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Abbreviations

Abbreviation
APCD

BAT

BEP

BEQ

BMI

dl-PCB

DR CALUX®

dw
EFSA

FITCF4
GCMS
GenX
i-PCB

LB
LOD
LOQ
MB
MWI
ndl-PCB

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

TOF

T™W
TWI
UB

WLE

Meaning

Air Pollution Control Devices

Best Available Techniques

Best Environmental Practice

Biological Equivalents

Body Mass Index

Dioxin-Like Polychlorinated Biphenyls

Dioxin Responsive Chemical-Activated LUciferase gene eXpression
Dry Weight

European Food and Safety Authority

Fluorescein IsoThioCyanate L-Thyroxine (T4)

Gas Chromatography Mass SpectrometryN&E-

Group of fluorochemicals related to of hexafluoropropylene oxide dimer acied@Q-PA)
Indicator Polychlorinated 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 (Non-Dioxin-Like PCB)

Nanogram; 1@ gram

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

Per- and PolyFluoroAlkyl Substances
Picogram; 182 gram

Persistent Organic Pollutants
Relative Potency Factors

Dutch Accreditation Council
Substances of Very High Concern
Solid Waste Incineration
2,3,7,8-tetrachloordibenz@-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 limiesalu
Microgram 1€ gram

Waste to Energy (waste incinerator)
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Abbreviation | Dioxins, furans (PCDD/F) and dioxin-like PC| Toxic equivalency factor

Congeners =
Dioxins (n=7)
TCDD 2,3,7,8-Tetrachlorodibenzo-p-dioxin
PCDD 1,2,3,7,8-Pentachlorodibenzo-p-dioxin

HxCDD1 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
HxCDD2 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
HxCDD3 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin

HpCDD 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin
OCDD Octachlorodibenzo-p-dioxin

Furans (n=10)

TCDF 2,3,7,8-Tetrachlorodibenzofuran

PCDF1 1,2,3,7,8-Pentachlorodibenzofuran
PCDF2 2,3,4,7,8-Pentachlorodibenzofuran
HxCDF1 1,2,3,4,7,8-Hexachlorodibenzofuran
HxXCDF2 1,2,3,6,7,8-Hexachlorodibenzofuran
HxCDF3 1,2,3,7,8,9-Hexachlorodibenzofuran
HxCDF4 2,3,4,6,7,8-Hexachlorodibenzofuran

HPCDF1 1,2,3,4,6,7,8-Heptachlorodibenzofuran
HPCDF2 1,2,3,4,7,8,9-Heptachlorodibenzofuran

OCDF Octachlorodibenzofuran
Polychlorinated biphenyl (n=12)

PCB77 3,3',4,4'-Tetrachlorobiphenyl (#77)
PCB81 3,4,4' 5-Tetrachlorobiphenyl (#81)
PCB126 3,3',4,4',5-Pentachlorobiphenyl (#126)
PCB169 3,3,4,4',5,5'-Hexachlorobiphenyl (#169)
PCB105 2,3,3',4,4'-Pentachlorobiphenyl (#105)
PCB114 2,3,4,4' 5-Pentachlorobiphenyl (#114)
PCB118 2,3',4,4' 5-Pentachlorobiphenyl (#118)
PCB123 2,3,4,4' 5-Pentachlorobiphenyl (#123)
PCB156 2,3,3',4,4' 5-Hexachlorobiphenyl (#156)
PCB157 2,3,3',4,4' 5'-Hexachlorobiphenyl (#157)
PCB167 2,3',4,4'5,5'-Hexachlorobiphenyl (#167)
PCB189 2,3,3,4,4'5,5'-Heptachlorobiphenyl (#189)
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0,1
0,1
0,1
0,01
0,000z

0,1
0,03
0,3
0,1
0,1
0,1
0,1
0,01
0,01
0,000¢

0,0001
0,000¢
0,1
0,03
0,0000¢
0,0000¢
0,0000¢
0,0000¢
0,0000¢
0,0000¢
0,0000¢
0,0000¢
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Keyresults

x DR CALUX analyses show high dioxin levels in 83% of eggs from backyard chickens.
x Chemical GC-MS analyses confirm breaches of EU limits for safe egg consumption

X High amounts of dioxins are found in pine needles and mosses in théyafithe
incinerator.

X The results of the analyses of dioxins in both eggs and vegetation are, agctardin
ToxicoWatch biomonitoring studies, among the highest values found opEur
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Introduction

dZ Ju%o A£]5C }(8Z Z u] o }vs vE }( &)} Cle ZWEZ}osev ¥ peds@]

for turning modern waste into energy in (WtE) waste incinerators. Even with the applicdtite
most developed air pollution control devices (APCD), it is stilige challenge to eliminate the
multitude of persistent organic pollutants (POPS) in waste incineratoruesiand flue gases. The
dynamics of combustion processes and the inevitable emissions of toxic substanoey difigh
concern (SVHC) into the environment is the main topic of ongoing research worldwidenEken i
most remote areas of the world, such as the Arctic (marine environment), toxic chemicals ade foun
which have been transported huge distances from industry in other parts of the wexdduBe of the
transboundary behavior of persistent organic pollutants, international treaties are required to
regulate, mitigate or even eliminate toxic chemical emissions. Loopholeg»gtl in national and
international regulations, resulting in an underestimated registration of POPs

Mandatory measurements take place twice a year during periods of 6 toudshaccording to
European legislation (Directive 2010/75/EU) on emissiohsvaste incinerators. The maximum
emission limit is 0,1 ng TEQ/nm3 for PCDD/F and it is the avefageampling period of a

minimum of 6 and a maximum of 8 hours. This regulation is based on chemical analysiysacieay
chlorinated dioxins and furans, while many other persistent organic pollutants (POPs) remain outside
the scope, such as dI-PCBs, brominated dioxins and perfluoroalkyl codgpdiFAS). The
measurements in the chimney of waste incinerators are pre-announced and are ordynpedfunder
optimal operating conditions. The explicit exclusion of OTNOC means thesatiegs hardly can
reduce the emission of dioxins into the environment.

The limitations of the chemical GC-MS analyses could be overcome with the applafatioassays
for measuring POPs even in the flue gases of an incinerator. Continuouwrimgnof dioxins and
other substances of very high concern in the chimney gives a far more accurate picture of thieremis
from combustion, especially when it is measured in the event of incomplete combuasoin
exceptional operating conditions such as shutdown or stigrt-

All over the world, there is growing public awareness and concern over the poteitigltyeffects of
POPs on human health and the environment. In particular, people livingvesie incinerators need
to be reassured about their health risks, short- and long-term exposure to incineratimsions, the
safety of such combustion facilities, and compliance with regulation®t only under normal
conditions, but also in other than normal operating conditions (OTNOC),asushut-downs, start-
ups, and failures.

ToxicoWatch (TW) aims to function as a bridge between people, science, and govermnesnit
comes to dioxins, POPs, and waste incineration. TW performs research ors digtkira focus on a
possible sources like waste incineration emissions by carefully selectigiier samples in an area.
A sampling with focused matrices like distance, sample location and coll@dongation about the
research area needs to be performed according to the theory of sampling (TilD&ferences in the
interest of the research. The biomatrices for this study are primarily backyard cheggm pine
needles, and mosses. The chemical analyses are expanded with innovative bioasss&igate a
broader spectrum of POPs such as dioxin-like PCBs, other (mixed) halogenated dioxnsnBAH
PFAS.
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WItE Waste incineratotvry / Paris XIl|

The Ivry or Ivry / Paris Xlll incinerator is owned by the Syctom (agence métropolitaidéathess
ménagers, the Tlele-France metropolitan agency for household waste, located partly on the territory
of the 13th arrondissement of Paris and in the municipality of IvrySgine. It is bordered by the
railway line of the Paris-Austerlitz station, rue Francois-Mitterrand, and ruwtorviugo. An
administrative entrance is on rue Bruneseau. Built in 1969, subsequembiglernized in 1995 and
2005, and nowadays 2021 the largest waste incinerator in Europe. IvrydRarsslocated in a densely
populated area in the capital city of France, Paris. Since the end of 2018, the entire sitel&i@one
renovation work scheduled until 2023. The centre is managed by Syctom and opeyatteel Buez
company.

With an authorized treatment capacity of 700,000 t / year, Ivry-Paris Xlll is the largessettbr
treatment center in the region of Paris and the largest waste incinerator in Europe. It recesichsat
household waste from more than 14 municipalities in and around Pahie heat produced by
incineration is mainly used in the local urban heating network (owned by ehep&gnie Parisienne
du Chauffage Urbain - CPCU).

& The Ivry incinerator burns 100
tonnes of waste per hour by
installing innovative technologies
in the waste treatment sector. Ivry-
Paris XIII thus has a reception pit of
9,000 nf¥, equipped with two
overhead cranes with grapples,
two groups of furnace-boilers with
a capacity of 50 tons/hour, in which
waste is incinerated at a
temperature of 900°C.

Figure 1: lvry / Paris XIIl incinerator Paris (Google Earth)

The current plant is now reaching the end of its, igiure 1. Its operating life, around 40 years, cannot
be extended beyond 2023. The aim is to transform the current, ageing center intoesoftie-art
facility. By 2023, the existing incinerator will be replaced by a new incineratoaveapacity reduced
by half: 350,000 t / year against 700,000 t / year currently. This un@ty whose commissioning is
scheduled for 2023, the expected end of operation date for the current equipmehtjilison land
adjacent to the current incinerator, which remains in operation until receipt of the new one.
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Wind direction and depositions

The annual average wind direction in Paris is
shown inFigure 2. This can be used as a model
to predict possible depositions by the
incinerator. The dominant wind direction is

NE
X mainly South-West. The use of a wind rose for
modelling deposition emissions from
. incineration processes is limited. Figi&shows

NW

on the left the dominant wind direction in
Harlingen, the Netherlands (NL), South-West
wind from the North Sea. On Octobet 2015,
a major malfunction occurred at the WIE waste
SE incineration plant, which was accompanied by
prolonged emissions of black clouds that blew
s (North-East) in the direction of the UNESCO
Figure 2 Wind rose of Paris, France Wadden Sea on that particular day, Figure 3b
The city and region of Harlingen (NL) escaped
being hit by an enormous toxic cloud of dioxins. This examplecafamity in a waste incineration
processillustrate $Z o]Ju]3 $]}ve }( ueJvP vvp o A E P Alv JEEE&F]v "o ( 3¢
the load of emission depositions. Dense clouds of emission-loaded dust camilaodcur during
OTNOC situations like failures, shutdowns, and start-ups. TW research has proven thaa ifeyust
hours (during an incident, for instance), the amount of dioxins escaping fronm¢heerator can be
much higher than the theorical amount calculated by the regulatory 12 hours (Zoufs/year,
preannounced) measurement during normal operating conditions based on reasiemidata and
not by providedre-calculated information data. Assuming the emission of dioxins is antisaed
process, calculation with average wind direction and speed is of little impor@mt@rge emissions
can occur in a very short time frame. Figure 3c shows dioxin-contaminated egge/fresearch
around the WLE waste incinerator in Harlingen (NL).

N

Wind direction is an indication, but the deposition of emissions déarccompletely when OTNOC
and other parameters like coastline fumigation along seashores, or mountain ridgeskeys are
included, as they should be. In a very short time, in a few hours or even in a fetesjiagtremely
polluted POP clouds of loaded dust can be emitted in whichever wradtidin is dominant at that
moment. This relativizes the use of average dominant wind directions in calcufatidals for POP
emissions

- . < | UNESCO Waddensea | ... @

(((((((((((((

Figure 3: Wind rose Harlingen (a), dioxin cloud during calamity, 2045 contaminated eggs Harlingen (c)

1 https://world-weather.info/archive/france/paris/
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Dioxins

Dioxins and furans are classified as highly toxic chemicals that have a serious effect on human health
causing cancer, diabetes, neurotoxicity, immunotoxicity, and chloracne. The amigsilioxins by
incinerators was discovered in 1977 in the Netherl&gnddthough dioxins also can be formed by
volcanic eruptions, forest fires, or other natural events, anthropogenic emissions @mech more
common source of dioxins. Major sources of atmospheric dioxins (PCDDZkg)eirstationary
emissions, especially from various types of incinerators, includingndacy aluminum smelters,
sinter plants, small-scale municipal solid waste incinerators (MSWI), medical waste iacgiera
(MWI), electric-arc furnaces, industrial waste incinerators, cement kilns, and crematoria. At the
Stockholm Convention in 2004, 184 nations agreed to do their utmost to reducentissions of
dioxins and other unintentionally produced organic pollutants. To achievedakof the Convention,
Parties are required to implement the Best Available Techniques (BAT) and applBett
Environmental Practices (BEP)

dz § EBu Z J}AE]Jv] & ( E- S} SZE PE}u%oe }( «p-didxms, (RCDBs)0C Zo} E
polychlorinated dibenzofurans (PCDFs), and dioxin-like polychlorinated biphenyls (dI-PCBsy Fig
provides a schematic view where the black balls represent carbon atoms, thexygdrg and the
orange chlorine atoms (these can be substituted by other halogenated elementdyrbkane,
fluorine and iodine to form dioxins). The possible combinations with ecfdaatoms (congeners) are
75 for dioxins (PCDDs), 135 for furans (PCDFs), and 217 PCBs congeners. Ofotfirstedchl
congeners, 29 are found to be toxic and therefore regulated in EU; 7 PCOBSDES, and 12 dI-PCBs.
Only chlorinateddioxins and furans (PCDD/F) are reguldigdEUfor emissions of persistent organic
pollutants (POPs) from waste incinerators. Dioxin-like polychlorinated biphebgdminated and
mixed halogenated dioxins, all substances with dioxin-like properties, are (still) noateyith the
EU.

GC-MS chlorinated dioxins (PCDD/F/dI-PCB)

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

‘Congeners of chlorinated compounds (chemical GC-MS analysis)

Diowins, furans (PO} s dioxin-lls PORs Furans  (n=10) Polychlorinated biphenyd {n=12)

[ | | 23,75 Twrachkarodibenzofuran 01| |pcEr? 3,344 Tetrachiorobipheey (¥77) 0,0001

PCOFL 1,237 B-Perachlarodibere ofuran 003 POBEL 344" 5-Tetrachio robiphery! (W81} 0.0003

TCeg 23,74 Tetrach lorodtbenzo-p-dioxin 1 PCOF2 33,47 2 Permachlarodibena ofuran 03| |poEize 3,3',4,4' 5-Pantachiorobipkeeyd [£126) o1

ik 1,2,5,7 8-Pantahir odbanzop-dicdn ’ HWCDF1 1.2,3,4,7,8 Hawachinrodbonzoduran 01| |pcaiss 3,344 55" Hawachlarohipheenyl i£163) :E]

:El 1;;: :;::m:::::::::: :; HxCDF2 1.3,35,7 B-Hense hloetcil o zodur ey 01| |pcetos 2,33 4 4" Pentachioro biphenyd [F105] 000003

Siaiiics : H=CDF3 1,2,3,7 2 8-Hewachloradbon sofuras 01 PCH114 2,344 5 Pantachiorobiphary @114} 000003

HECERY, 1'2'?','?'P'Hewwmmwnm,h = L HeCDFa 2,3,4,5,T B-Hanachloradbon ofuran 01 FCA1LE 2,3 A4 5-Pantackborobipkaeyl [ £118) 0,00003
HpCDD 1,2,54,6.7,B-Hogtach kor oo o-p-diasin 001

] Ortocriorndibencos- s Bo003 HPEDEFL 12,3457 8-Heptachlor oot 01 PrE123 2344 5 Pentachiomobiphery] #123} 00003

HPODF2 12.34,7,8,9- Hentachlorodibenzofuran ool PLELSE 233 A4 5 Hesachlorobiphenyd (H156] 000003

ocoF Ortachioradibanzaburan 00003 |PoBis? 233 445 Hasachisrobiphenyl #157) 0,00003

PLEIGT 234455 Hexachlorobipheryd (#167) 000003

PLE1BY 23,3 445 5" Heptachiorobiphery (#180] 000003

Figure 4: Schematic overview dioxins (PCDD/F/dI-PCB © ToxicoWatch

20lie K., Vermeulen P.L., Hutzinger O. (1977). Chemosphere 8, ptb855 -
3 Guidelines on Best Available Techniques and Provisional Guidance anvBestriental Practices relevant to Article 5
and Annex C of the Stockholm Convention on Persistent Organic Pollutants (2008). St@dkhantion on Persistent
Organic Pollutants.
4 C. Budin et al. (2020). Chemosphere 251, 126579
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The EU sets limits of 2.5 pg TEQ/qg fat for dioxins (PCDD/F) and offQfugfat for the sum of dioxin
(PCDD/F/dI-PCB) for eggs. An EU action limitis set on 1.75 pg TEQ/§GDR'F and dI-PCB in eggs,
seeFgure 5. For bioassay DR CALUX the EU limits are 1.7 pg BEQ/g fédegmshs (PCDD/F) and
3.3. pg BEQ/g fat (eggs) for the sum of dioxins (PCDD/F/dI-PCBijses.

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

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

Chlorine can be

substituted by an I e 5 e S O G =
other halogen ¥ B E -
e EU regulation Eggs
EU regUlations S GC-MS pg TEQ/g fat
anly fer PCDD/F in Actln mk PCDO 21758
Gilae EU regulation Eggs EU regulation Eggs
GC-MS pg TEQ/g fat : E_C-HSM TEQTQ f::?s
Limit PCDOYF Action limit dl-PCB = PE
EU regulations
only an Chlorinated EU regulation Eggs
Persistent Organic GCMS pg TEQ/G for
Pollutants (POP) ETTT—— (o

Figure 5: EU regulations for dioxins (PCDD/F/dI-PCB), ©ToxicoWatch
Figure 6 displays the difference between the chemical analysis with GC-MS andadksapi DR

CALUX. GC-MS analyse specific compounds, while DR CALUX measures the total toxic effect of a
mixture of dioxin-like activity.

Chemical analysis (GC-MS) vs Bioassay (CALUX)
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PXDD di-PXB
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Figure 6: Chemical GC-MS analysis of dioxins (PCDD/F/dI-PCB) vs bioassay DR CAh&lysEs, ©ToxicoWatch
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Emissions of waste incineration

In this biomonitoring research the focus will be on persistent orgpailutants (POPSs) like
PCDD/F, PXDD/F, PAH and PFAS. See red clouds in Figure 7. A centrairmjinestiesearch

is whether waste incineration is a solution for waste disposal andggneroduction, when
there is an unintentionally production and emissions of POPs, such assd{BxiD/F/dI-
PCB). Figuré shows the quantities of emissions per 100,000 tons of waste. This figure, is
made up the configuration of the WtE waste incinerator REC in HarlitigeiNetherlands

with the specific configuration of Air Pollution Control Devices (APCD) pauifis waste
input. A big difference in volume of mega-tonnage> @@l the relative tiny amount of the
extreme toxic of dioxins, expressed in milligrams

Although this research is mainly focus on the emissions of substances Wwiain,is only a
small amount of the toxic substances, the main output are the incinen&sidues, like fly
and bottom ash. The processing, storage and sustainable application of toxieraticn
residues is an environmental risk=or more sustainability and a healthy environment the
focus need to be on more recycling of waste materials. Important in thigegty the
production of non-toxic material in order to prevent (unknown) toxicyang and with that

to prevent a possible toxic greenwashed recycling waste tsunami in thieefu

What are the real emissions & residues of a modern waste (WtE) incineration plant ?

Does the emissions of waste incineration comply
with EU emission standard ?

C Harlingen, TW 2019

metals
600 kg

41500t

Sludges 5 880 m® T Al ik

Waste input Bottom ash Other hazardous
100 000 t 30240t 6t -
2

chemicals 2910t =

Figure 7: What are the real emissions of WtE incinerati@n?Pw

5 ToxicoWatch (2020). The hidden impacts of incineration residues, Zere Elaspe
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Polychlorinated biphenyl (PCB)

Polychlorinated biphenyls (PCBs) are chemicals that were widely used in ialdustcesses from the

1930s until the late 1970s. PCBs were used extensively in many industrial applicatiatng fire-
resistant transformers and insulating condensers. The substances were used as heat exchanger fluids,
and in aluminum, copper, iron, and steel manufacturing processing. PCBs wereisald as
plasticizers, in natural and synthetic rubber products, as adhesives, insulating nsatéaaie
retardant, lubricants in the treatment of wood, clothes, paper, and asbestos, chemical stabilizers
paints, pigments, and as dispersing agents in formulations of aluminum oxide. P@Bzsdded in

small quantities to inks, plastics, paints, sealants, adhesives, and dye solvents folesslpaper.
Although their production ended in 1979, huge amounts of PCBs are still in the envirénment

From a toxicological point of view, there is a significant difference between dioxin-like PCBsand n
dioxin-like PCBs. Polychlorinated biphenyl congeners without chlorines iorthe positions are

00 " }%o0 v E_ He 3Z 3A} %Z vCo E]JvPe v eepg@ il %o v E 3

congeners (non-ortho or mono-ortho chlorine substituted) with at least fdiorine substituents
easily adopt a coplanar structure with toxicological properties similar to 2,3,7,8-Tetradldenzo-
p-dioxin (TCDD), see Fig@eThis subgroup is termed dioxin-like PCBs (dI-PCBs) and are referred to
as the 12 dioxin-like PCBs, see also Figure 5, 6. Due to their lippphilerties and poor degradation,
PCDD/Fs and dI-PCBs accumulate in the food chain and are persistent in thereaemitd®revention

or reduction of human exposure is best performed by souficeeted measures, i.e., strict control of
industrial processes to reduce the formation of dioxins. The greatest uncertainty Wi @d
incinerator emissions lies in the composition of waste content and the distoibati PCB between air

and waste. In a TW research conducted in the Netherlands, 10 % of the emissions in flue gases of the
chimney of an incinerator were found to be dioxin-like PCBswever, in biomatrices around the
incinerator, including eggs, milk and vegetation, the contribution of the GEIRPCB is often more

than 50%. More research is needed to confirm a direct relation to the emission® fa waste
incinerator. PCB 126 was particularly dominant in all biomatrix samples.
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Figure 8:dioxin-like PCB (dI-PCB) congeners

O/

6 Petrlk J., Arkenbout A. (2019) Dioxinghe old dirty (dozen) guys are still with us
www.researchgate.net/publication/332877688

7 Toxicowatch (November 2018). Hidden Emissions: A story from the Netherlaads,siudy, Zero Waste Europe,
https://zerowasteeurope.eu/wp-content/uploads/2018/11/NetherlandsCS-FNL.pdf

8 Arkenbout A, Esbensen K H. (2017) Sampling, monitoring and source trackmdnsf iDithe environment of an
incinerator in the Netherlands, Proceedings Eighth World Conference On SamgIBigrding / Perth
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Polycyclic aromatic hydrocarbon (PAH)

Polycyclic aromatic hydrocarbon (PAH) represent a class of ubiquitocslyring environmental
compounds that are implicated in a wide range of toxicological effects.cldss of compounds is
known by their carcinogenic, mutagenic, and teratogenic properties. PAH leads to thlegtaent

of a variety of disorders affecting all body systems as well as cadsmgancer and other skin
diseases in animals and humans.

The PAHs with more than four (4) benzene rings have the most carcinogenic activitis. &bAdito

reduce the effectiveness of measles vaccination through immunotoxicity to innateadagtive
immune celld Routine measurement of PAH contamination generally involves chemical analytical
analysis of a selected group of representatives. The United States Environmental Prodegiary

(EPA) and the European Commission (EU) classify 16 PAHs as priority pollutants :(EPA-16)
naphthalene, acenaphthylene, acenaphthene, fluorene, anthracene, phenanthrene, fluoranthene,
pyrene, chrysene, benz[a]anthracene, benzo[b]fluoranthene, benzolk]fluoranthene, benzo[a]pyrene
(B[a]P), indeno[1,2,3-c,d]pyrene, benzo[g,h,ijperylene, and dibenz[a,h]anthracene, see ®igure
However, this will result in an underestimation of the PAH in a safhpléHs form a very large group

of several tens of thousands (>10.000) of compounds when taking into accounttédohiag with
halogens, hydroxyl or when a nitrogen atom can be in the place of a carboniatitra ring. In this
research a bioassay (PAH CALUX) analysis method is used to measure the total toxic effect of all toxic
PAH in a sample. When measuring with a chemical (GC-MS) analysis on a purenstmipiewn

PAH individual congeners, like benzo[a]pyrene, the results with a bioassay (PAH CAMSIX) arel

the same in measured values if the Relative Potency Factor (RPF) are taken into account. In
environmental samples, like in this research, high levels of PAH are found, becauseassay
measures the total toxic effect of all present PAH in the sample. The results of a PAH Galy4iX an

will be expressed in equivalent benzo[a]pyrene, a class 1B carcinogen.
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Figure 9: Molecular structures of the most common PAHs (Hussain 20

9 Ruri Vivian Nilamsari et al. 2020. Polycyclic Aromatic HydrocarbonsRBdiites the Effectiveness of Measles Vaccination Through
Immunotoxicity to Innate and Adaptive Immune Cells. Research J. Pharm. and Tech. 20263 12R%-6131.

10 Andersson J.T., Achten C. (2015). Time to Say Goodbye to the 16 EPA PAHs? Tdpvarate Use of PACs for Environmental
Purposes - Polycyclic Aromatic Compounds, 35t330
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PFAS

Per- and PolyFluoroAlkyl Substances (PFAS) are a class of man-made chemicalédeitarage of
industrial and commercial applications, which has resulted in their ubiquitous presanthe
environment. The consolidated PFAS list of EPA contains 6330 PFAS CASstmees, of which
5264 are represented with a defined chemical structure resulting in increasingly complexes
entering the environment. PFAS possess thermal, chemical, and biological stability, nowdbitiy,
and surface-active properties. Their high applicability combined with chemical stéaifitied to an
inevitable accumulation of PFASs in the environment and as a result to their detdaotion
environmental matrices (air, sewage, rivers, and dust) in food products angémbeging, in drinking
water, and also in human samples (breast milk, blood) PFAS are associated with hdusaaehealth
effects on thyroid function, metabolism (including overweight/obesitigbetes, insulin resistance,
and high cholesterol, foetal development, and the immune esyét. The risk of immunotoxicity for
humans and wildlife cannot be discountéd

o8, 00

FFRFRF O

F
3 PRODUCT OH
MANUFACTURING F FF FF FF F

PFAS
PRODUCTION q;

-my% A "" cee

] .@L &
. e e ‘ " u - -
,“\.‘T ﬁ “ e
P N
WASTE Qe u-u PRODUCT
MANAGEMENT USE
0L 000

Ar Sol  Water Worker Consumer Biota

Figure 10: Overview figure of EU Commission Staff Working document on PFAS, October, 2C

According to the EU Commission Staff Working Document on Poly- and perflybra#bstances
(PFAS), October 2020, SWD(2020) 249 final, see Figur& 1cent opinion from the European Food
Safety Agency (EFSA) concluded that both PFOS and PFOA are associated with médodgd a
response to vaccinatiorPFOS also causes a reduced resistance to infecE&$A concluded that
parts of the European population exceeds the tolerable weekly intake (TWI) from féodrd®FAS®

However, analysis techniques for PFAS are only available for a limited numifeh®fsBbstances.
Chemical (GC-MS) analysis are not capable to detect the currently known > 8000 PleA&rsong
Some substances are known to be present, these are called known unknowns, the substances that are
not known to be present are called the unknown unknowns.

11Young, A.S. et al.,( 2021). Env. Health Perspect. 129 (4), 047010-1 to 03.7010-
12 Corsini, E., et al. (2014). Perfluorinated compounds: Emerging POPs witiiapwtenunotoxicity. Toxicol. Lett.
13 https://ec.europa.eu/environment/pdf/chemicals/2020/10/SWD_PFAS.pdf
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It is a struggle for quality for laboratories to produce consistent datBRAS analysis. Laboratories
may suffer from multiple difficulties, which hinder clear identification of the error sourcedatkef
analytical standards, the distinctive physical-chemical properties of the PFCs, and matrix effects, at
every step of the analysis from sampling to detection is a common prhlerherefore, in this
biomonitoring study, a different analysis methodology is chosen to measure th& HFAhe
biomarkers around a waste incinerator.

The used analysis method in this research is based on the competition betweeidthgrmone (T4)
and PFAS for T4-binding site on the blood-protein transthyretin (TTRan&hessis methods are the
bioassays FITGtand PFAS CALUX. Redative Potency Factor (RPBy 12 different PFAS congeners
are expressed in PFOA equivalency (Table 1, ZeilmakePRGke Table 1.

Overview of PFAS exposure pathways to the human population and the eneinbnsse Figure 11
(Sunderland et al. 2019j. PFAS are man-made substances that do not naturally occur in the
environment. Examples of PFAS are GenX, PFOA perfluoro octanoic acid and PFOS pexfieioroo
sulfonates. PFASs are used in many products. As a result, and due to emissionglantsjtioese
substances have ended up in the environment and are now found in, among othes,tIsiif
dredging spoil and surface wate.

Congener RPF
Perfluorobutanesulfonate (PFBS, C4) 0.001
Perfluorohexanesulfonate (PFHxS, C6) 0.6
Perfluorooctanesulfonate (PFOS, C8) 2

| Perfluorobutanoic acid (PFBA, C4) 0.05
Perfluoropentanoic acid (PFHxA, C6) 0.01
Perfluorooctanoic acid (PFOA, C8) 1
Perfluorononaoic acid (PFNA, C9) 10
Perfluoroundecanoic acid (PFUnDA, C11) 4
Perfluorododecanoic acid (PFDoDA, C12) 3

| Perfluorotetradecanoic acid (PFTeDA, C14) 0.3
Perfluorohexadecanoic acid (PFHxDA, C16) 0.02
Perfluorooctadecanoic acid (PFODA, C18) 0.02

Table 1: Relative Potency Factor (RPF) for 12 PFAS expressed in PFOA legaivéRIVM, Zeilmaker 2018)

Consumer Products
Human _Exposure
—_— | oy
5??"/:3 i, TG

Transfer to Infants
* Breast milk
+ Cord blood

Environment

Figure 11: Overview of PFAS exposure pathways to the human population andvirenerent (Sunderland et al. 2019

14Van Leeuwen SPJ, Karrman A, Van Bavel B, De Boer J and Lind2@8®.Struggle for quality in determination of
perfluorinated contaminants in environmental and human samplesrdmaental Science and Technology, 40, 7G840.
15M.J. Zeilmaker et al 2018. Mixture exposure to PFAS: A Relative Potency Factor approauzth,|iNgiiate for Public
Health and the Environment, RIVM Report 20089.

16 Sunderland EM. (2019). Journal of Exposure Science & Environmental Epiye(@0i9) 29:131147

17 https://www.rivm.nl/en/pfas
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Bioassays

DR CALUX

The bioassalpR CALUX® (Dioxin Responsive Chemical Activated LUciferase geasstoh)is used

for quantification of dioxins/furans (PCDD/F) and dioxin-like PCBs (dI-PCBs). Tt ineshis
research with DR CALUX® for analyses on dioxins (PCDD/F/dI-PCBs) oregggssaed ilBioassay
Equivalent, BEQ (pg BEQ/gfaf) dZ SBEEQuU e pe (}E (}} o0 u vSe 8§} JeS]vPu]eZ
TEQ(Toxic Equivalence) derived from chemical analyses (Gas Chromatography-Mass Spectrometry
GCMS, pg TEQ/qg fat). For non-food biomatrices like mosses or padiase the results with the DR
CALUX will be expressedli@DD eq./groduct or abbreviated apg TEQ/g product TCDD stands for
2,3,7,8-Tetrachlorodibenzo-p-dioxin, the most toxic dioxin congener.

COMMISSION REGULATION 2BW7/644 of 5 April 201", concerning laying down methods of
sampling and analysis for the control of levels of dioxins, dioxin-like P@B®asdioxin-like PCBs in
certain foodstuffs, is the latest and in ford@egulation EU 1881/2008is included. The regulation

sets maximum levels for dioxins (PCDD/F/dI-PCB) in food gisadithe food products which are listed
should not be placed on the commercial market if a contaminant exceeds the nraxewel set out

in the Annex of the EU documents.

The limits set in legislation are expressed in pg TEQ/g, based on GC-MS measuremén@&M3e
analysis concerns 7 dioxins (PCDDs), 10 furans (PCDFs), 12 dioxiydikerpated biphenyls (dl-
PCBs), and 6 indicator polychlorinated biphenyls (i-PCB).

The results of the chemical analyses with GC-MS of dioxins (PCDD/F/dI-PCBspleililde=d with a
specific Toxic Equivalency Factor (TEF) towards a TEQ value (see page 4 Abbreviatioricand TEF
dioxins, and dI-PCBs). The sum of the TEQ will be measured with upper bouesl, vaéaning
calculation with the value of the limit of detection (LOD) of a specific congener. TheseS@EGItM
valuesfor chicken eggs are 2.5 pg TEQ/g fat for dioxins (PCDD/F) and for the sum ef diakiioxin-

like PCBs (PCDDdARPCBS), the GC-MS limit value is set at 5 pg TEQ/gram fat. When exceeding these
GCMS limit values, chicken eggs are not allowed to be on the commercial madefifure 5 and

6).

Recommendations 2013/711/E¥ update 2017/644 sets out the cut-off values of the DR CALUX
analysis determined. If the analysis exceeds the 70% value of dioxins (PCDD/F)pgeBEQ/g fat

and/or 70% of the limit of the sum of dioxins (PCDD/F/dI-PCB) i.e. 3.3 pg BEQ®JaV1& analysis

of the egg sample is recommended to establish the results with the GC-MS chemical analysis, where
EU 1881/200&an be applied.

2013/711/E3! includes theaction levels G@AS for both dioxins (PCDD/F) and dioxin-like PCBs (dlI-
PCBs) in chicken eggs set at 1.75 pg TEQ/qg fat, seeF-ifjhese action levels are a tool for competent
authorities and operators to highlight cases where it is appropriate to identifyoarce of
contamination and to take measures for its reduction or elimination.

18 hitps://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:32017R0644

19 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02006 R28802919&from=EN
20 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014R0709&from=EN

21 https://eur-lex.europa.eu/legal-content/EN/TXT/PDFE/?uri=CELEX:32013H0711&from=EN
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PAH CALUX®

High molecular weight PAHge known ligands of the aryl hydrocarbon receptor (AhR), a nuclear
receptor that mediates toxic effects related to these compounds. The PAH CALUX assay uses a
mammalian, H4IIE- cell-based reporter assay for the hazard identification oPtkhimixtures. The

PAH CALUX reporter cell line allows for specific, rapid (4-hour exposure tirdejekable
guantification of AhR-induced luciferase induction relative to benzo[a]myréBaP). BaP ia
compound with five benzene rings and a class 1B carcinogen and is used here astgrindiciator

of PAH exposuré®.

PFAS CALUX®

The chemical analyses on individual PFAS congeners are very limited, dependindatmn oinéy 8 -

55 substances are currently analysed in routine laboratories. Practically, this itineaonly 0.1- 1%

can be determined with the chemical analyses, compared with the value of the Total OrganiweFluori
(TOF¥. The bioassay of PFAS CALUX comprises human bone marrow cell lines (U20S), ingorporatin
the firefly luciferase gene coupled to Thyroid Responsive Elements (TREspagex gene for the
presence of thyroid hormone-like inhibiting compounds. It is basedhenTTR-binding of PFAS in
combination with the TR CALUX detection. The presence of increasing concentrations of PFAS
capable of competing with T4 for TTR-binding sites will result in a decreasedofdr R-bound T4.
Disruption of T4-TTR binding is benchmarked against the reference competihgbrooctanoic acid
(PFOA), which value is set to one (1), just like TCDD in the TEQ cafeul@éertable 1 for relative
potency factors of other PFAS. The analysis results of the PFAS CALUX are expregdedOm
equivalent/g product

FITC-T4 assay

In the FITC-T4 binding bioassay, sample extracts, suspected to be contaminated witr® A8 d
for the potency of binding with the thyroid hormone thyroxine (T4) to the plasma tramggotein
Transthyretin (TTR). The fluorescent-labelled thyroxine (FITC-T4) consisting ofsdéeimore
isothiocyanate (FITC) and L-thyroxine (T4) are used in this assay (Smith, 1977, 1920)%.2he
thyroid hormone homeostasis can be disrupted by environmental chemicals at diffpoémis of
interaction in the thyroid pathway, including during transport of the homadhrough the blood.
Some chemicals are known to bind to the transport protein TTR thereby reptaeirendogenous
ligand T4. PFAS are such chemicals known for their capability to bind TTRy ttegrleleing T4. The
measurement is based on the difference in fluorescence between bound and nawatliC-T4 to
the TTR-binding site. Bound FITC-T4 will result in a higher fluorescence thhourah The analysis
results of the FITC-T4 will be expresseqiinPFOA equivalent/g product

The DR CALUX®, PFAS CALUX®, FITC-T4Vi&ah&lgsis were performed by BioDetection
Systems, Amsterdam, the Netherlands. BDS is accredited under RvA L401.

22 Category 1B carcinogen according to Annex VI to the CLP Regulation (EC) No 1272/2008opfehe Earliament,

and is classified as a Substance of Very High Concern by the POP Regulaii8b®2Z0RN4.

23 Pieterse B, Felzel E, Winter R, van der Burg B, Brouwer A. (2013). PAH-CALUXzethlmptssay for AhR-mediated

hazard identification of polycyclic aromatic hydrocarbons (PAHs) aglumlicompounds and in complex mixtures. Environ

Sci Technol. 2013 Oct 15;47(20):11651-9. doi: 10.1021/es403810w. Epub 2013 Sep 25. PMID: 23987121.

24 Strakov, J., Schneider, J., Cingotti, N. et al., 2021. Throwaway Packaging, Forever €hEurmadan wide survey of

PFAS in disposable food packaging and tableware. 54 p.

25 P.A. Behnisch et al.(2021). Developing potency factors for thyroid hornsomgtion by PFASs using TiR-t >hy

bioassay and assessment of PFASs mixtures in technical products, Environnreattdn&rl 57 106791

26 Smith, D.S., (1977). FEBS Lett. 72725-

27 Hamers T. (2020). Transthyretin-Binding Activity of Complex Mixtures Reprgs$katomposition of Thyroid-Hormone

Disrupting Contaminants in House Dust and Human Serum, Environmenthl Perapectives 0176-1 128(1)
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Backyard chicken eggs

Backyard chicken eggs are used for biomonitoring levels of contamination by POPsLis stadies.
Eggs are sensitive indicators of POP contamination in soil and dust andsigi@figant exposure
pathway from soil pollution to humans. Eggs from contaminated areas can résatilyo exposures
that exceed thresholds for the protection of human health. Chickens and their eggs might, therefore,
] o” 3]A e u%0 e W Vv ]v] 3}JE *% |+ (}JE AZo* A(op Ao }( I
areas by POPs, particularly by dioxins (PCDD/Fs) and dioxin-like-PCBs @FPCBs)

When chickens are free to forage on natural uncovered soil in the open air withdiingopthey are
in optimal contact with the environment. Eggs can reflect the chemical situation ofistilrelated
to the atmospheric deposition of hazardous chemical particles from industrielséons, such as car
shredding, metallurgy, coal-fired power plants, foundries, the PVC indastnyent kilns, the paper
industry, and waste incineration. Chickens forage on and in the soil, eating inseetsebrates,
vegetation even grass (Figure 12). As a result, persistent organic pollutants (POR®)xiike
(PCDD/F/dI-PCB)can be found in the fatty egg yolk and act as a biomarker for the eanirofine
chicken excretes the toxic compounds like dioxins into the fatty yolk when pitogithe eggs (dioxins
are fat related). The older the chicken is, the more toxic compounds can be collected iodjheab
process called bioaccumulation. Biotransformation refers to the capability of amnisrg to break
down certain substances. Xenobiotic metabolism refers to the metabolism or breakdown @fforei
substances not belonging to the substances of an organism of an ecological system.

Why use eggs of backyard chicken for biomonitoring?

WHE incineration 5 oo |
Emissions SVHC ™ 4
Air emissions ‘

Bioaccumulation
Biomagnification
Biotransformation
Xenobiotical metabolism

Figure 12: Biomonitoring of backyard chicken eggs in natural environment

28 Arkenbout A, Esbensen K H. (2017) Sampling, monitoring and source trackmgnsf iDithe environment of an
incinerator in the Netherlands, Proceedings Eighth World Conference On SamgIBigrding / Perth
29 petrlik J.2015). Persistent Organic Pollutants (POPs) in Chicken Eggs from Hot Spots in Chin@dkginigurg-Prague,
Arnika - Toxics and Waste Programme,
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European Food Safety Authority (EFSA)

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) anah-liiexipolychlorinated
biphenyls (dI-PCBs) are important contaminants in the food chain. In 2018 thee@nrBpod Safety
Authority (EFSA), the official adviser of European decision-makers, advised to reduckeriiale
weekly intake (TWI) from 14 to 2 pg TEQ (Toxic Equivalents)/kg body wweighteek, based on
extended scientific reviews conducted on humans and animals (EFSA28#8) Figure 13. It
demonstrates the present exposure to dioxins for most consumers in the EU exbee@8Vl. The
European Commission, Council and Parliament have until now decided not tmtakeccount this
strong scientific advise to reduce these limit values by a factor of 7, aslit\lwave huge implications
on the economy, probably implying to withdraw important amounts of productmftbe European
market. The actual dioxin limit value for eggs is 2.5 pg TEQ PCDé&rid &b pg TEQfat PCDD/F/dI-
PCB. A reduction of these limit values with a factor of 7 will have enormolisatigms see Figure
13. The actual EU limits (Figuseand 6), based on pre EFSA advise, before 2018, and can been seen
as more the result of political economic rather than preliminary on behalfiofdn health arguments.

Tolerable Weekly Intake DIOXINS Person (70 kg) EFSA NEW Tolerable Weekly Intake pg DIOXINS Child (20 kg) EFSA NEW
m Person 70 kg
1200 300

u Child 20 kg

250 TWI 7 x times lower ’
r 9

TWI 7 x times lower

200

150

) ) »

S w w0 :
0 g TEQ/g fat
TWiold TWI new 2eggs Background TWIi old TWI new 2 eggs Background
s Red line: New TWI EFSA : 2 pg TEQ/kg bodyweight/ PER WEEK (old: 2 pg/day) s Red line: New TWI EFSA : 2 pg TEQ/kg bodyweight/PER WEEK (old: 2 pg/day)

Figure 13: Tolerable Weekly Intake of dioxins revision for adults and children (EFS8&) 20aphs by TW®O.

Public concern about ongoing contamination of POPs in human bodiesdneased since several of

these substances of very high concern have been identified as hormone disruptelisnamune
depressors. There are many risks and effects of having these chemicals in our environment and, as far
as dioxins are concerned, they are of no benefit. Pollutants like dioxins cimati@nthe environment,

persist for decades, and cause problems such as cancer, birth defects, learningtidsabili
immunological deficiency, behavioral, neurological, and reproductive discrepanciasrian and

other animal species

For PFOS and PF@#e EFSA establishedaderable weekly intake (TWI) of 13 ng/kg body weight

per week (PFOS) and 6 ng/kg body weight per week (PFOA) respedétiviety both compounds,

the exposure of a considerable proportion of the population exceeds the proposed TWI. A safe daily
dose ofGenX or HFPO-DA is 3 ng/kg of body wejgitcording to the EPA.

30 EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), Knuts@0HK 8tentific Opinion on the
risk for animal and human health related to the presence of dioxins amthdike PCBs in feed and food. EFSA Journal
2018;16(11):5333, 331 pp.

31 EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), Knutis@0 1K Stientific Opinion on the
risk to human health related to the presence of perfluorooctane sulfonic acidesfiaiopooctanoic acid in food. EFSA
Journal 2018;16(12):5194, 284 pp.
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Sampling

The sampling for this research is performed by a team of Collectif 3Rrégrhuitiliser, recycler) in
Paris, Ivry-sur-Seine, Alfortvilléharenton, Paris 12and 13' arrondissement At first an exploration
was undertaken, by the sampling team of Collectif 3R (réduire, réutiliser, recycler), foydbibilities

of biomonitoring in the region around the waste incineration anrbarkers as eggs of backyard
chicken, and vegetation (pine needles, leaves and mosses). The first set-uprofishsample plan

for biomonitoring eggs is given kgure 14 and vegetation around the waste incinerator Ivry Xlll in
Fgure 15 This biomonitoring research in Paris on vegetation of mosses, pine ne@llass sylvestris
and Cedrus atlanticp foliage of evergreen tre€upressus arizonicand leaves of Olive treeQlea
europaeais concentrated in the center of the inner circle dér.

Sampling plan eggs, Paris Ivry - 2021

TW-REF-NR Distance ()
Ivry-eggl 866

Ivry-egg3 1070 pooled
Ivry-egg5 978
Paris Iv-egg2 1640
Iv-egg4 1115 .
alf-eggl 2810
alf-egg2 2160

Paris-egg7 2230
Supermarket Iv-egg9 reference

Ivry-egg1/3/5

Figure 14: Sample plan eggs for backyard chicken eggs - Paris 2021

Sample plan vegetation Paris Ivry 2021

Paris 2021 Vegetation sampling plan

Sample Reference Specie Distance

number Number incinerator (m, 242
Vi IVRY_VEG-02 Cedrus atlantica 487
V2 CHAR_VEG-9a Cuppressus arizonica 724
V3 PARIS-13_VEG-24a Pinus sylvestris 1060

V4 IVRY_VEG-23 Pinus sylvestris 525
V5 IVRY_VEG-5 Olea europaea 427
EG-9a
a

Figure 15: Sample plan vegetation - Paris 2021
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Questionnaire

All the chicken coop owners of the eight (8) participating egg locatieere asked to fill a
guestionnaire provided by TW. The summary of the answers on the questiotizein
guestionnaire about keeping chickens, like number hens, rooster, breed, forageag and
possible confounders are in given in Table 2. Five chickgnaaners give permissions for
using pictures in this biomonitoring report. Egg location Ivry_eggl, Ivry_egg3rarebb,
in this research pooled as one (1) egg location, because they have in totaigl Hayis and
therefore analysed together to minimize to individual variability.

Paris Ivry - 2021
TW-REF-NR IVRY_EGG\l IVRY_EGIGS IVRY_HGBBRY_EGG2Z IVRY-EGG4 ALF_EJSGl ALF_EGG2 PAR|S-EGG7 |
Distance (m) 866 1070 978 1640 1115 2810 2160 2230
Pics permissions yes yes
Chicken breed red hooded red hoodgd Silk, black Maran
wyandotte red Susex
Hens (n) 1 1 2 2x5 5(3-2) 12 2 4
Rooster (n) 3
Age (month) 48 13 24 24 6-24 10 24-60
Eggs/day 7-10 2 variable
Eggs/week 2 6 14 6
Eggs/month 8 24 210 56 variable 24
Foraging area (m2 6 9 20 400 25 150 75
Housing (m2) 20 1 5(2) 5 2 12 6
Terrain soil soil soil soil soil soil soil soil
trees trees grass fruit trees
grass grass trees mirabellief
herbes herbes cerisier
Feed grain grain grain mais grain grain var.
wet bread peelings food restg grain earthworms  food rest{s
cheese coating no food rests snails
Outdoor fireplace 1x a yeal| no no no no no no
Housing material plastic plastic straw plastic straw straw wood
lino wood lino wood wood plastic
Barbeque sometimes
All purpose burner non no moderate | moderate no
Pesticides use no not knowp no unknown no no no
Industry nearby no nearby no yes yeast factory
Highway nearby road road road yes AlfortvilliRue de Reuill

Table 2 Answers of chicken coop owners on the questions of the Egg gagstaris - 2021, provided by TW
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Results biomonitoring

Eggs

The bioassay DR CALUX analysis on dioxins (PCDD/F and dI-PCashélpmarfthe eggs of backyard
chicken. This method has a EU regulatory cut off value of 1.7 and 3.3 pg BEQfgPfabio/F and
respectively PCDD/F/dI-PCB. These limits are 2/3 of maximum level of a @@litss, to determine

if a sample is compliant to the EU regulati@mswhen exceeding the cut off values, is suspected. All
egg samples except sampleegg2 exceed the maximal level for the sum of dioxins (PCDD/F/dI-PCB)
and exceed the maximal level for dioxins (PCDD/F) according to Hekimy881/20082. See Table

3.

Results dioxons in eggs samples Paris-lvry - 2021
DR CALUX lvry-egglf3/s lury-egg2 vry-eged Alf-eggl Alf-egg2 Paris-egg?
pg BEQ/g fat
PCDO/F
dl-PCB
PCDDYF/dl-PCB

Table 3: Results for dioxins in Eggs with DR CALUX, Paris - 2021

Figure 16 presents the DR CALUX analyse results for the sum of dioxins (PCDD/RideB@Bdf
backyard chicken. The results of this analyses method are according to the EU requirements as
indicated in Commission Regulation (EU) 2017/644 of 5 April 201 Tyleew exceeding the (cut-off)
values for DR CALUX, a chemical (GC-MS) analysis is needed for control ofRIZDXiDE-), dioxin-

like PCBs (dI-PCB) levels and non-dioxin-like PCBs in eggguBzb and 6.

Results dioxin PCDD/F/dI-PCB analyses eggs DR B#is 021

Paris

Supermarke Iv-egg9
DR CALUX |[EU limit

Ivry-egg1/3/5

Above the EU limit of the sum of PCDD/F/dI-PCBH

Figure 16 Results of dioxins PCDD/F/dI-PCB analyses in eggs, Paris - 2021

32 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02006 RQ882919&from=EN
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The DR CALUX results (pg BEQ/g fat) for only dioxins (PCDD)eggtsamples in this
biomonitoring researchare presented in Figure 7l Five (5) of the six (6) egg samples
exceeding levels for safe consumption according to the EU regulations.

Results dioxin PCDD/F analyses eggs DR CALUXP2Atis -

DR CALUX Eggs (pg BEQlfa
TW-REF-NRPCDD/F/diPG

Paris

Paris-egg7
Supermarke|  Iv-egg9
DR CALUX |EU limit

Ivry-egg1/3/5

Above the EU limit of PCDD/F

Figure17: Results of dioxins (PCDD/F) analyses in eggs, Paris - 2021

For dioxin-like PCBs (dI-PCBSs) in the egg samples the DR CALUX resulthshtow nadlues
comparing to the results of dioxins (PCDD/F), which are more combustaied, inside the
circle of 2 km around the waste incinerator. The eggs samples on furthencistautside
the 2 km circle, like egg location alf-egg2 shows muchehidhPCB contamination (Figure
18).

Results dioxin dI-PCB analyses DR CALUX eggs Patis - 2

DR CALUX Eggs (pg BEQ/g/fat)

Paris

'Supermarke|
DR CALUX

Figure 18: Results dioxin like PCB (dI-PCB) in eggs, Paris - 2021
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GCMS analyses

A chemicalGGMSanalysis was necessary to be performed for verification of the DR CALUX results to
have recommendations and obligations in the framework of the Europeandafedy. The food safety
regulation, with the limits for dioxins and dioxin-like PCB, is egpti the commercial egg market.
However, some backyard chicken coops can have a production up tedg0a month, not only
consumed by the owner of the chicken coop, but also to a certain community (fefnelyds,
neighbors.e.).

The GC-MS analyses confirms the by the DR CALUX suspected samples. Egg location Alf-egg 2 exceed
the EU limit of safe food consumption of eggs nearly with a factor 6, with & rs@9.00 pg TEQ/g

fat, Figure 19. Egg locatiomvegg4 measures in the GC-MS analyses > 4 x times more dI-PCB than
with the DR CALUX. See Table 6 for the percentage of PCB 126 in all the egg) $hisphCB congener

has a TEF of 0,1 and gives therefore a high TEQ value. Figure 20, results on a TW &udieative

Results GCMS sum of dioxins (PCDD/F/dI-PCB) e§gtS 7021

GC-MS Eggs

(pg TEQ/g fat)

TW-REF-NH

Ivry_egg 3

Paris

Alf-eggl

Paris-egg7

Iv-egg9
EU limit

PCDD/F/dI-PQ

11.00

25.00
18.00
29.00
13.00

5.0

4.10

| 098 |

8.60
6.20
7.90
6.00

| o032 |
215

Paris-egg

GC-MS -
EU action

Five (5) locations are NOT complyling with EU tfnihe
sum of dioxins (PCDD/F/dI-PCBs) TEQ.

lv-egg9 = supermarke*t

Ivry-egg2

Figure 19: GC-MS Results for the sum of dioxins (PCDD/F/dI-PCBs) in eggs GC-MSRaggs- 2021
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The results of these analyses are exceptionally high. To clarify the results, a comparatigealelor
has been created to give more profoundness to the results, see Figure 20.

Results GC-MS sum of dioxins (PCDD/F/dI-PCB)sn B4RIS 2021

PCDD/F/dI-PCB eqggs Paris

Iv-egg9 = supermarket

,-r‘ "" ‘f"

Ivry_egg 1
Ivry_egg 3
Ivry_egg 5

Alf-eggl
Alf-egg2
Paris-egg7
Iv-egg9
EU limit
EU action

Food (Eggs) GC-MSpg TEQ/g fat

Sample 1, 3, 4, 5, 6, 7, and 8 are EU limit PCDD/F/dI-PCB

NOT Complyling with EU limit of
the sum of PCDD/F/dI-PCBs TE(

<5.0

TWe-indicative scale

Egg location Alf-egg2 and Iv-egg4
exceed more than 4 times the E

i 2x EU Limit 0.0
limit of 5.0 pg TEQ/g fat for sum (

dioxins (PCDD/F/dI-PCBs) with 3x EU Limit 0
MS 4x EU Limit 0.0

Figure 20: TW indicative scale of GC-MS analysis of sum of dioxins(PCDD/F/dI-PCBSs) in food
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All except egg locatioh-Egg2 exceeding the limit for dioxins (PCDD/F). The congeners of dioxins
(PCDD/)are the most associated with uncomplete combustion. The highest one is measured in
egg4, with 8.6 pg TEQ/g fat, the place also with a high dI-PCB coatamiof 16.0 pg TEQ/g fat
Figure21.

Results GC-MS dioxins (PCDD/F) in eggs - PARIS 2021

GC-MS Eggs (pg TEQ/qg fat)
TW-REF-NR PCDD/F/dI-PC PCDD/H

Paris

Ivry-egg1/3/5

Iv-egg9
EU limit
EU action

Five (5) locations are NOT Complyling with EU tifnit
dioxins (PCDD/F ) TEQ

GC-Ms

’ Iv-egg9 = supermarke*t

Figure 21: Results GC-MS analyses egBaris - 2021

The highest level dl-PCB in this measurement series is measured at egg location alf-egg2
with a value of 21.0 pg TEQ/g fat. This is exceptional high, ceapath other measurement
of dI-PCB of ToxicoWatch biomonitoring researches (see also TW comparagvessEaB3

Results GC-MS dioxin-like PCB (dI-PCB) in egglS-ZRR

GC-MS Eggs (pg TEQ/g fat
TW-REF-NRCDD/F/dI-Pq PCDD/F

11.00 4.10

Pais | iv-Egg2

25.00 8.60
Alf-eggl 18.00 6.20
Alf-egg2 29.00 7.90
Paris-egg7 13.00 6.00
Iv-egg9
5.0 25

EU limit

GC-MS

EU action

Five (5) locations exceed the EU action of
dioxin-like (dI-PCB) TEQ

’ Supermarket:Iv-eggP

Figure 22: Results GC-MS analyses on dioxin-like PCBs, Paris - 2021
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Congeners

In Table 4 the 17 dioxin (XCDD) and furan (XCDF) congeners are shown as apgeroétite
total TEQ PCDD/F and in Table 5 a percentage of the total concentR@&D/F at the
different egg locations is presented. The dominant congeners are markedrk brown
boxes: TCDD, PCDD, PCDF2 and to some extent TCDF.

The most highest value are marked black, ranking the second and thirdyimighewhite and
black letters respectively. The congeners of the supermarket eggs (lvry-EGG9) dge main
based on upper bound values, 16 dioxin and furan congeners welpelalW the detection

limit, except for HpCDD, , only 1% in TEQ (Table 4) and 9% in catioar({Table 5). What

can be tentatively deduced is the observation of some difference of Bggg-and Ivry-egg4
with the other locations. A dominant presence of HXCDD2 and a love \&IlPCDF2 is
observed in the TEQ profiles of Ivry-egg4. The dominant presence of HxGCiaees a
specific yet unclarified dioxin source.

% TEQ individual congeners PCDD/F eggs - Paris 2021
IVRY 1/3/5| IVRY EGG2 IVRY-EGG4 ALF HGGl ALF|EGG2 GBARMRY-EGG
33

D 0

HxCDD1
HxCDD2 5% 7% 7% 10%o 3
HxCDD3 3% 200 %% % 5% 2%
HpCDD 3% 3P0 13% P% 8% 3%
OCDD 0% Opo 1% D% 1% 0%
9% 6%0 10po 12% 6%
1% 1% L% 1% 1%

15% 10% 13% 109

HxCDF1 4% 9% 3% A%

HxXCDF2 4% 6% 11% 6%

HXCDF3 1%0 2% (0% D% 0% 0%
HXCDF4 3% 4% 2% 3% 2% 3%
HPCDF1 0] 0% D% 2% 0% 9%
HPCDF2 Opo 0% D% 0% 0% 0%
OCDF 0% Opo 0% D% 0% 0%

Table 4: Fraction TEQ (%) of dioxin (PCDD/F) congeners in eggs, Paris - 2021
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conc % PCDD/F eggs Paris 2021
IVRY1/3/5 |IVRY-egg2 |IVRY-eggd |[ALF eggl |Alf egg2  |Paris-Eegg? |IVRY-EGGY
TCDD 1% 1% 0% 1% 0% 0% 6%
PCDD 3% 2% 1% 3% 1% 1% 6%
HxCDD1 1% 1% 1% 1% 1% 1% 6%
HxCDD2 4% 3% 3% 6% 2% 5% 6%
HxCDD3 2% 1% 1% 2% 1% 1% 6%

6%

1% 2% A% 3% 6%
PCDF1 A% 3% 1% 5% 1% 2% 6%
PCDF2 7% A% 1% A% 2% 2% 6%
HxCDF1 A% 3% 1% A% 1% 3% 6%
HxCDF2 3% A% 2% 5% 2% 9% 6%
HxCDF3 %% 1% %% % 0% %% 6%
HxCD R4 2% 3% 1% 3% 1% 1% 6%
HPCDF2 (1 1% %% 1% 0% %% 6%
OCDF 3% 1% 2% 1% 1% 1% 6%

Table 5: Fraction of dioxins (PCDD/F) congeners concentration (%€gigs, Paris - 2021

Figure 23 can be seen in the right square mark that egg location Alf_E@@gglocation
Paris-EGG7 have similar pattern for HoCDF1 and show a clearly diffetent gampare
with other egg locations in Paris 2021.

Figure 23: Congeners distribution in eggBaris - 2021

o =l

TCDD

Congener distribution in egg locations Paris 2021

N [T S II II Hnniin. ‘ |
PCDD HxCDD1 HxCDD2 Hx§DD3 HpCDD CDD

m[VRY 1/3/5 mIVRY_EGG2

TCDF

PCDF1

RIF2 HWRDF2 HxCDF3  Hx(

DF4  HH

IVRY-EGG4 m ALF_EGG1 mALF_EGG2 m PARIS-EGG7
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Egg locations
Egg location Ivry_e@(/5

In the next chapters the dioxin congeners of each individual egg location are compéradtion
concentration (%) and fraction TEQ (%) with the patterns of a WtE incinerataariimgén, the
Netherlands (NL). These NL profiles are the results of real measured data inside the chithigey of
WIE incinerator in NL which have been performed for > 20,000 of lemmtgnuous measurements,
under mainly normal conditions and more or less limited measuremeéuatsg shutdown and start-
up conditions.

The three following egg locations (1,3 and 5) are pooled together for analysese (Edgand 25). In
total 4 hens are involved at these three locations. The presence of 1,2,3,4,6,7,8-Heptati@dorodi
p-dioxin and Octachlorodibenzo-p-dioxin in this analyses are typical for Wwasiteration (red bars
in the graph). Usually the ratio of these two congeners is two to one, but here thegatiore like 3
to 2. Typically is the presence of 2,3,7,8-Tetrachlorodibenzofuran (TCDF) in thés profi

Egg location IVRY_EGG 1, 3&aris 2021

IVRY 1/3/5

PCDD/F congeners TEF| pg/g
2,3,7,8Tetrachlorodibenzo-p-dioxin 1] 0,34
1,2,3,7,8Pentachlorodibenzo-p-dioxin 1 1,2Q a
1,2,3,4,7,8Hexachlorodibenzo-p-dioxin 0,1 0,53
1,2,3,6,7,8Hexachlorodibenzo-p-dioxin 0,1 1,90
1,2,3,7,8,9Hexachlorodibenzo-p-dioxin 0,3 1,0Q & Ivry-eggl/3/5
1,2,3,4,6,7 8Heptachlorodibenzo-plioxin 001 11,04 ; A @ T
IOctachlorodibenzep-dioxin 0,000: 15,0 ¥ %, ;
12,3,7,8Tetrachlorodibenzofuran 0,1 4,7Q
1,2,3,7,8Pentachlorodibenzofuran 0,03 1 ‘»L
12,3,4,7,8Pentachlorodibenzofuran 0,3 3,5 &
1,2,3,4,7,8Hexachlorodibenzofuran 0,3 1,70 #§!
1,2,3,6,7,8Hexachlorodibenzofuran 0,1 1,64 3
1,2,3,7,8,9Hexachlorodibenzofuran 0,1 <0,2 4
12,3,4,6,7,8Hexachlorodibenzofuran 0,1 1,00 ¥
1,2,3,4,6,7,8Heptachlorodibenzofuran 0,01 <0,7 g
1,2,3,4,7,8,Heptachlorodibenzofuran 0,01 0,20 !
|Octachlorodibenzofuran 0,000: 1,5Q ==

Figure 24: Overview egg location Ivry-egg 1/3/5, Pis - 2021

Pooled egg location IVRY-EGG 1/3/5 — Paris 2021
VRY-eg IVRY 1/3/5 TEQ % IVRY 1/3/5
[TW-REF-NR 1 3 5 35% 5
Distance (m) 866 | 1070 | 978 30% 30%
Hens (n) 1 1 2 25% 25%
lAge (month) 48 13 24 S 20% 20%
< o
Eggs/month 8 24 % 1 o
DR CALUX g oo 1%
o el EAEE = = =lnnm [ |
P PSSP < << ‘( Q& & O S > P » & & & &
pCDD/F/dl-PCB . SESLFE SIS S S yi@iﬁ s S F S S S
Fraction of total (% ) Incinerator REC/NL (20,000 hrs) Fraction of total TEQ (% )
PcDD/F/dI-PCB S00%

45,0%

DR CALUX PCDD/F and o
PCDD/F/dI/PCB exceed EU 300%

limit 250%
200%

n N e 150% e
NOT Complyling with EU limit 100% I I
) 5%
f PCDD/F and thi f 5.0% I I I
o /F and the sum of 00— e B gy —pe————) Al .. | I . -

PCDD/F/dI-PCBs TEQ. o

S 9 5 o o ~
49(1@1&&&& (59 &f\&qﬁﬁﬁ(&éﬁ(&éqbéﬁ 0(5’ &(9 S 0&0@: & &o S &«w@@&( 00&;5&& Q‘@ S
Action level dI-PCB is RS R S CFF s

exceeded

Figure 25: Data and comparison combustion congener patterns egg pooleiblodary eggl/3/5, Paris - 2021
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Egg location Ivry_egg2

Egg location Ivry_egg2 seems to be preserved from dioxin contaminatidhese series of
measurements. In Figure 26}u %] SUE « E <+Z}Av }( §Z]* o} 3§]}vU A]3Z A (
Photos of the housing and the large roof of the chicken enclosure, maybeoa flagirotecting the

hens from dioxins contamination by air. It is quite possible that cleandchas been used in the

chicken coop.

Egg location IVRY_EG@2aris 2021

IVRY-egg2
PCDD/F congeners TEF| pg/g
2,3,7,8Tetrachlorodibenzo-p-dioxin 1 <0,
1,2,3,7,8Pentachlorodibenzo-p-dioxin 1 0,23
1,2,3,4,7,8Hexachlorodibenzo-p-dioxin 0,1 <0,2
1,2,3,6,7,8Hexachlorodibenzo-p-dioxin 0,1 0,48
1,2,3,7,8,9Hexachlorodibenzo-p-dioxin 0,1 <0,
1,2,3,4,6,7,8Heptachlorodibenzo-ploxin 0,01 2,5Q
Octachlorodibenzep-dioxin 0,0003 6,00
2,3,7,8Tetrachlorodibenzofuran 0,1 0,91
1,2,3,7,8Pentachlorodibenzofuran 0,03 0,45
2,3,4,7,8Pentachlorodibenzofuran 0,3 0,51
1,2,3,4,7,8Hexachlorodibenzofuran 0,1 0,47
1,2,3,6,7,8Hexachlorodibenzofuran 0,1 0,56
1,2,3,7,8,9Hexachlorodibenzofuran 0,1 <0,
2,3,4,6,7,8Hexachlorodibenzofuran 0,1 0,43
1,2,3,4,6,7,8Heptachlorodibenzofuran 0,07 <0,2
1,2,3,4,7,8,Heptachlorodibenzofuran 0,07 <0,
Octachlorodibenzofuran 0,0009 <0,9

Figure 26: Egg location Ivry_egg2 - Housing and foraging area, Parls -1202

Although this is egg location comply with the EU limits, dominant presafte typical incineration
congeners 1,2,3,4,7,8,9-Heptachlorodibenzofuran, HpCDD, and Octachloraalibvan, OCDD, are
visible in the congener patterns found in these eggs, see Figure 27.

Egg location IVRY_EGG2 — Paris 2021
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10%
15%
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o 10% 5%
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o | ull
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50% 25%
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Figure 27: Data egg location Ivry_egg2, Paris - 2021
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Egg location Ivry_egg4

On location Ivry_eggd high level of dioxins (PCDD/F) and dI-Pi€Bgasured. In Figure 28 are the
results of the PCDD/F results in eggs demonstrated. In Figure 29, table left the results in BEQ and
are demonstrating these egg® not comply the EU regulations, neither for the bioassay nor for the
GCMS. The sum of PCDD/F/dI-PCB exceed the EU limit, and the actiofidirf@DD/F, and fafl-
PCBare exceededIn the concentration fraction (%) HpCDD and OCDD are the dominant congeners.
In the TEQ pattern are beside PCDD and PCDF2, three other congeners obvioushix&2ntHpCDD

and HxCDF2. This pattern is only observed at this location. On this location the ligRE€B
concentration is measuredf TW researcbsin eggs see comparison scald-gjure 39.

Ivry-egg4

PCDD/F congeners TEF| pglg
2,3,7,8Tetrachlorodibenzo-p-dioxin 1 0,54
1,2,3,7,8Pentachlorodibenzo-p-dioxin 1 2,00
1,2,3,4,7,8Hexachlorodibenzo-p-dioxin 0,1 2,50
1,2,3,6,7,8Hexachlorodibenzo-p-dioxin 0,1 13,04
1,2,3,7,8,9Hexachlorodibenzo-p-dioxin 0,1 5,20
1,2,3,4,6,7,8Heptachlorodibenzo-pioxin 0,01 110,0(
Octachlorodibenzep-dioxin 0,000: 230,0(
2,3,7,8Tetrachlorodibenzofuran 0,]] 5,20
1,2,3,7,8Pentachlorodibenzofuran 0,03 2,40
2,3,4,7,8Pentachlorodibenzofuran 0,3 2,90 - - _
1,2,3,4.7 8Hexachlorodibenzofuran 0.1 2,24 Dioxins and furans dlstrlbutlon in eggs Paris 2021
1,2,3,6,7,8Hexachlorodibenzofuran 0,1 9,24 IVRY 1/3/5 _ IVRY_EGG2 |IVRYEGG4 |ALF EGG1 |ALF EGG2 |PARISEGG7
1,2,3,7,8,9Hexachlorodibenzofuran 0.1 0,24 [PCDD 314 9.8 363, 39,6 229,( 37,2
2,3,4,6,7,8Hexachlorodibenzofuran 0,1 2,10 |PCDF 16.9 4,1 8189 33,4 28,7 83,6
1,2,3,4,6,7,8Heptachlorodibenzofuran 0,01 <0,7 |PCDD/F 47,5 13,9 395,1 734 257,1 120,7
1,2,3,4,7,8,Heptachlorodibenzofuran 0,01 0,56 [PCDF% 359 309 89 46Y 119 699
Octachlorodibenzofuran 0,0009 6,90 |PCDD % 659 709 929 549 89Y 319

Figure 29: Data egg location Ivry_egg#aris - 2021

Egg location IVRY_EGG4 — Paris 2021

lvry-eggd Fraction of total (%) Fraction of total TEQ (%)
Distance (m) 1115 5
Breed 0% =
Hens (n) 5(3-2) 60% 20%
|Age (month) 6-24 S0
Eggs/month 60 15%
Foraging area (m2) 400 o
DR CALUX BEQ 30% 10%
PCDD/F BEQ g 20%
5%
B 10% I I
PCDD/F/dI-PCB o  m . - 0%
GC-MS TE & P O S & o@&&@”’ S Q««««O«
PCDD/F . %Qi\@o\»@o & 0(9 © q@‘(q & Q\» i\* Q\v@ %‘1@ K\@« & CELLELE FEEELLELLE
Fraction of total TEQ (% )
PCDD/F/dI-PCB S00% %
450%
DR CALUX PCDD/F and 20,0% 25%

PCDD/F/dI/PCB exceed EU limit 350%

NOT Complyling with EU limit of 20,0% 1%

PCDD/F and the sum of izg;

PCDD/F/dI-PCBs TEQ. 5 0% o I I I
Pypm—— _—---_-._- . [ | .. | l -

0%

. ) QO NEAIATEA LI A I3 % > AP >
Action level dI-PCB is exceeded &cS’q& <>° 09 og& K é‘@‘@“éﬁ‘ F S &S &o& S &) 00006’(9? FFF P S K F S
FEFEEE FE e FEIFLE

Figure 28: Data egg location Ivry_egg4, Paris - 2021
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Egg location ALF_EGG1

Egg location ALF_EGG1, in Alfortville, shows a high level of forsdibixe results do not comply with
the EU-limit for dioxins (PCDD/F) and the sum of dioxins (PCDD@EB)]-&nd they are exceeding the
EU action limit for dI-PCB . Action is needed for elimination or reduction of threesof these dioxins
and dioxin-like PCBs. In the graph of the concentration patterns the dominantnaeesé furans are
observed, see Figure 30

Egg location ALF_EG@&Raris 2021

Alf-eggl

PCDD/F congeners TEF pa/g
2,3,7,8Tetrachlorodibenzo-p-dioxin 1 0,49
1,2,3,7,8Pentachlorodibenzo-p-dioxin 1 2,20
1,2,3,4,7,8Hexachlorodibenzo-p-dioxin 0,1 0,89
1,2,3,6,7,8Hexachlorodibenzo-p-dioxin 0,1 4,60
1,2,3,7,8,9Hexachlorodibenzo-p-dioxin 0,1 1,4Q
1,2,3,4,6,7,8Heptachlorodibenzo-plioxin 0,09 14,00
Octachlorodibenzgp-dioxin 0,0009 16,0( ;
2,3,7,8Tetrachlorodibenzofuran 0,1 6,00 3
1,2,3,7,8Pentachlorodibenzofuran 0,03 3,40
2,3,4,7,8Pentachlorodibenzofuran 0,3 3,30 y O
1,2,3,4,7,8Hexachlorodibenzofuran 0,1 2,60
1,2,3,6,7,8Hexachlorodibenzofuran 0,1 3,80
1,2,3,7,8,9Hexachlorodibenzofuran 0,1 <0,3
2,3,4,6,7,8Hexachlorodibenzofuran 0,1 1,99
1,2,3,4,6,7,8eptachlorodibenzofuran 0,01 11,00
1,2,3,4,7,8, Heptachlorodibenzofuran 0,07 0,49
Octachlorodibenzofuran 0,0009 1,10

Figure 30: Data egg location Alf-eggl, Paris - 2021

Egg location ALF_EGG1 — Paris 2021

Alf-eggl Fraction of total (%) Fraction of total TEQ (%)
Distance (m) 2160

Breed Silk/wyandotte

Hens (n) 12 20%

Age (month)

Eggs/month 360 e | -
Foraging area (m2) 25 10% 1%
DR CALUX BEQ %
PCDD/F BEQ 5 o I I I I 5% I I
dI-PCB 0/_.- II. — 0%I I-- .l Hm
g 0

PCDD/F/dI-PCB QQ & ISR & < <<“ «” RS & PP PP S DUPCPR OGRS
© P& s L& «Lq@&oa&cc@@*@*&*&pq@é&
GC-MSTEQ S o o o ceeEes
PCDD/F
dI-PCB Fraction of total (% ) Incinerator REC/NL (20,000 hrs) Fraction of total TEQ (% )

PCDD/F/dI-PCB s00% o

45,0%
DR CALUX PCDD/F and 400%
PCDD/F/dI/PCB exceed EU limit zzg:f

250%

NOT comply with EU limit for 200%
150% 10%
PCDD/F and the sum of T00% I
’ 5%
PCDD/F/dl-PCBs TEQ A | [y [ allallan _HnB.D_

0%

N . Q VD ABEAGEA T N AP Y W N K
Action level dI-PCB is exceeded ,\@Q& 00&09‘&00& 0@& 55‘(((46‘&6‘ S SESSE S (90 6’0 5 Loo@o,\c F @@é‘ FF S TS
< PP FE S e CFFEELEE

Figure 31: Data egg location Alf_egg®Paris - 2021
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Egg location I&F EGG2

Egglocation ALF_EGG2, also in Alfortville, shows a high level of thefsiioxims (PCDD/F/dI-PCB) of
29.0 pg TEQ/g fat. This value is nearly an exceeding of a factor 6 of the EWdafgty of eggs. The
action limit for dioxins (PCDD/F) is exceeded with a factor 3 and tlendictiit for dioxin-like PCHII¢
PCB) more than 12 times, (Figure 32). Action is very needed to reduceetireme toxic
contamination. The level of PCDD/F/dI-PCB and dI-PCB is the highesirfalh@W researches as
presented in Figur88.

Egg location ALF EGGIZarls 2021

Alf-egg2
PCDDI/F congeners TEF pglg
2,3,7,8Tetrachlorodibenzo-p-dioxin 1 0,61
1,2,3,7,8Pentachlorodibenzo-p-dioxin 1 2,10
1,2,3,4,7,8Hexachlorodibenzo-p-dioxin 0,1 2,10
1,2,3,6,7,8Hexachlorodibenzo-p-dioxin 0,1 5,50
1,2,3,7,8,9Hexachlorodibenzo-p-dioxin 0,1 3,70
1,2,3,4,6,7,8Heptachlorodibenzo-glioxin 0,01 65,00
Octachlorodibenzg-dioxin 0,0009 150,01
2,3,7,8Tetrachlorodibenzofuran 0,1 9,90
1,2,3,7,8Pentachlorodibenzofuran 0,03 3,09
2,3,4,7,8Pentachlorodibenzofuran 0,3 500
1,2,3,4,7,8Hexachlorodibenzofuran 0,1 2,80 =
1,2,3,6,7,8Hexachlorodibenzofuran 0,1 4,3
1,2,3,7,8,9Hexachlorodibenzofuran 0,1 0,18
2,3,4,6,7,8Hexachlorodibenzofuran 0,1 1,49
1,2,3,4,6,7,8Heptachlorodibenzofuran 0,07 <0,9
1,2,3,4,7,8,Heptachlorodibenzofuran 0,07 0,24
Octachlorodibenzofuran 0,0003 1,79 3

Figure 32: Data and pictures of egg location Alf-egg2, Paris - 2021

The concentration patterns show a resemblance at combustion congener patterns. Tipaff&Qs
reveals a presence of TCDD and TCDF, see Figure 33.

Egg location ALF_EGG2 — Paris 2021

Alf-egg2 Fraction of total (%) Fraction of total TEQ (%)
Distance (m) 2810
Breed 0%
Hens (n) 2 o 25%
Age (month) 10 50%
20%
Eggs/month 60 0%
Foraging area (m2) 150 o 15%
DR CALUX BEQ
20% 0%
- | . 10% I 5% I I I
_ ; SN | S | l -
NW"’OQQ 000«"«"’ & &K D P O P K
i /\& @ ’ (; : /\LQ %“ %* & %"@ ‘55} ‘2(9 $ && (9& 0; Qxf FES (’Q Q\\\ Q} ly 1 &
v " Fraction of total (% ) Incinerator REC/NL (20,000 hrs) Fraction of total TEQ (% )
50,0% 30%
45,0%
DR CALUX PCDD/F and 100% 5%
PCDD/F/dI/PCB exceed EU limit 35,0% 20%
30,0%
25,0% 15%
NOT complying EU limit for igg: 10%
PCDD/F and the sum of 10,0% . I
5,0% :
PCDD/F/dI-PCBs TEQ. ol | PEy—y———  p—— L AAnEEN _=. il. I-_
QQ&&OQQQQ?c&é‘Wé‘Né@é‘“’é‘&é&‘ P PSSP P LS > 5 S S
« S LS bcoooccboooooo S
Action level dI-PCB is exceeded TS WETEELELLLE CEELELETTELLELLEE S

Figure 33: Data egg location Alf-egg2, Paris - 2021
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Egg location Paris-egg7

The henhouse is a closed part of a shared garden and belongs to inhabitantssafrivended flat
buildingsThisZz IC & [ &Xpdriance was initiated arid still managed by 15 families, living in

the apartment buildings, (no public access). The chicken enclosure idleace a week (changing
papers and cardboards on the floofhere are now 4 hend v }( & AD E VHgure3gE}Ave
Hens are eating seeds and food waste. Their droppings are managed separately because of potential
issue. Despite the efforts at this location to keep it clean, the eggs are not complying direit]

dioxins (PCDD/F) and the sum of dioxins (PCDD/F/dI-P&Bskll the action limit of dI-PCB is
exceeded. IrFgure 35 the dominant presence of HpCDF1 congener in the concentration and TEQ
patterns is observed. The congener HpCDF1 indicate more contamination sourdesiogalved

Egg location PARIS-EGiBdris 2021

Paris-egg7

PCDD/F congeners TEF  pg/g
2,3,7,8Tetrachlorodibenzo-p-dioxin 1 0,35
1,2,3,7,8Pentachlorodibenzo-p-dioxin 1 1,30
1,2,3,4,7,8Hexachlorodibenzo-p-dioxin 0,1 0,70
1,2,3,6,7,8Hexachlorodibenzo-p-dioxin 0,1 5,90
1,2,3,7,8,9Hexachlorodibenzo-p-dioxin 0,1 0,94 W
1,2,3,4,6,7,8Heptachlorodibenzo-ptioxin 0,09 17,04 iy
Octachlorodibenzep-dioxin 0,0009 11,00
2,3,7,8Tetrachlorodibenzofuran 0,1 3,80
1,2,3,7,8Pentachlorodibenzofuran 0,03 2,09
2,3,4,7,8Pentachlorodibenzofuran 0,3 2,70
1,2,3,4,7,8Hexachlorodibenzofuran 0,1 3,14
1,2,3,6,7,8Hexachlorodibenzofuran 0,1 11,0(
1,2,3,7,8,9Hexachlorodibenzofuran 0,1 0,21
2,3,4,6,7,8Hexachlorodibenzofuran 0,]] 1,80
1,2,3,4,6,7,8Heptachlorodibenzofuran 0,01 57,00 ey
1,2,3,4,7,8,8Heptachlorodibenzofuran 0,01 054 {1
Octachlorodibenzofuran 0,000 1,40

Figure 34: Data egg location Paris-egg7, Paris - 2021

Egg location PARIS-EGG7 —Paris 2021

Eanic-eee7) Fraction of total (%) Fraction of total TEQ (%)
Distance (m) 2230
50%
Breed Maran/Susex
45%
Hens (n) 4 0%
Age (month) 24-60 35%
Eggs/month 90 30%

Foraging area (m2) 75 25%
DR CALUX BEQ 20%
PCDD/F BEQ : 5%
% 10% I
PCDD/F/dI-PCB i - H_ I [ p— I ull -
(A — << <<

— -

Q\ o’t 0’5 Q QQ Q ‘< & & Q
A S A & &S &(5’@ & S S
GCEMSTEQ @f«f@&@ °°«°° S d‘,&‘*\d‘f&"@" & CELEES %* & %* FEE

PCDD/F
Fraction of total (% ) Incinerator REC/NL (20,000 hrs) Fraction of total TEQ (% )
PCDD/F/dI-PCB
500% 30%
45,0%
DR CALUX PCDD/F and 200% 25%
PCDD/F/dI/PCB exceed EU :zg: 20%
limit zs,’o% 15%
20,0%
NOT complying EU limit for oo I 10
PCDD/F and the sum of g o I I I
PCDD/F/dI-PCBs TEQ. ook — = = :—---—:.—: . [ 1 1| B I -
S P SV SFOPUAES AN M AR IR AS AR Qo&g°<>o‘<<<\0<&&<2><< & S ¢
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Figure 35: Data egg location Paris-eggParis - 2021
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Ivry-egg9

Egg sample Ivry-egg9 are eggs from the supermarket, taken as reference in the ahtlisis o
biomonitoring research. All the congeners, except HpCDD, measures aretbedienit of
detection 0.1 pg/g with the chemical analysis of GC-MS. Only HpCDD wsisretewith a
levels of 0,17 pg TEQ/g fat, see Figure 36.

Egg sample Ivry-egg9 (supermarket) — Paris 2021

Ivry-egg9 (supermarket) Paris

Congener concentration pg/g fat
TCDD <0,1
PCDD <0,1
HxCDD1 <01
HxCDD2 <0,1
HxCDD3 <0,1
HpCDD 0,17
OCDD <0,1
TCDF <0,1
PCDFA1 <0,1
PCDF2 <0,1
HxCDF1 <0,1
HxCDF2 <0,1
HxCDF3 <0,1
HxCDF4 <0,1
HPCDF1 <0,1
HPCDF2 <0,1
OCDF <0,1

Figure 36: Ivry-egg9: Eggs from the supermarket, Paris - 2021
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PCB contamination

PCBs are ubiquitous found in this research. The proportion of the different congerferds?iCB 118
58%-70%, PCB 156 5%-9% and PCB 105 from 18%-28%. Location IVRY-E&@kerable
contaminated by PCB 118 with a level of 12000@ pgounting for 22% of the dI-PCB TEQ. Location
Alf_egg2 showed a high level of PCB 126 with 20§, 3% of the dI-PCB TEQ of 21 pg/gEAIf-
egg2 have a different source of this highly toxic dI-PCB, (Table 6). Ivraregh@ supermarket eggs,

in which only PCB 118 could be measured above the limit of detection.

dI-PCB in eggs (pg/g fat) - Paris 2021

pglg | IVRY /35| IVRY_EGG2 IVRY-EQG4 ALF HGG1 ALF EGG2 GBARISEY-EGC
PCB77 580,0 26,0 220,0 420,0 350,0 190,0

PCB81 13,0 <z 6,0 4,2 6,4 4,5 <
PCB126 56,0 12,0 110,0 110,0 200,0 64,0 ‘
PCB169 4,5 1,2 5,7 6,7 6,7 5,2 <
PCB105 9500,0 520,0  30000,0  12000,0 8300,0 5300,0
PCB114 320,0 23,0 1300,0 5500 25C,0 300,0
PCB118  21000,0 1700,0  120000,0 ~ 25000,0 ~ 25000,0  12000,0
PCB123 250,0 33,0 850,0 3400 290,0 190,0
PCB156 3100,0 250,0  11000,0 2000,0 3200,0 1500,0
PCB157 450,0 51,0 2200,0 6100 66C,0 380,0
PCB167 660,0 120,0 4700,0 1100,0 780,0 700,0
PCB189 170,0 30,0 340,0 260,0 190,0 220,0
Sum (LB) 36103,5 2766,2 170731,7 424009 392331 208537 7

Table 6: dI-PCB in eggs, Paris - 2021

Table 7 shows the high contribution of PCB 126 to the Total TEQ, which amghtlae to a too high
assigned WHO-TEF valddis may explain that DR CALUX results for dI-PCB are usually lower than
GCMS TEQ result¥he analysis results of the supermarket eggs are also included, although almost all
congeners, with the exception of PCB 118, are below the detection limit. In meemheasurements

of the emissions of the incinerator 10% of the TEQ found to be related to dik&iRCBS. A remark

has to be made, that semi-continuous measurements are by far the best way in measurgsgpns

of dioxins during normal operation. However, measuring emissions dtrangient phases, such as
start-up and shutdown, requires a different methodology due to changing conditsuch as
temperature and gas velocity. The amount of data is limited, however a study by I A@d@nndicates
formation of dioxin like PCBs during transient phases such as start-ups and shutdowns is v&ry likely

% TEQ dI-PCB congeners eggs Paris, France 2021
IVRY 1/3/5 | IVRY_EGG2 IVRY-EG(4 ALF_E[GG1 ALFPBR(EREG(IVRY-EGG
PCB105 4% 1% 6% 3% 1% 2%
PCB118 9% 4% 22% 6P 4% 5%
PCB126 82% 91% 67% 88% 98% 89%
PCB169 2% 3% 1% 2% 1% 2% 2

Table 7: % TEQ dI-PCB congeners egBaris - 2021

33 Arkenbout A(2018. Hidden Emissions: A story from the Netherlands, a case study, November 2018, Zerauipe,

Wwww.zerowasteeurope.eu

34Li M, Wang C, Cenlj,M, Li X. (2018). Emission characteristics and vapour/particulate phasleufistrs of PCDD/F in

a hazardous waste incinerator under transient conditions. R. Soc. open sci. 5: 171079.
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Comparison with AIRPARIF study (2017)

In a study of Airparif in 2017 with the active air sampler DA80 sampler 25290 m3 air was
collected for analysing chlorinated and brominated dioxins. The measmnesite near the
Ivry/Paris Xlll waste incineration plant is located in Charenton-le-PonEigmre 37a
comparison is made with the congener patterns found in eggs. Dioxin (PCdhpsoks
similar (green and blue, resp. HpCDD and OCDD), while the diffesgthce egg locations
are more seen in the diversity of furans. Furans can be originated bydrdckurning or
incidental fire, although a recently study by Chen dominatingrfsigan be more traced back
S} Z(E <Z[ % E} p ncingyaldn «Clegr th see that egg location Iv-Egg4 has a
dominant PCDD fraction (92%) and the location of Paris-egg7 (right) hasimadofCDF
fraction (69%). The dominant present of HoCDF of Paris-egg 7 can indiottierasource
although a study of Chéhshowed that the 1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF1)
congener is an indicator of incineration. Perhaps a different configuraf the incinerator

or a different waste input is to be held responsible fostparticular emission, different from
the patterns of the REC in the Netherlands.

% comparison of PCDD/F concentrations eggs & Dé#Bpler Ivry Paris 2021

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0% |
Site 2 lvry Iv-Egg4 alf-eggl Iv 1/3/5 alf-egg2 Iv-Egg2 RPAEGG7
DAB8O average Eggs Paris
m 2378-TCDD m 12378-P5CDD m 123478-HxDD 123678-HXDD m 123789-HxDD m 1234678-H7DD
m 12346789-O08DD m2378-TCDF m 12378-P5CDF m 23478-P5CDF m 123478-Hx6DF m 123678-Hx6DF
m 123789-HxDF m 234678-HxDF 1234678-H7DF 1234789-H7DF m 12346789-O8DF

Figure 37: : Comparison of the PCDD/F congeners found in eggs and in air witb &89 sampler

3 5 e 1}E]Jve veo[]E u]lvsn } §TiIi0U JE% E](
36 Chen P. et al. (2017). Chemosphere B&D- 367
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Comparative scale of dioxins

Comparison GC-MS analysis of TW biomonitoring researches of dioxins fp@mDdioxin-like PCBs
(dI-PCB) on eggs in the environment of a waste incioetiatEurope between 2019-202th the TW
biomonitoring researches, Belgium, Spain, Lithuania, Czech Rep., and France, egg asetpken
within a distanceof 5km from a waste incineratoiThe results of the egg locations in Paris Ivry have
the highest level measured by TW for the sum of dioxins (PCDD/F/dI-PCB) and tidilkbdRCB (dI-
PCB)The figures 38 and 39 show the results of six (6) TW biomonitoring profetW comparative
scale is made with color mato specify the degree of exceeding the EU limit.

TW comparative scale dioxins (TEQ PCDD/F/dI-P&fjsnaround incinerators Europe

pg TEQ/g fat 5 10 15 20
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Figure 38: TW Comparative scale for sum of dioxins (PCDD/F/DI-PCB) in eggs

TW comparative scale dioxins (TEQ dI-PCB) in eggisdaincinerators Europe
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Figure 39: Comparative scale dI-PCB concentrations in eggs
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Other Than Normal Operating Conditions (OTNOC)

Dioxin-like PCBs form a substantial part of dioxin pollution in Parisa(seéigure 39). A study by Li
(Zhejiang University, Hangzhou, China, 2018) demonstrates high emissialioxin like PCBs during
transient phases of start-ups and shutdowh<ontinuous measurements in the stack/chimney of a
waste incinerator, also during OTNOC can measure the contributiahtPE€B in the flue gases
However, measuring dioxins during the transient phases is extremely difficult dthe textreme
physical conditions of speed, temperature and dust emissions.

In the official yearly report for 2020 of the Ivry-Paris XllI incinerator published byceuipzny, DIP

- Bilan Annuel 2028 results of measurements of dioxins (PCDD/F) and dI-PCB are giventHaring
transient stage (figure 23, page 113). In a study of the Dutch Government (ODRAX&odVEdch
emissions of dioxins are measured in start-ups of the waste incinerator RElethleelands. Five (5)
different stages could be differentiated in the start-up process: Cold phase (Sudhingl (SU2),
Heating up (SU3), Start waste feed (SU4), and normal incineration (SU5). All these stages hav
different dynamics, with different degrees of difficulty to perform dioxin measwsts in particulate

and gaseous phase®ne problem in transient phases is the variance in velocity of flue gases. When
the velocity of flue gases comes under the 1.5 m/s, sampling of digxinot possibleSampling of

dust, particulate phase, faces also much complications, conventional dust meters arepticatapol

to measure high levels of dust emitted during staps or shutdown$’. Measurement can hardly be
performed during highly fluctuating circumstances of shutdown or sigréonditions The very low
results in the DIP - Bilan Annuel in Figure 40 suggest measurements are performed when th
conditions of velocity and temperature are stabilizedour study this is the last stage of the start-up,
32- 50 hours after the start of heating up the incinerator.

Tableau de synthése des moyennes des campagnes de mesures lors des phases
transitoires d’arréts et démarrages :

» Phases transitoires de démarrages :

Synthése des moyennes des concentrations en polluants lors des analyses des démarrages au bois
de 2016 4 2020
Polluant mesuré Unité Bois 2016 | Bois 2017 | Bois 2018 | Bois 2019 | Bois 2020
02 16,04 16,43 16,32 16,16 16,79
CO: % 442 4,32 4,15 4,30 3,99
H20 12,01 14,86 15,18 13,64 14,58
co 639 557 348 358 682
mg/Nm?
Poussiéres 3,2 19 4.2 1,7 0,1
Acides et bases
HCI 0,03 35 0,16 0,07 0,10
HF 0,01 0,005 0,04 0,02 0,02
50, mgm 0,07 0,21 7127 0,08 3,68
NOx 65,04 68,79 56,16 54,14 4221
Dioxines et furanes -
< Dioxines 0,0085 0,0252 0,0140 0,0181 0,0347 >
PCB ng F-TEQ/Nm? - 0,0052 0,0046 0,0041 0,0076
HAP [ngrtEQNm:| 34+ | 1174 | s27 [ 175 | 1208

Figure 40: Measurement results incinerator during transient stages (page 113 DIP -A&ilanel 2020)

37Li M, Wang C, Cen K, Ni M, Li X. 2018 Emission characteristics and vapoudfmpiwase distributions of PCDD/F in a
hazardous waste incinerator under transient conditions. R. Soc. open sci. 5: 171079.
BUe]v —]v ]v E S§]}wmehagergs ®ivey-Paris Xlll, dossier d'information du public bilan annuel 2020
39 Arkenbout, A , Olie K, Esbensen, KH (2018). Emission regimes of POPs of a Dutch :inegdedéat, measured and
hidden issues, Dioxin Conference Krakow, http://dioxin20xx.org/wp-confgodds/pdfs/2018/461.pdf
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An example of emissions during an Other Than Normal Operation Cosdi@rNOC) situation in a
TW research on a WtE incinerator in the Netherlands is shown in FigutesAaws clearly that in the

five (5) stages of a statp, the first stages gives high emissions but are (still) not included iftthe
regulations. In this figures demonstrated the exceeding dioxins during this stages of start-ups. The Y-
axis scale is in log pg TEQ/Nm3. Measurements are performed by the Baiehnment, the
processing of the results is done by ToxicoWatch and presented on the dam{arence in Krakow,
Poland®.

Figure41: Dioxin emissions during transient stages of incineration - TW research

The topic of exceeding dioxin emissions during OTNQ@I being researched and placed on the
agenda of the Basel Conference to be implemented structurally in the guidelines faraions. The
problem of unintentional formed dioxins and dioxin-like PCBs, besidem#my other POPs, is still
not solved, but important enough to mention in this report.

Li (2018) found high levels of dI-PCB formation during the start-up and shutdown (GTN@G)Id

be also here a factor in the relative high amount of dI-PCB found in Paris. Dioxin-like PCBs had a
great application in all kind of construction materials and paints, and therefore couiddiekinds

of products of demolition and dumping. Therefore, emissions during OTNOC is an issue that certainly
needs to be investigated further in waste incineration plants

40 Arkenbout, A, Olie K, Esbensen, RBiL. Emission regimes of POPs of a Dutch incinerator: regulated, measured and
hidden issueConference paper Dioxin

41Li M, Wang C, Cen K, Ni M, LPR18 Emission characteristics and vapour/particulate phase distributions of PCD®/F in
hazardous waste incinerator under transient conditions. R. Soc. open sclL&al7
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Brominated and mixed halogenated dioxins

In general most of the results in eggs surrounding this incinerator by lialdgR CALUX are higher
than the follow-up by chemicabGCMS analysisThis is an indication that brominated and mixed
halogenated dioxins are part of the content of a sample analysed omdioRased on TW researches
with a TW database of 104 analyse results of egg samples with DR CALUX and GC-MS)fahly 3
results give a higher GC-MS value. In our here presented research, five (5) of theD§xGBLUX
results are slightly lower than the GC-MS. See Figure 42. This could btingrifl the research done
in air samples by Airparif Paris, finding high levels of brominditedns, everat TEQ level, with active
air sampling. Therefore, we recommend to design here a more suitable follow-up byudsing
biological and chemical analysis in combination for egg and emission gas samples.

TWhave setup the analyses in two different serie, with both series giving the same resultswéth |

DR CALUX results. In our database of backyard chicken eggs measured with DR CALUX and GC-MS,
there is an incidence of 3% of higher values of the GC-MS. This measurements serie of Raris coun
83% (5 out of 6) and that is remarkable. Interesting are the ones inatabdse falling apart of this

negative TEQ/BEQ relation. The eggs were sampled within the influence area o€itveoators and

one big chemical industry. One in Harlingen, REC, The Netherlands and one in Ropttexdathe

largest incinerator of The Netherlands (AVR). This makes the results suspect of another parameter
Jv(iop v 8Z @& epodeX dZ ]} e« C ]e « }vscdhénReracbomepditéne€E} oC S
we still not understand. But the fact that it happens just in area where just complex mixtéires o
chemical compounds can be found. Could it be that some substances, probably brominatéar m
brominated dioxins or other halogenated POPs have counteractivity on the AhRaete&his finding

of reduced DR CALUX values at certain suspected locations for brominated dioxins stfautlaeln
investigated.

A brominated question of DR CALUX

GC-MS PCDD/F> DR CALUX PCDD/F
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Figure 42: A brominated question: Chemical congener-spe@fizMS vs biological sum of all kinds of dioxin-like
compounds by DR CALUX
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Biomonitoring of evergreen trees

At first an inventory was made of all possible vegetations sample locatidhs environment around
the waste incinerator Ivry/Paris XllI, Ivry-sur-Seine, Pafigit8ndissement and Charentde-Pont
(see Annex 3). The final sample plan implemented and collected on Jin&@81 is shown in Table
8 and Figure 43 present the vegetation locations on the nrapable 8 the column with the distance
refers to the distance in meters to the waste incinerator.

Table 8: Sample plan vegetation around waste incineration Ivry/Paris RHtjs 2021

Sample plan vegetation Paris Ivry 2021

Paris 2021 Vegetation sampling plan

Sample Reference Specie Distance
number Number incinerator (m
Vi IVRY_VEG-02 Cedrus atlantica 487
V2 CHAR_VEG-9a Cuppressus arizonica 724

V3 PARIS-13_VEG-24a Pinus sylvestris 1060
\Z IVRY_VEG-23 Pinus sylvestris 525
V5 IVRY_VEG-5 Olea europaea 427

Figure43: Sample plan of vegetation in Paris Ivry in 2021
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Figures44 shows the results with the DR CALUX of dioxins in pineewddliage and leaves
of vegetation. There are very few studies using the bioassay to measure persigjanic
pollutants in vegetation for comparison. Most of the researches uses the che@@sIS
analyses for dioxin analysis. In this report a comparative indicative aithleesults of TW
data in other European researches is presented. Basethese resultsTW applicate an
indicative (color) scale to interpret the divers DR CALUX resulis tontext.

Results dioxin analyses evergreen trees Paris ROg1

PCDD/F/dI-PCB PCDD/F

2 q R . TW Indicative scale
Dioxins Vegetatlons Paris PCDD/F/dI-PCB PCDDIF dL-PCB
Sample date Specie Sample Ref. Nr. Distance  PCDD/F/dI-PCB  PCDD/F PCB PREUR DR CALUX DR CALUX
m pg TCDD eq./g g TCDD eq.fg product|  pg TCDD eq.Jg produft  pg TCRM product

28/06/2021 Cedrus atlantica \%8 IVRY_VEG-02 487 1.70 1.10 0.60 > 5.0 550 >5.0
28/06/2021 Cuppressus arizonice V2 CHAR_VEG-9a 724 4.39 4.10 0.29 520 520 520
28/06/2021 Pinus silvestris V3 PARIS-13_VEG-24a 1060 0.56 0.24 0.32 > 1.0 > 1.0 > 1.0
28/06/2021 Pinus silvestris V4 IVRY_VEG-23 525 0.87 0.77 > 0.5 >0.5 > 0.5
28/06/2021 Olea europaea V5 IVRY_VEG-5 427 0.42 \ <05 | <05 | <05 |

Figure 44: Results of dioxin analyses in evergreen trees in our sampling campaigrisrivPain 2021
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Vegetation Locations, Paris Ivry 2021

In the following five figures an overview of each vegetation location irerdetail, see Figure
45-49

Vegetation V1

Vegetation location Yin Ivry-sur-Seine, is a public garden, probably from the 1980s. It is
called "Jardin de la rue Elisabeth". The resinous tree, Atlas c&kdrus atlanticais a tree

of 15 meter. The needles are taken 2 meter from the ground. The sample place is 200 me
from a recycling metal industry. The results of the sum of dioxins (PCIMP/ER) are quite
high with a level of 1.7 pg TCDD eq./g dry product. The result of DR @aldidXins (PCDD/F)

is 1.1 pg TCDD eq./g and 35% of this value is due to the diox{diHREB) fraction with a
level of 0.6 pg TCDD eq./g dry product (Figure 45).

V1: IVRY Veg-02

Ivry-veg02

Metal scrap

Jardin ElisabethiNear 24 rue Jean-Jacques Rousse

Figure 45: Vegetation location 1, Paris - 2021
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Vegetation V2

Vegetation location 2 in Charenton-le-Pont is near Jardin du CardgriRichelienThe garden
is open for public and is situated between apartment blocks, see Fifur&dhe sample of
needles is taken fror@upressus arizonideom 1,5 t 2 meter from the ground. The results of
the bioassay DR CALUX on this needles is found to be extremely high vath®DD eq./g
product for the sum of dioxins (PCDD/F/dI-PCB). Compared to otherubi€sstthese levels
are the same as the dioxins levels found 200 meter from a large muniséé incinerator
Valdimingémez in Madrid. Remarkable is the fraction of dioxins (PCD¥B%woivith a value
of 4.1 pg TCDD eq./g product. PCDD/Fs are combustion related.

V2: CHAR_VEGYA

Cuppressus arizonica Near Jardin du Cardinal de Richelieu

Figure 46: Vegetation location 2, Paris - 2021
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Vegetation V3

Vegetation location 3 is located in Paris 13e arrondissement 1060 meter Northf\dfashe

Jv ]Jv & S}EX /S ]J* %pu o] P E vU v u Z: & (Bpine neédld EE [X
samples were taken is most probablyPmus sylvestrighe results with the bioassaye the

lowest in this measurement, compared to other results slightly elevatee ffction dioxins

(PCDDI/F) is less than the dioxin-like REHBCB) fraction with a level of 0.24 pg TCDD eq./g
product, respectively 0.32 pg TCDD eq./g product, Figure 47.

V3: PARIS-13_VEG-24a

Jardin Abb pPierre,
21 rue Thomas Mann,
75013-Paris

Figure 47: Vegetation location 3, Paris - 2021

Biomonitoring research Paris, France - 2021 48



Vegetation V4

Vegetation location 4 is located on the quayside of the Seirlgrinsur-SeineThe sample
location V4 overlooks the quay, above the quay, in between the Seine rivehandarth-
East of Ivry-Port. Pine needles were sampled fRinus sylvestriwhichseems in good shape.
The needles were sampled 2 meter from the ground. The result with the DR GALBX pg
TCDD eq./g product for the sum of dioxins (PCDD/F/dI-PCB). The fractiaoxfns (PCDD)F
is 53% with a measured value of 0.87 pg TCDD ppliuct, Figure 48.

V4: IVRY_VEG-23

Ivry- 3-11 Quai Jean Compagnon

Figure 48: Vegetation location 4, Paris - 2021
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Vegetation V5

Vegetation sampling location 5 is the public garden Chantecl&ryrsur-Seine. It is a small
open place leading to the Dulcie September primary and pre-schoobkdbld olive treest
Olea europaedave been planted 128011 -2016. The sample place is 427 meter away near
from the incinerator. The fraction of dioxins (PCDD/F) is 84% withg2ZTCPpD eq./g product
from the total sum of dioxins (PCDD/F/dI-PCB) of 3.12 pg TCDD eq./gpraduo see in
Figure 49 location V5 and V2 belong to highest measured values in thgeBaraccording to
TWiresearches on evergreen trees (Figure. 50)

Vegetation 5: IVRY_VEG-5, AlIChanteclair

@QQ

Incinerator Ivry/Paris XIII

All e Chanteclair

Figure 49: Vegetation location 5, Paris - 2021
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Comparation with other TW-biomonitoring researches of evergreen trees

On the comparative scale of evergreen trees, Paris ranking high valuéBwiiicative scale colored
orange, red and dark red, meaning a serious load of dioxins (PCDD/F/dMR&Bsamples used in
TW researches 2021, see Figbe

TW Indicative scale dioxins (PCDD/F/dI-PCB) ngreen trees, Paris, France - 2021
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Figure50: TW Indicative scale PCDD/F/dI-PCB evergreen trees

Remarkable at all five (5) vegetation locations in Paris, dioxin-like PCB ( dI-PCBsdrge
the highest values measured by TW in biomonitoring researches in ER0G|92021 (Figue
51, TW indicative scale dI-PCB)

TW Indicative scale dI-PCB in evergreen trees Haasce. 2021
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Figure51: TW Indicative scale dI-PCB evergreen trees
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Mosses

Bryophytes are the non-vascular autotrophic cryptogams with second highest cargliton among

land plants after the angiosperms, and nearly about 25,000 species were present wor{tistiea

et al. 2016). Mosses belong to the kingdom Plantae, and division Bryophyta. Mosses are a vegetatio
groupthatZ A Z@E&Z]1}] *ZU su 00 ZZ JEO0]l [ *SEN SPE « BAISZ%SZ VI ¥ (pv
the ground, rock, bark or substrate, instead of a root system like plants and trees haygdke of

water, minerals, and possible contamination by (toxic) chemicals in the soil.

Dreyer (2018¥ find PCDD/F TEQ concentrations ranged from 0.024 pg TEQ to 0.81 pg TEQ.
Caraballeir& (2006) et al. reported PCDD/F TEQ concentrations of 0.3 pg TEQap(amds), %

pg TEQ in relation to an incinerator. Most of the mosses are < 1 pg TE@/glssoft et al.(2016)
observed PCDD/F concentrations in Swedish moss sanfpliesr@zium schrebeor Hylocomium
splendengfrom 0.0001 to 0.57 pg TEQ/g. Dioxin-like RIGBCB) in the study of Dreyer is below 0,5

pg TEQ/g. Generally, the concentrations of the analysed substaneé&sw, often close to or below

the quantification limits (LOQ) with the chemical analy# significant correlation is observed
between PAHSs, dioxin/furans, and dioxin-like PCBs in mosses and the distancelos#se industry.

In figure52 it is shown the sample plan of mosses in the area < 1 km aroundabi wicinerator
Ivry/Paris XIII . After sampling, transport and shipping to the Netherlands, thdessiofpnosses were
for 24 hours dried at the air. For more reference results of mosses in remote areas u3&d by
biomonitoring researches in Europe 2019-2021, please see figure

Sample locations mosses Paris 2021

M1 Jardin Elisabeth, Near 30 rue Westermeyer
M2 Parc des Cormailles

M3 Jardin du Cardinal de Richelieu

M4 Jardin Abb Pierre

Figure 52: Sample plan mosses for analysis of dioxins (PCDD/F/dI-PCBris 2021

42 Dreyer et al. Environ Sci Eur (2018) 30:43 https://doi.org/10.1186/s12382172y
43 carballeira A, Angel Fernandez J, Aboal JR, Real C, Couto JA (2006) Moss:laqoviartlioxin monitoring. Atmos
Environ 40(30):5776786
4 Danielsson et al. (2016). Persistant organic pollutants in Swedish mosses, W G-E®
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Results dioxin analysis mosses

In Figureb3 the analysis results for dioxins (PCDD/F) and dioxin-like PCBs (dI-PCB) are presented with
the use of indicative colors according to TW indicative legenda. In thiseFs@uthe results of the

dioxin analyses on mosses with DR CALUX have been placed on the map, ddpartaie sum of

dioxins (PCDD/F/dI-PCB), dioxins (PCDD/F), and dioxin-likelFREEB] The results for dioxins in
mosses are high, compare with other results of TW biomonitoring researches (see Fig@eB&5

dioxin values are between 1.1{74.90 pg TCDD eq./g product.

Results dioxin analyses mosses Paris Ivry 2021

PCDD/F/dI-PC PCDD/H dI-PCB

1000 meter 1000 meter 1000 meter

M OSSeS Paris 2021 PCDD/F/(‘”-PCBTW Indliig‘;iscale dL-PCB
Sample TW-REF-NR Dls::nce PCDDIF/dl-ig EQ/gP;rlz::Et 0 TCDDFLZ:/LQU:MM 0o r;ﬁ:;u:m L pg 1;2::::2(
M1  IVRY_Moss-01 +IVRY_Moss-02 620 >50 >50 >50
M2 IVRY_MOSS-04 + IVRY_MOSS-05 825 - fg - fg - fg
M3  CHAR_MOSS-06a+CHAR_MOSS-06b 724 s T T
M4  PARIS-13_MOSS-09 + PARIS-13_MOSS-10 92 [ <os | <05 | <os

Figure 53: Results of DR CALUX analyses in mosses in Paris in 2021
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Mosslocaton 1

Moss location 1 is located near rue Westermeyer and rue JJ Rousseau and 620roneter f
the incinerator. On this location a very high level of dioxins is measured o§4.€PD eq./g
product. More than 20% is accounted for dl PCB with 1.1 pg TCDD(Etglge 54)

Moss location 1

Mosses Paris 2021

Sl TW-REE-NR Distance [ PCDD/F/dI-PCH PCDD/H PCB
m pg BEQ/g product
M1 IVRY_Moss-01 +IVRY_Moss-02 620 4.90 80 0
M2 IVRY_MOSS-04 + IVRY_MOSS-05 82 4 0 0.31
M3 CHAR_MOSS-06a + CHAR_MOSS-06b 72 8 0 0.61
M4 PARIS-13_MOSS-09 + PARIS-13_MOSS-10 9 0.88 0.29

Jardin Elisabeth, Near 30 rue Westermeyer

Figure 54: Moss location 1+Paris 2021

Mosslocaton 2

Moss location 2 is located in Parc Cormailles, 825 meter from the incinerator (BEjure

Moss location 2

Mosses Paris 2021

TW-REE-NR Distance -PCH O
pg BEQ/g product O

0.31 O
0.61
0.29 @

M1 IVRY_Moss-01 + IVRY_Moss-02
M2 IVRY_MOSS-04 + IVRY_MOSS-05

M3 CHAR_MOSS-06a + CHAR_MOSS-06b

M4 PARIS-13_MOSS-09 + PARIS-13_MOSS-10

Parc des Cormailles

Figure 55. Moss location 2 - Paris 2021
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Mosslocaion 3

Moss location 3 is located at the Jardin du Cardinal Richelieu and 720snestst of the waste

incinerator. Just like the results on vegetation on this location a high déwbxins is found, 2.8 pg
TCDD eq./g product for the sum of dioxins (PCDD/F/dI-PCB). The dI-PCBveés leelativith 0.3 pg

TCDD eq./g product, Figusé.

Moss location 3

Mosses Paris 2021

Distance | PCDD/F/dI-PCH PCDD/H
pg BEQ/g product

Sample TW-REF-NR

M1 IVRY_Moss-01 + IVRY_Moss-02

M2 IVRY_MOSS-04 +IVRY_MOSS-05 0.31
M3 CHAR_MOSS-06a + CHAR_MOSS-06b 0.61
M4 PARIS-13_MOSS-09 + PARIS-13_MOSS-10 0.29

Jardin du Cardinal de Richelieu

Figure 56: Moss location 3, Paris - 2021

Mosslocaton 4

Moss location 4 is located at the Jardin Abbé Pierre, 920 North from the incinefdtthis location
the lowest value in these measurements with 1.17 pg BEQ/g product for the sudioxihs
(PCDD/F/dI-PCB), Figure 57. However still high compared to other resoliseinbiomonitoring
projects of TW in Europe, see Figure 58 and 59

Moss location 4

Mosses Paris 2021

Distance | PCDD/F/dI-PCH  PCDD/H

pg BEQ/g product
3.80

PCB

TW-REF-NR

M1 IVRY_Moss-01 +IVRY_Moss-02 620
M2 IVRY_MOSS-04 +IVRY_MOSS-05 §
M3 CHAR_MOSS-06a + CHAR_MOSS-06b

M4 PARIS-13_MOSS-09 + PARIS-13_MOSS-10

Figure 57. Moss location 4, Paris - 2021

Jardin Abb Pierre
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Comparison with other biomonitoring studies on mosses

Figure 58 and 59 are TW indicative ssatecompare and interpret DR CALUX results on mosses on
data of TW researches on mosses in Europe 2019-2021.
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Figure58: TW Indicative scale mosses PCDD/F/dI-PCB with DR CALUX
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Figure 59: Indicative scale of dI-PCB levels with DR CALUX in mosses
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Comparison with SYCTOM research

The results of dioxin analyses in mosses is presented in the official yearly re@@@2@published by

SUEZ "h e[ ep }VSE S}E }v u § JJulv]S}E]IVP & efuBerZaway u}lee « 0}
from the Paris Ivry Xlll incinerator than the moss locations used in this TW biomongtriyg2021,

namely within a circle of 1 km from this incinerator. The research on mosses ateddoy the

SYCTOM is being performed since 2016 (page 65 and page TBé)results are summarized in Figure

60.

A number of remarkable things can be deduced from this report. First dfialhaticeable that all the
moss locations have almost the same dioxin contamination. Secondly, the rangexiofs in moss
between0.3 -1.2 pg TEQ/g. Thirdly, the reference value for moss set at 0.6 pg TEQ.

This TW biomonitoring research shows higher dioxin levels at the fpordds locations in the vicinity
of the incinerator. The dioxin values are between 12.9 pg TCDD eq./g product within a circle of
1000 meter around the incinerator. A difference of more than 400% or a factor 4 batthe results

of SUEZ and TW. The variation in the presented data of SUEZ demonstrate a loweoiapared

to the results of this biomonitoring study. In the incinerator report is stateat mosses have an
ubiquitous value of 0.60 pg WHO-TEQ/g dry matter. However, no refeieattached and this value
is contrary with the literaturé®,*” *8 In unpolluted areas, dioximsn f be measured above the limit of
detection (LOD)

The threshold value set by DIP_IPXIII at 2 pg WHO-TEQ/g dry matter is the saenkngisvalue in
the TW indicative scale for serious contamination. The differences with the TW scale is tleaetke |
between 0.5t 1.0 TCDD eq./g product are marked as elevated and not as norraasv@nfirm the
references46-48.

The conclusion of SUEZ report is th@ab activity by the waste incinerator can be detectethisTW
biomonitoring research demonstrate the opposite by measuring increased leveisxiris (PCDD/F)
and dioxin-like PCBs (dI-PCB) in the environment of the incinerator. Xptenation could be that
with DR CALUX is more sensible for other POPs than the chemical analysiy a7 ®CDD/F
congeners. In contrast, the results on the biomarkers of eggs demonstrated that the lyidaBsa
CALUX results in Paris showed lower levels than the chemical analysis. The reasocowis, kit
could be the result of antagonistic activity of a mixture of persistent organiatpats, not good
homogenized samples or too high analysed levels by chemical analysis. Tdarefecommend here
to analyse again in parallel samples by chemical and biological anajysithétical the results could
be more higher. The results of the mosses in the report of the waste incinerator haes \eiween
0.5 -1.0 pg TEQ, while this TW research found much higher values of 1.2- 4.9 pg T&DD eq.

ThisTWresearch find large differences between moss locations in a circle of 1 képietn the
incinerator. The conclusion of the report of SUEZ that no significant imptw attivity of the waste
incinerator on the environment can be foutdl v [3$ ified N&support of reports of analyses are
attached therefore isno verification possible of these results, neither concerning the calculation of
TEQ (table), neither the sampling program, pictures and even how the mosses are cleaned-up for the
analyses.

4 Usine dincinerd |}v [}E PE « u v MPafis X, -ddds@& @'information du public bilan annuel 2020
46 Danielsson H. et al. (2016). Persistant organic pollutants in Swedish mosses, Isth. Bwwéwnmental Research
Institute 2016, report nr. C 188
47 Carballeira A, Angel Fernandez J, Aboal JR, Real C, Couto JA (2006) Moss:|aqub¥eertlioxin monitoring. Atmos
Environ 40(30):5776786
48 Dreyer et al. Environ Sci Eur (2018) 30:43 https://doi.org/10.1186/s1288R172y
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Comparison with France study - Paris 2021

Figure 60: Comparison with study incinerator mosses
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Conclusion

TW conducted a biomonitoring study, commissioned by Collectif 3R fegdédutiliser,
recycler),on biomatrices eggs of backyard chicken, vegetation of evergreen trees and mosses
in Paris/lvry-sur-Seine. High dioxin values are found in all threedbim®s. The eggs of
backyard chicken, a sensitive biomarker of pollution of substances of verydmgéra in the
environment, demonstrate with the bioassay of DR CALUX analyses 83% of the eggs (5 of the
6 samples) are exceeding the action limits for safe food consumption astedyuh the EU
Directive 2017/644The chemical GC-MS analyses of the eggs verify these results. Five (5) out
of six (6) locations exceeding the EU limits for safe egg consumption accoodigy t
Regulation 1881/2006. The chemical GC-MS analyses of the eggs resiiMeinlocations
exceeding the action limit for dioxin-like PCBs according to EU Regulad81/2006. If these

eggs were produced for the commercial market, they should have to be withdrawn

These EU limit values for food, and in this particular case for eggs, are comiyercial
motivated. From a human health perspective, according to The Europeandrab&afety
Authority (EFSA), these limits should be drastically modified. In 2018, EFSAusteslvdie
tolerable weekly intake (TWI) of dioxins and concluded that this T@lldtbe set 7 times
lower to protect human health. The production of eggs from hobby hens camiaino 200
eggs per month and pose a substantial risk to communities.

Conclusion biomonitoring Paris Ivry - 2021

Dioxins

Five (5) egg locations are

di-PCB

6 samples exceed the H
action limit for dI-PCB

NOT complyling EU limit fg
the sum of dioxins
(PCDD/F/dI-PCBs) TEQ.

1 sample exceeds the H
action limit for dI-PCB

Two (2) egg locations exceq with a factor 10

more than 5 times the EU
limit of 5.0 pg TEQ/g for su
of dioxins (PCDD/F/dI-PCH|
TEQ.

Food (Eggs) GC-M§g TEQ/g fat
EU limit PCDD/F/dI-PCB

TW-indicative scale

Figure 61: Conclusion biomonitoring dioxins (PCDD/F/dI-PCB) in eggs, Paris Ivry 1202

The congeners of the dioxins (PCDD/F) show identical patterc@nicentration as in TEQ
fractions with the incinerator patterns of the WIE incinerator (RECHarlingen, The
Netherlands. Figur61 shows an environment in Paris Ivry under stress of dioxins and dioxin-
like PCBs. Dioxins can be produced by many sources, but incineration is an impoutaet,

still.
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The analyse results of vegetation, pine needles and mosses, demonsghteitxin levels in

the vicinity of the incinerator. Figui&2 demonstrate dioxins in mosse$ 1.2 - 4.9 pg TCDD
eq./g product and 1.6t 4.4 pg TCDD eq./g product in pine needles. Fraction of PCDD/F
dominates over dI-PCB.

Results dioxin analyses evergreen trees and mosdestis Ilvry 2021

PCDD/F di-PCB

PCDD/F/dI-PCB

1000 meter

J
O

Figure 62: Conclusion biomonitoring vegetation (evergreen trees and mosses), ParA021

PCDD/F/dI-PC

1000 meter

Based on the limited data of this biomonitoring study, contartiorawith dioxins is identified
in Ivry Paris. More research is needed to eliminate or minimize this condaiom of
extremely toxic substances, which poses a risk for human health. The fosultisref the
dioxin analyses (PCDD/F/dI-PCB) in eggs and vegetation are among the higlestirval
ToxicoWatch biomonitoring studies in Europe.

Further actions

X Based on these limited analysis results, a clear signal was foahtutther research
is needed in Ivry Paris to advocate for reducing dioxins from the environmen

X More research is needed on biomarkers, such as eggs from backyard chickens
vegetation, like mosses, pine needles, leaves and foliage of evergreen trees. Analyses
in humans may also be considered.

X More research is needed on the contribution of the incinerator tolneesls of dioxins
found in Ivry Paris.

ToxicoWatch Foundation
December 2021

Biomonitoring research Paris, France - 2021 60



References

Andersson, J.T., Achte@. (2015)Time to Say Goodbye to the 16 EPA PAHs? Toward tnDQége Use of

PACs for Environmental Purposé®lycyclic Aromatic Compounds, 35:3384

Arkenbout, A.2018. Long-term sampling emission of PFOS and PFOA of a Wdstergy incinerator,

https://www.researchgate.net/publication/327701467_Long-

term_sampling_emission_of PFOS and PFOA of a \Wa#eergy incinerator

Arkenbout, A., Esbensen, K.H. (20B88mpling, monitoring and source tracking of Dioxins in the

environment of an incinerator in the Netherlan&soceedings Eighth World Conference On Sampling And

Blending / Perth, 1171124

https://www.researchgate.net/publication/321997816 Sampling_monitoring_and_souraeking_of diox

ins_in_the environment of an_incinerator_in_the Netherlands

Arkenbout, A Olie, K., Esbensen, K®018. Emission regimes of POPs of a Dutch incinerator: regulated,

measured and hidden issy&onference paper Dioxin2018

Arkenbout, A., Bouman, K.J.A.(2018. Emissions of dI-PCB, PBB, PBDD/F, PBDE, PFOS, PFOA and PAH from

a waste incineratarDioxin2018,

http://docs.wixstatic.com/ugd/8b2c54 cbc72aef99e549049030d4309097ebab.pdf

Arkenbout, A. (2014Biomonitoring of dioxins/dI-PCBs in the north of the Netherlands; eggs ofdoecky

chickens, cow and goat milk and soil as indicators of pollu@wganohalogen Compendium 76, pp 1407

1410

Barber, J.L. (2004.urrent issues and uncertainties in the measurement and modellingteégétation

exchange and within-plant processing of P@#wiron Pollut 128: 99.38

Behnisch, P.A. et al. (202Developing potency factors for thyroid hormone disruption by PFASs Tiftag T

dzt >hy ]} ¢+ Gessment of PFASs mixtures in technical proddatgronment International

157,106791

Carballeira, A., Angel Fernandez, J., Aboal, J.R., Real, C.J@ou@006)oss: a powerful tool for dioxin

monitoring. Atmos Environ 40(30):5776786

Chen, P. et al. (201 haracteristic accumulation of PCDD/Fs in pine needles near an MSWI and emission

levels of the MSWI in Pearl River Delta: A case s@itgmosphere 181 (2017) 36367

Danielsson, H. et al. (201®ersistant organic pollutants in Swedish mas$¥L Swedish Environmental

Research Institute 2016, report nr. C 188

EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), Knutsen HK eBale(Ziit8).

Opinion on the risk for animal and human health related to the presence @islenxd dioxin-like PCBs in

feed and food EFSA Journal 2018;16(11):5333, 331 pp.

Frontasyeva, M., Harmens, H., Uzhinskiy, A., Chaligava, O. and participants ofgtsemesg (2020).

Mosses as biomonitors of air pollution: 2015/2016 survey on heavy metals, nitrogétOdtslin Europe and

beyond Report of the ICP Vegetation Moss Survey Coordination Centre, Joint Institute faarNResearch,

Dubna, Russian Federation, 136 pp. I19B8I5-9530-:0508 1.

Hamers, T. (2020). Transthyretin-Binding Activity of Complex Mixtures Represérti@grnposition of

Thyroid-Hormone Disrupting Contaminants in House Dust and Human SerumnEwrital Health

Perspectives 017015-1 128(1)

Hirtzberger, P., Roux, F. (201@peration of Three WTE Plants in Parftxperience of a Major European

MSW Public AuthoritjVaste Management, Volume 9, ISBN 9784331048-0

Holt, E. et al. (2016Fpatiotemporal patterns and potential sources of polychlorinated bipl{E/gB)

contamination in Scots pine (Pinus sylvestris) needles from E&ogeon Sci Pollut Res, DOI

10.1007/s1135816-7171-6

HoogenboomRL.A.P. et al (2014pioxines en PCB's in eieren van particuliere kippenhougénssersity

& Research centre), RIKILT-rapport 2014.012

Hoogenboom, R.L.A.P. et al (20ZD)ngener patterns of polychlorinated dibenzo-p-dioxins, diberawfur

and biphenyls as a useful aid to source identification during a contéiorinacident in the food chajn

Science of the Total Environment 746 (2020) 141098

Kao, J.H. et al. (200@missions of Polychlorinated Dibenzo-p-dioxins and Dibenzofuram¥ éidous

Stationary Sourcederosol and Air Quality Research, Vol. 6, No. 2, pp. 170-179, 2006

Lamppu,J, Huttunen, S. (2002). Relations between Scots pine needle elementntataens and

decreased needle longevity along pollution gradients, Environmenthitida 122 (2003) 119126

Li, M., Wang, C., Cen, K., Ni, M., Li, X. (2&t8ission characteristics and vapour/particulate phase

distributions of PCDD/F in a hazardous waste incinerator under transiaditions R. Soc. open sci. 5:

171079.

Mahapatra, M. (2018)Perspective of mitigating atmospheric heavy metal pollution: using mosses as

biomonitoring and indicator organisniEnvironmental Science and Pollution Research, 2019

Oct;26(29):2962@9638. https://doi.org/10.1007/s11356319-06270z

Mishra, M, Dash, P.K., Alam, A. et al. (20C6)rent status of diversity and distribution of bryophytes of

OdishaPlant Sci Today 3:18694. https://doi.org/10.14719/pst.2016.3.2.222

Moeckel, C.,2008. Uptake and storage of PCBs by plant cutid@wiron Sci Technol 42:1€05
Biomonitoring research Paris, France - 2021 61




Olie, K., Vermeulen P.L.V., Hutzinger O. (19Mprodibenzo-p-dioxins and Chlorodibenzofurans are trace
components of fly ash and flue gas of some municipal incinerators in the Nethemsosphere No. 8,
455 t459

Petrlik, J. (2015Rersistent Organic Pollutants (POPs) in Chicken Eggs from Hot Spots.iB€ljiia
Gothenburg-Prague, Arrak Toxics and Waste Program, IPEN and Green Beagle 25

Petrlk, J., Arkenbout, A. (201®ioxinst The old dirty (dozen) guys are still with us
www.researchgate.net/publication/332877688

Pieterse, B., Felzel, E., Winter R, van der Burg B, Brouwer, A. RARH3CALUX, an optimized bioassay for
AhR-mediated hazard identification of polycyclic aromatic hydrocarf®AHs) as individual compounds and
in complex mixturesEnviron Sci Technol. 2013 Oct 15;47(20):11651-9. doi: 10.1021/es403810w. Epub 2013
Sep 25. PMID: 23987121.

Syctom (2020)Us]Jv  —]v ]Jv E $]}werdderep Evey-Paris Xlll, dossier d'information du public
bilan annuel 2020

Sunderland, E.M. (2019). Journal of Exposure Science & Environmental Bludgrf2019) 29:131147
Toxicowatch (November 2018)idden Emissions: A story from the Netherlands, a case stady Waste
Europe,_https://zerowasteeurope.eu/wp-content/uploads/2018/11/NetherlandsC&-ptif

ToxicoWatch (2019Hidden TemperatureZero Waste Europe,
https://zerowasteeurope.eu/library/hidden-temperatures-emissions-imations-of-temperaturesin-the-
post-combustion-zone{-waste-incinerators/

Van den Berg, M., Birnbaum, L.S., Denison, M., De Vito, M., Farland, W., Feeleyllé, HriegHakansson,

H., Hanberg, A., Haws, L., Rose, M., Safe, S., Schrenk, D., Tohyama, C., Tritschestd, JTubysklind,

M., Walker, N.,2006). The 2005 World Health Organization reevaluation of human and maiamiaixic
equivalency factors for dioxins and dioxin-like compoufasgicol. Sci. 93, 22341.

Zafeiraki, E. et al, (201&)erfluoroalkylated substances (PFASs) in home and commercially prodeked chi
eggs from the Netherlands and Greg€hemosphere 144 2108112

Biomonitoring research Paris, France - 2021 62



Table of figures

Figure 1: Ivry / Paris XlII incinerator Paris (GO0gIe EArth).........c.coiiiiiiiiiiiiiiiie ettt L IO
Figure 2: WiINd roS€ Of PariS, FrAMCE..........iiiiiiieei e ettt e e e et e e e e e et e e e e e e et e e e e e e s st b aeeeeeseaatasaaeeesaanes 10........
Figure 3: Wind rose Harlingen (a), dioxin cloud during calamity, 2015 (b), coatacheggs Harlingeft)...................... 10
Figure 4: Schematic overview of dioxins (PCDD/F/dI-PCB), © TOXICOWALCN..........ccoviiiiiiiiiieiiiieeec e 11..
Figure 5: EU regulations for dioxins (PCDD/F/dI-PCB), © TOXICOMVALCN. .........cocvviiiiiiiiiiiiieeic e 12...
Figure 6: Chemical GC-MS analysis of dioxins (PCDD/F/dI-PCB) vs bioassay DR CALUXxi=y8etcdT.............. 12
Figure 7: What are the real emissions of WtE incineration? ©. TW.............. .
Figure 8:dioXin-like PCB (dI-PCB) CONGENMELS........uuiiiiiiiaiiiite sttt ettt e st e e et e s asb e e e e e nnneeas 14......
Figure 9: Molecular structures of the most common PAHS (HUSSAIN 2018) .........coviiiieiiiiieiiiiiieieee e 15...
Figure 10: Overview figure of EU Commission Staff Working document on PFAS, October.. 2020............c..cc...... 16
Figure 11: Overview of PFAS exposure pathways to the human population and/tfemerent (Sunderland et al. 2019).
Figure 12: Biomonitoring of backyard chicken eggs in natural enVironment............cooiviierieeiiiiiiieee e e 20...
Figure 13: Tolerable Weekly Intake of dioxins revision for adults and childi®A @BR8), graphs by TWQ................. 21
Figure 14: Sample plan eggs for backyard chicken eggs - Paris.2021............cooiiiiiiiiiiiiiiic e

Figure 15: Sample plan vegetation - PAriS 202L..........coiiiiiiiiiie ettt e et e e nrae e e e anree e

Figure 16: Results of dioxins PCDD/F/dI-PCB analyses in eggs2@2itis

Figure 17: Results of dioxins (PCDD/F) analyses in @ggS20RAIIS. ..........coiurieiiiiieiiiie e 25....
Figure 18: Results dioxin like PCB (dI-PCB) in €ggs - PariS.2021..........ccuiiiiiiieiiiieeiiie e

Figure 19: GC-MS Results for the sum of dioxins (PCDD/F/dI-PCBS) in eggs G&C-M&I8R021.........c.ccovvevivreennnnn.

Figure 20: TW indicative scale of GC-MS analysis of sum of dioxins(PCDD/F/dI-PCBs).in food

Figure 21: Results GC-MS analyses eggs ParisS.2021L..........ccoiuiiiiiiiieiiiie e iiee e

Figure 22: Results GC-MS analyses on dioxin-like PCBS, Paris.2021............ccccueiiuiieiiiiieiiieee e

Figure 23: Congeners distribution in €ggs - Paris 2021...........cooiiiiiiiiiieiiee et

Figure 24: Overview egg location Ivry-egg 1/3/5, Paris 202L...........ceeiiuiieiiiieeiiieeeaiiieesieeeaiieeeeseeeesneeeeaieeeeanes

Figure 25: Data and comparison combustion congener patterns egg pooled loeajioegg1/3/5, Paris 2021............. 31
Figure 26: Egg location Ivry_egg2 - Housing and foraging area, Paris.2021............cccooviiiiiieiiiieeiiic e 32...

Figure 27: Data egg location Ivry_egg?2 - Paris 2021
Figure 28: Data egg location Ivry_egg4 - Paris 2021
Figure 29: Data egg location Ivry_egg4 - Paris 2021

Figure 30: Data egg location Alf_eggl - Paris 202L.........cooiuiuiiiiiaii ittt e a e e e 34......
Figure 31: Data egg location Alf-eggl, PariS 202L...........uuiiiiiiiiiiiiie ettt 34.....
Figure 32: Data and pictures of egg location Alf-egg2, PariS.202L...........ccoiiiiiiiiiiiiiiie et 35....
Figure 33: Data egg location Alf-egg2, PariS 2021...........eui ittt e e et e e e e e e e e e 35......
Figure 34: Data egg location Paris-egg7, Paris 202L..........cooui ittt e e 36......
Figure 35: Data egg location Paris-egg7 - PariS.202L........cccuiiiiiiiiiiiiie et 36......
Figure 36: Ivry-egg9: Eggs from the supermarket, Paris.202L.........ccccuiiiiiiiiiiiieiiie e 31...
Figure 37: : Comparison of the PCDD/F congeners found in eggs and in air with the DA8Q.samp............cccccccvee.. 39
Figure 38: TW Comparitive scale for sum of dioxins (PCDD/F/DI-PCB) . &QGS. ... uttuauiiiiiiiiaeeiaiiiiieee e 40...
Figure 39: Comparative scale dI-PCB CONCENratiONS IN.EOGS. ... ..uurreieeiiiiiiii ittt e e e e 40.....
Figure 40: Measurement results incinerator during transient stages (page 11BIHR Annuel 202Q).............ccveennn 41
Figure 41: Dioxin emissions during transient stages of incineratidhreIearch.............ccccocviieiiniiiiniiie e A2
Figure 42: A brominated question: Chemical congener-specific GC-MS vs bislagiadlall kinds of dioxin-like

COMPOUNAS DY DR CALUX ..ottt ettt e e e e oottt e e e e ot b ettt e e e e e sb bt et e e e e e e satbeeaeeesanbnneeaaeeeannnns 43..........
Figure 43: Sample plan of vegetation in Paris IVry in 202L..........coiiiiiiiiiieiiiie et 44.....
Figure 44: Results of dioxin analyses in evergreen trees in our sampling camagis Ivry in 2021.........................45
Figure 45: Vegetation [0Cation 1, ParB2L.........coo ittt e e e e et et e e e e e e st e e e e e e aannbreeaaeeaanes 46.......
Figure 46: Vegetation location 2, Par)21

Figure 47: Vegetation [0Cation 3, PArB2L.........cooi ettt e e e e ettt e e e e e e bt e e e e e e e aanbbreeeeeeaanes 48.......
Figure 48: Vegetation 10Cation 4, ParBD2L.........oouiiiiiiiiieiiii ettt 49.......
Figure 49: Vegetation 10Cation 5, ParBD2L.........ooiiiiiiiiiii ittt

Figure 50: TW Indicative scale PCDD/F/dI-PCB evergreentrees..........cccccceeeeenne
Figure 51: TW Indicative scale dI-PCB EVEIrgreEN.IIEES. ....cccoi ittt e e e e e nbreea e as
Figure 52: Sample plan mosses for analysis of dioxins (PCDD/F/dI-PP@Bs 2021
Figure 53: Results of DR CALUX analyses in mosses in Paris.in 2021 ..........cooiiiiiiiiiiiiie e
Figure 54: Moss location LPariS 2021.........c.oii i

Figure 55: Moss location 2 - Paris 2021
Figure 56: Moss location 3, Par021............

Figure 57: MOSS [0CAtION 4, PAIMBO2L........ciiiiiiiiiiiii e ettt e et e e e e et e e e e e st e e e e e e s satb e et eeeesessatbeaeeeessnsssraeaens
Figure 58: TW Indicative scale mosses PCDD/F/dI-PCB with DR.CALUX .........oviiiiiiiiiiieee e 56...
Figure 59: Indicative scale of dI-PCB levels with DR CALUX IN.MQSSES. .......ccuuuiiiiieaaaiiiiieeaeae et eae e e s eieieeeaae e 56....
Figure 60: Comparison With Study iNCINEIrator MOSSES . ... .ceueiiiiiiiiiia et e e e ettt e e e e e e et e e e e e e e abbeeeeaeeaaanneeeeaaeaas 58......
Figure 61: Conclusion biomonitoring dioxins (PCDD/F/dI-PCB) in eggs/PaRiBAL.............ccveeeviiiiviiiieeeiiiiiiieeeeenn 59.
Figure 62: Conclusion biomonitoring vegetation (evergreen trees and moB8eis)JVry 2021...........ccccvvveeeeiiiiiienen. 60

Biomonitoring research Paris, France - 2021 63



Tables

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:

Relative Potency Factor (RPF) for 12 PFAS expressed in PFOA equiéigncyilfRaker 2018)................... 17
Answers of chicken coop owners on the questions of the Egg qaegtRaris - 2021, provided by TW.......... 23
Results for dioxins in Eggs with DR CALUX, RS =......uvviiieiiiiiiiiie et 24.....
Fraction TEQ (%) of dioxin (PCDD/F) Congeners in €gg80PANIS .. ...ccciivrrieeeee e ee e e e et e e s 29,
Fraction of dioxins (PCDD/F) congeners concentration (%) iNsgBOR02L........cocovveeiiiiieiiiie e 30.
OI-PCB iN €gQS - PArIS 2021L...... ittt e ettt e e e et e et 38.......
% TEQ dI-PCB congeners eggs iN PariS.2021............ooiiiiiiiiiiieie et e e e e et e e e e s eearae e e e e s aanes 38......
Sample plan vegetation around waste incineration Ivry/Paris Xlll, Paris.202L.........cccccccceeiiiiviireeeeeiinnns 44.

Biomonitoring research Paris, France - 2021 64



