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TW biomonitoring research in Europe



Eggs of backyard chicken as biomarker for biomonitoring

One analyse sample of one location, contains
perferable a total mixture of 10 eggs of that one

location. By this sampling approach the difference
in each hens metabolisems and their specific pattern
way of fouraging in the chicken enclosure is covered. 10 eggs/location
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WtE Incinerator

TW biomonitoring eggs of backyard chicken, Harlingen/NL-2013

TW Biomonitoring eggs starts with WtE incinerator in NL 

Explanation Biomonitoring 
video by Zero Waste Europe

https://zerowasteeurope.eu/library/the-true-toxic-toll-biomonitoring-of-incineration-emissions/


Local public concern

Collecting Data by 
(semi) continuous 

measurements

Resulting in better understanding of waste incinerator 
emissions by (semi) continuous measurements. 
These measurements are needed to know: 
- Waste incineration is still far from pollution of zero

POP emissions;
- More elevated dioxin emissions during (semi) 

continuous measurements comparing to the EU 
recommended short-term measurements;

- Elevated dioxin emissions during OTNOC situations 
like start-up and shutdowns.

Which leads to discussion between 
government, industry, people movement

Analyse results TW biomonitoring reports generates 
Media attention, questions 

Biomonitoring for a better understanding of the real POP WtE emissions

People concerned about 
waste incineration emissions

More (semi) continuous 
measurements in the chimney of 
waste incineration is needed to 

know the real POP emissions  



https://reporterre.net/126-incinerateurs-de-dechets-en-France-la-megapollution

TW Biomonitoring & Media

https://reporterre.net/126-incinerateurs-de-dechets-en-France-la-megapollution


https://www.tvl.be/nieuws/meer-onderzoek-nodig-naar-verhoogde-aanwezigheid-dioxines-in-de-lucht-in-beringen-
142335?fbclid=IwAR2XbpW9Jcif8nrCxBw6bADzv3eKRxZcVMIgmWK4RzlbAeuNgPyNWRrL6LY

https://www.internetgazet.be/beringen/leefbaar-tervant-blijft-verontrust-over-

dioxines.aspx?fbclid=IwAR349Y3MASIz-

r6oakr_I1Ee7Mfbkvu8rsPt8a7yIXQtjpf9XPFIPpQ1VLk/

TW Biomonitoring & Media

https://www.tvl.be/nieuws/meer-onderzoek-nodig-naar-verhoogde-aanwezigheid-dioxines-in-de-lucht-in-beringen-142335?fbclid=IwAR2XbpW9Jcif8nrCxBw6bADzv3eKRxZcVMIgmWK4RzlbAeuNgPyNWRrL6LY
https://www.internetgazet.be/beringen/leefbaar-tervant-blijft-verontrust-over-dioxines.aspx?fbclid=IwAR349Y3MASIz-r6oakr_I1Ee7Mfbkvu8rsPt8a7yIXQtjpf9XPFIPpQ1VLk/


q Isolation chicken owners
q Houses prices fall 
q Stop farming chickens
q Stop growing vegetable
q cut down fruit trees
q Uncertainty people

q Moving

10.3

4
8.1

3.5

1.7

8.9

0

2

4

6

8

10

12

14

16

18

1100 m 7300 m 7300 m

Harlingen GC-MS Arum 1 Arum 2

01/12/2013 03/03/2014 18/04/2014

Dioxins in eggs 

PCDD/F dl-PCB

Negative social impacts 

Moving to another place:
1. Initially results show drastically decrease of dioxins in eggs
2. Again elevation dioxin results, due to confounders nearby

Side impact of biomonitoring results and confounders

Roof coated with dl-PCB 

Moving



Elevated levels of dioxins in eggs found near biomass
incineration plants (< 5 km).
More research is needed.

The highest dioxin levels in eggs are found near an
animal carcass incinerator (dl-PCB 126, the highest level 
in NL) and near WtE incinerator REC.

This study shows the importance of including all 
possible sources, and confounders.

Biomass incineration is an underexplored source 
of dioxins emissions

TW research on RIVM data indicates dioxin emissions from biomass incineration
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Confounders ?

Zubieta, Basque Country, Spain

Waste incineration 
emissions ?

Confounders in TW biomonitoring research Basque Country 2019-2022

Analyse results shows 
elevated dioxin results in 

eggs. 

What is the share of: 

More clarity by 
(semi)continuous 

measurements in chimney 
WtE incinerator for 

knowing real emission 
data waste incineration 



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



2019 2021 Absoluut %
PCDD 56,48 118,69 62,21 110%
PCDF 15,59 89,88 74,29 476%
PCDD/F 72,08 208,57 136,49 189%

TetraCDD 0,12 0,49 0,37 302%
PentaCDD 0,44 1,00 0,56 126%
HexaCDD 3,92 10,20 6,28 160%
HeptaCDD 19,70 20,00 0,30 2%
OctaCDD 32,30 87,00 54,70 169%

TetraCDF 1,07 3,00 1,93 180%
PentaCDF 2,06 8,30 6,24 304%
HexaCDF 3,09 14,90 11,81 383%
HeptaCDF 7,63 57,68 50,05 656%
OctaCDF 1,75 6,00 4,25 243%

 BE-2:    Dioxinen (PCDD)

BE-2:    Furanen (PCDF)

Locatie BE-2: PCDD/F   (Medium Bound)
pg/g vet Concentratie verschil
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Dioxins (PCDD/F) in eggs 2019-2021, Beringen - Belgium



Egg location ALF_EGG2 – Paris 2021
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DR CALUX  PCDD/F and 
PCDD/F/dl/PCB exceed EU limit

Action level dl-PCB is exceeded

NOT complying EU limit for
PCDD/F and the sum of  
PCDD/F/dl-PCBs TEQ.

Distance (m) 2810
Breed
Hens (n) 2
Age (month) 10
Eggs/month 60
Foraging area (m2) 150

PCDD/F BEQ 7.1
dl-PCB 7.1
PCDD/F/dl-PCB 14.2

PCDD/F 7.9
dl-PCB 21.0
PCDD/F/dl-PCB 29.0

Alf-egg2

DR CALUX BEQ

GC-MS TEQ

Similar congener patterns found in Eggs (Paris)  and emissions of  WtE

Typical congener pattern of incomplete combustion
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Difference PCDD/F with DR CALUX  (BEQ) and GC-MS (TEQ),   What about brominated dioxins (PBDD/F)?

Most of the time DR CALUX > GC-MS, especially in Paris, (and Harlingen, NL)

Remarkable in French 
government research 

PBDD/F  is already 
measured and found

dl-PCB difference much higher due TEF PCB 126

?
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Data ToxicoWatch Biomonitoring research in Europe  2021



Dioxins (PCDD/F/dl-PCB) in Mosses near Waste Incineration plants in Europe

Data ToxicoWatch Biomonitoring research in Europe  2019 - 2021

TW Indicative scale 
PCDD/F/dl-PCB

DR CALUX 
pg TCDD eq./g product

> 5.0 
> 2.0
 > 1.0 
 > 0.5
< 0.5

DR CALUX



PFAS in eggs by chemical analyses (GC-MS) and bioassays 

3.1 ng PFAS  (EFSA-4) /g 1600 ng PFOA eq./g

Chemical analyses Bioassay FITC-T4

EFSA: Tolerable Daily Intake (TDI) PFAS  
0.62 ng PFAS/kg bw /day

TDI adult 70 kg is 70 x 0.62 = 44.0 ng PFAS/day

TDI child 20 kg is 20 x 0.62 = 12.4 ng PFAS/dayExceeding the EFSA limit > 2000 xExceeding the EFSA limit 4 x

Country Matrix Date Location Distance PFAS (FITC-T4) PFAS CALUX

m ng PFOA eq/g ng PFOA eq/g

CZ Egg 2021 Pilsen 4310 1200 250
CZ Egg 2021 Pilsen 1750 1400 130
EUS Egg 2021 Zubieta 3700 1900

EUS Egg 2021 Zubieta 1610 1900
1600 190

PFAS in eggs

Average

TW research 2021Zafeiraki et al. 2016

egg = 60 gram

Exceeding the EFSA limit > 7000 xExceeding the EFSA limit 15 x

TDI adult 70 kg: TDI adult 70 kg:

TDI Child 20 kg: TDI Child 20 kg:
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FITC-T4 - ng PFOA eq/g

EFSA: Tolerable Daily Intake (TDI) PFAS  0.62 ng PFAS/kg bw /day.

PFAS in various matrices, TW Biomonitoring research - 2021 

distance

biomarker

year

country

Data ToxicoWatch Biomonitoring research in Europe  2021
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PFAS with PFAS-CALUX in sediment, eggs, and mosses in distance to WtE

PFAS (FITC-T4) µg PFOA eq/g PFAS CALUX µg PFOA eq/g

Measurements FITC-T4 and PFAS CALUX  in TW Biomonitoring research Europe - 2020 
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More research is needed for comparison PFAS-CALUX and FITC-T4 in different biomatrices

Data ToxicoWatch Biomonitoring research in Europe  2019 - 2021



2018: 2 pg TEQ/kg bw/week

2001: 14 pg TEQ/kg bw/week

DioxinsDioxins 35 x more toxic

PFOA

DioxinsPFOA  > 2386 x more toxic

2022: 0.04 ng BPA/kg bw/DAY

BPA

DioxinsBPA 10000 x more toxic

Dioxins (PCDD/F/dl-PCB)

2008: 10500 ng PFOA/kg bw/week 2015: 4000 ng BPA/kg bw/DAY

2020: 4.4 ng PFAS /kg bw/week 
(PFOA+ PFHxS+PFOS+PFNA)

Tightening Tolerable intake of POPs in time by EFSA advise 

1997: 70 pg TEQ/kg bw/week

2018: 6 ng PFOA /kg bw/week



2018: 2 pg TEQ/kg bw/week

2001: 14 pg TEQ/kg bw/week

DioxinsDioxins 35 x more toxic

1989: Emissions 0.1 ng TEQ/Nm3

2022: Emissions 0.1 ng TEQ/Nm3

Despite all Best Available Technics
In 33 years nothing changed

Emissions limits Food limits eggs

2013: EU Action limit 1.75 pg TEQ/g fat
PCDD/F and dl-PCB separately

2017: Bioassays EU limit: 3.3 pg BEQ/g fat

PCDD/F/dl-PCB PCDD/F/dl-PCBPCDD/F

2006: EU limit: 6 pg TEQ/g fat1998 WHO TEQ: TEF values

2005 WHO TEQ: TEF values -10%

2011: EU limit: 5 pg TEQ/g fat 

Tolerable Weekly Intake food Chicken eggsEmission (WtE) industry

no action by governments

Tightening of EFSA Tolerable Weekly Intake (TWI) and delaying EU regulations 

??



In summary: Emerging issues in biomonitoring research

§ Independent biomonitoring plays a key role in a better understanding of pollution

§ There is a gap between chemical and bioassay analyses, and a big gap in the analyses of the PFAS family

§ The levels of PFAS in the environment, eggs, vegetation; pine needles, and mosses, give a strong warning signal

§ The technical capacity to destroy the ‘for-ever-chemicals’ PFASs is currently insufficient. 

§ The health risks of PFAS is known for decades and still, PFAS has been produced in large-scale quantities since the 1950s.

§ Urgent need for a very strong limit on the production and use of PFASs (Madrid Statement)

§ Strength and limitation of this study? 

Strength: a lot of environmental samples are taken and analysed. Building up real data instead of models                       
to which policy and regalements are primarily based on.

Limitation: The influence of confounders and laboratory analyses.

§ We, as the human population, cross the line with a worldwide Tsunami production of for-ever-chemicals: thousands of PFAS 
compounds, which cannot all be analysed in detail in laboratories only a few PFAS compounds.


