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Human biomonitoring
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Sentinels

Pooled guillemot eggs from the Baltic
Sea, 1968-2003
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Homlstrom et al, 2005, DOI: 10.1021/es049257d

Early warning signals

Pooled human milk samples collected in
Stockholm, Sweden 1972-2008
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Sundstréom et al., 2011, doi: 10.1016/j.envint.2010.08.014.




Early exposure data of PFOS and PFOA > 20 years ago
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Changing the trend

Timetrend of PFAS in blood in Sweden

PFAS result indicator (Ps,) for PFOA, PENA, PFOS, PFHXS in serum ESB (students, Minster)
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PFAS analysis of general population in Flanders since 2002:
Serum concentrations of PFOS and PFOA are decreasing
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Time trends of legacy PFOS and PFOA in serum
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PFOS concentrations at different study sites in Europe
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S|eecel 12-18 Y, 2020'2021, n=52 _

Spain, 13-17 y, 2016-2017, n=299

France, 12-17 y, 2014-2016,n=143
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Belgium, 14-15 y, 2016-2020, n=300 |
Germany, 1219y, 2014-2017, n=300 ||
Slovenia, 12-15y, 2018, n=94
Slovakia, 15-17 y, 2019-2020, n=292
Norway 12-14 y, 2016-2017, n=177

N=1957

Sweden, 12-17 y, 2016-2017, n=300
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Comparison with concentrations in 3 M study site

PFOS concentration (pg/L) in serum of teenagers

Spain, 13-17 y, 2016-2017, n=299 ||
B P50 mPS5

Sweden, 12-17 y, 2016-2017, n=300
Slovenia, 12-15y, 2018, n=94
France, 12-17 y, 2014-2016,n=143
Norway 12-14 y, 2016-2017, n=177
Slovakia, 15-17 y, 2019-2020, n=292
Greece, 12-18 y, 2020-2021, n=52
Germany, 12-19y, 2014-2017, n=300
Belgium, 14-15y, 2016-2020, n=300

3M hot spot, 12-17 y, 2022, n=301
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Share of European teenagers with exposure levels with
concerns for health

Chemical substance % population exceeding guidance value

PFOA 7.66%

HBM-I: 2 pg/L

HBM-I: 5 pg/L )

3(PFHxXS + PFOS) Y Yy Yy Y
EFSA opinion: 4.9 ug/L

3(PFOA + PFNA + PFHXxS o B e e e e e
+PFOS) EFSA opinion: 6.9 pg/L .

3(PFOA + PFNA) o AEEEVEVEEEE

EFSA opinion: 2 pg/L

Teenagers 12-19 year collected across Norway, Sweden, Slovakia, Slovenia, Greece, Spain, Germany, France and Belgium. Values
univessky? D/LOQ are replaced by LOD/2 or LOQ/2. Sums are only calculated if one of the markers constituting the sum is detected for at
TR 60%,
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Time trends of replacement compounds : PFHxS and long-

chain serum PFAS- data from Sweden
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C2-C3 compounds in human matrices

Compound | Location,
sampling
year

USA,
2020

China,
2017

China,
2022

Australia,
2025
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Population—

(Age-range),

Number

Adults (25 - 88
yrs), N=81

Adults (19-87
yrs),

N =252
Pregnant
women

N=66

Serum
Urine

Serum

Cord
serum

Deidentified, (<5 Urine

- >60 years old)
n=70 (pooled),
6040 individuals

Descriptor
(range)

Concentration,
(ng/mL)

Median 6.0 (<LOD- 77)
(min-max) <LOD (<LOD-290)
Median (P25- 8.46(5.36—12.55)
P75)

Median (P25- 0.229 (0.105—
P75) 0.796)

Median 24 (3.4-300)
(min-max)

Detection
Frequency

74%

31%

97%

55%

100%

Reference

Zheng 2023

Duan 2020

Ji2023

Muir 2025

Sampling year

China, 2022

China, 2017

China, 2013-
2014

China, 2012-2013

USA, 2020

Greece, 2025

Greece, 2025

Greece, 2025

Greece, 2025

USA, 2020

Population (age
range) Number

Pregnant women
N=66

Adults- (19-87

yrs),
N =252

Children to
adults (1 mth-90
yrs), N= 202

Men,
N=103

Adults (25 - 88
yrs), N=81

Adults
(healthy, mild
cognitive
impairment,
Alzheimer’s)
(18-87yrs),
N=137

Adults (25 - 88
yrs), N=81

Cord
serum

Serum

Serum

Serum
Semen

Serum
Urine

Serum

Serum

Serum

Serum

Serum
Urine

Descriptor
(range)

Median (P25-
P75)

Median (P25-
P75)

Median (min—
max)

Median (P25-
P75)

Median (min-
max)

Median (min-
max)
Median (min-
max)
Median (min-
max)
Median (min-
max)
Median (min-
max)

Concentration
ng/mL

0.266 (0.138—
0.699)

0.48 (0.24—
0.82)

0.16 (<LOD—
6.1)

0.62(0.21-2.1)
0.95 (0.29-4.1)

1.0 (0.14, 2.9)
0.051
(<LOD, 6.8)

7.24(0.00,707)

0.00(0.00,5.8)

0.00(0.00,3.28)

0.00(0.00,2.04)

<LOD(<LOD,
0.013)

<LOD (<LOD,
0.85)

Detection
frequency

73%

77%

91%

100 %

99%
56%

80%

42%

8.8%

46%

4.9%
1.2%

Reference

Ji2023

Duan 2020

Lietal,
2017

Song 2018

Zheng

Deda 2025

Deda 2025

Deda 2025

Deda 2025

Zheng
2023
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Short chain PFAS compounds in serum samples?
% contribution to total measured PFAS based on median concentrations

Greek serum (n=252) US serum (n-=81) Southern China (n=201) China-Tianjin (n=252)
2025 2023 2017 2020
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Deda et al,

~d0i:10.1016/j.envint.2019 Zheng et al, _ Li et al, Duan et al,
.105295 doi:10.1021/acs.est.2c06715 doi:ARTN 4338010.1038/srep43380 4i.10.1016/j.envint.2019.105295



Contributions of individual ultrashort-, short-, and long-chain
PFAS to the total PFAS concentrations in dust, water, serum,
and urine
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In summary:

Legacy compounds —PFOS and PFOA show decreasing trends
Replacement long chain compounds do not show the same decreasing
trend

Short-chain PFAS can be measured in serum samples
Short chain PFAS seem to have an important contribution to sum of measured PFAS

Uncertainties:
Analytical techniques need improvements
Labeled standards are needed
Contamination risks
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Exposure pathways associated with internal dose
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A ) Exposure determinants of serum legacy PFAS concentrations

PFOS determinants (n=5412) PFOA determinants (n=5379)
i = v o Pregnancy serum/plasma samples
mowgstzs | | wwmaen| | (n=5897)
— _— - Multiple linear regression (MLR)
e <1, ers - -

P oy e B PR T —— . . . .
P o g Focd consumption " Adjustment for influential variables
milk & dairy (daily] -+ meat {daily) - -
eggs (2 Txiweek)|__|e : , ik & dairy (daily) | —e— : - _

: Beta fmmm {-r:lqstn; = i EEau mamﬁarz'lna. |;1::r§r.lsﬂ;r.=;|'4 "
PFHxS determinants (n=5420) PFNA determinants (n=5191) Estimates :% Change compa red with
cﬂﬂ_ e c%: P ——
um:m' —— Moterna e I reference Catego ry
(continuous)- . peanty | s
ng_ ol during pragrancy -
miE L - .
P I EE 0
i Bata cosficients (CISS%) : ™ Beta couticients (C95%) : Fabelova et Cll, doi:

University 10.1016/j.chemosphere.2022.137530.



Socio-demographic variables significantly (p<0.05) associated with serum levels
of legacy PFAS [n multivariant analysis

~ _ N

Richterova et al, doi:
10.1016/j.ijheh.2022.114057

Age

Male

1

Bei Ng breast fed Fabelova et al., doi:
s Serum PFAS concentrations 10.1016/j.chemosphere.2022.137530
Primipari

Educational level

Buekers et al, doi: 10.3390/ijerph15122818
Higer income

: _




Consumption products significantly (p<0.05) associated with serum levels of
legacy PFAS in multivariant analysis
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Consumption of locally produced eggs associated with
PFOS serum levels

Consumption of locally produced eggs Consumption of locally grown vegetables Newborns , adolescents’ adults
N=~200-300 per study group

: Estimates (95% CL) compared with reference
category

Adjusted for for age, BMI and additionally for:
FLEHS Il newborns: duration of lactation, FLEHS Il
newborns: parity, alcohol consumption before
pregnancy, consumption of offal, adolescents of
the industrial area: sex, season, FLEHS Il adults:

Estimate (95% Cl) for PFOS |5 in serum and cord plasma
o
R T
[ 3
.
i
} 1
.
——
P
S

]

Yesvs, no Yes vs. no Yes vs. no Less than weekly weekly or more Yes vs. no Yes vs, no max. Stimes a At least 6times a FLEHS I I I d It . 1 I t h h Id
Vs, never V5. NEVET week vs. never  week vs. never Season’ a u S' SeX’ eqUIva en Ouse O

FLEHS Il Adolescents  FLEHS || adults FLEHS Il adults FLEHS I Adolescents FLEHS |l newborns 1

newborns inrJust::a Isutn ) newborns industrial site ; I n Co m e .

Colles et al, doi: 10.1016/j.chemosphere.2019.125250
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/
HBMAEU Consumption of local food associated with

NW, PFOS serum levels in EU teenagers
1957 Teenagers (12-18 yrs old)

Frequency of local food consumption

(22 time / week) Multiple linear regression models

Adjusted for study, sex and
educational level of household

Effect estimates: proportional
| changes compared to reference
PFOA PFNA  PFHxS  PFOS category

Estimate (€1 95%) for PFAs levels

Richterova et al, 2023, doi: 10.1016/j.ijheh.2022.114057
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Environmental variables significantly (p<0.05) associated with serum levels of
long chain PFA§ in multivariant analysis

)
8T ©

=

Minucci et al, 2024, doi: 10.1016/j.envint.2024
Zheng et al, 2023, doi: 10.1021/acs.est.2c06715
Poothong et al.,, DOI: 10.1016/j.envint.2019.105244

Contaminated house dust

Contaminated drinking water . .
Johanson et al, 2023, doi: 10.1016/j.envres.2022

Van Larebeke et al, 2025, doi: 10.1186/s12940-

025-01188-1
Local food consumption > 2 times/wee

Serum PFAS concentrations Richterova et al, 2023, doi:
10.1016/].ijheh.2022.114057

Colles et al,
2020,doi:10.1016/j.chemosphere.2019. 125250

Living close to hot spot area (3M)

L

Local eggs> 2 times/week

Local vegetables: INPFBA




wemeeu N Associations between PFAS concentrations in teenagers and

[ ] [ 3K ]
'Y [ ]
N food consumption
Frequency of sea food and fish consumption Frequency of eggs consumption
(22 times [ week) (22 times [ week)

1957 Teenagers (12-18 yrs old)

-3 ’ } } -3 ’ Multiple linear regression models
g 3 | ] Adjusted for study, sex and
PFOA PFMA PFHxS PFO5 PFOA PFNA PFHxS PFOS ed ucational Ievel Of household
Offal consumption Frequency of loecal foad consumption
(sametimes) (2 2 time [ week)

Effect estimates: proportional
changes compared to reference
categories:

| ‘ | seafood & fish consumption = <2x/week;
I

| | | - eggs consumption = <2x/week;
PFOA  PFNA  PFHXS  PFOS . PFOA  PFNA  PFHxS  PFOS offal consumption = never;
local food consumption = <2x/week24

els

Estimate (€1 95%) for PFAS lev

Estimate (C1 95%) for PFAs levels
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o ¥ ) Consumption of milk and diary consumption associated with
serum levels

Frequency of milk and dairy consumption
B i) Pregnancy and cord plasma/serum

samples

; (n=5897)
|. } | { ' Multiple Linear Regression adjusted

" ! [ for influential covariates
PFOS  PFOA  PFHxS  PFNA PFOS  PFOA  PFHxS  PFNA Estimates: % Change Compared with
PREGNANT WOMEN NEWEBORNS

reference category: < 1 x per day

[ i Fabelova et al, doi: 10.1016/j.chemosphere.2022.137530
B4 of Ancwerp 25



Food products significantly (p<0.05) associated with serum levels of long chain
PFAS in multivariant anal%sis

‘C’:——-l 2 N @)
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/ Increasing food consumption

ﬁ Wildcaught )

Fiber rich
food 0
» g

Seafood
Fish

Offal Fruit ‘
Serum PFAS concentrations
EggS - =

Vegetables

Wrapped food Diary
of Antwerp Holder et al., DOI: 10.1016/]j.ijheh.2024.114384
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Study limitations

= Associations not necessarily causal relations!

= Results between studies may differ due to site/population specific
characteristics

= Self reported consumption frequencies !

= In almost all studies no information on PFAS concentrations in
consumed products/foods

= Information mainly for legacy PFAS, not for replacement and short
chain PFAS

Universi
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Overall conclusions

= Legacy PFAS show decreasing concentrations in human samples but
health based guidance values are still exceeded-> further restrictions
and regulations needed

= More reliable monitoring data are needed for short chain and ultra
short chain PFAS and for PFAS precursors—» opportunities for research
and needs for surveillance

= Differences in food consumption pattern, life style, environment,
personal characteristics are reflected in PFAS serum levels
opportunities for actions at personal, community level

University
of Antwerp
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