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Acronyms

B[a]P Benzo[a]Pyrene, one of the most toxic Polycyclic Aromatic Hydrocarbon (PAH)

BAT Best Available Techniques

BEQ Bioanalytical EQuivalents

BEP Best Environmental Practices

BREF BAT (Best Available Techniques, BAT) REFerence Documents, developed for the
monitoring of emissions to air and water from installations under theistidal Emissions
Directive (IED)

di-PCB Dioxin-Like Polychlorinated Biphenyl

dm Dry matter or ds = Dry Substance

DR CALUX® | Dioxin Responsive Chemical-Activated LUciferase gene eXpression®

EFSA European Food Safety Authority

GCMS Gas Chromatography Mass Spectrometry

HEPA High Efficiency Particulate Air, a certification standard for the performance ofeis fil

HM Heavy metals

HVAC Heating, Ventilation and Air Conditioning equipment

ICPMS Inductively Coupled Plasma Mass spectromeryelemental analysis technology capab
of detecting most of the periodic table of (heavy metal) elements

IED Industrial Emissions Directive (Directive 2010/75/EU of the European Parlianteof an
the Council of 24 November 2010 on industrial emissions), to control and rekece
impact of industrial emissions on the environment.

LB Lower Bound (Ib)

LCMS/MS Liquid Chromatography Mass Spectrometry Mass Spectrometry

LOD Limit of Detection

LOQ Limit of Quantification

MB Medium Bound (mb)

MSWI Municipal Solid Waste Incineration

ndl-PCB Non-Dioxin-Like Polychlorinated Biphenyl

t Ton (metric):  1,000.000 grarof)

kg Kilo gram: aQ0gram (L0%)

g Gram: 1 gram

mg Milligram: 0.001 gram (30

.. P Microgram:  0.000 001 gram (0

ng Nanogram: 0.000 000 001 gram 910

pg Picogram: 0.000 000 000 001 granT*q)10

OTNOC Other Than Normal Operating Conditions of waste incineration production process

PAH Polycyclic Aromatic Hydrocarbons

PAH CALUX®| Polycyclic Aromatic Hydrocarbons Chemical-Activated LUciferase gene eXpression®

PCB Polychlorinated Biphenyl

PCDD Polychlorinated Dibenzodioxins

PCDF Polychlorinated Dibenzofurans

PBDD/F Polybrominated-dibenzodioxins and furans

PFAS Per- and polyFluoroAlkyl Substances
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PFAS CALUX@ Per- and polyFluoroAlkyl Substances Chemical-Activated LUciferase gene eX@ressi

POP Persistent Organic Pollutants

REP Relative Potency Factor, for the assessment of i.e. B4:C18 direct oral external expos
PFAS

SVHC Substances of Very High Concern

TCDD 2,3,7,8-tetrachloordibenzo-p-dioxine

TDI Tolerable Daily Intake

TEF Toxic Equivalency Factor

TEQ Toxic Equivalents

TW ToxicoWatch

TWI Tolerable Weekly Intake

uB Upper Bound (ub)

UFP Ultrafine particles, (UFP, particular matter - PMO0.1)

ULPA Ultra Low Particulate Air

UPOP Unintentional POP (Persistent Organic Pollutants)

wWw Wet weight or fresh weight

WID Waste Incineration Directive (Directive 2000/76/EC of the European Parliament and ¢
Council of 4 December 2000 on the incineration of waste (0J L332, P99, developed
to reflect the ability of modern incineration plants to achieve high stanglaidemission
control more effectively. The WID/Directive has been replaced by the IED sinceyJanu
7th, 2014.

WLE Waste to Energy (waste incinerator)
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1. Abstract

Previous reports and studies in Europe by Toxicowawh ltave demonstrated, by using various
biomatrices, the presence of dioxins, PFAS, PAH and heavy metals in the tenviedity of waste
incineration plants.

This present TW study verifies the presence of POPs in outdoor airrilterve (5) primary schools
located within 1,500 etres of the Ivry-Paris Xlll waste incinerator in Ivry-sur-Sesuuab south-
east of ParisThis study builds on and extends earlier TW research conducteddatioe IPXIIl waste
incinerator between 2021 and 2024, with the aim of improving tsideding of POP contamination in the
surrounding environment.

The findings are as follows:

Dioxins in filter dust (PCIH) 1.9t 200.0 pg TEQ /g dry weight.

d-PCB 1.4 t 29.00 pg TEQ/g.

PAH in the filters of Anne Sylvestre School: 100,000 pg Benzo[a]Ryuuadest per gram.

PFAS in filter dust at Anne SylweS8chool:ifio ...P W&K <«u]A dary®elhtE PE u
Indoor dust: Dioxins: 26.40 pg TEQ/g; PFAS: 40.0 ug PFOA eq./g dry weight

~h —h —h —~h —h

This is one of the first studies investigating POPs in primary schadlbéramaterial using bioassay
analysis. Further research is needed to fully interpret the results avd rbust conclusions. The
findings raise important questions requiring further investigation.

The removal efficiency of persistent organic pollutants remains an cpenTifis study specifically
raises questions about the effectiveness of filters in removing gret polyfluoroalkyl substances
(PFAS) when present in ultrafine particulate matter. Moreover, what is the refficgd filters in
capturing gaseous POPs when no activated carbon i8 used

The present study clearly demonstrates the presence of POPs in ihenerent Therefore, it is

evident that the contamination is not merety v. P&@E} o u_X /S ]J¢ EM ] 0 §Z § SZ ¢ -p
effectively trapped by air filtration systems. To assess the rerafiicaéncy of filters, measurements

of persistent organic pollutants must also be conducted inside classroomis fhieisnost effective

method for determining whether these pollutants are being adequately removed tinemair

circulation system, and, ultimately, whether childfenZ 08Z ]« JvP ¢ ( Pp &
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2. Introduction

2.1. History of TW (biomonitoring) research in Ivry-sur-Seine

2.1.1. First TW Biomonitoring research dioxins in backyard chicken eggs (2021)

At the request of the local citizgngroup Collectif 3R, which expressed serious concerns about POP
emissions from the lvry-Paris XIII (IPXIIl) waste incinerator localbedt ineighbourhood, TW began
biomonitoring research in the surrounding environment of IPXIII in 202 pildhisomonitoring study,
conducted in a capital city such as Paris, focused on backyard chickdroaggrivate chicken coop
owners around IPXIII. The analyse results for dioxins in mostabiitken egg locations were alarming
and caused significant concern among the Parisian population.

2.1.2. Second TW research on technical emission data IPXIII (2022-2023)

A second research was conducted by TW with support of CollectifR23n This was a technical
research analysed 2 years (2020 and 2021) of raw measurementaatadmi-continuous dioxin
monitoring in the flue gas chimneys of the IPXIIl waste inciner&irs&search revealed that, over
this 2-year period. For almost 7,000 hours, dioxins were not meditor the two combustion lines,

due to malfunctions recorded in both lines. Inadequate incineration condiiens known factor

contributing to the formation of dioxins and other substances of very high concern (Shé$€)6,936

unmonitored hours likely resulted in elevated POP emissions overiderabte period of time. TW
has prior experience in analysing combustion related technical dabaeogals emissions from waste
incinerators.

A counter-study was commissioned by the regibealth agency, Agence Régionale de Saité (AR5 in
2023. ARS confirmed TW; s findings in lvry-sur-Seine in 208gtanted dioxins in chicken eggs from
other parts of Paris. The ARS report presented typical incineration-related dioéme@ngnamely
the hepta- and octa- dioxin congeners (HpCDD and O@RI2h were also identified at elevated levels
fin the chicken eggs in Ivry-sur-Seine in 2023. The same tamcgner pattern had been found by
TWin 2021. ARS issued a general advisory discouraging the consumptiomeegrown chicken eggs
for a large, populated area, therebyarhing the dioxin contamination problem primarily as an issue
with backyard chickens. TW, however, has consistently maintained that the élei@te results
indicate a broader environmental problem, not only%gg problem.

2.1.3. Third TW Biomonitoring research POPs on soil and vegetation (2024)

To demonstrate that dioxin analyses reflectoroader air pollution issue than solely an egg
contamination problem, TW conducted a further extended biomonitoring project in 20i4.
research, was supported by Zero Waste Europe, focused on soil and vegdetatigrsur-Seine and
Charentonle-Pont.

The analyis results clearly showed POP contaminatiosoil and vegetation samples in the vicinity of
Ivry-sur-Seine. Unlike chickens, these biomatrices are not influencedbyderfs such as feed, coop
materials, or veterinary products. Instead, they primarily reflect d&pBsition from air, considering
the environmental history of the sampling locations

2.1.4. Fourth TW monitoring research POPs on primary school air filters (20@25)

This present TW study investigates the presence of POPs in outdbiberaifrom five (5) primary
schools located within 1500 m of the Ivry-Paris XlIl waste incinerator-sutvSeine, and Charenton-
le-Pont.

PFAS, Dioxins and PAH in Primary School Air Riltemgsur-Seine (suburb of Paris, France),
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2.2. Waste incineration Ivry-Paris XIII (IPXIII)

The Ivry-Paris Xlll waste incinerator is one of the largest in EuCopstructed in 1969, it has been
modernised several times over the following decades. After more than 5®yepesation, the facility
has reached the end of its lifespan. A new wasterergy (WLE) plant is being built on the same site
and is expected to begin operation in October 2025. It will provide resmbvemergy from waste
produced by 1.4 million inhabitants of the Paris region, with a reduced capge®§,000 tonnes per
combustion line per yearapproximately 50% less than the current plant

For more than hakcentury, the skyline of Ivry-sur-Seine was defined by [RXdIchimneys, one for
each combustion line. The new WtE plant, however, will use a drg&fucleaning system, meaning
no visible plumes should occur under optimal combustion condifiamthermore its two combustion
lines will be incorporated into a single large tower that does resemtbdelitional chimney. Until now,
the two plumes have remained visible for decades due to the wet-fludegasng system butill likely
disappear from October 2025 onwards

4 EA v }o ZJuv Ce }lulv 8§ SE/AIEGyvuEr" JvK B} VIEEKE ] »

vvvvvv

Q+U20\a\e|><e 2 U 2e:UUX:Tj@equaU 2U,“"
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2:UU+j16\+2pHT\ &=+0
TjX 2 U2:X1i+eé:1aejle :20UX:Tjee :2R

>:XUT6e4268\QW+j16\U X:1Ue 6U& 126...\

: Ue 6:+1U-i\edU 2& 26Xie:XUI,3111U
IX6Ui21U«6X06U\6620: }oXU+ 2 Ui \el2eo\
fjoUe: i «pj@dii\Ae+6i2 2 \...\e61Ui210 20ei\6U: U1li+ojRe

Figure 1 Old and new chimneys of the IPXIIl waste incinerator, Paris (October 15)2024

2.3. TW Researcbn POPs in air filters of primary school in Ivry-sur-Seine

TW gratefully acknowledges Collectif 3R for negotiating with the primary s$xerds and for the
cooperation of five schools that agreed to participate in this study. This reseagstigates whether
dioxins, PAH, PFAS and heavy metals are present in air filteiahsatd dust used to filter incoming
outdoor air.

For this research, TW analysed three (3) samples of new,dufiltessematerial as references, alongside
sixteen (16) used filter samples from different brands andtfdin systemsThe analysis results from
these school air filters provide an indicaion of PQP retention from outdoor air. Further research is
required to assess the overall effectiveness of the school ftetdo evaluate air quality inside the
classrooms.

This study is an extension and follopvof earlier TW studies conducted around the IPXIII waste
incinerator in Ivry-sur-Seine in 2021-2024, with the aim of fudhederstanding POP contamination in
the surrounding environment.
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3. Sampling

3.1. Sampling school air filter material, Ivry-sur-Seine

The school filter samples were collected by the TW team in O&@0Bér(see Figure 2), and in February
2025 by the Collectif 3R team, which was commissioned by TW to carrynplércentary sampling.
Samples were takeat locations between 200 and 1,180 mext from the Ivry Paris Xl waste
incinerator, in different wind directions. Air filters from five (5jnary schools, alongside one (1)
indoor dust sample from a private home, were included

Both clean (for reference) and used (dust containing) school filters wezetedlin October 2024 by
TW and in February 2025 by Colle8& The collected dust from the school filters and the indoor
sample was analysed for the presence of POPs such as dioxins, PAH amttRFIXSted number of
heavy metals.

&108 € » U% o0 0} YIve % E]Ju EQUAEQG o=y B TEJle EIN6l & KETA
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WATCH

School Filter & dust Sample locations | Wind direction
1PXII

School 1 Guy Méquet West

School 2 Dulcie September South

School 3 Orme au Chat South-East

School 4 Anne Sylvestre South-East

School 5 Robert Desnos East

School 6 Port auLions * East = \

7 children daycare Jardin Elisabeth * South-East VNG e S

8 Indoor dust private home South-West 700 to\j+e\UT :, 2\Ui270 6i}2001
Referencel Fortd'ivry * South 2050 [2701:\\0\aaked 6Xo62e06U+:ele :
|Referenr.ez Bois de Vincennes * East 4000 ‘,:3(5 }3“‘{1\«@[{[25!} "'T‘XGZUN---‘\EI 0
|Referem:e3 Jardin des plantes * North-West 3200 XU\ :+20 20" ®@U 220 XQHUGFU: Xe

Al [@ ux 1.0 ROy +TX62l‘JiI’...UéqX.l|hq>Prﬁm|*

Figure 2 Sampling locations: five primary school air filters and one indoor dust sample frimede home, October
2024.

The filters were removed by the schools' technical services for the psrpdghis TW research.
According to the technical services, the usual replacement frequency for dusi@olieaterial in the
filter systems is 6 - 12 months

The dust was knocked off the filter material in the laboratory. Howéwefilters from two schools
(Dulcie September and Robert Desnos in Charenton), it was not possible to separate the dbst from
filter material. As the samples also contain filter material, theltseeare lower compared to the other
filters.

For reference, TW analysed cleanused cloth filter material (polyurethane foam) for persistent
organic pollutants such as dioxins and PFAS. Pieces wfiubéd filter material were cut into 1 cm
segments and soaked for 2 hours in a toluene liquid.

PFAS, Dioxins and PAH in Primary School Air Riltengsur-Seine (suburb of Paris, France),
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The map in Figure 3, designed by Collectif 3R, shows all daydamasy gchools, colleges, and other
educational facilities in the vicinity of IPXIIl. The sampling locétamghis research are numbered
on the map. All are locatadithin 1,500 m of the waste incinerator and under the influence of POP

emissions from IPXII

KA EA] A }( Z]lo GEJUGCE@}od}Po o} VYive A1SZ]v ifiii u }( /\WUN /@] /AC

TOXICO

v v 3 3 School Filter & dust Sample locations | Wind direction |Distance (m)
IPXIll IPXIII

RN b~ 4 School 1 Guy Méquet West 779

% School 2 Dulcie September South 200

> School 3 Orme au Chat South-East 1070

School 4 Anne Sylvestre South-East 1180

» School 5 Robert Desnos East 633

. \ School 6 Port-aux-Lions * East 718

‘ R 7 Children daycare Jardin Elisabeth * South-East 620

. 8 Indoor dust private home South-West 700
" 4.4

I créche et relais
petite enfance

B école
B college, lycée
I enseignement
supérieur
établissement
Source : Apur, 23 e

© cartographie AFOEC

Figure3 2YHUYLHZ PDS R FKén®ds ahnd QrifndryGdhoslOvidthin 1,500 m of the IPXIII incinerator.

It should be noted that the filter materials used in this research were @eistgrcapture (fine) dust
from incoming outdooair. No additives such as activated carbon or other chemicammonly used

in waste incinerator air purification systemere present in the school filters.

School filter material used and new for incoming outside air - School 4: Anne Sylvestre, lvry-Paris — Oct. 2024

ToxIcO
WATCH

=

TW: 16-10-2024

Figure 4 Sampling of air filters by a technician with the TW team at Sch@®hde Sylvestre), October 16, 2024.
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3.2. Participating primary schools for air filter research, Oct. 2024

In October 2024 and February 2025, TW team, together with CollectfaBR tollectedair filter
material from the participating primary schools. Tableelow lists the schools that provided used
and/or clean reference filter material.

Sampling primary school air filters, lvry-sur-Seine, Paris, October 2024

Sample |Loc. Nr. |Filter material: Used / Clean Filter & dust Sample locations Wind direction | Distance (m) TW Reference number Analyse Analyse
date IPXIIl IPXiil TW-REF-NR substances Method
; 16102024 Air Filter dust - USED West 779 24TWPA-GM-RFD-S-1 dioxins DR CALUX
L |airFilter dust - USED SchoolLiGuy Maquet EP. 24TWPA-GM-RFD-5-1 PAH PAH CALUX
Air Filter dust - USED 24TWPA-GM-RFD-5-1 PFAS
Air Filter - CLEAN 25TWPA-52-DS-RFD-CL-T1A |dioxins DR CALUX
Air Filter dust - USED 25TWPA-$2-DS-RFD-Us-T1B |dioxins DR CALUX
110-10-2024 2 Air Filter dust - USED School 2: Dulcie September, I-P South 200 25TWPA-S2-DS-RFD-Us-T1B |PAH PAH CALUX
Air Filter dust - USED 25TWPA-52-D5-RFD-Us-T1B |PFAS
Air Filter dust - USED 25TWPA-52-DS-RFD-Us-T1A |Heavy Metals [5] | ICP-MS
2 Air Filter dust - USED 25TWPA-53-0aC-RFD-Us dioxins DR CALUX
110-10-2024 Air Filter dust - USED School 3: Orme au Chat, I-P South-East 1070 25TWPA-53-0aC-RFD-Us PAH PAH CALUX
Air Filter dust - USED 25TWPA-53-0aC-RFD-Us PFAS
Air Filter dust - USED 24TWPA-AS-RFD-5-4 dioxins DR CALUX
116-10-2024 4 Air Filter dust - USED School 4: Anne Sylvestre, I-P South-East 1180 24TWPA-AS-RFD-5-4 PAH PAH CALUX
Air Filter dust - USED 24TWPA-AS-RFD-5-4 PFAS
Air Filter - CLEAN 25TWPA-5.5-RD-RFD-CL dioxins DR CALUX
Air Filter - CLEAN 25TWPA-S.5-RD-RFD-CL PFAS PFAS CALUX
|10-10-2024 5| ojr Filter dust - USED Schocla:iRobertDencs. Cook Esst 633 |o5TWPA-S.5-RD-RFD-Us  dioxins DR CALUX
Air Filter dust - USED 25TWPA-5.5-RD-RFD-Us PAH PAH CALUX
Air Filter dust - USED 25TWPA-S.5-RD-RFD-Us PFAS
116-10-2024) 8 indecr izt D.H. indoor private house I-P South-West 700  |FATWPADH-ID dioxing Pl
Indoor dust 24TWPA-DH-ID PFAS

Table 1. Locations of participating primary schools in Ivry-sur-Sein@@P analysis in air filter material.

3.2.1.

Air filter samples - Primary School 1: Guy Méquet

The first primary school visited by TW for collecting air filter matgaalGuy Moquet. A technician
from the » Z}} ddehnical service escorted TW to the filter installations onradloé of the school
building and provided a guided tour and explanation of the filter system aperati

The used air filters had been installed in January 2)2@ctober 16, 2024, they had collected dust
from incoming outdoor air for nine (9) months. The technician confirmed that thissiiiéem is an
active VMI system. The filter samples were analysed for slidkkHs and PFAS using (bio)assay
methods: DR CALUX, PAH CALUX and PFAS CALUX, respectively.

Samples of mossébryophyte} from the roof and soil samples were also collected and analgsed f
dioxins and heavy metals. These results are presented [npFr&Vious biomonitoring interim report
(April 1, 2025)Four additional analyses on PFAS in moss will be presented in the PFAS chapter

PFAS, Dioxins and PAH in Primary School Air Riltemgsur-Seine (suburb of Paris, France),
ToxicoWatch, Septembd3™, 2025
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Air Filter Dust sampling - School 1: Guy Moquet, lvry-Paris—Oct. 2024

TOXICO
WATCH

i LIBERTE = EGA!.'ITE = FRATERNITE
ﬂnl Ecole primaire
A Guy Méquet

\W:AW Ecole
Il Guy Moquet
R k

Plumes from waste
incinerator IPXIII

Figure 5 Air filter material sampling at Primary School 1 (Guy Mdquet), October 0842
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3.2.2. Air filter samples - Primary School 2: Dulcie September
The second primary school includedhis research is Dulcie Septembé&n October 16, 2024, TW

collected soil and mossrffophytey samples from the schoolyard for analysis of dioxins and heavy

metals. These results are presented in the TW interim biomonitoring repovtyesur-Seine (April 1,
2025).

In February 2025, Collectif 3R proddbe air filter samples: Type 1 (T1A) and Type 2 (T1B). TW

analysed the clean, unused filter material (T1A) as well aseldfilisr material Type 2 (T1B) dioxins
using DR CALUX bioassay. The used air filter material (T1B) was aed toml%H PFAS and heavy
metals [ arsenic (As), cadmium (Cd), mercury (Hg), nickel (Ni), and l¢ad (Pb)

School 2: Dulcie September, Ivry-Paris — Oct. 2024

TOXICO
WATCH

Samples/
date Biomarker (Primary school)

Sample loc./ Location Wind Distance 16-19 October 2024 Results of dioxins and

heavy metals

direction meter (m) TW-REF-NR

in soil and moss samples
24TWPA-DS-5-2-S0il-2 ™ are published in TW
interim report, April 2025

2 [16-10-2024 2 Soil school playground |School 2: Duicie September, I-P

South 200

16-10-2024 M6 |Mosses (Bryophyta ) roof playground W School 2: Dulcie September, I-P

NEw Civren Tves 2

geoLe Durcif
SEPTEMBER

4.’”/”2? IV“’

|“ID U +6i201 XU:++3{

Figure & Air filter material samples from Primary School#Dulcie September, October 2024.

The laboratory analysis report for dioxins (sample lab nr 51215EMB)WThe air filter samples
consist of filter material to which dust particles are bouhdreffoe, the results reflect both the filter
material and dust material. The amount of dust particles iriltaerhaterial may be low{(See Chapter
5.2, page 24).
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3.2.3. Air filter samples -Primary School 3: Orme au Chat

Primary school Orme au Chat is located 1,070anetouth-east of the IPKWaste incineratorOn
October 16, 2024, TW collected soil and mbsgophyte$ samples from the schoolyard and the roof
of the school building. These were analysed for dioxins and heavig,meétia results presented in TW
interim report biomonitoring report for lvry-sur-Seine (April 1, 2025).

In February 2025, Collectif 3R provided used air filter sanifiese were analysed for dioxins, PAH,
PFAS usingRCALUX, PAH CALUX, and PFAS CALUX bioassays

The laboratory analysis report (nr. 23059, sample 5labedW & E}u §Alst ¢hold &

collected separately; therefore, the results are more directlyesged%. E P& u }( peBhis § E] oX
represents the approach TW aims to achieve for all participating air siteoseimples i.e. to measure

the dust content specifically (see Chapter 5.2, page 24).

School 3: Orme au Chat, Ivry-Paris - Oct. 2024

TOXICO
WATCH

Sample loc./ Samples/ Location Wind Distance 16-19 October 2024

Results of dioxins and heavy metals

in soil and moss samples are
School 3: Orme au Chat, I-P 24TWPA-0aC-5-3a-Soil-3 Ly published in TW interim report,
South-East 1070 24TWPA-0aC-5-3b-Soil-3 April 2025

date BioMat. Biomarker (Primary school) direction meter (m) TW-REF-NR

3 16-10-2024 3a

9 8

16-10-2024 £ School 3: Orme au Chat, I-P

16102024 | M7 |Mosses (Bryophyta ) on roof AV |school 3: Orme au chat, 12 24TWPA-0aC-5-3-Mos-7

il "\oi0UI XU=*
l‘l'ec‘)x, i+0

T~

Figure 7 Collection of air filter material samples at Primary School 3 (Orme au Chathhect2024.
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3.2.4. Air filter samples - Primary School 4: Anne Sylvestre

The newly built primary school Anne Sylvestre located 1,18kesnsbduth-east of the IPXIIl waste
incinerator provided air filter material to TW in October 2024. The school techgigided theTW
team to the rooftop filter installation and handed over the filter matenidtisi aluminium framework

The used air filter material was removed from the aluminium frame r@algissed for dioxins, PAH and
PFAS using DR CALUX, PAH CALUX and PFAS CALUX, réselditiety, the TW team collected
soil and vegetation samples from the newly planted areas in the schodliysk were analysed for
analyses on dioxins and heavy metd#fsth results presented in TY¥interim biomonitoring report
(April 1, 2025)

School 4: Anne Sylvestre, Ivry-Paris — Oct. 2024

Sample loc./ Location Wind Distance

date BioMat. (Primary school) direction meter (m)

| 4 |16-10-2024 El d School 4: Anne Sylvestre, I-P 24TWPA-AS-5-4-Soil-4

16-10-2024 | m™s |Vegetatio School 4: Anne Sylvestre, I-P South-East 1180 24TWPA-AS-S-4-Mos-8

16-10-2024 2

Figure & Collection of air filter material samples at Primary School 4 (Anne Sylvestr&ph&c2024.
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3.2.5. Air filter samples - Primary School 5: Robert Desnos

Primary school Robert Desnos, located 633resetast of IPXII, was also included in the st@ly
October 16, 2024, TW collected soil and mbegofphyte$ samples from vegetation containers placed
on an elevated schoolyard used for sport activiliéese were analysed for dioxins and heavy metals
with results presented in TW interim biomonitoring report (April 1, 2025).

In February 2025, Collectif 3R provided both clean and used air &ittggless. Clean filters were

analysed for dioxins and PFASed air filters were analysed for dioxins, PAHs, and PFASDRIng,
CALUX, PAH CALUX and PFAS CALUX bioassays

School 5: Robert Desnos, Ivry-Paris — Oct. 2024

Sample loc. | Samples/ Location Wind Distance 16-19 October 2024 Results of dioxins and
" ; . . o St heavy metals
date BioMat. Biomarker (Primary school) irection meter (m) TW-REF-NR _’in soil and moss samples
ER P 73 MMl Soil school plant containe ®b |school 5: Robert Desnos, C1.P  TRETR R & 4TWPA-RD-5-5-50 are published in TW
| interim report, April 2025
16-10-2024 M9 Mosses (Bryophyta ) plant container School 5: Robert Desnos, C-I-P | 24TWPA-RD-S-5-Mos-9

Vﬂ/

Figure 9: Collecting samples from primary School 5: Robert Desnos, October 2024.

The laboratory analysis report, for dioxins ¢ %0 o V@& AiTid The Airifiltes ¥amples
consist of filter materials to which dust particles are bound. Therefioeeresults reflect the filter
material and dust material. The amount of dust particles in the filter mateajal o } A$€e chapter
5.2, page 24).
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3.3. Sampling indoor dust - private home, Ivry-sur-Seine

In October 2024, TW team received an indoor dust sample frogsident of Ivry-sur-Seine, living
700 metes from the IPXIII waste incinerator in the south-west wind direction.

The dust was collected by the resident from the inside windowpaneiaddwsill of their homgusing
a glass container. The apartment is located on the tBfiloér ofaresidential building, with windows
facing the IPXIII incinerator in the north-east wind direction.

The collected indoor dust samplebtained by the resident followinglt[ <¢echnical sampling
prescription was analysed for dioxins and PFAS using DR CALUX and PFAS CALU)ethiodssay m
respectively.

4 /v }JE ped 0} Y}v %UMRAEQGr-APEp "uE W KEFiTo

TOXICO

Figure 10: Location of indoor dust sample, 700 m from Waste Incinerator IPXIIl, October 2024
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4. Analytical Methods
4.1. Dioxins - bioassay DR CALUX® mmabthod

The bioassay DR CALUX® (Dioxin Responsive Chemical ActivateseldéniteeXpression) is used for
quantification of dioxinsfurans and dioxin-like PCBs (dI-PCBs). Results obtained with DR €ALUX a
expressed in pg TEQ or BEQ/g prod(BEQ, toxic equivalent or BEQ, bioanalytical equivalent).
Analyses are performed by BioDetection Systems (BDS) in danstehe Netherlands (NL), an
accredited laboratory under RvA L401.

Chemical gas chromatography-mass spectrometry (GC-MS) analysis is cqre@fier+seasuring

only those compounds regulateg the EU 7 chlorinated dioxins (PCDD), 10 chlorinated furans (PCDF),
and 12 dioxin-like polychlorinated biphenglsHFCBSs), see figure 11 below.

m\ﬁf EU regulations on 29 |chlorinated|dioxins (PCDD/F/dI-PCB)

WATCH

Dioxin Furan dioxin-like PolyChlorinated Biphenyl
- P DD (75) P DF (135) di-P B (209)
n=7 n=10 n=12

A —e =0 =0, 0=0
A B & & » ¥ 99 '
S N o S T S @ e ey
e e ~e- e, o e,

Congeners of chlorinated compounds (chemical GC-MS analysis)

Dioxins, furans (PCDD/F) and dioxin-like PCBs Furans (n=10) Polychlorinated biphenyl (n=12)
Abbreviation Congeners [ e | [vcor 2,3,7,8-Tetrachlorodibenzofuran 0,1 PCB77 3,3'.4,4" Tetrachlorobiphenyl (#77) 0,0001
Dioxins  (n=7) PCDFL 1,2,3,7,8-Pentachlorodibenzofuran 0,03| [pcBs1 3,4,4' 5 Tetrachlorobiphenyl (#31) 0,0003
TCDD 23,7 8-Tetrachlorodibenzo-p-dioxin 1| |pcor2 2,3,4,7,8-Pentachlorodibenzofuran 03| |pcB126 3,3',4,4' 5-Pentachlorobiphenyl (#126) 0,1
0D 1.2,3,7,8-Pentachloradibenzo-p-dioxin 1] |HxcorL 1,2,3,4,7,8-Hexachlorodibenzofuran 01| |pcBi6e 3,3',4,4'5,5"Hexachlorobiphenyl (#169) 0,03
HxCbDL 12,347, 's'”“’::"’":':"’""":'“"” 011 |nxcor2 1,2,3,6,7,8-Hexachlorodibenzofuran 01| |pcBios 2,3,3',4,4'-Pentachlorobiphenyl (#105) 0,00003

HxCDD2 1,2,3,6,7,8-H il -dioxit 01 " " .
exaciiorocibenzo-praioxin HXCDF3 1,2,3,7,89-Hexachlorodibenzofuran 01| |pcB114 2,3,4 4 5-Pentachlorobiphenyl (¥114) 0,00003

HACDD3 1,2,3,7,8.9-Hexachlorodibenzo-p-dioxin 01 ; o !
N N HxCDF4 2,3,4,6,7,8-Hexachlorodibenzofuran 0,1 PCB118 2,3',4,4' 5-Pentachlorobiphenyl (#118) 0,00003

HpCDD 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 0,01 HPCDFL 1.2.3.4.6,7 8-Heptachlorodib f 0,01 p a4 5.p h ioh I

ocoD Octachlorodibenzo-p-dioxin opooa| |HPCDFL L2346 -Heptachlorodibenzofuran X 'CB123 2,3,4,4',5-Pentachlorobiphenyl (#123) 0,00003
HPCDF2 1,2,3,4,7,8,9-Heptachlorodibenzofuran 001| |pcBise 4'5-Hexachlorabiphenyl (#156) 0,00003
OCDF Octachlorodibenzofuran 0,0003 PCB1S7 2,3,3'4,4' 5" Hexachlorobiphenyl (#157) 0,00003
PCB167 2,3',4,4' 5,5 Hexachlorobiphenyl (#167) 0,00003
oTW PCB189 2,3,3',4,4'5,5'-Heptachlorobipheny| (#189) 0,00003

Figure 11: 29 dioxin-congenetspecific chemical analyses by gas chromatograpiass spectrometry (GC-MS).

The DR CALUX method measures effects on the aryl hydrocarbon receptor {isrk€ceptor also

responds to other dioxin-like substandesjudingbrominaed and/or mixed chlarine/bromine dioxins
(PBDD~PXODVP).

m CALUX® mechanism (AOP}-based reporter gene assays Brominated flame retardants (BFRs) are widely

DU} used in the manufacture of plastics and
Y electronics and form a substantial part of
o modern waste streams. Brominated dioxins

=% have been shown to have equivalent toxicity to

. . chlorinated dioxins. However, they are not
@' 0 Y k. regulaed under EU legislatioon emissions and

0 R kool food safety. Gas chromatography-mass

l o Sle spectrometry (GC-MS) is congener specific,

M i whereas, the dioxin-related bioassay (DR

@@ CALUX) quantifies the overall toxicity of a

mixture, including chlorinated and mixed
halogenated dioxins.

@ @ @ :' LUCIFERASE mRNA
@ @ @R«epm binding elements. LUCIFERASE
____________ - BIOLOGICAL EFFECT

ENDOGENOUS GENE
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4.2. PAH - assay PAH CALUX® smagthod

Polycyclic aromatic hydrocarbons (PAHSs) are a class of widesprdemhmental contaminants
implicated in a wide range of toxicological effects. Routine measateof PAH contamination
typically involves chemical analysis of a selected group of represematiyvoundslike the 16 PAHs
defined, by the US Environmental Protection Agency (thelBPAhis approach may underestimate
the total PAH-related toxicity of a sample.

\\\\\\

//////

Chemical analyses of 16 congeners of Polycyclic Aromatic Hydrocarbons, PAH

n&&mo’mo‘

I Fluorene | Phenanthrene

| Anthracene [ Fluoranthene

I 2-ring l |

3-ring

L &2 P & o o &I

| Pyrene | Bez[a]anthracane | Chrysene

I Benzo[b]fluoranthene | Benzo[k]fluoranthene I Benzo[a]pyrene | Dibenz[a,h]anthracene

5-ring

https://phys.org/news/2021-03-toxic-pah-air-pollutants-fossil.html,

ol
Pyrogenic:
Buthing of biomass

Credit: Therese van Wyk, University of Johannesburg

Pyrogenic:

Cambustion at high temperatures$

| Benzol[g,h,i]perylene I Indeno[1,2,3-c d]pyrene

6-ring

Figure 12: Chemical analyses of 16 congeners of Polycyclic Aromatic HydrocarBés,

PAH mixture

Al

Carcinogenic PAHs-
nduced light production

Luciferase gene

1 Environ. Sci. Technol. 2013, 47, 20, 1165659

The PAH CALUX assay uses a
mammalian H4llE cell-based
reporter system for hazard
identification of total PAH mixtures.
This cell line enables specific and
reliable quantification of AhR-
induced luciferase activity relative to
benzo[a]pyrene (B[B), a class 1B
carcinogert. Results are expressed
in ng B[a]P equivalents per gram dry
matter (dm) or dry weight dw)
(Pieterse 2013).
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4.3. PFAS - assay PFAS CALUX® analyse method

It is estimated that thousands of PFAS compounds, étsiding transformation products formed
during incomplete combustion or xenometabolism. Current food safety assessmémsEuropean
Food Safety Authority (EFSA), consider only four (4) PFAS congenaus aattbunting for the relative
potency, (REP) of individual compounds.

Chemical PFAS analysis is limitigpending on the laboratory, only 4 - 55 PFAS substances are
routinely measured. This means less than 0.1% of total PFAS compaubesguantified by chemical
analyses.

The PFAS CALUX® uses human bone marrow cell lines (U20S) incdfpofméfig luciferase gene
under control of Thyroid Responsive Elements (TREs). It detects thgroidne-like inhibiting
compounds based on the ability of PFAS to compete with thyroxine (T4) fonyratiat(TTR) binding
sites. Increasing PFAS concentrations reduce TTR-bound T4. DisruptiofT &R Bihding is
benchmarked against perfluorooctanoic acid (PFOA), with a reference value (), analogous to
TCDD in the TEQ calcuiati. Results of PFASCALUXRare expressed as .PVK < JA ovdper gram
product. This provides a more accurate estimate of toxic pressure than summifeyv congener
concentrations.

ToxicoWatch biomonitoring research applies both the bioassay PFAS CALUX® andradigasiflata
MS/MS). Current EU regulation only addresses the suof 4 PFAS compoundsefined by the
European Food Safety Authority (EFSA): PFOA, PFOS, PFHXS and PFNIiERpedents a very
limited subset of the toxic PFAS now frequently detected in contaminated environments.

Chemical analysis for PFAS and heavy metals are conducted by thtteatdaboratory Normec,
Groen Agro Control, Delft, the Netherlands (NL). PFAS chemical analgsédisut using LC-MS/MS
covering a total of 24 PFAS compounds.

>Ju]s Zu]l] 0 W&"™ VvV O0Ce « A Eep&/d JTHbWC& ¢ Ol8hy ~
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t6e:11627le :20 :XU,Akekitee\62U: Ul
“2'2:02U0,> <Ucjae\edDapdl i 16e :1\U>I1i®@®,> U fue :yi\\i..\Ue:U
e 6Ue:, ¢ e...U: U,> <Ueel\d6iU:2Ue 06U
16& i2 \1\U: Uiée :2U: U,> <U: e |

Wi U>1“TF2o$..\6U16e :1
>+j:X6\ed 20I\:* : ...i2ied

~VoOGCY 0 %E} uUE A]S8Z .CvsZ Y

diWi...U,> «<U qgf2i..\6U16e :1
~VOGCY 0 %E} ME C pe }(uuu

01 ei+Ui2i+..\67UtkxialiydXRIE

~VOCY 0 %E} UE }Vv IV % ].

\/

s v (CUX0 j+i8HH <G« BW,>i Wi WP>F,U7,>1

Figure 13: Limited chemical PFAS analyses versus (bio)assay analyses (FITC-T4® aSddZAIX®).
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4.4. Heavy Metals [14]

The analysis on heavy metals was carried out by the accreabwdiory Normec Groen Agro Control,
using ICP-MS. The method follows Normec protocols A068 and A095, in accaritlai¢EN-EN
13805, and NERNISO 17294-2 standards.

ToxicoWatch sapproach for analysing samples for heavy metals covers 14 eleamlisted below.
However, i may occur- as in this study - that the NORMEC Agro Groen Control laboratory cannot
analyse all 14 requested elements. This can be due to severakfasuch as insufficient sample
material and/or the use of innovative, novel sample media (e.g. ainfidterial)

gololelololeeolclootic

Silver  Arsenic Aluminium Barium Cadmium Cobalt Chromium Copper MercuryManganese Nickel — Lead Tin Zinc

The results of the heavy metal analysis are expressed in mg/kg dry subdsaregufvalent to dry
matter (dm) or dry weight (dw) in English.

It should be noted that this study concerns indicative measurements expressadigit. It does
not assess the overall quality of the filters and are not expressed pearea (n3).
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5. Results
5.1. Analyse resultsf school air filters for dioxins, dI-PCBs, PAH and PFAS

The analyisresults of dioxins, PAH and PFAS from 3umavged air filter samples and 16 used air filter
samples from filter systems in primary schools in Ivry-sne3ee presented in the infographic in
figure 14 below The results are shown visually per primary school location on the map with an
indicative colour scale, with the waste incinerator IRKtHe centre. All primary schools are located
within a distance of 1500 m of IPXIII

N0 DD EEN
) LA AAA
i ==] O O D

' Primary School location1-5
@ Waste incinerator IPXIII

The high ed val of POPs
in airfilters primary schools for:

Dioxins: 200 pg TEQ/g
dl-PCB: 29 pg TEQ/g
PAH: 100000 ng B[a]P/g

PFAS: 156 pg PFOA eq./g

Figure 14: Map of POP results in primary school air filters near Waste Incinerator IPXIII, Ivry-gimes Oct. 2024.

An overview of the results of the innovative (bio)assay methods CALUX, PAH CALUX and PFAS
CALUX for dioxins, PAH and PFAS in school air filter dust and filter meteriaéented in tables 2

and 3. Table 2 focuses on analytical methods and results per primary schooh lodake table3
presents the results per (bio)assay method (DR CALUX, PAH CALUX antURFASEeAEr visualise

the extent of elevated values per substance (dioxins, PAH, PFAS), TW appliediae calma scale
method The scale is based on the lowest analytical value per methibdsubsequent thresholds at

2x, 4x, 10 x, 20x addx the baseline value.

Allschoolair filter and indoor dust samples analysed contaned measurable levels of dioxin, PAHand
PFASmtent.

The relatively low levels of dioxins, PAH and PFAS found irseteair filters schools 2 (Dulcie

September) and 5 (Robert Desnos) may be explained by poor filtering efficidfmy®Z _ pu <€ oo
(( & especially in the case of school 2, located close to IPXIIl.k@elnarew air filter material

from Robert Desnos (school 5) contained higher dioxin-like PCB (dI-PSBhdevine corresponding

used air filtersSimilarly, PFAS values in the air filter material were higher than thostedkeite the

used filters at school 2 (Dulcie September).
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Results primary school Air Filter material and indoor dust, Ivry-sur-Seine, October 2024 Dioxins: DR CALUX PAH CALUX PFAS CALUX
Loc. Nr.[Filter material: Filter & dust Sample locations TW Reference number Analyse Analyse pg TEQ/g product (upper hound/ub)
Used / Clean TW-REF-NR substances  Method PCDD/F dl-PCE | PCDD/F/dI-PCB | ngBaPeq./gproduct [T laiel el AC0y]
Air Filter dust - USED 24TWPA-GM-RFD-5-1 dioxins DR CALUX 43,00 6,50 43,50
1| air Filter dust - Usep | 5¢hool 1 Guy Méaquet, I-P 24TWPA-GM-RFD-5-1 PAH PAH CALUX 6600,00
Air Filter dust - USED 24TWPA-GM-RFD-5-1 PFAS 13,00
Air Filter - CLEAN 25TWPA-52-DS-RFD-CL-TLA |dioxins DR CALUX 2,00 2,40 4,40
Air Filter dust - USED 25TWPA-52-DS-RFD-Us-T18B |dioxins DR CALUX 3,10 3,00 6,10
2 |air Filter dust - usep |School 2: Dulcie September, P 55yyypa 55 ns RFD-US-T1B |PAH PAH CALUX 5100,00
Air Filter dust - USED 25TWPA-52-DS-RFD-Us-T1B |PFAS 0,99,
Air Filter dust - USED 25TWPA-52-DS-RFD-Us-T1A |HM [5] ICP-MS As:0.28 / Cd:0.092 / Hg:0.016 / Pb:7.4 / Ni: 1.
3 |Air Filter dust - USED 25TWPA-S3-0aC-RFD-Us  |dioxins DR CALUX 200,00 15,00 215,00
Air Filter dust - usgp |S¢hool 3: Orme au Chat, I-P 25TWPA-53-0aC-RFD-Us  |PAH PAH CALUX 98000,00
Air Filter dust - USED 25TWPA-S3-0aC-RFD-Us  |PFAS 33,00
Air Filter dust - USED 24TWPA-AS-RFD-5-4 dioxins 25,00 29,00 54,00
4 |air Filter dust - usep | SN0l 4 Anne Sylvestre, P 54ryypa.as.RFD-5-4 PAH 100000,00
Air Filter dust - USED 24TWPA-AS-RFD-5-4 PFAS 156,00
Air Filter - CLEAN 25TWPA-S.S-RD-RFD-CL  |dioxins 1,90 4,20 6,10
Air Filter - CLEAN 25TWPA-S.5-RD-RFD-CL  |PFAS 2,30
5 |air Filter dust - usgp |School 5t Robert Desnos, G-l y5qyypp o 5 pp-RFD-Us  |dioxins 6,70 2,90 9,60
Air Filter dust - USED 25TWPA-S.5-RD-RFD-Us  |PAH 10000,00
Air Filter dust - USED 25TWPA-S.5-RD-RFD-Us  |PFAS 3,50,
8 Indoor dust D.H. indoor private house 1P 24TWPA-DH-ID dioxins 25,00 1,40 26,40
Indoor dust 24TWPA-DH-ID PFAS 40,00

Talle 1: Results of dioxins, PAHs, PFAS, and heavy metals in primary schooleas, flitry-sur-Seine, October 2024.

Table 2 Results of dioxins, PAHs, PFAS, and heavy metals in primary schooleas ittmpared to the lowest value, Ivry-sur-Se

October 2024.
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5.2. Laboratory notes on Schools®and 5

In the analysis report from the laboratory BDS, it is explicitly fiotélde air filter material from Schools
2 and 5 (Dulcie September and Robert Desnos):

NdZ o v Jla@ dahoden@s1215 (Dulcie September), the used air filter lab sample nr 51216
(Dulcie September), the clean air filter lab sample nr 512b&r{R2esnos) and the used air filter lab
sample nr 51219 (Robert Desnos) consist of filter material th dinst particles are bound. Therefore,
the results represenf]oS E u § E] 0 %o0Ope HeS u S E] o_X

For school 3 (Orme au Chat, lab sample nr: 51217) the lab anghpsiede

A& E}u SZ]dugt]jamsld@e collected separately, and therefore the resultsaserepresentative
% & PE u }( peS u S E] oX_

That is precisely what TW seeks to achieve: the analysis of theadiicdles collected in the air filter
material, as was possible for Orme au Chat but not for School 2 (Dylt@enBer) and 5 (Robert
Desnos)

This pilot research on POPs in school air filter using (bio)assay analysisfighe first in its kind
Further research is needed to interpret these results and draw specific consludbnetheless, the
results already raise important follow-up questions (see p 34).

Figure 15: Air filter sampling by the TW team, SchoottGuy Méquet, Ivry-sur-Seine, Paris, October 2024.
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5.3. Dioxins results

Incomplete waste combustion and impaired air pollution control devices (AB@Ds) shutdowns
and start-ups of waste incinerators are conditions that can lead to the unintenpithlction and
release of dioxins and furans (PCDD/Fs) and dioxin-like polychlorinated BigdeRCBs). Human
epidemiological studies link dioxin exposure to reduced communication aliitgrnaal social
interaction, compulsive repetitive behaviour, impaired motor coordination and redcogaitive
ability (Guo Z. et al., 2018). Non-cancer health effects include chlonanene system suppression,
reproductive issuesnd higher risks of type 2 diabetes. Long-term exposure has been askodiate
cancers of the lung, larynx, trachea and bronchi.

TW[e J}u}Vv]3}E]VP Z « % E A]}udioxns iru paekydd Schicken eggs, mosses
(bryophytes) and soils around IPXIll waste incinerator. The French régialtlalagency (ARS) later
confirmed these findings in its own research on dioxins in Paris backy&ehags, advising citizens
to minimalize or stop the consumption of such eggs. TW has consistently eaghhat eggs are only
indicators of environmental dioxin pollution. This study expands the approaotsblyool air filters
using the DR CALUX bioassay.

For schools 2 and 5 (Dulcie September and Robert Desnos), the lab hasedaifi@t dust particles
were bound to the filter material, meaning results reflected total fittelust weight. With limited dust
present, values may appear lower. In contrast, for Orme au Chat (Schamst 3)yad separated from
the filter, giving results expressed per gram of dust only.

Results show:
f PCDD/F in air filter dusi.9 - 200.0 pg TEQ /g dw
f dl-PCB1.4 - 29.00 pg TEQ/g dw
f Sum of PCDD/F/dI-PCB: 4.40 - 215 pg TEQ/g dw

Particularly notable is the result for dioxins (PCDD/F) of 200 pg TEQ/g dwrifilteedist from Orme

au Chat - nearly 100 times higher than in the other school air filters. DikexiPCB (dI-PCBs) were also
found at elevated levels in School 4 (Anne Sy®)eabout 10 x higher than in school 5 (Robert Desnos).
Could the large construction buildings area, directly near this school 4 onereagioms for this high
dI-PCB content?

Another striking observation: clean filter also showed dioxin activity. Ais fitten school 5 (Robert
Desnos) and school 2 (Dulcie September) were manufactured in Mexioajoa producerof
polyurethane foam. Polyurethane production involves inherently toxic raw ialatée.g. isocyanates
and phosgene) and contaminants may remain in in final products (Adetunji, CO2Lal (2

A further explanation for lower dioxin, PAH and PFAS levels at the dldsest to the incinerator
(Dulcie September, 200 metres distance) is the so called 'umbredt, effeere POP deposition occurs
at greater distances.
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Figure 16: Graph of dioxins (PCDD/F and dI-PCB) in air filters from schools in Ivry-sur-&ebctober 2024.

There are currently no regulations for POPs such as dioxins in air filter dustekltiveekesults should be
considered high when comparéd other matrices, such as dioxins in waste incineration bottom ash or
cement kiln dust deposits on rooftops (See Figure. 17). It is noteworthghéhdioxin levels in air filters
from four schools in Ivry-sur-Seine have been found to exceed the didm ile bottom ash from waste
incinerators in the Netherlands (NL).
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Figure17: Sum of dioxins (PCDD/F and dI-PCB) in school air filters in France, compai#ddust/ash samples in the
Netherlands and Slovakia.
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5.4. PAH Results

The second group of POPs analysed in this study are polycyclic aromatic hgdsogdilb). The
toxicity of PAHs includes carcinogenicity (cancer-causing effects), mutagenicity (causiitg gene
mutations), genotoxicity (damage to DNA), immune system impairment, repkadtakicity, and
neurological issues. In children, PAH exposure can lead to deeel@b problems, including reduced
cognitive function, behavioural changes, decreased IQ, attention dediziiety, and developmental
delays.

PAH congeners may exist in gaseous form (e.g. naphthadsmayticles (e.g. Benzo[a]Pyrene) or in
both phases (e.g. fluoranthene). PAHs are found in airborne particulate matter (PM):

f Ultrafine Mode: <0.18Z v iXi ...P Jv ] u § &

f &]v D} W iXi ..P 8§} XA ...P ~WDI1Xnfe

f Coarse Mode: PXfi ...P AW.Di1Xn

The school air filters were analysed using the PAH CALUX, wiith egptessed as benzo[a] pyrene
equivalent (B[a]P eq). The highest PAH concentration was detectedain fitters of primary school 4
(Anne Sylvere), at 100,000 pg Benzo[a]Pyrene equivalent per gram. Compared with tradifial
ifoU W , Td v UWdemidal analyses, PAH CALUX provides a more realistic asse$swenatl
PAHrelated toxicity.

Certain PAH congeners differ vastly in toxicity: for instance, Benzo[a]Ryi€n@00 more toxic than
phenanthrene (See figure 12 for molecular structures). The PAH levedsratkan School 4 (Anne
Silvestr¢represent the highest PAH detected so far in ongoing TW bioassay reseaffiyufe 18 for
comparative TW PAH data)

Figure 18: PAH results in dust from used air filters of primary schools in Ivry-sur-Seine, &26R24.
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Figure 19: PAHSs in air filters from primary schools in France, compared with PAH depositisanples across Europe,

20212025.
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5.5. PFAS Results

Per- and polyfluoroalkyl substances (PF#S8ur as vapours or bound to dust particles, allowing them
to be inhaled. Health risks include increased incidence of certain canicersy (land testicular),
reduced immune system function and vaccine response, elevated ehnolestesity, impaired liver
function, developmental effects in children, and increased thyroid carste(van Gerwen M, et al
(2024). Exposure pathways include food, drinking water, PFAS treatedg;libtwear, matrasses,
furniture, some medical treatments, inhalation of contaminated air and ingesitidost (Go Suzuki
2020).
PFASSs can be distributed across particle size fractions:

f Ultrafine: 0.0560.1 pm

f Fine: 0.11.8 um

f Coarse >1.8 pym

Distribution depends on type of compound type and the environmental fadtor example, perfluoro
carboxylic acids (PFCAs) often associate with fine particles, whendlmroalkyl sulfonic acids
(PFSAs) are more common in coarser fractions. PFOA is frequently found in ultrafime @antidles

Air filters are rated using the Minimum Efficiency Reporting Value (MERYV), theyistarsdard for

assessing efficiency across patrticle sizes from 0.3 to 10 pm.

PFAS measurement in the air filter dust at School 4: Anne 8ylves A « ifio ...P W&K <«p]A o
per gram of dry dust. This indicates that the filter is capable of cagtBffAS, raising the question

about its efficiency for different PFAS compounds. It also demonsthatiea significant amount of

PFAS is present in the air in this environment.

Results from the other primary schools in Ivry-sur-Seine show lower PEI8S#eging from 0.99 to
iiXii ...P W&K mayldeXud i]less effective air filtration systems.

Previous TW biomonitoring research (2024) also detected PFAS in sodsan@ryophytes) samples
collected from the same school locations.
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Figure 20: PFAS results in new and used air filter materials from primary schools and iddsgrlvry-sur-Seine, Paris,
2024.
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PFAS are also widely used in synthetic filter materials and tektilesTW studyof face masks
(Arkenbout, Bouman, 2022) 7,3@31,000 ng PFOA eq./g was detected in mask materials using FITC-
T4 assay. This raises the question: how much PFAS escapes from filtel amatenders the human
body? Additionally, microplastics and microfibores may detach and be infa@egliminate PFAS
exposure, approval of new PFAS applications must be stopped.
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Figure 21: PFAS in air filter dust schools in Ivry-sur-Seine, compared with PFAfhier (bio)matrices, EU, 2022025.

PFAS have been detected in backyard chicken eggs, soil (ARS 2022) asd(Anksabout,
Bouman,2021, 2024). The highest value for PFAS was found iatrposgry school 6: Podux-Lions
in Charenton, Paris, with a total PFAS concentration of 6.45 ug PFOA eq./kg. Resufiseased
upper bound @b) and calculated with the relative potency factor (RPF) calculatiorZ)@i},2023) to
compare with the results of the PFAS CALUX (figure 21, table 4).
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Table 3: PFAS in moss (bryophytes) at school and creche locations, Ivryesne;$aris, October 2024.
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5.6. Indoor Dust Results

Residents dfiry-sur-Seine have expressed concerns regarding the presence of dustiow fvames,
both indoors and outdoors on residential properties. The indoor dust sample analysexresearch
was collected from indoor window frames of an apartment located on the top fldbe dfuilding,
700 metres south-east of the incinerator IRXIII

Iv }}E pes 0} Y}V % EALE € reZ0af ER K110

Figure 22: Indoor dust location private home, Ivry-sur-Seine, Paris - Oct. 2024

TheeSu C[e (]Jon POPs in indoor environments are noteworthy. Both dioxins and PFA®&xhibit
elevated levels of contaminatiomhe dioxin concentration for the sum of dioxins (PCDD/FRIGB)
was 26.40 pg TEQ/g prodyavhile the PFAS concentration was 40.0 pg PFOA eq./g A&/shown in
Figures 17 and 19, these values rank among thehighults

DR CALUX PFAS CALUX
TW-REF-NR Sample Results ub (pg TEQ/g dm)
PCDD/PCDH dI-PCBg PCDD/F/dI-
24TWPA-DH-ID Indoor dust 25,00 1,4( 26,40

Table 4 Results of dioxins (PCDD/F and dI-PCB) by DR CALUX and PFAS by PFAS CALUXar thast, 700 m from
Waste Incinerator IPXIII, October 2024.

Indoor dust isarecognised pathway for multiple pollutan@hildren, especially infants and toddlers,
are at higher risk because they spend most of their time ingad@isexposures often exceeding other
pathways Sources of indoor dust contamination include household products such as cargdéés, te
timber polishing products, parquet adhesives, plastics, ceiling materialsel@ctdonic devices
However, external sources- such as emissions from waste incinerators aaon#iboite significantly.
For example, dioxins and dI-PCB have been detected at high levels in windovgigBeziwki 2018).
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5.7. Heavy Metals Results

Heavy metals like lead, mercury, cadmium, and arsenic are assatitetvelopmental problems,
especially neurodevelopmental disorders such as autism spectrum disorder{fd 8DHD. They can
impair cognitive, motor, language, and behavioural development. Exposurg drgnatal and early
childhood stages is particularly harmful, as it disrupts brain developmen¢eimmsms like oxidative
stress and mitochondrial damage.

There is no safe level for particles matter (PM) exposure eafeolimits for heavy metals in air dust.
Long-term evidence of heavy metals exposure shows measurable ingpac&]o & v[e }PV]3]A
development

The limited quantity of dust collected restricted the scope of heavy metdysisA minimum sample
mass is required for such tests, and dust from air filters wadiawsnt As a result, only five heavy
metals were analysed in the Dulcie September dust saglemparison with moss samples collected
at lvry-sur-Seine cemetery showed similar concentrations of heatalsnie those in the Dulcie
September dust sample. This raises questions about the efficacy of che@nt metal filtering
processes in these air filters, due to the findings of higher heetgls concentrations in mosses
collected by TW-team at the schoolyard in 2024.

Table 5: Results of heavy metals (As, Cd, Hg, Ni, Pb) in an air filter sample SZh¢iolicie September, October 2024.

Figure 23: Results of heavy metal measurements (As, Cd, Hg, Ni, Pb) in air filter dust froat SatDulcie September,
Ivry-sur-Seine, Paris, October 2024.
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6. Filter material and HVAC

The air filters at Robert Desnos and Guy Moéquet schools are manufactured in Mexico using
polyurethane foam (PUF). PURwislely used in Heating, Ventilation and Air Conditioning systems
(HVAC). While well-maintained HVAC systems can improve indoor air quéltgribyg pollutants,
poorly maintained systems can become pollution sources themselves, circulatingninanta
through dirty ducts and filtersTo maintain goad indoor air quality, it's crucial to perform regular
mantenana, by cleaningor replacing flters, cleaningducts, andensuring roper ventilation.

HVAC systems may introduce POPs indoors by drawing contaminated outdoor air ana can als
accumulate and redistribute them via filters. Risks increase when ventilation is inadeqsystems
are inactive.

PFAS are present in HVAC systems primarily through synthetic refrigerantas sdHét©s, and
components like O-rings and wire coatings. Although valued for heat resistangd> Ir#S are "forever
chemicals" due to their persistence in the environment. Some refrigeragisdie into harmful
substances like trifluoroacetic acid (TFA), which contaminates groundWwhése concerns are driving
regulations and research into PFAS-free alternatives. The number asfyPFAS present in school
HVAC systems remain unknown.

HEPA (High Efficiency Particulate Air) is a certification standard for the pexteraf air filters. A HEPA
filter is defined as one that captures at least 99.97% of particlesal as 0.3 microns. PFAS are
extremely small, existing as particulate matter (PM) across a broad size rdtigéne (0.0560.1

um), fine (0.1t1.8 um), and coarse (>1.8 um) particles, with size distribution varying depending on the
specific PFAS compound and environmental factors. ULPA filters havavalrefficiency of 99.999%

for particles of 0.12-microns in diameter and larger, according to indiesizly Coarse and fine filters
have much lower efficiencies, around 10.85% and 76.87% for ultrafine particlestikesy.

HEPA filters alone are inconsistent for removing dioxins, as these arglprjaseous. While particle
bound dioxins can be captured, volatile forms require activated carbon fitersbined HEPA-carbon
systems can achieve 78-90% removal, depending on the dioxin compound and setup.
Organisations such as Eurovent and NSF independently test and certéffictency of filters.
Additionally, manufacturers and specialised laboratories conduct their ownteesneasure filter
performance, often using standards such as ISO 5011 for air filters.

ISO 5011 is an International Organization for Standardization (ISO) stdradagstablishes uniform

test procedures and conditions for evaluating the performance of imleke@ning equipment, such as
air filters, for internal combustion engines and compressors. It fgsediow to measure key
characteristics like airflow restriction (pressure drop), dust collection efficiencgluahdapacity.

The analysis of perfluoroalkyl substances (PFAS) is challengitogtideigéechnical limitations in the
field of analytical chemistry. The analysis of POPs, including dioxiakdratory setting is challenging
due to their toxicity.

33
PFAS, Dioxins and PAH in Primary School Air Riltemgsur-Seine (suburb of Paris, France),
ToxicoWatch, Septembd3™, 2025



7. Questions

The results of this research provide an indication of POPs inputfilierai. The presence of significant
dust in the filters may suggest effective operation. Converseltleeégtection of only small amounts
of dust indicate that filters are not functioning adequatelffurthermore, could excessive dust
accumulation show that the filter has reached its saturation point - potentially turrenijtér itself
into asourceof POPs emissions?

To interpret the results as accurately as possible, it is essentiatifp ch the following questions and
points of attention, which should be addressed in follow-up studies:

1.
2.

ok ow

What is the removal efficiency of air filters with respect to POPs in incomirapoatd?
How is the saturation degree of air filter material for POPs (like di®Aks PFAS and HM
assesse®@Which standards and procedures are applied?

What is the relationship between removal efficiency and dust saturation?

How effective are filters in trapping gaseous POPs?

What are limitations of currently used air filter types in schools for capturing ultrafine
particle®

Is standard filter material sufficient, or is activated carbon required to renulatie and
gaseous dioxins?

Are safety procedures in place for school technicians replacing used filegratsat
considering the risks of inhalation, ingestion, or dermal exposure to contaminated dust?
TW observed no special precautions despite the high toxicity levels foutef aufiit in

this study.

Since many essential components for filtration systems are produced in counthiessuc
China, Vietnam, and Mexigavhere production processes already involve hazardous
substancew are these filter materials safe, or could they themselves emit POPs? What
about the POPs detected in new, unused filter material? To what extent are POPs
integrated into HVAC systenespecially with seasonal variation in operation?

Do HVAC systems contribute to POPs recirculation indoors?

10. Could air filters themselves be a source of PFAS or other POPs within thgarenti

systen?

11. Are filters replaced frequently enougire factors such as cost, staff qualifications, or time

constraints affecting replacement cycles?

12. Industry data questions PFAS removal efficiency. Are filters truly capedaeoving

ultrafine particulate matter and vapour phase of PFAS?

13. The low concentration of heavy metals in the Dulcie September school filtenaleted

that of moss samples from Ivry-sur-Seine graveyaods this call into question the
effectiveness of heavy metal filtration processes?

To properly evaluate filter performance, indoor air quajitmeasurements inside classrooms are
essential Only then can it be determined whether the filters provideiSicient protection for the
health of children, staff, and parents within school buildings.
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8. Conclusion

This Toxicowatch research investigates the presenkersistent Organic PollutanB@Ps) in outdoor

air filters in five primary schools located within 1500 m of the wasteerator Ivry-Paris XIll in Ivry-
sur-Seine. This study is a continuation of previous research contyct®d (2021-2024) on IPXIII, with
the objective of acquiring more profound insights into POP contamination in the surrounding
environment.

The analysis of school air filter material and indoor dust shows:

Dioxins ranging from 1.6200.0 pg TEQ /gram dw

Dioxins-like PCBs (dI-PCB) in school air filters range fran29.@0 pg TEQ/g dw

PAH in air filters: 5100 - 100,000 pg benzo[a]Pyrene equivalents per gram

PFAS in air filter: 0.991160 ...P W&K <p]A o v8 % E PE u uU A
Indoor dust contained for 26.40 pg TE@fglioxins and 40.0 ug PFOA eq./gaWwFAS

~h —h —~h —~h —h

This research represents one of the first studies on POPs in primary acHowr material using
bioassay methods. Further investigation is needed to interpret these findimdjsdraw robust
conclusions. Nevertheless, the results raise questions about fileéerély of POP removal, particularly
for PFAS present in both gaseous and ultrafine particulate forms.

The TW study clearly demonstrates that POPs are present in the surroundingreeut of waste

incinerator IPXIIl and showing that the issue extends far beyond the prevwighdiyhted "backyard
chicken egg" dioxin problem. It is therefore critical that filtration systereste#ly mitigate these
substances. To determine whether dioxins, PAH, PFAS and heavy redtaly &eing removed and
whether current filtration systems are capable of protecting the healthitdren, staff and parents.
Measurements in the classroom and school building are now needed.

To put these concentrations into perspective, the dioxin levebctist are already in a range considered
harmful even at trace amounts, while PFAS in dust exceeded by tens of thousands of times tiiéngU dri
water safety thresholds. The presence of PAHSs at levels comparableite pagmette smoke exposure
illustrates the potential risk of daily inhalation in these environmeneseTtindings underline the urgency
of ensuring protective measures in schools, where children are particulagyahién
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9. Persistent Organic Pollutants (POPSs) data at a Glance

1. Dioxns

X Measured concentration: 1.9200.0 pg TEQ/g (school filters/dust)
Dioxins are so toxic that health agencies state there is no safe level of exposurdeBvgic@grams
per gram (comparable to a single drop of ink in an Olympic-sized swimming pool) can bktbarmf
human health and the environment.

2. Diovin-like RCB (dI-PCB}

X Measured concentration: 1.429.0 pg TEQ/g (school filters)
Although PCBs were banned decades ago, they remain in the environment and continue to enter
through sources such as waste incineration emissions.

3. PAds (Pdycyclic Aomatic Hyrocarbons)
X Measured concentration: Up to 100,000 pg benzo[a]pyrene equivalents per graen (Ann
Sylvestre School)
Benzo[a]pyrene is a carcinogenic compound also present in cigarette smoke.

DV NG EAEZ U] o
X Measured concentrations:
0 156 pg PFOA equivalents/g (air filter dust, Anne Sylvestre School)
0 40 pg PFOA equivalents/g (indoor dust)
The new EU drinking water limit for PFOA is 0.004 pg/L. Current measurements ex¢besstiokl
by tens of thousands of times.

Impact of POR on Children
X Children are particularly vulnerable because they breathe more air per unit body weight than

adults.
o Documented health impacts of POPs include:
o Cancer
o0 Immune system damage
o Developmental and learning issues
0 Hormone disruption

X dZz § S]}v }( WKWe Jv ¢« Z}}oe E Jo ¢ }v Eve JQusS SZ <« ( SC }(
environments, underlining the urgent need to ensure non-harmful conditions, espémiall
the most vulnerable groups in society.
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Annex 1: Regulations air filtering

France:

The Netherlands:

The regulations governing air filters in public buildingsainc& are based on
European standards EN 13053, EN 13779, and EN 16798-3, which set
performance and durability requirements for filters, as well as minimum air
supply efficiency. Stronger regulations introduced in 2023 require annual
assessments of ventilation systems and indoor air quality measurements,
particularly in establishments catering to young people, in ordentprove air
quality. EN 13053 (concerns building ventilation): This standardedethe
minimum efficiency required for filtered air (e.g. ePM1 50% according to
1ISO16890) and the permissible pressure drops for filters. EN 13779

(for non-residential ventilation and air conditioning systems): This stahdar
imposes performance requirements for filtration and maximum filter life.

EN 16798-3 (filtration requirements for buildings): This standard specifies
filtration solutions suitable for buildings and is considered good tpmador
commercial and industrial buildings.

In the Netherlands are no specific regulationgniag air filters in public buildings,
the Working Conditions Decree (Arbobesluit) does require a healthgkimg
environment with sufficient clean, uncontaminated air. How thik me controlled or
measured, is not mentioned. Air ventilation systems must fumcgiroperly, be ready
for use and be able to signal malfunctions. The specific requinesnéor air
ventilation, such as the required amount of fresh air and the maxirair speed, vary
per type of building and space, and are regulated in the BuilDiegee and the
Decree on Emission Requirements for Partial Tap and the atgiallof these
systems. The installation of filters is not directly mandatouy,tbe installations must
purify the air and keep it dust-free. Exact rules vary dependimtie building and its
function. For schools there is a minimum ventilation requiremeiifat least as 40 to
50 m3/hour per person or 3.44 m3/hour per m2 of floor space.

The Building Decree contains information about ventilation requireméntsyding a minimum of 6.5 L/s for
an office space (which amounts to 23.4 m3/h). There is also a maximum air speedivintpedne to prevent

draughts, which according to NEN 1087 may not exceed 0.2 m/s for preventing draught nuisance
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Annex2: Lab results

Report PFAS, Dioxins and PAH in Primary School Air Filters Ivry-sur-Seine
(suburb of Paris, France), 2022025, September 13 2025

Laboratory analysis reports

Air Filters of primary schools in Ivry-sur-Seine and Charenton-le-Pont,
suburbs of Paris, France 2024 - 2025

School air filters - 2025:

Dioxins (DR CALUX)
PAH (PAH CALUX)
PFAS (PFAS CALUX)
Heavy metals (ICP-MS)

= THh T TH

Mosses Bryophytg - 2024
f PFAS (LC-MS/MS)
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BioDetection Systems
Science Park 406
1098XH
Amsterdam
The Netherlands

Tel: +31 20 4350 750
E-mail: info@bds.nl
Web: www.bds.nl

Analysis report

Client: Authorized by:
Toxicowatch Emiel Felzel

Abel Arkenbout Head of Testing Laboratory
kbouman@toxicowatch.org; arkenbout@toxicowatch.org

grote ossenmarkt 18

8861 CP

Harlingen

Nederland

Date report (dd-mm-yyyy):
12-03-2025

Information about report

The results of examination refer exclusively to the checked samples.

Results are given in table 1.

Sample characteristics are given in table 2.

The measurement uncertainty for CALUX method is typically below 30%. For the calculation a coverage factor of 1 is used.
Accredation ISO 17025 (RvA L401) is not applicable for activities described in this report

Extra information BDS:

The sample 51217 consist of a metal filter.
From this filter dust could be collected separately and therefor the results are more less per gram of dust material.

The samples 51215, 51216, 51218 and 51219 consist of filter material to which dust particles are "bound" to the filter material and therefor
the results are for filter material plus dust material.

The amount of dust particles in the filter material maybe low.

Start date of the test: 04-03-2025
End date of the test: 10-03-2025

Table 1 sample analysis results

No. Client code Method Parameter Result Unit

1 24TWPA-DH-ID DR CALUX dI-PCBs (separated TEQ) 1.4 pg TEQ / gram product
2 24TWPA-DH-ID DR CALUX PCDD/PCDF (separated TEQ) 25 pg TEQ / gram product
3  25TWPA-S.2-DS-RFD-CL-T1 DR CALUX dl-PCBs (separated TEQ) 24 pg TEQ / gram product
4 25TWPA-S.2-DS-RFD-CL-T1 DR CALUX PCDD/PCDF (separated TEQ) <2 pg TEQ / gram product
5 25TWPA-S.2-DS-RFD-US-T1B DR CALUX dI-PCBs (separated TEQ) 3.0 pg TEQ / gram product
6  25TWPA-S.2-DS-RFD-US-T1B DR CALUX PCDD/PCDF (separated TEQ) 3.1 pg TEQ / gram product
7  25TWPA-S.3-OAC-RFD-US DR CALUX dl-PCBs (separated TEQ) 15 pg TEQ / gram product
8  25TWPA-S.3-OAC-RFD-US DR CALUX PCDD/PCDF (separated TEQ) 200 pg TEQ / gram product
9 25TWPA-S.5-RD-RFD-CL DR CALUX dI-PCBs (separated TEQ) 4.2 pg TEQ / gram product
10 25TWPA-S.5-RD-RFD-CL DR CALUX PCDD/PCDF (separated TEQ) 1.9 pg TEQ / gram product
11 25TWPA-S.5-RD-RFD-US DR CALUX dl-PCBs (separated TEQ) 2.9 pg TEQ / gram product
12 25TWPA-S.5-RD-RFD-US DR CALUX PCDD/PCDF (separated TEQ) 6.7 pg TEQ / gram product
behind the less than sign the limit of quantification is given

Table 2 sample characteristics

No. Client code BDS code Matrix 1SO17025 (RvAL401) Date arrival ~ Sealed
1 24TWPA-DH-ID 51214 Dust no 21-02-2025 no
2 24TWPA-DH-ID 51214 Dust no 21-02-2025 no
3 25TWPA-S.2-DS-RFD-CL-T1 51215 Dust no 21-02-2025 no
4 25TWPA-S.2-DS-RFD-CL-T1 51215 Dust no 21-02-2025 no
5 25TWPA-S.2-DS-RFD-US-T1B 51216 Dust no 21-02-2025 no
6 25TWPA-S.2-DS-RFD-US-T1B 51216 Dust no 21-02-2025 no
7 25TWPA-S.3-OAC-RFD-US 51217 Dust no 21-02-2025 no
8  25TWPA-S.3-OAC-RFD-US 51217 Dust no 21-02-2025 no
9 25TWPA-S.5-RD-RFD-CL 51218 Dust no 21-02-2025 no
10 25TWPA-S.5-RD-RFD-CL 51218 Dust no 21-02-2025 no

report number: 23059 version number: 1 Page 1/2



11 25TWPA-S.5-RD-RFD-US 51219 Dust no 21-02-2025 no

12 25TWPA-S.5-RD-RFD-US 51219 Dust no 21-02-2025 no

For the method DR CALUX and the sum parameter PCDD/PCDF (separated TEQ) the used method is extraction with organic solvents; the extracts are cleaned on an acid silica column and separation
is done with a florisil column. The cleaned extracts are dissolved in DMSO. The DR CALUX activity is determined (24h exposure) and benchmarked against 2,3,7,8-TCDD. The DR CALUX analysis is
done according to p-bds-051

For the method DR CALUX and the sum parameter dI-PCBs (separated TEQ) the used method is extraction with organic solvents; the extracts are cleaned on an acid silica column and separation is
done with a florisil column. The cleaned extracts are dissolved in DMSO. The DR CALUX activity is determined (24h exposure) and benchmarked against 2,3,7,8-TCDD. The DR CALUX analysis is
done according to p-bds-051.

report number: 23059 version number: 1 Page 2/2



Analysis report

BioDetection Systems
Science Park 406
1098XH
Amsterdam
The Netherlands

Tel: +31 20 4350 750
E-mail: info@bds.nl
Web: www.bds.nl

Client:
Toxicowatch

Abel Arkenbout

kbouman@toxicowatch.org; arkenbout@toxicowatch.org

grote ossenmarkt 18
8861 CP

Harlingen

Nederland

Information about report

The results of examination refer exclusively to the checked samples.

Results are given in table 1.

Sample characteristics are given in table 2.
The measurement uncertainty for CALUX method is typically below 30%. For the calculation a coverage factor of 1 is used.

Authorized by:
Emiel Felzel

Head of Testing Laboratory

Accredation ISO 17025 (RvA L401) is not applicable for activities described in this report

Start date of the test: 18-03-2025
End date of the test: 07-04-2025

Table 1 sample analysis results

No. Client code

24TWPA-DH-ID
25TWPA-S.2-DS-RFD-US-T1B
25TWPA-S.2-DS-RFD-US-T1B
25TWPA-S.3-OAC-RFD-US
25TWPA-S.3-OAC-RFD-US
25TWPA-S.5-RD-RFD-CL
25TWPA-S.5-RD-RFD-US

W N O g B~ W N P

25TWPA-S.5-RD-RFD-US

Table 2 sample characteristics

No. Client code
24TWPA-DH-ID
25TWPA-S.2-DS-RFD-US-T1B
25TWPA-S.2-DS-RFD-US-T1B

1

2

3

4 25TWPA-S.3-OAC-RFD-US
5  25TWPA-S.3-OAC-RFD-US
6  25TWPA-S.5-RD-RFD-CL
7  25TWPA-S.5-RD-RFD-US
8

25TWPA-S.5-RD-RFD-US

Method
PFAS CALUX
PAH CALUX
PFAS CALUX
PAH CALUX
PFAS CALUX
PFAS CALUX
PAH CALUX
PFAS CALUX

BDS code
51423
51424
51424
51425
51425
51426
51427
51427

1S017025 (RVAL401)

Parameter Result
Thyroid disruption 40
Polycyclic aromatic hydrocarbons 5100
Thyroid disruption 0.99
Polycyclic aromatic hydrocarbons 98000
Thyroid disruption 33
Thyroid disruption 2.3
Polycyclic aromatic hydrocarbons 10000
Thyroid disruption 35

Matrix

Dust no

Dust no

Dust no

Dust no

Dust no

Dust no

Dust no

Dust no

Date report (dd-mm-yyyy):
11-04-2025

Unit
ug PFOA eq./gram product
ng Benzo[a]pyrene eq./gram product
ug PFOA eq./gram product
ng Benzo[a]pyrene eq./gram product
ug PFOA eq./gram product
ug PFOA eq./gram product
ng Benzo[a]pyrene eq./gram product

ug PFOA eq./gram product

Date arrival ~ Sealed
17-03-2025 no
17-03-2025 no
17-03-2025 no
17-03-2025 no
17-03-2025 no
17-03-2025 no
17-03-2025 no
17-03-2025 no

For the method PAH CALUX and the sum parameter Polycyclic aromatic hydrocarbons the used method is Extracts are dissolved in DMSO. The PAH CALUX activity is determined (4h exposure) and

benchmarked against Benzo[a]pyrene.
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Analysis report

Client: Authorized by: Date report (dd-mm-yyyy):
Toxicowatch Emiel Felzel 04-12-2024
Abel Arkenbout Head of Testing Laboratory

info@toxicowatch.org
grote ossenmarkt 18
8861 CP

Harlingen

Nederland

Information about report

The results of examination refer exclusively to the checked samples.

Results are given in table 1.

Sample characteristics are given in table 2.

The measurement uncertainty for CALUX method is typically below 30%. For the calculation a coverage factor of 1 is used.
Accredation ISO 17025 (RvA L401) is not applicable for activities described in this report

Start date of the test: 25-11-2024

End date of the test: 29-11-2024

Table 1 sample analysis results

No. Client code Method Parameter Result Unit

1 24TWPA-GM-RFD-S-1 DR CALUX dI-PCBs (separated TEQ) 6.5 pg TEQ / gram product
2 24TWPA-GM-RFD-S-1 DR CALUX PCDD/PCDF (separated TEQ) 43 pg TEQ / gram product
3 4TWPA-AS-RFD-S-4 DR CALUX dl-PCBs (separated TEQ) 29 pg TEQ / gram product
4  4TWPA-AS-RFD-S-4 DR CALUX PCDD/PCDF (separated TEQ) 25 pg TEQ / gram product
5 24TWPA-GM-RFD-S-1 PAH CALUX Polycyclic aromatic hydrocarbons 6600 ng Benzo[a]pyrene eq./g
6 4ATWPA-AS-RFD-S-4 PAH CALUX Polycyclic aromatic hydrocarbons 100000 ng Benzo[a]pyrene eq./g

Table 2 sample characteristics

No. Client code BDS code Matrix 1SO17025 (RVAL401) Date arrival ~ Sealed
1 24TWPA-GM-RFD-S-1 50296 Dust no 29-10-2024
2 24TWPA-GM-RFD-S-1 50296 Dust no 29-10-2024
3 4TWPA-AS-RFD-S-4 50297 Dust no 29-10-2024
4 4TWPA-AS-RFD-S-4 50297 Dust no 29-10-2024
5 24TWPA-GM-RFD-S-1 50610 Dust no 29-10-2024 no
6 4TWPA-AS-RFD-S-4 50611 Dust no 29-10-2024 no

For the method DR CALUX and the sum parameter PCDD/PCDF (separated TEQ) the used method is extraction with organic solvents; the extracts are cleaned on an acid silica column and separation
is done with a florisil column. The cleaned extracts are dissolved in DMSO. The DR CALUX activity is determined (24h exposure) and benchmarked against 2,3,7,8-TCDD. The DR CALUX analysis is
done according to p-bds-051

For the method DR CALUX and the sum parameter dI-PCBs (separated TEQ) the used method is extraction with organic solvents; the extracts are cleaned on an acid silica column and separation is
done with a florisil column. The cleaned extracts are dissolved in DMSO. The DR CALUX activity is determined (24h exposure) and benchmarked against 2,3,7,8-TCDD. The DR CALUX analysis is
done according to p-bds-051.

For the method PAH CALUX and the sum parameter Polycyclic aromatic hydrocarbons the used method is Extracts are dissolved in DMSO. The PAH CALUX activity is determined (4h exposure) and

benchmarked against Benzo[a]pyrene.
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Client:
Toxicowatch

Abel Arkenbout
info@toxicowatch.org
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Nederland

Information about report

The results of examination refer exclusively to the checked samples.
Results are given in table 1.

Sample characteristics are given in table 2.

Authorized by:
Snezana Zeljkovic

Principle analyst

Date report (dd-mm-yyyy):
14-02-2025

The measurement uncertainty for CALUX method is typically below 30%. For the calculation a coverage factor of 1 is used.
Accredation ISO 17025 (RvA L401) is not applicable for activities described in this report

Start date of the test: 21-01-2025
End date of the test: 14-02-2025

Table 1 sample analysis results

No. Client code Method Parameter
1 24TWPA-GM-RD-FD-S-1 PFAS CALUX Thyroid disruption
2 24TWPA-AS-RFD-S-4 PFAS CALUX Thyroid disruption

n.a.= no cut off according to EU guideline in BEQ established, maximal levels applicable if available

Table 2 sample characteristics

No. Client code BDS code Matrix
1 24TWPA-GM-RD-FD-S-1 50853 Dust
2 24TWPA-AS-RFD-S-4 50854 Dust

report number: 22848 version number: 1

Result
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Conclusion

1SO17025 (RvAL401)
no

no

n.a.

n.a.

Cut off  Unit
ug PFOA eq./gram dry product
ug PFOA eq./gram dry product

Date arrival ~ Sealed

15-01-2025 no

15-01-2025 no















