\J
TOXICO
WATCH

Biomonitoring research dioxins (PCDD/H?dIB), PFAS and PAH
in relation to waste incineration in
Kaunas, Madrid, and Pilsen

Dicwins, PFAs and PAH emissions in relation to waste incineration

Kaunas, Lithuania, 2022

Q’I'HETRUE
T TOXIC TOLL

Madrid, Spain, 2022

VI L] @

Pilsen, Czech Rep., 2022

December 2022



W

TOXICO
WATCH

Biomonitoring research dioxins (PCDD/HAdIB), PFAS and PAH
In relation towaste incineration in
Kaunas, Pilsen, and Madrid

Acknowledgements

Thanks to Zero Waste Europe for enabling research on persistent organic pollutants (POPS).

SEUROPE

AUTHORS: A. ARKENBOUT Head of research ToxicoWatch foundation
K.J.A.M. BOUMAN Research ToxicoWatch foundation

HARLINGEN, THE NETHERLANDS, TOXICOWATCH FOUNDATION, December 2022
PUBLICATION NUMBER: 2BZ2M3Cc
CLIENT: Zero Waste Europe

Disclaimer:

This biomonitoring research is performed by the ToxicowWatch foundation on behalf of Zero Waste Europe.
ToxicoWatch accepts no liability or responsibility whatsoever for any third party for any loss or damage arising
from any interpretation or use of theformation contained in this report, or reliance on any views expressed
therein.

Copyright © 2022 TOXICOWATCH FOUNDATION

This publication contains material written and produced for public distribution. Permission to copy or disseminate
all or part of tlis material is granted, provided that the copies are not made or distributed for commercial
advantage and that they are referenced by title with credit to Toxicowatch Foundation. ToxicoWatch
isaccreditedwith a Public Benefit Organisation (PBtajus.

Pt LIK2323INF LIK&E 3INI LKA FYyR dGlofSa INBE RSaaA3aIySR oé
[ AGKdzZE YA ST YU dzyi &S EBHdyoibikp CledhlRES Rilded yaliropatekHnutiDUHA)Nd
Madrid, Spain by Beatriz Martind€sc6logistas en Accjon

www.toxicowatch.org

Biomonitoring Kaunas, Madrid, Pilsen 2022


http://www.toxicowatch.org/

Table of contents

TABLE OF CONTEBITS
EXECUTIVE SUMMARDEDNITORING 2022
KAUNAS (LITHUANIAJADRID (SPAIN), PEIS (CZECH REP.)

KAUNASLITHUANIA BIOMONITORI RESULPH228
MADRIDSPAIN BIOMONITORINESRULT20229
PILSENCZECHRER, BIOMONITORING RES8232210

ANALYSES METHARS

BIOASSADRCALUXEL

CHEMICAL ANALYSHS
EUREGUATION OF DIOXINS BEBG$2
PAHCALUXE3
FITCT4BIOASSAN3

RESULTBIOMONITORING KAUNASTHUANIA 2025

ANALYSIS OF EGGS AEKYARD CHICKESBIS

RESULTS DIOXINSHRCALUXN EGGS BACKYARIC&EHAN 6
RESULTS OF DIOXINGESMSIN EGGS OF BACKYSRICKEN/
RESULTSEGGS CONGENER PAVSER

RESULTSPFASN EGGS OF BACKYSRECKEND

RESULTS DIOXINS INS®ES BY BIOASBYRCALUZXO
BIOASSAY VSHEMICAL ANALYSEMOI$SEAL

RESULTS DIOXIRCDD/FiL-PCB)N PINE NEEDIZS
RESULTSPAHS IN MOSSES AND RWEEDLEZ2

MADRID, SPAIN, 2022
BIOMONITORING RESEARCHI®RAD, SPAIN, 2022

ANALYSIS OF EGGS AEKYARD CHICKRHIS

ANALYSIS GH-ASN EGGS OF BACKYESRIECKERG

ANALYSIS OF PINE NEEDAND EVERGREERNERY

ANALYSIS OF NEEDLESVERGREEN TREESPRESSUS ARIZOR&A
ANALYSIS GFAHN PINE NEEDLES ANVIERGREEN TREES
ANALYSIS OF DIOX(REDD/F3L-PCB)N MOSSEXL

PILSEN, CZECH RERCE10233
33
BIOMONITORING RESEARPILSEN, CZECHURRERC, 20224

BIOASSAY ANALYSI®@KINS IN EGGS GERYARD CHICKBAIS
CHEMICAL ANALYSISDDBXINS IN EGBS
HIGH DIOXWCONTAMINATED EGG ADONS6
ANALYSIS OF FEED SQIB7

ANALYSIS OF DIOXINNGENERSY

ANALYSIS OF DIOXIKEPCBDL-PCBE38
ANALYSIS GHFASN EGG39

ANALYSIS OF MOSAEBS

ANALYSIS OF PINE NEEH?

ANALYSIS GHFASN MOSS AND PINE REE43
ANALYSIS GFAHN MOSS AND PINE REE43

Biomonitoring Kaunas, Madrid, Pilsen 2022



Abbreviation
APCD

BAT
BEP
BEQ
BMI
d-PCB
DR CALUX®
dw
EFSA
FITCT4
GCGMS
GenX
i-PCB
LB

LOD
LOQ
MB
MWI
nd-PCB

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

TOF
TW
TWI
uUB
>3
WLE

Meaning
Air Pollution Control Devices

Best Available Techniques

Best Environmental Practice

Biological Equivalents

Body Mass Index

DioxinLike Polychlorinated Biphenyls

Dioxin Responsive Chemigaitivated LUciferase gene eXpression
Dry Weight

European Food and Safety Authority

Fluorescein IsoThioCyanat& hyroxine (T4)

Gas Chromatography MaSpectrometry GMS

Group of fluorochemicals related to of hexafluoropropylene oxide dimer acid {B#PO
Indicator Polychlorinated Biphenyl

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

Limit ofQuantification

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

Non-Dioxin-Like Polychlorinated Biphenyl (NDioxirLike PCB)

Nanogram; 16 gram

Other Than Normal Operati@pnditions
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

Toxic Equivalents

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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Abbreviation Dioxins, furangPCDD/F) and dioxitike PCBs Toxic equivalency facto

Congeners

Dioxins (n=7)

TCDD 2,3,7,8Tetrachlorodibenzgp-dioxin 1
PCDD 1,2,3,7,8Pentachlorodibenzp-dioxin 1
HxCDD1 1,2,3,4,7,8Hexachlorodibenzp-dioxin 0.1
HxCDD2 1,2,3,6,7,8Hexachlorodibenzp-dioxin 0.1
HxCDD3 1,2,3,7,8,9Hexachlorodibenzp-dioxin 0.1
HpCDD 1,2,3,4,6,7,8Heptachlorodibenzgp-dioxin 0.01
OCDD Octachlorodibenzg-dioxin 0.000:
Furans (n=10)

TCDF 2,3,7,8Tetrachlorodibenzofuran 0.1
PCDF1 1,2,3,7,8Pentachlorodibenzofuran 0.03
PCDF2 2,3,4,7,8Pentachlorodibenzofuran 0.3
HxCDF1 1,2,3,4,7,8Hexachlorodibenzofuran 0.1
HxCDF2 1,2,3,6,7,8Hexachlorodibenzofuran 0.1
HxCDF3 1,2,3,7,8,9Hexachlorodibenzofuran 0.1
HxCDF4 2,3,4,6,7,8Hexachlorodibenzofuran 0.1
HPCDF1 1,2,3,4,6,7,8Heptachlorodibenzofuran 0.01
HPCDF2 1,2,3,4,7,8,Heptachlorodibenzofuran 0.01
OCDF Octachlorodibenzofuran 0.000:
Polychlorinated biphenyl (n=12)

PCB77 3,3',4,4*Tetrachlorobiphenyl (#77) 0.0001
PCB81 3,4,4' 5Tetrachlorobiphenyl (#81) 0.000:
PCB126 3,3',4,4' 5Pentachlorobiphenyl (#126) 0.1
PCB169 3,3',4,4',5,5'Hexachlorobiphenyl (#169) 0.03
PCB105 2,3,3',4,4‘Pentachlorobiphenyl (#105) 0.0000:
PCB114 2,3,4,4' 5Pentachlorobiphenyl (#114) 0.0000:¢
PCB118 2,3',4,4' 5Pentachlorobiphenyl (#118) 0.0000:
PCB123 2,3,4,4" 5Pentachlorobiphenyl (#123) 0.0000:
PCB156 2,3,3',4,4',5Hexachlorobiphenyl (#156) 0.0000:
PCB157 2,3,3',4,4" 5*Hexachlorobipheny{#157) 0.0000:
PCB167 2,3,4,4',5,5Hexachlorobiphenyl (#167) 0.0000:¢
PCB189 2,3,3',4,4'5,5Heptachlorobiphenyl (#189) 0.0000¢

Background information can be found in the TW Biomonitoring reports 2021 on
www.toxicowatch.org
www.zerowasteeurope.eu/library/thieue-toxictoll-biomonitoringof-incinerationemissions/
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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 summary biomonitoring 2022
Kaunas (Lithuania), Madrid (Spain), Pilsen (Czech Rep.)

ToxicoWatch biomonitoring research on eggs of backyard chickens, and vegetation like pine needles
and mossesashiomarkerds a Europearproject, coordinatedby ZeroWasteEurope.Theprojectruns
simultaneouslhyfor 2021 and 2022 in Lithuania, Spain, and the Czech Republic. ToxicoWatch (TW)
Foundation, based in the Netherlands,participatingas a scientific partner together with three
environmental organizations:for Spain,Ecologistas en Accidn Madrid, for Lithuania, ¢ A SRA Y T
Ekonomikaandfor the Czech RepublieinutiDUHA

The biomarkers were analysed on persistent organic pollutants (Rikedjpxins (PCDD/FHEICB),
Per and PolyFluoroAlkyl Substances (PFAS), and Polycyclic Aromatic Hydrocarbéisi¢Hae¢t)s of
this biomonitoring research is to analyse the deposition of POPs nearby three {¥ik¢iators UAB
Kauno CogeneratiolPower Plant(Kaunas, Lithuania)yaldemingbmez waste-energy (WtE)
incinerator(Madrid, SpaingndZEVO Chotik@ilsen, Czech Rep.).

The contamination does not only concern the eggs of backyard chickens. Also, in vegetation increased
amounts of hazalous persistent organic pollutants are found in the vicinity of the waste incinerators.
Summarising the results of 2022, the second year of biomonitoring, in Kaunas, Pilsen and Madrid:

1) Mosteggs of backyard chickens in the vicinity of the three (3) natore exceed EU limits for the
bioassay DR CALUX and the chemicMi&@&nalysis as regulated in the EU Regulation 2017/644.

2) Analysis of the vegetation, pine needles and mosses, shows dioxins in elevated concentrations in
the areas around the waste incia¢ors in all three (3) countries by bioassay DR CALUX.

3) High quantities of PFAS are found in mosses, pine needles and eggs of backyard chickens in all
three (3) areas around the waste incinerators by bioassaylBlT@&asurements.

4) High levels of PAH areuftd in mosses, and pine needles around all 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 not measure tthtal toxicity (of thousands of toxic
substances) like dioxins and diekke substances (PCDD/FRIB), PAH and PFAS. The DR CALUX
bioassay does measure the total toxicity of dioxins and dikérsubstances, while the chemical
analysis (G®S) is Hnited to only 17 congeners with the exclusion of i.e., brominated dioxins (PBDD/F).
The FITT 4 bioassay for analysis of total PFAS toxicity demonstrates the huge gap between the current
chemical analysis of only 4 regulated PFAS compounds versus thiexioiyl of thousands of other

PFAS compounds, which could be present. Therefore, it is highly recommendable that bioassays should
be included as standard as well in the regulated (EU) monitoring of POPs from emission sources, such
as waste incinerators.

The most polluted area in this biomonitoring research, is found to be in Madri/alemingdémez,

with one of the oldest waste incinerators in Europe. Recalling the Stockholm Convention on Persistent
Organic Pollutants to protect human health and thei@mment through measures which will reduce
and/or eliminate emissions and discharges of persistent organic pollutants.

1 The 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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Kaunas, Lithuania biomonitoring results 2022

The infographic show dioxin (PCDDAR@B), PFAS and PAH contaminatidherarea around the
waste incineratotJAB Kauno Cogeneration Power RIGNE).

Results biomonitoring - Kaunas, Lithuania 2022

TW Indicative scale for Eggs

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

Pine needles

> 500

>250

Dg TCDD eq./ g dry weight (dw)
>5.0

>2.0
10-20

Eggs
All backyardchickeneggsexceedthe EUlimit on the bioassayfor dioxins(PCDD/Fith

notably increasing levels of dioxins (PCDD/F) in locations nearby the incinerator. One
location with an exceptionabldagh levebf dI-PCB isound. Biomarkers of eggs, northeast

and west, show elevated levels of dioxins and dilkenPCB. PFAS is found in eggs with the
bioassay and with the limited chemical analysis, PFOS and ¢aercbe identified.

Mosses

High levels of dioxins and furans (PCDD/F) are measured in mosses in the direct environment
of the incinerator. The differencebetweenthe resultsof the bioassayand the chemical
analysigdicates the contribution of substances, novered by the limited GRS analyses

such adrominated dioxins or other mixed halogenated substariR&sins in mosses and

pine needles are elevated in the direct environment of the incinerator, northwest and west
oriented. In 2022 PAH is 20 times @ased in mosses northwest from the incinerator
Pineneedles

The bioassay DR CALUX analyses demonstrate a predominantly increase in dioxins (PCDD/F)
inthe vicinity of the waste incineratdn pine needles located east also PAH is detected.

Biomonitoring Kaunas, Madrid, Pilsen 2022



Madrid, Spain biomonitoring result2022

The infographic show dioxin (PCDDAR@B), PFAS and PAH contaminatitimeiareaaroundwaste
incineratorValdemingdmez.

QGonclusion biomonitoring Madrid ¢ 2022
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PAH CALUX
SeEe e SRt < ng BaPeq./g dw
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pg TCDD eq./ g dry weight (dw)
>5.0

>20
10-20
L »

Eggs

In the secondyear of this biomonitoringlevelsof dioxins(PCDD/F/dPCB)are elevated,
especially in dioxiike PCB (efPCB) activity. PFAS exceed the EFSA safety limit. The bioassay
for PFAS (FITT21) foundb00XPFAS activity in these eggs.

Mosses

The pattern of elevated dioxins (PCDDAP@B) in mossanost elevated 1502000 meter
southwest has beenfound again in this research. The highest values for dioxins ever
measured in TW European biomonitoring survey were measured in the nzoesesl
Valdemingdémez.

Pineneedles

Pine needles and foliage of evergreen trees surrounding tioe fef the site of the waste
incineratorare loadedwith the highestlevelsof dioxins(PCDD/F/dPCBevermeasuredn
TWhbiomonitoring research, mostly due to the dioxins and furans (PCDD/F) a typical
combustiorrelated emission value. A slight decressebserved near the incinerator and a
considerabléncrease of dioxins (PCDD/F) in pine needles at a distance e68000n. The
dioxins andlioxinlike PCB (PCDD/FRICB) belong again to the highest level found in pine
needles of thifW biomonitoringesearch, as was also the case in the first year in 2021 of
the start of thisbiomonitoringstudy.
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Pilsen, Czech Rep., biomonitoring results 2022

The infographic show dioxin (PCDDAR@B), PFAS and PAH contaminatitimeiareaaroundwaste
incineratorZEVO Chotikov.

Results biomonitoring - Pilsen, Czech Rep. 2022

TW Indicative scale for Eggs

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

Pine needles

> 500
> 250
> 100

TW Indicative scale for Non-food

pg TCDD eq./ g dry weight (dw)

Eggs

Analyses on locations within 308000 m show high levels of dioxins (PCDD/F), more than
three times the EU limit values for bioassay and chemical analyses. Dioxin congener patterns
are related to incomplete combustioA.remarkable increase of dioxike PCB (efPCB) in

eggs, while these substances have been banned for 40 years. WitT4FIT@h
concentrations of PFAS are found, with the chemical analysis PFOS aXdb&ag
identified.

Mosses

Dioxins (PCDD/F#&ICB)are found in elevated concentrations northwest of the waste
incinerator. Elevated levels of PFAS and PAH are found in mosses, 2000 m southwest, near the
city of Pilsen.

Pineneedles

Elevated levels of dioxins (PCDDAP@B) are found in pine needles hedst of the
incinerator. PFAS is found near the incinerator and 2000 m east near the city of Pilsen in pine
needles.
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Analyses methods

Bioassay DR CALUX®

The bioassapR CALUX® (Dioxin Responsive Chemical Activated LUciferase gene eXgprassion)
bioanalytical screening methtadsed for quantification of dioxins/furans (PCDD/F) and diikeilPCBs

(dI-PCBs). The results in this research with DR CALUX® for analyses on dioxins {PCB$§)/6vdéggs

are expressed iBioassay Equivalent, Bfg BEQ/g faf) ¢ K SBEBS NWa d&dza SR F2NJ F22R
distinguish between thEEQToxic Equivalence) derived from chemical analyses (Gas Chromategraphy
Mass Spectrometry G@S, pg TEQ/g fat). For nfood biomatrices like mosses or pine needles, the

results with the DR CALUX will be express€€DD eq./groductor abbreviated apg TEQ/g product

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

The relevant EU legislation are:

- Commission Regulatio&() 2017/644 of 5 April 20£7ays down methods of sampling and analysis
for the control of levels of dioxins, diodike PCBs and natioxinlike PCBs in certain foodstuffs.

- Commission RegulatigkU)1881/2008 sets maximum levels for certain contamirsatg. dioxins
(PCDD/F/dPCB)n foodstuffs.

- Commission Recommendation (2013/711/E8on the reduction of the presence of dioxins, furans
and PCBs in feed and fosets out action leveisfor dioxins, furans, and dioxin like PCBs. If the bioassay
analysis exceeds 1.75 pg BEfatgor PCDD/BEnd/or 3.3 pg BEQ/@gt for the sum of PCDD/F&ICB,

a confirmatory G®IS analysis of the hen egg sample is recommended to establish the results...

Chemical analyses

The maximum permitted levels of contaminants in hen eggs using chemical analysed®fa@&C
expressed as pg TEQ/g. The analysis is done on 7 dioxins (PCDDs), 10 furans (PCDFs), dikd 12 dioxin
polychlorinated biphenyls (f1ICBs). The concentration ués of the chemical analyses of dioxins
(PCDD/F/dPCBSs) will be calculated with a specific Toxic Equivalency Factor (TEF) towards a TEQ value
(see page 4 Abbreviation and TEF for dioxins, aR€EE). Thmaximum limit valuéor dioxins in eggs

is 2.5 @ TEQ/g fat for PCDD/F and for the sum of dioxins and-tliexirRCBs (PCDD/FRICBs), the

limit is set at 5 pg TEQ/gram fat. When exceeding thedd &linit values, hen eggs are not allowed

to be placed on the commercial market (see Figures 5 and 6).

2013/711/EUincludes theaction levels G@ISfor both dioxins (PCDD/F) and dielitke PCBs (df*CBs)

in chicken eggs set at 1.75 pg TEQ/g fat,Fsgere5. These action levels are a tool for competent
authorities and operators to highlight cases wherdsi appropriate to identify the source of
contamination and to take measures for its reduction or elimination.

Chemical analyses on PFAS are performed witieMS on 24 PFAS substances by Normed, Rotterdam
NL.

2U0A2FYIFE@GAOlIE YSUK2RAQ YSIhya YSiGK2Ra -linsed &faysreteplassadys dzaS 2 F
or immunoassays.

3 https://eur-lex.europa.euégatcontent/en/ALL/?uri=CELEX:32017R0644

4 https://eur-lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:02006 RAGR10919&from=EN

5 https://eur-lex.europa.eu/legadontent/EN/TXT/PDF/?uri=CELEX:32014R0709&from=EN

6W!I OGAzy tS@StQ YStya G(KS tS@St 2F || 3IAQPSYy adznadlyOSs Fa f|
triggers investigations to identify the source of thaistance in cases where increased levels of the substance are detected

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

The figires below are an explanation of the bioassay (DR CALUX)) and the cheiMiSz@G/ses on
dioxins (PCDD/FHHACB) related to the EU regulation of dioxins on eggs.

EU regulations for dioxins (PCDD/F/dI-PCB)

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

©®

Chlerine can be
substituted by an
other halogen
T - -
@ EU regulation Eggs
EU regulations GC-MS pg TEQ/g fat
only for PCDD/F in Action limit PchD/F [21.75pg| I
emissions EU regulation Eggs EU regulation Eggs
GC-MS pg TEQ/q fat N Rl Q/lg f:;
Limit PCDD/F Action limit dI-PcB | 21.75 pg
EU regulations
only on Chlorinated EU regulation Eggs
Persistent Organic GC-MS pg TEQ/g fat
@
Pollutants (POP) e el >5.0 pg | ™
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