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Abstract: In the years 2021-2023, the State Geological Institute of Dionyz Stur, Slovakia, carried out a detailed
geological survey of the environmental burden on the Senica site, identified as a probable environmental burden
with a high priority within the project Geological survey of selected environmental burdens SGUDS-3. The task
was carried out in accordance with the strategic planning document for a systematic survey and removal of en-
vironmental burdens entitled State Program for Remediation of Environmental Burdens of the Slovak Republic
(2016-2021) within the Operational Program of Environmental Quality. The goal of the survey was a detailed
verification of all components of the environment at locations that, based on a preliminary risk assessment in the
information system of environmental burdens, represented a potential risk for human health and the environment.
The survey verified in detail an area of approximately 37 ha, on which 210 chemical indicators were analytically
determined from a wide range of indicators according to the type of activity of the former Slovensky hodvab
plants, which were evaluated in accordance with the current applicable legislation in the field of environmental
burdens. The results of the survey did not confirm serious pollution of the underground water and rock environ-
ment, which would be in a causal or spatial context. An environmental and health risk was not detected by the risk
analysis, it is not necessary to carry out remediation of the investigated area.

Key words: probable environmental burden, information system of environmental loads, geological survey of the
environment, risk analysis
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1 Introduction

Environmental burdens are defined as polluted areas
caused by human activity that pose a serious risk to
human health or the rock environment, groundwater and
soil. The problem of solving environmental burdens in
Slovakia began in 2006 as part of the project Systematic
identification of environmental burdens (Paluchova et al.,
2008) with the aim to identify probable environmental

« Detailed geological survey of the environment has not con-

firmed the expected pollution in the area of the former Slo-
vensky hodvab plants in Senica, Slovakia.

¢ The environmental and health risks have not been confirmed

by the elaborated risk analysis.

» Two-year groundwater quality monitoring is proposed before

burden removing from the Register of Information system of
environmental loads of the Slovak Republic.

burdens from the entire territory of the Slovak Republic.
That resulted in the compilation of the Register of
Environmental Burdens, in which registered burdens are
sorted according to their relative risk to the life and health
of residents as well as damage to ecosystems, and which
is part of the Information System of Environmental Loads
(IS EZ). The information system is continuously updated
primarily on the basis of geological surveys and series of
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remedial measures in accordance with the currently valid
legislation: Act No. 569/2007 Coll., Act No. 409/2011
Coll. Act No. 364/2004 Coll., Act SNR No. 372/1990
Coll., Regulation of the Ministry of the Interior of the
Slovak Republic dated January 28, 2015 No. 1/2015-7 to
develop a risk analysis of the polluted area.

Currently, 1,782 loads are registered in Slovakia,
divided into registers according to the status of their
examination and the implementation of corrective measures
with the aim of minimizing their negative impact on human
health and the environment. This work presents the results
of the geological task entitled Geological survey of selected
probable environmental loads 3 — which SGUDS solved
within the Operational Program Environmental Quality
— priority axis 1. The task was developed in accordance
with the strategic planning document for the systematic
survey and removal of environmental burdens entitled
State Program for Remediation of Environmental Burdens
of the Slovak Republic (2016-2021), in which the relevant
environmental burden of the Trnava Region is recorded in
section 7.1.1. The most risky locations in terms of the need
to carry out a survey of probable environmental burdens
and the need to develop a risk analysis.

The environmental burden (EB) in the area of the
former Slovensky hodvab (SH) plants is registered in
the information system in category A as a probable
environmental burden with a high priority denoted as SK/
EZ/SE/2004 under the name SE/2004/Senica — the area
of the former SH Senica. The area of the former plants is
located in the built-up area of the inner city of Senica, in
the industrial zone, in the area of the former manufacturing
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Fig. 1. Localization of the 1nvest1gated site (IS EZ, 2014).

e of the former
Senlca factory
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company Slovensky hodvab Senica. The territory is
bordered on the eastern side by the Lidl store and the bus
station, and on the northern side by the Teplica stream. The
investigated area is roughly in a shape of rectangle of area
approximately 37 ha (Fig. 1).

High priority of the environmental burden was
assigned in the system of environmental loads primarily
on the basis of a visual inspection of the site at the time
of registration in 2014, which corresponded to the state of
the finished industrial activity of the former plants (Fig.
2). The SH Senica plants were built in the 20st of the last
century with the aim of producing synthetic fibers. The
plants were liquidated in 2005. The activity connected
with the creation of EB, has not been carried out since
1989. During their activity (production of synthetic fibers),
an extensive fuel oil farm was built consisting of 7 fuel oil
tanks, a boiler room, and a pumping station. The tanks have
already been demolished. There was also a neutralization
station, chemical warehouses (HCI, etc.). The activity that
influenced the creation of EB is no longer carried out on
the site, the operation is used for other purposes. In the
western part of the area, there is currently a variety of
industrial activity unrelated to the activity causing the
load. The data on the holder / holders of the burden listed
in the IS EZ system were out of date at the time of the
survey, the former holder has changed since 2014 and, as
a result of the sale, there is still a change of owners of
various parcels of the environmental burden.

At the time of the geological survey in 2022-2023,
the current visual condition did not correspond to the
condition of the site at the time of its registration in 2014.
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Fig. 2. A view of the site where tanks of the former fuel oil industry and chemicals were located (IS EZ, 2014).

In the eastern part of the territory, in the places of the
most probable source of pollution, extensive construction
and remediation activities were taking place, with land
modification intended for further development activities
of civil and housing construction. Decontamination and
subsequent improvement of the land was carried out based
on the recommendations of the environmental audit in the
area of Slovensky hodvab PLUS, s.r.o. (Zitﬁan, 2011),
consisting in the partial demolition and reconstruction of
old decaying buildings, the removal of the existing fuel oil
plant and demolition of the factory chimney (Fig. 3).
Directly in the area of the former Slovensky hodvab
factories, groundwater quality monitoring was carried out
in 2000 (Zitian et al., 2000). The aim was to specify the
direction of groundwater flow in the plants, to verify the
quality of groundwater in the range of nonpolar solvents
[NEL (IR)], SO, and Zn and measuring of physico-chemical
parameters of existing wells in the SH area and three wells
in the waste water treatment plant (WWTP) area. The
results of the monitoring confirmed the south-west to west
direction of groundwater flow in the SH area. From the
analysed values, no exceeding values of STN 75 711 for
Drinking water were proven in any sample, except for the
conductivity in one water sample. Concentration of sulfate
also did not exceed the respective limit values of STN valid
at that time in any of the monitored objects, except for the
values in the WWTP area, where they were on the border of
the limit concentrations of the respective STN valid at that
time. The contents of NEL (IR) in all monitored objects
and in objects in the WWTP area did not exceed STN limit
values. In 2011, an environmental audit was carried out in
the plant area with the aim of an indicative verification of
the pollution of the rock environment in the unsaturated
zone and in the groundwater in existing objects and wells
(reservoirs) in the eastern part of the area of the former SH
plant (Zitiian, 2011). The scope of the monitored indicators
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was based on the nature of the activities and production
processes (viscose production, fuel oil management) and
on stored chemicals in the plant area, and thus formed an
indicator of potential environmental contamination. A total
of 16 soil samples with a sampling depth of up to 60 cm
and 9 groundwater samples were taken. In addition, liquids
were taken in various tanks and concrete tubs, the presence
of which was confirmed at the time of the survey. The soil
samples were analysed for the total NEL (IR) content
and the content of selected indicators in the aqueous
leachate. In the groundwater from existing wells, water
samples were analysed in the range of CHSK, sulfates,
sulfides, sodium and NEL (IR) indicators. The results
were analysed according to the Instruction of the Ministry
for the Administration and Privatization of the National
Property of the Slovak Republic and the Ministry of the
Environment of the Slovak Republic No. 1617/97-min. on
the procedure for evaluating the company’s obligations
from the point of view of environmental protection in the
privatization project submitted by the company as part of
the privatization. Journal of the MZP SR 1/98. Part VL.
Indicators and standards for remediation of soil, soil and
groundwater pollution. The results of the audit confirmed
and located the contamination of the territory in the area of
the track inside the area to a depth of 0.60 m. In the case of
fuel oil farming, significantly high contents of petroleum
substances NEL (IR) were confirmed, in some samples the
values were high in the order of hundreds to thousands
of mg.kg™. Most of the soil samples reached higher
values than background values of category A (around
50 mg.kg™?) and some of them already exceeded the
limit value of category “B” and even the limit values for
remediation category “C”. Removal of contaminated soil
by mechanical excavation was proposed. The result of the
environmental audit was the finding that the groundwater
is not critically contaminated and does not indicate the
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need for remedial interventions. For
a more detailed assessment of the
extent of soil pollution in the basement
of the halls and other buildings, it was
recommended, after the renovation
of the buildings and cleaning of the
area, the implementation of a regular
network of shallow boreholes up to
approx. 1.0 m below the ground for soil
sampling in the scope of the NEL (IR)
and four complete analyses according to
the instructions of the MSPNM SR and
the Ministry of the Environment SR No.
1617/97-min. (Zitiian, 2011).

A complex geological survey ensur-
ing detailed identification of surface and
spatial pollution was not carried out in
the area of the former plants.

2 Geological and hydrogeological
characterization of the investigat-
ed site

According to the regional geological
division of the Western Carpathians
(Vass et al., 1988), the territory belongs
to the area of intermountain basins and
basins, the sub-region of the Vienna
basin, the Senica part. The Vienna
basin is of Baden origin, it is filled with
Neogene (mainly marine) sediments
several thousand meters thick. In the
studied area, the entire layer sequence
of the Neogene is developed, with the
exception of the Aquitan with numerous
hiatuses. The geological structure
is complex, laterally and vertically
variable. The basin itself is divided
by a number of faults, which mostly

Fig. 3. Views on the reclaimed eastern and western industrial part
of the area after sanitation and reclamation as well as its surroun-
ding (taken from Grexova et al., 2023).
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follow the Carpathian direction NE-SW. At the base, the
Neogene is lithologically represented by a formation of
sandstones, sands and sandy clays, in the upper positions
(lower Pannonian) fine-sandy marly clays and fine-sandy
clays predominantly greenish-gray with positions of marls
were sedimented. The uppermost positions are built by
pelitic sediments of the Helvetian. These are greenish-
gray, mostly slightly gray to slightly sandy, loamy, semi-
solid calcareous clays or loams in layered positions. The
top positions of these rocks are intensively weathered to
decomposed, of the nature of clays of low to high plasticity,
firm consistency. In the Quaternary, tectonic differentiation
according to faults and erosive-denudative modeling of
the relief with accumulation of sediments continued in
the territory. The Quaternary is built by Pleistocene fluvial
sediments, which mainly build the terraces of Morava.
Holocene alluvial sediments deposited in the floodplain of
Teplice and its tributaries are lithologically represented by
covering cohesive clays, sandy clays to clays, which form
an overburden of clay-sandy to sandy gravels, sands with
gravels, or clayey sands. Gravel can be characterized as
monomictic, formed by well-worked sandstone clasts up
to 5 cm in diameter, occasionally 7-10 cm. The cohesive
soils of the alluvial floodplain facies are sometimes
overlain by aeolian sediments. The geological structure
of the studied area is influenced by the sediments of
the Neogene fill and its Quaternary cover (Banacky
et al., 1973). The Quaternary is mainly represented
by lithologically unorganized fluvial sediments of the
Holocene — floodplain clays or sandy to gravelly clays
of valley floodplains and mountain tributary floodplains
(tfhh). They are the youngest and most widespread fluvial
sediments, emerging in the form of valley floodplains
(floodplain terraces) of rivers and streams. Postglacial
alluvial floodplain sediments form a substantial part of
the fine-grained sedimentary surface cover of the sand-
gravel assemblage of bottom accumulation of rivers, or
just a separate filling of valleys in the cross profile of
all streams. Alluvial sediments of larger rivers form the
lithofacies of the most varied laterally and horizontally
changing assemblage, manifested by the rapidly changing
microrelief of the floodplains and the complicated structure
and lithofacies composition of the sediments.

The upper parts of the floodplain of the Teplica stream
consist of dusty sandy deposits 1.5-5.4 m thick. In some
places, they contain thin layers and lenses of putrefaction
(Banacky et al., 1973). In the north and northwest, fluvial
sediments of the older Pleistocene emerge — gravels and
sandy gravels of higher middle terraces covered with loess,
deluvial clays and washes. In the wider vicinity of the site,
there are also eolian sediments of the younger Pleistocene
(loess and fine sandy loess, calcareous and loess clays in
general), proluvial sediments of the Holocene (mainly
clays and sandy loams with rock fragments and muddy
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gravels in alluvial alluvial cones) and younger Pleistocene
(clay and sandy gravels with rock fragments in low
alluvial cones with a cover of loess and deluvial washes).
The thickness of the Quaternary is variable, mostly from
2 m to 8 m (Zitian, 2011).

Hydrogeological monitoring and temporarily equipped
(mapping) boreholes (Grexova et al., 2023) verified
quaternary (Holocene — anthropogenic sediments) to
Neogene (Miocene — claystones, siltstones, sandstones)
lithotypes in the investigated area. The Quaternary of the
studied area is represented in the near-surface layer by
fluvial sediments of the nature of clays and sandy gravels
at a depth with an irregular thickness from 5.0 mto 9.0 m
above sea level. (189.63—-193.57 m above sea level). The
Neogene bedrock is represented by Miocene clay-type
sediments and clayey clays of a stiff to firm consistency.
In the eastern part of the former SH plants, the thickness
of Quaternary sediments ranges from 6.50 m to 9.0 m,
in the western part of the former plants, the thickness of
Quaternary sediments varied between 5.0 and 8.5 m. In
summary, it can be concluded that the interface between
the Quaternary and the Neogene varies at the level from
189.63 to 193.57 m above sea level, depending on the
location of the wells near the main recipient of the Teplica
River. Geological sections A-A', B-B', C-C' and D-D'
in the area of the investigated area documenting the
geological structure of the site of the former SH plants
verified by survey in 2022-2023 are shown in Fig. 4. Based
on the hydrogeological regionalization of Slovakia (Suba
et al., 1984), the territory belongs to the hydrogeological
region N 002 Neogene Chvojnicka pahorkatina. The
region is bounded in the south by the Myjava plain, in the
west by the Morava plain, in the northeast by the White
Carpathians and in the east by the Myjava highlands. The
region is built in the Neogene and Paleogene with a thin
cover of Quaternary loess, loess clay, deluvium and, in the
western part, also white sands. The investigated area itself
is located in the extravillage of the cadastral territory of
the city of Senica, in the right-hand valley floodplain of
the Teplica stream.

The geological environment creates favorable
conditions for the creation and accumulation of
groundwater with the ceiling of the water collector at
the level of 193.41-196.30 m above sea level. The depth
of the groundwater level of a free nature is in the range
of 1.80-5.50 m p.t. and the general flow direction is
westward. The fairly strong permeability of fluvial gravels
was documented by hydrodynamic tests with a filtration
coefficient in the range of 6.65.10%-9.92.10* m2s™
(Grexova et al., 2023). The underground water of the
investigated area has the character of a predominantly
distinct basic type with a predominance of the calcium-
hydrogen carbonate component. The chemical composition
of groundwater of fluvial gravels in the substrate of



Mineralia Slovaca, 56, 2 (2024)

"(€£20T “Te 10 BAOXQID) WOIJ UdYe)}) UOTEWE[OAT PUE UOTJE}IUES JO) e BaIe o) JO Jied [ELSnpul UId)SOM PUE UISISEd PIATUTR[ODI Y} JO MIIA Y 't "Bl

== L] g +: -] s 828 g o L g oS .I_”—NH (2 T Q.N o 1 Mn__lplm. Ilum.ll.m-.w&
e ”wﬂ
-1 Fast
13 HE_.
213 HB.—
ol ”-.m—.
13 i
AL a8l
m o
Irseud Irsew]
WML T =5
AN NOTLYAS-SSOHD TV D0 T0ID

] DT S T =5
S NOLLYAS SSOHD TVIIDOTOAD

- il Dog 0gs F DE o o0 09 0ZE s oz 00Z 0% (i Ll e o
1
. 1
8L
Ry e pasemNry  — — — D&k
ey PEapmon gy ————— s
i
261

DOLDBOE ST =5

ey D SHE NOLLAS-SSOMOD TV D0 TORD
. o B DM B3 D om  m e G om G WS o O v 0% o 0w o@ ® m ®m o e
A
o6 L
- :
D3s fOed
—~m - :
L0 =
sptmias g g 105 — Bosoy saomgy . o5 o
- x 95
. wrl  pveEETl s TR TrmCET|S  ves 5 . ) ooz
ssuonpuejdxy peewt| B popg eons soms 6-0HS s SIS M58 iseud

T E =S
V¥ NOLLOAS-SSOMD IV D0 TOHD

200



Grexov4, S. et al.: Methodology and results of geological survey of the environmental burden of the former Slovensky hodvab plants — Senica (Slovakia)

Holocene alluvial sediments is stable, predominantly  sampling of the rock environment in the aeration zone
bicarbonate component (HCO, > Ca + Mg), with the most  and the saturation zone, sampling of underground, surface
common type of groundwater of carbonate class, calcium  and wastewater from newly built and existing wells,
group, first to third class [CCala to CCallla (Alekin)].  atmospheric geochemical measurements, soil air sampling,
Overall picture the chemical composition of groundwater ~ chemical analyses of groundwater samples, chemical and
is documented by the graphic interpretation of the semi-  granular analyses of rock samples. The methodology of the
logarithmic diagram according to Schoeller, which  survey works is described in detail in the work of Grexova
documents the stable chemical composition of groundwater et al. (2023).

in the investigated area of probable environmental stress, As a part of the technical works, 15 hydrogeological
Fig. 5. monitoring wells, 5 unequipped exploratory mapping wells
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Fig. 5. Schoeller’s graph of the ions concentration in groundwater in the area of the former SH plants (Grexova et al., 2023).

3 Methods and 15 manual diagnostic gasometric probes were drilled,
Fig. 6. The depth of the built-in hydrogeological wells
varied between 9 and 12 m, the depth of the mapping wells
was 5 m. Manual probes were carried out to a maximum
depth of 1 m. The basic parameters of the wells are listed
in Tab. 1.

The methodology of the realized detailed geological
survey based on the currently valid legislation of the
Slovak Republic, namely the Methodological Guide for
the Geological Survey of the Environment in a Polluted
Area (SAZP, 2020) and Directive of the Ministry of the
Environment No. 1/2015-7 for the analysis of the risk of
the polluted area.

A set of geological works was carried out on the site, Atmogeochemical in-situ measurements of soil air
aimed at a comprehensive survey and characterization  were carried out using hammered tube probes with a total
of the pollution of all components of the environment,  length of approx. 1 min the locations of manual gasometric
including the evaluation of the potential health and  probes, hydrogeological and mapping wells, this means
environmental risk resulting from any detected pollution.  that the measurements correspond to the composition of
Realized works in the area of probable environmental  soil air approx. 80 cm — 90 cm from the reclaimed surface
burden included technical works (drilling works) for the  of the investigated area with the aim of identifying volatile
purpose of specifying the geological structure of the site  pollutants in the soil air, indicating contamination of the
and the extent of contamination of the rock environment  soil / rock environment with petroleum substances. The
and underground and surface waters, measurements and ~ measurements were carried out using a portable field device
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Tab. 1
Basic parameters of realized h;:rogeological and mapping wells
Depth [m] Drilling Equipment
Object S| el regﬁ;: t?; ) D|(;|r|]|S|Lr]1§]I r(]jgi]ex[rrr]11er':](e]r/ Range[r(]?‘] depth diellrrﬁtta?elit[i%nm] PerfE)nzzi\tion
Hydrogeological monitoring wells (129 m)
SHG-1 10.0 8.0 15/5/2023 196/175 0/2/2-717-8 125 2.0-7.0
SHG-2 10.0 8.0 15/5/2023 196/175 0-3/3-5.5/5.5-8 125 3.0-65
SHG-3 10.0 8.0 15/5/2023 196/175 0-2.5/2.5-7/7-8 125 25-75
SHG-4 10.0 9.0 16/5/2023 196/175 0-4.5/4.5-7.5/7.5-9 125 45-8.5
SHG-5 10.0 10.0 15/5/2023 196/175 0-5.3/5.3-8.3/8.3-10 125 55-85
SHG-6 10.0 9.5 17/5/2023 196/175 0-3.5/3.5-8.5/8.5-9 125 3.5-85
SHG-7 10.0 9.0 16/5/2023 196/175 0-4/4-7/7-9 125 4.0-7.0
SHG-8 10.0 6.5 18/5/2023 196/175 0/3/3-5/5-6.5 125 3.0-45
SHG-9 10.0 10.0 17/5/2023 196/175 0-4/4.0-7.0/7-9 125 4.0-9.0
SHG-10 10.0 9.0 19/5/2023 196/175 0-4/4-8.5/8.5-9.5 125 4.0-8.5
SHG-11 10.0 7.0 18/5/2023 196/175 0-3/3-6/6-7 125 3.0-6.0
SHG-12 10.0 9.0 18/5/2023 196/175 0-3.5/3.5-8/8-9 125 3.0-8.0
SHG-13 10.0 95 17/5/2023 196/175 0-3/3-8.5/8.5-9.5 125 3.0-85
SHG-14 10.0 6.5 18/5/2023 196/175 0-3.5/3.5-5/5-6.5 125 35-5.0
SHG-15 10.0 10.0 17/5/2023 196/175 0/4.5/4.5-9/9-10 125 45-9.0
Exploration unequipped mapping wells (26.5 m)
SMV-1 10.0 5.0 18/5/2023 156 0-3/3-5 110 3.0-5.0
SMV-2 10.0 5.0 18/5/2023 156 0-3/3-5 110 3.5-5.0
SMV-5 10.0 5.0 19/5/2023 156 0-3/3-5 110 4565
SMV-3 10.0 5.0 19/5/2023 156 0-3/3-5 110 3.0-5.0
SHG,,-8 10.0 6.5 19/5/2023 156 0-3/3-5 110 3.0-5.0
Manual gasometric probes (13.45 m)
SPS-1-SPS-15 1m 0.0 XI1/2022 - 0.5-1 0.50 -

ECOPROBE 5 from RS Dynamics, which enables, among
other things, online measurements of methane, oxygen
and carbon dioxide concentrations. The field instrument
also determined the content of other relevant gases (02,
CH,, CO,, PID) and total petroleum hydrocarbons (T.P)
from the soil air. The measurement consisted in suctioning
and subsequent analysis of soil air with a device from
unequipped mapping wells, newly built hydrogeological

wells and hand probes. The instrument used verified the
overall spectrum of soil gas and vapor concentrations.
Actotal of 35 atmogeochemical measurements were carried
out.

Sampling works

Sampling works consisted of taking samples of soil,
underground and surface water and river/bottom sediments,
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taking soil air and taking waste water from the WWTP,
Fig. 6. Groundwater and surface water samples were
taken in two cycles, soil air and soil samples were taken
once during drilling operations. The density, method and
amount of samples taken was specified by the responsible
researcher and was stated in the Sampling Plan of the rock
environment, underground and surface water, developed
according to Annex No. 17 of the Methodological Guide
for the Geological Survey of the Environment in
a Polluted Area, (SAZP, 2020). A complex map
of documentation points and environmental
sampling is interpreted in Fig. 7.

Soil sampling was carried out with the aim
to determine the area and spatial distribution
of the rock environment pollution at different
depth levels to map the centres of pollution
and delineate the contamination clouds of the
aeration zone and the saturation zone. Samples
were taken using a shovel into PE bags or
glass bottles in a total amount of 0.5-1 kg,
depending on the purpose. During sampling,
the pollution was evaluated sensory — smell
and visual assessment of the signs of pollution.
A total of 90 soil samples were taken, of which
83 soil samples were used to determine selected
indicators, including control samples, 5 soil samples
were used to determine the physico-mechanical
properties of soils, 2 samples were used to determine
leachability, including ecotoxicity on selected soil
samples.

Soil air sampling was carried out using a soil
probe at a depth of approximately 1.5 m located at
the location of the drilling/probes. The wellhead was
insulated. The pumping of soil air itself was performed
by a peristaltic pump as a part of the ECOPROBE 5
device. The flow rate was set to 0.5 I/min for a pumping
time of 5 min, which represents 2.5 | of extracted air.
The soil air was adsorbed onto an SKC tube, which
was sealed with plastic plugs immediately after
sorption and placed in the cold. A total of 40 soil air
samples were taken to determine selected indicators.

Sampling of groundwater and surface water and
bottom sediments as part of the survey was carried out
in accordance with the applicable STN EN ISO 5667
standards as well as the instructions of the accredited
laboratory and technical possibilities in the field and
was carried out in two rounds. A Gigant type pump
was used for sampling. The following were determined
directly in the field: temperature, pH, conductivity,
ORP and O,. A total of 53 groundwater samples and 9
surface water and sediment samples were taken for the
analysis of selected indicators.

Part of the sampling work was also the determination
of the organoleptic properties of the samples, i.e. tempera-
ture, colour, turbidity, transparency, or taste. These sensory
evaluations were performed for each sample collected and
documented in each sample collection protocol / record.
A total of 153 organoleptic determinations were carried
out. The comprehensive range of analyses is documented
in Tab.2.

Fig. 6. Realization of geological works during the geological survey.
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Tab.
Sampled objects and

2
scope of analyses

Rock environment — soil

Scope of analyses

Wells: SHG-1, SHG-2, SHG-3, SHG-4, SHG-5, SHG-
6, SHG-7, SHG-8, SHG-9, SHG-10, SHG-11, SHG-12,
SHG,13, SHG-14, SHG-15, SMV-1, SMV-2, SMV-3,
SMV-5, SHGm-8

Manual probes: SPS-1 to SPS-15

NEL-GC, CIU, BTEX, TOC, PAU, sulfur total, sulfur
sulphide, trace elements (As, Cr, Cd, Cu, Pb, Zn, Hg, B),
leachate, native sample + ecotoxicity in accordance with
Decree No. 382/2018 Coll., physical and mechanical
properties of soils

Rock environment — soil air

Scope of analyses

Sampling sites in the Teplica area: DS-1, DS-2, DS-3

NEL-GC, TOC, PAU, BTEX, CIU, trace metals: (As,
Cr, Cd, Cu, Pb, Zn, Hg)

Underground water

Scope of analyses

Wells: SHG-1, SHG-2, SHG-3, SHG-4, SHG-5, SHG-
6, SHG-7, SHG-8, SHG-9, SHG-10, SHG-11, SHG-12,
SHG,13, SHG-14, SHG-15, SMV-1, SMV-2, SMV-3,
SMV-5, SHGm-8, S-1, well BV-kovo

NEL-GC, PAU, BTEX, CIU, sulfur sulphide, B, TOC,
As, Cr, Cd, Cu, Pb, Hg, Zn, basic physico-chemical
analysis + Palmer—Gazda, microbiology (minimal),

Surface water

Scope of analyses

Sampling sites on the Teplica area: PV-1, PV-2, PV-3

Annex No. 1 GR No. 269/2010 part A, Annex No. 1 GR
No. 269/2010, part B

Waste water

Scope of analyses

WWTP

Annex No. 6 GR No. 269/2010, tab. 6.8: water reaction-
pH, insoluble substances (NL), CHSKCr, BSK,

To evaluate the soil and groundwater pollution,
chemical analyses were performed in the accredited
Geoanalytical Laboratories of the SGUDS in Spisska Nova
Ves according to standard procedures. The samples were,
depending on their nature, analysed by different analysers:
atomic absorption spectrometry — mercury analyser,
atomic emission spectrometry with inductively coupled
plasma, coulometry, photometry, gas chromatography
with electron capture detector, gas chromatography — mass
spectrometric detector and — flame ionization detector,
ion chromatography, mass spectrometry with inductively
coupled plasma.

As a priority, samples of the rock environment of
the aeration zone and saturation zone and groundwater
were taken and evaluated with regard to the indication
and intervention criteria specified in the directive of
the Ministry of the Interior of the Slovak Republic no.
1/2015-7 to develop a risk analysis of the polluted area.

The indicator criterion (ID) is the limit value of the
concentration of the pollutant determined in the rock
environment and groundwater, exceeding which can
endanger human health and the environment, which
implies the need to start monitoring of the polluted area.
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The intervention criterion (IT) is the critical value of
the concentration of the pollutant determined in the rock
environment and groundwater, the exceeding of which
presupposes, already with the given method of land use,
a high probability of endangering human health and the
environment, which implies the necessity of developing
a risk analysis of the polluted area. As it is planned in
the future in the eastern part of the former SH Senica
plants to change the use of the territory to a residential
zone, and thus from an environmental point of view,
a more sensitive territory, as a precaution, we proceeded
to evaluate the intervention criteria (IT) in this part of the
territory according to stricter criteria, and therefore ratings
for residential zones.

Qualitative parameters of the groundwater taken
from existing wells were compared in accordance with
the requirements of decree No. 91/2023 of the Ministry
of Health of the Slovak Republic, establishing indicators
and limit values of drinking water quality and hot water
quality, the procedure for monitoring drinking water, risk
management of the drinking water supply system and risk
management of domestic distribution systems.
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# - Hydrogeological monitoring wells (SHG-1 to SHG-15)
4 - Uncased exploratory (mapping) wells (SMV-1 to SMV-5)
@ - Hand-dug probes (SPS-1 to SPS-15)
@ - Exisling objects within the SH area
- Sampling sites for surface water and sediments (PV/DS) 8
- Boundary of the study area
- Future land use for a residential zone

Fig. 7. Map of documentation points and sampling (taken from Grexova et al., 2023).

The evaluation of the soil air samples taken was carried
out in accordance with the instruction of the Ministry
for the Administration and Privatization of National
Property of the Slovak Republic and the Ministry of the
Environment of the Slovak Republic on dated December
15, 1997 No. 1617/97-min.

Qualitative parameters of sampled surface water
and wastewater were compared in accordance with the
requirements of SR Government Regulation No. 269/2010
Coll., which establishes requirements for achieving good
water status.

The leachate and native sample, including ecotoxicity
for soil classification in terms of waste management,
were evaluated in accordance with the requirements of
the Decree of the Ministry of the Interior of the Slovak
Republic No. 382/2018 Coll. on waste dumping and
storage of waste mercury.

In more detail, the methodology of the geological
works carried out is given in the final report of Grexova
et al. (2023).

4 Results

The aim of the detailed survey was to verify and
identify the detected potential pollution of all components
of the environment.

Pollution of the rock environment, of the soil and soil
air

Before drilling, soil air samples were taken at the
locations of manual probes and planned wells, in which,
due to the nature of the site, the presence of petroleum
hydrocarbons determined as benzene and toluene were
detected. Higher concentrations of indicators exceeding

Tab. 3
Concentration of potential carcinogens in soil air samples (taken from Grexova et al., 2023)
Parameter| Unit B (@ Planned residential zone Reclaimed industrial zone
SPS-3 | SPS-3, | SPS-5 | SPS-5, | SPS-10 | SPS-10, | SPS-13 | SPS-13,
Benzene mg/m3 1 5 28 <04 <04 10 <04 5 <04
Toluene mg/m? 5 10 7 <0.4 <04 <1 <04 5 <04

B - to determine the origin of the pollution source
C — to start remediaton or other survey
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concentrations B and C of MSPN instruction No. 1617/97-
min., were confirmed only in manual probes of the SPS
type. By repeated control sampling in which were not
confirmed higher concentrations, we evaluated as pollution
of a point nature, with the probability of affecting ongoing
construction works and the possibility of free access for
the public in the eastern part of the former plants, which
is not related to the activity that conditions the inclusion
of the investigated area into the system of environmental
burdens (ISEZ), Tab. 3.

Results of soil air analyses from soil samples taken
from the aeration zone and the saturation zone from
wells (SHG, SMV) and probes (SPS) confirmed low
concentrations in all analysed parameters not exceeding
the indication and intervention criteria of the Guidelines
of the Ministry of the Environment SR No. 1/2015-7 to
develop a risk analysis of the polluted area. Exceeding the
indication and intervention criterion of the directive for
residential zones was confirmed by higher concentrations
of mercury (SPS-1: 3.76 mg.kg™ of dry matter), copper
(SPS-3: 593 mg.kg™* of dry matter) and lead (SPS-3: 1 860
mg.kg* of dry matter). The detected higher concentrations
were not confirmed by control samples (Cu — SPS,-3: 32
mg.kg™ of dry matter), (Pb — SPS,_-3: 24 mg.kg™ of dry

matter) located in the eastern part of the investigated site,
Tab. 4.

From the hydrogeological monitoring wells of the
SHG, elevated concentrations of trace metals exceeding
the indication criterion of the directive were detected in
the indicators of copper (548 mg.kg™ of dry weight) and
the intervention criterion for lead (593 mg.kg™ of dry
weight) only in the well SHG-10, located in the new of the
industrial part of the area of the former Slovensky hodvab
plants, whose current activity is not related to the activities
of the factories causing environmental burden. Elevated
concentrations of trace metals were also confirmed by
control sampling, when according to more stringent
criteria, and thus the assessment for residential zones,
the concentrations of the monitored indicators slightly
exceeded the intervention criterion, Tab. 4.

In this well, a high concentration of NEL-GC (nonpolar
solvents analysed by gas chromatography) exceeding the
indication criterion (774 mg.kgof dry matter) was also
detected, which was also confirmed by a control sample,
which proved that the concentration was exceeded within
the intervention criteria of the directive of the Ministry
of the Interior of the Slovak Republic No. 1/2015-7 min.
(774 and 3 179 mgkg™? of dry matter). Identification of

Tab. 4

Overview of indicators exceeding ID or IT criteria in accordance with the directive of the Ministry
of the Environment of the Slovak Republic No. 1 /2015-7 in a rock environment (taken from Grexova et al., 2023)

"l?:,fg:iign Intervetion criteria Planned residential zone Reclaimed industrial zone

Indicator | (D) | Resicentil - SPS1 | SPS:3 | SPS-3 | SMVE3 | SPS9 | SPS-9 | SHG-10 |SHG,-10

[mg.kg dry matter] 0-1,0mu.t. OnﬁOIS 0-1,0mu.t. 2mut.

I. METALS
As 65 70 12 5 1 9 3 -] s g
cd 10 20 <0001 | <0001 | <0001 | <1 <0001 | - | <1 |<1
cr, 450 500 64 9 80 | 170 7 - | & |06
Cu 500 600 19 503 32 73 1 _ s |3
Hg 25 10 376 022 098 | 042 003 | - | 233| 339
Pb 250 300 69 -T 77 46 - 5w | 460
Zn 1500 | 2500 103 532 | 392 165 - | |2
VIII. POLYCYCLIC AROMATIC HYDROCARBONS (HALOGENATED)

I“CEH:'_(SOC) 200 250 - 2 n - | e -7 774 -
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hydrocarbons in the rock environment in the investigated
location, when the concentration of NEL-GC exceeded the
IT criterion of the Ministry of the Interior of the Slovak
Republic No. 1/2015-7 pointed out in the case of the
hydrogeological monitoring borehole SHG-10 (1.5-2.0 m
above sea level) and SHGK-10 (control sampling) and
in the mapping borehole SMV-3 (0.2-0.5 m above sea
level) for the dominant percentage representation of
hydrocarbons of the C16—C24 series (heating oils; Fig. 8).

Local pollution by aliphatic petroleum hydrocarbons
of the rock environment of the biological contact zone
is illustrated in Fig. 9. The pollution is characterized by
residual hydrocarbons that have the character of low-

volatile hydrocarbons, with low solubility and a high
degree of retardation (limitation of migration) in the rock
matrix. The confirmation of the local presence of this
hydrocarbon in part of the investigated area is, according
to the oral information of the current owner, a consequence
of the remediation of the hot water boiler for burning fuel
oil in 2000, which in the past ensured the central heating
of the city of Senica, and therefore with a high probability
it is a residual pollution. In summary, it can be concluded
that the slightly increased concentrations confirmed
only in manual probes are with a high probability point
pollution of a residual nature as a result of the implemented
partial rehabilitation of objects in the planned residential

SMV-3 —
— 504 — 43 %

r_..-— 12 %

SHGk-10 —
-~ 6%

~15%

' 80 %
SHG-10
~— 6%

0 10 20 30 40 50

® C24-C40 (lubricating oils)

® (C16-C24 (heating oils)

.~ 53 %

Fig. 8. Concentration of
individual hydrocarbon
fractions in the rock en-
vironment of the bio-
logical contact zone in
the soil samples taken
from the hydrogeologi-
cal monitoring well and
the unequipped mapping
well with high C10-C40
(taken from Grexova et
al., 2023).

~81%

60 70 80 90

B C12-C16 (kerosene)

@ - Hydropealogecal mondonng wels (SHG-1 ks SHE-15)
& - Uncased explarstory (mapping) wells (SAIV. 10 SMV.5)
@ - Hand-dug piobes (SP5-1 k SPS-15)
@ - Existing objects withn the 5H area
- Sarrgling sdins fof surhece wailir and seciments. (FWDS)
“| ~ Boundary of the shudy acea
- Future land use for a rescdential zone
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Fig. 9. Areal distribution of petroleum hydrocarbons in the studied site (taken from Grexova et al., 2023).
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zone, which, according to the recommendations of the
environmental audit (Zitian, 2011), resulted in the removal
of a potential source of contamination.

Groundwater pollution

Groundwater sampling carried out in two rounds with
an interval of 30 days did not confirm water contamina-
tion, even in places where local residual pollution was
confirmed. From all groundwater samples from hydrogeo-
logical — SHG wells, as well as unequipped SMV mapping
wells and existing objects, the values of the monitored in-
dicators were below the limit of detection, or at low values
not exceeding the indication and intervention criterion of
the Ministry of the Interior of the Slovak Republic No.
1/2015-7 to develop a risk analysis of the polluted area.
An interesting fact was the slightly increased values of sul-
phide sulfur in the eastern part of the territory in only two
of'the five unequipped exploratory (mapping) wells located
according to the historical map from 1958 in the places of
the former old arm with maximum average concentrations
not exceeding the indication criterion of the directive, Tab.
5. Sulphide sulfur occurs in waters as undissociated sul-
fane, simple HS™ and S% ions. Sulfane and its ionic forms
are unstable in water. They can be chemically or biochemi-
cally oxidized to sulphates, it can be permanently present

Fig. 10. Interpretation of the pollution of the investigated pro-
bable environmental burden (taken from Grexova et al., 2023).

in water only in an anaerobic environment, therefore it
is evidence for reduction processes in water. Since the
exceeding of ID and IT limits was recorded only in sam-
plings from unequipped mapping wells in the eastern part
of the territory and in regime measurements in hydrogeo-
logical and mapping wells did not record negative values
of oxidation-reduction potential (ORP) in this part of the
investigated site, with a high probability this is the natural
origin of occurrence in this environment, Tab. 6. Also,
taking surface water samples from the stream of Teplica
in two cycles in the direction of presumed pollution from
the former plants did not confirm exceeding values of con-
centrations in any of the monitored indicators, as well as in
groundwater samples.

Risk analysis of the investigated site

Risk analysis of the polluted area was also a part of the
survey work. Its elaboration resulted from the legislative
requirements of Directive No. 1/2015-7. Thus from
the reason of the presence of pollutants exceeding the
intervention and indication criteria in the rock environment
of the biological contact zone in the aeration zone with
the NEL indicator GC and trace metals Cu, Pb and Hg,
an environmental and health risk assessment was required.
An interpretation of the detected polluting substances in

Explanations:

Boundary of the study area

Future land use for a residential zone
‘ Hydrogeological monitoring wells (SHG-1 to SHG-15)
# Uncased exploratory (mapping) wells (SMV-1 to SMV-5)

3 [ ] Hand-dug probes (SPS-1 to SPS-15)

&
Arei 3 m?) exceeding the ID criterion of the Ministry of Environment of the
Slovak Republic Directive No. 1/2015-7 for the indicator Hg in the planned residential zone
“~, Avea limitation of local (non-significant) pollution (4 218 m?) exceeding the ID criterion of the Ministry of Environment of the
“ ) Slovak Republic Directive No. 1/2015-7 for the indicator Pb in the planned residential zone
Area limitation of local (non-significant) pollution (41 m?) exceeding the IT criterion of the Ministry of Environment of the Slovak
Republic Directive No. 1/2015-7 for the indicator Pb in the planned residential zone
<~ Area limitation of local (non-significant) pollution (7 155 m?) exceeding the ID criterion of the Ministry of Environment of the
./ Slovak Republic Directive No. 1/2015-7 for the indicator Pb in the planned residential zone
“74 Area limitation of local (non-significant) pollution (2 745 m?) exceeding the IT criterion of the Ministry of Environment of the
L= 2] Slovak Republic Directive No. 1/2015-7 for the indicator Pb in the planned residential zone
Arealimitation of residual pollution (16 314 m?) ing the ID f the Ministry of
Directive No. 1/2015-7 for the indicator NEL-GC in the industrial zone
Area limitation of residual pollution (9 115 m?) exceeding the IT criterion of the Ministry of Environment of the Slovak Republic
Directive No. 1/2015-7 for the indicator NEL-GC in the industrial zone
Area limitation of residual pollution (264 m?) exceeding the IT criterion of the Ministry of Environment of the Slovak Republic
Directive No. 1/2015-7 for the indicator Cu in the industrial zone
Area limitation of residual pollution (5469 m?) exceeding the IT criterion of the Ministry of Environment of the Slovak Republic
Directive No. 1/2015-7 for the indicator Pb in the industrial zone
Area limitation of residual pollution (379 m?) exceeding the IT criterion of the Ministry of Environment of the Slovak Republic
Directive No. 1/2015-7 for the indicator Hg in the industrial zone

of the Slovak Republic
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SITUATIONAL MODEL OF THE LOCATION

SKI/EZ/SE/2004 E
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IT criterion a the Minis/ nvi
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Hv rundwatarierel s, Concentration of sulfide sulfur in groundwater exceeding § ’
A . D criterion aocordlrtl)? to the Mlms of En\rlmnment i
--------- » Exposure pathways ’ of the Slovak Republic Directive No. 1/2015
sHG-10 | Hydrogeological monitoring well
Exploratory uncased (mapping) well

Fig. 11. Situation model of the site (taken from Grexova et al., 2023).

Tab. 5

Overview of indicators exceeding the ID or IT criteria in accordance with the directive of the Ministry of the Interior
of the Slovak Republic No. 1/2015-7 in the groundwater of the investigated area (taken from Grexova et al., 2023)

Directive No. 1/2015-7 SMV-1 SMV-3
Parameter : ; : ;
_ _ 1. sampling 2. sampling 1. sampling 2. sampling
1 1
ID [pg.I"] IT [pgI"] round round round round
IX. other

Inorganic substances

Sulfur sulphide

(S sulp.) 150 <10 220

the area of the former plants is shown in Fig. 10. Fig. 11~ and possible transport routes of pollutants in the subject
shows the situational model of the site, which is based on  area. It also shows sources of environmental pollution as
the results obtained from the geological survey according  well as exposure scenarios in connection with the receptors
to Annex 4 to the directive of the Ministry of the Interior ~ present. The elaborated risk analysis did not identify an
of the Slovak Republic No. 1/2015-7, which characterizes ~ environmental or health risk, there was no need to propose
sources and centers of pollution, migration possibilities  costly remediation of the site.
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Tab. 6
Results of field measurements of groundwater during the survey (source: Grexova et al., 2023)
8 = g8~ &8~ E3E| o= | 8% |28~ |BE |28
8 5% |S£52|%52| T |@8E| & | BE |25 |2EE|2ES
SHG-1 | 21.6.202310:42 | 135 23 7.02 109.0 1989 | 1.720 135 16.80 13.5
SHG-2 | 21.6.2023 11:50 | 11.6 26 7.00 164.5 2747 | 0.322 11.6 3.00 11.6
SHG-3 | 21.6.2023 9:54 12.6 22 7.00 121.6 249.2 | 0.268 12.6 2.60 12.6
SHG-4 | 27.6.2023 12:00 | 11.6 20 7,22 97.50 188.2 | 0.198 11.6 1.90 11.6
SHG-5 | 20.6.2023 15:52 | 12.7 30 7.20 279.0 57.6 1.300 12.7 12.50 12.7
SHG-6 | 21.6.2023 8:44 23.2 21 7.02 110.6 310.3 | 0.645 23.2 6.30 23.2
SHG-7 | 27.6.2023 12:30 | 12.3 20 7,29 85.9 59.8 0.470 12.3 4.40 12.3
SHG-8 | 21.6.202316:04 | 13.1 31 6.96 94.8 364.5 | 5.890 13.1 56.80 13.1
SHG-9 | 20.6.2023 12:08 | 13.6 28 6.85 166.3 104.1 | 0.267 13.6 2.60 13.6
SHG-10 | 20.6.2023 10:56 | 13.5 26 7.04 128.4 299.6 | 0.570 13.5 5.60 13.5
SHG-11 | 27.6.2023 11:25 | 11.8 20 7.07 180.1 178.5 | 0.240 11.8 2.40 11.8
SHG-12 | 20.6.2023 13:55 | 13.1 29 7.13 114.8 76.4 0.274 13.1 2.60 131
SHG-13 | 20.6.2023 11:40 | 134 27 7.05 115.7 184.0 | 0.525 13.4 5.20 13.4
SHG-14 | 21.6.2023 15:38 | 12.2 31 7.15 91.1 3485 | 3.150 12.2 29.80 12.2
SHG-15 | 20.6.2023 12:35 | 13.4 28 7.13 1145 165.8 | 0.516 134 4.90 134
SMV-1* | 21.6.2023 11:16 | 13.1 24 7.02 137.2 8.4 0.552 13.1 5.30 13.1
SMV-2 | 21.6.2023 12:22 | 13.7 26 6.93 148,1 429.9 | 0.621 13.7 6.10 13.7
SMV-3* | 21.6.2023 9:26 125 22 7.17 281.0 50.7 0.198 12.5 1.80 12.5
SMV-5 | 21.6.2023 15:00 | 12.3 28 6.99 129.3 1431 | 0.273 12.3 2.60 12.3
SHGM-8| 20.6.2023 15:18 | 12.8 30 6.85 159.7 0.9 0.195 12.8 1.80 12.8

* Objects with a higher concentration of sulphide sulfur content

5 Conclusion

In the years 2021 to 2023, SGUDS carried out a detailed
geological survey of the environment at a site of probable
environmental burden with a high priority, where pollution
of the rock environment and groundwater was assumed
due to the industrial activity of the former Slovensky
hodvab plants and the potential leakage of pollution from
7 fuel oil tanks and cooling towers. The quality of all
the samples taken with the analytical evaluation of 210
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indicators from an area of approximately 37 ha did not
confirm the expected pollution resulting from the nature of
the industrial activity of the environmental burden. From
the obtained results in accordance with the currently valid
legislative regulations, it can be concluded that no serious
pollution of the underground water and rock environment
was detected, either in the zone of aeration or in the zone
of saturation with priority pollutants [NEL-GC, trace
elements (As, Cr total, Cu, Hg, Pb, Zn), BTEX, CIU and
PAU], which would be in a causal or spatial context.
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Local pollution detected in the biological contact zone
by the NEL-GC indicator, which was the only one of the
wide range of indicators examined that exceeded the IT
criterion of the Ministry of the Interior of the Slovak Re-
public No. 1/2015-7 is of a residual nature unrelated to
the activities of the former SH plants. Pollution of ground-
water with sulphide sulfur with increased concentrations
exceeding the ID criterion of the Ministry of the Interior
of the Slovak Republic No. 1/2015-7 in the planned res-
idential zone, was sporadically and locally detected only
in the eastern part of the investigated area, and only in ex-
ploratory unequipped mapping wells in the upper part of
the incomplete watered collector. The presence of sulphide
sulfur in the eastern part of the investigated area is of natu-
ral origin unrelated to reduction processes in water, which
would be confirmed in this part of the environment.

Whereas the environmental and health risks have
not been confirmed by the prepared risk analysis of the
polluted area, it is not necessary to carry out remediation
of the polluted area with the current use of the area. Due to
the confirmed residual soil pollution in the western part of
the newly built industrial part and the sporadic occurrence
of sulphide sulfur in the groundwater, we recommend, as
a precaution, two-year groundwater quality monitoring in
this part of the site, after which, in the event of a favorable
development of the groundwater quality, to remove the
location from the Register of Information of the system of
environmental loads of the Slovak Republic.

It can be concluded that the implementation of this
survey is another positive step in the systematic solution of
the problem of environmental burdens on the territory of
the Slovak Republic, the results of which are the basis for
the gradual improvement of the environment, including
sustainability for future generations.
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Ministry for the Administration and Privatization of National
Property of the Slovak Republic and the Ministry of the En-
vironment of the Slovak Republic dated December 15, 1997
No. 1617/97-min. on the procedure for evaluating the com-
pany’s obligations from the point of view of environmental
protection in the privatization project submitted by the com-
pany as part of the privatization.

Journal of the MZP SR 1/98. Part VI. Indicators and standards for
remediation of soil, soil and groundwater pollution, p. 47-51.



Mineralia Slovaca, 56, 2 (2024)

Pouzita metodika a vysledky geologického prieskumu environmentalnej zat'aze
byvalych zavodov Slovensky hodvab Senica

Environmentalne zataze su definované ako znecistené
uzemia spdsobené ¢innostou ¢loveka, ktoré predstavuju
zavazné riziko pre ludské zdravie alebo horninové
prostredie, podzemni vodu a pbdu. Problematika
environmentalnych zatazi na Slovensku sa zacala riesit’
v roku 2006 v ramci projektu Systematicka identifikicia
environmentalnych zatazi (Paluchové et al., 2008) s cielom
identifikacie pravdepodobnych environmentalnych zatazi
z celého Uzemia Slovenskej republiky. Vysledkom
bolo zostavenie Registra environmentalnych zatazi.
Registrované zataze st v nom zoradené¢ podla ich
relativnej rizikovosti ohrozenia zivota a zdravia
obyvatel'ov, ako aj poSkodenia ekosystémov. Register
je sucastou Informacného systému environmentalnych
zatazi (IS EZ). Aktuélne je na Slovensku evidovanych
1 782 zatazi, rozdelenych do registrov podla stavu ich
preskiimanosti a realizacie napravnych opatreni s cielom
minimalizacie ich negativneho dosahu na zdravie ¢loveka
a zivotné prostredie.

Prace prezentované v tomto clanku vychadzaju
z vysledkov geologickej ulohy pod ndzvom Geologicky
prieskum vybranych pravdepodobnych environmentalnych
zdatazi 3 — SGUDS. Uloha sa rieSila v ramci operaéného
programu Kvalita zivotného prostredia — prioritna os 1.
Bola vypracovana v sulade so strategickym planovacim
dokumentom v ramci systematického prieskumu a odstra-
fiovania environmentalnych zatazi s nazvom Statny pro-
gram sandcie environmentalnych zatazi SR (2016 —2021).
Environmentalna zataz v Trnavskom kraji, ktora je pred-
metom nasho ¢lanku, je v nom evidovana v ¢asti 7.1.1.
Najrizikovejsie lokality z hladiska potreby realizacie
prieskumu pravdepodobnych environmentdlnych zatazi
a potreby vypracovania rizikovej analyzy. Environmental-
na zataz (d’alej EZ) v areali byvalych zavodov Slovensky
hodvéab je v informacnom systéme zaregistrovana v ka-
tegorii A ako pravdepodobnd environmentalna zataz s vy-
sokou prioritou s ozna¢enim SK/EZ/SE/2004 pod nazvom
SE/2004/Senica — areal byvalého SH Senica.

Aredl byvalych zavodov je lokalizovany v zastava-
nom uzemi intravilanu mesta Senica, v priemyselnej zone,
v areali byvalého vyrobného podniku Slovensky hodvab
Senica. Uzemie je z vychodnej strany ohrani¢ené obchod-
nou prevadzkou Lidl a autobusovou stanicou, zo severnej
strany tokom Teplica. Plocha skiimaného areélu predsta-
vuje zhruba obdiZnik s rozlohou priblizne 37 ha.
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Vysoka priorita environmentalnej zataze bola v sys-
téme environmentalnych zatazi priradend predovsetkym
na zaklade vizualnej obhliadky lokality v Case registracie
v roku 2014, ktora zodpovedala stavu ukoncenej prie-
myselnej ¢innosti byvalych zavodov. Zavody SH Senica
boli vybudované v 20. rokoch minulého storocia s ciel'om
vyroby syntetickych vlakien. Zavody zanikli v roku 2005.
Samotna ¢innost’ podmienujica vznik EZ sa od roku 1989
uz nevykonava. V areali podniku (vyroba syntetickych
vlakien) bolo v ¢ase aktivnej ¢innosti vybudované rozsiah-
le mazutové hospodarstvo (nadrze st uz zblrané) pozosta-
vajlce zo 7 nadrzi na mazut, kotolne a staacicho miesta.
Nachadzala sa tam aj neutralizacna stanica a sklady che-
mikalii (HCI a pod.). Cinnost’ podmiefujuca vznik EZ sa
na lokalite uz nevykonava, prevadzka sa vyuziva na iné
ucely. V zapadnej Casti arealu v sucasnosti prebicha roz-
noroda priemyselné &innost’. Udaje o drzitePovi/drZiteloch
zat'aze uvedené v systéme ISEZ boli v Case realizovaného
prieskumu neaktualne. Od roku 2014 sa zmenil poévodny
drzitel’ a v dosledku odpredaja sa stale menia vlastnici na
roznych parcelach environmentalnej zataze.

V ¢ase prieskumu v rokoch 2022 — 2023 aktualny vi-
zualny stav nezodpovedal stavu lokality v Case jej regis-
tracie z roku 2014. Vo vychodnej ¢asti tizemia v miestach
najpravdepodobnejSicho zdroja znecistenia prebiehala
rozsiahla stavebna a asanacna ¢innost’ s ipravou pozemku
uréeného na d’alSie rozvojové aktivity obc¢ianskej a by-
tovej vystavby. Asanacia a nasledna Uprava pozemku sa
realizovala na zédklade odportcani environmentalneho au-
ditu v objektoch aredlu Slovensky hodvab PLUS, s. r. o.
(Zithan, 2011).

Metodika realizovaného podrobného prieskumu sa
odvija od aktualne platnej legislativy Slovenskej republiky,
a to predovsetkym Metodickej prirucky geologického
prieskumu Zivotného prostredia v znecistenom uzemi
(SAZP,2020) a smernice Ministerstva Zivotného prostredia
¢. 1/2015-7 na analyzu rizika znecistené¢ho tizemia.

Na lokalite sa uskutoc¢nil subor geologickych prac
zamerany na komplexny prieskum a charakterizaciu zne-
Cistenia vSetkych zloziek zivotného prostredia vratane
zhodnotenia potencialneho zdravotného a environmen-
talneho rizika vyplyvajiceho z pripadného zisteného
znecCistenia. Realizované prace v oblasti vyskytu pravde-
podobnej environmentalnej zat'aze zahriali technické pra-
ce (vrtné prace). Ich cielom bolo spresnenie geologicke;j
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stavby lokality a rozsahu znecistenia horninového prostre-
dia a podzemnej aj povrchovej vody, meranie a odbery
vzoriek horninového prostredia v pasme prevzduSnenia
a padsme nasytenia, odbery vzoriek podzemnej, povrchovej
a odpadovej vody z novovybudovanych aj existujlcich
vrtov, atmogeochemické merania, odbery p6dneho vzdu-
chu, chemické analyzy odobratych vzoriek podzemnej
vody a chemické a zrnitostné analyzy odobratych vzoriek
horninového prostredia. Metodika prieskumnych prac je
detailne opisana v praci Grexovej et al. (2023).

V ramci technickych prac sa uskutocnilo 15 hydro-
geologickych monitorovacich vrtov, 5 nevystrojenych
prieskumnych mapovacich vrtov a 15 ru¢nych diagnostic-
kych plynometrickych sond. Hibka zabudovanych hydro-
geologickych vrtov varirovala v rozsahu 9 a7 12 m, hibka
mapovacich vrtov bola 5 m. Ru¢né sondy sa robili do ma-
ximalnej hibky 1 m.

Pred realizaciou vrtnych prac sa v miestach ru¢nych
sond a planovanych vrtov odobrali vzorky pédneho vzdu-
chu. Vzhl'adom na charakter lokality v nich bola zazna-
menand pritomnost ropnych uhlovodikov stanovenych
ako benzén a toluén. WsSie hodnoty koncentracie ukazo-
vatel'ov prekracujice koncentraciu B a C pokynu MSPN
¢ 1617/97-min. boli potvrdené iba v rucne realizovanych
sondach typu SPS. Hodnoty, ktoré neboli potvrdené opa-
kovanymi kontrolnymi odbermi, sme vyhodnotili ako
znecistenia bodového charakteru s pravdepodobnostou
ovplyvnenia prebiehajucich prac stavebného charakteru
a moznostou vol'ného pristupu pre verejnost’ vo vychod-
nej Casti byvalych zavodov, ktora nema stvis s ¢innostou
podmieniujiicou zaradenie skumanej lokality do systému
environmentalnych zatazi (ISEZ).

Na zéklade vysledkov analyz pddneho vzduchu sa
pocas realizdcie vrtnych prac odobrali vzorky zemin
z pasma prevzdusnenia a pasma nasytenia z vrtov (SHG,
SMV) a sond (SPS). Vysledky z nich potvrdili nizku
koncentraciu vo vSetkych analyzovanych ukazovatel'och
neprekracujucu indikaéné a intervencné kritéria stano-
vené smernicou MZP SR & 1/2015-7 na vypracovanie
analyzy rizika znecisteného tizemia. Vynimkou bola len
vysSia koncentracia ortuti (SPS-1 — 3,76 mg . kg™ . su-
Siny), medi (SPS-3 — 593 mg . kg? . suSiny) a olova
(SPS-3 — 1 860 mg . kg . suSiny) prekracujuca indikac-
né a intervenéné kritérium smernice pre obytné zony.
Z hydrogeologickych monitorovacich vrtov SHG sa
zistila zvySena koncentracia stopovych kovov prekra-
cujuca indikacné kritérium smernice v ukazovateli med’
(548 mg . kg . suSiny) a intervenéné kritérium v ukazo-
vateli olovo (593 mg . kg . susiny) iba vo vrte SHG-10,
situovanom v novej priemyselnej Casti arealu byvalych
zavodov Slovensky hodvab. Jeho aktudlna Cinnost ale
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nema suvis s ¢innostou zavodov podmienujucou vznik
environmentalnej zat'aze. V tomto vrte sa zistila aj vysoka
koncentracia NEL-GC prekracujica indikaéné kritérium
(774 mg . kg™ . susiny). To sa potvrdilo aj kontrolnou vzor-
kou, ktora preukazala prekrocenie koncentracie v ramci
intervenéného kritéria smernice MZP SR ¢&. 1/2015-7-min.
(774 a3 179 mg . kg . susiny). Identifikacia uhl'ovodikov
poukézala na dominantné percentudlne zastGpenie uhlo-
vodikov radu C,, - C,, (vykurovacie oleje).

Lokalne znecistenie horninového prostredia biologic-
kej kontaktnej zony alifatickymi ropnymi uhl'ovodikmi je
charakterizované rezidualnymi uhl'ovodikmi, ktoré maja
charakter malo prchavych uhlovodikov s nizkou roz-
pustnost'ou a vysokym stupfiom retardacie (obmedzenia
migracie) v horninovej matrici. S vysokou pravdepodob-
nostou ide o bodové znecistenia rezidualneho charakteru
v dosledku realizovanej Ciasto¢nej sanacie objektov v pla-
novanej obytnej zéne.

Odbery vzoriek podzemnej vody realizované v dvoch
koléach s odstupom 30 dni nepotvrdili kontaminaciu vody,
a to ani v miestach, kde sa potvrdilo lokalne znecistenie
reziduélneho charakteru.

Zaujimavou skutocnost’'ou boli mierne zvysené hodno-
ty sulfidickej siry vo vychodnej Casti izemia iba v dvoch
z piatich nevystrojenych prieskumnych (mapovacich) vr-
tov, podla historickej mapy z roku 1958 lokalizovanych
v miestach byvalého starého ramena. Maximalna priemer-
na koncentracia neprekrocila indika¢né kritérium smerni-
ce. Ked’ze prekrocenie limitov ID a IT bolo zaznamenané
iba pri odberoch z nevystrojenych mapovacich vrtov vo
vychodnej €asti izemia a pri rezimovych meraniach v hy-
drogeologickych a mapovacich vrtoch v tejto Casti izemia
sa nezistili zaporné hodnoty oxidaéno-redukéného poten-
cialu, s vysokou pravdepodobnostou ide o prirodzeny po-
vod vyskytu v tomto prostredi.

Zvysena koncentracia v zZiadnom zo sledovanych uka-
zovatel'ov, rovnako ako vo vzorkach podzemnej vody, sa
nepotvrdila ani odbermi vzoriek z povrchového toku Tep-
lica v dvoch cykloch v smere predpokladaného znecistenia
z byvalych zavodov.

Stcastou prieskumnych prac bola aj analyza rizika
zneCisten¢ho uzemia, ktorej vypracovanie vyplynulo z le-
gislativnych poziadaviek smernice MZP SR &.1/2015-7.
Tykala sa pritomnosti zneé¢ist'ujucich latok prekracujucich
intervencné a indikac¢né kritéria v horninovom prostredi
biologickej kontaktnej zony v pasme prevzdusnenia uka-
zovatelom NEL-GC a stopovymi kovmi Cu, Pb a Hg,
pri ktorych bolo potrebné hodnotenie environmentalne-
ho a zdravotného rizika. Vypracovanou analyzou rizika
zneCistené¢ho tUzemia sa nepotvrdili environmentalne ani
zdravotné rizika, preto pri su¢asnom vyuziti izemia nie
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je potrebné vykonat’ sanaciu znecistené¢ho uzemia. Vzhl'a-
dom na potvrdené rezidudlne znecistenie zemin v zapad-
nej, novovybudovanej ¢asti priemyselnej Casti a sporadicky
vyskyt sulfidickej siry v podzemnej vode bolo z principu
opatrnosti navrhnuté v tejto Casti izemia dvojrocné mo-
nitorovanie kvality podzemnej vody. Po flom v pripade
priaznivého vyvoja kvality podzemnej vody bude lokalita
vyradena z registra Informacného systému environmentdl-
nych zatazi Slovenskej republiky.
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Realizacia tohto prieskumu je dalSim pozitivnym
krokom v ramci systematického rieSenia problematiky
environmentalnych zat'azi na uzemi Slovenskej republiky.
Jeho vysledky su podkladom na postupné zlepSovanie
zivotného prostredia vratane udrzatelnosti pre dalSie
generacie.
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