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APCD Air Pollution Control Devices

BAT Best Available Techniques

BEQ Bioanalytical EQuivalents

di-PCB DioxinlLike Polychlorinated Biphenyls

DR CALUX® Dioxin Responsive Chemigaitivated LUciferase gene eXpression
EFSA European Food and Safety Authority
GCMS Gas Chromatography Mass SpectrometryM=C
LB Lower Bound

LOD Limit of Detection

MB Medium Bound

MWI Medical Waste Incineration

MSWI Municipal Solid Waste Incineration

ng Nanogram; 18 gram

OTNOC Other Than Normal Operating Conditions
PAH Polycyclic Aromatic Hydrocarbons

PCB Polychlorinated Biphenyl

PCDD Polychlorinated Dibenzodioxins

PCDF Polychlorinatedibenzofurans

PBDD/F Polybrominateetliibenzodioxins and furans
pg Picogram; 1®*gram

POP Persistent Organic Pollutants

PFOS Perfluorooctanesulfonic acid

PFOA Perfluorooctanoic acid

PFENA Perfluorononanoic acid

PFDA Perfluorodecanoic acid

PFUNDA Perfluoroundecanoic acid

PFDoA Perfluoroundecanoic acid

PFTrDA Perfluorotridecanoic acid

PFTeDA Perfluorotetradecanoic acid

PFBS Perfluorobutanesulfonic acid

SVHC Substances of Very High Concern

TCDD 2,3,7,8tetrachloordibenzep-dioxine

TDI Tolerable Daily Intake = Aanvaardbare Dagelijkse Inname
TEF Toxic Equivalency Factor

TEQ Toxic Equivalents

TW ToxicoWatch

TWI Tolerable Weekly Intake

UB Upper Bound (UB)

UPOP Unintentional PORPersistent Organic Pollutants)
>3 Microgram 1€ gram

WLE Waste to Energy (waste incinerator)
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In 2019the ToxicoWatch (TWyundation,at the request of the local group Zubidtantzenijnitiated,

a multi-year biomonitoring research on persistent organic pollutants (POPSs) in the environment
surroundingthe Wasteto-Energy (WLE) incinerator #ubieta The waste incineratdocatedin the
province of Gipuzkoayithin the municipal district of Donostia/San Sebastianthe vicinity of the
village of Zubietan the Basque Countryorthern Spain

The biomonitoringstartedin 2019 witha baseline 'geromeasuremeny study conducted before the
incinerator commenced operatioris 202Q Ths biomonitoring research utilised a comprehensive
rangeof matrices, including backyard chicken eggs, pine ne@eileus Radiajavegetation/leaves
like Holy (Ilex aquifoliury mos&s Bryophytey soil, sediment, wateand everbreastmilk.

This interim reportbasedn the sampling of 2024g9cusesis on the environmental impact pérsistent
organicpollutants, including polychlorinated dibergalioxins (PCDDSs), dibenzofurans (PCDFs),-dioxin

like polychlorinated biphenyls {BICBs), heavy metals (HM), and perfluoroalkyl substances (P&-AS).
address the analytical challenges associated with such an extensive group of POPs, a range of
methodologiesinnovative analytical toglsuch as the PFAS CAlbibassayhave been employetd

measure the impact of theggghlytoxicfluorinatedsubstanced-urthertechnicaldetails can be found

in previous TW biomonitoringeportsfrom 2019and2023.

In May 2024 the TW team presentethe results offive-yearbiomonitoringstudyto the publicand
scientfic community in Hernam and Usurbil, as welit the Gipuzkoa regional governméh&
headquarters The necessity of regular biomonitoriwgs underscoredo enhance understanding of

the ecological impact of environmaitpollution Tosafeguardenvironmental health, it is imperative

to eliminate or at least reduce emissions of substances of very high concern (SVHC) into the
environment.

Figure 1: Wasteto-Energylncinerator ZubietaProvince Gipuzkoa, Basque Country
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In 2024 the following sampling matrices weallected eggsrom backyard chickes) mosssoil,water
from natural streamsand tap drinking water from Usurlfilsedas referenck At seven(7) locations
within a 5 km radiusf the ZubietaWtE wasteincinerator samples obackyard chickerggswere
collected(seeFigure 2)The TW team visitedaeh locatiorto conducta site inspection anatollect6 -
10 fresh eggs

Each site visit included arspectiorof the chicken enclosundthe completion of &W questionnaire
by the chicken coop ownePhotographswere takerduring samplingo ensure traceability and reduce
ambiguity regardinghe origin of the eggand samplindocation The total contens of the egggyolk
and white)were stored in HDPE labatory containersand frozeruntil analyses.

Additionally,seven 7) locationswithin 1 kmof the incineratorg covering allind directions- were
selepted fgrtheAsa,mpIingof moss,vggetation, and §oi| A A o
A £SISUTMNRARVY &.SNEE 20K BrmimANST Y 2F FNBaAaK LAYS YySSRES
Fyl feasads NB2YNE RS aA2yNT | i62t S Xd #f > RINJ X YR RNEO®
A {2Af Iy RipUSRRNASWAIASER Y (X NGPRY & RiSIH &1 RIROSILIIK

Water samples (50€L000 ml) werecollectedat four (4) locationslonga freshwater stream near the
incinerator ¢lesignatedV1-W4).
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G
Samples locations May 2024 J

7 EGGs backyard chicken ‘

9 WATER Natural streams / Tap ‘

3 PINE NEEDLES (Pinus Radiata )

5 HOLY LEAVES (llex aquifolium) |

1 Ulex euroj paeus 2024 May

Figure 2: (Bio)matrices location# the surrounding environment of WEE incinerator Zubieta, May 2024
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Forthe 2024researchthe DR CALUXsassay was used to analyiexins/furans (PCDD/F) and diekike PCBs
(dL-PCBs)WhenDR CALWXsults for backyard chicken eggeeedddthe EUregulatory imits- 1.7 pg BEQ/g fat

for PCDD/F and 3.3. pg BEQ/g fat for the sum of dioxins (PCEBZBMIGCMS analysess applied for
confirmation Theanalysesare performed by BioDetection SystefgDS)n Amsterdam, the Netherlands (NL)

an accreditedlaboratoryunder RvA L401. Chemical analysis for PFAS and heavyarestalsducted by the
accredited laboratory Normec, Groen Agro Control, located in Delft, the Netherlands (NL). PFAS chemical analyses
is carried out usingGCMS/MS to detech total of24 PFASompounds while ICRMSis used folheavy metals

analysis

0 PHtAC! {

Thebiomonitoring researclusesthe bioassayPFASCALUX@nd the chemical analyse (HESMS) In previous
TW biomonitoringstudies the assayrITCT4wasalso used. Thegbio-)assaysan detecta broader spectrum of
fluorinated substances than chemit@MS/MSanalysislimitedtoi4 Hn t C! { COrgeinHUZedpyaloa ®
only addresseé 4 PFASompounds(EFSAL). Which is avery limited subset of the wide range of toxic PFAS
substanceshat arenow commonly foundn contaminatedenvironmens.
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Figure 3: Chemical PFAS analysis vs. different (bio)assay PFAS analysis
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In this biomonitoring research, TW analysed samples of backyard obgdatrells, soil and moss&syophytep
for 5-14 heavy metalsee figure beloyv Theanalysis was carried out by thecredited labratoryNormec Groen
Agro ControlusinglCRMS The method followslormecprotocolsA068 and A095n accordance wittNENEN
13805,andNENENISO 17294 standards.

lolololollolololcloblolo

Silver  Arsenic Aluminium Barium Cadmium Cobalt Chromium Copper MercuryManganese Nickel — Lead Tin Zinc
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In 2024, a total odeven 7) egg locations were sampled for dioxamalysisOf thesefour (4)locations
did not comply with the EU linfitr DR CALUXhe eggérom these four sites weralsoanalysedising
GCMSor confirmation Theresult for the sum of dioxe\PCDD/F/dPCBranged from2.90 to 38.00
pg TEQ/g fatThe chemical resulteinged froml.45¢ 20.63pg TEQ/g fat.

The two graphs below provide an overview of dieuels detected usingR CALUXétween2019and
2024 in thevicinity of the Zubietavasteincinerator.Notably, he Hernanilocation recorded a dioxin
level of 38 pgTEQ/g fat the highestconcentration measured by TW 18 yearsacrossEuropein
backyard chickeaggs
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Figure 4: Dioxin (PCDD/F/dFPCB) by DR CALUX analysis in Eggs of backyard chicken 2003t
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The following figures compare PCDD/F results in 2019 andzgé®4howamarkedincrease imioxins
(PCDD/fFandtotal dioxins(PCDD/F/dPCB, illustrated using aindicative colour scale based on-EU
limits. Of particular concern is the substantial incraaskoxin contaminatiomvithinthe 3-5 kmradius
around the Zubietavaste incineratarThis area is also home to other industrial activitresuding a
cement kiln, aluminiuramelting and wood treatmerfacilities.
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Figure 5: ComparisorOverview locations of dioxin Results in backyard chicken &fj§)- 2024
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At egg site 1, also known as tReessSte’, located 1,690 metres from the incinerator, an increase in
dioxindevelshas been observed over the years using the DR GAdasRkayAsoutlinedin the analysis
methodology (page 3, there is a findamentaldifference between bioassay and chemical anialys
approachesChemical analysis is limited detectingonly 29 chlorinated congenes$ dioxins (PCDD/F)
and dioxinlike PCBdn contrastthe bioassay alsmesponds toother dioxirlike compounds such as
brominated dioxinendmixed halogenatedioxintlike substances
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Figure 6: Location1 "Press", dioxin pattern (DR CALUX) 202924

The Hernanlocation which exhibited théighestDR CALUX responeegordedanincreaseof 1130%
in drPCBevelscomparedto 2019.Despite the ban of thproduction andrade ofdl-PCBgor over 50
years,these substances continue to be detectadt only ineggsbut also in mossamples collected
in 2022 The cause of this sharp rise dFPCBamust beinvestigated, in line withieU regulations
mandating thesliminationof emission®f persistent organics pollutanta further noteworthy increase
in dioxinlike PCBs hassobeen observed aEgglLocation Urnieta, situated 3500 metres from the
incinerator.
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Figure 7: Exceeding dioxifike PCB in Eggs of backyard chickens (Loc. 9 and 3), Zubieta-2029
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At the start of this biomonitoring research in 2019, no diowiese detected above thdéimit of detection(LOD)
in mosssamplesiear the incineratgrbased olDR CALUNXoassay analysi;isubsequenyears,ncreased dioxin
levelswere measuredin 2022 anexceptionallyhigh dioxin level d29.8 pg TEQ (TCDD)/g prodwets found at
location Csituated500 mfrom the waste incinerator. Thipike maybe linketb frequentshutdowns and stast
upsof the incinerator that yeatdowever, this hypothesis could be ruled out s by further analysiscofrected
minute datafrom semicontinuousflue gasmeasurementsBy2024 the dioxin leved in moss hadecreased t@
range 0f0.6¢ 1.8 pgTEQ(TCDD)/g produatydveight88% Howeverwhencomparedo the EU limits for animal
feed, theupper end of this rangexceedghe EUregulatory thresholaf 0.83 pg TEQ/g 88%.is important to
note that the EU dioxiregislation is based on chemical analysiagGCMS with a reference limiof 1,25 pg
TEQ/gIn line with the methodology used fdioxin determination in eggscanversion factoof 66.6% ispplied
to DR CALU¢sults for comparability
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Figure 8: Results dioxins (PCDD/F) in Mosses (Bryophytes), 2024

April 1, 2025- ToxicoWatctBiomonitoringResearchZubieta2024 11



In 2022 elevated levels adioxins in mosses were founikely linked taemissions fronoperational
disruptions atthe waste incineratorA heatmap of dioxirconcentrationsn mossesusingEurofins'
2019 baselineneasuremerd as a referencandicates gersistentincrease in dioxin levelalthougha
decreasein levels was observeid 2024 dioxin concentrationswere still found to be 8o 28 times
higher than in 2019 The recordedsales ranging from0.97 to 2.44 pg TEQ/g 88% ,dwflect a
significantand ongoingpresence of dioxing the environment

Dioxins in mosses (Bryophytes) if considered FEED pg TEQ/g dry weight (88%), Zubieta 2019 - 2024
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Figure 9: Dioxin in mosses (Bryophytes) marked by dMéur indicative scale (88% dry weight)

The spike in dioxievels(PCDD/F/dPCBpbservedn 2022 as showin the graptabove isparticularly
noteworthy. Acomprehensive investigation woubé necessaryo determinethe underlayingcauses

of theseemissions. The use of mesgBryophytepasbiological indicataof pollution hagprovento

be a highly sensitive methaud effective methodasfurther evidenced by the heavy metal analysis
onmoss samplesollected fronthe same location

Dioxin analysis on mosses - Zubieta 2019 - 2024
Year [ Location Medium Bound,88% dw [
PCDD/PCDF| dl-PCBs | PCDD/F/d\-PCB[PCDD/PCDF| dI-PCBs | PCDD/F/dI-PCB
C 0.10 0.07 0.16 0.08 0.1 0.13|
2020 B 3.28 0.10 3.45
2020 C 0.00 0.00 5.25
2020 C 1.35 0.23 1.58
2020 c 3.61 0.10 3.78
2020 z 4.60 0.10 4.76
2021 c 1.35 0.24 1.59
2021 c 1.94 0.30 2.23
2021 c 3.15 0.08 3.23
2021 c 6.57 1.02 7.59
2021 a 1.48 0.39 1.87
2021 z 1.51 0.10 1.71
2022 B 9.17 9.17 18.34
2022 c 3.56 1.38 4.94
2022 c 39.03 8.99 48.02 488 112.4
2022 D 19.55 13.79 33.34 244 172.4
2023 B 1.39 0.16 1.55 17 21
2023 c 5.15 1.49 6.64 .
2023 D 0.26 0.12 0.38 Exceeding Factors
2024 13H 1.73 0.08 1.82
2024 155 1.51 0.13 1.64 15-2.0
2024 Ark-Cl 1.03 0.24 1.26 2.0-5.0
2024 Ark-P 2.32 0.10 2.44
2024 B 1.08 0.05 1.13 5.0-10.0
2024 a1 0.91 0.06 0.97 10.0-50.0
2024 ca 2.11 0.08 2.20 50.0-100.0
2024 E 0.62 0.05 0.67 >100.0

Tablel: Results Dioxins (PCDD/F/dPCB) resultsn mosses concentrations and heatmap by DR CALUX
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In 2021, eggsfrom backyard chickeim Zubieta and Andoain were ansdyg for PFASISing the FIT-C4
bioassay screening methdBoth locationsshowed results 01900ug PFOA egjvalentkg (1.9 ng/g)
In2022 TWbegan conductingFA$hemical analysesingLGCMS/MSonvariousbiomatricesin 2023
the PFASevelsincreased substantially at three egg sampling locations, wikhS/NIS results ranging
from:3.1¢10.54>g/kgy, H n t CThg higlde3t coacentratian10.54>g/1 3 24#PFAS (MBWwas
found at Andoain, located 2 km from timeinerator.

In 2024 PFASevelsin backyardeggsfrom Andoaindecreased td.31 pg/kg However, atHernani
concentrationsncreased frons.92ug/kg in 20230 10.91pg/kg in 20241n Urnietaa town 4 km from
the incinerator PFASvere also detectedshowing thesame congeneprofile as in Hernani4 km)and
Andoain(3 km) indicaing thatthisregionis undersignificantPFAPressureAt the press locatio(Egg
location 1), only PFO%asidentified PFOSvas also found to be the domina@8 compoundh all the
eggsampleswith highest concentration7.3 >g/kg ¢ detectedat Hernani Thisvalueexceedshe EU
limit for PFO®ya factor 7.3

Chemical PFAS analyses eggs of backyard chicken, 2022 -2024
EFSA-4
o — [ cs cs co c6 c11 c11 c13 c14 c4
3 4 PFAS | 3 24 PFAS PFOS PFOA PFNA PFDA PFUNDA PFDOA PFTrDA PFTeDA PFBS
Lowerbound (LB) pg/kg
2022 Egg Zubieta-01 0.35
2022|  Egg Andoain-13 0.11
2023 Egg Zubieta-01
2023 Egg Andoain-15 0.29 0.81 0.82 0.83 1.00 0.74 0.60
2023|  Egg Hernani-03 0.16 0.46 0.28 0.25 0.19 0.18
2023|  Egg Lasarte-07 0.11
2024|  Egg Zubieta-01
2024 Egg Hernani-03 0.16 0.52 0.37 0.49 0.52 0.88 0.67
2024 Egg Urnieta-09 0.23 0.16 0.18 0.24 0.33 0.25
2024 Egg Andoain-15

Table2: Chemical PFAS analyses Eggs of backyard chicken-2022

ol Chemical ¥ 24 PFAS analyses on Eggs of backyard chicken, Zubieta 2022-2024
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Figure 10: Chemical analysis PFAS on Eggs of backyard chicken-2022
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In 2020 mosssamplesrom locations B and @ere tested using thePFAS CALUMbassay, withhe
resulis ranging from1500to 5000 ng PFOA dgramwet weight(ww). In 2021, the FITCT4 assay
detected aPFA3evelof 17000 ng PFOA eq.igmoss

In 2022 chemical analysisf H24 PFAS congenesBowed values ofl.7 ¢ 2.7 ng/g at locatiors D and

C respectively The primary PFAS compmd detected wasperfluorobutanesulfonic acid (PFBS), a
chemical substitute for théanned substanceperfluorooctanesulfonic acid PFO&own for its
persistence, toxicity, and bioacculaion. In 2023 no PFBSvas detected Notably while the C4
compound PFB8asfound in 2023 in moss near the incineratboryas notdetectedin eggs which is

a significant observation

PFAS analyses mosses, LCMSMS, 2021 -2023

T G FITCT4 PFAS CALUX EFSA-4
PFOA eq. PFOA eq. PFOA eq. > 4 PFAS > 24 PFAS PFOS PFOA PFNA PFDA PFBS
ug/g ug/e ng/g ng/g (Ib) cs cs c9 o3 c4
2022 Mos Location C 0.00 2.70 2.70
2022 Mos Location D 0.00 1.70 1.70
2023 Mos Location C 0.00 0.00
2023 Mos Location D 0.00 0.00

PFAS analyses mosses, FITC-T4, PFAS CALUX, 2021 -2024

Year sample FITC-T4 PFAS CALUX EFSA-4
PFOA eq. PFOA eq. PFOA eq. S 4 PFAS S 24 PFAS PFOS PFOA PFNA PFDA PFBS
ue/g ue/g ng/g ng/g (Ib) c8 ce c9 cé ca
2020 Moss Location D 5.00 5000.00
2020 Moss Location C 1.50 1500.00
2020 Moss Location D 3.90 3900.00
2020 Moss Location B 2.80 2800.00
2021 Moss Lasarte-Oria (3300) 4.20 4200.00
2021 Moss Location C 17.00 17000.00

Table3: PFAS analyses in mosses

n ®HtED! a2 | X NJ

In 202Q watersamples from thérkaitz errekatreamwere analysed using the PFB&SLUX bioassay

with results of63 ng PFOA eq./litre downstream a0 ng PFOA editre upstream In 2024 at a
mountain water source Andoain the level of perfluorooctanoic acid (PFQ¥gs measure &t50 ng

PFOA eqlL - aresult that was unexpected by thiaV team given the seemingly pristina,natural
settingon top of a hill The PFAS CALUX method quantifies the combined toxic effect of various PFAS
congeners. It is currently employed by the Dutch government for screening surface avaté¢o

inform policy measures aimed at reduciagiission at thesource.The PFASesult from the 2024
Andoain water samplexceed the Dutchguidelinelimit in water, which i€.3 nanograms per litre for
PFOAas establisheth 2023(Smit, 2022)

PFAS analyses mosses, sediment and water, FITC-T4, PFAS CALUX, 2021 -2024
Year sample FITC-T4 PFAS CALUX

PFOA eq. PFOA eq. PFOA eq. S 4 PFAS S 24 PFAS
ng/g pg/l ug/g pg/l ng/g ug/ ng/g pg/l

2020 SED Sediment downstream 0.06 63.00

2020 SED Sediment upstream 0.14 140.00

2022| Waterpads Arkaitz erreka 0.00 0.00

2024 Water Andoain mountain well 0.15 150.00

Table4: Chemical PFAS analysis Mosses (Bryophytes), Sediment, Wate@R21
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,g,fg PFAS in water streams 2021 and calamities May 10, 2020 & July 13, 2022 - Zubieta

Calamity 1: May 10%, 2022
dead eels in stream

Calamity 2: July 13, 2022 2022 Dutch limit for PFOA: 0.3 ng/It
Contaminated water Zubieta 2021: exceeded by a factor of 210 - 466

FAS CALUX water

100

5 r Location 1 - Arkaitzerreka Location 2 - Arkaitzerreka
= - stream- downstream WtE stream- upstream WtE

5 . - . -
m 2021, due to calamities in same water stream of research in May 2024

n ®oldS I &RV lofma 6

Figue 11 PFS i water strea

n dolddidde ABHE $ NI
The following tabl@resentsheavy metalgoncentrationin running water and water sources near Zubieta
measured betweeB019 to 2024 Forreference samples were alstaken from a groundwater reservoir
situated 930 metres from the incinerator, prior tthe facility beginningwaste combustn. Two
environmental incidentsccurred in thérkaitz errekanountain stream on 10 May 2020 and 13 July 2022
¢ resulting in the masdeath eelsWhether the eel population will recov@mainsuncertain Analysis shows
a dramaticincrease in heavy metabncentrationsluring these calamiies which has had asevereémpact
on the stream'srulnerableaquatic ecosystemSpecificallythe concentrationincreased by the following
factors: arsenic(As)x 61.5 chromium(Cr)x 2.580 nickel(Ni)x 132.8lead(Pb)x 78and anc (Zn)x 72

Of particularconcernis thesharpincrease in chromiur(Cr) In 2024, elevated levels of cobalt (Co), nickel
(Ni), lead (Pb), and zinc (Zn) were also dete&ggarticularly elevated cobgfo)concentrationof 2.2 ugl/l
was recordedht a mountain water source near Andoain. Furthermtap,waterfrom Usurbil sampled as
areference,showedelevated levels of cobdl€o) copper(Cu) lead(Pb) and zindZn) While these values
remain within the limits of the EuropeanDrinking WaterDirective (EURex (2017)the presence of
aluminium(Al)abovell KS & ( A LJdzt I (i SMasattribudd to codtaminatiorfrom cdvering the
sample bottle with aluminium foiklthoughthe EUlimit for lead (Pb) in drinking watéra pexpodline £
should baninimisedasmuchas possiblegiven thato safe level for lead could testablishedEFSA 2010).

Heavy metals in water, Zubieta 2024

Heavy metals water pg/l

Sampling Sample
Year Location Silver | Aluminium | Arsenic | Barium | Cadmium | Cobalt | Chromium | Copper | Mercury |Manganese | nNickel Lead Tin Zinc
2024 |Arkaitz erreka clean 0.500 76.30 0.100 19.70 0.100 0.250 0.100 0.41 0.050 5.50 0.100 0.110 1.000 4.20
2024 |Water upstream high 0.500 8.30 0.100 26.90 0.100 0.230 0.100 0.100 0.050 5.50 1.60 0.100 1.000 0.500
2024 |Water well mountain Andoain 0.500 56.90 0.100 5.90 0.100 2.200 0.100 0.45 0.050 18.10 1.40 0.210 1.000 9.20
2024 |Drinkwater Usurbil 0500 | 336.00 | 0.100 8.70 0.100 0.500 0.100 7.40 0.050 6.60 0.73 0.190 1.000 8.70
2023 Lasarte 0.500 1.00 0.100 111.00 0.100 0.100 0.100 1.30 0.050 0.13 0.050 1.000 7.30
2023 |Underground water 0.500 1.00 0100 | 10400 | 0.100 0100 | 0.100 5.80 0.050 0.67 0.160 1.000 13.00
2019 Underground water Zubieta (REF) 0.500 52.00 0.110 19.70 0.100 0.100 0.100 0.50 0.050 0.61 0.100 1.000 0.50
2024 Arkaitz erreka tube 0.500 39.90 0.210 49.80 0.100 0.230 0.100 0.49 0.050 5.50 0.100 0.100 1.000 1.40
2022 Arkaitz erreka Calamity 6.760 0.125 129.00 5.59 0.100 81.00 3.950 36.00
< Limit of Detection (LOD)
p of ding factors of water Zubieta (reference underground water 2019) |
‘Sampling sample
Year Location
2024 Arkaitz erreka clean 2.0
2024 |Water upstream high 20 02 0.9 14 20 E ding Factors
2024 |Water well mountain Andoain 20 11 0.9 03] 20
2024 Drinkwater Usurbil 2.01 0.9 0.4} 2.0 15-2.0
2023 Lasarte 20 0.0 0.9 20 2.0-5.0
2023 Underground water 2.0 0.0 0.9 2.0 5.0-10.0
2019 Underground water Zubieta (REF) 2.0 1.0 1.0 1.0/ 2.0 10.0-50.0
2024 Arkaitz erreka tube 2.0 0.8, 1.9 2.5] 2.0 50.0-100.0
2022 |Arkaitz erreka Calamity 00 o.nj 0.0) 25| >100.0

Table5: Heavy metals in water
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The following tablgresentsthe resultsof 14 analysedheavy metals in soil and sediment samples
collectedbetween 2019 to 2024. It should be noted that not all 14 metadse analysedn every
instance due to the limitationgn the availablity of analytical equipment and methods, particularly for

aluminium(Al)and manganesg@vin).
Concentrations of heavy metals in soil Zubieta 2019 - 2024 mg/kg dw ub

Sampling 1 2 4 5 6 7 10 11 12 13
Year Ag Al As Ba cd co o cu Hg Mn Ni Pb sn zn Table6:
Silver Aluminium Arsenic Barium Cadmium Cobalt Chromium Copper Mercury Nickel Lead Tin Zinc.
202 i 3.800|  9075.00] 30.100| 138.00|  0.420| 61300 3220 1970  0.120, 5180 21500  1.400|  162.00
2024 iment clean 0.120 10200  98.10] 0360 23.500]  17.80 3.95] 0081 7811.00  43.90| 25.500]  2.600]  63.72
2024 Sediment tube 0.038 19200 700 0130 29.200  16.40 3.63  0.065| 13383.00  39.30| 26.300|  0.940|  18.53
S0t Zubieta A 17.00 0.20 28.00  28.00) 0.05| 59000 2000 5100 110.00)
S0t Zubieta B 8.10 0.20 15.000  16.00 024 23000 1000  77.00 87.00
S0t Zubieta C 14.00 0.20 18.000 1100 005 10000 1100  33.00 42.00
S0t Zubieta D 12.00 0.20 18.000  16.00 0.05| 21000 17.00  28.00 57.00)
S0t Zubieta E 15.00 0.20 23.00  17.00) 005| 18000 18.00]  80.00 84.00
o1 Kaparotz 15.00 0.20 2200  13.00) 0.05| 30000 24.00  23.00 65.00
202 Zubieta C 0.04] 15938.00| 1060  42.90 0.06) 110 18.20 8.60) 0.06] 5.80 2810 130 30.60
2023 Zubieta B 0.07| 24562.00  10.00| 7950 0.08 560 2600  15.00 0.08 16.00  32.00 2.00,  64.00
2023 Zubieta C 0.04] 23253.00  11.00] 5050 0.04 110 20.00 9.0 0.03 610 19.00 130  26.00
2023 Zubieta D 0.07| 24487.00]  11.00  78.80 0.06 570  24.00]  18.00 0.05 22.00  29.00 1.30]  85.00
2023 Zubieta-E 0.04] 16197.00]  11.00] 3220 013 730 1600  16.00 0.05 2000 43.00) 120  95.00
2024 Press location Zubieta 0.09 12.00  93.00 036 7.60| 1500  44.00 013 8523.00  17.00  61.00 4.20] 22100
2024 Andoain-14 0.38] 6.80  45.00 0.22) 6200 2300  25.00 0.05| 2899.00  18.00  14.00 150 92.00
2024 Andoain -15 0.06 7.50|  46.00 0.22 170  13.00]  15.00 0.07| 2588.00 6.20 4000 20| 102.00
2024 Zubieta-4 0.08] 940 6200 0.12) 470 2000  20.00 0.05| 2033.00  18.00  42.00 140 93.00
2024 Zubieta-B 0.04 8.00]  33.00 0.7 330 1200  15.00 013] 2375.000 1000  71.00 160  64.00
2024 Zubieta-C 0.04 11000 4200 0.09) 160  18.00]  10.00 0.05| 578.00 830  23.00 100, 35.00
2024 Zubieta- D 0.06 1000 62.00 0.05 9.20  19.00]  17.00 005| 2167.00  22.00  26.00 1200 67.00
2024 Zubieta-E [ 0.05 12000 34.00 0.10) 650 1800  16.00 0.06 1546.000 2200  53.00 150 79.00

Concentration heavy metals in soil, Zubieta 2024

The tablebelowis organisedhronologicdy by locationsand year with results visualised usirgTW
indicativecolour scale based on théowest measuredeferencevalue The bottom row of the table
showsthe difference factorcompared to the reference leveBevated concentrations of silvéAg)
cobalt(Co)manganeséMn), and nicke{Ni)in sediment are attributable to the occurrence of calamities
at the waste incinerator, adetailedin the subsequent chapter on water and heavy mebdtgably
high levels of mercuryHg) manganeséMn), and zing(Zn)were also detectect Zubieta pressite
(Egg locatiorl).

| Heatmap of exceeding factors in soil 2019 - 2024 Zubieta

Silver Aluminium Arsenic Barium Cadmium Cobalt Chromium Copper Mercury | Manganese Nickel Lead Tin Zinc
Reference | [ 0.036] 9075.000 8.000] 33000 o0.170] 3.300] 12.000] 15.000] 0.130[2375.000] 10.000] 71.000] 1.600| 64.000
2024 Andoain -15 16 0.0) 0.9) 1.4] 13 05 11 1.0 0.5] 11 0.6] 0.6] 13 16
2024 Andoain-14 0.0) 0.9) 1.4 13 19 1.9 17 0.4] 1.2 18 0.2] 0.9 1.4
2019 Kaparotz 1.9 1.2 13| 0.9) 0.4] 01 2.4 03] 1.0
2019 Press location Zubieta 2.1] 12 23 19 0.4 0.2 2.0) 0.7] 17
2024 Press location Zubieta 2.4 15 2.8| 2.1] 2.3] 1.3 2.9) 1.0 3.6) 17 0.9) 2.6) 3.5|
2024 Sediment clean 3.3] 13 3.0 2.1] 15 03] 0.6] 3.3] 4.4 0.4 1.6) 1.0
2022 Sediment downstream 1.0 38 4.2| 25 8.6 2.7 13 0.9 03 0.9 2.5
2024 Sediment tube 11 2.4 21 0.8 8.8 14 0.2] 0.5| 3.9) 0.4 0.6 03
2024 Zubieta 4 2.1] 1.2 19 0.7] 14 17 13 0.4] 1.2 18 0.6] 0.9 15
2019 Zubieta B 1.0 1.2 0.0) 13 11 18 01 1.0 11 1.4
2023 Zubieta B 2.0 2.7 13 2.4 0.4 17 2.2| 1.0 0.6] 0.0| 16 0.5| 13 1.0
2024 Zubieta B 1.0 1.0 1.0| 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0| 1.0
2019 Zubieta C 18 1.2 15 0.7] 0.4] 1.0 11 0.5| 0.0| 0.7]
2022 Zubieta C 11 18 13 13 03] 0.3] 15 0.6 0.4] 0.6 0.4] 0.8| 0.5|
2023 Zubieta C 1.0 2.6 14 15 03] 0.3] 17 0.7] 03] 0.6 03] 0.8| 0.4
2024 Zubieta C 1.0 14 13 0.5| 05 15 0.7] 0.4 0.2 0.8 03 0.6 0.5
2019 Zubieta D 15 12 15 11 0.4] 01 17 0.4 0.9)
2023 Zubieta D 19 2.7 14 2.4 0.4 17 2.0 12 0.4 22| 0.4 0.8| 13
2024 Zubieta D 16 13 19 03] 2.8 16| 11 0.4] 0.9 2.2 0.4 0.8 10| E fi
2019 Zubieta E 19 1.2 19 11 0.4] 01 18 11 13 gFactors
2023 Zubieta E 1.0 18 14 1.0| 0.8 2.2] 13 11 0.4 20| 0.6) 0.8| 15
2024 Zubieta E 13 0.0) 15 1.0| 0.6 2.0 15 11 0.4] 0.7, 2.2 0.7 0.9 1.2] 15-2.0
20-5.0
Factor Press location Zubieta 0.7 18 0.5 0.9 12 2.0 5.0-10.0
Factor Zubieta C 2019-2024 0.8] 0.4] 1.0 0.8 0.7] 0.8
Factor Zubieta D 2019- 2024 0.8] 0.2] 1.1 1.3 0.9) 1.2 10.0-50.0
Factor Zubieta B 2019- 2024 1.0 0.9 0.8 1.0 09 0.7] 50.0-100.0
Factor Zubieta £ 2019- 2024 0.8] 0.5| 0.8 1.2 0.7] 0.9 >100.0

Table7: Heatmap of exceeding factors in soil, Zubieta 202024
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In 2024 analyses of 14 heavy metals moss, soil and watesramples In 2019 a Spanis Laboratory
(Geyser) performednalyses of nine (9) heavy metals on nmam®ples However,manganes€Mn)
couldnot be analysedn these 2019 samples due to methodological limitations

Table8: Concentrations heavy metals in moss, 202024 Zubieta

A heatmapof heavy metatoncentrationin mossis based on referencealuesfrom location Bwhich
recorded he lowestoveralllevels Particularly higlconcentrationof heavy metal levelsere observed
at location Andoaimeara water wellused for drinking water kyesidents Notably, this location also
showedelevated levels of PFAS in the watssing further concerrin moss samples collected 300
metres from the incineratgheavy metatoncentrations were found to be elevated by factors ranging
from 1.9 to 7.9 Additionalmoss samples collectegarthe water stream adjacent to the incinera@g
water outlet alsoexhibited elevated concentratiomsheavy metals, including

A I NESYA@pH! 30Y P

A I NAdzYH®nl 0OY P

A bAOlStHdmbAULOY P

A CAYy @{®60oY P

Of particular concern is the elevated level of Iéad)detectedat location E situated2,680 metres
south-eastof the incinerator.

Table9: Heatmap heavinetals in mosses, 2012024 Zubieta
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