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HUMAN BIOMONITORING (HBM)

“A method for assessing human exposure to chemicals by measuring the 
chemicals, their metabolites or reaction products in human tissues or 
specimens, such as blood or urine”
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HBM: LINKING ENVIRONMENTAL EXPOSURE TO HEALTH EFFECTS
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BACKGROUND: PRENATAL EXPOSURE AND BIRTH OUTCOMES

International Literature
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Environmental estrogen (DES) 
(Newbold et al., 2007, Repro.Tox)



BACKGROUND: PRENATAL EXPOSURE AND BIRTH OUTCOMES

International Literature: FLEHS studies
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META-ANALYSIS EHP SINGLE POLLUTANT MODELS

Association PCB 153 (ng/L) with birth weight
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Govarts et al. 2012



META-ANALYSIS EHP SINGLE POLLUTANT MODELS
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Association p,p’-DDE (ng/L) with birth weight

Govarts et al. 2012



MULTIPOLLUTANT EXPOSURE

» Until now in literature: mostly single pollutant 
models

» Real life: Humans are exposed to thousands 
pollutants during their life time

Objective: investigate association between prenatal exposure to a mixture of 
environmental chemicals and birth weight
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STUDY POPULATION

Four Flemish birth cohorts
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» Flemish Environment and 
Health Study (FLEHS)
» I

» 2002-2004
» N = 1196

» II
» 2008-2009
» N = 255

» III
» 2013-2014
» N = 281

» 3xG
» Dessel, Mol & Retie
» 2011-2015
» N = 301



STUDY POPULATION

» Birth outcome: birth weight

» Common set of exposure biomarkers (cord blood):
» PCB138, PCB153, PCB180
» p,p’-DDE, HCB
» lead, cadmium

» Covariates/confounders: cohort, gestational age, maternal age, maternal pre-
pregnancy BMI, parity, smoking during pregnancy and sex of the newborn

» N = 1579

Pooled database of four Flemish birth cohorts
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STUDY POPULATION

Characteristics Min P25 P50 P75 Max

Birth weight (g) 1245 3140 3420 3700 5575

Gestational age 
(weeks)

31 39 39 40 42

Study population characteristics (N=1579)

11

Characteristics %

Age mother (years)
<27 years
[27-30[ years
[30-[33 years
≥33 years

24.7
26.9
27.6
20.9

Pre-pregnancy BMI
<18.5 years
[18.5-25[ years
[25-[30 years
≥30 years

5.2
68.1
18.8
8.0

Parity
0
1
≥2

53.7
30.8
15.5

Smoking during 
pregnancy

no
yes

85.8
14.2

Sex of the newborn
boy
girl

51.6
48.5

Exposures %>LOQ Median

PCB138 (ng/g lipid) 79% 15.8

PCB153 (ng/g lipid) 88% 26.5

PCB180 (ng/g lipid) 87% 18.0

p,p’-DDE (ng/g lipid) 99% 91.5

HCB (ng/g lipid) 73% 16.9

cadmium (µg/L) 73% 0.07

lead (µg/L) 98% 9.7



STATISTICAL METHODOLOGY

» Single pollutant
» Linear regression

» Multipollutant
» Elastic net (ENET)

» Penalized regression model

» Graphical Unit Evolutionary Stochastic Search (GUESS)
» Bayesian variable selection approach
» Seeks for models that optimally predict the health outcome

» Deletion-Substitution-Addition algorithm (DSA)
» Iterative linear regression model search algorithm
» Selects model by minimizing RMSE

Different statistical tools used to explore multipollutant exposure
+ comparison with results from single pollutant exposure
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RESULTS

Single pollutant regression models
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Exposures Estimate*
(95% CI)

p-value

PCB138 (ng/g lipid) -45 (-74; -16) 0.002

PCB153 (ng/g lipid) -55 (-83; -27) 0.0001

PCB180 (ng/g lipid) -77 (-114; -40) <0.0001

p,p’-DDE (ng/g lipid) 12 (-15; 33) 0.44

HCB (ng/g lipid) -10 (-36; 16) 0.46

cadmium (µg/L) -6 (-22; 10) 0.45

lead (µg/L) 9 (-17; 35) 0.52

*Increase (+) or decrease (-) in birth weight (g) 
for 1 unit ↑	in ln-transformed exposure.
Model is adjusted for cohort, gestational age, 
maternal age, maternal pre-pregnancy BMI, 
parity, smoking during pregnancy and sex of 
the newborn.
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RESULTS/DISCUSSION

» ENET was not sensitive enough to pick up the signal. No exposure variables were 
retained.

» GUESS and DSA algorithm identified PCB153, PCB180 and p,p’-DDE as contributing 
to the observed association of multipollutant exposure with birth weight
» PCB138 not retained

PCB 153 and PCB 180 most critical PCB metabolites in this mixture

» p,p’-DDE retained, works in the opposite direction 

antagonistic effect?

Multipollutant approaches: preliminary results
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CONCLUSION – POLICY RELEVANCE

» Assessing health risks of combinations of exposure biomarkers reflects 
better real world situations

science gives information to policy makers about real 
situation

» Findings will allow more effective risk assessment

critical chemical in a mixture ??

priority for policy actions
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