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To understand the long-term health effects of early-life exposures,

biobanking is critical

Early-life exposome Health trajectory over lifecourse



Biomonitoring is Critical

• Biomonitoring of children at birth and over childhood 

can facilitate the determination of fetal/childhood 

chemical exposure during a period of rapid 

development and high plasticity. 

• Consideration is given to such matrices as cord 

blood, hair, fingernails, urine, saliva, sweat, breast 

milk, amniotic fluid and blood, and fetal matrices such 

as cord blood, cord tissue, meconium, placenta
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Health Effects Associated with 

Environmental Chemical Exposure

• Mounting evidence is showing associations between 

environmental chemical exposure and health 

outcomes.

• Many of these studies are cross-sectional in nature 

with a single measurement of environmental 

chemical concentration at one point in time.

• For chemicals with shorter t1/2s, it is more appropriate 

to report a health effect in association with multiple 

measurements of the chemical in biological media
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Environment

Genome

5-15 % of diseases 
attributed to 

heritability alone

85-95% of diseases 
derived from environment 

or G X E interaction

Rappaport SM et al. (2014) The blood exposome and its role in discovering causes of disease. EHP. 122(8); Wild 

CP. (2005) Complementing the genome with an “exposome”: the outstanding challenge of environmental exposure 

measurement in molecular epidemiology. Cancer Epidemiol. Biomarkers Prev.14(8):; Vineis P et al. (2001) 

Misconceptions about the use of genetic tests in populations. Lancet. 357(9257)

Heritability provides an unbalanced view 
of human health and disease

5-15% of diseases 

attributed to 

heritability alone

Biology
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Targeted biomonitoring?

Unknown, 

undocumented 

chemical 

exposures

Abiotic or biotic 

transformation 

products

Unexpected 

impurities
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The exposome represents a shift towards comprehensive

exposure assessment over the lifecourse

Multiple exposures and mixtures

Biological responses

Interactions

Exposure timing
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Advancing Exposomics Research 



Exposome is Dynamic

• Similar to methylome, proteome, metabolome

– in fact all are inter-twined

• The challenge is not just its dynamic nature

• It’s the scope 

• And It’s the issue of timing



Critical Developmental Exposure Windows 

• Exposures during these life phases 
(prenatal/childhood) have the greatest dose-response 
slopes

• Cumulative Exposure is misleading

• Not considering timing of exposure may introduce 
bias into studies.



Existing measures in PhenX Toolkit

• Measure #1

– Brominated flame retardants (Serum, breast milk)

• Measure #2, analyzed on same analytic run

– PCBs (Serum, milk)

– Persistent Pesticides (serum, urine, milk, saliva 

cholinesterase activity)

• Measure #3, analyzed on same analytic run

– Trace metals (Cd, Pb, Mn, Hg, Se) (blood, urine, nails, hair) 

• Measure #4, analyzed on same analytic run 

– Phenolic compounds (BPA, triclosan, triclocarban) 

– Parabens (Serum, urine, milk)
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Protocols

• Measure #4

– Phthalates (serum, urine, milk)

• Measure #5

– Perfluorinated compounds (serum, milk)

• Measure #6

– Serum Cotinine
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Protocols

• CDC protocol for BFRs, PBBs, PBDEs 
• http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l28pbe_c_met.pdf

• CDC protocol for PCBs, persistent pesticides 
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l28_c_met_%20PCBs_and_Persistent_Pesticides.pdf

• CDC protcols for phenols/parabens/triclosan, triclocarban
• http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/eph_d_met_phenols_parabens.pdf

• CDC protocol for phthalate monoesters
• http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/phthte_e_met_phthalate_metabolites.pdf

• CDC protcols for perfluorinated compounds
• http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/pfc_e_met_polyfluoroalkyl_chemicals.pdf

• PhenX protocol for serum cotinine
• TRR Biobehavioral PhenX protocol
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Missing elements

• Consideration #1

– What is the t1/2 of the chemical?

– If the chemical is not a persistent chemical, are repeated 

measures being taken to appropriately characterize 

exposure (opportunity to leverage dried blood spots)

– Emerging measures providing highly temporally 

resolved exposure data (Geomarkers, hair, teeth)

• Consideration #2

– Is the protocol appropriately designed to minimize 

contamination of biological sample

• Proper collection and storage devices

• Clean lab

• Blanks, spiked samples,QA/QC

• Leveraging CHEAR/HHEAR national NIEHS-funded initiative?
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Protocols – Maternal/child hair sampling

– Maternal hair collected close to delivery (reflects exposure 

over gestation relative to length – 3 cm reflect past 

trimesters measured from close to scalp sampling)

– Child hair (1 cm reflects past month exposure)

– Survey administered at sampling gathering data on hair 

treatments, hair care products, etc. that may influence assay 

protocols)

– Need to mitigate contamination when anticipating 

environmental assays 
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Satellite remote sensing for aerosols

Aerosol Optical Depth (AOD) or Aerosol Optical 
Thickness measures the light extinction by aerosol 
scattering and its absorption in the atmospheric column.

SURFACE

AEROSOL

Change in intensity of light



Average PM2.5 in 2011: Mexico City

Dots represent residence of birth cohort 



Prenatal Ambient Air Pollution and Asthma Onset by Age 6 

Years
Hsu et al. AJRCCM 2015; 192(9): 1052-1059

Sensitive Window of 

Exposure: 16-25 weeks 

GA



Exposure timing….. Can we retrospectively assess chemicals 

(Mn/Pb/organics)?

Growth rings in a tree Growth rings in teeth

Neonatal 

Line

Images: 

-Dr. Grissino-Mayer

-wikipedia.org



Diagram depicting regions of enamel and dentin and their relevance in 

measuring metals during the pre- and post-natal periods.

E = enamel, P = pulp, DEJ = dentinoenamel junction

Neonatal line

Circumpulpal dentin.                                  
This region is immediately adjacent 

to the pulp. Metal levels in this part 

reflect long-term cumulative 

exposure

Proposed points of analysis in prenatal 

and postnatal enamel and dentin.                                
Formation of these parts commences 

prenatally and continues up to 11 months 

postnatally depending on tooth type.
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Austin, et al (Manish Arora) Nature 2013



Ubiquitous Sensing: Part of the Solution?

• Evolution of ubiquitous cyber- social and physical systems 
presents new opportunities for exposure science

• Pervasive sensing of personal activity, physiological 
parameters and ambient conditions now possible



Monitoring the exposome with new technologies
• Exposome studies in human cohorts will require cost-

effective, non-invasive monitoring tools to enable 

frequent exposure assessment (exposures over time)

External exposome

Internal exposome?



Moving forward
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