Vlaanderen

is omgeving

FLEHS: The Flemish
Environment and Healtl

Survey:

from knowledge to policy

interpretation, participati

and action

Karen Van Campenhout
Vlaams Planbureau voor Omgeving

DEPARTEMENT
OMGEVING




e

S—

- 7(& Vlaanderen

is omgeving

3 parts:
What is FLEHS

PFAS@home
HBM-3M

DEPARTEMENT
OMGEVING




FLEHS: a 20-year mirror of the Flemish
population

15t cycle (2002-2006) 2"d cycle (2007-2011) 3th cycle (2012-2015) 4t cycle (2016-2020)

8 areas with a different Flemish reference values + specific areas of interest Flemish reference values
type of environmental + subgroups with specific
pressure ~ characteristics
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The Flemish Environment and Health Survey (FLEHS)

» ‘human analysis’ -> a.o. blood, hair and urine: research of human exposure to
chemicals and the relationship with (early) health effects

» direct and integrated (also mixtures) blueprint of pollutants present in humans
» early warnings: before occurence of disease, also positive health effects

» Personal involvement of participants in scientific research and environmental policy
-> ‘pollution gets personal’

Based on:

e Participation and involvement: in study design,
communication of results and policy translation

* Transparancy: every participant receives his

personal results before public communication
Multidisciplinarity and trust: close cooperation
between science and policy during the whole
process starting with the research question
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Exposome approach

Perception, well-being and social-economic position

e Questionnaires about perception of the living environment, time spentin a
green enviroment, ...
* Type of education, nationality, income, home language,....
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Cycle | (2002-2006

Cycle IV (2016-2020
Cycle 11 (2007-2011) aee Gycle IV { | ]
|
Cycle Ill (2012-2015) a l ®
Hormone disruption
Immunorespons [ — — - (thyroid hormones
Cycle | (2002-2006) [ ]
° e Cycle Il (2007-2011)
Cycle Il (2007-2011) [ ] am o
H I h ff Cycle i (2012-2015) [ [ ] |
e a e e C S Cycle 11l (2012-2015) [ | 1 |
Cvcle IV (2016-2020) [ | - A L °
Hormone disruption
Cycle | (2002-2006) [ ] |
Genotoxicity ——
Cycle | (2002-2006) [ | Cycle Il (2007-2011) H e
Cycle 11 {2007-2011) sEEs s AN Cycle Il (2012-2015) [ ] |

Cvele 1l (2012-2015) [ [ |

? - Cycle Iv (2016-2020) I [ ] |
(& Vlaanderen Metals and trace elements a Perfluorinated compounds (PFAS) [ ] Softeneres (bisphenols) .

is omgeving POPs [ | Pesticides . Polyaromatic hydrocarbons (PAHs) [l
Softeners (phtalates) Brominated flame retardants [ | Benzene [ |




FLEHS: a 20-year mirror of the Flemish
population

* BIOBANK &
DATABANK

INPUT:
o0 ® 8

et'l“'ff -»

* Over 8.500 individuals
* Data from 2002 — present Qmﬂomim

DATA MANAGEMENT:

* Biobank@VITO (70.000 samples)
* E&H Database (GDPR compliant)

- GIS-based
environmental

%

OUTPUT:

* >PhD

* >100 SCI

* Exposure-effect associations
* Exposure determinants

* Mixture analysis

* Emerging chemicals

* Trend analyses

v

POLICY SUPPORT:

* Evidence-informed policy
making

* Preventive policy measures

* Health in all policies

* Effectiveness of policy
measures




Phased action plan = step by step consultation
on policy translation of HBM results

Steering group phased action plan

STEUNPUNT STEUNPUNT
MILIEU & MILIEU &
GEZONDHEID GEZONDHEID
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B MENEN - Een mi-
lieubeurs voor leer-
krachten, een educa-
tief pakket voor kleu-
ters maar vooral een
werkgroep waar bur-
gers, overheid en in-
dustrie vertegenwoor-
digd zijn, worden de
belangrijkste pijlers
van het actieplan hu-
<rnane biomonitoring.

. ‘adat een grote groep jo
geren uit Menen en W
velgem in cen humane

onderzocht  werd

ling. was het even wach

acticplan dat uitcindelijk tot cen
betere leefomgeving zou moeten
leiden. “Nadat de resultaten be-
kend waren, hebben we cen corste
selectic doorgevocrd die we san
aantal experten hebben voor-
Solcui. Adin e hebben WO, g5
vraagd welke acties het meeste
nodig waren. Diezelfde lijst hel
ben we in Menen ook getoond
omdat we het heel belangrijk von-
den om 0ok de lokale actoren bij
het actieplan te betrekken. Uitein-
delijk zijn we tot een aantal acties
gekomen die door de ministers

Resulting action plans

Actieplan schuift bronnenonderzoek en opvolging effecten mens en milieu naar voren

“Open communicatie centraal”

Bij het opmaken van het actieplan ging de overheid niet over een nacht ijs. Er werden verschillende

instanties en instellingen aangesproken om mee te werken. (Foto PWM)

Gezondheid
kinkt het.

van Leefmilicu e
gocdgekeurd werdes

Externe consultant

n-
p..x I e Mstantie gaan wo

Action plan on
chlorinated
compounds and
action plan

astma

presented by
ministers
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de effecten op mens en milicu ver-
der opvolg
beeld aan de verhoogde aanwez
heid van thalium wasrover we ci
genlijk nog nict 70 veel weten. De
derde prioriteit is dan communica-

stellen dat er nog altijd te weinig
gecommuniceerd wordt met alle
betrokken partijon.”

Het a an s ler onderve
deeld in cen aantal actics waarbij
deprioriteiten verder uitgewerkt
zullen worden Zo wordk cen cx-
ngetrokken om
en burger
rond de fel te brengen. “Die
werkgrocp wordt heel belangrijk
want we zullen daar echt wel naar
openheid streven. Er is ecn milicu-

Menen cn we mocten
dric de_betrokken
partiien op cen ljn ki

ne consultant”, geeft milicuamble-

naar Hannclore

Milieubeurs
Menen w er niet om op
het actieplan om al cen cerste ini
tiatief te nemen. Zo is er op § ok-
tober cen milicubeurs voor leer-
s, “Ex gebeuren nog to veel
n dic we nict kunnen goed-
keurca, zoalh bijvoorboekd do
leg van mocsniinjes. We wefens
dathet goed bedocld Jis
Daarom menu| We begin oktober—
dic informaticve beurs voor leer-
krachten. Da:

p:
n de scholen zullen aan-
bieden”, aldus Hannclore

Ze verwijst nog even naar het
tjesonderzock waarvan de resulta-
ten in 2014 bekend gemaakt zul-
len worden. “Uit het onderzock
bleck ook dat de jongeren minder
peb’s en dioxines in hun bloed
hadden dan clders in Viaanderen.
Dat werd verklaard doordat cr in
Menen amper groenten uit cigen
twin of citjes van scharrelkippen
gegeten werden. Door de eieren te
onderzocken. wordt nu nagegaan
in hoeverre het opnicuw v

it

-missie plan
Genk-Zuid

wersie december 2013

Action

plan Strengthen

excisting policy

Extra follow-up
in humans and
environment

Acpieplan fijn stof en NO,
voor agglomeratie Gent
en Gentse kanaalzone

1’ (2016 - 2020)

Extra source
MEENIES

Extra

communication
and information




Internal and external evaluation:
some focus points

» Involvement of different scientific disciplines, societal actors and policy
is very fruitfull, but also complex
— we often speak ‘another language’

» “Learning by doing”- > every FLEHS campaign is different-> flexible
procedure necessary

» Stakeholder participation = essential and needs to be well defined

» Open communication of HBM results and all steps in policy translation
are key elements in awareness raising

» Focus on concrete problem solving (action plans)
» Independence = essential -> external process management
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Vervuilende stoffen in je lichaam
Wat draag jij met je mee?

» Measurement of PFAS in FLEHS since 2007
» Significant part of participants above health based guidance values
— Sources and uptake routes not clear or unknown

» Policy translation of FLEHS results to action

?(\“E\VIaanderen
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Why?

Exploratory study of PFAS in our environment (proof of concept),
development of methodology for following questions:

1. What are the levels of PFAS in the different environmental
compartments in and around dwellings in Flanders, and by
extension crops and home-grown animal products?

2. To what extent can these environmental compartments
contribute to human exposure?

3. Caninfluencing factors be associated with the observed
variation in PFAS concentrations be identified?

4. What policy recommendations can be formulated and how can
this POC be implemented in a wider scope?

%%\Vlaanderen
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Participant selection vervuiende

W, stoffe
in ML)
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» 19 participants
> 6 girls, 13 boys between 17 and 19 (in 2021)
> Small study population
> Vegetable garden and/or chicken coop

» PFAS no-regret zones
- No participants in this
zones
— Distance to nearest
zone
X Median: 3140 m
X Range: 129m —-5472 m

25 km

Schaal = 1 : 1000000 ‘

is omgeving
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https://www.dov.vlaanderen.be/portaal/?module=pfasverkenner

Environmental measurements

N=19

N=15

N=19

N=19

N=15/19/19

N=6
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Eggs chicken = 1 mixing sample/participant

\Vegetables own garden = 4 kinds of vegetable/participant

Soil Chicken coop = 1 mixing sample/participant
Vegetable garden = 1 mixing sample/participant

House dust = 1 mixing sample/participant

Serum =2 1 mixing sample/participant

Water > 1 vegetable garden, 1 chicken, 1 tap water/
participant

Compost = 1 mixing sample/participant



Questionnaires

» Short questionnaire with selection questions together with
informed consent

» Questionnaire for interpretation of results
— Chicken and chicken coop
- Vegetable garden
— The house and the indoor environment
— Use of pesticides
— Consumption of home grown food

1111
13 8 S N
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Which PFAS are measured?

) Measurini the same PFAS in different matrices
PFAS | Afkorting | cAsnr

Perfluor carboxyl zuren (PFCA's)
perfluoro-n-butaanzuur PFBA 375-22-4
perfluor-n-pentaanzuur PFPA 2706-90-3
perfluor-n-hexaanzuur PFHXA 307-24-4
perfluor-n-heptaanzuur PFHpA 375-85-9
perfluor-n-octaanzuur PFOA 335-67-1
perfluor-n-nonaanzuur PFNA 375-95-1
perfluor-n-decaanzuur PFDA 335-76-2
perfluor-n-undecaanzuur PFUdA 2058-94-8
perfluor-n-dodecaanzuur PFDoA 307-55-1
perfluor-n-tetradecanoic acid PFTeDA 376-06-7
Perfluor sulfonaat zuren (PFSA's)
perfluor-n-butaansulfonzuur PFBS 375-73-5
Perfluor-n-pentaansulfonzuur PFPeS 2706-91-4
perfluor-n-hexaansulfonzuur PFHxS 355-46-4
perfluor-n-heptaansulfonzuur PFHpS 375-92-8
perfluor-n-octaansulfonzuur PFOS 1763-23-1
Precursoren en vervangproducten
4:2 fluortelomeersulfonzuur 4:2 FTS 757124-72-4
6:2 fluortelomeersulfonzuur 6:2 FTS 27619-97-2
8:2 fluortelomeersulfonzuur 8:2 FTS 39108-34-4
hexafluorpropyleenoxidedimeerzuur HFPO-DA (GenX) 13252-13-6
4,8-dioxa-3H-perfluornonaanzuur ADONA 919005-14-4
PFAS Afkorting CAS nr
perfluor-n-tridecaanzuur PFTrDA 72629-94--8
perfluor-1-decaansulfonzuur PFDS 335-77-3

\

Quantitative
measurement in all
matrices

(soil, eggs, vegetable,
house dust and serum)
20 PFAS

Indicative measurement
in soil, vegetables, house
dust and serum.
Quantitative
measurement in eggs



W Results — soil
(vegetable garden)

Which material is used to water the

Use of compost (number of participants) _
garden? (number of partcipants)

15
15

10
10

5
. . |
0

no sometimes yes
garden hose watering can (plastic) both

Use of pesticides (number of participants)

15

10

?((\“E\VIaanderen . . .
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Results - soil
(chicken coop)

|

Chicken coop age (number of participants)

<5Syears 5-10 years 10-20 years >20years

o [ N w B wv )] ~N (o]

Use of insecticides (number of participants)

12

10

%\E\Vlaanderen ’
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A, 4 Results - soil
(vegetable garden and chicken coop)

» PFOS and PFOA most dominant PFAS
» Levels are similar to background levels

»
Soil of vegetable garden & Soil of chicken coop (pg/kg ds)
(ng/kg ds) 1
! 08 Median
0,8 06 P25-P75
oe i0~55 0.4 10.48
0,4
0.2 # 0.26 0,2 + 0.22
’ *0.16
0 & <toa  §<Loa 0 1<LOQ ‘<LOQ ‘<LOQ
PFBA PFOA PFNA PFDA PFOS PFBA PFOA PFNA PFDA PFOS
PFOA PFOS PFOA PFOS
Guidance value >4,3 pg/kgds >3,8 ug/kg ds >4,3 pg/kgds > 3,8 pug/kg ds
residential area with 0/15 1/15 0/15 0/15
garden
>1pg/kgds >1,5pug/kg ds >1ug/kgds >1,5ug/kgds
Background value 0/15 1/15 0/15 0/15
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= Results — compost

» Only 6 samples!
» Dominant PFAS: PFOS, L+B PFOS, PFOA and L+B PFOA

compost

1

0,8
@®0.64
0,6 .
.0.46 Median

0,4
0,2 ©0.22 € 022

0 e<L0Q

PFOA L+B PFOA PFDA PFOS L+B PFOS

ug/kg dry matter
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& Results — water

fé Water type used in vegatable garden » Water type used for drinking
(number of participants) water chicken (number of
participants)
no garden

tap water |

tap water

groundwater [l
groundwater

rainwater |
rainwater |

0 5 10 15

o
N
IN
&)
[
S
=
N

14

Materials used to irrigate vegetable

Ve Rain water: 19 participants
garden (number of participants)

YY)

both -!-'G- Water pipe material (humber of

participants)

water can

garden hose

plastic |

N
w
N
(€]
[e)]

metal [
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e. Results — water

0‘.

» Which levels? Median, P25-P75

Water vegetable garden Water chicken Rainwater Tap water

120 120 120 120
100 100 100 100
30 80 80 80

60 + 60 60 60 55
40 a4 40 l 40 l 40
LOQ= 20 20 28 - 29 50
0 0 0 0

6:2 FTS (ng/l) 6:2 FTS (ng/1) 6:2 FTS (ng/1) 6:2 FTS (ng/1)

» Results higher than results VMM (2021)
- Max: 6:2 FTS: 7,91 ng/I

— 6 PFAS with highest level: PFBA, PFBS, PFPeA, PFHxS, PFOS, 8:2 diPAP,
PFHXA

%%\Vlaanderen
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o Results — vegetables
=

» Concentrations in vegetables very low

» Dominant PFAS: PFBA (and 6:2 FTS — indicative)

» Mostly in pods

» All PFAS <LOQ in potatoes and carrots (except 2 participants)

Lettuce Broad beans
2 2
1,8 1,8
1,6 1,6
1,4 1,4
1,2 1,2
1 1
0,8 0,8
0,6 0,6
0,4 0,4
0.2 0,2 0.12 0.13
Median 0 & <ioa 0 4 ?
P25-P75 PFBA PFBA 6:2 FTS (indicatief)
ug/kg fresh weight ug/kg fresh weight

?\;\Vlaanderen
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Results — eggs

Origin (number of participants)

14

12

10

8

6

4

0 I

home-grown bought from a old battery farm other
breeder chicken
Free range area (humber of participants) Vegetation in free range area (humber of
9 participants)
8 16
7 14
6 12
5 10
4 8
3 6
2 4
1 2
0 0
20m? 20-80m? -80m? <1/4 1/4-1/2 1/2-3/4 >3/4

is omgeving
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Results — eggs

Feed for the chicken (number of participants)

oil/butter from cooking

corn/grain (self grown)

waste of fish/crustacea

sauce

vegetable/fruit from own garden

egg shells

meat

grass clippings

grass in the coop

vegetable/fruit waste not from own garden
vegetable/fruit waste from own garden
weed

food leftovers

bread

Compost in chicken coop
(number of participants)

15

10

no yes

o
N
B
[e)]
o)

10 12 14 16 18 0

Place to feed the chicken (number of
participants)

12

10

o

inside outside on concrete outside on soil
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Q) Results — eggs
» Dominant PFAS: PFTeA, PFDoA, PFOS, PFTrA

PFAS in eggs (ng/g fresh weight)

3,5 Mediaan

3 -
5 45 P25-P75

5 *1.96
15 1.31
1.25

0,5 € 0432 @0.293
0 ®<LoQ

PFBA  PFOA  PFDA  PFDoA  PFTrA  PFTeA  PFOS
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= Results — house dust

House characteristics (number of participants)

daily but long

daily but short

no or rarely daily aeration
mechanical ventilation system

ventilation grids

new carpets, furniture, curtains, mattresses,
wallpaper during last 12 months

renovation during last 12 months

?(\“E\VIaanderen
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0 8 10 12 14 16

Year of construction (number of participants)

after 2000

1981-2000

1960-1980

before 1960

o
=
N
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@4 Results — house dust

» For some PFAS uncertainty > 50% (ex 6:2 FTS)

» For some PFAS recovery of internal standard not sufficient for
most of the samples

» In all samples: PFOS, L+B PFOS, 6:2 FTS, 6:2 di PAP
» In >80% of samples: PFOA, L+B PFOA, PFNA, PFDA

PFAS in house dust (ng/filter)

10 Median
P25-P75

3.34

®.3

1 & 107 &105 @ 0.69 © 0.82
<LOQ

€021
PFHXA PFOA L+BPFOA PFNA PFBS PFOS L+B PFOS 6:2 diPAP
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L] Results — blood (serum)

Proportion eggs from own chicken (number

of participants)
16
14
12

10

4
2
0

more then half only own eggs

Number of eggs from own chicken/week
(number of participants)

16

14

12

10

o N B~ O ®

/ 1to3 4 or more
7\;\Vlaanderen
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L] Results — blood (serum)

» Dominant: PFOS, PFOA, PFHxS, PFNA
» Important proportion branched PFOS

Geometric mean (GM) and 75th percentile (P75) in pug/L serum for this study
studie (n=19, 17-18 )

EP75 " GM
0 2 4 6 8 10 12 14 16 18 20

PFAS@HOME _M: 11,53; P75: 18,66
PFAS@HOME - GM: 19,4; P75: 45,0

PFAS@HOME I GM: 3,72; P75: 6,72

Lineair
+

Lineair
+

PFAS@HOME l GM: 9,87; P75: 41,8

PFAS@HOME I GM: 1,16; P75: 1,48

Lineair
+

PFAS@HOME I GM: 1,14; P75: 1,52

LineairvertaktLineairvertaktLineairvertakt

PFUNA PFDA PFNA PFHXS PFHxS PFOA PFOA PFOS PFOS

PFAS@HOME I GM:0,97; P75:1,31
PFAS@HOME | GM: 1,00; P75: 1,34

PFAS@HOME I GM: 0,68; P75: 0,92
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LOW NUMBER OF PARTICIPANTS

Correlations and
influence factors

“ » Moderate to strong correlations between PFAS in soil
vegetable garden and in soil chicken coop

& » No factors identified that influence PFAS in water
__(efili) » No factors identified that influence PFAS in vegetables

» Moderate correlations between increasing age of the chicken
(a) and increasing concentrations PFDoA, PFTrA, PFTeA and PFOS
in eggs
» Probable influence of what is thrown in chicken coop

7(\“&\ Vlaanderen
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LOW NUMBER OF PARTICIPANTS

Correlations and
influence factors

» Higher concentrations with
- Older house (PFQOS, L+B PFOS)

- Type of building materials: PVC windows, wooden ceiling (higher
number of PFBA>LOQ), laminate (L+B PFOS)

— Use of products to threat leather
— Aerate manually
@4 » Lower concentrations with
- Type of building materials: parquet (PFOS, L+B PFOS), tiles (PFOA,
L+B PFOA, PFNA, L+B PFOS)
— Cleaning: vacuum cleaning and cleaning with water
» Some results are contradictory to expectations (curtains,

textile threating)

» Moderate correlation between PFOS in soil vegetable garden
and L+B PFOS in house dust

7(\“&\ Vlaanderen
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LOW NUMBER OF PARTICIPANTS

Correlations and
influence factors

» Consuming eggs seems to play a role
» Results for eating self grown vegetables unclear

» More participants with PFUnA >LOQ when using odour
diffusers, insecticides, fungicides, bleach, polishers

]iiil[ » Some results contradictory (curtains)

» Use of tiles: lower median value for PFOA, PFNA, PFDA,
PFHxS, PFOS

» Cleaning daily or more: lower media value for PFAS
» Moderate correlation between PFAS in house dust and serum

\
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( \is omgeving




e

7 Vlaanderen
‘L\e

is omgeving

DEPARTEMENT
OMGEVING




Objective

» Objective

- Assess the extent to which residents in the vicinity of 3M have
been exposed to PFAS

— Which health effects are present

- ldentify the relative importance of different exposure pathways
» General approach

- Scientific study based on HBM

— Participative approach (4x local advisory board + information
meetings for participants)

— Start March 2022 — end March 2023

%%\Vlaanderen
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Global approach

PFAS m% " Jacv = ’ H B M

& = "R B - Integrated exposure

- Markers for biological
effects and/or health effects

» Additional environmental
measurements

» Modelling exposure routes

Human Exposure and sowrces of PFAS
Image: DWP, adapted from Oliaei et al. 2013.

\
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Study area

» Radius of 5km around
centre 3M
» Motivation

— Situation of neighbours in
the nearby environment

- No inclusion of complex
industrial context

— Existing demarcation of ‘no
regret’ actions

%%\Vlaanderen
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Target group and matrix

» Adolescents 14-15 years — year of birth 2006-2009 (n=300)
- Half boys — half girls
— CLB data available

— Comparison between this study and international studies and
FLEHS

- Good reflection of local situation (living, school, hobby)
— Limited historical exposure
— Sensitive target group

» Matrix: blood + serum + urine

%%\Vlaanderen
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Measurements and questionnaires

— PFAS in serum
— Biomarkers of effect in blood, serum, urine
- Exposure via own grown food

A O YW B ®

Soil vegetable garden + chicken coop
Eggs
4 types vegetables
Compost
X Rain water
— Exposure via inhalation/ingestion of house dust

- Questionnaires: personal characteristics, live style, perception,
health,...

— Biobank samples

7(\“&\ Vlaanderen
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Current situation

» 301 participants recruited

» Due to weather conditions during summer
— Problems with cultivating vegetables
— Rainwater cistern often empty

» Labo analysis are running

\
7(\‘“&\ Vlaanderen
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Interpretation of results

« Determinants of exposure (geographical, life style, ...)
« Relative to reference values

* Relative to health based guidance values

« Relative to international studies

« Dose-effect relationships

* Modelling exposure routes

Policy translation

« Can insights of this study be implemented in other hot spot areas?
« Optimalisation of ‘no regret actions’

%%\Vlaanderen
( is omgeving
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