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1. Executive summary

2" TW-Biomonitoringcement plant/ SYSyYy Gt NSz ¢ dzNEkEF Yy I R
SlovakiaMay2024

LY HnHoX G(KS OAQAf 2NBIyA&alGA2Yy %St Sye OA@St 20
Turnianska kotlingook the initiative to contact Zero Waste EuropeBielgiumand ToxicoWatch (TW)

in the Netherlands. Thérst TW research, started with initial biomonitoring on October302023,

Ay GKS NBIAZ2Y 27F ¢dzNEI Yy I Becondist@dditodig resehici\dtaitddS OS Y &
on May 811" 2024, is a followup. TheTW research aisto assess the deposition of persistarganic

pollutants (POPsyuch as dioxins (PCDD/FRICB), Polycyclic Aromatic Hydrocarbons (PAH), PFAS,

and Heavy Metals (HMin the surrounding area ahe cement kiln For this multyear study (2023

2025),0 KS | NBIF I NRdzy R G KS OSYSyid LI I jathey 2S0R8G& + NBz ¢
of Slovakia is the central locatidar biomonitoring researchiReferencesamples werdrom the Slovak

Karst NationaPark(NP Slovensky krasyith the guidance of official park rangesll analysis resultwere

performed by accredited labs in the Netherlands

From May 8-11, 2024 63 sampleswere collected by the TW teanincluding eggs/eggshells of
backyard chicken, wildlife meat of deer, Carp fi€lyfdrinus carpijowildlife birdeggshells of Heron
(Arded, mossesHryophytg, pine needlesRicea abies water from natural water stream and wells,
sediment from natural water streams and wells, and.soil

Key Findings of the"2TW 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
(GGMS)were foundin the eggs of backyard chicken

2. The results of xins in mossesBfyophytd and pine needlesPicea abieswere highly
elevated compared to referencstes

3. Dioxin patterns (congeners) indicate a source efnmineration of alternativendustrialfuel.

4. Analysisof 14 Heavy MetalgHM) - Silver (Ag), Aluminium (Al), Arsenic (As), Barium (Ba),
Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper Nlewury Hg, Manganese Nin),
Nickel (i), Lead Pb), Tin &1 and Zinc Zn) ¢ showed elevated levels afl heavy metals in
mosses Bryophytg comparedto the referencesfrom the Slovak Karst Nationd&tark (NP
Slovensky kraslUlimits and average levels beavy metals imvegetables.

5. Comparative studieby Danucem Slovensko a.s., (conducted by Ekotoxikol§gmktrum
N GAAE LT @LET 9/ .0 YR GKS Y2O0AO0S oafirin2y | f D2¢
findings of W regardingincreased dioxins in backyard chicleggs butunderestimae the
elevatedpresence of Heavy Metals (HM)vagetation and sothisresearch 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 ofr8.&rkund the cemenplant.

7. ASNRA2dzat e O2y il YAY!Il (S Fovoikyx 6 R NIBAdEIAjustL6B0- & I NP dzy
meters north of the cement kiln, was found to contain high levelead (Pb) and Arsenic
(As).

8. High concentrations of Heavy Metals (HMivgre found in Mosses Bryophytg, near the
cementkiln, indicatinga seriouscontaminationof the soilin private vegetable gardens.

3
2" TW Biomonitoring in the environment oementplant/ SYSy (it NBz ¢ dzNday2024F R . 2 R@2 dz



9. PFASontamination with chemical analysisteC{ k a{ 2y H Hn ,wa€foynd & dzo & i |
at allbackyard chickergglocations.

10. High values of PFA@th the PFAS CALU¥say werdoundin. NP 2 { LE2dENZ(l) ¢odzNE |
water stream and sedimemtear the cement kilncompared withthe wells of. NB 2 1 ¢ dzNZ |
(potok ¢ dzNJdwdter wells at referencelocationsin the Slovak Karst National Paikrhov,

Jablonov and Zadiel

11. PFOSontamination was detecteth the liver of Carp fistQyprinusarpio from Lake Hrhov
(Hrhovské rybniKy based on chemical PFAS analysia(|{Ck a{ . H H N O

12. Specificcombustionrelated PAH congener§- and 5-ring), such as Benzo[a]pyrenegre
found in mosse¢Bryophytg and pine needle¢Picea abiesin the surrounding area of the
cement kiln notablyalso in pine needleP{cea abigsat one locationwithin the protected
area of Slovak Karst National Park.

13. The specific congener patterns of dioxins (PCDD#EB) and polycyclic aromatic
K& RNR2 O NDb 2 Yidithe @gg$ df baekyan chickeand vegetation shoed elevated
levels of combustiomelated contamination.

These findings are a clear call for actfonthe responsible authorities tensure thatpeople living
in the surrounding area of the cement kime provided withan environmentfree from industrial
POPemissiors. The precautionary prindi@should beapplied as a guideline in this regard

ToxicoWatch strongly recommesid

1. A structura) yearly biomonitoring research programme on POP emissions, to monitor
increase or decreasein POP contamination in the surrounding environment of the cement kiln in
¢CdzNEl yIFR . 2R@2dzd

2. The establishmenbdf a Technical Working Group (TW@jolvingall parties (independent
researchrepresenttives ofconcerneditizens, egionalgovernment and thecement kiln industry,

to work on technicaimprovements such asilter systemsanda transparent monitoring system of
for flue gas emissionsf®OPs and dust emissiofiem mining, production, transportand waste

This initiative aimgo stop the contamination of the area where people live and the surrounding
natural environment of the Slovak Karst National Park.

Biomonitoring resultighlightthe underestimationof emissios of dioxins, PFAS, PAH and heavy
metalsfrom the cement industry.

af{SAiA 55h B & 4 N H N

M ‘ l
~

High levels of A
48mg/kg ds 2

High levels of
583mg/kg ds

SK Iimit Arsenid
25mg/kg ds

NL Iimit Bairium
22mg/kg ds

SK limit Lead ¢4
85mg/kg ds

Figure 1: Results heavy metal s As DvoBiayMapii'2a26 chi | d
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2. Acronyms

Bla]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 DioxinLike Polychlorinated Biphenyls

dm Dm=Dry matter or ds=dry substance NL: droge stof
DR CALUX® Dioxin Responsive Chemigaitivated LUciferase gene eXpression
ECB EkotoxikologicBcentrum Bratislava s.r.o.

EFSA European Food and Safety Authority

GCMS Gas Chromatography Mass SpectrometryM=C

HM Heavy metals

LB Lower Bound

LOD Limit ofDetection

LOQ Limit of Quantification

MB Medium Bound

MSWI Municipal Solid Waste Incineration

nd-PCB NonDioxirLike Polychlorinated Biphenyl (NDioxinLike PCB)
mg Milligram: 0.001 gram

ng Nanogram: 0.000000001 gram

> 3 Microgram 1€ gram

OTNOC Other Than Normal Operating Conditions

PAH Polycyclic Aromatic Hydrocarbons

PCB Polychlorinated Biphenyl

PCDD Polychlorinated Dibenzodioxins

PCDF Polychlorinated Dibenzofurans

PBDD/F Polybrominateetliibenzodioxins and furans

pg Picogram; 1®*gram

POP Persistent Organic Pollutants

SKNP Slovak Karst National Park

SVHC Substances of Very High Concern

TCDD 2,3,7,8tetrachloordibenzep-dioxine

TDI Tolerable Daily Intake

TEF Toxic Equivalency Factor

TEQ ToxicEquivalents

TW ToxicoWatch

TWI Tolerable Weekly Intake

UB Upper Bound (UB)

UPOP Unintentional POP (Persistent Organic Pollutants)
>3 Microgram 1€ gram

Ww Wet weight or fresh weight

WtE Waste to Energy (waste incinerator)
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3. Introduction

This secondToxicoWatch (TW) biomonitoring stufibcuses orthe samplingconducted from8-11,
2024 in the surrounding environment of theement plant-/ SYSy (it NSz ¢ dzNtEsta y I R
follow-upto the firstpublished biomonitoring repoldtasedon the samplindgrom October 3631, 2023.

Thirteen (13)different (bio)matriceswere sampled:eggsand eggshellsrom backyard chickens
eggshells of wildlife bistHeron Arded, mossesB&ryophytd, pine needlesRicea abigs meat of a

domestic cow, wildlife meat of deer and Carp fSypfinus carpjo soil, sediment, water from natural

water streams and sheep wodh. total, sixtythree 63) sampleswvere collected andnalysedor 1 to

4 different kinds of POP#ncludingdioxins, PFAS, PAH, aidl heavy metals (HMSilver (Ag),
Aluminium (Al), Arsenic (As), Barium (Ba), Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper (Cu),
Mercury (Hg), Manganese (Mn), Nickel (Ni), Lead (Pb), Tia®&inc (ZnjBo)assaysvere used to

monitor non-targeted dioxingby DR CALUWRBFASY PFAS CALUaH)d PAHby PAH CALU>8esides

these (bio)assayshemical analysesere performed on dioxins (PCDD/FRICB with GEIS), PFAS
(LGMS/MS)and PAH (GRIS/MS).

Ecologically significant areas adjacent @ $bcond W samplingsite includethe Protected Bird Area
Slovak Karst (SKCHVU 027) and the National Nature Re&adiel Gorge (Zadielska dolingart of
the Slovak Karst National Park.

To interpret the analytical results for persistent organic pollutants (POPSs), 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 mustdmnsidered 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 kilinee#dlages oDvorniky
V| e Iwghrttee Slovak Karst National Paik the distanceMay 11,2024.
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4. Cement kiln industry

4.1. General production

The cement industryin generalhas two dstind faces Onthe one hand, it formghe backbone of
society and is closely linked to a counte¢®nomicdevelopment It povidesjobs andserves a a
significanfinancialsource of financiahcome formanycountries. Concrete and cemesnte therefore

essential, wittcurrentglobalproductionreachingas much as 1 tonne per person per year.

The ambitions of the cement industry aratablyhigh, ageflectedin numerous industrgublications’
However, it is striking that hardly a word is devoteth&zemissions of substances of very high concern
(SVHC). Is the cement industry ready to eliminate toxic emissimastigaingenvironmental releases

of persistent organic pollutants (POR®suld be a worthwhile initiative.

Currentiz. 1 KS KSI @At & LIbiReWRing EB emisIAdNS Sinfe clmeNRis are
significantcontributorsto CQ -, seems toovershadow thecritical need tcaddress the eliminatioof
hazardous toxic emissions, like dioxins, PFAS aRéd\Heavy metalsThese polluants,emitted by the
cement industrytake a heavy toll on the surrounding environment.

The health of the population livimgear these facilities underconstantpressure due to inadequate
monitoring of dioxins, PFAS, P Adtisl heavy metalSubstances like dioxinahichare extremely toxic
even at very low concentrationsremain minimally monitored. Yet, due to their persistence,
bioaccumulation, and toxicity, they acarcinogenic, mutagenic, reprotoxic, and neurot@quosing
significant risks to human health and the environment.

PBT
Bioaccumulation Toxic
a a The metric system — Weight (Mass)
a o J_a
1 1 Decigram (dg) = 0.1 gram (1 tenth of a gram)

a e ™ g 1 Centigram (cg) = 001 gram (1 hundredth of a gram)
a 1 Milligram (mg) = 0.001 gram (1 thousandth of a gram)
dioxins ° 1 Microgram () = 0.000001 gram (1 millionth of a gram)

& RFRFRF 1 Nanogram (ng)= 0.000000001 gram (1 billonth of a gram)
OH . . 1 - gam (1 hot.
AL Bioaccumulation
PFAS _
) -
=7 fa=ry

000eea D - =

AR A S . A PAR — =N paesrs
Heavy Metals T ~ pes—

TIME

@D Contaminant Levels

== - T
= -

@D Contaminant Levels Biomag nification

‘ Hard to destroy | | Lifetime of years in humans l | In very low levels (POPs)

Figure3: PBTi PersisteriBioaccumulatioAToxic features of POPs

1J. Res. Technol. Eng. 5 (2), 2022712
2Cementing the European Green Deal, REACHING CLIMATE NEUTRALITY ALONG THE CEMENT AND CONCRETE VALUE CH
BY 2050. CEMBUREAU The European Cement Association, 2024 https://www.cembureau.eu/library/
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4.2. Cemenplant-/ SYSy (it NBz ¢dz2NkEI yIR . 2R@2dz

It is to be welcomed that botBanucem Slovensko asd theY 2 O ReQiSnal Government have
started biomonitoring studies in 2024a Ekotoxikologické centrum BratislagCB and Ekolive
respectively Biomonitoring on POPs in the environment should be conducted structurally by
independent partiesvith no financial interests or political tiésthe cement kiln industry. Monitoring

the environment on behalf of public communit@svidesinsight into the level of PG®ntamination

over time whichcould lead tdechnical improvements in the cement kiln production line to eliminate
toxic contamination in the environment

The upcoming perrhio increase capacity argWitchto alternative fuelssuch as used car tyres and
waste oi] could exacerbatéhe POP contamination probleim the environmentMany researchers
warn aboutthe negative impact ahe combustion ofalternative fuelssuch asised car tyres, plastic
waste and PCB oils. If a permitgsanted base@n a monitor commitmenthat only covers0.1% of
production timefor highly toxic substances like dioxins, this is ryarauineeffort to reduce hazardous
emissims. Not to mention the extremely short time frame for monitoring the conglomeration of heavy
metals.In addition tothe absencén the mandatory measurements Aluminium (Al), Barium (Ba),
Mercury (Hg), Cadmium (Cd), Zinc (Zn), TingRehSilver (Aghardly any heavy metals are monitored

in the end products. PFA%Isodoes not seem to be controlled at @len thoughthese substances

are abundantly present in the waste stream angldetectednearthe cement kiln (see Chapteéy.

Several studies have highlighted compldirm residents about air pollution when cement kiln plants
are located nearby. People living close to the plant often expergaméesionand public irritatiordue

to the thick layer of dust that collects on house roofs, in (vegetgblelensandon parked vehicles.
Unfortunately, many of these residents are stilawareof the potential risks of cement dust in their
vicinity, leaving them constantly exposed to a variety of tpgitutants. Cementproduction is
inextricably linked to air and environmentalllption. Switching to alternative fuels can cause more
environmental damage than fossil fgjetlespite the green labelling. Thésespecially true fothe
burning of used car tyreplasticsand waste oils' Combustionof usedtyres produces atmospheric
pollutants such as dioxins, dibenzofuransy, MQ, and heavy metals such as Ti, Al, Pb, Ni, Mn, Fe, Cr,
and Zr’. However datafrom Danucem Slovensko acementplant/ SYSy Gt NSz ¢ dzNEk | y I
reported 0.0 kg of use ofnd-of-life tyresuse(Code 16 01 03, European Waste Catalofmrel023°
Thisdataconflictswith the information TW received from concerned residents and costnast the
upcoming permit to incinerate used crresas an alternative fueMost significantly, the results of
this study indicate serious contaminatiohdioxins, PAH, PFAS and heavy matdlse environment

2F ¢ dzNE |, yHicRcan a@sbe@dldined by the burning of alternative fuels.

Figure4: The surrounding area &S YSy G LJX | y G / SY Sy villaydoz Dvermdkida frontyMayR11th, 202

3Li, 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, 2@211.

4P.M. Mayer et al. (2024). Science of the Total Environment 927 (2024) 171153

5Chen et al., (2022). Disposal methods for used passenger car tires: one of the fastest growing solid wastes in China. Green
Energy and Environment 7, 129809. 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 dah2@2h
{ft208Sya12 Foaodxr /SYSyild LIyl ¢dz2Nel yIFR . 2R@2dz

10
2" TW Biomonitoring in the environment oementplant/ SYSy (it NBz ¢ dzNday2024F R . 2 R@2 dz



4.2 Cement kilrDust emissions

There is a lack of thorough biomonitoring reseasohthe deposition of hazardous substances such as
dioxins and heavy metals in the environmsatroundingcement kilns, open mining lime piend 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 hasausedvarying degrees of ecological damage in the vicinity of mining isithsdling
vegetation destruction, soil erosion, atmospheric and water pollution, and waste accumudditainyhich
threaten the sustainability dfoth the economy and the environmehtThe main environmental issues
associated with lime production are air pollution and eneisgy The limeburning process is therimary

source of emissions and the principal enecgnpsumer Secondary processesuch asime slaking and
grinding can alsecontribute to hazardous dust pollutiorwhile subsidiary operations (namely crushing,
screening, conveying, storage, discharge and shipment) are minor in terms of both dust emissions and
energy usage.

Three types of dust emissionsust be consideredfirst, limestone dustfiom the production of raw
limestone materiakxtractedfrom the mountains)second, dust from the cement kiln industry during
productiorny and third, cement dust emissiorilom manufacturing ofproducts, storagebagging,and
shipment.

.\/ Pathways of Cement Kiln dust

At cement kiln:

Storage and crushing,
transportation mixing,

of raw stone ing of raw
Raw stone material for material stone material

production of cement R R -
roumle) rewmls l

850-1600 °C
Co- & Cement kiln
incineration:
Plastic, rubber,
coal, used car
tyres, non-
recyclable

‘waste

—

Product
combined with

cooled,
== ———————
Stored, bagged B
and shipped

Figure5: Infographic of pathways of cement kiln dust

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
WOIrfOAYlFGA2yQ FYR OFly 06S SELINBaaSR L a F2tft264aY
CaCO; heat «—— CaO + CO; 1
100 g 56g 44¢g

Calcinationin the cement kiln production processcounts for44%of CQ emissions, which is a substantial
contribution from this industry sector. Dust emissions of persistent organic pollutants (POPs) should not be
overshadowedy efforisto redua CQ emissions (since the cement kiln industry is a large contribu©®) by
utilising highrisk alternative fuelgsuch agontaminated plastic, rubber, tyres, PCB oils atderl W 3IaEBIS y Q
promotion.In addition,more biomonitoring should be applied to the mining of limestone and the dust emissions
during production, transport, esof products (cement)anddisposal oend-of-life products (cement).

7N. Li et al. (2024). Ecological Indicators 158 (2024) 111371.
8Schorcht F. et al (2018est Available Techniques (BAT) Reference Documentgdardhetion ofcement,lime and
Magnesium Oxide. Industrial Emissions Directive 2010/75/EU Integrated Pollution Prevention and control
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5. Sampling & Analyse methods

Thissecondbiomonitoring report should be read as a folapito the first biomonitoring report, which
was published and presented at the log#ihgehall in the village dbvorniky: 6 S forh NNk 7, 2024.

In this second biomonitoring repottased 6TW samplindrom May 811, 2024, the focus is on eggs
from backyard chickenswned by pivate chicken coop ownersnosses Kryophytd, pine needles
(Picea abigs soil, sediment, water, meat from a domestic cow, and wildiget fromdeer and Carp
fish Cyprinus carp)oas welaseggshells of backyard chiclsemd wildlife bird Heron(Ardeg.

The persistent organic pollutants (POPs) tagby lab analysis are dioxins, PFAS, PAHL Aneavy

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),, End3iMc (ZnBy
applyingbioassag (DR CALUX9 much broader spectrum of dioxioxicity is detected tharwith the

very limited 29 chlorinated dioxindentified by chemical G®S analysis. PFAS and PAHaise
monitored in this researalsingscreening assays like PFAS CALUX and PAHfGAhEXame reason

as for dioxinsallowinga much broader scan dieir toxicity, beyondthe limited chemical analysis of

24 PFASubstances and 1BAH compounds

Ecologically significant areas are adjacent to the cement kiln, including the Protected Bird Area Slovak
Karst (SKCHVU 027) &mtional Nature Reserv&adiel Gorge (Zadielska dolina)ich 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, amahgethods and resultor each(bio)matrk can

be found in the attached Annex 1.

A total of 63 samples were collected by the TW té&am May 811, 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 dF tléisearch are
attached in Annex 2.

CA2Y2YAG2NAY Isad Rt Bun20l ea2ya

o) g

Q
€ L4
Q Sediment Q
Q (eron) water @
” Meat '
M . @
P (liver) Meat ®
(5 Heron eggshells ’
S,,_,? Sheep wool :;‘
G 3,5km

Silicka’
Jablonica

Figure 6: TW 29sampling overview map, May8" 2024
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5.1. Soil

From May 811 of this year, TW took fourteen (14) soil samples from nine (9) locations in all wind
directions witlin a 3,5 knradiussurroundingthe cement plant/ SYSy (it NBz ¢dzS# | y I R
sampleswere taken from private propertyand I LJzof A O OKAf RNB yarSsportsf | & I NP
facilitylocated630meters northof the cement kiln. See Annex 1: Samglémalysi©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 antll daokanalysis.

v (28K YLX § BB DI EBRIEMH 1 H

o A2 T o T A E 4 ¥ g Haj

Chorvity

Date Location Vilegs P [ TW-RF-NR Dioxin Dioxin : | P PFAS LCMS/MS o 0
p '] 2024 DR CALUX GC-MS - 12
1 Soil / Vegetable garden [Dvorniky - Loc. 1 1 ﬁ 124TWs-Soil-Dv01
2 a  Soil / Chicken enclosure Dvorniky - Loc. 2 KH 2 24TWs-Soil-Dv-02
3 Soil / vegetable garden Dvorniky - Loc. 2 KH |24TWs-Soil-Veg-G-Dv02
a e Soil -ASH Dvorniky - Loc. 2 |24TWS-Soil-Ash-Dv02
5 - Soil / Vegetable garden Dvorniky - Loc. 3 (roundabout) 3 |24TWS-S0il-Veg-G-Dv03
6 Soil / Playground [Dvorniky - Loc. 4/ Playground a 24TWS-Soil-Dv-04
7 soil / Vegetable garden Zédiel - Loc. 1/veg garden s |24TWs-50il-2a-01
8 Road Soil stone Zadiel - Loc. 2 _Slakken Road 6 ﬂ |24TWSK-Road-Za-02
9 Soil Vegetable garden Zadiel - Loc. 2 Moestuin |24TWSK-Soil-2a-02
10 | 95 Soil - Ash Zadiel - Loc. 2 24TWsK-ash-Za-02
1 -5 Soil / Chicken enclosure Véeldre - Loc. 1/ chicken 7 ﬂ |24TWS-Soil-VC-1A
12 -5- Soil / Vegetable garden Véelare - Loc. 1/ veg. garden |24TWs-S0il-vC-18
13| 952 Soil / Vegetable garden a nad Bodvou - Loc. 1 8 , | 24TWS-Soil-TnB-01
14 | 852 Soil / Chicks o - Loc. ) m) 2aTWSK-Soil-Hs-01

Figure 7: Soil sample locations &nalysis, Mays-11" 2024
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5.2 Water

Water samplesvere collectedfrom six (6)natural water streams. Two samples from the Slovak Karst National
Parkwere taken as referenceamples Locations one (1) and two (Rpre collected with the permission and
guidance of official pankangersof the Slovak Karst National Bddcated25-30 kmwest of the cementplant.
Location five (5) is from the Hrhov natural water well stream, &kay, and cartherefore be consideredas a
reference sample. Location four (@)fromthe naturalwater streanrunningthrough the centre of the villagef
Zadiel At Locationdx (6), water wassampled from a stream passing by the Jablonov Gas faated12 km
westof the cement kilnLocationone (1) NB 2 1 ¢ dzNE |, is&iludgtetl 0| m soulkbidsof tile cement

kiln. The natural brook isisedfor both water intakeanddischargeor production processdsy the cement plant

For each location TW collected2x 500 ml watersamples, which werédirectly stored in plastic HDPE lab
containes. The samples werdaed dry, cool andn the darkuntil lab analysis.

At three @) locations water samplesvere analysedor PFASIsinga chemical analysis method {MS/MS)for

24 PFAS substanced these same thre€3) locationsa bioassay (PFARALUX) waserformedto measure a
broader range of PFAS toxiciyditionally at three(3) water sample locationdeavy metal analyses (Ag, Al, As,
Ba, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sn ame@&Eperformed.

Water sample locations & analysis, May 8-11t 2024

Dtnava

Jovice
Lipovnik

Dvorniky-Véeldre Turha nac

Bodvou
3.9
v AR 'S g

p“’. ; ‘-‘ Turnianska

Nova Ves

Chorvaty

Hidvégardo "

TW-RF-NR

2024
Hos{ovce/border H/ CX Loc. 3 24TWS-H20CX-01
Kras-01 24TWS-H20-KRAS-01
24TWS-H20-KARS-BR
WIWKWOIAC

Location Village Biomarker

Figure 8: Water sampléocations & analysis, May-8 1" 2024
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5.3 Sediment

Sediment samplesvere taken at five (5) locationét each location, 2x 500 nplastic HDPHab
containerswerefilled with sediment sample materidlsinga lab spoon, the top sediment layer (< 5
cm)wastakenfrom the water streams. All the collected sediment samples were stored dry, cool and
in thedarkuntil lab analysis.

The sediment samplegere analysedusing fourdifferent methods: 2 samplder dioxins (PCDD/FAI
PCBs) with the innovative bioassay DR CALUX, 3 stonplelseavymetals (Ag, Al, As, Ba, Cd, Co, Cr,
Cu, Hg, Mn, Ni, Pb, Sn and Zn), 2 sanipié¥-ASusing thebioassay PFAS CALEKd 3 samplefor
PFAS with chemical analysisM&MS)or 24 PFAS substances.

Sediment sample locations & analysis, May 8-11t" 2024

Drnava KOVAGOvA ’ ) Husitsky kostol

Luéka
Jovice Borka

Krasnohorska Lipovnik
DIha Luka

@ ¢ v T

Dvorniky-Vcelare Turnanac
Bodvou
HruSov - =

o a" Turnianska

LEERTS

Jablonov. S
nad|Turza 0 A
« 2 9

Hostov-
¢ _Chorvaty

Silicka Jornanadaska
ablo

R Hidvégardo \

TW-RF-NR Dioxin Dioxin PFAS LC-MS/MS
2024 DR CALUX GC-Ms HM18 124

Location Village Biomarker PFAS CALUX

H/CK Loc.1 () 24TWS-SED-CK-01 Backu v
Kras-01 - NP [0) 24TWS-SED-KRAS-01 v

Kras Bron R 24TWS-SED-KRAS-BR
T

Hrhov Bron 6) |24TWS-SED-HRH-01
4 [
Jablonov Gasplant [ |24Tws-seD-1B-GP

Figure 9: Sediment sample locations & analysis, Majd8 2024
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5.4. Vegetation

There is a fundamental lack of thorough biomonitoring research on vegetatjiandingthe deposition of
substances of very high concern (SVki@h as dioxins, PFAS, Patd heavy metal$n the environment othe
cement kiln industry. TW has monitoredirteen (14heavy metals, dioxinandPAH in mosseB(yophyta, pine
needles Picea abigs as well as in fryiand correlated the analysis results with the EU lifaitéeed (animal and
pet food) and food.

5.4.1. Pine needlesRicea abigs

At eight (8) locations, pine needles wealectedfrom pine trees Ricea abigsat private locations in all wind
directions withina 3,5 kmradius ofthe cement kiln. These locatioase three (3), four (4), six (6), seven, @d
eight (8).The reference locatiom the Slovak Karst National Pamkluded two(2) pine needle samples (1A and
1B) at25kmto the west. The reference sample®re takenat this location with the permission and guidance of
the officialrangers othe Slovak Karst National R&EKNR)

Ateach location, the pine needle®retaken fromdifferent branche®f the pinetree (Picea abigsat a height 6
1.50-2 metersin variouswind directions. The sample material (> 100 gramegstored in plastic LDPE lab bags
and keptdry, cool andn thedarkuntil lab analysis. The pine needlesre analysedor different substancessing
three analyicalmethods:six @) samplesvere analysed falioxins (PCDD/FMHCBS) with the innovative bioassay
DR CALUX, all eig8)samplesvere analysed fgoolycyclic aromatic hydrocarbons (PAkipgchemical analysis
PAH/HALCGFLD/ G@/S/MS) on 16 PAH substancesd all eight pine needle samplgsre analysed fot4 Heavy
Metals (Ag, Al, As, Ba, Cd, Co, Cr, Cu, Hg, Mn, Ni, &g &n).

Husitsky kostol

Drnava Kovacova

Jovice Borka

Krésnohorska Lipovnik:

DIhd Luka

Zadiel

@ en
Dvorniky-Véelare Turﬁa nad
“ odvoul & -

e

Jablonov:
nadjTurmou
¢
v .
HrusSoy
furnianska
Nova Ves

Hostoves

Chorvaty

Date | roral Species samples Location Village ‘maﬂur Lo Dlaa o PAH CALUX PAHLCMSMS [ TN
Sample 2024 DR CALUX GC-MS 116 i
26 | 952024 Pine needles - Picea abies Kras NP- 1A 24TWS-PN-KS-1A v v
27 | 952024 Pine needles - Picea ables Kras NP-18 : 24TWS-PN-KS-18 I
28 | 1152024 Pine needles - Picea abies |Dvorniky - Loc. 1 | 24TWS-PN-DvOL v )
29 | 952024 SECEMPine needles - Picea abies. Veelére - Loc. 2 (near CK) |24TWS-PN-Vc02 | v v
30 | 11.52024 Pine needles - Picea abies Zédiel - Loc. 1 | B 2aTwsenzaor v v
31 | 852024 S IMPine needies abies Hostovce - Loc. 1 R 20wsens01 i
32 | 852024 Pine needles - Picea abies. Turiva nad Bodvou - Loc. 1 & aarwsen-Tneo1 v v
33 | 85202481 Hostovce - Loc. 2 L 2atwsen-nsoz v i

Pine needles - Picea abies
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54.2. Mosses Bryophyta)

In the secondbiomonitoring,moss samples frorseven {) locations (410), both private and public
within the 3,5 kmradius surroundinghe cement kilrwere collected The mossewere collected from
stone wood, or metal roofs of shedas well as fronsoil/ground. For referencenoss samplewere
collected fromthree @) locations (13) inthe Slovak Karst National Paftom natural decaying tree
trunks and forest floors. Thigas donewith the permission and guidance of the official parigersat
25-30kmto the west

The collected mossampleq> 100 grams) were stored in plastic LDPE lah &adkeptdry, cool and
in the dark until lab analysis. The moss samplesre analysedfor different substancesisingfour
analytical methods: 8 samplesvere analysed fodioxins (PCDD/FMACBs)using the innovative
bioassay DR CALUX.

Nf
.mo

Krasnohorska. Lipovnik
DIha Luka

Duorniky-Veelare Turnanad

- Bodvou
Jablonov:
nad|Turiou ™ W o
S VCEUARE &
v <’ J’
Hrusov v ~ ‘
- w7
= ﬁ‘a. 7 “.urnianska
- =g — 2 X Nova Ves
> Hostovce

¢ Chorvaty
\

JSlIlcka' S Tornanadaska Hidvégardo \
ablonica
Location Village Biomlrﬁer‘ TW-RF-NR Dioxin Dioxin PAH CALUX PAHLC-MS-MS |28 L7/ PFAS CALUX
| 2024 DR CALUX GE-Ms 316 324
34 EKns NP-01-Bron L[} 24TWS-Mos-Ks-Bron-01 | v
35 Kras NP-02 1 24TWS-Mos-Ks-02
36 Kras NP- 03 L1 24TWS-Mos-Ks-03 \ v
37 Dvornike /Loc. 1 v
38 Dvornike / hill v W
39 Dvornike / Loc. 4 / Playground 11/ | 2aTW5-Mos-Dv-04 v
40 Véeldre - Loc, 1 | |1+ 24TWS-Mos-Vc01 v
a1 \Zadiel - Loc. 1 {11} 24TWS-Mos-Za01 v
a2 |Zédiel - Loc. 2 | L1 24TWS-Mos-2a02 v
a3 |Hostovce - Loc. 1 {11l | 24TWS-Mos-Hs01 v

o ] -1 =m0

Figure 11: Mosses (Bryophyta) sample locations & analysis, Mdyl!

82024

17
2" TW Biomonitoring in the environment oementplant/ SYSy (it NBz ¢ dzMday 2024 | R

2RO2 dz



All ten (L0) moss sampleanderwentheavy metal analysfer 14 elements (Ag, Al, As, Ba, Cd, Co, Cr,
Cu, Hg, Mn, Ni, Pb, Sn and Zn). For polycyclic aromatic hydrocarbonssifP 8H3ampleswere
analysedusingthe chemical analysimethod PAH/HRLCFLD/ G@1S/MS)for PAHH 16 substances,
and7 samplesvere analysedfior PFASIsingchemical analysis ({MS/MS)or PFA$;  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 fd&dhen the limits set for leafy vegetables are applied
to the mosses (Bryophyta) as bioindicators, exesgtscan be observed fanost if not allmetals

‘ Moss (Bryophyta) sample location Slovak Karst National Park at the water well, May 9t 2024

T ey

&

. _»
e \ 0

A . | Karst-02
raP S » =

Figure 12: MossegBryophyta) Reference sample locations & analysis, -WHy2024

A
¥

9 https://eur-lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:32023R0915
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55. Eggseggshells of backyard chicken

In this secondbiomonitoring study, eggsom backyard chickens were again sampled at the same
locations as irthe October 30-31, 2023, sampling In addition tocollecting eggdrom backyard
chickens, chicken feedias sampledat all seven (7) locationfor additional analysis of possible
confounding substances.

At eachegg location, TWollected9-10fresh chicken eggs, mixed the egumtent(egg white and egg
yolK), and storedthem in 500 ml plastic HDPE lab containéeptdry, cool andn the darkuntil lab
analysis.

FromMay 811 of this year dioxin analysis was performedsat/en {) egg locationsising thebioassay
DR CALUX. Thesultsexceeding DR CALUX IEBtit (1.7 for PCDB/ and5.0 for the sum of dioxins
PCDD/F/dPCBsjvere additiorallyanalysed by a chemical analysis-M& for 29 chlorinated dioxins
as required by EU regulatioit five 6) locations eggshellsvere analysedor 14 heavy metals (Ag, Al,
As, Ba, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pan&Zn). Thianalysis was algzerformedon eggshellgrom
Herors (Arded taken from the reference location ndaake Hrhov (Hrhovské rybnikyjth pemission
and guidancdrom the official Slovak Karst National Paigngers At six ) egg locations of backyard
chickens, eggsere analysedor PFASIsing the chemicgdLCMS/MS)method for24 PFAS substances.

\

Dvorniky-Vielare Turnanad

Dets | +otal Species semples Location Village TW-RF-NR Dioxin i PAHLCMS-Ms | U T T
Sample 2024 DR CALUX 116 124
Egg backyard chicken Dvomiky - Loc. 2 10 [24TWs-Egg-Dv-02 v

Eggshells backyard chicken Dvorniky - Loc. 2 24TWs-Egg-Dv-02

PFAS CALUX

44 | 1152024
46 | 1152024 Egg backyard chicken Dvorniky - Loc. 3 10 [24TWs-Egg-Dv-03
Eggshells backyard chicken Dvorniky - Loc. 3 24TWs-Egg-Dv-03
Egg backyard chicken Veelare - Loc. 1 10 [2aTws-Egg-Ven1
Eggshells backyard chicken Veelare - Loc. 1 2aTWS-Egg-Ve-01
Egg backyard chicken Zadiel - Loc. 1 10 [2aTws-Egg-Za-01
Eggshelis backyard chicken Zdiel - Loc. 1 _|2aTws-egg-za-01
Egg backyard chicken Zidiel - Loc. 2 10 [2aTWs-EggZa-02
Eggshelis backyard chicken (zadiel - Loc. 2 24TWs-Egg-Za-02
Egg backyard chicken Turiia nad Bodvou - Loc. 1 9 |2aTws-£ge-Tne-01
Eggshells backyard chicken Turia nad Bodvou - Loc. 1 24TWS-Egg-TnB-01
Egg backyard chicken Hostovce Loc. 1 10 [24TWS-Egg-Hs-01

48 | 952028

50 | 1152024

52 | 852024

54 | 852004

#3?#2‘8:#2‘#:‘5‘#

56 | 852024

57 7b__|Eggshells backyard chicken Hostovee Loc. 1 24TWs-Egg-Hs-01

Eggshelis Heron (Ardea) [wilgiite Heron Hrnovské rybniky | () s|2arws eggshen_ng

58 | 952024

g ¥TH

d k ; 5 % I ¢ s
1/Dv-02 2/Dv-03 : iy 3 6/Tn

Figure 13: Eggsand Eggshell®f backyard chicken sample locations and analysis, MaytB 2024
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5.6. Eggshells of wildlife bird Herofrdeg

Atfive B) locations eggshellsvereanalysedor 14 heavy metals (Ag, Al, As, Ba,Cal, Cr, Cu, Hg, Mn,
Ni, Pb, Srand Zn). Thianalysis was algmerformedon eggshell$rom Herors (Ardeg taken from the
reference location neanear Lake Hrhov (Hrhovské rybnikyith permission and guidance of the
officialrangersof the Slovak Karst National Park.
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Figure 14:Eggshells of wildlife bird Heron (Ardea) sample location and analysis, MbitB, 2024
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5.7. Meat of wildlife deer, Carp fisRyprinus carpjoand domestic cow

Inthis second biomonitoring research (May 20J4)/ wasprovided withmeatfrom a young deer (<1

year)by a local farmer. The deer had been liviagrby forests of his village 6 S f AddiiBnally meat

FNRBY GKS TFTFNYSNRA R2YS&AGAO @&2dzy3 OI-PCBiudngthe LINE A R
sampling week in May. Both fresh pieces of meat (eactb36@ramsyvere handed ovein a plastic

bag in adeepfrozenstate,as theyhad been stored fonumanconsumption The meatvas delivered

the labin this wayfor analyss.

At the same location where TW collected the wildlife Heramlgd eggshellsnear Lake Hrhov
(Hrhovské rybniky)wvild carp fish Cyprinus carp)avascaught for human consumptionAportion of

this fresh fish meat (35800 grams) and the liver were given to TW for analyses on dioxins (PGDD/F/dI
PCBJsing thebioassay DR CALUX &nmdPFA&nalysis usinthe chemical analysis PFASMSIMS on

24 PFAS substances. The fresh mesdirectly stored in a deep freezer in an LDPE lab bag until
analyses. The fisherman later mentioned that thisfehbeerin the freshwater basin nekake Hrhov

for only a few weeks after beitgought there from another ke.

voxlco Wildlife) Meat/ eggshell locations & Sampling, May 8-11% 2024
( 43 pling, May

Jovice
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DIha Luka [

Zadiel
on

Dvorniky-Vcelare Turnanad
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Jablonov. 9
nadjTurmou Y

o CeLA
v o
Hrusoy v N ~
- ﬁ a "“' “urnianska
» 3 r § Nova Ves
)-‘iosl'cvcF

Date | Lo Srecies spies Location Vilage . TW-RF-NR Dioxin Dioxin O UL O | PrAS LOMS/MS |
Sample 2024 DR CALUX GC-Ms 116 324
58 -5- Eggshells Heron !ermsk‘ rybniky - Loc 1 ® 8/24TWs-Eggshell_HR | | | |
59| Meat cOW Veelire - Loc. 1/ CK P 2atws-mew-veor v |
Meat DEER Véelare - Loc. 1/ CK o |24TWS-MDR-Vc01 | v | | |
L N o e A W Hrhovské rybniky - Loc 1-UVER | 98 |24Tws-MFs-Lv-01 v ;

Results PFAS (LC-MS/MS) in liver: very low, < LOD, only PFOS 0.14 pg/kg.
{ No dioxins (PCDD/F/dI-PCBs) could be found under the limit of detection (LOD)

tyby (Cyprinus carpio)
Hrhovskeé rybniky

F|gure 15: Meat of wildlife deer, Carp fISh (Cyprinus carpio), domestic cow location samples & analysi§ Map34
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5.8. Woolof domestic sheep

Duringthe first biomonitoring sampling visit in the reggnrounding the cementplart SY Sy (it NB z
¢ dzNE | ¥ | iROctolgeRIZB dEWollectedsheep wool samplesom local sheep in the village

+6Stt NBd ¢2 Odzi GKS g22f RtvoBa§id EDPE 1abNoBg¥ich+50S a KS S
grams) for analysis on dioxins (PCDDMGBLsingthe bioassay DR CALBEKd polycyclic aromatic
hydrocarbons (PAingthe bioassay PAH CALUTNKe sieep woolkollection procedure wagpeated

2y GKS alFYS &AKSSLI Ay = 6rdw loddtBdorthle btlieKstelzd tie villdgs a KS S|

where the sheep shedasof 2 O} (i S R @ . TWivaslaleitdagn@eddol from amallgroupof
sheep. The sheep wool collected in 2624not yetbeenanalysedor dioxins and PAHhe results will
be implemented in the 3rd biomonitoring repamt2025.

Sheep Wool sample location & analysis, Oct. 237 2023 and May 8-9* 2024
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Figure 16: Wool of domestic sheeample locations and analysis, Mayl 8th, 2024
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