormetan : cyklohexan (1:1, v/v) do vopred
odvazenej sklenej skimavky koncentratora Tur-
boVap a ziskany extrakt sa odparil takmer do su-
cha v koncentratore TurboVap II. Pred zvazenim
sa vzorka kvoli odpareniu poslednych zvyskov
organického rozpustadla vlozila na 60 min do su-
Siarne vyhriatej na 103 °C. Diferen¢nym vazenim
sa zistila hmotnost’ tuku.

Rozklad zivocisnych tukov prebiehal na kolo-
ne plnenej silikagélom modifikovanym s H,SO,.
Do vyc¢istenej 100 ml banky bolo navazené presné
mnozstvo tuku. K obsahu banky boli pridané izo-
topicky znacené extrakéné Standardy. Do vzorky
bol pridany n-hexan a obsah banky sa krizivymi
pohybmi zamiesal. Do vy¢istenej sklenej kolony
s vnutornym priemerom 16 mm sa ulozila precis-
tena sklena vata a poklepkavanim sa postupne na-
sypali sorbenty: silikagél, 44 % H,SO, na silika-
géli, 22% H,SO, na silikagéli, bezvody Na,SO,.
Takto naplnena kolona sa premyla n-hexdnom
a po jeho vsiaknuti sa ihned’ pridala vzorka tuku.
PCDD, PCDF a DL-PCB vyeluovali z kolony
v ramci jednej frakcie.

Z jednotlivych mlie¢nych vzoriek sa odobralo
50ml do deliaceho lievika. Po pridani izotopic-
ky znacenych (**C) extrakénych Standardov bola
mlie¢na vzorka zaliata horucim Stavelanovym
roztokom spolu s dietyléterom, etanolom a n-he-
xanom. Po pretrepani a odstati sa v deliacom lie-
viku vytvorilo ostré rozhranie, spodna vrstva bola
zachytend do kadicky a opédtovne extrahovana
rovnakou zmesou rozpustadiel. Organicka (hor-
na) vrstva sa odparila na rotaénom vakuovom od-
parovaci a nechala odstat’ do druhého dia v banke
umiestnenej v digestoriu pre odparenie posled-
nych zvyskov organickych rozpustadiel. Vzorka
mlie¢neho tuku bola odvazena a pre vlastnt ana-
lyzu sa odobralo 20 — 200 mg. Odvazené mnoz-

stvo vzorky bolo rozpustené v n-hexane a d’alej
spracované na kolonkach plnenych silikagélom
modivﬁkovanym s H,SO,.

Cistenie extraktov vzoriek a frakcionécia sle-
dovanych analytov sa uskuto¢nila pomocou po-
loautomatického zariadenia FMS Power-Prep™.
Na precistenie zakoncentrovanych vzoriek boli
pouzité rozpustadla: n-hexan, dichlérmetan, to-
luén, benzén, etylacetat. Hadicky ponorené vo
flasiach prislusnych rozpustadiel nesmeli prist
do kontaktu s kontaminujucimi predmetmi. Te-
flonové kolony boli vybrané z obalov tesne pred
pouzitim a namontované na paneloch pre kolo-
ny. Oddelené frakcie PCDD + PCDF a DL-PCB
boli zachytené v TurboVap skimavkach, pricom
na eliciu PCDD/F sa pouzil toluén a na elu-
ciu PCB zmes n-hexan : dichlérmetan (1:1,
v/v). Hexanovy (DL-PCB) a toluénovy (PCDD,
PCDF) eluat v TurboVap skimavke obohateny
o ochranné rozpustadlo (nondn) v objeme 10 pul
bol zakoncentrovany pomocou TurboVapu pru-
dom N, na objem 0,5 ml (eluat sa nesmel odparit
do sucha). Oblast’ kénusu TurboVap skimaviek
sa vycistenou Pasteurovou pipetou obmyla he-
xanom, a po obmyti sa rezidua preniesli priamo
do 1,1 ml koénickych vialiek. Po preneseni rezidui
sa skumavka obmyla hexdnom tou istou pipetou
asi 10-krat a aj tento oplach sa preniesol do pd-
vodnej konickej vialky. Takto prenesena vzorka,
dobre uzavretd, sa skladovala do GC analyzy
v chladnicke. Rezidud v koénickej vialke sa nako-
niec zriedili presnym objemom roztoku prislus-
ného davkovacieho $tandardu (interny Standard)
piestikovou mikropipetou. Vzorka nariedena dav-
kovacim S$tandardom sa ponechala fortifikovat
1 hodinu a potom sa nadavkovala do GC.

STANOVENIE PCDD, PCDF
ADL-PCB VO VZORKACH
POTRAVIN

Stanovenie PCDD, PCDF a DL-PCB vo vzor-
kach potravin prebiehalo izotopovou zried'ovacou
metddou pomocou HRGC/HRMS v rezime MID
(z anglického multiple ion detection). Kongené-
rovo-$pecifické stanovenie PCDD/F a PCB bolo
vykonané podla metédy USEPA 1613, USEPA
1668. Koncentracia spomenutych zlicenin je
vyjadrena ako TEQ. Na vypocet TEQ sa pouzi-
li faktory ekvivalentnej toxicity (TEF). Celkova
TEQ, o -pcs KONCENtracia sa vypocitala s¢itanim
koncentracii 17 jednotlivych 2,3,7,8-substituova-
nych PCDD/F a 12 DL-PCB vynasobenych pris-
lusnymi TEF.



POZIADAVKY NA INDENTIFI-
KACIU A STANOVENIE

Aspoil dva iény z molekulového izotopoveé-

ho zvazku kazdého 2,3,7,8-chlorsubstituovaného
kongenéru PCDD/F a PCB sa musia zaznamena-
vat’ tak v pripade prirodzenych, ako aj pridanych
kongenérov oznacenych *C , (extrak¢ny Standard
a davkovaci Standard). Kongenér sa povazuje
za pozitivne identifikovany, ak st splnené nasle-
dujtice podmienky:

Pomer izotopov medzi dvoma sledovanymi
i6onmi sa musi zhodovat’ s teoretickou hod-
notou s maximalnou odchylkou uvedenou
v USEPA 1613 resp. USEPA 1668.

Reten¢ny cas prirodzeného 2,3,7,8-chlorsub-
stituovaného izoméru PCDD/F a PCB sa musi
nachadzat v Casovom intervale uvedenom
v normovanych metddach zaloZzenom na re-
tenénom case prislusného izoméru oznacené-
ho BC,, vo vzorke (US EPA 1994, US EPA
2008).

Okrem poziadaviek na identifikaciu, sa musia
splnit’ aj nasledujlice poziadavky na stanove-
nie:

V sucasnosti neexistuje chromatograficka ko-
lona, ktora dokaze oddelit’ vSetky 2,3,7,8-chlorsub-
stituované kongenéry PCDD/F od vSetkych os-
tatnych, inych nez 2,3,7,8-chlorsubstituova-
nych kongenérov. Uplna separacia sa moze
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docielit’ opakovanou analyzou vzorky na roz-
dielnych kolonach s rozdielnymi vlastnost'ami
(polaritou).

Plynovochromatografickd separacna kolo-
na musi oddelit 2,3,7,8-chlorsubstituované
kongenéry PCDD/F od rusiacich kongenérov
na urovni 90 % udolia vztahovaného k naj-
vy§Siemu piku. 2,3,7,8-TCDF sa musi sepa-
rovat’ od vsetkych ostatnych rusiacich kon-
genérov na urovni 25 % tdolia pod vrcholom
mensSicho piku vo vztahu k vyske tohto piku.
Vytaznost'kazdéhojednotlivého2,3,7,8-chlor-
substituovaného PCDD/PCDF a PCB z ex-
trakénych Standardov v kazdej vzorke musi
vyhovovat’ kritériam zakotvenym v normova-
nych metédach US EPA 1613/US EPA 1668.
Pomer signalu kongenérov oznacenych "“C
a non-orto-, mono-orto-PCB pouzitych na kvan-
tifikovanie k signalu Sumu musi byt > 10 : 1.
Vyzaduje sa analyza slepej extrakénej vzor-
ky. Hladiny vsetkych 2,3,7,8-chlorsubstitu-
ovanych kongenérov a PCB v slepej vzorke
musia byt rovné alebo mensie ako medza
detekcie metddy (zistené hladiny tychto kon-
genérov musia byt najmenej desat’krat nizsie

vzoriek (US EPA 1994, US EPA 2008).

V tabulke 2 st uvedené hmotnosti monitoro-

vanych i6nov m/z v rezime MID.

Tab. 2 Hmotnosti monitorovanych iénov PCDD,PCDF a PCB (US EPA 1994)
Tab. 2 Mass of monitored ion PCDD, PCDF and PCB (US EPA 1994)

Analyt Presna m/z Typ m/z Analyt Presna m/z Typ m/z

TCDF ("°C,,H,*C1,0) 303,9016 M TriCB (*C ,H,*Cl,) 255,9613 M

TCDF ("*C ,H,*CL’CIO) 305,8987 M+2 TriCB (°C,H,*CL>'Cl) 257,9584 M+2
5C,, TCDF (C ,H,*C1,0) 315,9419 M BC,, TriCB (°C ,H,*Cl,) 268,0016 M

C,, TCDF ("*C ,H,*CL*'CIO) 317,9389 M+2 BC, TriCB (BC ,H*CLCl)  269,9986 M+2
TCDD (**CH,*Cl1,0,) 319,8965 M TetraCB ("*C H,*Cl,) 289,9224 M

TCDD (*C ,H,*CLClO,) 321,8936 M+2 TetraCB (*C,,H *CL¥Cl) 291,9194 M+2
C,, TCDD ("*C H*C1,0,) 331,9368 M “C,, TCB (“C ,H*Cl,) 301,9626 M

3C,,TCDD ("*C ,H,*CI,”CIO,) 333,9339 M+2 C,, TCB (“C,,H*CL>Cl) 303,9597 M+2
PeCDF ("*C ,H,*Cl,*'CIO) 339,8597 M+2 PeCB ("°C,,H;*CI,’Cl) 325,8804 M+2
PeCDF (*C ,H,*CL*"CL,0) 341,8567 M+4 PeCB ("°C,,H;*CL,Cl,) 327,8775 M+4
C,, PeCDF (*C H,*Cl,"CIO) 351,9000 M+2 "C,,PeCB (°C ,H*C1,YCl) 337,9207 M+2
BC,,PeCDF (*C H *CL*CL0) 353,8970 M+4 C,PeCB (°C H CLYClL) 3399178 M+4
PeCDD ("*C ,H,*Cl,’CIO,) 355,8546 M+2 HxCB ("C,,H,*CI'Cl) 359,8415 M+2
PeCDD ("*C ,H,*CI,”’CL,0,) 357,8516 M+4 HxCB ("*C ,H,*Cl'Cl,) 361,8385 M+4
BC,,PeCDD (°C,,H,*CI,CIO,))  367,8949 M+2 BC,HxCB ("C,H*CI’Cl)  371,8817 M+2
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Pokracovanie Tab. 2

Analyt Presna m/z Typ m/z Analyt Presna m/z Typ m/z

BC,,PeCDD (°C,,H,*CLCL,0,)  369,8919 M+4 C,HxCB ("C H*CICl) 3738788 M+4

HxCDF (*C H,*CL'ClO) 373,8208 M+2 HpCB ("°C,,H,*CI'Cl) 393,8025 M+2

HxCDF ("*C ,H,*Cl,”"C1,0) 375,8178 M+4 HpCB ("°C,,H,*CI'Cl,) 395,7995 M+4

BC,, HxCDF ("C ,H,*CL'ClO) 385,8610 M+2 BC,HpCB (“C ,H*CI’Cl)  405,8428 M+2

BC,,HxCDF (°C H,*CLCL,0)  387,8580 M+4 BC,HpCB (“C ,H*CI’Cl)  407,8398 M+4

HxCDD (*C ,H,*CL'CIO,) 389,8157 M+2 OctaCB ("*C,,H,*CL'Cl) 427,7635 M+2

HxCDD ("*C ,H,*C1,’C1,0,) 391,8127 M+4 OctaCB ("°C,,H,*CI 'Cl,) 429,7606 M+4

5C,,HxCDD (C H,*CI'ClO,)  401,8559 M+2 BC ,OctaCB (°CH,*CL¥Cl) 439,8038 M+2
BC,,OctaCB

3C,,HxCDD ("C,H,*Cl CL,0,) 403,8529 M-+4 (‘3C12]2HZ35C1637C12) 441,8008 M+4

HpCDF ("*C H*CI'CIO) 407,7818 M+2 NonaCB ("*C H *CI¥"Cl) 461,7246 M+2

HpCDF (*C H*CI’CL,0) 409,7789 M+4 NonaCB (*C H *CL*'Cl,) 463,7216 M+4
13C,,NonaCB

C,, HpCDF (“C ,H*CICIO) 419,8220 M+2 (Ué-]zﬁ.uCIBWCD 473,7648 M+2
13C,,NonaCB

13, 13, 35 12

C,,HpCDF (*C ,H*CL,CL,0) 421,8191 M+4 (°C_H5CLYCL) 475,7619 M+4

HpCDD (*C ,H,*C1'CIO,) 4237766 M+2 DecaCB (2C ,*CL"Cl,) 497,6826 M+4

HpCDD ("*C ,H,*CI’CL0,) 425,7737 M+4 DecaCB (2C,*CLYCl,) 499,6797 M+6

C,,HpCDD ("C H,*Cl"ClO,)  435,8169 M+2 C ,DecaCB (°C ,*CLCL)  509,7229 M+4

C,HpCDD ("C H,*CL"CL,0,) 437,8140 M+4 "*C,,DecaCB ("*C,,*CLCl) ~ 511,7199 M+6

OCDF ("*C ,*C1,¥'CIO) 441,7428 M+2

OCDF ("*C,*C] ¥C1,0) 443,7399 M+4

OCDD (*C,*CL'ClO,) 457,1377 M+2

OCDD (*C,*C1CL0,) 459,7348 M+4

C,, OCDD (“C,*CL'ClO,) 469,7779 M+2

BC,, OCDD (“C,*C1;’CL,0,) 471,7750 M+4

KALIBRACIA GC/MS SYSTEMU

Kalibracia sa vykonava analyzou kalibrac¢-
nych roztokov podl'a metédy (US EPA 1994, US
EPA 2008). Kalibraéné roztoky obsahuju kazdy
kongenér, ktory ma byt stanoveny. Kazdy z pia-
tich kalibracnych roztokov obsahuje nativne kon-
genéry a "C , kongenéry pouzivané ako extrak¢-
né a davkovacie Standardy. Pri vyhodnocovani
kalibra¢nych §tandardov sa zmeraju plochy a vy-
pocitaji relativne odozvové faktory pre kazdy
sledovany kongenér k jeho izotopicky znacenému
ekvivalentu. Tieto odozvové faktory sa pouziva-
ju spolu s extrakénymi kongenérmi oznacenymi
C,, pridanymi do vzorky na stanovenie mnoz-
stva prirodzenych PCDD/F a PCB izotopovou
zried’'ovacou metddou.

KALIBRACNE ROZTOKY A EX-
TRAKCNE STANDARDY PCDD,
PCDF A DL-PCB

Faktor toxicity — TEF je stanoveny pre kazda
zo zltcenin patriacu do skupiny POPs, na ktort
sa vztahuje eurdpska legislativa. Aby bolo moz-
né ur¢it’ mieru toxicity tychto latok, bol zavedeny
uz spominany toxicky ekvivalent — TEQ. Zakla-
dom stupnice faktora toxicity je 2,3,7,8-TCDD,
ktorého faktor ekvivalentnej toxicity je 1. Pre
vypocet TEQ je potrebné hmotnostné koncentra-
cie 2,3,7,8-substituovanych PCDD/F a DL-PCB
vynasobit prislusnymi faktormi toxickej ekviva-
lencie TEF (Eur-Lex 2014).

V Tab. 3 su uvedené hodnoty WHO-TEF
(faktor toxicity podla svetovej zdravotnickej or-
ganizicie) u 17 toxikologicky vyznamnych PCD-
D/F a 12 DL-PCB.
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Tab. 3 Faktory ekvivalentnej toxicity (TEF) pre PCDD, PCDF a DL-PCB ustanovené WHO-v roku 1998)
Tab. 3 Toxicity equivalent factors of PCDD, PCDF and DL-PCBs according WHO in 1998

2,3,7,8-substituované dibenzo-p-dioxiny (PCDD) non-orto substituované DL-PCB
Kongenér Hodnota TEF Kongenér Hodnota TEF

2,3,7,8-TCDD 1 Non-orto PCB
1,2,3,7,8-PeCDD 1 PCB 77 0,0001
1,2,3,4,7,8-HxCDD 0,1 PCB 81 0,0001
1,2,3,6,7,8-HxCDD 0,1 PCB 126 0,1
1,2,3,7,8,9-HxCDD 0,1 PCB 169 0,01
1,2,3,4,6,7,8-HpCDD 0,01
OCDD 0,0001

2,3,7,8-substituované dibenzofurany (PCDF) mono-orto substituované DL-PCB
2,3,7,8-TCDF 0,1 PCB 105 0,0001
1,2,3,7,8-PeCDF 0,05 PCB 114 0,0005
2,3,4,7,8-PeCDF 0,5 PCB 118 0,0001
1,2,3,4,7,8-HxCDF 0,1 PCB 123 0,0001
1,2,3,6,7,8-HxCDF 0,1 PCB 156 0,0005
1,2,3,7,8,9-HxCDF 0,1 PCB 157 0,0005
2,3,4,6,7,8-HxCDF 0,1 PCB 167 0,00001
1,2,3,4,6,7,8-HpCDF 0,01 PCB 189 0,0001
1,2,3,4,7,8,9-HpCDF 0,01
OCDF 0,0001

Kalibra¢né roztoky boli pripravené sériou
zodpovedajucich riedeni v piatich koncentraci-
ach. Koncentracie kalibra¢nych roztokov boli rie-
dené niekol’ko nasobne podla potreby do oblasti
nizsich koncentracii v porovnani s metoédou (US
EPA 1994, US EPA 2008).

VYSLEDKY A DISKUSIA

Nariadenim komisie (EU) &. 1881/2006 sa
ustanovujii maximalne hodnoty obsahu niekto-
rych kontaminantov v potravinach, maximalne
hodnoty dioxinom nepodobnych PCB, dioxi-
nov a furanov a celkova suma dioxinov, furanov
a dioxinom podobnych PCB v urcitych potravi-
nach (od roku 2012 je platné nové nariadenie EU
¢. 1259/2011). V odporucani komisie 2011/516/
EU o zniZeni pritomnosti PCDD, PCDF a PCB
v krmivach a potravinach sa stanovili akéné hla-
diny s cielom stimulovat proaktivny pristup
k znizovaniu pritomnosti PCDD, PCDF a dioxi-
nom podobnych PCB v potravinach. Tieto akéné
hladiny slizia prisluSnym organom a hospodar-
skym subjektom ako nastroj na vymedzenie pri-
padov, v ktorych je Ziaduce zistit’ zdroj kontami-
nacie a prijat’ opatrenia na jeho obmedzenie alebo

odstranenie. Vzhl'adom na to, ze¢ PCDD a dioxi-
nom podobné PCB maju rézne zdroje, je vhodné
stanovit’ pre dioxiny a dioxinom podobné PCB
rozne akéné hladiny. V nariadeni komisie (ES) ¢.
1883/2006, ktorym sa ustanovuju metddy odbe-
ru vzoriek a analyzy na tradn®l kontrolu hladiny
dioxinov a dioxinom podobnych PCB v urcitych
potravinach, sa stanovuju osobitné ustanovenia
tykajice sa postupu odberu vzoriek a analytic-
kych metod, ktoré sa maji uplatiiovat’ pri uradnej
kontrole. Aktualizované Nariadenie komisie (EU)
¢. 252/2012 bolo v roku 2014 nahradené Naria-
denim komisie (EU) &. 589/2014, ktorym sa sta-
novuji metddy odberu vzoriek a analyzy na kon-
trolu hladin dioxinov, dioxinom podobnych PCB
a dioxinom nepodobnych PCB v urcitych potravi-
nach (Eur-Lex 2006, Eur-Lex 2014).

Z celkového poctu 16 vzoriek boli analyzo-
vané tri vzorky bravcovej masti (VZ1-3), Sty-
ri vzorky kravského (VZ4-7) a ov¢ieho mlieka
(VZ8-11), dve vzorky slepacich vajec (VZ12,
13) a tri vzorky rybieho mésa z kapra (VZ14-16)
z rdznych oblasti SR. Vysledky analyz su uvede-
né v Tabul’ke 4.
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genérov a zaroven aj celkovil minimalnu kon-
centraciu spomedzi vsetkych sledovanych kon-
genérov vo vzorkach bravcovej masti vykazal
1,2,3,7,8-PeCDD (0,022 pg.g' tuku, VZ2 a <
0,022 pg.g' tuku, VZ3). Kongenér OCDD
vo vzorke VZI1 s preukdzanou koncentraciou
149,931 pg.g' tuku jednoznaéne dominoval
v skupine PCDD. V skupine PCDF kongenérov
(VZ3), kde obsah spomenutého kongenéru vy-
kazoval hodnotu pod medzou detekcie. Dal-
Sia najnizSia koncentracia v poradi bola ziste-
na u 1,2,34,7,8,9-HpCDF (VZ2), a to menegj
nez 0,024 pg.g! tuku. Najvyssia koncentracia
zo skupiny PCDF kongenérov bola namerana
u 1,2,3,4,6,7,8-HpCDF (0,53 pg.g” tuku, VZ1).
Pokial ide o skupinu kongenérov DL-PCB, o naj-
nizsej preukdzanej koncentracii mézeme hovorit
v pripade kongenéru PCB-123, ktoré¢ho obsah vo
vzorke bol pod medzou detekcie. Dal3ia najnizsia
koncentracia v poradi bola preukazana u PCB-81
(0,064 pg.g'! tuku, VZ3). Maximalny obsah u DL-
-PCB a zéroven aj celkova najvyssia koncentracia
vo vsetkych sledovanych skupinach kongenérov
z odobratych vzoriek bravéovej masti, bola doka-
zana u PCB-118, a to 440,64 pg.g"! tuku (VZI1),
¢o predstavuje priblizne 3-krat vyssiu koncentra-
ciu oproti koncentracii OCDD a az 831-krat vyssi
obsah ako u 1,2,3,4,6,7,8-HpCDF. V znac¢ne vy-
sokych koncentraciach sa vyskytol nielen spomi-
nany kongenér PCB-118, ale aj PCB-156 (215,48
pg.g’! tuku, VZ1). Ide o kongenéry s najvyssou
koncentraciou v ramci vsetkych sledovanych
skupin kongenérov vo vzorkach bravéovej masti,
kongenér PCB-118 vykazoval priblizne 20 029-
koncentracie ostatnych kongenérov. Pre kazdy
kongenér bola urena miera toxicity.

Vysledky vo vzorkach kravského mlieka st
nasledovné. Koncentraciu pod limitom detek-
cie vykazovali dva kongenéry, OCDD (VZ4)
v skupine dioxinov a OCDF (VZ4) v skupine
furanov. Najnizsiu detegovatelnu koncentraciu
dioxinov a zaroven aj ostatnych skupin kongené-
rov vykazal 2,3,7,8-TCDD, a to menej ako 0,005
pg.g! tuku (VZ5, VZ6). Minimalna koncentracia
v skupine PCDF bola zistena u 2,3,7,8-TCDF (<
0,006 pg.g' tuku, VZ5). Najvyssia koncentra-
cia v skupine PCDD kongenérov bola namerana
u 1,2,3,4,6,7,8-HpCDD (0,59 pg.g’ tuku, VZ7),
ktora bola v porovnani s najvyssou koncentraciou
u 2,3,4,7,8-PeCDF (2,5 pg.g’! tuku, VZ7) pri-
blizne 4-krat vys$sia. Znac¢ny rozdiel nameranych
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miniméalnych a maximalnych koncentracii je vo
vzorkach kravského mlieka prave v skupine DL-
-PCB v porovnani s ostatnymi komoditami a sku-
pinami kongenérov. Az 2200,67 pg.g" tuku bolo
detegovanych vo vzorke VZ4 pre kongenér PCB-
118, ¢o predstavuje maximalnu zisteni koncen-
traciu spomedzi vSetkych kongenérov u sledova-
kézana u PCB-169 (0,74 pg.g™ tuku, VZ5 a VZ6).

Vo vzorkach ov¢ieho mlieka boli minimalne
hladiny zaznamenané u 2,3,7,8-TCDD (VZI11)
a 1,2,3,7,8-PeCDD (VZ11) na tGrovni mensej
ako 0,006 pg.g"! tuku. Najvyssia zistena hladina
v skupine PCDD kongenérov bola priblizne az
462-nasobne vicsia oproti najniz§im hladinam,
atou 1,2,3,7,8-PeCDD (2,77 pg.g" tuku, VZ9).
Porovnanim jednotlivych koncentrécii v skupine
merand hodnota bola u 2,3,7,8-TCDF (menej ako
0,009 pg.g! tuku, VZ8), a to priblizne 551-krat
ako najvys$sia namerana koncentracia (4,96 pg.g
! tuku u 1,2,3,4,7,8-HxCDF, VZ9). Pre skupinu
DL-PCB kongenérov sa opét’ predpokladalo Sir-
Sie rozpitie nameranych hodnot oproti hladinam
PCDD/F kongenérov. Rozdiel najniz$ej koncen-
tracie u PCB-81 (1,63 pg.g"! tuku, VZ10) a naj-
vysSej nameranej u PCB-118 (484,18 pg.g! tuku,
VZ11) bol takmer 300-nasobny.

Vo vzorkéch slepacich vajec boli zistené na-
PCDD kongenérov vykazoval 1,2,3,7,8-PeCDD
(menej ako 0,011 pg.g! tuku, VZ13) a najvyssi
bol zisteny u OCDD (0,96 pg.g! tuku, VZ12). Po-
kial’ ide o koncentraciu furanov v slepacich vaj-
u 1,2,3,4,6,7,8-HpCDF (menej ako 0,021 pg.g’!
tuku, VZ13) a najvyssia u 2,3,4,7,8-PeCDF (0,65
pg.g! tuku, VZ12), rozdiel koncentracii bol pri-
blizne 31-nasobny. V skupine DL-PCB kongené-
rov bol priblizne 1837-nasobny rozdiel najnizsej
koncentracie (PCB-169, 0,4 pg.g' tuku, VZ13)
oproti najvyssej (PCB-118, 734,69 pg.g' tuku,
VZ12).

Vo vzorkach kapra bola zistena najniz-
Sia koncentracia v skupine dioxinov, a to
menej nez 0,001 pg.g' derstvej hmotnosti
u 1,2,3,4,6,7,8,-HpCDD (VZ14), ktora bola opro-
ti najvyssej zistenej koncentracii u OCDD (0,035
pg.g! cerstvej hmotnosti, VZ16) 35-ndsobne
nizsia. Najvyssiu koncentraciu v skupine fura-
nov dosiahol kongenér 2,3,7,8-TCDF, a to 0,31
pg.g' Cerstvej hmotnosti (VZ16), ktora je oproti
najniZ$ej nameranej menej ako 0,001 pg.g' Cer-
stvej hmotnosti u 1,2,3,4,6,7,8-HpCDF (VZ14)
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310-krat vyssia. Z hladiska zastipenia DL-PCB
kongenérov dominoval PCB-118 s koncentraciou
199,03 pg.g! Cerstvej hmotnosti (VZ16), oproti
PCB-81 (0,076 pg.g" Cerstvej hmotnosti, VZ14),
rozdiel koncentracii bol priblizne 2619-nasobny.
Suma dioxinov a furanov vyjadrena ako
WHO,, TEQ PCDD/F, tzn. miera toxicity (pozri
obr. 1) bola najvyssia spomedzi vSetkych komodit
v ovéom mlieku (VZ9), a to na urovni 8,45 pg.g’!
tuku, ktora prekracuje takmer 3-nasobne maxi-
malnu pripustnd hodnotu obsahu sumy PCDD/F
podla Nariadenia (ES) ¢. 1881/2006 (3,0 pg.g’

c[pg/g tuku]

O = MW s N g~ 00 WD

tuku). PodPa Odporugania & 516/2011 EU (1,75
pg.g' tuku) stanovena koncentracia prekroCila
akénu hladinu PCDD/F takmer 5-krat. Ostatné
vzorky ovéiecho mlieka spiifiaju maximalne pri-
pustné hladiny podl'a oboch pravnych predpisov.
Bravéova mast’ stanovenymi koncentraciami
neprekracuje ani v jednom pripade ¢i uz podla
Nariadenia (ES) ¢. 1881/2006 (1,00 pg.g” tuku)
alebo Odportcania ¢. 516/2011 EU (1,00 pg.g’
tuku) maximalne pripustné hladiny.

VZ1 VZ2 VI3 | VZ4 VIS5 Vi6 VZ7 VI8 | VI9 VZ10VZ11VZ12VZ13VZ14VZ15V716

Bravfovamast  Kravské mlieko

® WHO98TEQ PCDD/F

Slepacie
vajcia

Ovcie mlieko Kapor

m WHOO9STEQ dI-PCB

Obr. 1 Porovnanie WHO,, TEQ PCDD/F a DL-PCB v jednotlivych komoditich
Fig. 1 Comparison of WHO, TEQ PCDD/F and DL-PCB in food samples

Vo vzorkéch kravského mlieka neboli prekro-
¢ené maximalne pripustné hladiny podl'a Naria-
denia ¢. 1881/2006, ale ak¢éna hladina stanovena
podr'a Odporagania &. 516/2011 EU bola prekro-
¢enau VZ7 0 0,42 pg.g"' tuku. Podl'a oboch prav-
nych predpisov neboli prekro¢ené maximalne pri-
pustné koncentracie ani u jednej vzorky slepacich
vajec a kapra.

Suma dioxinom podobnych polychloro-
vanych bifenylov vyjadrena ako WHO/TEQ
DL-PCB dosiahla najvy$Siu hladinu spomedzi
vsetkych komodit v ov€om mlieku (VZ9), a to
na urovni 5,85 pg.g"' tuku. Podl'a Nariadenia ¢.
1881/2006 je prekrocena maximalna hodnota ob-
sahu sumy dioxinov, furanov, DL-PCB (6,0 pg.g™
tuku) takmer 2,4-nasobne (14,3 pg.g™!' tuku, VZ9)
a akénd hladina pre DL-PCB (2,0 pg.g' tuku) je
prekrocena o 3,85 pg.g! tuku (5,85 pg.g' tuku,
VZ 9). Ostatné vzorky ov¢iecho mlicka okrem

VZI11 (prekrocenie akénej hladiny o 0,2 pg.g’!
tuku), neprekrocili stanovené maximalne pripust-
né hladiny. Vo vzorkach bravcovej masti neboli
prekrocené v ziadnom pripade maximalne pri-
pustné hladiny podl'a oboch pravnych predpisov.
Vo vzorke s oznacenim VZ3 (bravCova mast)
a VZ14 (kapor) bola dosiahnutd najmensia hod-
nota WHO,TEQ DL-PCB spomedzi vSetkych
komodit. Vo vzorkach kravského mlieka neboli
prekrocené maximalne pripustné hladiny podla
Nariadenia ¢. 1881/2006, ale v porovnani s li-
mitmi podla Odporigania & 516/2011 EU boli
prekroc¢ené pripustné hladiny u dvoch vzoriek
(4,3 pg.g'! tuku — VZ4 a 2,10 pg.g"! tuku — VZ7).
Vo vzorkach slepacich vajec neboli prekroc¢ené
maximalne pripustné hladiny, rovnako ako aj
u vzoriek z rybieho mésa podla oboch pravnych
predpisov.



ZAVER

Svetova zdravotnicka organizacia v r. 1998
urcila, ze denny prijem ¢loveka pocas jeho prie-
mernej diZky Zivota by nemal prekrogit 1 az 4 pg
TEQ na kg telesnej hmotnosti (WHO 1998). V r.
2001 Vedecky vybor pre potraviny Europske;j ko-
misie stanovil 14 pg TEQ na 1 kg telesnej hmot-
nosti ako tolerovatel'ny tyzdenny prijem (EC SCF
2001). Spolo¢ny odborny vybor FAO a WHO
pre potravinarske pridavné latky (JEFCA) v tom
istom roku stanovil 70 pg TEQ na 1 kg telesnej
hmotnosti ako tolerovatelny mesacny prijem
(FAO/WHO 2001). Vychadzajuc z tychto odpo-
racani Eurdpska komisia uréila maximalne hod-
noty obsahov (ML) PCDD/F a PCDD/F/DL-PCB
v potravinach ako aj akéné hodnoty. Tieto hodno-
ty TEQ st zalozené na TEF publikovanych WHO
v r. 1998, ktoré boli v r. 2005 modifikované (ak-
tualne platné odportcanie EU ma &islo 2014/663/
EU). Cielom akénych hodnét (AL) je upozornit
prislusné organy a producentov, v ktorych pripa-
doch je vhodné identifikovat’ zdroj kontaminacie
a uskutocnit’ opatrenia na jeho potlacenie alebo
odstranenie (KOCAN et al., 2000).

V nami sledovanych vzorkach potravin bola
zistena pritomnost’ najtoxickejSicho kongené-
ru 2,3,7,8-TCDD (TEF = 1) v intervale hod-
not od 0,002 pg.g' tuku (kapor) po 0,62 pg.g
tuku (ov¢ie mlieko). Nariadenie komisie (ES)
¢ 1881/2006 a Odportcanie komisie EU &.
516/2011 vychadzaju z analyz WHO. Zo zis-
tenych vysledkov vyplynulo, ze akéné hladiny
PCDD a PCDF boli prioritne prekrocené vo vzor-
kach ovc¢ieho mlicka (VZ9), az 2,8-nasobne v po-
rovnani s Nariadenim ¢. 1881/2011, v pripade
porovnania s akénymi hladinami ide az o takmer
5-nasobné prekrocenie maximalnej odporucanej
hladiny. Rovnako vo vzorkach kravského mlieka
(VZ7) bola prekrocena odporticana hladina o 0,42
pg.g! tuku. Akéné hladiny stanovené pre DL-PCB
boli obzvlast' prekro¢ené vo vzorkach ovcieho
mlieka (VZ9), a to takmer 3-nasobne a menej vy-
znamne v pripade VZ11 bola prekro¢ena pripust-
na koncentracia o 0,2 pg.g' tuku. V kravskom
mlieku bola prekrocena akéna hladina pre DL-
-PCB v dvoch vzorkach, vo vzorke VZ4 bola sta-
novena koncentracia priblizne 2-ndsobne vyssia
ako je odportcana hladina a vo vzorke VZ7 bol
rozdiel medzi povolenym limitnym mnozstvom
a stanovenou koncentraciou 0,1 pg.g™! tuku.

Casta konzumacia potravin obsahujtcich nad-
limitné hladiny PCDD/F a/alebo DL-PCB mdze
predstavovat’ zvysené riziko poskodenia zdravia.
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ABSTRACT

Smutna, S., Zacharova, A.: Flora and vegetation occurring mine waste heap called Nova Sachta near

Banska Stiavnica

Waste heap Nové $achta (near Banskéa Stiavnica) was created by the accumulation of mining waste after

the extraction of polymetallic ores. Unlike other ore waste heaps in the region, it was partially recultivated
and it is currently a part of a settlement for marginalized inhabitants. These factors caused the formation of
relatively atypical vegetation at the waste heap. Plant communities were studied in the sense of Zurich-Mont-
pellier School of Phytosociology. Unlike other heaps, there is no typical lichens and mosses layer on the heap
and dominant species in the herb layer are nitrophilous species such as Urtica dioica and Galium aparine
agg.. Other grasses include Elytrigia repens, Festuca rubra agg. and Poa trivialis. An invasive plant species
Fallopia japonica also occurs at the waste heap. Communities are still not fully developed. The most common
is the community with Urtica dioica.

Key words: mining, waste heap, vegetation, plant communities, Nova $achta, Banské Stiavnica (Sobov)

UvVoD

Banské haldy predstavuju $pecifické ekolo-
gické a mikroklimatické podmienky hlavne pre
rastliny. Casto su to substraty s vysokym ob-
sahom skeletu (az do 87 %). Expozicia a sklon
haldového kopca uréuji mnozstvo slne¢ného
ziarenia, ktoré dopada na haldovy material. Prave
preto st haldy ¢asto vel'mi suché a veterné stano-
vistia s nedostatkom Zivin. Extrémnymi stanovis-
tami st najma rudné haldy, ktoré majt na rozdiel
od uhol'nych v sebe velké mnozstvo tazkych ko-
vov a skeletu. Hodnoty tychto prvkov v substrate
stt v mnohych pripadoch extrémne vysoké a preto
vytvaraju vhodné podmienky pre existenciu len
obmedzenému mnozstvu rastlinnych druhov. P6-
sobenim tychto rizikovych, a ¢asto toxickych prv-
kov je sukcesia na tychto lokalitach ovela dlhsi
proces (Prach, 2006).

Typicky priklad vegetacie osidl'ujuicej rudné
haldy uvadzaju Turisova et al. (2016) a Bandaso-
va (1976) z medenych hald na Starych Horach
a v Spanej Doline. Potvrdzuju pomaly nastup

vegetacie a spomalenie sukcesie vd’aka zvysenej
koncentracii medi. Prvotnym Stadiom je obsa-
denie plochy liSajnikmi a machmi. Ich vylucky
v podobe kyselin a odumreté stielky prispdsobu-
ju nehostinné podmienky d’al§im druhom. Naj-
beznej$im druhom, ktory je schopny sa uchytit
na starSom ale pevnom haldovom materiali je
dutohlavka (Cladonia mitis). Tento liSajnik spolu
s machom Ceratodon purpureus a d’alsim lisaj-
nikom Stereocaulon incrustatum vytvara moza-
ikovité porasty. Na rozdiel od uhoI'nych hald tu
zaznamenavame niz§iu diverzitu vyssich rastlin.
Fléora medenych hald je charakterizovana asoci-
aciou Cladonio-Silenetum (inflatae). Pokial' sa
stihla vytvorit’ dostato¢na vrstva pody, uchytavaju
sa druhy spolocenstva s Arrhenatherum elatius.
Neskorsie §tadia vyvoja st v vel'kej casti ovplyv-
nované okolitou vegetdciou. Spolocenstva rud-
nych hald sa casto dostavaji do sub-klimaxového
sukcesného $tadia s dominanciou Calamagrostis
epigejos alebo Avenella flexulosa (Maruskova,
2011).
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Cielom nasej prace bolo zhodnotit’ charak-
ter flory a vegetacie na halde Nova Sachta. Tato
halda bola ako jedna z mala rudnych hald aspon
Ciastocne zrekultivovana a oblast’ ma vel'mi $pe-
cifické vyuzitie izemia (sidlisko), ¢im sa odliSuje
od vSetkych ostatnych skimanych hald na Slo-
vensku.

CHARAKTERISTIKA
LOKALITY

Skuiimana lokalita halda Nova Sachta (685 —
715 m n. m.) vyplia tdolie medzi vrchmi Glan-
zenberg a Sobov. Sachta bola budovana v rokoch

1964 - 1973 na dobyvanie polymetalického lozis-
ka Banska Stiavnica. Spolu s fiou bola postavena
ocel'ova tazna veza, flotacna upraviia a drviaren
rudy. Pocas jej fungovania sa tazilo z troch zil:
Bieber, Spitaler a Terézia. Po roku 1993 sa zacala
likvidacia bane jej opustenim a v roku 1995 bola
uvedend do zabezpecovacicho rezimu, kedy boli
ukonéené vsetky prace v Sachte (http://bs.dku-
binsky.sk/pamiatky/technickepamiatky/sobov).
Halda ma niekolko etazi a zlozenie haldového
materialu je vel'mi pestré. V halde sa nachadza aj
hydrokvarecit, ktory sa vyuziva na vyrobu dinasu
a filtracnych zmesi (Andras et al., 2010).
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Obr. 1 Mapa §télni a $acht v Stiavnicko-hodrusskom rudnom revire (Sombathy, 1981)
Pozn.: Nova $achta — Sobov je oznagena X
Fig. 1 The map of mines in Stiavnicko-hodruisky mining area (Sombathy, 1981)
Note: Nova $achta — Sobov marked by X

Lokalita sa nachadza v mierne teplom, vlh-
kom, vrchovinovom klimatickom okrsku s mene;j
ako 50 letnymi diiami v roku a julovymi teplota-
mi 16 °C a vyssimi (Lapin et al., 2002). Priemer-
na teplota vzduchu v janudri predstavuje -4 °C
(Stastny et al, 2002). Priemerny ro¢ny Ghrn zra-
70k je na arovni 800 mm (Fasko, Stastny, 2002).
Oblast’ Stiavnickych vrchov odvodiiujii povodia
Hronu a Ipla. Vicsie je povodie Hrona, ktoré je
zbernicou vody na severe, zapade, juhu a rieka
Ipel’ odvadza vodu z juhovychodu.

Z fytogeografického hladiska patri Banska
Stiavnica do Holarktickej oblasti, Eurosibirske;
podoblasti, stredoeurdpskej provincie. Z pohl'adu
lesov, ktoré zaberaju skoro 70 % z rozlohy Stiav-

nickych vrchov, patri izemie do dubovo-bukovej
zony a sopecnej oblasti. Potencidlna prirodzena
vegetacia predstavuje karpatské dubovo-hrabové
lesy (Carici pilosae-Carpinetum) a dubové, ce-
rovo-dubové lesy (Quercetum petraeae-cerris)
(Maglocky, 2002).

METODIKA

Udaje boli ziskané z terénneho vyskumu z lo-
kality Sobov — Nova Sachta. V teréne, na povrchu
haldy, sme si vyty¢ili 26 ploch s velkostou 25 m?,
a to v zavislosti od charakteru a homogénnosti
porastu. Vyskum v teréne bol realizovany v me-
siacoch jul a august 2016. Taxonomické nazvy



jednotlivych druhov su uvadzané podl'a Marholda
a Hindaka (1998).

Pri terénnom vyskume sme zvolili postup
podla ZiirriSsko-montpelierskej skoly a pokryv-
nost’ jednotlivych druhov bola stanovena odha-
dom v zmysle 7-¢lennej kombinovanej stupnice
pocetnosti a pokryvnosti podl'a Braun-Blanqueta
(1964).

Ekologicku analyzu spolocenstiev osidl'u-
jucich haldu Nova Sachta sme spravili v zmysle
Ellenberga (1974).

VYSLEDKY A DISKUSIA

Halda Novej sachty presla po ukonceni tazby
v roku 1993 ¢iastocnou rekultivaciou, kedy bol
bansky odpad na vic¢sine haldy prekryty zeminou.
K vysadbe vegetacie vsak nedoslo. Vegetaciu vy-
razne ovplyviluje aj skutocnost, ze administra-
tivne budovy patriace byvalej banskej prevadzke
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v sucasnosti sluzia ako (socialne) byty pre mar-
ginalizované skupiny obyvatel'stva. V oblasti sa
obc¢as vyskytuju problémy s kanalizaciou a vse-
obecne s (biologickym) odpadom.

Vegetacia nezrekultivovanych rudnych hald
ma v zmysle Jurka (1990) metahemerobny cha-
rakter, ked’Zze sa viaze na plochy s minimalnymi
biogénnymi procesmi. Vd’aka prekrytiu haldové-
ho materidlu zeminou a su¢asnym vyuzitim tze-
mia ma vegetacia Novej Sachty charakter polyhe-
merdbny az euhemerobny. Mézeme ho sice cha-
rakterizovat’ ako prirode vzdialeny (Jurko, 1990),
ale na rozdiel od metahemerobneho porastu sa
vyvija na plochach silne zasobeny zivinami, o je
sposobené vyssie spominanymi skutocnost’ami.

Na uzemi Novej Sachty sme vykonali 26 fyto-
cenologickych zapisov, rozmiestnenych po celej
halde (obr. 2), tak aby boli zapisy reprezentativne
pre dany porast.

Obr. 2 Mapa lokality Nova Sachta s vyznacenymi zapismi (zdroj: vlastné vypracovanie podl’a Google Earth).
Fig. 2 Map of Nova Sachta with marked relevés plots (source: processed according to Google Earth)

Fytocenologické pomery na halde Nova Sach-
ta charakterizuju zapisy 1 — 26. Ide o druhovo
chudobné spolocenstvd, bez vyvinutej etize E .

Zapis ¢.1: plocha 25 m?, pokryvnost’ El:
100 %, E3: 5%, pocet druhov: 7, datum: 15. 6.
2016

Urtica dioica 4, Elytrigia repens 2, Galium
aparine agg. 2, Dactylis glomerata agg. 1, De-

schampsia caespitosa 1, Cirsium vulgare +, Sam-
bucus nigra r

Zapis ¢. 2: plocha 25 m? pokryvnost' El:
100 %, pocet druhov: 6, datum: 15. 6. 2016

Arrhenatherum elatius 3, Elytrigia repens 2,
Galium aparine agg. 2, Poa trivialis 2, Dactylis
glomerata agg. 1, Urtica dioica r
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Zapis ¢. 3: plocha 25 m?, pokryvnost El:
90 %, E3: 10 %, pocet druhov: 7, datum: 15. 6.
2016

Arrhenatherum elatius 2, Urtica dioica 2,
Convolvulus arvensis 1, Crataegus laevigata 1,
Galium aparine agg. 1, Salix alba 1, Equisetum
arvense +

Zapis ¢. 4: plocha 25 m?, pokryvnost El:
80 %, E3: 20 %, pocet druhov: 10, datum: 15. 6.
2016

Galium aparine agg. v, Convolvulus arvensis
+, Rubus fruticosus +, Urtica dioica 1, Crataegus
laevigata +, Symphytum officinale agg. v, Arrhe-
natherum elatius 2, Artemisia vulgaris agg. r, Po-
pulus tremula v, Cirsium vulgare v

Zapis ¢. 5: plocha 25 m?, pokryvnost El:
70 %, E2: 40 %, pocet druhov: 9, datum: 15. 6.
2016

Urtica dioica 4, Fallopia japonica 2, Arrhe-
natherum elatius 1, Carduus crispus 1, Artemisia
vulgaris agg. +, Convolvulus arvensis +, Pasti-
naca sativa +, Verbascum densiflorum +, Daucus
carota r

Zapis . 6: plocha 25 m?, pokryvnost El:
90 %, E3: 10 %, pocet druhov: 4, datum: 15. 6.
2016

Urtica dioica 5, Galium aparine agg. 1, Ely-
trigia repens 1, Sambucus nigra r

Zapis ¢. 7: plocha 25 m? pokryvnost El:
100 %, pocet druhov: 3, datum: 16. 6. 2016

Urtica dioica 4, Elytrigia repens 2, Galium
aparine agg. 1

Zapis ¢. 8: plocha 25 m?, pokryvnost El:
100 %, pocet druhov: 5, datum: 16. 6. 2016

Urtica dioica 3, Festuca rubra agg. 2, Dacty-
lis glomerata agg. 1, Elytrigia repens 1, Galium
aparine agg. 1

Zapis ¢. 9: plocha 25 m?, pokryvnost El:
100 %, pocet druhov: 4, datum: 16. 6. 2016

Urtica dioica 5, Galium aparine agg. 2, Arr-
henatherum elatius 1, Elytrigia repens 1

Zapis ¢. 10: plocha 25 m?, pokryvnost’ El:
100 %, pocet druhov: 5, datum: 16. 6. 2016

Urtica dioica 4, Arrhenatherum elatius 1,
Elytrigia repens 1, Galium aparine agg. 1, Poa
trivialis +,

Zapis ¢. 11: plocha 25 m?, pokryvnost’ El:
100 %, pocet druhov: 5, datum: 16. 6. 2016

Urtica dioica 4, Galium aparine agg. 2, Arr-
henatherum elatius +, Convolvulus arvensis +,
Poa trivialis +

Zapis ¢. 12: plocha 25 m?, pokryvnost’ El:
100 %, pocet druhov: 6, datum: 16. 6. 2016

Urtica dioica 4, Galium aparine agg. 1, Poa
trivialis +, Arrhenatherum elatius 1, Dechampsia
caespitosa +, Elytrigia repens r

Zapis ¢. 13: plocha 25 m?, pokryvnost’ El:
100 %, pocet druhov: 9, datum: 16. 6. 2016

Urtica dioica 3, Elytrigia repens 2, Arrhe-
natherum elatius 2, Achillea millefolium agg.
1,Galium aparine agg. 1, Tanacetum vulgare 1,
Vicia cracca agg. 1, Arctium lappa +, Silene la-
tifolia r

Zapis ¢. 14: plocha 25 m?, pokryvnost’ El:
90 %, E2: 5%, pocet druhov: 13, datum: 16. 6.
2016

Galium aparine agg. 2, Artemisia vulgaris
agg. 1, Cirsium vulgare 1, Poa trivialis 1, Tana-
cetum vulgare 1, Vicia cracca agg. 1, Arrhenathe-
rum elatius 1, Convolvulus arvensis 1, Achillea
millefolium agg. +, Solidago gigantea v, Euphor-
bia cyparissias +, Viola tricolor agg. r, Rosa ca-
nina 1,

Zapis &. 15: plocha 25 m?, pokryvnost’ El:
100 %, E2: 5%, E3: 5% , pocet druhov: 8, da-
tum: 16. 6. 2016

Elytrigia repens 2, Urtica dioica 2, Arrhe-
natherum elatius 1, Artemisia vulgaris agg. 1,
Galium aparine agg. 1, Sambucus nigra v, Sym-
phytum officinale agg. ¥, Rubus fruticosus +

Zapis ¢. 16: plocha 25 m?, pokryvnost’ El:
60 % E2: 35% E3: 5% , pocet druhov: 13, da-
tum: 16. 6. 2016

Fallopia japonica 3, Arrhenatherum elatius 1,
Poa trivialis 1, Tanacetum vulgare +, Sambucus
nigra r, Urtica dioica +, Arctium lappa +, Galium
aparine agg. +, Artemisia vulgaris agg. +, Achil-
lea millefolium agg. +, Aegopodium podagraria
+, Tussilago farfara +, Equisetum arvense r

Zapis &. 17: plocha 25 m?, pokryvnost’ El:
100 %, E3: 5% , pocet druhov: 6, datum: 16. 6.
2016

Aegopodium podagraria 2, Urtica dioica 2,
Elytrigia repens +, Lamium purpureum +, Galium
aparine agg. +, Sambucus nigra r



Zapis ¢. 18: plocha 25 m?, pokryvnost’ E1:
100 % E3: 20 % , pocet druhov: 6, datum: 16. 6.
2016

Urtica dioica 5, Sambucus nigra r, Betula
pendula 1, Galium aparine 1, Calamagrostis epi-
gejos +, Elytrigia repens +

Zapis ¢. 19: plocha 25 m?, pokryvnost’ El:
100 %, pocet druhov: 6, datum: 16. 6. 2016

Urtica dioica 3, Festuca rubra 1, Galium apa-
rine 1, Calamagrostis epigejos +, Deschampsia
caespitosa +, Poa trivialis +

Zapis €. 20: plocha 25 m?, pokryvnost’ El:
100 %, pocet druhov: 7, datum: 16. 6. 2016

Elytrigia repens 2, Deschampsia caespitosa
1, Festuca rubra 1, Poa trivialis 1, Urtica dioica
1, Galium aparine +, Geranium pyrenaicum r

Zapis ¢. 21: plocha 25 m?, pokryvnost’ El:
100 %, pocet druhov: 6, datum: 16. 6. 2016

Festuca rubra 3, Poa trivialis 1, Artemisia
vulgaris +, Arrhenatherum elatius +, Hypericum
perforatum +, Galium aparine +

Zapis €. 22: plocha 25 m?, pokryvnost’ El:
100 %, E3: 10 %, pocet druhov: 11, datum: 16. 6.
2016

Poa trivialis 3, Arrhenatherum elatius 2, Urti-
ca dioica 1, Tanacetum vulgare +, Artemisia vul-
garis agg. +, Carex hirta +, Dactylis glomerata
agg. +, Galium aparine agg. +, Sambucus nigrar,
Geranium pyrenaicum +, Cirsium vulgare +

Zapis ¢. 23: plocha 25 m?, pokryvnost’ El:
100 %, E2: 10 %, pocet druhov: 11, datum: 16. 6.
2016

Arrhenatherum elatius 2, Galium aparine 2,
Convolvulus arvensis 1, Rosa canina 1, Silene la-
tifolia 1, Rubus fruticosus 1, Urtica dioica 1, Vicia
cracca agg. 1, Achillea millefolium agg. +, Lina-
ria vulgaris +, Viola tricolor r

Zapis ¢. 24: plocha 25 m?, pokryvnost’ El:
100 %, pocet druhov: 8, datum: 16. 6. 2016

Arrhenatherum elatius 2, Elytrigia repens 2,
Tanacetum vulgare 2, Urtica dioica 2, Poa trivia-
lis 1, Galium aparine agg. 1, Convolvulus arven-
sis 1, Potentilla anserina +

Zapis ¢. 25: plocha 25 m?, pokryvnost El:
90 % E2: 5% E3: 5%, pocet druhov: 6, datum:
16.6.2016
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Arrhenatherum elatius 2, Galium aparine
agg. 2, Poa trivialis 2, Rosa canina 1, Viola trico-
lor +, Sambucus nigra r

Zapis &. 26: plocha 25 m?, pokryvnost El:
100 %, E2: 5 %, E3: 5 %, pocet druhov: 7, datum:
16.6.2016

Urtica dioica 3, Poa trivialis 2, Arrhenathe-
rum elatius 1, Festuca rubra agg. 1, Rubus fru-
ticosus 1, Capsella bursa pastoris +, Fraxinus
excelsior r

Z fytocenologickych zapisov je zrejmé, ze
porast na halde je druhovo chudobny. Priemerne
sa v zapisoch vyskytovalo 7 druhov, pricom ma-
ximalne to bolo 13 druhov (v zapisoch 14 a 16).
Pokryvnost’ E, sa pohybuje od 60 do 100 %. Dre-
viny sme zaznamenali v 14 zapisoch, pricom po-
kryvnost’ E, dosahovala 5 — 40 % a pokryvnost
E,5-30%.

Dominantnymi druhmi, vyskytujicimi sa vo
viac ako 50 % zapisoch, st Urtica dioica, Arr-
henatherum elatius, Galium aparine a Elytrigia
repens. Krovita a stromovu etaz zastupuju druhy
Sambucus nigra, Rosa canina, Crataegus laevi-
gata, Salix alba, Populus tremula, Betula pendu-
la, Fraxinus excelsior a Rubus fruticosus. Spome-
nuté druhy drevin sa vSak vyskytuju na lokalite
s malou pokryvnostou a vécSinou ide len o par
jedincov druhu.

Vegetacia haldy Nova Sachta sa odliSuje
od spolocenstiev bezne osidl'ujucich rudné haldy.
Vyvoj vegetacie nezacina prvymi sukcesnymi
inicialnymi §tadiami ako je to typické pre haldy
po tazbe rudy, kde je zvycajne silne vyvinuta ma-
chova a lisajnikova etaz. Na pyritovych a mede-
nych haldach dominutuju najmé Lecanora subau-
rea, Lecidea inops, Stereocaulon dactylophyllum,
Cladonia arbuscula subsp. mitis, Cladonia gra-
cilis, Pycnothelia papillaria, Cetraria islandi-
ca, rod Cladonia, rody Dicranum, Polytrichum
(Banasova et al., 1996; Aschenberenner 2012).
Bylinna etaz je na tychto lokalitach tvorena druh-
mi ako Agrostis capillaris, Acetosella vulgaris,
Gypsophila muralis, Silene dioica a Calluna vul-
garis (Banasova et al., 1993), Agrostis stolonife-
ra, Acetosella vulgaris, Poa pratensis, Achillea
millefolium, Arabidopsis arenosa, Silene dioica.
Pritomné st aj druhy Avenella flexuosa, Dianthus
carthusianorum, Thymus pulegioides a Viola tri-
color (Banasova, 2006). Podla Aschenberennera
(2012) na halddch v Spanej Doline, Pieskoch
a Richtarovej ma vegetdcia hald nizku pokryv-
nost. Extrémne podmienky skimanych hald vy-
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tvaraji podmienky len pre tolerantné druhy ako
Agrostis capillaris, Arabidopsis arenosa, Silene
dioica a Acetosella vulgaris. Jedince drevin sa
vyskytuju ojedinele a Casto su zakrpatené.

Inicidlne $tadium porastu opisuje Chomova
(2001) na halde v obci Dolné Strhare. Halda je
stale zasypavana hlusinou a preto sa tu nachadza-
ju mladé spolo¢enstva druhov ako Echinochloa
crus-galli, Tussilago farfara, Equisetum arvense,
Artemisia vulgaris a Cichorium intybus. Na halde
sa zacinaju uchytavat’ jedince invazneho druhu
Robinia pseudoacacia.

Vyssie spominani autori sa zmienujll aj o ex-
panzivnom $ireni Calamagrostis epigejos. Na hal-
de Novej Sachty sme ho zaznamenali len v 2. zapi-
se a aj to len v nizkej pokryvnosti. Na druhej strane
sme na Novej Sachte zaznamenali invazny druh
Fallopia japonica. Vyskytoval sa taktiez v 2 zapi-
soch s pokryvnostou 20 — 50 %. Prave expanzivne
Sirenie tohto druhu by v budicnosti mohlo nega-
tivne ovplyvnit’ diverzitu a progres spolocenstiev.

Lokalitu Novej Sachty skiimala vo vegetad-
nom obdobi roku 1999 vo svojej praci Danakova
(2000). Zaznamenala réznorody porast, druho-
vo celkom odlisny od vegetacie vyskytujucej sa
na halde dnes. Identifikovala vdc¢Sie mnozstvo
druhov zo stromovej etaze, s vyssou pokryvnos-
tou. Na jednotlivych stupiioch haldy sa vysky-
tovali Picea abies, Picea omorica, Pinus nigra,
Salix caprea a Betula pendula. Velké zastupenie
maju druhy trav a bylin podobne ako sme zazna-
menali aj my - Agrostis tenuis, Festuca rubra
agg., Arrhenatherum elatius, Achillea millefo-
lium, Tussilago farfara, Acetosella vulgaris, Hy-
pericum perforatum, Viola tricolor. Zaznamenala
aj vyskyt zhlukov krov ako su druhy rodu Rubus
sp. Celkovo na halde identifikovala 144 druhov
vyssich rastlin. Z uvedeného mézeme konstato-
vat, ze na halde sa vtedy vytvorilo druhovo ovel'a
bohatsie spolocenstvo s vyssim podielom drevin.

Nitrofilné porasty u nds reprezentuju hlavne
vysokobylinné nivy, lemové a rumoviskové spo-
lo¢enstva. Lemové nitrofilné ruderalne spolocen-
stva predstavuje trieda Galio-Urticetea. Typicky-
mi zastupcami tejto triedy su z celade Apiaceae,
Chelidonium majus, Alliaria petiolata, Viola
odorata, na vlhkejSich miestach ¢asto dominuje
Aegopodium podagraria, Urtica dioica a Hera-
cleum sphondylium. Trieda je u nas zastupena 4
zZvazmi:

— zvaz Galio-Alliarion — teplomilné a sucho-
milné lemové spolocenstva,

— zvéaz Impatienti moli-tangere-Stachyion syl-
vaticae — spolo¢enstva lesnych lemov a riiba-
nisk,

— zvédz Aegopodion podagrariae - vlhkomilné
spolocenstva Sirokolistych bylin,

— zvaz Carduo-Urticion dioicae - ruderalne
spolocenstva vo vyssich a chladnejsich polo-
hach (Atlas biotopov Slovenska).

Spolocenstva na Novej Sachte nevieme blizsie
zaradit’ do ziadnej z niz8ich syntaxonomickych
jednotiek. Ide o spolocenstva vel'mi druhovo chu-
dobné a nevyvinuté (prechodné). Dominantnymi
druhmi skumanej lokality su Urtica dioica, Ga-
lium aparine agg., Arrhenatherum elatius. Tieto
tri druhy sa nachadzaju vo viac ako polovici fy-
tocenologickych zapisov s rdznou pokryvnostou.
Urtica dioica je typickym nitrofilnym ruderalnym
druhom, vyskytujiicim sa na neutralnych podach.
Tieto atributy st dolezitym faktorom, vd’aka kto-
rému sa na nasej lokalite vyskytuje v takmer kaz-
dom zépise s vysokou pokryvnost'ou. Pokryvnost’
vys$iu ako 5% dosahuje v 15 zapisoch, priCom
pokryvnost’ nad 25 % dosahuje v 12 zapisoch.
Dalsie dva druhy, ktoré sme si stanovili za domi-
nantné maji podobne ako Urtica dioica vysoké
naroky na obsah zivin v pdde, s neutralnym az
mierne kyslym pH.

Podl'a Jarolimka et al. (1997) by sme spo-
lo¢enstva zapisov (1, 5 - 12, 18, 19 a 26) mohli
identifikovat’ ako spolocenstvo s Urtica dioica.
Konstantnymi sprievodnymi druhmi tohto spolo-
censtva su Urtica dioica (dominantny druh.), Ae-
gopodium podagraria, Galium aparine a Geum
urbanum. SpoloCenstvo tvori husté, zapojené,
niekedy dvojvrstvové porasty hemikryptofytnych
bylin, ktoré zjednocuje Urtica dioica. Floristicka
skladba tychto spolocenstiev je vel'mi variabilna.
Vyskytuju sa na vyslnnych az tienistych ruderal-
nych stanovistiach, na ¢erstvo vlhkych az vysy-
chavych, zivinami (a osobitne dusikatymi latka-
mi) dobre zasobenych antropogénnych podach.

Uvedena charakteristika uplne koresponduje
s naSimi zisteniami. Na zaklade ekologickej ana-
lyzy moézeme spoloCenstva povazovat' za svetlo-
milné, osidlujice mierne teplé a Cerstvo vlhké
stanoviste. Naroky druhov na podu st v inter-
vale kyslého az neutrdlneho pH. Spolocenstva
si vyzaduji pody bohaté na dusik. Druhy chu-
dobnych pod predstavuju len 7 % podiel a su to
napr. druhy Deschampsia caespitosa, Equisetum
arvense, Daucus carota, Tithymalus cyparissias
a Hypericum perforatum. Ekologickd analyza
spolocenstiev osidl'ujicich iné rudné haldy uka-
zuje na druhy s narokmi na suché az svieze sta-
novistia, chudobné, alebo len stredne zasobené
dusikom (Maruskova, 2011).



ZAVER

Banska halda Nové Sachta (pri Banskej Stiav-
nici) vznikla hromadenim banského odpadu
po tazbe polymetalickych rad. Na rozdiel od os-
tatnych rudnych hald v regione, bola Ciastocne
zrekultivovand a v sucasnosti sa toto uzemie vy-
uziva ako sidlisko pre marginalizované skupiny
obyvatelov. Tieto faktory spdsobili, Ze sa na halde
vytvoril tplne netypicky porast pre rudné haldy.

Vegetacia na halde ma polyhemerdbny az eu-
hemerobny charakter. Na halde nie je vyvinuta ty-
picka lisajnikovo-machova etdz. Dominantnymi
druhmi bylinnej etaze su Urtica dioica, Galium
aparine agg. a Arrhentatherum elatius. Z d’alsich
trav sa tu vyskytuju aj Elytrigia repens, Festuca
rubra agg. a Poa trivialis. Na halde sme zazna-
menali aj vyskyt invdzneho druhu Fallopia ja-
ponica. Spolo¢enstva st druhovo chudobné a ne-
vyvinuté (prechodné). NajcastejSie sa vyskytuje
spolocenstvo s Urtica dioica (v zmysle Jarolimka
et al.,, 1997). Z hl'adiska ekologickych narokov
st to svetlomilné spolo¢enstva osidl'ujuce mierne
teplé a Cerstvo vlhké stanovistia s pddami mierne
kyslymi az neutralnymi a bohatymi na dusik.
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ABSTRACT

Hearing loss is currently one of the most significant occupational diseases. This contribution describes
the general principle of hearing at the biological level and its potential damage in the context of occupational
activities. A wide range of chemicals and compounds with proven or potential ototoxic effects and subsequent
processing release of these substances into the occupational environment are used in the manufacturing indus-
try. The contribution describes currently known types of substances of confirmed or suspected ototoxic effects.
The different types of ototoxic substances are further specified in separate sections of this contribution. The
Authors refer to studies involving experimentally obtained data on animals, respectively on human subjects.
They are also describe selected measures to minimize the synergic effect of ototoxic substances and noise.

Key words: hearing loss, noise, occupational environment, ototoxic substances, synergism

INTRODUCTION

Hearing loss accounts for approximately one-
third of all recorded occupational diseases within
Europe [1]. This contribution focuses on the syn-
ergistic interaction of ototoxic substances and
noise as risk factors in the occupational environ-
ment. The aim of this contribution is therefore to
specify the currently known ototoxic substances
and to point out the synergistic effects of noise
and ototoxic substances in the industry, which de-
votes more and more attention to the diseases of
the auditory apparatus. The authors aim is to point
out that occupational hearing damage can not be
linked solely to the effects of physical factors and
that the simultaneous impact of chemical factors
should not be underestimated.

MECHANISM OF SYNERGY
OF NOISE AND OTOTOXIC
SUBSTANCES

Studies dealing with the synergistic effects of
noise and ototoxic substances indicate that sev-

eral substances which naturally occur in indus-
trial processes can demonstrably interact with the
noise emitting from these activities or have the
potential for potentiating of hearing loss due to the
exposure of workers to noise pollution. However,
in most cases where a synergistic or potentiating
effect was envisaged, it was not possible to clearly
determine and demonstrate this interaction due to

the current lack of toxicological information [2].
Extensive ototoxicological studies in animals

are available but are limited in the following areas

in spite of the general good representability to hu-

man metabolism [3]:

e lack of detailed exposure records,

e the presence of other influencing factors
(medicines, tobacco, alcohol consumption,
aging, exposure away from workplace etc.);

e exposure scenarios used in experimental stud-
ies are qualitatively different from actual
working conditions.

Human ability to hear depends on a series of
events that occur in the ear organ. Sound waves in
the air are transmitted as pressure changes (or vi-
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brations) through a series of structures (see Figure
1) to the receptor for hearing, the organ of Corti,
which is located in the inner ear. Inside the or-
gan of Corti, the pressure changes are detected by
sensory hair cells, and these changes of pressure
force are transformed to electric signal. Nerves

Pinna

Auditory
Canal

Malleus

transport this electric signal to the brain, where
they are interpreted as a sound. Sounds of differ-
ent frequencies stimulate hair cells in different
parts of the organ of Corti, allowing us to perceive
the different volume levels [1, 4].

Semicircular
Canals
Auditory
Nerve

Incus
Stapes

' Eusfachian
Tube

OUTER EAR

MIDDLE
EAR

INNER EAR

Fig. 1 Anatomy of the auditory organ [Source: http://thesistut.com/human-inner-ear-anatomy.html]

The principle of separate effect of noise as
a physical factor is currently very well document-
ed [5] and is almost exclusively a mechanical
disruption of highly sensitive cochlear cells [1].
Depending on the duration of noise exposure and
the intensity level, the noise in occupation can be
a source of harassment, fatigue, or workers hyper-
tension. Such exposure to noise often causes an
irreversible hearing disorder [3].

The effects of hearing-damaging substances
are probably the first to be highlighted by the
Persian philosopher and doctor Avicenna in his
Canon Medicinae published in 11" century, point-
ing to the headless use of mercury vapor for re-
moving aphis and to lose hearing. During the 19th
century, after extensive introduction of antibiotic
therapy (especially streptomycin and gentamy-
cin), and quinine pharmacists for the treatment of
malaria and salicylates with anti-inflammatory ac-
tion (aspirin), the evidence of hearing loss related
to the ototoxicity of these drugs rapidly increased
[1,6,7].

On the basis of medical records, it is possible
to state that as a cause of a large number of au-
ditory diseases, in addition to the noise itself as
the physical factor in occupation, the substances
with ototoxic effect (chemical factors) can be
considered. According to [4], ototoxic substances

are substances that could affect the structure and /
or function of the inner ear (affecting the hearing
and vestibular apparatus). In the literature, more
than 800 substances having more or less con-
firmed ototoxic effects, have been described so
far. The effect of ototoxic agents may, in addition
to chemical damage to cochlear cells, also be seen
in damage to the vestibulo-cochlea, the eighth
cranial nerve, or central nervous system dam-
age. Depending on the site of action (anatomy of
the target organ), ototoxic substances are further
subdivided into cochleotoxic and vestibulotoxic
group [1].

Transit of cochleotoxic substances from the
blood into the inner ear’s cochlear fluids caus-
ing particularly the damage of the cochlear hair
cells but the spiral (cochlear) ganglion cells of the
protruding auditory nerve are also damaged. The
symptoms of cochlear damage are tinnitus and
various levels of hearing loss, which may be tem-
porary, or permanent in the case of severe dam-
age. The first symptoms appear on Corti’s exter-
nal hair cells and this means a loss of perception
of high tones and later even at lower frequencies.
Typical cochleotoxic substances include anti-
tumour drugs [1, 8, 9], aminoglycosides [1, 10],
diuretics [1, 11] and salicylic acid [1, 12].

Vestibulotoxic substance interferes with the
structure and also can affect the function of the



vestibular organ of the inner ear, which is mainly
due to loss of spatial orientation, body balance and
vertigo, but it can also cause visual damage (nys-
tagmus - rapid involuntary eye movements). Such
substances include some antibiotics (e.g. strepto-
mycin and gentamicin [1, 13]) or nitriles [1, 14].

Interaction between noise and ototoxic sub-
stance and their combined effect on hearing is
a complex problem. Under real operating con-
ditions, workers are often exposed to noise and
at the same time mixtures of various dangerous
ototoxic substances, which causes considerable
difficulty in assessing the impact of individual
substances on the auditory apparatus. Many of the
current epidemiological studies conducted on hu-
mans are limited precisely because of insufficient
characterization of levels of exposure to chemi-
cals and noise, and lack of detail as to whether
and how other risk factors have been taken into
account [3, 15].

The ototoxic effect may be evaluated by medi-
cal examination, which often reveals a much high-
er incidence of hearing impairment. Subjective
investigative methods include PTA (Pure Tone
Audiometry) and its High Frequency Audiometry
(HFA) or Speech Reception Threshold (SRT).
Strictly objective investigation methods include
OAEs - Otoacoustic Emissions [1].

Ototoxic substances are those which, ac-
cording to statistics, cause hearing damage from
3 cases per 1000. The most important factor in
potential of inner ear damage is the concentra-
tion of the ototoxic agent in it, which depends on
the length, the method and the repetition of the
exposure, the dose size, the rate of excretion and

Tab. 1 Overview of ototoxic groups [1, 15, 16]

43

the state of health (in particular, the status of the
excretory system and the liver), age, genetic pre-
dispositions, previous kidney disease, dehydra-
tion, septicaemia, and the like. According to the
American Speech-Language-Hearing Association
(ASHA), ototoxicity was defined as reducing the
audible threshold of pure tones at one frequency
by more than 20 dB (at two neighboring frequen-
cies by more than 10 dB), or loss of auditory re-
sponse at three successive test frequencies. The
level of auditory damage can be categorized into
four degrees, whereby the therapeutic interven-
tion (e.g. cochlear implant) is indicated [1].

GENERAL OVERVIEW
OF OTOTOXIC SUBSTANCES

A large number of chemicals have the poten-
tial to produce toxic reactions within the inner ear
structure, resulting in irreversible loss of hearing.
Ototoxic compounds may be of organic or in-
organic origin and may occur in all three states.
Many of these substances are industrially used
chemicals and are produced in huge quantities
(e.g. organic solvents), others are widely used as
pharmaceuticals (e.g. antibiotics, diuretics, anti-
neoplastics, anaesthetics, etc.). A summary of the
most significant groups of substances with oto-
toxic effect is documented in Table 1.

The substances for which the ototoxic effect
was confirmed are generally classified into three
main groups: solvents, heavy metals and asphyxi-
ants. Other ototoxic substances (mainly pharma-
ceuticals) are among the indefinitely named “oth-
er ototoxic substances” [15].

Group Examples of substances
Solvents toluene, p-xylene, styrene, methylstyrene, trichlorethylene, ethylbenzene, n-propylbenzene,
allylbenzene, n-hexane, carbon disulfide, trichlorethylene, carbon disulfide, ethanol, n-heptane
Metals mercury (CH,HgCl, HgS), lead and its compounds, tin (organic compounds Sn), germanium
(GeO,), arsenic, cadmium (CdCl,), manganese, cobalt, copper, zinc, lithium
Asphyxiants | hydrogen cyanide, carbon monoxide, nitric oxide, acrylonitrile, organophosphates, paraquat
Salts cyanides, bromates
amycacine, kanamycin, gentamicin, tobramycin,
capreomycin, dihydrostreptomycin, framycetin, vancomycin,
aminoglycoside neomycin, paromyomycin viomycin, polymyxin (B and E),
ristocetin, netilmicin, streptomycin, neomycin, arbekinin,
rhodostreptomycin, apramycin
Antibiotics macrolide apthromycm, erythromycin, clarithromycin, clindamycin,
lincomycin
glycopeptide vancomycin, teicoplanin
doxycycline, minocycline, metronidazole, chloramphenicol,
other furazolidone, sulfonamide, nalidixic acid, ampicillin, cefalexin,
cotrimoxazole
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vinblastine, bromocryptine

Group Examples of substances
Diuretics furosemide, etakryn acid, bumetanide, piretanide, torasemide
hl;gr)i(l)?llc}:/;ﬁrsl’d diazepam, flurazepam, lorazepam, triazolam, brotizolam, imipramine, doxepine, amitriptyline,
antidepressants lithium, mianserin, nortriptyline, tranylcypromine
Antiepileptics | carbamazepine, tiagabine, avalproic acid, vigabatrin, zonisamide
Salicylates acetylsalicylic acid, indomethacin
Antimalarials | quinine, chloroquine, hydroxychloroquine, pyrimethamine, primachine
. . | bleomycin, platinum, carboplatin, cisplatin, oxaliplatin, vincristine nitrogen mustard,
Antineoplastic S A . . > .
cytostatics misonidazole, cyclophosphamide, ifosfamide, methotrexate, dactinomycin, droloxifene,

Beta-adrenergic propranolol, practolol

blockers
Antivirals cidofovir, didanosine, estavudine, lamivudine, zidovudine
dextroprofen, dexipropoxy, naproxen, nortriptyline, imipramine, quinidine, dantroline,
sulfamethoxazole, ticlopidine, flecainide, lidocaine, colistin, norfloxacin, sulfametazoline,
ketoconazole, aminocaproic acid, mesalazine, indomethacin, diclofenac, phenylbutazone,
flurbiprofen, ibuprofen, ketoprofen , Ketorolac, nabumetone, naproxen, piroxicam, sulindac,
Other tolmetin, dapsone, atovaquone, acitretine, carbimazole, kapreomycin, famotidine, omeprazole,
pharmaceuticals | dicloflenamide, homatropine, sildenafil, tadalafil, vardenafil, etidronate, clomiphene,
danazol, tacrolimus, baclofen, ciproheptadine, atropine, bupropion, cinarizine, deferiprone,
deferoxamine, interferon, mannitol, oxazepam, thietylperazine, amlodipine, cilazapril,
diltiazem, nicardipine, nifedipine, nimodipine, nitrendipine, verapamil, enalapril, lisinopril,
chlorhexidine
A_nestllle?cs 1 bupivacaine, mechanical ventilation with positive pressure, oxygen therapy in the hyperbaric
(epidural, local, chamber
lumbar)

In Table 1 are mainly listed substances for
which ototoxicity is good information obtained
from at least two documented animal studies in
several research centers (human toxicity data pre-
vail over animal). In the absence of human data,
the species specificity in the extrapolation of an-
imal-to-human data should not show significant
differences. In addition to substances with con-
firmed ototoxic effect, a few substances that are
only suspected of otototoxicity are documented in
Table 1, particularly in cases of conflicting results
or in the absence of reliable confirmatory infor-
mation. We include some metals and metalloids
(e.g. Cd, As and their compounds), alkali metal
bromates, tobacco smoke or some pesticides
(PCB, HCB, hexabromocyclododecane, tetrabro-
mobisphenol, etc.). The last group consists of sub-
stances with only a slight evidence of ototoxicity,
e.g. in the indication limited to only a small num-
ber of observations (case studies), insufficient
data, when it is not possible to exclude side fac-
tors. This group includes some insecticides (pyre-
throids, organophosphates), alkylated substances
(4-tertbutyltoluene, butylnitrite, n-heptane) and
manganese [1].

ASPHYXIANTS

Asphyxiants are chemicals that prevent the
body from using oxygen, which basically in-

cludes all the gases that reduce the actual oxygen
concentration in the air, e.g. nitrogen, hydrogen,
gaseous oxides etc. Among the asphyxiants with
an ototoxic effect include carbon monoxide and
hydrogen cyanide [17, 18]. Carbon monoxide is
a part of the exhaust gas generated by incomplete
combustion processes, e.g. it is generated in ve-
hicles engines or in poorly ventilated tiles and
furnaces, in acetylene welding and also found in
cigarette smoke, volcanic gases, coal-gas, genera-
tor and water gases, etc. In the atmosphere, car-
bon dioxide is photolysis by ultraviolet radiation.
Unlike carbon dioxide, it is lighter than air, and
in enclosed spaces (mines, tunnels) can accumu-
late in the upper layers. Cyanides are used as an
intermediate product in the organic synthesis of
carboxylic acids, pharmaceuticals, dyes and pes-
ticides. A relatively large amount is also used for
surface treatment of metals, galvanization and in-
dustrial hydrometallurgical processes for leaching
(extraction) by a cyanide method, in particular for
the recovery of precious metals (Au, Ag).

By the interaction of noise and the afore-
mentioned asphyxiants, it was found that the
hearing loss studied in laboratory animals was
higher compared to cases without the presence
of asphyxiants [19, 20]. According to Nylén, [21]
this is a typical example of coalism (one of the
synergy possibilities) when none of the acting
agents themselves will cause exceeding the hear-



ing loss threshold, but only when combined. Such
amplification of the effect of noise is caused by
a decrease in hair cell repair capacity [22] with
the presence of the asphyxiant. This is evidenced
by the results of a study [23] in which 9 396 au-
diograms of the workers in the noisy occupational
environment were assessed in Quebec between
1983 and 1996. In this study, individual cases
were correlated to carbon monoxide concentra-
tions. The analysis confirmed significantly higher
hearing thresholds at higher frequencies (3, 4 and
6 kHz) in the group exposed to both noise and
carbon monoxide, while the increasing exposure
duration (15 to 20 years) also increasing the mag-
nitude of the effects.

The mentioned asphyxiants showed revers-
ible acoustic effects at low concentrations, which
were appearing mainly in the high frequency
range. While cyanide caused in particular Stria
vascularis dysfunction [24], the effect of carbon
monoxide was manifested by excessive release of
glutamate in the synaptic area of internal hair cells
(so-called glutamatergic excitotoxicity) [25].

Other asphyxiants include nitric oxide repre-
senting a signal molecule that has been identified
in the inner ear as well as in other tissues as a mol-
ecule involved in various processes, e.g. in the
transmission of nerve impulses and their modula-
tion. This highly diffusible molecule, well soluble
in both aqueous and hydrophobic environments,
is involved in several processes relevant for cell
protection or, conversely, at high concentrations
it can also participate in their destruction. The cel-
lular mechanism of NO formation and its role in
disbalance in the organs of the inner ear, as well
as the effect on hearing loss and deafness, is dealt
with by an article [26] which evaluates the results
obtained from experimental animal models and
discusses their application in human therapy.

METALS AND METAL
COMPOUNDS

In the group of metals and their compounds
listed in Table 1 their ototoxic properties were
demonstrated with high reliability only for Pb
[27], Hg [28], Sn [29] and Ge [30], with lower
reliability for As [31] and Cd [32] (suspected oto-
toxicity). Questionable remains the ototoxicity
connected with Mn [33] and Co, for which there
is at least evidence of ototoxicity.

For Pb is its ototoxicity explained by the neu-
rotoxic mechanism, although there are studies that
did not confirm the loss of hearing for exposed
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children [34]. Toxicological tests were in majority
carried out on animals, e.g. studies with organic
compounds of Hg and Sn, but also the results of
epidemiological studies were obtained in profes-
sional exposures of people employed in risky ar-
eas for hearing impairment, e.g. workers exposed
to trimethyltin [35] or manganese [33], or chil-
dren exposed to arsenic in areas loaded with coal
combustion [36].

The most loaded industrial areas by ototoxic
metals and their compounds connected with Pb
include the production of lead accumulators, the
production of pigments, explosives (azide, trini-
troresorcinate and lead picrate) and plastics, in the
past also the production of petrol (anti-knock ad-
ditives - tetraethyl and tetramethylol), in the met-
allurgical industry metal production and process-
ing (refining, melting, welding), metal surface
treatment (grinding, cutting, galvanizing, etc.).

Mercury is widely used in the chlor-alkali in-
dustry (production of NaOH, Cl,, and H, by amal-
gam electrolysis). Mercury compounds can be
used in batteries (mercury oxide), in the produc-
tion of pigments, catalysts, explosives (mercury
fulminate), in laboratory research (polarography)
and in some pharmaceutical applications. An un-
forgettable part of the exposure represents Hg as
a part of some medical devices (thermometers,
pressure gauges), but also in fluorescent lamps or
UV lamps in germicidal radiation.

The ototoxicity of Sn is most common with its
organic compound (tri-n-alkyltin), which is used
as a pesticide for its strong bactericidal and fun-
gicidal effects.

Arsenic is widely used in the manufacture of
semiconductors, in the galvanic and metallurgical
industries, also in the manufacture of pesticides
and pigments (in particular as a part of wood coat-
ings as a protection against rotting).

Manganese is used in the production of steel
alloys, dry batteries and electric coils, ceramics,
glass, dyes, fertilizers, welding wires, and to pro-
duce chemicals, e.g. KMnO, with oxidizing prop-
erties.

ANTIBIOTICS

The ototoxic effect of antibiotics has been
known for nearly 70 years, and it was described
for the first time in the treatment of tuberculous
patients with streptomycin after its discovery in
1944. The most numerous group of ototoxic anti-
biotics are aminoglycosides [37] which represent
molecules with altered glycoside component by
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amine. They are the product of bacteria from the
genus Streptomyces and then have the addition
of -mycin or from the genus Micromonospora
and then have the addition -micin [38] (examples
given in Table I). Aminoglycoside antibiotics are
effective in treating infections caused, in particu-
lar, by aerobic gram-negative bacteria and some
species of mycobacteria, including tuberculosis-
causing species. They are most often indicated for
the treatment of extensive septic infections, com-
plicated infections (including nosocomial) which
occur in the abdomen, airways, endocardium or
urinary tract, and are often combined for synergis-
tic effects with other antibiotics, especially beta-
lactam (e.g. during pseudomonasal infections).

The effect of aminoglycosides on the ves-
tibular and cochlear systems is quite distinct, e.g.
kanamycin, amikacin, neomycin and streptomy-
cin are preferably cochleotoxic, gentamicin has
the same effect on the cochlear and vestibular
system [39]. The symptoms of cochlear damage
are tinnitus and various levels of hearing loss.
These may occur subsequently after termination
of treatment without warning signs of toxicity
during treatment beacause aminoglycosides are
degraded more slowly from inner ear fluids than
from serum. On contrary, vestibular toxicity (e.g.,
after treatment with gentamicin or tobramycin)
may be disabling for patients, and is manifested
by headache, dizziness, nausea and nystagmus.
In addition to cochleovestibular system damage,
which is usually irreversible and occurs in 2-10%
of patients, most aminoglycosides also cause kid-
ney toxicity with an increase in plasma creatinine
up to 50% and a decrease in glomerular filtration.
There is no clear correlation between the level of
nephrotoxicity and ototoxicity; in addition, a neu-
romuscular blockade that is manifested by dilated
pupils, respiratory depression and paralysis may
occur as an undesirable effect.

The incidence of ototoxicity, which may be
cause by local ear application of the aminoglyco-
sides, is uncommon in neonates and young chil-
dren as compared to adult patients, as opposed to
antineoplastic agents (see below). For the long-
term cochlear and vestibulotoxic effects, it is im-
portant to continue to monitor the patient for up
to 6 months after termination of treatment with
aminoglycosides.

Consumption of antibiotics has a globally
rising trend, although it is oscillating in several
countries and even beginning to decline in some
of them. However, the general problem of the
present as a real public health threat remains that

a large proportion of antibiotics are used exces-
sively and often unnecessarily, which contributes
to increasing the resistance of bacteria and to the
emergence of new antibiotic-resistant bacteria (so
called “Super Bug”). This global problem lies in
the loss of antibiotic efficiency, which is growing
more rapidly than the introduction of new antibi-
otics into clinical practice. According to Kréméry
[40], the prescription of antibiotics in respiratory
infections is up to 50-80% irrational, because the
clinical course of the disease affects only mini-
mally, if at all.

Medical research is focused to clarifying the
mechanism of ototoxic effect at the molecular
level - by disrupting mitochondrial protein syn-
thesis and activating terminal kinase, caspase and
nuclease to free oxygen radical formation. It has
been confirmed that aminoglycosides have a di-
rect effect on cell membrane potential through
interactions with potassium channels, and the for-
mation of free radicals is enhanced in the presence
of transition metals, e.g. iron and copper.

Lower ototoxic effects in comparison with
aminoglycosides are attached to other antibiotics,
of which we mention only the most important:
macrolide antibiotics are erythromycin, azithro-
mycin and clarithromycin with a wide use in
clinical medicine (especially in the treatment of
pulmonary inflammation and other atypical pneu-
monia caused, e.g. by legionella, streptococci
and pneumococci) because they were generally
considered to be safe medicaments. Clinically
significant loss of hearing caused by these antibi-
otics occurs sporadically and is usually reversible.
From glycopeptide antibiotics, a unique occur-
rence of ototoxicity was reported for vancomycin
alone, but only in cases of combination therapy
with other antibiotics when increased surveillance
is required.

DIURETICS

Diuretics as urine-enhancing substances (diu-
resis) include a few chemicals, of which a sig-
nificant group are so-called loop diuretics (these
diuretics act on Henle’s loop in renal system),
e.g. sulfonamides, phenoxyacetic acid deriva-
tives and heterocyclic compounds. Diuretics are
used to treat hypertension, renal failure, cirrhosis
and congestive heart failure. Examples of loop
diuretics listed in Table 1 are the most effective
and widely used diuretics whose ototoxic effect
is caused by changes in ionic gradients between
the perilymph and the endolymph of the inner



ear (see Figure 1), resulting in edema of the Stria
vascularis epithelium [41]. Hearing loss is dose-
dependent and usually reversible, although irre-
versible damage has been reported in neonates
and young children. The incidence of ototoxicity
is in the range of 6-7 % of patients taking loop
diuretics, but frequent side effects include tinnitus
and loss of balance. Hearing impairment occurs
particularly in patients receiving high doses of
diuretics or co-treated with other ototoxic drugs,
e.g. aminoglycoside antibiotics. The prevention of
ototoxicity consists in the use of the lowest thera-
peutically effective dose and the exclusion of the
above-mentioned risk factors.

ANTINEOPLASTIC AGENTS

Antineoplastic agents (often also called cy-
tostatics) are anticancer drugs whose platinum
derivatives are important, such as cisplatin or car-
boplatin. Since these substances are determined
to destroy tumor cells, they also have a few side-
effects, of which the nephrotoxic and ototoxic ef-
fects are very important, and they limit their dos-
ing to a great extent. The mentioned effect is man-
ifested by the loss of hair cells and spiral ganglion
cells in the cochlea as well as by the degeneration
of Stria vascularis [42]. The mechanism of oto-
toxic effect after cisplatin exposure is explained
by the production of free peroxyde radicals, cata-
lysed by NADPH-oxidase in cochlear hair cells
[43]. Cisplatin is well distributed in body tissues
(the highest concentrations are found in the kid-
neys, liver and prostate) and irreversibly binds to
plasma proteins, unlike carboplatin, which is not
bound to proteins and is more easily eliminated
by the kidneys.

The incidence and severity of ototoxicity de-
pend on the dose, the infusion rate and the num-
ber of the therapeutic cycles, the renal condition
and the concomitant medication of other ototoxic
agents. A higher incidence and severity is seen in
the pediatric population (hearing loss is reported
in up to 61% of children treated with platinum cy-
tostatics) [44] and in head and neck radiotherapy.
Hearing damage is usually bilateral, perceptual,
irreversible and progressive, and another side ef-
fect is tinnitus.

An audiographic examination of patients
is important not only before and during treat-
ment but also 6 months after the termination of
treatment due to significant and long-term reten-
tion of cytostatic agents in the organism, when
it is emphasized to avoid exposure to excessive
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noise. Recent studies have confirmed the bio-
protective effect of hearing impairment of such
substances as, e.g. oa-tocopherol (vitamin E),
D-methionine derivatives (amino acids), iron
chelates, N-acetylcysteine (antioxidant), caspase
and calpain inhibitors, and as a prevention, gene
therapy is recommended [45].

OTHER PHARMACEUTICALS

Of the other ototoxic pharmaceuticals with
reliably confirmed ototoxicity, a significant group
is salicylates, of which the acetylsalicylic acid
(aspirin) is the most common. It is widely used
for its anti-inflammatory, antipyretic and anal-
gesic effects. Aspirin also acts as a platelet ag-
gregation inhibitor and is used to treat transient
ischemic attacks and prevent stroke and myocar-
dial infarction. Salicylic acid as the active me-
tabolite of aspirin rapidly penetrates the cochlea,
where it reaches relatively fast serum levels in the
perilymph what resulting in tinnitus and mostly
reversible bilateral symmetric hearing loss oc-
curring in approximately 1 % of patients (most
commonly in the elderly and dehydrated patients)
treated with higher doses (up to 2.5 g.day™"). The
exact mechanism of salicylate-induced auditory
disorder has not yet been fully clarified, but ap-
parently results from the association of multiple
reversible disorders at cochlea level [46].

Similar effects are also reported for quinine
as a in the past widely used medicament in the
treatment of malaria, limb cramps and antipyretic
effects (currently part of tonic and energy drinks
as a flavour and stimulant). In this case, hearing
loss is only perceptual and reversible, although
occasional hearing loss has been reported. Other
side effects include tinnitus, dizziness, headache,
nausea and even loss of vision.

Ototoxic characteristics shows gentian violet
[47] as a triphenylmethane dye with excellent an-
tiseptic and antifungal effects in the past, widely
used in paediatrics for the treatment of candidi-
asis in the oral cavity and ear inflammation. In
this application, the authors draw attention to the
inappropriate use of gentian violet because of its
ototoxicity and good resorbability to serum fluids
of the inner ear especially in very young children.
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OTHER OTOTOXIC
SUBSTANCES

Of the other substances with a confirmed oto-
toxic effect, the nitriles which are commercially
widely used as solvents (acetonitrile), initiators for
the preparation of melamine resins (benzonitrile),
monomers to produce plastics (acrylonitrile), in
the preparative synthesis of carboxylic acids and
other special organic substances (3,3-iminodipro-
pionitrile, 3-butenenitrile, cis-2-pentenenitrile,
cis-crotononitrile). Permanent and transient hear-
ing impairment, together with loss of balance,
were monitored for exposure to the above-men-
tioned nitrile in the organs of the inner ear of rats,
mice, guinea pigs and frogs, where, as with most
ototoxic agents, hearing loss was first detected in
the high frequency band [48, 49]. The ototoxic-
ity of inorganic nitriles (cyanides) is mentioned in
the chapter which describes asphyxiants (see text
above).

Another group consists of bromates (potas-
sium or sodium), which have been shown to
have a serious ototoxic effect causing very rapid
permanent hearing impairment due to organ of
Corti damage, but only at high doses [50]. For
long-term exposure to low doses, caution should
be exercised when extrapolating the results from
animal studies to humans, because ototoxicity
thresholds have not yet been established. A group
of halogenated hydrocarbons, including polychlo-
rinated biphenyls, tetrabromobisphenol, hexa-
bromocyclododecane and hexachlorobenzene is
a group with a lower level of ototoxicity. On the
other hand, this group of substances was widely
used as cooling liquids, solvents, propellants, in-
termediates for the synthesis of organic substanc-
es, anaesthetics, pesticides or as flame retardants
or inhibitors. Animal studies suggest that hearing
damage is caused by thyroid disorder due to expo-
sure to halogenated hydrocarbons [51].

Recently, epidemiological evidence of the
ototoxic effect of tobacco smoke [52], which in-
cludes the aforementioned asphyxiants (CO and
HCN), is accumulated, although other studies
have no direct relationship between smoking and
hearing impairment. These studies rather point
to indirect effects in the combination with other
factors such as blood pressure, increased use of
painkillers or high blood cholesterol, and blood
flow disorders that cause reduced oxygen supply
to the cochlea [53].

Relatively weaker proofs exist in the evidence
of ototoxicity for a group of pesticides (pyre-

throids and organophosphates) [54] and some of
the hydrocarbons and their derivatives (n-heptane
[55], butyl nitrite [56], 4-tertbutyltoluene [S7]).

VOLATILE ORGANIC
COMPOUNDS

In this group include the whole range of sol-
vents listed in Table 1, which may be present in
several industrial processes (particularly in the
wood-processing industry). Volatile Organic
Compounds means any organic compound or
mixture of organic compounds, except for meth-
ane, at a temperature of 20 °C (293.15 K) having
a vapor pressure of 0.01 kPa or more.

The ototoxic (irreversible) effect of aromatic
hydrocarbons has been demonstrated by a few
experimental experiments with animals (espe-
cially rats), where cochlear hair cells have been
identified as the target tissue for these substances.
Due to their metabolism, rats are considered to be
a suitable model for monitoring ototoxic effects of
aromatic hydrocarbons on humans [58].

It has been determined that the solvents (at
the same time also asphyxiants) in terms of the
principle of effect are distorting the internal de-
fences to oxidation what causes that hearing or-
gan is vulnerable to exposure to physical agents
such as noise [15, 59]. Research indicates that
ototoxic solvents are capable to modify the mem-
brane structures of the external hair cells, what
causes their fragility and vulnerability. Thus, with
the same acoustic energy, coexposure to ototoxic
solvents can significantly impair hearing damage.
The solvent may also reduce the protective role
of the middle ear, which allows for greater acous-
tic energy to penetrate and thereby cause further
hearing damage [15, 59, 60]. Solvents, such as
toluene or styrene, have been found to affect hear-
ing by chemical damage to hair cells, leading to
disorganization of their membrane structures.
Acute effect may be due to a direct impact of the
solvent on the cells of the organ of Corti, while
chronic ototoxic effects can be explained by the
formation of chemically and biologically reactive
intermediates. These intermediates include reac-
tive oxygen substances which can initiate the de-
struction of these cells [3, 15].

In the article [61], studies have been com-
pared in the field of research into the synergistic
effects of noise and styrene. In particular, five hu-
man data studies (glass fibres workers) were com-
pared, where in 4 of them was determinated some
levels of auditory dysfunction of the investigated



subjects (always a sample of more than 300 work-
ers). In one case, the study did not show convinc-
ing evidence for the synergistic effect of styrene
and noise at the workplace, but it was the study
with the smallest sample of examined subjects
(consist only of 28 workers [62]) [61].

Exposure to high concentrations of trichlore-
thylene has been shown to disrupt cochlear sen-
sory hair cells and spiral ganglion cells as well
as auditory neural pathways in the cochlea [3,15].

MEASURES TO REDUCE
THE EFFECT OF OTOTOXIC
SUBSTANCES AND NOISE

Most of ototoxic substances belong to the
group of pharmaceuticals (see Table 1) and there-
fore considerable attention is paid to the elimina-
tion of ototoxicity as an undesirable side effect
of these medicaments. In treatment practice with
cisplatin or gentamicin, the protective effect of
certain substances, e.g. Argon (Ar), where by the
examination of organ of Corti in rats was found
the damage of hair cells under normal conditions
and in nitrogen hypoxia (5 % CO, and 95 % N,),
however under argon hypoxia conditions (5 %
CO, and 95 % Ar) was found about 25 % lower
induction of damage [63]. Among the other oto-
protective agents, promising results were ob-
tained with vitamin E, alpha-lipoic acid, ebselen,
D-methionine derivatives and other free radical
inhibitors and active forms of oxygen such as
iron chelates, N-acetylcysteine, ginkgo biloba etc.
However, additional clinical studies are needed
to determine whether the protective mechanisms
demonstrated in animal studies can be replicated
to humans while maintaining the therapeutic ef-
fects of the medicaments.

Other occupational measures to reduce the ef-
fects of ototoxic substances, especially in combi-
nation with noise exposure, include general rules
for preventive occupational medicine based on
either dose reduction and/or exposure reduction
(duration, repetition, and frequency). Collective
measures involving technical and organizational
measures are applied first. Technical measures
include the modification of the technological pro-
cess, replacing the ototoxic substance with a less
toxic, more efficient local suction of vapour or
total space ventilation, hermitization of the ma-
chine or, in the case of solvents, using of auto-
matic painting lines without operator attendance,
careful maintenance of equipment, technological
control etc. As an organizational measure include
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reduction in the number of employees and their
regular substitution in hazardous environment, the
correct working and rest regime - frequent breaks
outside the risk areas, regular control of pollutant
concentrations in the occupational environment,
health surveillance, and others. Secondarily, sub-
stitute (individual) measures are applied when the
primary measures are not effective and otherwise
exposure reduction cannot be achieved, e.g. use
personal protective equipment (respiratory masks
or respirators with an effective filter to capture the
specified pollutant, gloves, eyeglasses, etc.).

CONCLUSION

At present, hearing loss is one of the most sig-
nificant occupational diseases [64] in the world,
whether due to noise alone as a physical factor or
in association with chemical (ototoxic) factors.
Since hearing disorders and hearing loss are a ma-
jor global problem, the attention of major health
institutions (World Health Organization - WHO,
International Labor Organization - ILO, Europe-
an Agency for Safety and Health at Work - EU-
OSHA, UN Environment Program, etc.) to reveal
the causes and consequences, in particular, of the
exposure to the combined effect of noise/vibration
and ototoxic substances [65] or synergism in the
exposure of multiple chemicals simultaneously,
ethylbenzene and mixtures of xylene isomers
[66]. The issue of exploring synergistic effects
in combining multiple factors simultaneously is
complicated by the fact that the number of experi-
mental groups in the study of all possible multiple
influence interactions at different levels increases
equally exponentially with the increasing number
of agents used [67]. Therefore, in the assessment
of the risk of combined exposure, it is necessary
to use more efficient statistical methods with
graduated approach using mechanical models so
that singular endpoints representative of specific
damage (deterioration of perception, hearing loss,
damage to balance, etc.), including its mechanism
and use of molecular markers. In addition to the
well-established ototoxicity of known substances,
such as some antibiotics and organic solvents, the
demand for cross-sectional dose-effect epidemio-
logical studies also increases for a wide range of
substances with insufficiently confirmed or sus-
pected ototoxicity. All these efforts ultimately
result in legislative measures reducing the limit
values for the occurrence of those hazardous sub-
stances in the occupational environment in order
to reduce the risk of harm to a minimum.
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SUHRN

Strata sluchu predstavuje priblizne jednu tre-
tinu zo vsetkych evidovanych chordb z povolania
v Europe. Tento prehladovy ¢lanok sa zaoberd
ototoxicitou ako vlastnostou chemickych latok,
ktoré su schopné vyvolat’ poskodenie a stratu slu-
chu. Ototoxické latky su Siroko pouzivané, napr.
v celom rade priemyselnych ¢innosti, v medicine
pri lieébe viacerych chordb, st komponentom
farieb a riedidiel a pod.. V tvode prispevku je
priblizeny historicky vyvoj latok poskodzujucich
sluch a mechanizmus sluchového aparutu ¢loveka
s dorazom na sposob ucinku tychto chemickych
faktorov. Prispevok poukazuje na synergické
posobenie viacerych faktorov v pracovnom pro-
stredi sucasne (hluk spolu s pritomnostou ototo-
xickych latok) a odbornej verejnosti priblizuje
mozné spdsoby znizenia ototoxickych ucinkov.
V ramci prispevku je k dispozicii prehl'ad o naj-
dolezitejsich skupinach ototoxickych latok a to
konkrétne Styroch zakladnych skupin, t.j. asfy-
xianty, rozpustadla, tazké kovy a ich zluceniny
a skupinu ostatné ototoxické latky, medzi ktoré
zarad'ujeme predovsetkym Siroké spektrum far-
maceutickych produktov. Tieto su nasledne bliz-
Sie Specifikované, vratane uvedenia typickych
zastupcov z kazdej skupiny, v samostatnych cas-
tiach tohto prispevku.
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