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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 the Industrial Emissions 
Directive (IED) 

dl-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 

GC-MS Gas Chromatography Mass Spectrometry 

HEPA High Efficiency Particulate Air, a certification standard for the performance of air filters 

HM Heavy metals 

HVAC Heating, Ventilation and Air Conditioning equipment 

ICP-MS Inductively Coupled Plasma Mass spectrometry, an elemental analysis technology capable 
of detecting most of the periodic table of (heavy metal) elements 

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

LB Lower Bound (lb) 

LC-MS/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 gram (106) 

kg Kilo gram:         1,000 gram (103) 

g Gram:                1 gram 

mg Milligram:         0.001 gram  (10-3) 

�…�P Microgram:      0.000 001 gram  (10-6) 

ng Nanogram:       0.000 000 001 gram  (10-9) 

pg Picogram:         0.000 000 000 001 gram  (10-12) 

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 eXpression®  

POP Persistent Organic Pollutants 

REP Relative Potency Factor, for the assessment of i.e. B4:C18 direct oral external exposure to 
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 - PM0.1) 

ULPA Ultra Low Particulate Air 

UPOP Unintentional POP (Persistent Organic Pollutants) 

ww Wet weight or fresh weight  

WID Waste Incineration Directive (Directive 2000/76/EC of the European Parliament and of the 
Council of 4 December 2000 on the incineration of waste (OJ L332, P91 �t 111), developed 
to reflect the ability of modern incineration plants to achieve high standards of emission 
control more effectively. The WID/Directive has been replaced by the IED since January 
7th, 2014. 

WtE Waste to Energy (waste incinerator) 
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1. Abstract 
 
Previous reports and studies in Europe by ToxicoWatch (TW) have demonstrated, by using various 
biomatrices, the presence of dioxins, PFAS, PAH and heavy metals in the immediate vicinity of waste 
incineration plants.  
 
This present TW study verifies the presence of POPs in outdoor air filters from five (5) primary schools 
located within 1,500 metres of the Ivry-Paris XIII waste incinerator in Ivry-sur-Seine, a suburb south-
east of Paris. This study builds on and extends earlier TW research conducted around the IPXIII waste 
incinerator between 2021 and 2024, with the aim of improving understanding of POP contamination in the 
surrounding environment. 
 
The findings are as follows: 
 

�ƒ Dioxins in filter dust (PCDD/F):  1.9 �t 200.0 pg TEQ /g dry weight.  
�ƒ dl-PCB:  1.4 �t 29.00 pg TEQ/g. 
�ƒ PAH in the filters of Anne Sylvestre School: 100,000 pg Benzo[a]Pyrene equivalent per gram. 
�ƒ PFAS in filter dust at Anne Sylvestre School: �í�ñ�ò���…�P���W�&�K�������‹�µ�]�À���o���v�š���‰���Œ���P�Œ���u��dry weight. 
�ƒ Indoor dust: Dioxins: 26.40 pg TEQ/g; PFAS: 40.0 µg PFOA eq./g dry weight.  

 
This is one of the first studies investigating POPs in primary school air filter material using bioassay 
analysis. Further research is needed to fully interpret the results and draw robust conclusions. The 
findings raise important questions requiring further investigation.  
 
The removal efficiency of persistent organic pollutants remains an open issue. This study specifically 
raises questions about the effectiveness of filters in removing per- and polyfluoroalkyl substances 
(PFAS) when present in ultrafine particulate matter. Moreover, what is the efficiency of filters in 
capturing gaseous POPs when no activated carbon is used?  
 
The present study clearly demonstrates the presence of POPs in the environment. Therefore, it is 
evident that the contamination is not merely �^���v�����P�P-�‰�Œ�}���o���u�_�X���/�š���]�•�����Œ�µ���]���o���š�Z���š���š�Z���•�����•�µ���•�š���v�����•�����Œ����
effectively trapped by air filtration systems. To assess the removal efficiency of filters, measurements 
of persistent organic pollutants must also be conducted inside classrooms. This is the most effective 
method for determining whether these pollutants are being adequately removed from the air 
circulation system, and, ultimately, whether children�[�•���Z�����o�š�Z���]�•�������]�v�P���•���(���P�µ���Œ������. 
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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 citizen�[s group Collectif 3R, which expressed serious concerns about POP 
emissions from the Ivry-Paris XIII (IPXIII) waste incinerator located in their neighbourhood, TW began 
biomonitoring research in the surrounding environment of IPXIII in 2021. This pilot biomonitoring study, 
conducted in a capital city such as Paris, focused on backyard chicken eggs from private chicken coop 
owners around IPXIII. The analyse results for dioxins in most of the chicken 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 Collectif3R in 2023. This was a technical 
research analysed 2 years (2020 and 2021) of raw measurement data from semi-continuous dioxin 
monitoring in the flue gas chimneys of the IPXIII waste incinerator. TW�[�• research revealed that, over 
this 2-year period. For almost 7,000 hours, dioxins were not monitored on the two combustion lines, 
due to malfunctions recorded in both lines. Inadequate incineration conditions are a known factor 
contributing to the formation of dioxins and other substances of very high concern (SVHC). These 6,936 
unmonitored hours likely resulted in elevated POP emissions over a considerable period of time. TW 
has prior experience in analysing combustion related technical data on flue gas emissions from waste 
incinerators.  
 
A counter-study was commissioned by the regional health agency, Agence Régionale de Santé (ARS) in 
2023. ARS confirmed TW; s findings in Ivry-sur-Seine in 2021 and detected dioxins in chicken eggs from 
other parts of Paris. The ARS report presented typical incineration-related dioxin congeners, namely 
the hepta- and octa- dioxin congeners (HpCDD and OCDD).  which were also identified at elevated levels 
fin the chicken eggs in Ivry-sur-Seine in 2023. The same typical congener pattern had been found by 
TW in 2021. ARS issued a general advisory discouraging the consumption of home-grown chicken eggs 
for a large, populated area, thereby, framing the dioxin contamination problem primarily as an issue 
with backyard chickens. TW, however, has consistently maintained that the elevated dioxin results 
indicate a broader environmental problem, not only an � êgg problem�_.  
 

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

To demonstrate that dioxin analyses reflect a broader air pollution issue than solely an egg 
contamination problem, TW conducted a further extended biomonitoring project in 2024. This 
research, was supported by Zero Waste Europe, focused on soil and vegetation in Ivry-sur-Seine and 
Charenton-le-Pont. 
The analysis results clearly showed POP contamination in soil and vegetation samples in the vicinity of 
Ivry-sur-Seine. Unlike chickens, these biomatrices are not influenced by cofounders such as feed, coop 
materials, or veterinary products. Instead, they primarily reflect POP deposition from air, considering 
the environmental history of the sampling locations.  
 

2.1.4. Fourth TW monitoring research POPs on primary school air filters (2024-2025) 

This present TW study investigates the presence of POPs in outdoor air filters from five (5) primary 
schools located within 1500 m of the Ivry-Paris XIII waste incinerator in Ivry-sur-Seine, and Charenton-
le-Pont.  
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2.2. Waste incineration Ivry-Paris XIII (IPXIII) 
 
The Ivry-Paris XIII waste incinerator is one of the largest in Europe.  Constructed in 1969, it has been 
modernised several times over the following decades. After more than 50 years of operation, the facility 
has reached the end of its lifespan.  A new waste-to-energy (WtE) plant is being built on the same site 
and is expected to begin operation in October 2025. It will provide recovered energy from waste 
produced by 1.4 million inhabitants of the Paris region, with a reduced capacity of 350,000 tonnes per 
combustion line per year �t approximately 50% less than the current plant.  
 
For more than half a century, the skyline of Ivry-sur-Seine was defined by IPXIII�[�• two chimneys, one for 
each combustion line.  The new WtE plant, however, will use a dry-flue gas cleaning system, meaning 
no visible plumes should occur under optimal combustion conditions. Furthermore, its two combustion 
lines will be incorporated into a single large tower that does resemble a traditional chimney. Until now, 
the two plumes have remained visible for decades due to the wet-flue gas cleaning system but will likely 
disappear from October 2025 onwards. 

 

2.3. TW Research on POPs in air filters of primary school in Ivry-sur-Seine 
 
TW gratefully acknowledges Collectif 3R for negotiating with the primary school boards and for the 
cooperation of five schools that agreed to participate in this study. This research investigates whether 
dioxins, PAH, PFAS and heavy metals are present in air filter material and dust used to   filter incoming 
outdoor air.  
For this research, TW analysed three (3) samples of new, unused filter material as references, alongside 
sixteen (16) used filter samples from different brands and filtration systems. The analysis results from 
these school air filters provide an indication of POP retention from outdoor air. Further research is 
required to assess the overall effectiveness of the school filters and to evaluate air quality inside the 
classrooms.   
This study is an extension and follow-up of earlier TW studies conducted around the IPXIII waste 
incinerator in Ivry-sur-Seine in 2021-2024, with the aim of further understanding POP contamination in 
the surrounding environment. 
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Figure 1: Old and new chimneys of the IPXIII waste incinerator, Paris (October 15, 2024). 
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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 October 2024 (see Figure 2), and in February 
2025 by the Collectif 3R team, which was commissioned by TW to carry out complementary sampling. 
Samples were taken at locations between 200 and 1,180 metres from the Ivry Paris XIII waste 
incinerator, in different wind directions. Air filters from five (5) primary schools, alongside one (1) 
indoor dust sample from a private home, were included.  
 
Both clean (for reference) and used (dust containing) school filters were collected in October 2024 by 
TW and in February 2025 by Collectif 3R. The collected dust from the school filters and the indoor 
sample was analysed for the presence of POPs such as dioxins, PAH and PFAS, and a limited number of 
heavy metals.   
 

 
The filters were removed by the schools' technical services for the purposes of this TW research. 
According to the technical services, the usual replacement frequency for dust collection material in the 
filter systems is 6 - 12 months.  
The dust was knocked off the filter material in the laboratory. However, for filters from two schools 
(Dulcie September and Robert Desnos in Charenton), it was not possible to separate the dust from the 
filter material. As the samples also contain filter material, the results are lower compared to the other 
filters. 
  
For reference, TW analysed clean, unused cloth filter material (polyurethane foam) for persistent 
organic pollutants such as dioxins and PFAS. Pieces of this unused filter material were cut into 1 cm 
segments and soaked for 2 hours in a toluene liquid.  
 

�&�]�o�š���Œ���^���u�‰�o�����o�}�����Ÿ�}�v�•���‰�Œ�]�u���Œ�Ç���•���Z�}�}�o�• ���v�����Œ���(���Œ���v�����•�U���/�À�Œ�Ç�r�•�µ�Œ�r�^���]�v���U���W���Œ�]�•���t �K���š�X���î�ì�î�ð�l���&�����Œ�X���î�ì�î�ñ

�U�X���1�Í�X�…�Ù�\�è���:�:�+�\�Ù�ü�2�q�U�ý�������+�î�X�ô�2�Ù�î�Í�…�Ù�è�Í�X�ô�Ù�Ù�ü�2�q�P�ý �‡�ô���ô�X�ô�2�è�ô �ü�2�q�R�ý�>�+�Í�e�Ù�I�2�î�:�:�X �ü�2�q�P�ý

�‡�ô�\�j�+�e�\�Ù�î���:�„���2�\�Ù�Í�2�î�Ù���ô�Í�}�…�Ù�1�ô�e�Í�+�\�Ù���2�Ù�\�:���+�Ù
�Í�2�î�Ù�1�:�\�\�ô�\�Ù�Í�e�á�Ù�ê�Ù�‡�ô���ô�X�ô�2�è�ô�Ù�+�:�è�Í�e���:�2�\�Ù
�ê�Ù�‹�è���:�:�+�Ù�U�Ù�„�[�Ù�Í�2�î�Ù�ê�Ù�������+�î�X�ô�2�Ù�î�Í�…�è�Í�X�ô�Ù
�Í�X�ô�Ù�\���:�•�2�Ù���2�Ù�“�®�Ù���2�e�ô�X���1�Ù�X�ô�U�:�X�e�à�Ù���U�X���+�Ù�Q�O�Q�T

Figure 2: Sampling locations: five primary school air filters and one indoor dust sample from a private home, October 
2024. 
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The map in Figure 3, designed by Collectif 3R, shows all daycares, primary schools, colleges, and other 
educational facilities in the vicinity of IPXIII. The sampling locations from this research are numbered 
on the map. All are located within 1,500 m of the waste incinerator and under the influence of POP 
emissions from IPXII.  

 
 
It should be noted that the filter materials used in this research were designed to capture (fine) dust 
from incoming outdoor air. No additives such as activated carbon or other chemicals �t commonly used 
in waste incinerator air purification systems, were present in the school filters. 

�K�À���Œ�À�]���Á���}�(�����Z�]�o���Œ���v�������Ç�����Œ���U���‰�Œ�]�u���Œ�Ç���•���Z�}�}�o�U�����}�o�o���P�� �o�}�����Ÿ�}�v�•���Á�]�š�Z�]�v���í�ñ�ì�ì���u���}�(���/�W�y�/�/�/�U�����/�À�Œ�Ç�r�•�µ�Œ�r�^���]�v���U���W���Œ�]�•

�P

�Q

�R

�S

�T

�V

�V �P�S

�U

Figure 4: Sampling of air filters by a technician with the TW team at School 4 (Anne Sylvestre), October 16, 2024. 

Figure 3�����2�Y�H�U�Y�L�H�Z���P�D�S���R�I���F�K�L�O�G�U�H�Q�¶�V���G�D�\�F�D�U�H��centres and primary schools within 1,500 m of the IPXIII incinerator. 
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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 Collectif 3R team, collected air filter 
material from the participating primary schools. Table 1 below lists the schools that provided used 
and/or clean reference filter material. 

 
Table 1. Locations of participating primary schools in Ivry-sur-Seine for POP analysis in air filter material. 
 
 

3.2.1. Air filter samples - Primary School 1: Guy Môquet 

The first primary school visited by TW for collecting air filter material was Guy Môquet. A technician 
from the �•���Z�}�}�o�[�• technical service escorted TW to the filter installations on the roof of the school 
building and provided a guided tour and explanation of the filter system operation. 
 
The used air filters had been installed in January 2024; by October 16, 2024, they had collected dust 
from incoming outdoor air for nine (9) months. The technician confirmed that this filter system is an 
active VMI system.  The filter samples were analysed for dioxins, PAHs and PFAS using (bio)assay 
methods: DR CALUX, PAH CALUX and PFAS CALUX, respectively. 
 
Samples of mosses (bryophytes) from the roof and soil samples were also collected and analysed for 
dioxins and heavy metals. These results are presented in TW�[�• previous biomonitoring interim report 
(April 1, 2025). Four additional analyses on PFAS in moss will be presented in the PFAS chapter.  
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Figure 5. Air filter material sampling at Primary School 1 (Guy Môquet), October 16, 2024. 
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3.2.2. Air filter samples - Primary School 2: Dulcie September 

The second primary school included in this research is Dulcie September.  On October 16, 2024, TW 
collected soil and moss (bryophytes) samples from the schoolyard for analysis of dioxins and heavy 
metals. These results are presented in the TW interim biomonitoring report for Ivry-sur-Seine (April 1, 
2025).   
 
In February 2025, Collectif 3R provided the air filter samples: Type 1 (T1A) and Type 2 (T1B). TW 
analysed the clean, unused filter material (T1A) as well as the used filter material Type 2 (T1B) dioxins 
using DR CALUX bioassay. The used air filter material (T1B) was also analysed for PAH, PFAS and heavy 
metals [ arsenic (As), cadmium (Cd), mercury (Hg), nickel (Ni), and lead (Pb)]. 
 

 
The laboratory analysis report for dioxins (sample lab nr 51215 and 51216)�W�� �^The air filter samples 
consist of filter material to which dust particles are bound. Therefore, the results reflect both the filter 
material and dust material. The amount of dust particles in the filter material may be low�X�_ (See Chapter 
5.2, page 24). 
 
 
 
 

�“�Ù�P���Ù���+�ô�Í�2�Ù�Í���X�Ù�±�+�e�ô�X�Ù�1�Í�e�ô�X���Í�+�Ù�“�Ù�P���Ù�˜�\�ô�î�Ù �“�Ù�P���Ù���+�ô�Í�2�Ù�Ù�Í�2�î�Ù�“�Ù�P���Ù�Ù�˜�\�ô�î�Ù

Figure 6: Air filter material samples from Primary School 2 �± Dulcie September, October 2024. 
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3.2.3. Air filter samples -Primary School 3: Orme au Chat 

Primary school Orme au Chat is located 1,070 metres south-east of the IPXIII waste incinerator. On 
October 16, 2024, TW collected soil and moss (bryophytes) samples from the schoolyard and the roof 
of the school building. These were analysed for dioxins and heavy metals, with results presented in TW 
interim report biomonitoring report for Ivry-sur-Seine (April 1, 2025).   
 
In February 2025, Collectif 3R provided used air filter samples. These were analysed for dioxins, PAH, 
PFAS using DR CALUX, PAH CALUX, and PFAS CALUX bioassays.  
 
The laboratory analysis report (nr. 23059, sample 51217) noted�W�� �^�&�Œ�}�u�� �š�Z�]�•�� �(�]�o�š���Œ, dust could be 
collected separately; therefore, the results are more directly expressed �‰���Œ���P�Œ���u���}�(�����µ�•�š���u���š���Œ�]���o�X�_ This 
represents the approach TW aims to achieve for all participating air school filter samples i.e.  to measure 
the dust content specifically (see Chapter 5.2, page 24). 
 

 

 

�a�V

�i�Í �� �˜�\�ô�î�Ù�Ù�Í���X�Ù�±�+�e�ô�X�Ù
�1�Í�e�ô�X���Í�+�Ù

Figure 7: Collection of air filter material samples at Primary School 3 (Orme au Chat), October 2024. 
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3.2.4. Air filter samples - Primary School 4: Anne Sylvestre   

The newly built primary school Anne Sylvestre located 1,180 metres south-east of the IPXIII waste 
incinerator provided air filter material to TW in October 2024. The school technician guided the TW 
team to the rooftop filter installation and handed over the filter material in its aluminium framework.  
 
The used air filter material was removed from the aluminium frame and analysed for dioxins, PAH and 
PFAS using DR CALUX, PAH CALUX and PFAS CALUX, respectively. In addition, the TW team collected 
soil and vegetation samples from the newly planted areas in the schoolyard. These were analysed for 
analyses on dioxins and heavy metals. With results presented in TW�[�• interim biomonitoring report 
(April 1, 2025).   
 

 
 

Figure 8: Collection of air filter material samples at Primary School 4 (Anne Sylvestre), October 2024. 
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3.2.5. Air filter samples - Primary School 5: Robert Desnos 

Primary school Robert Desnos, located 633 metres east of IPXII, was also included in the study. On 
October 16, 2024, TW collected soil and moss (bryophytes) samples from vegetation containers placed 
on an elevated schoolyard used for sport activities. These 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 filter samples. Clean filters were 
analysed for dioxins and PFAS, used air filters were analysed for dioxins, PAHs, and PFAS using, DR 
CALUX, PAH CALUX and PFAS CALUX bioassays.  
 

 
The laboratory analysis report, for dioxins (�•���u�‰�o���� �o������ �v�Œ�� �ñ�í�î�í�ô�� ���v���� �ñ�í�î�í�õ�•�W���^The air filter samples 
consist of filter materials to which dust particles are bound. Therefore, the results reflect the filter 
material and dust material. The amount of dust particles in the filter material may �������o�}�Á�X�_ (see chapter 
5.2, page 24). 
 

�a�X

�a�X

�‹�T

�‡�"�Ù���+�ô�Í�2�Ù�Ù�����X�Ù�±�+�e�ô�X�Ù�‡�"�Ù�˜�\�ô�î�Ù�Ù�����X�Ù�±�+�e�ô�X�Ù

Figure 9: Collecting samples from primary School 5: Robert Desnos, October 2024. 
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3.3. Sampling indoor dust - private home, Ivry-sur-Seine 
 
In October 2024, TW team received an indoor dust sample from a resident of Ivry-sur-Seine, living 
700 metres from the IPXIII waste incinerator in the south-west wind direction.  
 
The dust was collected by the resident from the inside windowpane and windowsill of their home, using 
a glass container. The apartment is located on the top, 6th floor of a residential building, with windows 
facing the IPXIII incinerator in the north-east wind direction.   
 
 
The collected indoor dust sample, obtained by the resident following �d�t�[�� �• technical sampling 
prescription, was analysed for dioxins and PFAS using DR CALUX and PFAS CALUX bioassay methods, 
respectively. 

 
 
 
 
 

Figure 10: Location of indoor dust sample, 700 m from Waste Incinerator IPXIII, October 2024. 

�/�v���}�}�Œ�����µ�•�š���o�}�����Ÿ�}�v���‰�Œ�]�À���š�����Z�}�u���U���/�À�Œ�Ç�r�•�µ�Œ�r�^���]�v���U���•�µ���µ�Œ�����W���Œ�]�•���t �K���š�X���î�ì�î�ð

�I�2�î�:�:�X�Ù�î�j�\�e
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4. Analytical Methods 

4.1. Dioxins - bioassay DR CALUX® analysis method 
 
The bioassay DR CALUX® (Dioxin Responsive Chemical Activated LUciferase gene eXpression) is used for 
quantification of dioxins, furans and dioxin-like PCBs (dl-PCBs). Results obtained with DR CALUX are 
expressed in pg TEQ or BEQ/g product, (TEQ, toxic equivalent or BEQ, bioanalytical equivalent). 
Analyses are performed by BioDetection Systems (BDS) in Amsterdam, the Netherlands (NL), an 
accredited laboratory under RvA L401.  
Chemical gas chromatography-mass spectrometry (GC-MS) analysis is congener-specific, measuring 
only those compounds regulated by the EU:  7 chlorinated dioxins (PCDD), 10 chlorinated furans (PCDF), 
and 12 dioxin-like polychlorinated biphenyls (dl-PCBs), see figure 11 below.  

 
The DR CALUX method measures effects on the aryl hydrocarbon receptor (ArH). This receptor also 
responds to other dioxin-like substances, including brominated and/or mixed chlorine/bromine dioxins 
(PBDD/F-PXDD/F).  
 

Brominated flame retardants (BFRs) are widely 
used in the manufacture of plastics and 
electronics and form a substantial part of 
modern waste streams. Brominated dioxins 
have been shown to have equivalent toxicity to 
chlorinated dioxins. However, they are not 
regulated under EU legislation on emissions and 
food safety. Gas chromatography-mass 
spectrometry (GC-MS) is congener specific, 
whereas, the dioxin-related bioassay (DR 
CALUX) quantifies the overall toxicity of a 
mixture, including chlorinated and mixed 
halogenated dioxins. 

Figure 11: 29 dioxin-congener�±specific chemical analyses by gas chromatography�±mass spectrometry (GC-MS). 
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4.2. PAH - assay PAH CALUX® analysis method 

 
Polycyclic aromatic hydrocarbons (PAHs) are a class of widespread environmental contaminants 
implicated in a wide range of toxicological effects. Routine measurement of PAH contamination 
typically involves chemical analysis of a selected group of representative compounds, like the 16 PAHs 
defined, by the US Environmental Protection Agency (the EPA-16). This approach may underestimate 
the total PAH-related toxicity of a sample. 
 

 
 

The PAH CALUX assay uses a 
mammalian H4IIE 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[a]P), a class 1B 
carcinogen.1 Results are expressed 
in ng B[a]P equivalents per gram dry 
matter (dm) or dry weight (dw) 
(Pieterse 2013). 
 

 
 

 
1 Environ. Sci. Technol. 2013, 47, 20, 11651�t11659 

Figure 12: Chemical analyses of 16 congeners of Polycyclic Aromatic Hydrocarbons, PAH 
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4.3. PFAS - assay PFAS CALUX® analyse method 
 
It is estimated that thousands of PFAS compounds exist, including transformation products formed 
during incomplete combustion or xenometabolism. Current food safety assessments by the European 
Food Safety Authority (EFSA), consider only four (4) PFAS congeners, without accounting for the relative 
potency, (REP) of individual compounds. 
 
Chemical PFAS analysis is limited, depending on the laboratory, only 4 - 55 PFAS substances are 
routinely measured. This means less than 0.1% of total PFAS compounds can be quantified by chemical 
analyses.  
 
The PFAS CALUX® uses human bone marrow cell lines (U2OS) incorporating the firefly luciferase gene 
under control of Thyroid Responsive Elements (TREs). It detects thyroid hormone-like inhibiting 
compounds based on the ability of PFAS to compete with thyroxine (T4) for transthyretin (TTR) binding 
sites. Increasing PFAS concentrations reduce TTR-bound T4. Disruption of T4-TTR binding is 
benchmarked against perfluorooctanoic acid (PFOA), with a reference value of one (1), analogous to 
TCDD in the TEQ calculations. Results of PFAS CALUX® are expressed as �…�P���W�&�K�������‹�µ�]�À���o���v�š per gram 
product. This provides a more accurate estimate of toxic pressure than summing   a few congener 
concentrations. 
 
ToxicoWatch biomonitoring research applies both the bioassay PFAS CALUX® and chemical analysis (LC-
MS/MS). Current EU regulation only addresses the sum �¦  of 4 PFAS compounds, defined by the 
European Food Safety Authority (EFSA): PFOA, PFOS, PFHxS and PFNA (EFSA-4). This represents a very 
limited subset of the toxic PFAS now frequently detected in contaminated environments.  
 
Chemical analysis for PFAS and heavy metals are conducted by the accredited laboratory Normec, 
Groen Agro Control, Delft, the Netherlands (NL). PFAS chemical analyses is carried out using LC-MS/MS, 
covering a total of �¦  24 PFAS compounds. 
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Figure 13: Limited chemical PFAS analyses versus (bio)assay analyses (FITC-T4® and PFAS CALUX®). 
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4.4. Heavy Metals [14] 
 
The analysis on heavy metals was carried out by the accredited laboratory Normec Groen Agro Control, 
using ICP-MS. The method follows Normec protocols A068 and A095, in accordance with NEN-EN 
13805, and NEN-EN-ISO 17294-2 standards. 
 
ToxicoWatch�[�• approach for analysing samples for heavy metals covers 14 elements, as listed below. 
However, it may occur- as in this study - that the NORMEC Agro Groen Control laboratory cannot 
analyse all 14 requested elements. This can be due to several factors, such as insufficient sample 
material and/or the use of innovative, novel sample media (e.g. air filter material).  
 
 

 
 
The results of the heavy metal analysis are expressed in mg/kg dry substance (ds), equivalent to dry 
matter (dm) or dry weight (dw) in English. 
 
It should be noted that this study concerns indicative measurements expressed per weight. It does 
not assess the overall quality of the filters and are not expressed per unit area (m2).  
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5. Results  

5.1. Analyse results of school air filters for dioxins, dl-PCBs, PAH and PFAS 
 
The analysis results of dioxins, PAH and PFAS from 3 new, unused air filter samples and 16 used air filter 
samples from filter systems in primary schools in Ivry-sur-Seine are 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 IPXIII at the centre. All primary schools are located 
within a distance of 1500 m of IPXIII. 

 
An overview of the results of the innovative (bio)assay methods - DR CALUX, PAH CALUX and PFAS 
CALUX �t for dioxins, PAH and PFAS in school air filter dust and filter material is presented in tables 2 
and 3. Table 2 focuses on analytical methods and results per primary school location while table 3 
presents the results per (bio)assay method (DR CALUX, PAH CALUX and PFAS CALUX). To better visualise 
the extent of elevated values per substance (dioxins, PAH, PFAS), TW applied an indicative colour scale 
method. The scale is based on the lowest analytical value per method, with subsequent thresholds at 
2x, 4x, 10 x, 20x and 40x the baseline value.  
 
All school air filter and indoor dust samples analysed contained measurable levels of dioxin, PAH and 
PFAS content.  
 
The relatively low levels of dioxins, PAH and PFAS found in the used air filters schools 2 (Dulcie 
September) and 5 (Robert Desnos) may be explained by poor filtering efficiency and/or �š�Z���_���µ�u���Œ���o�o��-
���(�(�����š�_ - especially in the case of school 2, located close to IPXIII. Remarkably, new air filter material 
from Robert Desnos (school 5) contained higher dioxin-like PCB (dl-PCB) levels than the corresponding 
used air filters. Similarly, PFAS values in the air filter material were higher than those detected in the 
used filters at school 2 (Dulcie September). 

Figure 14: Map of POP results in primary school air filters near Waste Incinerator IPXIII, Ivry-sur-Seine, Oct. 2024. 
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Table 2: Results of dioxins, PAHs, PFAS, and heavy metals in primary school air filters compared to the lowest value, Ivry-sur-Seine, 
October 2024. 

Table 1: Results of dioxins, PAHs, PFAS, and heavy metals in primary school air filters, Ivry-sur-Seine, October 2024. 
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5.2. Laboratory notes on Schools 2, 3 and 5 
 
In the analysis report from the laboratory BDS, it is explicitly noted for the air filter material from Schools 
2 and 5 (Dulcie September and Robert Desnos): 
 
�^�d�Z���� ���o�����v�� ���]�Œ���(�]�o�š���Œ��lab sample nr 51215 (Dulcie September), the used air filter lab sample nr 51216 
(Dulcie September), the clean air filter lab sample nr 51218 (Robert Desnos) and the used air filter lab 
sample nr 51219 (Robert Desnos) consist of filter material to which dust particles are bound. Therefore, 
the results represent �(�]�o�š���Œ���u���š���Œ�]���o���‰�o�µ�•�����µ�•�š���u���š���Œ�]���o�_�X 
 
For school 3 (Orme au Chat, lab sample nr: 51217) the lab analysis reported: 
 
�^�&�Œ�}�u���š�Z�]�•���(�]�o�š���Œ, dust could be collected separately, and therefore the results are more representative 
�‰���Œ���P�Œ���u���}�(�����µ�•�š���u���š���Œ�]���o�X�_�� 
 
That is precisely what TW seeks to achieve: the analysis of the dust particles collected in the air filter 
material, as was possible for Orme au Chat but not for School 2 (Dulcie September) and 5 (Robert 
Desnos).  
 
This pilot research on POPs in school air filter using (bio)assay analysis is one of the first in its kind.  
Further research is needed to interpret these results and draw specific conclusions. Nonetheless, the 
results already raise important follow-up questions (see p 34). 
 

 

 

 
 
 

Figure 15:  Air filter sampling by the TW team, School 1 �± Guy Môquet, Ivry-sur-Seine, Paris, October 2024. 
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5.3. Dioxins results 
Incomplete waste combustion and impaired air pollution control devices (APCDs) during shutdowns 
and start-ups of waste incinerators are conditions that can lead to the unintentional production and 
release of dioxins and furans (PCDD/Fs) and dioxin-like polychlorinated biphenyls (dl-PCBs). Human 
epidemiological studies link dioxin exposure to reduced communication ability, abnormal social 
interaction, compulsive repetitive behaviour, impaired motor coordination and reduced cognitive 
ability (Guo Z. et al., 2018). Non-cancer health effects include chloracne, immune system suppression, 
reproductive issues, and higher risks of type 2 diabetes. Long-term exposure has been associated with 
cancers of the lung, larynx, trachea and bronchi. 
 
TW�[�•�� ���]�}�u�}�v�]�š�}�Œ�]�v�P�� �Z���•�� �‰�Œ���À�]�}�µ�•�o�Ç�� �����u�}�v�•�š�Œ���š���� dioxins in backyard chicken eggs, mosses 
(bryophytes) and soils around IPXIII waste incinerator. The French regional health agency (ARS) later 
confirmed these findings in its own research on dioxins in Paris backyard chicken eggs, advising citizens 
to minimalize or stop the consumption of such eggs. TW has consistently emphasized that eggs are only 
indicators of environmental dioxin pollution. This study expands the approach by in school air filters 
using the DR CALUX bioassay. 
 
For schools 2 and 5 (Dulcie September and Robert Desnos), the lab has confirmed that dust particles 
were bound to the filter material, meaning results reflected total filter + dust weight. With limited dust 
present, values may appear lower. In contrast, for Orme au Chat (School 3), dust was separated from 
the filter, giving results expressed per gram of dust only. 
 
Results show: 

�ƒ PCDD/F in air filter dust:  1.9 - 200.0 pg TEQ /g dw  
�ƒ dl-PCB: 1.4 - 29.00 pg TEQ/g dw  
�ƒ Sum of PCDD/F/dl-PCB: 4.40 - 215 pg TEQ/g dw 

 
Particularly notable is the result for dioxins (PCDD/F) of 200 pg TEQ/g dw in the air filter dust from Orme 
au Chat - nearly 100 times higher than in the other school air filters. Dioxin-like PCB (dl-PCBs) were also 
found at elevated levels in School 4 (Anne Sylvestre), about 10 x higher than in school 5 (Robert Desnos).   
Could the large construction buildings area, directly near this school 4 one of the reasons for this high 
dl-PCB content? 
 
Another striking observation: clean filter also showed dioxin activity. Air filters from school 5 (Robert 
Desnos) and school 2 (Dulcie September) were manufactured in Mexico, a major producer of 
polyurethane foam. Polyurethane production involves inherently toxic raw materials (e.g. isocyanates 
and phosgene) and contaminants may remain in in final products (Adetunji, C. et al (2021). 
 
A further explanation for lower dioxin, PAH and PFAS levels at the school closest to the incinerator 
(Dulcie September, 200 metres distance) is the so called 'umbrella effect', where POP deposition occurs 
at greater distances.  
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There are currently no regulations for POPs such as dioxins in air filter dust. However, the results should be 
considered high when compared to other matrices, such as dioxins in waste incineration bottom ash or 
cement kiln dust deposits on rooftops (See Figure. 17). It is noteworthy that the dioxin levels in air filters 
from four schools in Ivry-sur-Seine have been found to exceed the dioxin levels in bottom ash from waste 
incinerators in the Netherlands (NL). 
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Figure 16: Graph of dioxins (PCDD/F and dl-PCB) in air filters from schools in Ivry-sur-Seine, October 2024. 

Figure 17: Sum of dioxins (PCDD/F and dl-PCB) in school air filters in France, compared with dust/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 hydrocarbons (PAH). The 
toxicity of PAHs includes carcinogenicity (cancer-causing effects), mutagenicity (causing genetic 
mutations), genotoxicity (damage to DNA), immune system impairment, reproductive toxicity, and 
neurological issues. In children, PAH exposure can lead to developmental problems, including reduced 
cognitive function, behavioural changes, decreased IQ, attention deficits, anxiety, and developmental 
delays.  
 
PAH congeners may exist in gaseous form (e.g. naphthalene), as particles (e.g. Benzo[a]Pyrene) or in 
both phases (e.g. fluoranthene). PAHs are found in airborne particulate matter (PM):  

�ƒ Ultrafine Mode: <0.1 �š�Z���v���ì�X�í���…�P���]�v�����]���u���š���Œ 
�ƒ �&�]�v�����D�}�����W���ì�X�í���…�P���š�}���î�X�ñ���…�P���~�W�D�î�X�ñ�• 
�ƒ Coarse Mode: >�î�X�ñ���…�P���~�W�D�î�X�ñ-10).  

 
The school air filters were analysed using the PAH CALUX, with results expressed as benzo[a] pyrene 
equivalent (B[a]P eq). The highest PAH concentration was detected in the air filters of primary school 4 
(Anne Sylvestre), at 100,000 pg Benzo[a]Pyrene equivalent per gram. Compared with traditional EPA-
�í�ò�U���W���,���T�ð�����v�����W���,���T�í�ò chemical analyses, PAH CALUX provides a more realistic assessment of overall 
PAH-related toxicity. 
 
Certain PAH congeners differ vastly in toxicity: for instance, Benzo[a]Pyrene is 10,000 more toxic than 
phenanthrene (See figure 12 for molecular structures). The PAH levels measured in School 4 (Anne 
Silvestre) represent the highest PAH detected so far in ongoing TW bioassay research (see figure 18 for 
comparative TW PAH data). 

 
 

Figure 18: PAH results in dust from used air filters of primary schools in Ivry-sur-Seine, October 2024. 
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Figure 19: PAHs in air filters from primary schools in France, compared with PAH deposition in samples across Europe, 
2021�±2025. 
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5.5. PFAS Results 
Per- and polyfluoroalkyl substances (PFAS) occur as vapours or bound to dust particles, allowing them 
to be inhaled. Health risks include increased incidence of certain cancers (kidney and testicular), 
reduced immune system function and vaccine response, elevated cholesterol obesity, impaired liver 
function, developmental effects in children, and increased thyroid cancer risk (van Gerwen M, et al 
(2024). Exposure pathways include food, drinking water, PFAS treated clothing, footwear, matrasses, 
furniture, some medical treatments, inhalation of contaminated air and ingestion of dust (Go Suzuki 
2020).  
PFASs can be distributed across particle size fractions:  

�ƒ Ultrafine: 0.056�t0.1 µm 
�ƒ Fine: 0.1�t1.8 µm 
�ƒ Coarse >1.8 µm 

 
Distribution depends on type of compound type and the environmental factors. For example, perfluoro 
carboxylic acids (PFCAs) often associate with fine particles, whereas perfluoroalkyl sulfonic acids 
(PFSAs) are more common in coarser fractions. PFOA is frequently found in ultrafine and fine particles.  
 
Air filters are rated using the Minimum Efficiency Reporting Value (MERV), the industry standard for 
assessing efficiency across particle sizes from 0.3 to 10 µm. 
PFAS measurement in the air filter dust at School 4: Anne Sylvestre �•�Z�}�Á�•�������í�ñ�ò���…�P���W�&�K�������‹�µ�]�À���o���v�š��
per gram of dry dust. This indicates that the filter is capable of capturing PFAS, raising the question 
about its efficiency for different PFAS compounds. It also demonstrates that a significant amount of 
PFAS is present in the air in this environment.  
 
The air filter at School 3: Orme au Chat, also captured PFAS, though ���š�� ���� �o�}�Á���Œ�� �o���À���o�� �}�(���ï�ï�� �…�P�� �W�&�K����
equivalent per gram of dry weight. The filters of the schools 1 and 4 (Gut Môquet and Anne Sylvestre) 
are from different manufacturers.  
Results from the other primary schools in Ivry-sur-Seine show lower PFAS levels, ranging from 0.99 to 
�í�ï�X�ì�ì���…�P���W�&�K�������‹�X�l�P�X���d�Z�]�•��may be due to less effective air filtration systems. 
Previous TW biomonitoring research (2024) also detected PFAS in soil and moss (bryophytes) 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 indoor dust, Ivry-sur-Seine, Paris, 
2024. 
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PFAS are also widely used in synthetic filter materials and textiles. In a TW study of face masks 
(Arkenbout, Bouman, 2022) 7,300 �t 31,000 ng PFOA eq./g was detected in mask materials using FITC-
T4 assay. This raises the question: how much PFAS escapes from filter material and enters the human 
body? Additionally, microplastics and microfibres may detach and be inhaled. To eliminate PFAS 
exposure, approval of new PFAS applications must be stopped.  

 
PFAS have been detected in backyard chicken eggs, soil (ARS 2022) and mosses (Arkenbout, 
Bouman,2021, 2024). The highest value for PFAS was found in moss at primary school 6: Port-aux-Lions 
in Charenton, Paris, with a total PFAS concentration of 6.45 µg PFOA eq./kg. Results are expressed 
upper bound (ub) and calculated with the relative potency factor (RPF) calculations (Bil, 2021, 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 crèche locations, Ivry-sur-Seine, Paris, October 2024. 
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Figure 21: PFAS in air filter dust schools in Ivry-sur-Seine, compared with PFAS in other (bio)matrices, EU, 2022�±2025. 
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5.6. Indoor Dust Results 
 
Residents of Ivry-sur-Seine have expressed concerns regarding the presence of dust on window frames, 
both indoors and outdoors on residential properties. The indoor dust sample analysed in this research 
was collected from indoor window frames of an apartment located on the top floor of the building, 
700 metres south-east of the incinerator IPXIII.  

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

 
The �•�š�µ���Ç�[�•���(�]�v���]�v�P�• on POPs in indoor environments are noteworthy. Both dioxins and PFAS exhibited 
elevated levels of contamination. The dioxin concentration for the sum of dioxins (PCDD/F/dl-PCB) 
was 26.40 pg TEQ/g product, while the PFAS concentration was 40.0 µg PFOA eq./g dw. As shown in 
Figures 17 and 19, these values rank among the higher results.  
 

 
Indoor dust is a recognised pathway for multiple pollutants. Children, especially infants and toddlers, 
are at higher risk because they spend most of their time indoors, with exposures often exceeding other 
pathways. Sources of indoor dust contamination include household products such as carpets, textiles, 
timber polishing products, parquet adhesives, plastics, ceiling materials, and electronic devices. 
However, external sources- such as emissions from waste incinerators can also contribute significantly. 
For example, dioxins and dl-PCB have been detected at high levels in windowpane dust (Suzuki 2018). 
 
 

  

PFAS CALUX
TW-REF-NR Sample

PCDD/PCDF dl-PCBs PCDD/F/dl-PCBug PFOA eq./gram dm

24TWPA-DH-ID Indoor dust 25,00 1,40 26,40 40,00

DR CALUX
Results ub (pg TEQ/g dm)

Table 4: Results of dioxins (PCDD/F and dl-PCB) by DR CALUX and PFAS by PFAS CALUX in indoor dust, 700 m from 
Waste Incinerator IPXIII, October 2024. 

�/�v���}�}�Œ�����µ�•�š �o�}�����Ÿ�}�v���‰�Œ�]�À���š�����Z�}�u���U���/�À�Œ�Ç�r�•�µ�Œ�r�^���]�v���U���W���Œ�]�•���t �K���š�X���î�ì�î�ð
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5.7. Heavy Metals Results 
 
Heavy metals like lead, mercury, cadmium, and arsenic are associated with developmental problems, 
especially neurodevelopmental disorders such as autism spectrum disorder (ASD) and ADHD.  They can 
impair cognitive, motor, language, and behavioural development. Exposure during prenatal and early 
childhood stages is particularly harmful, as it disrupts brain development via mechanisms like oxidative 
stress and mitochondrial damage. 
 
There is no safe level for particles matter (PM) exposure or no safe limits for heavy metals in air dust.  
Long-term evidence of heavy metals exposure shows measurable impacts on ���Z�]�o���Œ���v�[�•�� ���}�P�v�]�š�]�À����
development.  
 
The limited quantity of dust collected restricted the scope of heavy metal analysis. A minimum sample 
mass is required for such tests, and dust from air filters was insufficient. As a result, only five heavy 
metals were analysed in the Dulcie September dust sample. A comparison with moss samples collected 
at Ivry-sur-Seine cemetery showed similar concentrations of heavy metals to those in the Dulcie 
September dust sample. This raises questions about the efficacy of current heavy metal filtering 
processes in these air filters, due to the findings of higher heavy metals 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 School 2 �± Dulcie September, October 2024. 

Figure 23: Results of heavy metal measurements (As, Cd, Hg, Ni, Pb) in air filter dust from School 2 �± Dulcie September, 
Ivry-sur-Seine, Paris, October 2024. 
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6. Filter material and HVAC 
 
The air filters at Robert Desnos and Guy Môquet schools are manufactured in Mexico using 
polyurethane foam (PUF). PUF is widely used in Heating, Ventilation and Air Conditioning systems 
(HVAC). While well-maintained HVAC systems can improve indoor air quality by filtering pollutants, 
poorly maintained systems can become pollution sources themselves, circulating contaminants 
through dirty ducts and filters. To maintain good indoor air quality, it's crucial to perform regular 
maintenance, by cleaning or replacing filters, cleaning ducts, and ensuring proper ventilation.  
 
HVAC systems may introduce POPs indoors by drawing contaminated outdoor air and can also 
accumulate and redistribute them via filters. Risks increase when ventilation is inadequate, or systems 
are inactive. 
 
PFAS are present in HVAC systems primarily through synthetic refrigerants, such as HFOs, and 
components like O-rings and wire coatings. Although valued for heat resistance, many PFAS are "forever 
chemicals" due to their persistence in the environment. Some refrigerants degrade into harmful 
substances like trifluoroacetic acid (TFA), which contaminates groundwater.  These concerns are driving 
regulations and research into PFAS-free alternatives. The number and types of PFAS present in school 
HVAC systems remain unknown. 
 
HEPA (High Efficiency Particulate Air) is a certification standard for the performance of air filters. A HEPA 
filter is defined as one that captures at least 99.97% of particles as small; as 0.3 microns. PFAS are 
extremely small, existing as particulate matter (PM) across a broad size range:  ultrafine (0.056�t0.1 
µm), fine (0.1�t1.8 µm), and coarse (>1.8 µm) particles, with size distribution varying depending on the 
specific PFAS compound and environmental factors. ULPA filters have a removal efficiency of 99.999% 
for particles of 0.12-microns in diameter and larger, according to industry data. Coarse and fine filters 
have much lower efficiencies, around 10.85% and 76.87% for ultrafine particles, respectively. 
 
HEPA filters alone are inconsistent for removing dioxins, as these are primarily gaseous. While particle 
bound dioxins can be captured, volatile forms require activated carbon filters.  Combined HEPA-carbon 
systems can achieve 78-90% removal, depending on the dioxin compound and setup. 
Organisations such as Eurovent and NSF independently test and certify the efficiency of filters. 
Additionally, manufacturers and specialised laboratories conduct their own tests to measure filter 
performance, often using standards such as ISO 5011 for air filters. 
 
ISO 5011 is an International Organization for Standardization (ISO) standard that establishes uniform 
test procedures and conditions for evaluating the performance of inlet air cleaning equipment, such as 
air filters, for internal combustion engines and compressors. It specifies how to measure key 
characteristics like airflow restriction (pressure drop), dust collection efficiency, and dust capacity.  
 
The analysis of perfluoroalkyl substances (PFAS) is challenging due to the technical limitations in the 
field of analytical chemistry. The analysis of POPs, including dioxins, in a laboratory setting is challenging 
due to their toxicity. 
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7. Questions 
 
The results of this research provide an indication of POPs input via air filters. The presence of significant 
dust in the filters may suggest effective operation. Conversely does the detection of only small amounts 
of dust indicate that filters are not functioning adequately.  Furthermore, could excessive dust 
accumulation show that the filter has reached its saturation point - potentially turning the filter itself 
into a source of POPs emissions? 
 
To interpret the results as accurately as possible, it is essential to clarify on the following questions and 
points of attention, which should be addressed in follow-up studies: 
 

1. What is the removal efficiency of air filters with respect to POPs in incoming outdoor air? 
2. How is the saturation degree of air filter material for POPs (like dioxins, PAH, PFAS and HM) 

assessed? Which standards and procedures are applied? 
3. What is the relationship between removal efficiency and dust saturation? 
4. How effective are filters in trapping gaseous POPs? 
5. What are limitations of currently used air filter types in schools for capturing ultrafine 

particles?  
6. Is standard filter material sufficient, or is activated carbon required to remove volatile and 

gaseous dioxins? 
7. Are safety procedures in place for school technicians replacing used filter materials, 

considering the risks of inhalation, ingestion, or dermal exposure to contaminated dust? 
TW observed no special precautions despite the high toxicity levels found in filter dust in 
this study. 

8. Since many essential components for filtration systems are produced in countries such as 
China, Vietnam, and Mexico�v where production processes already involve hazardous 
substances�v 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 systems, especially with seasonal variation in operation? 

9. Do HVAC systems contribute to POPs recirculation indoors?  
10. Could air filters themselves be a source of PFAS or other POPs within the ventilation 

system?   
11. Are filters replaced frequently enough, are factors such as cost, staff qualifications, or time 

constraints affecting replacement cycles?   
12. Industry data questions PFAS removal efficiency. Are filters truly capable of removing 

ultrafine particulate matter and vapour phase of PFAS?  
13. The low concentration of heavy metals in the Dulcie September school filter dust matched 

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

 
To properly evaluate filter performance, indoor air quality measurements inside classrooms are 
essential.  Only then can it be determined whether the filters provide sufficient protection for the 
health of children, staff, and parents within school buildings.  
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8. Conclusion 
 
This Toxicowatch research investigates the presence of Persistent Organic Pollutants (POPs) in outdoor 
air filters in five primary schools located within 1500 m of the waste incinerator Ivry-Paris XIII in Ivry-
sur-Seine. This study is a continuation of previous research conducted by TW (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: 

�ƒ Dioxins ranging from 1.9 �t 200.0 pg TEQ /gram dw  
�ƒ Dioxins-like PCBs (dl-PCB) in school air filters range from 1.4 �t 29.00 pg TEQ/g dw 
�ƒ PAH in air filters: 5100 - 100,000 pg benzo[a]Pyrene equivalents per gram 
�ƒ PFAS in air filter: 0.99 - �í�ñ�ò���…�P���W�&�K�������‹�µ�]�À���o���v�š���‰���Œ���P�Œ���u�����u�U�����Á 
�ƒ Indoor dust contained for 26.40 pg TEQ/g of dioxins and 40.0 µg PFOA eq./g dw of PFAS 

 
This research represents one of the first studies on POPs in primary school air filter material using 
bioassay methods. Further investigation is needed to interpret these findings and draw robust 
conclusions. Nevertheless, the results raise questions about filter efficiency 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 surrounding environment of waste 
incinerator IPXIII and showing that the issue extends far beyond the previously highlighted "backyard 
chicken egg" dioxin problem. It is therefore critical that filtration systems effectively mitigate these 
substances. To determine whether dioxins, PAH, PFAS and heavy metals are truly being removed and 
whether current filtration systems are capable of protecting the health of children, staff and parents.  
Measurements in the classroom and school building are now needed.  

 
To put these concentrations into perspective, the dioxin levels detected are already in a range considered 
harmful even at trace amounts, while PFAS in dust exceeded by tens of thousands of times the EU drinking 
water safety thresholds. The presence of PAHs at levels comparable to passive cigarette smoke exposure 
illustrates the potential risk of daily inhalation in these environments. These findings underline the urgency 
of ensuring protective measures in schools, where children are particularly vulnerable. 
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9. Persistent Organic Pollutants (POPs) data at a Glance 
 
1. Dioxins 

�x Measured concentration: 1.9 �t 200.0 pg TEQ/g (school filters/dust) 
Dioxins are so toxic that health agencies state there is no safe level of exposure. Even a few picograms 
per gram (comparable to a single drop of ink in an Olympic-sized swimming pool) can be harmful to 
human health and the environment. 

 
2. Dioxin-like PCBs (dl-PCBs) 

�x Measured concentration: 1.4 �t 29.0 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. PAHs (Polycyclic Aromatic Hydrocarbons) 

�x Measured concentration: Up to 100,000 pg benzo[a]pyrene equivalents per gram (Anne 
Sylvestre School) 

Benzo[a]pyrene is a carcinogenic compound also present in cigarette smoke. 
 
�ð�X���W�&��� �̂��~� �̂&�}�Œ���À���Œ�����Z���u�]�����o�•�_�• 

�x Measured concentrations: 
o 156 µg PFOA equivalents/g (air filter dust, Anne Sylvestre School) 
o 40 µg PFOA equivalents/g (indoor dust) 

The new EU drinking water limit for PFOA is 0.004 µg/L. Current measurements exceed this threshold 
by tens of thousands of times. 
 
Impact of POPs 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 
o Immune system damage 
o Developmental and learning issues 
o Hormone disruption 

�x �d�Z���������š�����š�]�}�v���}�(���W�K�W�•���]�v���•���Z�}�}�o�•���Œ���]�•���•�����}�v�����Œ�v�•�������}�µ�š���š�Z�����•���(���š�Ç���}�(�����Z�]�o���Œ���v�[�•�������]�o�Ç��
environments, underlining the urgent need to ensure non-harmful conditions, especially for 
the most vulnerable groups in society. 
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Annex 1: Regulations air filtering 
 
France:  The regulations governing air filters in public buildings in France 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 order to improve air 
quality.  EN 13053 (concerns building ventilation): This standard defines the 
minimum efficiency required for filtered air (e.g. ePM1 50% according to 
ISO16890) and the permissible pressure drops for filters. EN 13779 
(for non-residential ventilation and air conditioning systems): This standard 
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 practice for 
commercial and industrial buildings. 

 
The Netherlands: In the Netherlands are no specific regulations requiring air filters in public buildings, 

the Working Conditions Decree (Arbobesluit) does require a healthy working 
environment with sufficient clean, uncontaminated air. How this will be controlled or 
measured, is not mentioned. Air ventilation systems must function properly, be ready 
for use and be able to signal malfunctions. The specific requirements for air 
ventilation, such as the required amount of fresh air and the maximum air speed, vary 
per type of building and space, and are regulated in the Building Decree and the 
Decree on Emission Requirements for Partial Tap and the installation of these 
systems. The installation of filters is not directly mandatory, but the installations must 
purify the air and keep it dust-free. Exact rules vary depending on the building and its 
function. For schools there is a minimum ventilation requirement, of at 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 requirements, including a minimum of 6.5 L/s for 
an office space (which amounts to 23.4 m³/h). There is also a maximum air speed in the living zone to prevent 
draughts, which according to NEN 1087 may not exceed 0.2 m/s for preventing draught nuisance.   
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Annex 2: Lab results 
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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: 
 

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

 

Mosses (Bryophyta) - 2024:  

�ƒ PFAS (LC-MS/MS) 
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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 dl-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) 2.4 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 dl-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 dl-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 ISO17025 (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
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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 dl-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.
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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: 18-03-2025
End date of the test: 07-04-2025

Table 1 sample analysis results

No. Client code Method Parameter Result Unit

1 24TWPA-DH-ID PFAS CALUX Thyroid disruption 40 ug PFOA eq./gram product

2 25TWPA-S.2-DS-RFD-US-T1B PAH CALUX Polycyclic aromatic hydrocarbons 5100 ng Benzo[a]pyrene eq./gram product

3 25TWPA-S.2-DS-RFD-US-T1B PFAS CALUX Thyroid disruption 0.99 ug PFOA eq./gram product

4 25TWPA-S.3-OAC-RFD-US PAH CALUX Polycyclic aromatic hydrocarbons 98000 ng Benzo[a]pyrene eq./gram product

5 25TWPA-S.3-OAC-RFD-US PFAS CALUX Thyroid disruption 33 ug PFOA eq./gram product

6 25TWPA-S.5-RD-RFD-CL PFAS CALUX Thyroid disruption 2.3 ug PFOA eq./gram product

7 25TWPA-S.5-RD-RFD-US PAH CALUX Polycyclic aromatic hydrocarbons 10000 ng Benzo[a]pyrene eq./gram product

8 25TWPA-S.5-RD-RFD-US PFAS CALUX Thyroid disruption 3.5 ug PFOA eq./gram product

Table 2 sample characteristics

No. Client code BDS code Matrix ISO17025 (RvAL401) Date arrival Sealed

1 24TWPA-DH-ID 51423 Dust no 17-03-2025 no

2 25TWPA-S.2-DS-RFD-US-T1B 51424 Dust no 17-03-2025 no

3 25TWPA-S.2-DS-RFD-US-T1B 51424 Dust no 17-03-2025 no

4 25TWPA-S.3-OAC-RFD-US 51425 Dust no 17-03-2025 no

5 25TWPA-S.3-OAC-RFD-US 51425 Dust no 17-03-2025 no

6 25TWPA-S.5-RD-RFD-CL 51426 Dust no 17-03-2025 no

7 25TWPA-S.5-RD-RFD-US 51427 Dust no 17-03-2025 no

8 25TWPA-S.5-RD-RFD-US 51427 Dust 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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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 dl-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 4TWPA-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 ISO17025 (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 dl-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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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: 21-01-2025
End date of the test: 14-02-2025

Table 1 sample analysis results

No. Client code Method Parameter Result Conclusion Cut off Unit

1 24TWPA-GM-RD-FD-S-1 PFAS CALUX Thyroid disruption 13 --- n.a. ug PFOA eq./gram dry product

2 24TWPA-AS-RFD-S-4 PFAS CALUX Thyroid disruption 156 --- n.a. ug PFOA eq./gram dry product

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 ISO17025 (RvAL401) Date arrival Sealed

1 24TWPA-GM-RD-FD-S-1 50853 Dust no 15-01-2025 no

2 24TWPA-AS-RFD-S-4 50854 Dust no 15-01-2025 no
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