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Abbreviatios
APCD

BAT
BEP
BEQ
BMI
dl-PCB
DR CALUX®
dw
EFSA
FITCT4
GGMS
GenX
i-PCB

LB

LOD
LOQ
MB
MWI
ndl-PCB

ng
OTNOC
PAH
PCB
PCDD
PCDF
PFAS
pg
POP
RPF
RVA
SVHC
SWiI
TCDD
TDI
TEF
TEQ

TOF
TW
TWI
UB
>3
WIE

Meaning
Air Pollution Control Devices

BestAvailable Techniques

Best Environmental Practice

Biological Equivalents

Body Mass Index

dioxinlike Polychlorinated Biphenyls

Dioxin Responsive Chemiéaitivated LUciferase gene eXpression
Dry Weight

European Food and Safety Authority

Fluorescein IsoThioCyanatdtyroxine (T4)

Gas Chromatography Mass SpectrometryM=sC

Group of fluorochemicals related to of hexafluoropropylene oxide dimer acid {B¥#&PO
Indicator Polychiénated Biphenyl

Lower Bound; results under detection limit are set to zero
Limit of Detection

Limit of Quantification

Middle Bound; values are set as half the detection limit values
Municipal Waste Incineration

Non-Dioxin-Like Polychlorinated Biphenyl (NDioxinLike PCB)

Nanogram; 18 gram

Other Than Normal Operating Conditions
Polycyclic Aromatic Hydrocarbons
Polychlorinated Biphenyl
Polychlorinated Dibenzodioxins
Polychlorinated Dibenzofurans

Per and PolyFluoroAlkyl Substances
Picogram; 1¢?gram

Persistent Organic Pollutants
Relative Potency Factors

Dutch Accreditation Council
Substances of Very High Concern
Solid Waste Incineration
2,3,7,8tetrachloordibenzep-dioxine
Tolerable Daily Intake

Toxic Equivalency Factor
ToxicEquivalents

Total Organic Fluorine

ToxicoWatch

Tolerable Weekly Intake

Upper Bound (ub), results under detection limit are set as detection limit values.
Microgram 16 gram

Waste to Energy (waste incinerator)
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Abbreviatiors

Dioxins (n=7)
TCDD

PCDD
HxCDD1
HxCDD2
HxCDD3
HpCDD
OCDD
Furans (n=10)
TCDF
PCDF1
PCDF2
HxCDF1
HxCDF2
HxCDF3
HxCDF4
HPCDF1
HPCDF2
OCDF

Dioxins, furans (PCDD/F) and dioxike PCBs

Congeners

2,3,7,8Tetrachlorodibenzgp-dioxin
1,2,3,7,8Pentachlorodibenzg-dioxin
1,2,3,4,7,8Hexachlorodibenzp-dioxin
1,2,3,6,7,8Hexachlorodibenzp-dioxin
1,2,3,7,8,9Hexachlorodibenzp-dioxin
1,2,3,4,6,7,8Heptachlorodibenzgp-dioxin
Octachlorodibenzgp-dioxin

2,3,7,8Tetrachlorodibenzofuran
1,2,3,7,8Pentachlorodibenzofuran
2,3,4,7,8Pentachlorodibenzofuran
1,2,3,4,7,8Hexachlorodibenzofuran
1,2,3,6,7,8Hexachlorodibenzofuran
1,2,3,7,8,9Hexachlorodibenzofuran
2,3,4,6,7,8Hexachlorodibenzofuran
1,2,3,4,6,7,8Heptachlorodibenzofuran
1,2,3,4,7,8,Heptachlorodibenzofuran
Octachlorodibenzofuran

Polychlorinated biphenyl (n=12)

PCB77

PCB81

PCB126
PCB169
PCB105
PCB114
PCB118
PCB123
PCB156
PCB157
PCB167
PCB189

Background informatiogan befound inthe 2021 TW Biomonitoringeports at

3,3',4,4-Tetrachlorobiphenyl (#77)
3,4,4' 5Tetrachlorobiphenyl (#81)
3,3',4,4',5Pentachlorobiphenyl (#126)
3,3',4,4',5,5Hexachlorobiphenyl! (#169)
2,3,3',4,4*Pentachlorobiphenyl (#105)
2,3,4,4' 5Pentachlorobiphenyl (#114)
2,3',4,4' 5Pentachlorobiphenyl (#118)
2,3,4,4' 5Pentachlorobiphenyl (#123)
2,3,3',4,4',5Hexachlorobiphenyl (#156)
2,3,3',4,4' ,5*Hexachlorobiphenyl (#157)
2,3',4,4',5,5Hexachlorobiphenyl (#167)

2,3,3,4,4',5,5Heptachlorobiphenyl (#189)

www.toxicowatch.org

www.zerowasteeurope.eu/library/titeue-toxictoll-biomonitoringof-incineratioremissions/
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Toxic equivalency facto

0.1
0.1
0.1
0.01
0.000¢

0.1
0.03
0.3
0.1
0.1
0.1
0.1
0.01
0.01
0.000¢z

0.0001
0.000¢
0.1
0.03
0.0000z
0.0000z
0.0000z
0.0000z
0.0000z
0.0000z
0.0000z
0.0000z
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Dioxins, PFAs and PAH emissions in relation to waste incineration

Dioxins, PFAS, and PAH emissions in relation to waste incineration

Valdemingdmez
waste Incineratar

Dioxins, PFAS and PAH emissions in relation to waste incineration

Backyardchicken

Pineneedles
Mosses
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Executive summarypn biomonitoring, 2022
Kaunag(Lithuania) Madrid (Spain) Pilsen (Czech Rep.)

ToxicoWatch biomonitoring research on eggs of backyard chickens, and vegeizttiagpine needles
andmossesasbhiomarkerssaEuropearproject,coordinatedby ZeroWasteEurope Theprojectwasrun
simultaneouslyin Lithuania, Spain, and tlézech Republi; 2021 and 2022 ToxicoWatch (TW)
Foundation, based in the Netherlandsarticipaed as a scientific partner together with three
environmental organgations: for Spain,Ecologistas en Accidn Madrid, for Lithuania, ¢ A SRA Y T
Ekonomikaandfor the Czech RepublieinutiDUHA

The biomarkers were analyséat persistent organic pollutants (POPs), like dioff@DD/F/dPCH,
Per and PolyFluoroAlkyl Substand@EAY% andPolycyclic Aromatic HydrocarboRAE.! The focus of
this biomonitoring research is to analyse the deposition of POPs rilegeb\@3) WtEincinerators UAB
Kauno Cogeneration Power Plafi€aunas, Lithuania)yaldemingbmez waste-energy (WtE)
incinerator(Madrid, SpainandZEV@hotikoyPilsen, Czech Rep.).

The contamination does not only concern the eggdaifkyard chickendncreased amounts of
hazardous persistent organic pollutantere also found in vegetation in the vicinity of the waste
incinerators.To aimmari® the results br 2022, the second year of biomonitoring, in Kaunas, Pilsen
and Madrid:

1) Mosteggs of backyard chickeimsthe vicinity othe three (3)incineratorsexceeed EU limitsfor
the bioassay DR CALENXd the chemical GBS analysigs regulated in the EU Regulation
2017/644.

2) Analysis of the vegetation, pine needles ammksesshowsdioxinsin elevated concentrations in
the area around thewasteincineratos in all thre€3) countriedy bioassay DR CALUX.

3) High quantities of PFAS are foundriossespine needles and eggd backyard chickerig all
three (3)areas aroundthe wasteincineratos by bioassay FITIZ measurements.

4) High levels oPAHare found inmossesand pine needlearoundall three(3) waste incinerators
by bioassay PAH CALUX.

An additional consideration is the limitations of chemical analysisI&@r POPs, which can however
determine individual congeners but does rfutwevermeasure the total toxicity (of thousands of toxic
substancespf dioxins and dioxiike substancesPCDD/F/dPCB, PAH and PFAS. The DR CALUX
bioassay does measure the total toxicity of dioxins and diikénsubstances, while the chemical
analysis (GMS) is limited to only 17 congeners with the exclusion of i.e., brominated dioxins (PBDD/F).
The FITT4 bioassay for analysis of total PFAS toxicity demonstrates the huge gap between the current
chemical analysis ohly four (4)regulated PFAS compowswnEersusthe total toxicity ofthousands of

other PFAS compounds, which could be preSdrdrefore, it istrongly recommendethat bioassays
shouldalsobe included as standard in the (EU) regulated monitoring of POPs from emission sources,
such as wastcinerators.

The most polluted area in this biomonitoring reseamel found to benear Valdemingomez

in Madrid, vhich hasne of the oldest waste incinerators in Euroffee Stockholm Convention

on Persistent Organic Pollutaraisnsto protect human helth and the environment through
measures which will reduce and/or eliminate emissions and discharges of persistent organic
pollutants

1The term POP is used to refer to toxic chemicals that are resistant to degradation processes, travel over long distances, and
bioaccumulate in the human body and ecosystems.
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Biomonitoring resultsfor Kaunas, Lithuanig2022

The infographic shoswdioxin PCDD/F/APCB, PFAS and PAH contaminatiothe areaaroundthe
UAB Kauno Cogeneration Power Pleaste incinerato{WtE).

Results biomonitoring - Kaunas, Lithuania 2022

TW Indicative scale for Eggs

DRCALUX (PCDD!/ F dI-PCB)
pg BEQ/g fat

Pine needles

’ Mosses
1 &

TW indicative scale
PAH CALUX

Eggs
All backyardchickeneggsexcee@d the EUIlimit in the bioassayor dioxins(PCDD/FRith

dioxin levels ireasingconsiderably idocations near the incinerator. One locatimas
found to havean exceptionty high levelof dl-PCBEgg biomarkers in theortheast and
westshow elevated levels of dioxins and didike PCB. PFA&re found in eggsn the
bioassay and the limited chemical analiggstifiedPFOS and GenX.

Mosses
High levels of dioxins and furans (PCDR&F¢ measured irmossesn the areadirectly

aroundthe incinerator.Thedifferencebetweenthe resultsof the bioassayndthe chemical
analysisndicates the contribution of substances not covered by the limiteMG&@&nalyses
such arominated dioxins or other mixed halogenated substariexins irmossesand

pine needlesvere elevated in tharea directly arounthe incineratorjn the northwest and
west In 2022 PAHwere 20 timeshigherin mossesorthwestof the incinerator

Pineneedles
The DR CALUX bioassagalyses predominantly demonstrdt@n increase in dioxins
(PCDDI/F) ithe vicinity of the waste incineratoPAHwere alsodetectedin pine needles

locatedin theeast.

Biomonitoringn Kaunas, Madridnd Pilsen2022 8



Biomonitoring resultsfor Madrid, Spain 2022

The infographic shasdioxirs (PCDD/F/APCB, PFAS and PAH contaminaiiothe areaaroundthe
Valdemingbmezvaste incinerator

Gonclusion biomonitoring Madrid ¢ 2022

TW Indicative scale for Eggs
DRCALUX (PCDD/ F dI-PCB)

pg BEQ/ g fat

Pine needles
@ Vosss EL
€ > 500
> 250
1 s
o,
>20
- 1.0-20
3
- : 4
Eggs

In the secondyear of this biomonitoringresearch Jevelsof dioxins(PCDD/F an®L-PCB
were elevated,especiallyfor dioxinlike PCBOL-PCB activity. PFAS excestithe EFSA
safety limit. The bioass&yr PFAS (FITT2) found500xPFAS activity in these eggs.

Mosses

The pattern of elevated dioxinBCDD/F anBL-PCB in mossesmost elevated 150Q000
metres southwest was found again in this research. The highest values for dioxins ever
measured ira TW European biomonitoring survey were measured inmhssesaround
Valdemingémez.

Pineneedles

Pine needles and foliageoin evergreen trees surrounding the fenaeoundthe waste
incineratorhad the highestlevelsof dioxins(PCDD/F an®L-PCB ever measuredin TW
biomonitoring research, mostly due to the dioxins and furans (PCD®/B)pical
combustionrelated emission value. A slight decreass observed near the incinerai@s

well asa considerabléncreasein dioxins (PCDD/F) in pine needles at a distance of 3000
5000 m. The dioxins adbxinlike PCBRCDD/F anDl-PCB agan showedthe highest level
found in pine needlem thisTW biomonitoring research, as was also the case in, 2021
first yearof thisbiomonitoringstudy.
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Biomonitoring resultsfor Pilsen, Czech Rep., 2022

The infographic shasdioxin PCDD/F anBL-PCB, PFAS and PAH contaminatiothmareaaround
the ZEVO Chotikevaste incinerator

Results biomonitoring - Pilsen, Czech Rep. 2022

TW Indicative scale for Eggs

DRCALUX (PCDD! F dI-PCB)

pg BEQ/ g fat

Pine needles 510

@ Mosses
1 e

>6.6
>33

>500
>250
>100

<33

TW Indicative scale for Non-food

DRCALUX
pg TCDD eq./ g dry weight (dw)
5

Eggs

Analyses on locations within 308000 m show high levels of dioxins (PCDD/F), more than
three times the EU limit values fbioassag and chemical analyses. Dioxin congener
patterns are related to incomplete combustidrhere was aignificantincreasein dioxin

like PCBOL-PCB in the eggs,althoughthese substances have been banneddionost40
years. With FITT4, high concentrations of PFAgre foundand PFOS and Geniere
identifiedin the chemical analysis.

Mosses

Dioxins PCDD/F anBL-PCBwere found in elevated concentrations northwest of the waste
incinerator. Elevated levels of &F-and PAere found inmosse2000 m southwest, near
the city of Pilsen.

Pineneedles

Elevated levels of dioxinBEDD/F anBL-PCBwere found in pine needles northeast of the
incinerator. PFA®erefound near the incinerator and in pine needles 2000 m, @astr the
city of Pilsen.

Biomonitoringn Kaunas, Madridnd Pilsen2022 10



Analyss methods

DR CALUX bioassay

The DR CALUX bioas®ayDioxin Responsive Chemical Activated Luciferase gene eXpiiession)
bioanalytical screening methbdsed for quantification of dioxins/furans (PCDD/F) and dlikeifiPCBs

(DLPCB). The results in this researcisingDR CALUX® for analyses onmBcRiCDD/F anDL-PCB),

on eggs argivenin Bioassay Equivalent, BEQ (pg BEQ/@faty K SBE®RS NWa @zi SR T2 NJ T2 2|
to distinguish between theTEQ (Toxic Equivalence) derived from chemical analyses (Gas
ChromatograpmMass Spectrometry GI@S, pg TEQ/g fat). For nfwod biomatrices likenossesor

pine needles, the results with DR CARtEXgivenin TCDD eq./groductor abbreviated apg TEQ/g

product. TCDD stands for 2,3,7T@trachlorodibenz@-dioxin, the most toxic dioxin congener.

The relevant EU legislati@n

- Commission RegulatioEl) 2017/644 of 5 April 20£7 whichlays down methods of sampling and
analysis for the control of levels of dioxins, didkiea PCBs and natioxinlike PCBs in certain
foodstuffs.

- Commission RegulatidzU)1881/20068, whichsets maximum levels for certain contaminants e.g.
dioxins PCID/F andDL-PCBin foodstuffs.

- Commission Recommendation (013/711/EU8on the reduction of the presence of dioxins, furans
and PCBs in feed and fosets out action levél$or dioxins, furans and dioxlike PCBs. If the bioassay
analysis exceeds 1.75 pg BERtdgor PCDD/End/or 3.3 pg BEQ/@t for the sum ofPCDD/F anBL-
PCBa confirmatory G®S analysis of the hen egg sample is recommefulestablistingthe results

Chemical analyses

The maxnum permitted levels of contaminanfsundin hen eggshrough GEMS chemical analyses
aregiven inpg TEQ/g. The analysias done on 7 dioxins (PCDDs), 10 furans (PCDFs) and 1-Hk#ioxin
polychlorinated biphenylsD{zPCB). Theconcentration results of the chemical analyses of dioxins
(PCDD/F anbL-PCB)werecalculated with a specific Toxic Equivalency Factor (Tg#eaoTEQ value

(see page 4 Abbreviatisand TEF for dioxins aml-PCB). Themaximum limit valudor dioxirs in

eggs is 2.5 pg TEQ/g fat for PCDD/F and the limit is set at 5 pg TEQ/gram fat for the sum of dioxins and
dioxinlike PCBCDD/F anDL-PCB). When these GKIS limit valueare exceededhen eggs are not

allowed to be placed on the commercial marfeete Figures 5 and 6).

2013/711/EUincludes theGGMSanalysisaction leveldoth for dioxins (PCDD/F) and dielike PCBs
(DL-PCB) inhen eggswhich areset at 1.75 pg TEQ/g fat, sEgure5. These action levels are a tool

for competent authorities and operators to highlight cases where it is appropriate to identify the source
of contamination and to take measures for its reduction or elimination.

PFAShemical analysesere performed on 2 PFA®y Normed, Rotterdam NusingLGLCMS.

2W, A2 Yy It & liake@ettiods Ve Oretieduge of biological principles such-assetl assays, recepiassaysand

immunoassays.

3 https://eur-lex.europa.eu/legatontent/en/ALL/?uri=CELBX017R0644

4 https://eur-lex.europa.eu/legadontent/EN/TXT/PDF/?uri=CELEX:02006 RA&B10919&from=EN

S https://eur-lex.euopa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32014R0709&from=EN

6wl OliAzy S80St Q YSitya G(KS S¢St 2F | 3IAQBSYy adzmaidlyOoSz Fa ftlI
triggers investigations tidentify the source of that substance in cases where increased levels of the substance are detected

7 https://eur-lex.europa.eu/legatontent/EN/TXT/PDF/?2uGELEX:32013H0711&from=EN
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EU regulation of dioxins on eggs

The figures below are an explanation of the bioassay (DR CALUX)) and the cheviticah@l{Zses on
dioxins PCDD/F/dPCB related to the EU regulation of dioxinseggs.

Chemical analysis (GC-MS) vs Bioassay (CALUX)

Halogen elements:

Dioxin dioxin-like Poly-X-biphenyl
PXDD dI-PXB
PR S LR *—a —a
s e [ L. o @ -
- LI v .... e . a4 e, ':.: @ e e,

GE-MS5 individual chemical
analyses DR CALUX, analyses of the whole group of

dioxin-like activity

/ TW Indieative scale for Eggs TW Indiestive seabe Far Nan-fesd

= DR CALUX [PCOD/F/dHPCE) DR CALUK {PCDD/F/dI-PCB]
| pg BEQ /g fat pg TEOD og. /g dry woight
y w0 PR PR il S <33 03-10
Nt demiad / T ~ oG 2 [ <08
Chlorine can et e N -G i
be substituted oSy A : o [ DRCALUK Food [Eges)
by an e asd = : — BEQ/ g fat
ather halogen e, (T . o S EU Cut-off-value DO/
in diawins, . p"f‘_"h'_e__"_"c\“"_" and unknosm congeners = EU Cut-off-Walue PUDD//d-PCE
uPoP oTw

Congeners of chlorinated compounds (chemical GC-MS analysis)

‘Do, furans: (PCOD/F) and deowin-bie POBS Furans (n=10} Palychlorinated bipheny [n=12]

| Abbrewiation TEF TCOF w1 |Foary 3,3 4,4 Tutrashborabipheenyl [177) a,0001

Diowins  {n=7} PCDAL 603 | |Poast 3 etrachiloratipheryd (W1) 0,000%

reeo 23,7 8- Tetrachlorodibenzo-p-diawin 1 PODF2 [ % PORIZE 3, wrilactiarakiphenygl (H126] w1

Liz:t) . LETenbaarochon o0 0161, L [weors ; w1 [Pcai6e Mesachiarabiphery (1165] 003

HAOD 2,34,7,8-texochl sradReen co-yr-diasin U naor 1,2,3,6,7.8 Hexazhlored benaafuran n1| [eeanos 000003

Hicana 12,3578 Hemchlradisenza. . diain oL H¥LDF3 1,2,3,7,8,9- Haxachlorod bensaturan w1 FCaE114 000003

008 121,789 Mo Ao o - Sinln e P 2.3.0,6,7,3 Himashles el bensnalusan 01| |rcains 000003
HpCDD 12, 8- Hepsachicradibenzo- p icain 0,01

om0 v nanns| [P 1.2,3.8,6,7 8-Haptachlarogi bensafissan oo1|  [poatza 00000%

HACDF2 1.2,3.4,7.89-Heptachlaroeibenzahasan ool |Poalse 2 -Henschlarabipher (¥L56] 000005

OO0F Detachlorcdisenzofuran 00001 PCBISY *Hewachbarabiphersyd (#157] 000003

FLH1BY " Hewachlarabipherid (1641 [RUHVEY

FrA1HY Hepta arabiphany (H135] 000003

EU regulations for dioxins (PCDD

Dioxin Furan dioxin-like Polychlorinated biphenyl
PCDD (75) PCDF (135) dI-PCB (209)
n=7 n=10 n=12

=0 =9,

Lo S
"o L]
@ .w e,
T T =
o (o oAk p{po o
% AL -
lo—( ;>—( ;s—m c‘_é e
& & e
Chlorine can be a o P
substituted by an oy po «‘A}JH/\_’ @
other halogen L .
\ 5 a, a o
I f t W' —_ )= ~
EU regulation Eggs cw:.} P . cwj,} 0 c.j; 7 f«:c‘

EU regulations

only for PCDD/F in

GC-MS pg TEQ/g fat
Action limit PCOD/F | 1.75 pg |
i

emissions EU regulation Eggs EU regulation Eggs
GC-MS pg TEQ/g fat GC-MS pg TEQ/g fat
Limit PCDD/F Action limit dI-PCB | >1.75pg
EU regulations
only on Chlorinated EU regulation Eggs
Persistent Organic GC-MS pg TEQ/g fat

°
Pollutants (POP) el >5.0p¢ | w
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PAH CALUX®

High molecular weight PAkse known ligands of the aryl hydrocarbon (AhR) receptor, a nuclear
receptor that mediates toxic effects related to these compounds. The PAH CALUX assay uses a
mammalian H4lIE cellbased reporter assay for the hazard identification of total PAH mixtures. The
PAH CALUX reporter cell line allows for specific, rapmuidexposure time) and reliable quantification

of AhRinduced luciferase induction relative benzda]pyrene(BaP). BaP s compound with five
benzene rings and a class 1B carcin@gehs usechere asatoxicityindicator of PAH expostie

FITCT4bioassay

In the FIT'4 binding bioassay, sample extracts, suspected to be contaminated withvBieASsted

for the potency of binding with the thyroid hormone thyroxine @”gthe plasma transport protein
Transthyretin (TTR). The fluoresctaielled thyroxine (FITC4) consisting of fluorescein
isothiocyanate (FITC) andthyroxine (T4) was used in this assay (Smith, 1977, Hamers
2020} Thyroid hormone homeostasis can be disrupted by environmental chemicals at different
points of interaction in the thyroid pathway, including during transport of the hormone through the
blood. Some chemicals atmown to bind to the transport protein T,TRiereby replacing the
endogenous ligand T4. PFAS are such chemieaia/n for their capability to bind TTdRd thus
replacing T4. The measurement is based on the difference in fluorescence between bound-and non
bound FIT4 andthe TTRoinding site. Bound FITI& will result in higher fluorescence than non
bound. The FIFC4analysis resultare giverin ug PFOA equivalent/g product

The DR CALUX®, PFAS CALUX®4 RINCG®/ISanalyss were performed by BioDetection
Systems, Amsterdam, the Netherlands. BDS is accredited under RvA L401.

8Category 1B carcinogen according to Annex VI to the CLP Regulation (EC) No 1272/2008 of the European Parliament and is
classified as a Substance of Very High Concern by thR&fiRtion EC No 850/2004.

9Pieterse, B., et a(2013).PAHCALUX, an optimized bioassay for Atiliated hazard identification of polycyclic aromatic
hydrocarbons (PAHSs). Environ Sci Technol. 2013 Oct 15;47(20)911651

10Smith, D.S., (1977). FEBS.L&ft 2527.

11 HamersT. (2020). TransthyretiBinding Activity of Complex Mixtures Representing the Composition of Frimaitbne

Disrupting Contaminants in House Dust and Human Serum, Environmental Health Perspectived Q280156
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Kaunas, Lithuania, 2022

Dioxins, PFAS and PAH emissions in relation to waste incineration

Backyard chicken

Pine needles
Mosses
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Biomonitoring resultsfor Kaunas, Lithuanig2022
LEf f20F0A2ya 6SNB GAairildSR FAR2NR AayTY LI @RIV LIS N& z

eggs, vegetation anthossegook place on 12and 13" June 2022 and the third round took place on
3@ October 2022.

Analysis d eggs ofbackyard chickes

Two (2) methodswvere usedfor the analysis dfhe eggs. Firstthe eggswere analysedisingthe DR
CALUX bioassayhis method detects the total toxicity of dioxins, not only regulated chlorinated dioxins
(PCDD/F andL-PCHR, but also brominated (PBDD/F) and other (mixed) halogenated dioxins, see figures
below.Then chemical analysegere performed usinGCGMS,whichis also mandated when the results

of DR CALUX analyses exceed theftimhaximum limit.

Kaunas, Lithuania 2021/ 2022 Kaunas, Lithuania 2021/ 2022
PCDD/HdI-PCB - GGCMS PCDD/H dI-PCB - DRCALUX
pg TEQ/ g fat pg BEQ/g fat

2021 2022 % 2021
Egg-01 3.8 25 -35%
Egg-02 3.2 1.8 -45%
Egg-03 15 1.6 5%

Egg-04
Egg-05

Kaunas, Lithuania 2021/ 2022 Kaunas, Lithuania 2021/ 2022

PCDD/ F - GGMS PCDD/ F - DRCALUX
pg TEQY g fat pg BEQ/ g fat
2021 2022 % 2021
Eyg-01 2.4 1.6 -35%
Egg-02 2.3 1.2 -49%
Egg-03 0.8 0.9 18%
Eyg-04 1.9 1.2 -39%
Egg-05 2.2 15 -30%

17

GGMSlimit

Qut-off GGMSaction
Kauns, Lithuania 2021/ 2022
dI-PCB - GGMS dI-PB - DRCALUX
pg TEQY/ g fat pg BEQ/ g fat
2021 2022 % 2021 2022 %
Egg-01 1.4 0.9 -35% Egg-01 14 15 %
Egg-02 0.9 0.6 -38% Egg-02 17 0.7 -59%
Egg-03 0.8 0.7 -13% Egg-03 0.9
Egg-04 1.1 0.7 -32% Egg-04 0.9
Egg-05 2.1 10.5 Egg-05 2.0
Egg-06 18.0 34 Egg-06 6.5
Qut-off GGMSaction 1.75 Qut-off DR CALUX

Biomonitoringn Kaunas, Madridnd Pilsen2022 15



Dioxin resultsin backyard chickereggsusing theDR CALUKioassay

Dioxins (PCDD/ H dI-PCB) in eggs - Kaunas, 2022 (2021) DR CALUX

“22 DR CALUX- 83%
of the eggs
exceeded the
EU limit for
dioxins
(PCDD/F/dI
PCB.

e —~=4
[onouun reooases
DRCALUX: 83%of the eggs exceeding the !
EU limit for dioxins (PCDD/ H dI-PCB) <33
Results DR CALUX dioxins (PCDD/ F) in eggs - Kaunas, 2022
All eggs
aunas, bUthuania 3000
el exceetd the
e T g EU limit for
; - dioxins
Eogs o (PCDD/F) aen
B~  the DR CALUX
- bioass& was
o i used with
notable
increa®s in
dioxin(PCDD/F)
levels in

Results DR CALUX dioxin-like PCB (dI-PCB) in eggs - Kaunas, 2022

Kaunas, Lithuania 2021/ 2022
dI-PCB - DRCALUX
g BEQ/ g fat
2021 2022 %
1.5 7%
0.7] -59%
133%)

500%|
-26%

DR CALUX

All eggs exceeding the BU limit for dioxins (PCDD/ F

Two locations have elevated dI-PCB

Biomonitoringn Kaunas, Madridnd Pilsen2022

locations near
the incinerator

Two locations
showed
elevaed DL:
PCBevelsof
133%and
500%.
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GCMSresults br dioxinsin eggsof backyard chicken

Results GGM Sdioxins (PCDD/ H dI-PCB) in eggs - Kaunas, 2022 (2021)
Four (4) locations

\ T =1 \g., showed a slight
; @ decrease in dioxins.
i Y w2 One (1) location
(3.0
. ) exceededhe GGMS
02 ' - safety limits ér eggsby
49 o a factor ofnearly 2 at

5 pg TEQ/g fat

W Indicative scale for Eggs
GCM S(PCDD! H dI-PCB)
pg TEQ/ g fat

One egg exceeds the BU limit for dioxins (PCDD/ H dI-PCB)

Results GGMSdioxins (PCDD/ F) in eggs - Kaunas, 2022 (2021) Five (5) locations shosd

slight decreases IRCDD/F
levelscompared ta2021.
""' The startup of the
' incinerator could have
a9 ? been a reason for the
Oc: elevaed PCDD/Fevels
s ) O The differencérom the
©9 DR CALWXoassaxan be
- explained by the presence

e AT L el s m of brominated dioxins, not
included in regular
measurements and not
included in this reseah.

25

Results GGMSdioxin-like PCB (dI-PCB) in eggs - Kaunas, 2022 (2021)

Two locations
ot s excee@dthe DL-PCB
action limit of 1.75 pg
T ) o TEQ/g fatThere was a
. 09 significantdecreasen

laoff | GGMSaction o A L Y DL—PCBeVeISin
0.7 .
A location 5 andan
(18.0)

increase in location 6.

Eggs exceeding the BU action limit for dI-PCB

Biomonitoringn Kaunas, Madridnd Pilsen2022 17



Results- eggs congener patterns eggs of backyard chicken

The results of the analysis done in 2021 indicate that the Kaunas incinerator emitted more dioxins
during the testing phase. Bycusingon the specific congeners of dioxins in eggs usiri&analyses,
typicalincreasesn congenes due towasteincinerationcan beseen, suctas OCDD, PCB 126, HXCDD
and HpCDDMore detailed data from the emission patterns of the incineratmuld providemore
conclusivesvidence ofthis.

Results dioxins in eggs - Kaunas, 2022

DR CALUX indicative scale eggs
O -%

O >100%

>>100 -300 % Egg
>>300 -600 %
>>600 %

)

HpCDD: 226%

5 I

3000 m
- ’
5

1813 ]33 2

&
3

8] (28] [5/55] [8

Significarly, egg location 5 shows high values @EPCRB. The figure belowshowsthe specific
congeners found. Mogstignificantarethe increased levels ##CB 123 and PCB 126

% difference in oncentrations congeners - Kaunas 2022

Congeners egg-01 |egg-02 |egg-03 |egg-04 |egg-05 |egg-06
Dioxinen
HpCDD 20%] 6% 529 -4194 3% 226%
OCDD 0% -38% -38% 0% 289% -50%
Furanen
HXCDF2 -53% 319 -53% -5% 279
HXCDF3 0% 100% 100% -26% -50%4 509
HxCDF4 -36% -32% 7% -33Y -4% 569
HPCDF1 -159 -72% -34% -50% 45% 90%
dI-PCBs
PCB77 -459%4 -69% 0% -67% -26% -66%4
PCB81 -269%4 100% 0% 30% 146%] E
PCB169 -619%4 -79% -24% -30%4 -
PCB105 =279 -43% -504 -18%4

PCB114 -22% -61% -31% -39%

PCB118 -18% -26% -23% -99%

PCB123 -92% -92% 0% -9%

PCB156 -35% -48% -13% -149%

PCB157 -47% -62% -39% -24%

PCB167 -34% -52% -35% -43%

PCB189 -27% -4% 13! 30%
PCDD -42% -28% -19%
PCDF -31% -66% 7%
PCDD/F -34% -44% -5%
PCB -25% -35% -18% -66% 84% -92%
NO-PCB -44% -64% -7% -51% 91% -17%
PCDD/F/PCB -25% -35% -18% -66% 839 -92%
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Results- PFAS in eggs backyard chicken

Chemical analysis ALGMS) ofthe eggs shoed PFAS. PFOS and PFDoA were foutige location

west of the incinerator, while GenX and 8:2 FTS were found in the egg lanatiensouthwest
Chemical analysis ALGMS)of two eggs shoed different PFAS congeners. PFOS and PFDoA were
foundin the locatiorwest of the incinerator, while GenX and 8:2 FTS were found in the egg latation

the southwest
Chemical analyis nanogram 10 PFAS
9
7.84

8

7
gs 6

5
1.
gl 27
é’ ) 17

0.58 0.71 0.82
S |1 011 0.35 0.41
e —— || 1 [
EGGZUBES EGGZUBES BEGGLT BESG&Z EGGLT BEG&Z MOSSZ2B MOSSZ2B EGGMDES
Bioassay microgram PFAS (10-3) PFOA eq./ gram
6
51
g 42
% ) 37 39 :
E s
Q 2 19 TW Indicative scale Results
g Bioassay FITG-4 (PFAS)
é ) 0.75 g PrOA eq.
T 0.29 [—]
= 0] = 3
LT22-Egg-06 LT22-Egg-05 BEO2-BP-eggs [od=0] Z06 MD22-EggOL BEO1-TN-eggs

’ All data from TW research Europe 2019-2022 ‘

The FITT4 bioassay for analysis of total PFAS toxicity demonstrates the huge gagnlibenveurrent
chemical analysis of orflyur regulated PFAS compounds versus the total toxicity of thousands of other
PFAS compounds, which could be present. Thereforstribigly recommendetihat bioassayshould
alsobe included as standaid the (EU) regulated monitoring of POPs from emission sources, such as

waste incinerators

PFAS analyses with HTG T4 and limited chemicals analyses on 24 PFAS Kaunas

ng PFOA eq./ gram fresh weight

750

There are >10000 PFAScompounds
+

ng PFOA eq./ gram fresh weight

LT22-E9g-06 LT22-E9g-05

many other thyroid disrupting chemicals

750 ng PFOA eq./ g product

0.41-0.71 ng/g product
Chemical PFAS
(LC-LC-MS)

Chemical PFAS analyses eggs (ng/ g) Kaunas, Lituania 2022
ng PFAS g product TW-LT22-Egg-05

TW-LT22-Egg-06

Perfluor-n-dodecaanzuur (PFDoA) 0.20}

Perfluor-1-octaansulfonaat (PFO§ 0.51

Perfluordecaansuifonaat (8:2FT

0.21

Hexafluorpropyleenoxide dimeer zuur (HFPO-DA/ GenX)

0.20

Total PFAS (lower bound)

0.41

PFAScongenersin eggs, Kaunas LT 2022

04

o ;
0

TW-LT22-Egg-06

EGGLT
mPFDOA mPFOS

ng PFAS gram fresh weight
oo
N

TW-LT22-Egg-05

EGGLT
m8:2FTS mHAPO-DA/ GenX

Biomonitoringn Kaunas, Madridnd Pilsen2022
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Dioxinsresults inmosseausing theDR CALUX bioassay

Themossesn the six (6) locationwasmainlyHylocomium splendensampled around thmcinerator,
see the figure belowMossesvassampled in open fiekl avoiding proximityo roads andaway from
dense tree canopies to avdallenleavesanduptake emissions by airhemossesvassampled in July
and October 2022.

The resultdor the mossesn July and October 202&ere between0.08- 9.28 pg TCDD eq./g dwhe
results of sampling in October 2022 ah®wn with an asterisk. In 202lbcation 1 had the highest level
of dioxins ilfmossesIn 2022 an extremely high dioxin level @28 pg TCDD eq./g dwes measured
at location 3, west of the incineratofhe resultsfor 2021 are shownn brackets. Although lower in
level, the result of the October sampling confied heavily contaminatednossesnorth of the
incinerator, with a dioxin level @44 pg TCDD eq./g dw

Dioxin (PCDD/ H dI-PCB) in mosses by DRCALUX - Kaunas, Lithuania

Moss 3

Moss4 Incinerator

M

O 049 %
o Moss 1

*
20022 Moss5
20221 () >0

10-2.0

(2021) C— 1000 " —

The measurements in 202ihd July and October 2022 are shown in the table beldvere wa a
significanincrease irDL-PCHevels in the samps taken irOctober 2022.

Mosses Kaunas, 2021-2022

2021 Jul-22 Oct-22

DRCALUX pg TDDegq./g dw
PCDD/F dl-PCB PCDD/ H dI-PCB PCDDY F d-PB |PoD/Hd-PB| PODF PCDD/ F dI-PB
LT-Mos01 2.80
LT-Mos02 1.10
LT-Mos03 1.30
LT-Mos-04 1.30
LT-Mos-05 1.10
LT-Mos-09

Biomonitoringn Kaunas, Madridnd Pilsen2022 20



Bioassay vs.lemical analysesfomosses

Chemical analyses were performéde to the high levels of dioxifigund by the bioassgy9.28 pg

TCDD eq./g dw. The high TEQ values of diggingthe DR CALUXoassayould not be found in the

GCMS resultsThis is pbably because of the contribution of other halogenated dioxins, which are not

included in the regulated dioxin analyses. The result of 9.28 pg TCDD eq./g dw is unusually high and can

only be found at vergontaminated sites. The difference in chemical analyses shows 433% more

HpCDF (1,2,3,4,6,7,8eptachlorodibenzofuran) at location M3 northwest of the incinerator. In
addition,significantlyalmosttwice as nanyPCBverefound atmossedocation 3, 355.2 versus 191.94

pgDL-PCB

Bioassay vs. chemical analysis in mosses - Kaunas, Lithuania 2022

Results Mosses Kaunas, 2021-2022
DRCALUX pgTCDD eq./g

PCDD/F/dI-PCB

LT-Mos-01
LT-Mos-02
LT-Mos-03

LT-Mos-06

As explained aboveéhe DR CALUX bioassay also reacts to other halogenated commsuaidas
brominated and mixed halogenated dioxinsedy large group of brominated and mixed chibromo

dioxin and furan analoguesnst included in the EU regulations for chemical analysesM&Ghor
integrated into measurements for waste incineration emissions. Brominated dioxins are a product of

GoMs
GC-MS  pg TEQ/g dw
PCDD/F di-PCB PCDD/F/dI-PCB o
M1 0.94 0.22
M3 0.97 0.25
0. Incinerator °°w
GCMS  pg/g dw |
PCDD/F di-PCB PCDD/F/dI-PCB
M1 52.25 191.94 204.96
M3 26.71 355.29 37343 PgTCOD eq./g dw
DR CALUX

Incinerator

o-

pg TCDD eq./g dw

TW Indicative scale for Non-food

DRCALUXpgTCDD eq./g

GC-MSpgTEQeq./g

incomplete combustion of material containing broatad flame retardants, such as in electronics.
Existing literature suggests that brominated dioxins and furans (PBDDs/Fs) have similar occurrence

profiles to their chlorinated analogues, but the data is extremely limited, showing a major gap in

estimatingthe potential risk of these chemicafMore research is needed to explain the exceptionally
high results in the DR CALUX bioasday.inclusion dfrominated dioxins in standard measurements
of emissions from waste incineratasstrondy recommenetd.

12piskorskat f A a1 OT 8Z2&1 |

Wo Z

{® al &1 64335

{® O6HAMNDUL D
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Resultsfor dioxins (PCDD/F/dIPCBin pine needles

Dioxin PCDD/F anBL-PCB analyses on pine needles slaaldevelsof 0.60¢ 1.08 pg TCDD eq./g dw
(medium boundhorthwestand rortheastof the waste incinerator. In theuth of the incinerator, the
dioxin levelsvere 0.220.49 pg TCDD eq./g dw. In tmuthwest (2000 m from the incineratothe
levelswere 0.64 pgand in the vest (2000 m)dioxinlevelswere 0.60 pg TCDD eq./g dw. The sksp
taken in October 202%ere nearly a factoof 2 higher in dioxin levels compared to analyses in July
2022. The elevations were due to the increasBoxinlike PCBL-PCB. PCBhave beerbanned since
1985 but are still found in waste and in emigsiobom waste incinerators.

Results dioxins (PCDD/ H dI-PCB) in pine needles - Kaunas, 2022

Pine needles 2022 Kaunas (MB)
SN TW-REFNR DRCALUX_pg TODDeq./gr product
| DO/ /B
Fine needles/ Ficea abies 2021 Ql-22
Veg18-PA-SNVO1
Veg17-PA-SN02
Vegla-PA-03 073 0.22
Veg16-PA-SN04
Veg15-SN06

Veg19-PA-SHDS 0.97 0.49
PA-07/LT22-V2B
n
7 PS-10/LT22-38

|8 [ Vegospaswi |

9 LT-V4

1
2
3
4
5

>5.0
>2.0
1.0-2.0

2 km radius

Results- PAHsin mossesand pine needles

The group of polycyclic aromatic hydrocarbons, PAHs, are markers for detecting toxic chemical
emissions of theral confounders. Compounds from the PAH group have carcinogenic, mutagenic,
teratogenic and immunosuppressive effects on living organisms. InRARwere measuredn two
mosseslocationsat 220 and 230 ng BaP eq.Mg. mosseslocation 3, 4100 ng BaP eqdgv was
measured. In the pine needles east of the incinerdid ng BaP eq./g dw was measured.

PAH in mosses and pine needles- 2021-2022, Kaunas, Lithuania

9 4100
(220)
e M2
(1]

M

ems
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Madrid, Spain, 2022

Dioxins, PFAS and PAH emissionsin relation to waste incineration

Backyard chicken

Pine needles
leaves
Mosses

Valdemings mez
waste incinerator
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Biomonitoring ResearchMadrid, Spain, 2022

Analysis of ggs of backyard chicken

Two (2) methodsvere usedfor the analysis of the eggs. First, the eggse analysedisingthe DR
CALUX bioassaVhis method detects the total toxicity of dioxins, not only the regulated chlorinated
dioxins PCDD/F anBL-PCB) but also brominated (PBDD/F) and other (mixed) habtgd dioxins.

Extra GEMS analysis is mandated in the EU regulationdommercialeggs when the results tfe DR
CALUX analyses are above theafttimit of 175 pg BEQ/g fat for dioxins (PCDD/F) aB@8BEQ/g

fat for total dioxinsincluding dioxidike PCBsPCDD/F an®dL-PCB. In thisstudy, the eggsalso
underwent aGCGMSanalysisThe analyses of the eggs at a location 1000 m from the incinestaared

high levelsof PCDD/F an®L-PCBin the DR CALXJbioassay The G@/S analysis confired these
results partially due to the limited scope of chemical analysis (only 29 congeereranalysed) while

the DR CALUX bioassay measured total toxicity of all dioxins).

Results eggs sum of dioxins (PCDD/ F dI-PCB) DR CALUX, MADRID ¢ 2021/ 22

MD-Egg 01

2021 2022 !
Distance 1000 1000
N hens 3
N rooster
Age 6-12 mnd
Eggs' month 30
Foraging area
Qutdoor fireplace
All purpose burner|
Pegticidesuse
Incineradora de Valdem...
DRCALUX pg BEQ/g fat

TW Indicative scale for Eggs
DRCALUX (PCDD/ F/ dI-PCB)

PCDD/FH dI-PCB

pg BEQ/ g fat
> 10

GGMS pg TEQ/ g fat

>6.6

>33

PCDD/F dI-PCB
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The graphs belowghow that high levelsf dioxins PCDD/F an®L-PCB were observed in 2022The
bioassay showed higher levels for dioxivith brominated dioxinsnost likelybeinginvolved.

Results dioxins analyses eggs, MADRID ¢ 2021/ 22

PCDD/ H dI-PCB DR CALUX 2021 - 2022
2000
1800
1600
1400
1200

11.30
1000
7.00
8.00 6.00 6.70

6.00

max. limitsBEQ ~ “%
2.00

0.00

18.00

pg BEQ/g

13.00 I

PMD/FBERY dl-FCB PMD/F d-PCB

m2021 m2022

PCDD/H dI-PCB, GGMS2021 ¢ 2022

9.00

800 7.69
7.00 6.70
(=2
E, 6.0
500
410 387
8 40 -
300 250
2.00 1.75
1.00
— max. limitsTEQ o
PIODIF dl-RC8 POD/F d-PCB
m2021 w2022

Fingerprints of PCDD/ Fcongenersin eggs, Madrid - 2022

Fraction of total (%) Fraction of total TEQ (%)

% PCDD/ F concentration 2021/ 22 % PCDD/ F TEQ 2021/ 22
300% 35%

30%
25%
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Analysis of PFAS in eggs of backyard chicken

In this biomonitoring research, TW analysed PFAS in eggs. PFAS can also be af phedwveste
incinerator (se¢he explanation in the first TW report in 2021). The chemical PFAS analN<sBMEL
showed different PFAS congendrstwo eggs. PFOS aR&DoAvere analysedn the locatiorwest of
the incinerator, while in the egg locationthe ®uthwest GenX and 8:2 Fli#®refound.

PFAS, 24 congeners with LC-LC-MS in nanogram 10
9
7,84

8

7
E
2
3
= 5
= 3
g
= 4
E 2,7
2
2 17
& 0,82
. 011 0,35 0,41 0,58 o7

L —_— 1 1 1 0 | |

EGG ZUB ES EGG ZUB ES EGGLT EGGCZ EGGLT EGG CZ MOSS ZUB MOSS ZuB EGG MD ES
ug 10 PFOA eq./gram fresh weight (FITC-T4)

6
. 51
=
H 42
R 37 39
£
-in 3
g ) 1,9
<
o
£ ) 0,75
o 0,29 ,—l

| ——]
o
LT22-Egg-06 LT22-Egg-05 BE-02-BP-eggs CZ-E05 CZ-E06 MD22-Egg0l BE-01-TN-eggs
| All data from TW research Europe 2019-2022 |

The FITT4 bioassay for analysis of total PFAS toxicity demonstrates the huge gap between the current
chemical analysis of orflyur regulated PFAS compounds versus the total toxicity of thousands of other
PFAS compounds, which could be present. Thergtasstrongly recommendethat bioassays should
alsobe included as standard inedi{EU) regulated monitoring of POPs from emission sources, such as

waste incinerators.

PFAS analyses with HTG T4 and limited chemicals analyses on 24 PFAS

Bioassay PFASATG T4 M

Che PFAS analyses eggs (ng arid, Spa

5

2

@ 2500 There are >10000 PFAScompounds

B +

8

> many other thyroid disrupting chemicals
3 | 2000

5

?

1500

1000

500

_ 7.84ng/gp
Madrid egg 2022- TW-MD2-E01 mﬁs‘;m

ng PFAS gram fresh weight

ng PFAY g product TW-MD22-Egg01
Perfluor-1-hexaansulfonaat (PFHxS 0.23
Perfluor-1-heptaansulfonaat (HPHpS 0.61
‘ 4200 ng PFOA eq./ g product ‘ Perfluor-1-octaansulfonaat (PFOS 5.9
Perfluor-n-octaanzuur (PFOA) 0.20
Perfluordecaansulfonaat (8:2FT 0.9
Total PFAS (lower bound) 7.84

PFASegg Madrid 2022
9
8
7 I
6
5
4
3
2
1
o |
Madrid egg 2022- TW-MD2-E01
m PFDOA m PFBS
m PRHXS HPHpS
m PFOS m PFOA
m 8:2FTS m HAPO-DA/ GenX
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Analysis of pine needles and evergreen trees

The results of the first round of biomonitoriagmossesnd pine needles in 2022 were complemented
with extra sampling in October 2022. The figure below shows the résutt®xins in pine needles
decreasgnear the incinerator, but an overaicrea® indioxins at all other locations.

Althoughcommercial use gbolychlorinated biphenyls (PCBgslannedalmosthalf a century ago,
contamination of the environment and organisms by PCBs is still obs&sezthus increaseas seen
in several locations 2022 seethe figureon theleft.

several locations, see figure left.

Dioxinsin pine needles Madrid, Spain 2022 (2021)

Madrid pine needles 2022

DRCALUX pgTCDDeq./g
PCDD! F/dI-PCB PCDD/F di-Pc8 |

2021 2022

0.6 (0. 1)“

A

%-

Qs |

150.1) &

TW indicative scale
DR CALUX

pg TDD eq./g dw
>5.0
>2.0
>1.0
>0.5

Dioxinsin opine needles 2022

PCDD/ H dI-PCB in pine needles 2022/ 2021

pg TCDD/ g dw

m 2021 m 2022

pg TCDD/ g dw

dI-PCBin pine needles 2022/ 2021

A2 o3 aay 2001

Pin04
Pin05 —

m 2021 m 2022
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Whenfocusing on the areeloser tothe incinerator, highevelsof dioxins PCDD/F anBL-PCBwere
found in the vegetation in 2022r{din the dioxin values analysed in 20Q2lncinerator residue stored
in large piles of big bags near the fence (see figure) could be respoositiie POPcontamination in
the pine needles and evergreen foliatfe.

Dioxinsin pine needles near the incinerator, Madrid, Spain 2022 (2021)

1.3(0.3)

26(1.1) TW indicative scale

DR CALUX
pg TMDeg./g dw
>5.0
>2.0
>1.0

2.4(1.1)

Dioxins (PCDD/F/dI-PCB) in vegetation around incinerator, Madrid — 2022 (2021)

6:6 - (814)

2,44 - (1,14

Cupr. Ariz. ?/Conifer? P : 0 )
- S L ¥ 3

2 T8 N
TW22-MD2-V4A TW22-MD2-Jul-V1/2

Twz D

B https://efeverde.com/sacasenizatoxicaaire-libre-valdemingomemadrid/
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Analysis of needles of evergreen tree€upressus arizonica

The resultgor the Cupressuarizonicabiomarkerusing theDR CALUX bioassénpwed elevaed levels

of dioxins PCDD/F anBL-PCBin all placesn 2022. As a comparison, the average level in vegetables
according to the2018 EFSA report is 0.36 pg TEQ/g product, with a lower share of dioxins (PCDD/F)
0.08 and a higher sharef dioxinlike PCBE(-PCB 0.28 pg TEHigh values of PCDD#ere detected

in the foliage in these locations, typically combustelated. More research is needed.

Dioxinsin Qupressus arizonica 2022 (2021)

Dioxins in vegetation duly and October, 2022

2022 2021
DRCALUX DRCALUX
PCOD/FH dI-PCB I PCDD/F I d-PB PCDD/F dI-PCB I PODD/F I d-PB 469 (170)
pg TCDD eq./ g dw pg TCDD eq./ g product

Qupol 4.69 2.92 i1 170

Qpo2 2.50 190 R 114

1.80 1.04

¥ A Qupol
0.87 0.27 2.50(1.14)
0.73 0.07 '

Qup02
Qipo3
TW indicative scale
DRCALUX 1.80(0.79
L (o)
>50
>20 2000 m

>1.0

Dioxinsin Qupressus arizonica 2022 (2021)

Dioxins in Qupressus arizonica, 2022
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8.00
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1.00
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Py TEQ/g

2021

2022 2021

PCDD/ F/ di-PCB 2022 2001
PCOD/ F 2022

di-PCB

mQp0l mQup02 m Qup03

Dioxins in Qupressus arizonica, 2022 Migg:ﬁxme
DRCALUX T BT
PCOD/F/dI-PCB PCOD/F di-RB

2021

Qupo1 1.70 4.69 1.60 2.92 -
Qpo2 114 2.50 1.90 .

Qpos 1.80 1.04 0.07 0.76
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Analysis of PAkLh pine needles and evergreen trees

In 2021, biomonitoring research found high levels of Rétheast of the waste incineratoin 2022,

TW analysetbur sitesfor PAH andoundhigh levels of PAH in pine needles and evergreen trees directly
around theperimeterof the incineratorThe figure below on the lehowsthe 2021results and the
figure on theright shove the results from four (4) PAH analyses around the incinerator in 2022. The
results of the PAH analyses on the pine needles etiovgh leved, 93, 94, 114 and 134 nanogram
benzo(a)pyrene per gram dry weight.

PAH in pine needles and evergreen trees, Madrid — 2022 (2021)

ng Benzo[a]pyrene eq./gram dry weight

8 Reference

TW indicative scale
PAH CALUX
ng BaP eq./g dw
> 500
> 250
> 100
> 10

Valdemingdmez waste-to- energy incinerator (WtE)
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Analysis of dioxinsRCDD/F/HPCBin mosses

The first sample round in 2022 took place in NHwevertemperatures were high and not favourable

for samping mosses The samples consisted mainly of soil. See the photos below and the soil quantity
estimates. The analysis results were highly anomalous, which is why we deciaey tuta second

round of sampling in October.
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The resultof the analysion the mossesaround the Valdemingdmez incinerator are similar to those
for 2021. The difference is that amcreases seerboth in the references nearby aridthe reference
location 35 km away, i@astello de Villa. The elegdtlevelof dioxins PCDD/F anDL-PCB is mosty
observed around 2 km southwest of the waste incinerator, the sacnease irdioxirs as faind inthe
research on pine needl@s 2022 A reference sample for threosseslocatal 20 km north of Madrid

in Castillo de Vifiuelas, was taken from a natural environment, séiguhe below.

Results Mosses, Madrid 2022 (Extra SET-B)

Dioxin - DR CALUX 2022 (A)

sample date PCDD/F/dIPCB | PCDD/F [ dI-PCB
drid (pg TCDD eq./g product)

Results sum of Dioxins (PCDD/F/dI-PCB) in Mosses Madrid — 2022 (2021)
: 3 - 2 - o

01/09/2022
01/09/2022
01/09/2022
01/09/2022
01/09/2022
01/09/2022
01/09/2022
01/09/2022

Madrid

off ;1923 @

Widia

Biomonitoringn Kaunas, Madridnd Pilsen2022 32



Pilsen, Czech Republic, 2022

Dioxins, PFAS and PAH emissions in relation to waste incineration

Backyard chicken

Pine needles

Mosses

ZEVO Chotikov Incinerator
incineration
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Biomonitoring Research PilserCzech Republic, 2022

Bioassay malysis ofdioxins ineggsof backyard chickens

TheDR CALUX bioassaynd four locations exceeding the EU-ofitlimit for eggs whichneeded to

be analysedisingGGMS chemical analyses. Two locations near the incinerator (< 2 km) comply with
the limits. Three participants discontinued the biomonitoring research, partly due to having found
contaminated eggs in 2021. The overall results are shown in the figure below

Results DR CALUX dioxins (PCDD/ H dI-PCB) eggs Pilsen - 2022

Pilsen, Czech Repub 0
DR CALUX pg BEQ/ g fat Medium bound (MB)

vt | 2021 0 2021 0 2021 0

PCDD/ F/ dI-PCB PCDD/F dI-PCB
EGGO1 3250 8 1.7
EGG02 4290 0.0 0.0 10.0
EGG03 3000 4 4 2.6 2.2
EGG04 1780 1.5 1.3 1.4 2.0 0.1
EGGO5 4400 0 0 0 0 7.0 13.0
EGG06 4700 8 0 5.3 7.5
EGGO7 reference 0.7 0.3 0.3 0.2 0.4/ 0.2
EGG08 3170 8 0.0 4 7.7 5.8
EGG09 4240 4 0.7 2.7
EGG10 1630 1.0 2.5 0.4 0.2 0.5 2.4

‘DR(‘ALUX| EU limit | | ‘
Be | it | | | N

W Indicative scale for Eggs

DRCALUX (PCDD/ F/ dI-PCB)

pg BEQ/g fat

DR CALUX results sum of dioxins (PCDD/ H dI-PCB) eggs Pilsen - 2021 -2022

[PODD/ F dI-PCBiin eggs, Pilsen, DRCALUX|
B
°
=] . : : :
o . B N DR CALUX limit
3.3 pg BEQ/gfat
ECQ01 BEGQ02 EGQ03 BG4 EGQ05 ECQ06 EGQ7 ECQ08 BEGQ09 EGGLO
m2021 m2022
PCDD/ Fin eggs, Pilsen, DR CALUX
140 13.0
B
(2]
g
D
Q DRCALUX limit
1.7 pg BEQ/ g fat
EGQ01 BEG@02 BEGQR03 BG4 BEGQR05 EGQ06 BES07 EGQR08 EG9 EGGLO
m2021 m2022

Biomonitoringn Kaunas, Madridnd Pilsen2022 34



Chemical analysis afioxinsin eggs
The GEMS showd that twoegg locations exceeded the maximumit for dioxindy a factorof 3 and

one locatiorbya factor 2. The levels are 11.9, 16.8 and 17B5%Q/g fat. Three egg locations exazkd
the DL-PCBaction kvelof 1.75 pg TEQ/g

Re analyse dio PCDD dl-PCB) eggs Pilse 0
Resl ggs Pilsen, Czech Repub 0
GCMS  pg TEQ/g fat Medium bound (MB)

Location |Distance (m) 2021 0 2021 0 2021 0

PCDD/ F dI-PCB PCDD/ F dI-PCB
EGG01 3250 3.6 2.2 1.4
EGG02 4290 0 16.0
EGG03 3000 2.2 2.3 1.0 1.3 12 1.0
EGG04 1780 4.0 3.0 1.0
EGG05 4400 4.0 8.9 5.0 5.7
EGG06 4700 9 9 1.7 3.2 7.4 8.7
EGGO7 reference 0.7 0.2 0.6
EGG08 3170 9 6 13 3.0 8.4 14.5
E5609 4240 3.4 0.7 2.7H
EGG10 1630 |
EU Limit 50 25 [ ]
Action limit | GCMS 1.75 1.75
B6__ | quit | I [ [

TW Indicative scale for Eggs
GCMS(PCDD! FH dI-PCB)

pg TEQ/ g fat

<5.0

All three egg locations have increasing levels of PCDD/#-B@Bcompared to 20210nthe next
page the three contaminated locations are given with some additional data.

GCG-MSresults dioxins eggs Pilsen - 2021 -2022

[GC—MS PCDD/ H dI-PCB eggs, H‘Isen]

BU-Limit 5.00 pg TEQ/ g fat

pg TEQ/ g fat

reference

ECG07

GGMS PCDD/ Feggs Pilsen
120 11.1

| Action-Limit 1.75 pg TEQ/ g fat

pg TEQ/ g fat

reference

BGGO7
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Highdioxin-contaminatedegg locations

Egg location 5 Pilsen Czech Rep. - 2022

(Z-Egg05
2021 2022

Distance 4510 4510

N hens 22

N rooster 5

Age 36 mnd

Eggs/month 240

Aream2 30 30

Qutdoor fireplace no no

Wood burning stove | many times

Pegticidesuse not not

Industry nearby no no

Highway nearby no no

DR CALUXBEQ

PCDD/HdI-PGB

8.90 0]

500 | 570 ]

14.00 16.80

Distance

N hens 22

N rooster 1

Age 48 mnd

Eggs'month 390

Aream2 84 84

Qutdoor fireplace no no

Wood burning stove regular regular

Pegticidesuse not not

Industry nearby not not

Highway nearby no no
DRCALUX pg BEQ/g fat

PCDD/F 0

dl-PCB 53 3.50

PCDD/Hdl-PaB 8 00

GGMS pg TEY g fat

PCDD/F 17 8.6

di-PB 7.4 3.20

PCDD/H dI-PCB 9 8

Distance 3290 4670

N hens 35

N roosgter 3

Age 24 mnd

Eggs'month 600

Aream2 30 84

Qutdoor fireplace no no

Wood burning stove regular regular

Pegticidesuse not not

Industry nearby no not

Highway nearby no no
DRCALUX pg BEQ/qg fat

PCDOD/HdI-PB

GGMS pg TEQ/ g fat
17
7.4

PCDD/HdI-PB
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TW Indicative scale for eggs
DRCALUX (PCDD! F/ dI-PCB)
pg BEQ/ g fat

<33

TW Indicative scale for eggs
GC-M S(PCDD/ FH dI-PCB)
pg TEQ/ g fat

<50

TW Indicative scale for eqgs|
[DRCALUX (PCDD/ F dI-PCB)|

pg BEQ/ g fat

TW Indicative scale for eggs|
GC-M S(PCDD/ F/ dI-PCB)

pg TEQ/ g fat

N

| TW Indicative scale for eggs|
[DRCALUX (PCDD/ H dI-PCB)|
pg B/ g fat

| TW Indicative scale for eggs|
GCMS(PCDDY H dI-PCB)
pg TEQ/ g fat
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Analysis of éed and soill

Feed and soil were analysasingDR CALUX for additional research concerning dioxin contamination
in egg location 5. The soil measured 2.1 pg BEQRP/F anBL-PCBmostly caused by a PCDD/F level

of 1.49 pg TCDD eq./g. No dioxins could be detected in feed above the limit of déte@iier®.1 TCDD

eq./g).
PCOD/H dI-PAB | PDD/F di-PCB
Analyse Date| Location TW-RE-NR Distance (m)
pg BEQY g fat
27/10/2022( Feed mais TW22-CZ-FOs5M 0.2 0.1 0.1
27/10/2022| Feedgrain TW22-CZ-F05G 0.2 0.1 0.1
27/10/2022( Soil Extra TW22-CZ-F05S 2.1 1.49 0.61

Analysis of @bxin congeners

The figure shows the congeners foundhe chemical analysis of the eggs. A pattern of elevation of
those specific congeners related to (incomplete) combustion is present.

GCGMS concentration PCDD/ Feggs Pilsen Czech Rep. - 2021 -2022
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: |
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Analysis of bxin-like PCRdI-PCB

In 2022 levels oDL-PCBwere elevated at locations 5 and 6. AlthoulhPCBhave long been

banned, elevad levelcan be still found in eggSoil neasuremens (see page 14) show 0.61 pg
TCDD eq./g.

GCGMS concentration % dI-PCB eggs Pilsen Czech Rep. - 2021 -2022

Egg-05
2000 2021
e 2022
1000
- . I
P77 PCESL PGBI26  PBIGY ~ PMBIOS  P@EI4  PEIS  PBI23  PMBIS6  P@IS7  PEI67T  PBISY
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1500
o l
500
0 —_— --7_ _ _—-.—-
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P77 P81 P(B126 PB169 P@B105 PB114 PB118 P®B123 P(B156 P@157 PB167 PB189

Dioxin-like PCB bioassay and chemical analyses, eggs Pilsen - 2021 -2022

[DRCALUX_dI-PCB BEQ egg Pilsen, 7|
14 13.00
12
10
‘(_5' 10
8
E) 8 5.80
%‘ 6
D 2 ’ 0.54
S 0.10 010 0.10 041 015 0.10 -
. R = - ou o1 on 2% ml
EGA01 EGE02 EGQ03 EGGLO
m 2021 m2022
GCGMS dI-PCB TEQ eggs Pilsen
180 16.0
160
140
:C_Ei 120
D | 100
= | 80
@' 50 50
4014 12 10 1.0
. . . 06
2|2 0.0 0.0 - 0.0
3250 4290 3000 1780 4700 reference 3170 1630
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Analysis ofPFAS in eggs

In this biomonitoring research, TW analysed PFAS in eggs. PFAS can also be af phedweste
incinerator (seehe explanation in the first TW report in 2021 The PFAS chemical analysisL&C
MS) showddifferent PFA8ongeners in two eggs. PFOS and PrRoAanalysedh the locationwvest
of the incinerator, while GenX and 8:2 WE®e foundin the egg locatiom the ©uthwest

The FITQ4 bioassay for analysis of total PFAS toxicity demonstrates the huge gap between the current
chemical analysis of orfigur (4) regulated PFAS compounds versus the total toxicity of thousands of
other PFAS compounds, which could be present. Tdretdt isstrongly recommendethat bioassays

shouldalsobe included as standaid the (EU) regulateanonitoring of POPs from emission sources,
such as waste incinerators.

M https://zerowasteeurope.eu/library/thérue-toxictoll-biomonitoringof-incinerationremissions/
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