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Introduction

HBM programs worldwide in population-representative samples




Introduction

HBM programs in Europe in population-representative samples
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Introduction

HBM4EU/PARC

/
HBM4EU
N/
® Harmonisation at the European level
L ® |dentification / Closure of data gaps
D IVANID N 1 . ,
NN - ®» Agree on a harmonised method portfolio

® Laboratory network




Introduction

PARC T4.1.2.: Selected biomarkers of exposure for PARC Aligned Studies
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PARC T4.1.2.: Selected biomarkers of exposure for PARC Aligned Studies
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Introduction

Biomonitoring of VOCs
. \s
® VOCs ubiquitous environmental chemicals ( ’ nl e

®» Long-term exposure: risk factor for cancer, birth

o)
defects, neurocognitive impairment @\/ )> N

o
VOC exposure raises significant Ox | >
public health concern 0 O N_
Regular HBM in NHANES for 70+ VOCs \)kNHZ @
ied | 0
VOC exposure understudied in Europe //J N\\\/
/
SN

Fill existing data gap within the scope of |
HBM4EU




Mercapturic acids: Biomarkers of

VOC exposure
VOC
o) o SHH 0]

VOCs metabolized to electrophilic HOWNJ;(N\)J\OH Electrophile
intermediates NH, M0

: : : : [ Glutathi
Toxic potential lays in their addition to A l l
nucleophilic sites of DNA/RNA/proteins l
Detoxification via glutathione pathway )OL %S(EH Mercantie
Mercapturic acids (MAs) as metabolic N acid
end products excreted in urine
MA: Biomarker of VOC exposure o Oy

)J\NJ;(OH 0
H

o AAMA (2CaEMA): MA formed from acrylamide




Mercapturic acids: Biomarkers of
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VOCs metabolized to electrophilic IH

intermediates

ﬁ LC-MS/MS analysis of 18 MAs

Toxic potential lays in their addition to derived from 14 VOCs'

nucleophilic sites of DNA/RNA/proteins
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1 Pluym N, Gilch G, Scherer G, Scherer M. Analysis of 18 urinary mercapturic acids by two high-throughput
multiplex-LC-MS/MS methods. Anal Bioanal Chem. 2015;407:5463—76.



HBM of VOC exposure
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‘ DES BUMDES

24h-urine samples, stored in the Environmental
Specimen Bank (ESB) and provided by the German

Fnvironment Agency (Umuelibundesamt, UBA

360 24h urine samples
Location: Mlnster (Germany); Age: 20-29 years

OBJECTIVES
D_e_teCt_lon FEIES ) _Overa" ex.posure Concentrations normalized for 24-h urine volume
Identification of possible sex differences Values < LLOQ set to LLOQ/2
Differentiation smokers vs non-smoker
erentiatio s o_ ers vs non-=s Significance test: Kruskal-Wallis ANOVA/Mann-Whitney U
Monitor time trends (a = 0.05)
Influence of covariables Multiple linear regression (p < 0.05; two-tailed) for covariables

BMI, sex, smoking-status




Detection rates

®» Detection rates of 95 — 100% for 13 MAs
2CaEMA (AAMA), 2CaHEMA (GAMA), 2CoMEMA,
3HMPMA, 2HPMA, 3HPMA, PhMA, BzMA, 2CyEMA
(CEMA), 2HEMA, MCaMA (AMCC), 34HBMA
(DHBMA), MMA

» EMA (55%), 2HBeMA (2MHBMA, 32%)

» 2H1PhEMA (16%), 2H2PhEMA (5%),
1HMPeMA (0%)

4

3 MAs with low detection rates omitted from
further analyses

Results & Discussion
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Results & Discussion

Excretion rates — general considerations

® PhMA (benzene) and AAMA/GAMA
(acrylamide) only MA HBM data in large AAMA/GAMA: Fried food, smoking
cohorts (GerES) PhMA: smoking, oil heating, traffic

Our study provides first baseline
levels for a large number of MAs




Results & Discussion

Excretion rates — general considerations

® Comparison with NHANES: similar levels o :
for BzMA (toluene), 3HPMA (acrolein), clemgerElaliiy i NrAtss

34HBMA (1,3-butadiene) limited by heterogeneity of study

populations

® Higher levels in US population for 2CyEMA
(acrylonitrile), SHMPMA (crotonaldehyde),

AAMA, AMCC (DMF), 2HPMA (propylene : o :
oxide) High sensitivity of the analytical

method essential for HBM of MAs

®» Some MAs (PhMA, GAMA) <LOD in
NHANES owing to lower sensitivity




Results & Discussion

Group comparisons — differences by sex & smoking status

g 26 * ¥k * %k K g 0.8 * %k * %k E 15— * %k % * %k
225]A S B 5 C
* 10 MAs significantly higher in males £ 2 [ = 0.6- <
(p <0.001; EMA: p <0.01) §Z E < 107
» 5 of these 10 significantly elevated in ¢ ; t 5 ] i 2 05- i
smokers versus non-smokers S 4 =] ; ; 5 é
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Exposure to acrylonitrile, crotonaldehyde,
benzene, acrylamide, ethylating agents higher in
smokers
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® Multiple linear regression: Smoking status
most relevant predictor for acrylonitrile &
benzene exposure

Urinary excretion 2CaEMA [ug/24h]
Urinary excretion 2CaHEMA [pg/24h]

®» BMI significant but minor contributor

Pluym, N. et al. Journal of Exposure Science & Environmental Epidemiology (2026) 36:490 — 503




Results & Discussion

Time trends
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Conclusion

Conclusion

®» First comprehensive HBM of multiple VOCs in a European country
® Smoking-status and BMI as confounders for several MA metabolites

®» Differences between males/females underscores the importance of considering sex-specific
exposure patterns

® Time trend in line with regulations regarding smoking bans and air quality
®» High detection rates, behavioural & sex-differences as well as time trends illustrate need for a
closely meshed HBM of toxicologically relevant VOCs

Add MA analysis to EU HBM portfolio to
... fill existing data gaps
... establish reference values

... elucidate sources and health implications of VOC exposure in Europe
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