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Utilisation of environmentally degraded area by miing activity: a case study of
Slovinky tailing impoundment in Slovakia

Vladimir Cech and Juliana Krokusov&

Revitalization of heavily modified and environméigitdegraded landscape caused by industrial, regpely mining activity involves
several aspects. In addition to other, interestijugstion is the appropriateness of using such sisethe object of tourism. In the first part,
the paper deals with the general characteristicssoth degraded area, namely Slovinky tailing impiooent in eastern Slovakia,
characterised by the formation and development poduct of the mining and industrial activitiegals with an environmental load of this
area. In the first stage, it was necessary to asalyne current state of the tailing impoundmenthieyheavy metal contamination analysis of
samples taken from the body of the impoundment.nTdie aim of this study was to analyse the viewwad residents to the current
situation and the alternative uses of the Sloviaiiing impoundment in terms of geotourism, respety in the educational process. Based
on the questionnaire evaluation, we investigatesl éhvironmental awareness and opportunities fothkmr development of the locality.
Overall, the questionnaire filling was attended b§8 people in June 2012. Most respondents conglur tailing impoundment is
an environmental problem, but they are not worragbut the possible environmental disaster. The ritgjof respondents consider it
appropriate to use tailing impoundment area as dnoational locality on geography lessons on primamnyl secondary schools, but not as
a tourist attraction. Questionnaire survey methad Iproved useful in identifying the local residerivareness about this environmental
burden and its further utilisation.
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Introduction

The tailing impoundments belong to anthropogenienfoof relief (Lorant, 2008), and they are conngécte
with the mining activity. According to their flappearance, they are called “ground mirrors.” Tlyginesis is
related to industrial sedimentation. Sludge —dflwiaste from raw material extraction is being bidutp
the pond. Sludges are gradually gathered, and ¢heyreach several ten meters of thickness. Afteringi
activity, the sludges dry up. The tailing impoundhinés water management construction, fundamenially
dammed valley and its dam is under precautionarfemanagement monitoring (Zapletal, 1969; Mazurek,
1998; Kirchner and Smolova, 2010; Szabo et al.020&ch and Krokusova, 2013).

The ecological catastrophe and tragic events 00 2Q1he tailing impoundment near the Hungarialagé
of Ajka led to increased interest from the competate authorities in the condition of the mostardous
tailing impoundments and landfills for industriabste in Slovakia. In autumn 2010, inspections wesld at
28 such sites in Slovakia on the basis of a reguladf the Ministry of Agriculture. The current adition at
27 sites was classified as satisfactory. The eimeptas the Slovinky tailing impoundment near Krauby,
which was assessed as unsatisfactory with a riskabgical disaster.

The gradual decline of mining and the closure ohing operations in 1993 brought to a definite end
the historical era of mining in the SpiS regionSibvakia. The intensive mining operations over aber of
decades had an extensive negative impact on aifoemvental media. Twenty years after the end ofimgin
tailing impoundments and other anthropogenic rdbetures remain as negative elements in the regibeir
rehabilitation is not possible due to time, techhand financial restraints.

The first stage of the project “System of identfion and monitoring of environmental damage caused
mining operations” was undertaken at the Slovinkijirtg impoundment in 1997 as part of which a basic
inventory of at-risk localities was created. Thew@tky locality (iron ore mining) was classifiedgbih with
regard to the level of risk and requires esseméiaiediation of the negative impacts of mining ofiers on
the environment (Jurko¥i et al., 2012). These alarming results focussed dtiention of the scientific
community and the general public on the need fer fonitoring of certain mining relief features aod
the fact that mining regions require greater aittentas the closure of mines does not automatiaabplve
the negative impact of mining operations on a negis a result of these facts, a number of sciensifudies
were undertaken from 2011 — 2013 at the Slovinkintaimpoundment which assessed its current caomlit
from a geochemical, mineralogical and geomorphehigpoint of view Cech et al,. 2011; Petrak et al., 2011;
Sottnik et al., 2011; Laubertova and Gerhartovd,32&uerova et al., 2013; T6th et al., 2013) and idesdifi
the environmental risks (Michaeli and Boltiziar 120Cech et al., 2011; Jurkavet al., 2012).
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Slovinky tailing impoundment is a site that is ioolgical terms considered as an environmentally
degraded area. Environmentally degraded areasegteated, abandoned, contaminated, functionall\seduwr
otherwise degraded areas that have lost theirnadigunction, poor and decline to such a degre¢ titeay
become an anti-social area which, without outsidervention and contribute to its development npehéor
reuse (Petrikovd and Finka, 2007). Environmentajrabation is worsening of the natural environment
(conditions of human life, flora and fauna), conieation, adverse processes (erosion, landslides)cing
biotic components of the environment, etc. (Steffekl., 1993).

Active mining and industrial activities in the arefathe Krompachy town is the past. One has tohask to
further use of the remains of these activities. l/lainother industrial use is also possible, thermditive is
the use of the area for scientific, educationappses, respectively exploitation in tourism. Sultéraative use
is only possible in cooperation with local residgrdéchools, private and public sector (Hteh et al., 2011,
Hronéek and Rybér, 2016).

One approach to promote this region is the devetopnof geoturism, respectively the development of
the cognitive-educational tourism. The region ahd Slovinky tailing impoundment area could become a
active part of the project Slovak mining road, whis a presentation of rich mining heritage in 3kia. It is
important to preserve and bring to the attentiothtomost tangible part of the mining heritagehia territory of
Slovakia for scientists and the general public. Treject also aims to raise the level of awareness
the protection of the technical and cultural-histalr heritage of our ancestors. It is importantseive some
former mining objects in the landscape and makeailable to the public.

Great importance could have the use of such objedts learning process in schools. Here we seaisie
of this site not only in Slovak but also Europeadevextent as a part of the presentation of thet tnosiened
regions of Europe. This could help to the greatgerest of scientists and students to this locaditg in
the cooperation of several European universities.

Based on these motives, we decided to realise @y stibout the Slovinky tailing impoundment in
the cadastre unit of the Krompachy. The site seleatas based on the fact that the wider territdfrihe former
mining landscape of the Krompachy town is the redeaentre of the authors of this contribution. Huthors,
moreover, live in the immediate vicinity of thidesi

The aim of this study was to analyse the viewso#l residents to the current situation and therraditive
uses of the Slovinky tailing impoundment in ternigy@otourism, respectively in the educational pssc®ased
on the questionnaire evaluation, we investigatesl éhvironmental awareness and opportunities fahduar
development of the locality. Our aim was to brihg views of inhabitants of the region for sciestiahd local
government when deciding on the use of this logalithe phases of the questionnaire survey preceded
the geographical analysis of the territory and wheiteed the current environmental status on thesbaisheavy
metal contamination analysis.

Use of a questionnaire survey among local residéartghe detection of environmental awareness and
opportunities for further development of the temjt has not yet been implemented in this areaoliid: be
a valuable contribution to the potential for furtldevelopment not only of this but also other form@ning
regions of Slovakia.

Methodological-theoretical background

The issue of the use of old mining relief formgé@search or geotourism has engaged several autbbrs.
the more recent works of foreign authors dealinghwhe use of mining relief forms in geotourism,ist
important to mention the works of Hose (1999), Begk2003), Dowling and Newsome (2006), Newsome an
Dowling (eds.) (2010), Conlin and Jolliffe (ed&P11), Schejbal (2011), Lopez and Perez (2013).

Specific anthropogenic landforms and geolocatioesewanalysed as geotouristical objects by works of
Stomka et al., (2006), Rybar et al., (2010) aythd&® (2010). The use of information technologiesniming
tourism is a part of works of Rybar and HvizdaRiR), Rybar et al., (2010).

The specific use of abandoned quarries in tourssmentioned in the works of Amanti et al., (1998kiss
(2009), Hrorek (2009, 2012). Underground pseudomontaneoud stlapes as geotouristic objects is the main
goal of the work of Hrotek (2013) and Hratek and Rybar (2016). The mine Bankov as an objéct o
geotourism is mentioned in the work of Hvizdak le{2012). Reconstruction of lost mining landscaaed their
use in geotourism is included in the work of Hfek and Liga (2014). Natural underground caves aimgsrin
Italy and their use in geotourism was describe&byofano and Govoni (2012).

Materials and methods
Before carrying out the questionnaire survey, isw@cessary to analyse the current state of thegtai
impoundment. Geographical conditions of the impaounedt were analysed during the years 2010-20ELHf et

al., 2011). Subsequently, the heavy metal containimaanalysis of samples taken from the body of
the impoundment was performed. This research wadatkin terms of choice of questions in the questoe.
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During the field phase of the study, samples welern at three sampling sites which were chosemgduri
the preparation phase. The analysis of the sampéess undertaken in the accredited testing laboratdry
the Ministry of the Environment of the Slovak Refitifor geology and the environment in accordanéth w
STN EN ISO/IEC 17025: 2005. The levels of Cu, A, Ri and Cr were determined using X-ray fluoreseen
spectrometry and the levels of Cd and Co were déexd using atomic absorption spectrometry. Thectexa
location of the sampling sites was determined usimgobile GPS using the coordinate system WGS 8&ighw
was subsequently converted to the national coa@isgstem. In the final phase, all the data weoegssed,
analysed and compared and the results were sunetdiiab. 1, Fig. 3, Fig. 4).

For the needs of assessment of public opinion sweis related to tailing impoundment, we constructed
a questionnaire. The questionnaire contains a ¢6th¥ questions with default responses. The questiire was
given to fill among the local residents living neéhe impoundment, local government staff and anhary and
secondary schools among the teaching staff. Tleets@h of respondents was conditional on the assomphat
they will have an elementary knowledge of the issu@verall, the questionnaire filling was attendsd188
people in June 2012. Of the total number of 18%ardents - 95 respondents were male and 93 female.
17 respondents were under the age of 18 yeargyeth ¥-30 years, 42 aged 31- 45 years, 40 aged® 48&'s
and 44 aged 66 years and more. 21 respondentson@glated elementary education, 138 secondary eduacat
and 29 higher education.

Questionnaire:
1. Do you know that the Slovinky tailing impoundmerdituated in the administrative area of our tGwn

la) Yes, | know

1b) No, I do not know
2. Do you have enough information about this object?

2a) Yes, | have

2b) No, | do not have
3. Evaluate the security status of the tailing impauedt.

3a) Tailing impoundment is in a satisfactorypdition

3b) Tailing impoundment is in an unsatisfactooydition

3c¢) Tailing impoundment is in a disastrousestat
4. Evaluate the local government attitude to the abjec

4a) attitude is sufficient

4b) attitude is insufficient
5. Evaluate the owner attitude to the object.

5a) attitude is sufficient

5b) attitude is insufficient
6. Are you afraid of possible environmental accidentthis area?

6a) Yes,lam

6b) No, | am not
7. What impact does this object have on the envirotfnen

7a) has a negative impact

7b) has a positive impact

7c¢) has no impact
8. What impact does this object have to human andartiealth?

8a) has a negative impact

8b) has a positive impact

8c) has no impact
9. Isit an appropriate object for tourism?

9a) Yes,ltis

9b) No, Itis not
10. Is it an appropriate object for educational purpesd schools?

10a) VYes, ltis

10b) No, Itis not
11. What is the primary role of competent people inn@mtion with this construction?

11a) ensuring a regular monitoring of this area

11b) transfer ownership from private to steads

11c) using in tourism, together with other algeof the former mining activity

11d) using in the educational process in school

11e) rehabilitation of damaged parts, and gehrkclamation

11f) further processing of the tailings matg®traction of precious metals (Au, Ag)

11g) prevent uncontrolled visits in the area
12. Would it be appropriate to construct the orientatimarks to the tailing impoundment as an object of

tourism?
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13.

14.

15.

16.

17.

12a) yes

12b) no

Would it be appropriate to mark the tourist tradl the tailing impoundment as an object of tourism?
13a) yes

13b) no

Would it be appropriate to construct the informatiboards on the tailing impoundment as an object of
tourism?

1l4a) yes

14b) no

Would it be suitable to guide tourists by a quatifperson in the tailing impoundment area?

15a) yes

15b) no

When using the tailing impoundment as an objetbwfism, do you propose to include it as a parthef
so-called "Mining road"?

16a) yes

16b) no

When using the tailing impoundment in the educatipnocess, do you propose to inform about thengil
impoundment:

17a) by the presentation on the geography fssabschool

17b) by the presentation on the ecology lesabsshool

17c) by the presentation on-site within geobyap

17d) by the presentation on-site within ecology

The results of the questionnaire were analysebdrgtaphical (Fig. 5) and text form.

General characteristics of the Slovinky tailing immundment

The tailing impoundment is located in the cadastri¢ of Krompachy in the old mining region of Spis

eastern Slovakia. It is located in the central lamebr part of a lateral valley bounded to the seedlt by the hill
KrompaSsky vrch (1025 m a.s.l.), this valley endthie valley of the brook Slovinsky potok.
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Fig. 1. The location of the studied area.

The tailing impoundment has an area of approxirgétslha. The lower edge is located at 435 m abege s

level and the upper edge is at 515 m above seé& [Eve maximum length is 390 m and the maximum kvigdt
330 m. The height of the dyke of the tailing impdment is 113 m. It is the highest tailing impoundinia
Slovakia. The length of the slope of the dyke i§ 8#and its width is 245 m (Fig. 2).
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Fig. 2. The scheme of the tailing impoundment.

The construction of the tailing impoundment begtiteraan accident and the closure of the old tailing
impoundment in Slovinky. Its operation started i86& with an expected operating life up to 2000,
the depositing of the slurry was stopped a yealieearThe transport of slurry in the form of induat
wastewater from the water treatment facility of fiant of Zelezorudné bane (Iron Ore Mines) to titng
impoundment was undertaken by three pumping swtsitnated one after the other along the slurrelpip.
Approximately 275 kilotons of flotation waste westored at the tailing impoundment annually. Sloyingk
the tailing impoundment with the thickest layertaifings in Slovakia. The volume of tailings isiesdted to be
4.8 mil. cubic metres.

The current state of the tailing impoundment, dieadly the dam and drainage system, is unsatisfgct
there is a risk of an accident in the event ofdptial rain. There has been a natural and anthespog
devastation of the structure of the dam and ofntie@suring and operating equipment (erosion of liygesby
precipitation; blockage of stone drainage chanbglsoncrete rubble; dismantling and removal of mhetal
pipes of the drainage system and the metal covietieoobservation shafts for sale as scrap; ddstruof
the concrete reinforcement; clearing of trees, Wigioovide stability to the slope of the dam, et©i the basis
of a visual inspection, the vital drainage systdnthe tailing impoundment can be considered touetional
for the time being, despite the local blockage withble. Whether this will remain so in the futunewever, is
very uncertain due to the extreme weather variationrecent years. As a matter of priority, it &sential to
prevent further devastation to the equipment oft#ieng impoundment and to organise regular maiitp by
the owner, or if this is not possible, the statestitake the initiative.

Experimental results of heavy metal contamination aalysis

Heavy metal contamination at the Slovinky tailingpioundment and its immediate surroundings is
extremely high. Contamination was measured at #ma df the tailing impoundment (SL 1), at the susfad
the tailing impoundment (SL 2) and in the nearbyod® (SL 3). The recorded values for heavy metalse we
compared with the limit values for hazardous sulxsta specified by Act No. 220/2004 Coll. on thetg@cton
and use of agricultural land, amending Act No. 2888 Coll. on the integrated prevention and moimtpof
environmental pollution.
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SAMPLE
LOCATIONS

SL 1 48°53°20,39“
20° 52° 05,40*

SL 2 48° 53° 16,95
20° 52° 07,45

SL 3 48° 53° 14,14“
20° 51° 57,36

0 0,3 0,6km

Fig. 3. The spatial distribution of sample locatso

The most alarming results concern @ntamination, the limit value (60 mg:Kgwas exceeded at the dam
by more than 70-fold and on the surface of théngiimpoundment by almost 180-fold. The limit valwas also
exceeded in the nearby woods almost threefold. Ehis result of the fact that copper ore was minad
processed in this region for a number of decades.

We found similar negative results for other heawstats — Cr. The limit value (70 mg.Kpat the dam was
exceeded almost 40-fold and on the surface ofditiad impoundment, it was exceeded 70-fold. Inwm®ds, it
is exceeded almost 2-fold.
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Fig. 4. Heavy metal contamination at the Slovitgijng impoundment in mg.Kg

Tab. 1. The presence of heavy metals on Slowailkygtimpoundment (1 — the dam of the pond, 2e-bibdy of the pond,

south-west from the body of the pond).

3 —forest 70 m

[mg.kg' 4226 10790 166
[mg.kg"] 461 458 20
[mg.kg] 1,1 15 <0,5
[mg.kg'] 1928 5791 52
[mg.kg"] 254 624 42
[mg.kg"] 2687 5121 190
[%] 19,3 26,2 4,87
[mg.kg'] 198 349 19

The Colimit value (15 mg.kd) is greatly exceeded at the dam and the surfadeedhiling impoundment.
It was exceeded at the dam by more than 10-foldarttie surface of the tailing impoundment by midwan
20-fold. The level of cobalt in the woods is slighabove the stipulated limit.

The limit values of a further set of elements — &, Ni (As — 25 mg.k§ Pb — 70 mg.kg
Ni — 50 mg.kg") were greatly exceeded. At the dam of the taiiingoundment, As is exceeded almost 20-fold,
Pb almost 30-fold and Ni 5-fold. At the surfacethé tailing impoundment, As is also exceeded alr26sfiold,
a similar value as for the dam, Pb is exceeded mhare 80-fold and Ni is exceeded 10-fold. The Is\adlheavy
metals As, Ni, and Pb are slightly below their tinalue in the woods.

The monitored area is not highly contaminated by Tk limit value is not exceeded (0.7 mg-kdn
the woods and the limit values at the dam and thiace of the tailing impoundment are only sligtekceeded.

The levels of the elements — Cu, Pb and Cr werégalausing a logarithmic scale in the graphs due to
the large range of values.

Results of the Questionnaire

The results of the questionnaire are in percergagen in Figure 5.

Most of the respondents (60 %) know that the tgilmpoundment is located in the administrative area
our town (question 1). More men than women knowuahlois locality, mostly in the age of 46-65 and &&l
more years. Respondents know about it from medariration. Some of them visited the tailing impoomeht
personally. By the majority of respondents (68 & amount of information about the tailing impoomaht is
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not sufficient (question 2). More women than meoklanformation about the issue. Lack of information
indicates mostly in the category up to 18 and 193@oyears. Mostly the enlightenment from the local
government is missing. By the majority of responiddb2 %), the security status of the tailing impdonent is
sufficient (question 3) and they are not worrie@ @) about the possible environmental accidenhis érea
(question 6). More men than women are satisfieth tie state of the impoundment. The greatest aatish
manifested category of 46-65 and 66 and more yelarsThe majority of respondents are not satisfiath
the local government attitude (63 %) and ownetuaté (85 %) to this object (question 4 and 5). Moien than
women are not satisfied with this attitude, mostiythe category up to 18 and 19-30 years old. Hiling
impoundment impact to the state of the environnfgoestion 7) and human and animal health (quesjon
majority of respondents assessed as negative (aRd066 %). Especially women declare negative impact
mostly in the category of 31-45 years old. By mufsthe respondents (61 %), the tailing impoundnigmiot

a suitable object for tourists (question 9). Morennthan women think this way, especially in theegaty of
19-30 and 31-45 years old. According to their apmimultiple objects nearby are more appropriatédorism.
By the majority of respondents (82 %), the objextsuitable for use in the educational process hods
(question 10), the use within the geography baseéfletd trips and presentations on-site (51 %, tjopsl?).
The most respondents preferred the using this issthe educational process in schools in the caegf up to
18 and 19-30 years old. By the biggest group spoadents (26 %) - the main priority is to repamaged
parts and gradual reclamation of tailing impoundmguestion 11). More men than women think this way
especially in the category of 19-30 and 31-45 yedds In the case of the use of tailing impoundmastan
object of tourism, the majority of respondents $Bwould prefer to build the information boardstlie tailing
impoundment area instead of the marked tourist (B8 %) and orientation tables (42 %) (questiofsl4).
Respondents recommend (68 %) a qualified guidéh®tailing impoundment area (question 15). Morenen
than men recommend a qualified guide for the tgilmpoundment area, mostly in the category of up&and
31-45 years old. The reason is also the greateraiasf the movement of people in the tailing impdment
area. The inclusion of the object among other dbje€the former mining activities within the “Mimjg road”
(question 16) is preferred by the majority of rasgents (52 %). More women than men recommendrtiostly

in the category of 19-30 years old. By the respatgle the limits are the large financial costs gndstionable
profitability of the construction of such a “Miningad”.

Question No.1 Question No.2 Question No.3
10%
D1a y Q o2a @3a
m3b
60% 52%
mib L J m2b O3c
Question No.4 Question No.5 Question No.6
A O\ D4a y . % | M5a dé6a
L J m4b N 4 m5b m6b
Question No.7 Question No.8 Question No.9
E O7a / \ O 8a \ @ 9a
>% 72% = 70 > 66% o 8b 39%
AL O7c | o / O8c m3b
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Fig. 5. Questionnaire evaluation.

Discussion and conclusion

Until 1993, when the Slovinky mine was closed, dtain slurry from mining operations was deposited
here. After 1993, the local water treatment fagifitocessed slag from the Kovohuty Krompachy plamtil
1999. This slag currently comprises the uppermwatas Two layers can be distinguished in a verticass-
section through the tailing impoundment. The togetaof the Slovinky tailing impoundment compriseswn
slag from the Kovohuty Krompachy plant with a thieks of 5 — 6 m. Under this, there are flotatialntgs
from the processing of sulphide-siderite ores. Hiléng impoundment is dry, and the surface layas hot yet
been recultivated. The mineral material of theirtgilimpoundment primarily comprises silica, siderdand
sulphide minerals, namely, chalcopyrite, tetrahedrarsenopyrite, pyrite, and small amounts of mjtde
sphalerite, bornite, bournonite, jamesonite, antiitep and Cu-arsenopyrite. Based on the compretensi
geochemical assessment, it can be stated thaaitimg impoundment sediments have an alkaline atarand
do not produce active acidity and potentially togiements are relatively tightly bound in theseirsedts.
The tailing impoundment sediments can, therefoeegdnsidered as geochemically stable (Téth, 2013).

The stability and the degree to which heavy metaks bound in the tailing impoundment was also
confirmed by our study since their levels in thersunding woods are markedly lower. It is essertbatake
note of the following risk factor, which was comfied by our field study: the tailing impoundmendiy, its
surface has not yet been recultivated and theUpyer layers are blown away from the tailing impeuent
during drier periods, which spreads heavy metdls the surrounding area. Most at risk are the iithats of
the village of Slovinky, who live close to the tag impoundment.

The levels of heavy metals at the Slovinky tailimgpoundment are high and exceed their limit valles.
addition, the limits for levels of Cu, Cr and Cee axceeded in the surrounding woods. This is ia liith
the results of the works of Sottnik et al., (2011kkovE et al., (2012) and Toth et al., (2013). Due toltivey-
term mining of copper ore, the level of contamioatof all the environmental media in the region aém very
high and represents a risk to the health of thabitants of nearby village®©ur results are consistent with
the results of the similar works from differentddities around the world (Ai et al., 2015; Feketé@t al., 2015;
Arranz-Gonzalez et al., 2016; Jackson and ParbHabar2016).
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The results of our research based on the analfsieajuestionnaire indicate the fact that the jpubkes
further use of tailing impoundment mainly in theuedtional process in schools, to a lesser extetatrism.
Most respondents do not consider it appropriatéentbude Slovinky tailing impoundment as an obje€t o
geotourism. This points to a possible conflict @rgeption of the attractiveness of this area fartgarism
among local residents and scientists or touristsrMing and Newsome, 2006). Local residents genedid! not
think that the tailing impoundment area is someghihey could be proud of it and to offer this ldgako
tourists. The public considers tailing impoundmastan environmental problem (as shown by the esfilbur
analysis of heavy metals contamination), but thgoritg of people are not afraid of the potential/eanmental
disaster. Questionnaire survey method has provefiilus identifying the local residents awarenelsud this
environmental burden and its further utilisation.

In conclusion, it can be stated that the Slovinddirtg impoundment will require regular monitoririg
the near future. It is important to monitor the anpof the tailing impoundment on the quality offaoe water
and groundwater and its impact on air quality, Wwhias never been monitored. It is essential to tooni
the stability of the dam to prevent an ecologidahster.

Fig. 6. The upper dyke of Slovinky tailing impomedt (photo: authors).

Fig. 7. The surface of Slovinky tailing impoundtr(hoto: authors).
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Fig. 8. 9 Concrete channels are in the bad coadith some parts (photo: authors).

Fig. 10. Author of this article during the lectuse the Slovinky tailing impoundment. The lectuas wrepared for Finnish and Spanish
students during the “The Faces of Landscape” prognae (photo: authors).
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