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The biggest issue facing European 

hydrogeologists is the need to protect the quality 
and quantity of groundwater resources (Zwahlen 
2003). Cave pollution (the term is here used as: 
caves that are filled with waste) is among the 
drivers contributing to the pollution and 
degradation of karst aquifers. Nonetheless, the 
extent of the problem is neither well described nor 
systematically monitored at the national level 
(Prelovšek 2011a, 2011b). In Europe, karst covers 
around 1.4 million km2 or 13.8% of the land 
surface (Chen et al. 2017), and provides an 
important share of drinking water, e.g. in Austria 
the share is more than 50%, in Croatia more than 
35% and in Belgium more than 30% (COST 1995). 
In Slovenia, karst landscapes are recognizable and 
important features at the national level  
(Habič 1992, Mihevc 1999, Gams 2004, Zupan 
Hajna 2004, Ribeiro 2017). These landscapes 
cover approximately 8,800 km2 or 44% of the 
country's surface, while the karst springs provide 
about 43% of drinking water (Lah 1998). 

 
In the past, several attempts were undertaken 

to evaluate the extent of cave pollution in Slovenia 
(Prelovšek 2011b). They took place in the 
Municipality of Novo mesto (Hudoklin 2002), the 
catchment of the Krka River Spring (Čekada 2011), 
the karst areas around Celje Plain (Hribernik et al. 
2010) and in the Kras Plateau (Prelovšek 2013). In 
some areas, the pollution can be present in up to 
46% of the investigated caves, whereas the 
estimation of cave pollution for Slovenia is around 
20% of the total number of caves (Čekada 2015). 
Recently, an overview of cave pollution has been 
made for Bela krajina (Ribeiro & Tičar 2017), 
where cave pollution affected around 19% of the 
investigated caves and presents a potential threat 
to the black olm (Proteus anguinus parkelj )  

(Sket et al. 2003) as well as other subterranean 
water organisms. At the European level, different 
remediation projects have been established by 
speleological associations, caving clubs, 
municipalities or research institutions, such as the 
EU project Life Kočevsko in Slovenia (Prelovšek 
2015), the project »Clean underground« in Croatia 
(Novak & Tutiš 2017) and the project »Cleaning up 
the darkness – Puliamo il Buio« in Italy (Didonna 
et al. 2018). In order to systematize and prioritize 
the remediation of karst underground in Slovenia, 
the evaluation of cave pollution at the national 
level is essential. 

 
The main objectives of the present study are 

the following: 1) to identify the level of cave 
pollution in the Kras Plateau, 2) to compare the 
results of this study with results of Prelovšek 
(2013) done in the same geographical area, and 3) 
to compare the results to the study done in the 
karst region of Bela krajina (Ribeiro & Tičar 2017).  

 
The Kras Plateau stretches between the Gulf of 

Trieste, Soča Plain, Vipava Valley and Brkini Hills 
(Gams 2004) and covers in Slovenia an area of 
429 km2 (Perko 1998). It consists of the 
Cretaceous and Paleogene Carbonates and has a 
distinguished flat surface at an elevation of around 
300 m a.s.l. with numerous dolines, collapse 
dolines and caves (Gams 2004). Due to its highly 
karstified surface, the surface watercourses are 
absent and the precipitation percolates directly 
through the karst vadose zone into the 
underground aquifer. In addition, the underground 
aquifer is fed by waters of the Reka River which 
sink in the caves Škocjanske jame. The inlet from 
the Soča and Vipava Rivers eventually outflows 
from the Kras Plateau at the springs of the Timavo 
(Italian name for the Reka River) at Devin, Gulf of 
Trieste (Doctor 2008). In the first half of the  
19th century, exploration of caves in the Kras 
Plateau gained special attention due to the 
exploration of caves for water supply of the city of 
Trieste (Mihevc et al. 2016). 

 
According to the national Cave Registry, 1,077 

karst caves have been registered in the Kras 
Plateau by the end of 2017 (Cave Registry 2018). 
The cave density is around 2.5 caves/km2, and the 
area is considered as one of the hot-spots 
regarding karst caves concentration in Slovenia 
(Mihevc et al. 2016, Tičar et al. 2018). Although 
caves are distributed all over the Kras Plateau, 
there is a high density of caves between 
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Škocjanske jame and Sežana and south from 
Kostanjevica na Krasu. In total, more than 78 km 
of cave passages have been discovered so far. The 
average length of the caves is around 73 m and 
the average depth is 26 m. There are six caves 
with more than 1 km of passages (the longest 
being Kačna jama with 15.2 km), and eight caves 
with 250 m or more vertical drop (the deepest 
being Jama Sežanske reke with 394 m (Cave 
Registry 2018). All the deepest caves in the area 
reach the underground flow of the Reka River. 

 
Data for this study was obtained from the 

Cave Registry (2018), while data from Prelovšek 
(2013) were also obtained from field verifications. 
We gathered the following data: state of the cave, 
type of waste encountered inside the cave, usage 
of the cave, as well as other metric data regarding 
the morphology of the cave. Since 15 registered 
caves in the Kras Plateau have no information on 
cave pollution, only 1,062 caves were included in 
our analyses. 

 
The results show that 817 caves out of 1,062 

are without detectable (not seen with the naked 
eye) pollution (representing 77%) and 245 caves 
are polluted (representing 23%). Regarding the 
amount of waste (measured in m3), 98 caves are 
considered to be and are labelled as low polluted 
(0.1–0.9 m3), 81 are medium polluted (1.0–4.9 m3) 
and 66 are highly polluted (more than 5.0 m3). 
Considering the physical state of the caves,  
198 (19 %) have been damaged. Different types 
of physical damage can be present in the same 
cave and refer to artificial widening of passages 
(135 caves), broken speleothems (26 caves), 
paintings on walls or on speleothems (26 caves), 
repositioning of sediments (47 caves), etc.  

 
In most cases, the waste structure was hard to 

identify from the observation of cave registers. We 
determined that the greatest part of the waste 
belongs to the category of organic waste (65%), 
followed by communal waste (67%) and finally 
construction waste (25%). It's important to note 
that 51 polluted caves (21% of polluted caves) 
contain dangerous waste (e.g. pesticides, dumped 
motor oils), from which 37 caves (15% of polluted 
caves) contain explosive remains from WW I or II. 
Besides, 9 caves are polluted due to a leakage of 
polluted wastewater and 14 caves contain human 
remains.  

 

Considering the use of caves, their past uses 
were quite diverse. 250 caves out of 1,062 were 
used as landfill sites, 127 as military shelters,  
114 as important caves for research purposes,  
14 as burial sites, 7 for the acquisition of raw 
materials, etc. 

 
As part of this study, we also related the size 

and type of cave entrance to the state of the cave 
(clean or polluted). The average size of the cave 
entrance is 21.7 m2. Results show that clean caves 
tend to have smaller entrances (18.4 m2) than 
polluted caves (32.5 m2), however, this difference 
is not statistically significant. The size of the 
entrances for the low polluted caves is 9.3 m2, for 
medium polluted caves 32.5 m2, and for highly 
polluted caves 56.3 m2. 

 
In order to compare the results from this study 

to the results from Prelovšek (2013), we used  
99 caves (the same caves in both studies) and 
categorized them according to clean, low polluted, 
medium polluted and high polluted caves (see  
Tab. 1). 

 
Table 1. Comparison of results on cave pollution in 99 

caves from this study and Prelovšek (2013). 
Tabela 1. Primerjava rezultatov raziskave z rezultati 

Prelovšek (2013). 

Variable Category Prelovšek 
(2013) 

This 
study 

State of 
the caves 
[number 
of caves] 

Clean 64 64 

Polluted 25 32 

Destroyed 5 0 

No data 5 3 

Level of 
pollution 
[number 
of caves] 

Low polluted 7 10 

Medium 
polluted 

7 10 

High polluted 9 12 

Unspecified 
level of 
pollution 

2 0 

Amount of 
waste in 
polluted 
caves [m3] 

Cumulative 
amount of 
waste 

386.4 727.6 

Average 
amount of 
waste per 
polluted cave 

15.4 22.7 
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The results from the comparison between cave 
pollution in the Kras Plateau and in Bela krajina 
(Ribeiro & Tičar 2017) can be seen in Tab. 2. 

 
Table 2. Comparison between cave pollution in the Kras 

Plateau and in Bela krajina (Ribeiro & Tičar 2017). 
Tabela 2. Primerjava rezultatov raziskave onesnaženosti 

jam na Krasu in v Beli krajini (Ribeiro & Tičar 2017). 

Variable Category Ribeiro 
& Tičar 
(2017) 

This 
study 

State of the 
caves  
[% of caves] 

Clean 81 77 

Polluted 18 23 

Destroyed 1 0 

Level of 
pollution  
[% of caves] 

Low 
polluted 

47 40 

Medium 
polluted 

16 33 

High 
polluted 

37 27 

Amount of 
waste in 
polluted 
caves [m3] 

Cumulative 
amount of 
waste 

974.2 2,385.4 

Average 
amount of 
waste per 
polluted 
cave 

8.3 9.7 

 
To conclude, this study shows the extent of 

cave pollution in the Kras Plateau and exposes 
different factors affecting the caves in the area. 
Due to the past military activities in the study area, 
explosive remnants of war can be detected in karst 
caves. Comparison between our results and 
Prelovšek (2013) showed similar outcomes. The 
biggest difference between both studies regards 
the amount of waste within caves. Since our data 
were based on Cave Registry (2018) without 
further field observations, the results suggest an 
overestimation of the amount of waste in caves 
comparing to Prelovšek (2013). This finding points 
out the importance of field observations in addition 
to the data acquired from the archives. The 
comparison among regions (Kras Plateau and Bela 
krajina) showed that the share of polluted caves 
and amount of waste are higher in the Kras 
Plateau than in Bela krajina (Tab. 2). 

  

Here we highlight one aspect of cave pollution, 
directly connected with waste disposal. However, 
there are other critical drivers of groundwater 
pollution in karst areas, such as wastewater 
treatment, population density, land use, and 
transport infrastructure that were not the scope of 
this study. 
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