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1. Executive summary  

2nd TW-Biomonitoring cement plant - /ŜƳŜƴǘłǊŜƶ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ, 

Slovakia - May 2024 
 
Lƴ нлноΣ ǘƘŜ ŎƛǾƛƭ ƻǊƎŀƴƛǎŀǘƛƻƴ ½ŜƭŜƴȇ ȌƛǾŜƭ ƻΦȊΦ ǊŜǇǊŜǎŜƴǘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŎƻƴŎŜǊƴŜŘ ǊŜǎƛŘŜƴǘǎ ƻŦ 
Turnianska kotlina, took the initiative to contact Zero Waste Europe in Belgium and ToxicoWatch (TW) 
in the Netherlands. The first TW research, started with initial biomonitoring on October 30-31, 2023, 
ƛƴ ǘƘŜ ǊŜƎƛƻƴ ƻŦ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳΣ ƴŜŀǊ ǘƘŜ ŎŜƳŜƴǘ ƪƛƭƴΦ ¢Ƙƛǎ second biomonitoring research, started 
on May 8-11th 2024, is a follow-up. The TW research aims to assess the deposition of persistent organic 
pollutants (POPs), such as dioxins (PCDD/F/dl-PCB), Polycyclic Aromatic Hydrocarbons (PAH), PFAS, 
and Heavy Metals (HM), in the surrounding area of the cement kiln. For this multi-year study (2023-
2025), ǘƘŜ ŀǊŜŀ ŀǊƻǳƴŘ ǘƘŜ ŎŜƳŜƴǘ Ǉƭŀƴǘ /ŜƳŜƴǘłǊŜƶ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ ƭƻŎŀǘŜŘ in the YƻǑƛŎŜ Region 
of Slovakia is the central location for biomonitoring research. Reference samples were from the Slovak 
Karst National Park (NP Slovenský kras), with the guidance of official park rangers. All analysis results were 
performed by accredited labs in the Netherlands.  
 
From May 8-11, 2024, 63 samples were collected by the TW team, including eggs/eggshells of 
backyard chicken, wildlife meat of deer, Carp fish (Cyprinus carpio) wildlife bird eggshells of Heron 
(Ardea), mosses (Bryophyta), pine needles (Picea abies), water from natural water stream and wells, 
sediment from natural water streams and wells, and soil.  
 
Key Findings of the 2nd TW biomonitoring:  

1. Exceeding values for dioxins of the EU limit of 3.3.pg BEQ/g/fat (Dr CALUX) and 5.0 TEQ/g fat 
(GC-MS) were found in the eggs of backyard chickens.  

2. The results of dioxins in mosses (Bryophyta) and pine needles (Picea abies) were highly 
elevated compared to reference sites. 

3. Dioxin patterns (congeners) indicate a source of co-incineration of alternative industrial fuel. 
4. Analysis of 14 Heavy Metals (HM)  - Silver (Ag), Aluminium (Al), Arsenic (As), Barium (Ba), 

Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper (Cu), Mercury (Hg), Manganese (Mn), 
Nickel (Ni), Lead (Pb), Tin (Sn) and Zinc (Zn) ς showed elevated levels of all heavy metals in 
mosses (Bryophyta) compared to the references from the Slovak Karst National Park (NP 
Slovenský kras), EU-limits and average levels of heavy metals in vegetables. 

5. Comparative studies by Danucem Slovensko a.s., (conducted by EkotoxikologickŞ centrum 
.ǊŀǘƛǎƭŀǾŀΣ 9/.ύ ŀƴŘ ǘƘŜ YƻǑƛŎŜ wŜƎƛƻƴŀƭ DƻǾŜǊƴƳŜƴǘ όŎƻƴŘǳŎǘŜŘ ōȅ 9ƪƻƭƛǾŜύ confirm the 
findings of TW regarding increased dioxins in backyard chicken eggs but underestimate the 
elevated presence of Heavy Metals (HM) in vegetation and soil this research area. 

6. The analysis results in sediment at the reference sites in the Slovak Karst National Park > 20 
km west of the cement kiln show significantly lower values than the results of fourteen (14) 
heavy metals in the soil at seven (7) sites within a radius of 3.5 km around the cement plant. 

7. A sŜǊƛƻǳǎƭȅ ŎƻƴǘŀƳƛƴŀǘŜŘ ŎƘƛƭŘǊŜƴΩǎ ǇƭŀȅƎǊƻǳƴŘ ƛƴ Dvorníky-±őŜƭłǊŜ, located just 630 
meters north of the cement kiln, was found to contain high levels of lead (Pb) and Arsenic 
(As). 

8. High concentrations of Heavy Metals (HM14) were found in Mosses (Bryophyta), near the 
cement kiln, indicating a serious contamination of the soil in private vegetable gardens.  
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9. PFAS contamination, with chemical analysis LC-a{κa{ ƻƴ ң нп tC!{ ǎǳōǎǘŀƴŎŜǎ, was found 
at all backyard chicken egg locations. 

10. High values of PFAS with the PFAS CALUX assay were found in .Ǌƻƻƪ ¢ǳǊƶŀ όǇƻǘƻƪ ¢ǳǊƶŀ) 
water stream and sediment near the cement kiln, compared with the wells of .Ǌƻƻƪ ¢ǳǊƶŀ 
(potok ¢ǳǊƶŀ) water wells at reference locations in the Slovak Karst National Park, Hrhov, 
Jablonov and Zádiel. 

11. PFOS contamination was detected in the liver of Carp fish (Cyprinus carpio) from Lake Hrhov 
(Hrhovské rybníky), based on chemical PFAS analysis (LC-a{κa{ ң нпύ. 

12. Specific combustion-related PAH congeners (4- and 5-ring), such as Benzo[a]pyrene, were 
found in mosses (Bryophyta) and pine needles (Picea abies) in the surrounding area of the 
cement kiln, notably also in pine needles (Picea abies) at one location within the protected 
area of Slovak Karst National Park.  

13. The specific congener patterns of dioxins (PCDD/F/dl-PCB) and polycyclic aromatic 
ƘȅŘǊƻŎŀǊōƻƴǎ όt!I ң мс) in the eggs of backyard chickens and vegetation showed elevated 
levels of combustion-related contamination. 
 

These findings are a clear call for action for the responsible authorities to ensure that people living 
in the surrounding area of the cement kiln are provided with an environment free from industrial 
POP emissions. The precautionary principle should be applied as a guideline in this regard.  
 
ToxicoWatch strongly recommends: 
1. A structural, yearly biomonitoring research programme on POP emissions, to monitor 
increases or decreases in POP contamination in the surrounding environment of the cement kiln in 
¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳΦ    
2. The establishment of a Technical Working Group (TWG) involving all parties (independent 
research, representatives of concerned citizens, regional government, and the cement kiln industry), 
to work on technical improvements, such as filter systems, and a transparent monitoring system of 
for flue gas emissions of POPs and dust emissions from mining, production, transport, and waste. 
This initiative aims to stop the contamination of the area where people live and the surrounding 
natural environment of the Slovak Karst National Park. 
 
Biomonitoring results highlight the underestimation of emissions of dioxins, PFAS, PAH and heavy 
metals from the cement industry.  

High levels of Arsenic: 
48 mg/kg ds

High levels of Lead: 
110 mg/kg ds

High levels of Barium: 
583 mg/kg ds

SK limit Arsenic soil: 
25 mg/kg ds

NL limit Barium soil: 
22 mg/kg ds

SK limit Lead soil: 
85 mg/kg ds

IŜŀǾȅ aŜǘŀƭǎ ƛƴ {ƻƛƭ [ƻŎΦ 5ǾπлпΣ aŀȅ ммǘƘ  нлнп 

¢ƻȄƛŎ ǇƭŀȅƎǊƻǳƴŘ 5ǾƻǊƴƜƪȅΣ {ƭƻǾŀƪƛŀ όнлнпύ Figure 1: Results heavy metals As, Ba, Pb on childrenôs playground in Dvornìky, May 11th 2024  
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2. Acronyms 
 
B[a]P Benzo[a]pyrene 

BAT Best Available Techniques 

BEQ Bioanalytical EQuivalents  

BREF Best Available Techniques (BAT) Reference Document for Waste Incineration 

BBT Best Available Techniques (BAT) 

dl-PCB Dioxin-Like Polychlorinated Biphenyls 

dm Dm=Dry matter or ds=dry substance NL: droge stof 

DR CALUX® Dioxin Responsive Chemical-Activated LUciferase gene eXpression  

ECB EkotoxikologickŞ centrum Bratislava s.r.o. 

EFSA European Food and Safety Authority 

GC-MS Gas Chromatography Mass Spectrometry GC-MS 

HM Heavy metals 

LB Lower Bound 

LOD Limit of Detection 

LOQ Limit of Quantification 

MB Medium Bound 

MSWI Municipal Solid Waste Incineration 

ndl-PCB  Non-Dioxin-Like Polychlorinated Biphenyl (Non-Dioxin-Like PCB) 

mg Milligram: 0.001 gram 

ng Nanogram: 0.000000001 gram 

˃Ǝ Microgram 10-3 gram 

OTNOC Other Than Normal Operating Conditions 

PAH Polycyclic Aromatic Hydrocarbons 

PCB Polychlorinated Biphenyl 

PCDD Polychlorinated Dibenzodioxins 

PCDF Polychlorinated Dibenzofurans 

PBDD/F Polybrominated-dibenzodioxins and furans 

pg Picogram; 10-12 gram 

POP Persistent Organic Pollutants 

SKNP Slovak Karst National Park 

SVHC Substances of Very High Concern 

TCDD 2,3,7,8-tetrachloordibenzo-p-dioxine 

TDI Tolerable Daily Intake  

TEF Toxic Equivalency Factor 

TEQ Toxic Equivalents 

TW ToxicoWatch 

TWI Tolerable Weekly Intake 

UB Upper Bound (UB) 

UPOP Unintentional POP (Persistent Organic Pollutants) 

˃Ǝ Microgram 10-3 gram 

ww Wet weight or fresh weight  

WtE Waste to Energy (waste incinerator) 
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3. Introduction 
 
This second ToxicoWatch (TW) biomonitoring study focuses on the sampling conducted from 8-11, 

2024, in the surrounding environment of the cement plant - /ŜƳŜƴǘłǊŜƶ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ. It is a 
follow-up to the first published biomonitoring report based on the sampling from October 30-31, 2023. 
 
Thirteen (13) different (bio)matrices were sampled: eggs and eggshells from backyard chickens, 
eggshells of wildlife birds Heron (Ardea), mosses (Bryophyta), pine needles (Picea abies), meat of a 
domestic cow, wildlife meat of deer and Carp fish (Cyprinus carpio), soil, sediment, water from natural 
water streams and sheep wool. In total, sixty-three (63) samples were collected and analysed for 1 to 
4 different kinds of POPs, including dioxins, PFAS, PAH, and 14 heavy metals (HM): Silver (Ag), 
Aluminium (Al), Arsenic (As), Barium (Ba), Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper (Cu), 
Mercury (Hg), Manganese (Mn), Nickel (Ni), Lead (Pb), Tin (Sn), and Zinc (Zn). (Bio)assays were used to 
monitor non-targeted dioxins (by DR CALUX), PFAS (by PFAS CALUX), and PAH (by PAH CALUX).  Besides 
these (bio)assays, chemical analyses were performed on dioxins (PCDD/F/dl-PCB with GC-MS), PFAS 
(LC-MS/MS), and PAH (GC-MS/MS).  
 
Ecologically significant areas adjacent to the second TW sampling site include the Protected Bird Area 
Slovak Karst (SKCHVÚ 027) and the National Nature Reserve - Zádiel Gorge (Zádielska dolina), part of 
the Slovak Karst National Park. 

To interpret the analytical results for persistent organic pollutants (POPs), such as dioxins, PFAS, PAHs 
and heavy metals that were detected in the May 2024 collected samples, the geological environments 
of the hills surrounding the cement kiln must be considered, especially concerning wind fumigation 
and the subsequent deposition of these substances of very high concern (SVHC). 

 

 

 

Figure 2: Area of TW biomonitoring research, the surrounding environment of the cement kiln near the villages of Dvorníky-

Vļel§re,with the Slovak Karst National Park in the distance, May 11, 2024.  
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4. Cement kiln industry  

4.1. General production 

 
The cement industry, in general, has two distinct faces. On the one hand, it forms the backbone of 
society and is closely linked to a country's economic development.  It provides jobs and serves as a 
significant financial source of financial income for many countries. Concrete and cement are therefore 
essential, with current global production reaching as much as 1 tonne per person per year.1  
 
The ambitions of the cement industry are notably high, as reflected in numerous industry publications.2 
However, it is striking that hardly a word is devoted to the emissions of substances of very high concern 
(SVHC). Is the cement industry ready to eliminate toxic emissions? Investigating environmental releases 
of persistent organic pollutants (POPs) would be a worthwhile initiative. 
 
CurrentlyΣ ǘƘŜ ƘŜŀǾƛƭȅ ǇǊƻƳƻǘŜŘ ΨƎǊŜŜƴ ŎŀǊŘΩ of reducing CO2 emissions - since cement kilns are 
significant contributors to CO2 -, seems to overshadow the critical need to address the elimination of 
hazardous toxic emissions, like dioxins, PFAS, PAH, and heavy metals.  These pollutants, emitted by the 
cement industry, take a heavy toll on the surrounding environment.  
 
The health of the population living near these facilities is under constant pressure due to inadequate 
monitoring of dioxins, PFAS, PAHs, and heavy metals. Substances like dioxins, which are extremely toxic 
even at very low concentrations, remain minimally monitored. Yet, due to their persistence, 
bioaccumulation, and toxicity, they are carcinogenic, mutagenic, reprotoxic, and neurotoxic ς posing 
significant risks to human health and the environment. 
 

 
 
 

 
1 J. Res. Technol. Eng. 5 (2), 2024, 12-27 
2 Cementing the European Green Deal, REACHING CLIMATE NEUTRALITY ALONG THE CEMENT AND CONCRETE VALUE CHAIN 
BY 2050. CEMBUREAU The European Cement Association, 2024 https://www.cembureau.eu/library/ 

Figure 3: PBT ï Persistent-Bioaccumulation-Toxic features of POPs 
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4.2. Cement plant - /ŜƳŜƴǘłǊŜƶ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ  

It is to be welcomed that both Danucem Slovensko a.s and the YƻǑƛŎŜ Regional Government have 
started biomonitoring studies in 2024 via Ekotoxikologické centrum Bratislava (ECB) and Ekolive, 
respectively. Biomonitoring on POPs in the environment should be conducted structurally by 
independent parties with no financial interests or political ties to the cement kiln industry. Monitoring 
the environment on behalf of public communities provides insight into the level of POP contamination 
over time, which could lead to technical improvements in the cement kiln production line to eliminate 
toxic contamination in the environment. 
 
The upcoming permit to increase capacity and switch to alternative fuels, such as used car tyres and 
waste oil, could exacerbate the POP contamination problem in the environment. Many researchers 
warn about the negative impact of the combustion of alternative fuels, such as used car tyres, plastic 
waste, and PCB oils. If a permit is granted based on a monitor commitment that only covers 0.1% of 
production time for highly toxic substances like dioxins, this is not a genuine effort to reduce hazardous 
emissions. Not to mention the extremely short time frame for monitoring the conglomeration of heavy 
metals. In addition to the absence in the mandatory measurements of Aluminium (Al), Barium (Ba), 
Mercury (Hg), Cadmium (Cd), Zinc (Zn), Tin (Sn), and Silver (Ag), hardly any heavy metals are monitored 
in the end products.3  PFAS also does not seem to be controlled at all, even though these substances 
are abundantly present in the waste stream and are detected near the cement kiln (see Chapter 7).  
 
Several studies have highlighted complaints from residents about air pollution when cement kiln plants 
are located nearby. People living close to the plant often experience confusion and public irritation due 
to the thick layer of dust that collects on house roofs, in (vegetable) gardens, and on parked vehicles. 
Unfortunately, many of these residents are still unaware of the potential risks of cement dust in their 
vicinity, leaving them constantly exposed to a variety of toxic pollutants. Cement production is 
inextricably linked to air and environmental pollution. Switching to alternative fuels can cause more 
environmental damage than fossil fuels, despite the green labelling. This is especially true for the 
burning of used car tyres, plastics, and waste oils. 4 Combustion of used tyres produces atmospheric 
pollutants such as dioxins, dibenzofurans, NOx, SOx, and heavy metals such as Ti, Al, Pb, Ni, Mn, Fe, Cr, 
and Zn.5  However, data from Danucem Slovensko a.s. cement plant - /ŜƳŜƴǘłǊŜƶ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ 
reported 0.0 kg of use of end-of-life tyres use (Code 16 01 03, European Waste Catalogue) for 2023.6 
This data conflicts with the information TW received from concerned residents and contrasts with the 
upcoming permit to incinerate used car tyres as an alternative fuel. Most significantly, the results of 
this study indicate serious contamination of dioxins, PAH, PFAS and heavy metals in the environment 
ƻŦ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ, which can also be explained by the burning of alternative fuels. 

 
3 Li, C.; Nie, Z.; Cui, S.; Gong, X.; Wang, Z.; Meng, X. The life cycle inventory study of cement manufacture in China. J. Clean. 
Prod. 2014, 72, 204ς211. 
4 P.M. Mayer et al. (2024). Science of the Total Environment 927 (2024) 171153  
5 Chen et al., (2022). Disposal methods for used passenger car tires: one of the fastest growing solid wastes in China. Green 
Energy and Environment 7, 1298ς1309. https://doi.org/10.1016/j.gee.2021.02.003.  
6 Report on the operation and inspection of the combustion plant for the year 2019, 2020, 2021 and 2023 Danucem 
{ƭƻǾŜƴǎƪƻ ŀΦǎΦΣ /ŜƳŜƴǘ Ǉƭŀƴǘ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ 

 

Figure 4: The surrounding area of ŎŜƳŜƴǘ Ǉƭŀƴǘ /ŜƳŜƴǘłǊŜƶ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳΣ village of Dvorníky in front, May 11th, 2024 
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4.2. Cement kiln Dust emissions 

 
There is a lack of thorough biomonitoring research on the deposition of hazardous substances such as 
dioxins and heavy metals in the environment surrounding cement kilns, open mining lime pits, and co-
incinerator plants. The mining industry has significantly contributed to national economic development by 
supplying raw materials, offering employment opportunities, and spurring regional economic growth. 
However, it has caused varying degrees of ecological damage in the vicinity of mining sites, including 
vegetation destruction, soil erosion, atmospheric and water pollution, and waste accumulation, all of which 
threaten the sustainability of both the economy and the environment.7 The main environmental issues 
associated with lime production are air pollution and energy use. The lime-burning process is the primary 
source of emissions and the principal energy consumer. Secondary processes such as lime slaking and 
grinding can also contribute to hazardous dust pollution, while subsidiary operations (namely crushing, 
screening, conveying, storage, discharge and shipment) are minor in terms of both dust emissions and 
energy usage.8  
 
Three types of dust emissions must be considered: first, limestone dust (from the production of raw 
limestone material extracted from the mountains); second, dust from the cement kiln industry during 
production; and third, cement dust emissions from manufacturing of products, storage, bagging, and 
shipment.  

Lime is produced by burning calcium and/or magnesium carbonates at temperatures between 900 and 
1200/1400°C. The chemical reaction of calcium carbonate thermal decomposition is often referred to as 
ΨŎŀƭŎƛƴŀǘƛƻƴΩ ŀƴŘ Ŏŀƴ ōŜ ŜȄǇǊŜǎǎŜŘ ŀǎ ŦƻƭƭƻǿǎΥ  

 
 
 
Calcination in the cement kiln production process accounts for 44% of CO2 emissions, which is a substantial 
contribution from this industry sector. Dust emissions of persistent organic pollutants (POPs) should not be 
overshadowed by efforts to reduce CO2 emissions (since the cement kiln industry is a large contributor to CO2) by 
utilising high-risk alternative fuels (such as contaminated plastic, rubber, tyres, PCB oils etc.) under ŀ ΨƎǊŜŜƴΩ label 
promotion. In addition, more biomonitoring should be applied to the mining of limestone and the dust emissions 
during production, transport, use of products (cement), and disposal of end-of-life products (cement).  

 
7 N. Li et al. (2024). Ecological Indicators 158 (2024) 111371.  
8 Schorcht F. et al (2013). Best Available Techniques (BAT) Reference Document for the production of cement, lime and 
Magnesium Oxide. Industrial Emissions Directive 2010/75/EU Integrated Pollution Prevention and control  

Figure 5: Infographic of pathways of cement kiln dust 
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5. Sampling & Analyse methods 
 
This second biomonitoring report should be read as a follow-up to the first biomonitoring report, which 
was published and presented at the local village hall in the village of Dvorníky-±őŜƭłǊŜ on May 7, 2024. 
 
In this second biomonitoring report, based of TW sampling from May 8-11, 2024, the focus is on eggs 
from backyard chickens owned by private chicken coop owners, mosses (Bryophyta), pine needles 
(Picea abies), soil, sediment, water, meat from a domestic cow, and wildlife meet from deer and Carp 
fish (Cyprinus carpio), as well as eggshells of backyard chickens and wildlife birds Heron (Ardea).  
 
The persistent organic pollutants (POPs) targeted by lab analysis are dioxins, PFAS, PAH, and 14 heavy 
metals: Silver (Ag), Aluminium (Al), Arsenic (As), Barium (Ba), Cadmium (Cd), Cobalt (Co), Chromium 
(Cr), Copper (Cu), Mercury (Hg), Manganese (Mn), Nickel (Ni), Lead (Pb), Tin (Sn), and Zinc (Zn). By 
applying bioassays (DR CALUX), a much broader spectrum of dioxin toxicity is detected than with the 
very limited 29 chlorinated dioxins identified by chemical GC-MS analysis. PFAS and PAH are also 
monitored in this research using screening assays like PFAS CALUX and PAH CALUX, for the same reason 
as for dioxins, allowing a much broader scan of their toxicity, beyond the limited chemical analysis of 
24 PFAS substances and 16 PAH compounds.   
 
Ecologically significant areas are adjacent to the cement kiln, including the Protected Bird Area Slovak 
Karst (SKCHVÚ 027) and National Nature Reserve - Zádiel Gorge (Zádielska dolina),, which forms part of 
the Slovak Karst National Park. The sample objectives and locations are summarised in the sample 
overview map below. An overview of locations, analysis methods and results for each (bio)matrix can 
be found in the attached Annex 1.  
 
A total of 63 samples were collected by the TW team from May 8-11, 2024. All analysis results were 
performed by accredited labs in the Netherlands: BioDetection Systems (BDS), Amsterdam and 
Normec, Groen Agro Control in Delfgauw. The official lab analysis reports of this 2nd research are 
attached in Annex 2.  

 

 

 

 

 

 

.ƛƻƳƻƴƛǘƻǊƛƴƎ ǎŀƳǇƭŜ ƭƻŎŀǝƻƴǎΣ aŀȅ уπммǘƘ  нлнп 

Figure 6: TW 2nd sampling overview map, May 8-11th 2024 
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5.1. Soil 

 
From May 8-11 of this year, TW took fourteen (14) soil samples from nine (9) locations in all wind 
directions within a 3,5 km radius surrounding the cement plant - /ŜƳŜƴǘłǊŜƶ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ. Soil 
samples were taken from private property and ŀ ǇǳōƭƛŎ ŎƘƛƭŘǊŜƴΩǎ ǇƭŀȅƎǊƻǳƴŘ ŀƴŘ ƻǇŜƴ-air sports 
facility located 630 meters north of the cement kiln. See Annex 1: Samples & Analysis Overview  
 
Soil samples of more than 100 grams were taken from the top layer of the soil (< 5 cm) and collected 
in plastic LDPE lab bags. The collected soil samples were stored dry, cool and dark until lab analysis. 

 
 
 
 
 
 
 
 
 

{ƻƛƭ ǎŀƳǇƭŜ ƭƻŎŀǝƻƴǎ ϧ ŀƴŀƭȅǎƛǎΣ aŀȅ уπммǘƘнлнп 
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Figure 7: Soil sample locations & analysis, May 8-11th 2024 
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5.2.  Water 

 
Water samples were collected from six (6) natural water streams. Two samples from the Slovak Karst National 
Park were taken as reference samples. Locations one (1) and two (2) were collected with the permission and 
guidance of official park rangers of the Slovak Karst National Park, located 25-30 km west of the cement plant. 
Location five (5) is from the Hrhov natural water well stream, 7 km away, and can therefore be considered as a 
reference sample. Location four (4) is from the natural water stream running through the centre of the village of 
Zádiel. At Location Six (6), water was sampled from a stream passing by the Jablonov Gas plant, located 12 km 
west of the cement kiln. Location one (1), .Ǌƻƻƪ ¢ǳǊƶŀ όǇƻǘƻƪ ¢ǳǊƶŀύ, is situated 100 m southeast of the cement 
kiln. The natural brook is used for both water intake and discharge for production processes by the cement plant. 
 
For each location, TW collected 2x 500 ml water samples, which were directly stored in plastic HDPE lab 
containers. The samples were stored dry, cool and in the dark until lab analysis.  
 
At three (3) locations, water samples were analysed for PFAS using a chemical analysis method (LC-MS/MS) for 
24 PFAS substances. At these same three (3) locations, a bioassay (PFAS CALUX) was performed to measure a 
broader range of PFAS toxicity. Additionally, at three (3) water sample locations, heavy metal analyses (Ag, Al, As, 
Ba, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sn and Zn) were performed.  
 

Figure 8: Water sample locations & analysis, May 8-11th 2024 



15 
2nd TW Biomonitoring in the environment of cement plant - /ŜƳŜƴǘłǊŜƶ ¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ, May 2024 

 

5.3.  Sediment 

 
Sediment samples were taken at five (5) locations. At each location, 2x 500 ml plastic HDPE lab 
containers were filled with sediment sample material. Using a lab spoon, the top sediment layer (< 5 
cm) was taken from the water streams. All the collected sediment samples were stored dry, cool and 
in the dark until lab analysis.  
 
The sediment samples were analysed using four different methods: 2 samples for dioxins (PCDD/F/dl-
PCBs) with the innovative bioassay DR CALUX, 3 samples for 14 heavy metals (Ag, Al, As, Ba, Cd, Co, Cr, 
Cu, Hg, Mn, Ni, Pb, Sn and Zn), 2 samples for PFAS  using the bioassay PFAS CALUX,  and 3 samples for 
PFAS with chemical analysis (LC-MS/MS) for 24 PFAS substances. 
 
 
 
 
 
 
 

Figure 9: Sediment sample locations & analysis, May 8-11th  2024 
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5.4. Vegetation  
There is a fundamental lack of thorough biomonitoring research on vegetation regarding the deposition of 
substances of very high concern (SVHC), such as dioxins, PFAS, PAH, and heavy metals, in the environment of the 
cement kiln industry. TW has monitored fourteen (14) heavy metals, dioxins, and PAH in mosses (Bryophyta), pine 
needles (Picea abies), as well as in fruit, and correlated the analysis results with the EU limits for feed (animal and 
pet food) and food.    

 

5.4.1.  Pine needles (Picea abies) 
At eight (8) locations, pine needles were collected from pine trees (Picea abies) at private locations in all wind 
directions within a 3,5 km radius of the cement kiln. These locations are three (3), four (4), six (6), seven (7), and 
eight (8). The reference location in the Slovak Karst National Park included two (2) pine needle samples (1A and 
1B) at 25 km to the west. The reference samples were taken at this location with the permission and guidance of 
the official rangers of the Slovak Karst National Park (SKNP).  
 
At each location, the pine needles were taken from different branches of the pine tree (Picea abies) at a height of 
1.50-2 meters in various wind directions. The sample material (> 100 grams) was stored in plastic LDPE lab bags 
and kept dry, cool and in the dark until lab analysis. The pine needles were analysed for different substances using 
three analytical methods: six (6) samples were analysed for dioxins (PCDD/F/dl-PCBs) with the innovative bioassay 
DR CALUX, all eight (8) samples were analysed for polycyclic aromatic hydrocarbons (PAH) using chemical analysis 
PAH/HP-LC-FLD/ GC-MS/MS) on 16 PAH substances; and all eight pine needle samples were analysed for 14 Heavy 
Metals (Ag, Al, As, Ba, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sn, and Zn).  

 

tƛƴŜ ƴŜŜŘƭŜǎ όtƛŎŜŀ ŀōƛŜǎύ ǎŀƳǇƭŜ ƭƻŎŀǝƻƴǎ ϧ ŀƴŀƭȅǎƛǎΣ aŀȅ уπммǘƘ  нлнп 
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Figure 10: Pine needles (Picea abies) sample locations & analysis, May 8-11th 2024 
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5.4.2.   Mosses (Bryophyta) 

In the second biomonitoring, moss samples from seven (7) locations (4-10), both private and public, 
within the 3,5 km radius surrounding the cement kiln were collected. The mosses were collected from 
stone, wood, or metal roofs of sheds, as well as from soil/ground. For reference, moss samples were 
collected from three (3) locations (1-3) in the Slovak Karst National Park, from natural decaying tree 
trunks and forest floors. This was done with the permission and guidance of the official park rangers, at 
25-30 km to the west. 
The collected moss samples (> 100 grams) were stored in plastic LDPE lab bags, and kept dry, cool and 
in the dark until lab analysis. The moss samples were analysed for different substances using four 
analytical methods: 8 samples were analysed for dioxins (PCDD/F/dl-PCBs) using the innovative 
bioassay DR CALUX. 
 

aƻǎǎ ό.ǊȅƻǇƘȅǘŀύ ǎŀƳǇƭŜ ƭƻŎŀǝƻƴǎ ϧ ŀƴŀƭȅǎƛǎΣ aŀȅ уπммǘƘнлнп 
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Figure 11: Mosses (Bryophyta) sample locations & analysis, May 8-11th 2024 
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All ten (10) moss samples underwent heavy metal analysis for 14 elements (Ag, Al, As, Ba, Cd, Co, Cr, 
Cu, Hg, Mn, Ni, Pb, Sn and Zn). For polycyclic aromatic hydrocarbons (PAH), six (6) samples were 
analysed using the chemical analysis method PAH/HP-LC-FLD/ GC-MS/MS) for PAH ң 16 substances, 
and 7 samples were analysed for PFAS using chemical analysis (LC-MS/MS) for PFAS ң нп substances. 
 
TW has monitored heavy metals in moss, pine needles, and fruit. The findings are compared with the 
EU limits of feed (animal and pet food) and food.9 When the limits set for leafy vegetables are applied 
to the mosses (Bryophyta) as bioindicators, excess levels can be observed for most, if not all metals. 
 

 
9 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R0915 

Figure 12: Mosses (Bryophyta) Reference sample locations & analysis, May-11th 2024 
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5.5. Eggs/eggshells of backyard chicken  

 
In this second biomonitoring study, eggs from backyard chickens were again sampled at the same 
locations as in the October 30-31, 2023, sampling.  In addition to collecting eggs from backyard 
chickens, chicken feed was sampled at all seven (7) locations for additional analysis of possible 
confounding substances.  
 
At each egg location, TW collected 9-10 fresh chicken eggs, mixed the egg content (egg white and egg 
yolk), and stored them in 500 ml plastic HDPE lab containers, kept dry, cool and in the dark until lab 
analysis.  
 
From May 8-11 of this year, dioxin analysis was performed at seven (7) egg locations using the bioassay 
DR CALUX. The results exceeding DR CALUX EU limit (1.7 for PCDD/F and 5.0 for the sum of dioxins 
PCDD/F/dl-PCBs) were additionally analysed by a chemical analysis (GC-MS) for 29 chlorinated dioxins, 
as required by EU regulation. At five (5) locations, eggshells were analysed for 14 heavy metals (Ag, Al, 
As, Ba, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sn, and Zn). This analysis was also performed on eggshells from 
Herons (Ardea) taken from the reference location near Lake Hrhov (Hrhovské rybníky), with permission 
and guidance from the official Slovak Karst National Park rangers. At six (6) egg locations of backyard 
chickens, eggs were analysed for PFAS using the chemical (LC-MS/MS) method for 24 PFAS substances.  

 

 

 

9ƎƎ ǎŀƳǇƭŜ ƭƻŎŀǝƻƴǎ ōŀŎƪȅŀǊŘ ŎƘƛŎƪŜƴΣ aŀȅ уπммǘƘ  нлнп 

Figure 13: Eggs and Eggshells of backyard chicken sample locations and analysis, May 8-11th 2024 
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5.6.  Eggshells of wildlife bird Heron (Ardea) 

 
At five (5) locations, eggshells were analysed for 14 heavy metals (Ag, Al, As, Ba, Cd, Co, Cr, Cu, Hg, Mn, 
Ni, Pb, Sn, and Zn). This analysis was also performed on eggshells from Herons (Ardea) taken from the 
reference location near near Lake Hrhov (Hrhovské rybníky),, with permission and guidance of the 
official rangers of the Slovak Karst National Park. 
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Figure 14:Eggshells of wildlife bird Heron (Ardea) sample location and analysis, May 8-11th, 2024 
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5.7. Meat of wildlife deer, Carp fish (Cyprinus carpio) and domestic cow  

 
In this second biomonitoring research (May 2024), TW was provided with meat from a young deer (<1 
year) by a local farmer. The deer had been living nearby forests of his village, ±őŜƭłǊŜ. Additionally, meat 
ŦǊƻƳ ǘƘŜ ŦŀǊƳŜǊΩǎ ŘƻƳŜǎǘƛŎ ȅƻǳƴƎ ŎŀƭŦ ǿŀǎ ǇǊƻǾƛŘŜŘ ŦƻǊ ŀƴŀƭȅǎƛǎ ƻƴ ŘƛƻȄƛƴǎ όt/55κCκŘƭ-PCB) during the 
sampling week in May. Both fresh pieces of meat (each 350-500 grams) were handed over in a plastic 
bag, in a deep-frozen state, as they had been stored for human consumption. The meat was delivered 
the lab in this way for analysis. 
 
At the same location where TW collected the wildlife Heron (Ardea) eggshells, near Lake Hrhov 
(Hrhovské rybníky), wild carp fish (Cyprinus carpio) was caught for human consumption.  A portion of 
this fresh fish meat (350-500 grams) and the liver were given to TW for analyses on dioxins (PCDD/F/dl-
PCB) using the bioassay DR CALUX and for PFAS analysis using the chemical analysis PFAS LC-MS/MS on 
24 PFAS substances. The fresh meat was directly stored in a deep freezer in an LDPE lab bag until 
analyses. The fisherman later mentioned that this fish had been in the freshwater basin near Lake Hrhov 
for only a few weeks after being brought there from another lake. 
 

Figure 15: Meat of wildlife deer, Carp fish (Cyprinus carpio), domestic cow location samples & analysis May 8-11, 2024 
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5.8. Wool of domestic sheep 

 
During the first biomonitoring sampling visit in the region surrounding the cement plant - /ŜƳŜƴǘłǊŜƶ 
¢ǳǊƶŀ ƴŀŘ .ƻŘǾƻǳ in October 2023, TW collected sheep wool samples from local sheep in the village 
±őŜƭłǊŜΦ ¢² Ŏǳǘ ǘƘŜ ǿƻƻƭ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ ǎƘŜŜǇ ŀƴŘ ŎƻƭƭŜŎǘŜŘ two plastic LDPE lab bags (each > 50 
grams) for analysis on dioxins (PCDD/F/dl-PCB) using the bioassay DR CALUX, and polycyclic aromatic 
hydrocarbons (PAH) using the bioassay PAH CALUX. The sheep wool collection procedure was repeated 
ƻƴ ǘƘŜ ǎŀƳŜ ǎƘŜŜǇ ƛƴ ±őŜƭłǊŜΣ ŀƭǘƘƻǳƎƘ ǘƘŜ ǎƘŜŜǇ ǿŜǊŜ now located on the other side of the village, 
where the sheep shed is also ƭƻŎŀǘŜŘΦ Lƴ IƻǎǙƻǾŎŜ. TW was able to sample wool from a small group of 
sheep. The sheep wool collected in 2024 has not yet been analysed for dioxins and PAH. The results will 
be implemented in the 3rd biomonitoring report in 2025. 

Figure 16: Wool of domestic sheep sample locations and analysis, May 8-11th, 2024 








































































































































