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The Exposome

Research on the exposome seeks to
assess the totality of exposures s leloe Physical-Chemicl

over the life course and understand .o
how these combined stressors
impact health.

Can we use wristbands and wearables to s
assess patterns of exposure, particularly o=

based on:

Built environment and Electromagnetic fields

Ambient light
Odor and noise

Point, line sources, e.g,
factories, ports

Walkability

Lifestyle Outdoor and indoor air
Physiscfilyactivity pollution
Sleep behavi Agricultural activities,
g penavior livestock
Blritg use Pollen/mold/fungus
Pesticides
Fragrance products

Flame retardants (PBDEs)
Persistent organic pollutants
Plastic and plasticizers

Food contaminants

Soil contaminants

Drinking water contamination
Groundwater contamination

Inequality
Social capital
Social networks
Cultural norms

[ ] i Cultural capital Surface water contamination
B e h aviors Psychological and mental stress Occupational exposures
¢ H ousin g Ch ara Cte r Stl CS/ consumer p rOd u CtS Fig. 1. The exposome concept. The exposome is an integrated function of exposure on our body, including

* Occupation
« Temporal changes

what we eat and do, our experiences, and where we live and work. The chemical exposome is an important anc
integral part of the exposome concept. Examples of external stressors are adapted from (39). These stressors
are reflected in internal biological perturbations (Fig. 3); therefore, exposures are not restricted to chemicals
(toxicants) entering the body, but also include chemicals produced by biological and other natural processes.

Source: Vermeulen et al. 2020




Wearable Samplers:
The Silicone Wristband
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Integrates Exposure Measures Across Different
Micro-environments & Over Time




Or Focus on One Micro-Environment

Occupational




Overview

Wristband Analyses

Questions - -
« How well do wristband measurements correlate with internal dose?
* How long should you wear a wristband?
« Can children wear them?
« Do wristbands predict internal dose better than house dust?
 |Is there variability in chemical levels around the wristband?

Wristband Studies
« Chemical exposures in firefighters

Strengths & Limitations




Wristband Analyses




Analytical Deftails

Wristband (WB)

~1/5 of WB
(~0.7 grams)




Current Wristband Analysis Overview
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Are measurements of chemicals on
wristbands correlated with internal dose?
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Wristbands correlated with urinary metabolites
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* All urine samples are pooled from three 1st morning voids



Wristband measurements correlated with blood
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N-MeFOSAA (ng/g serum)

Volatile PFAS
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Urinary TCPY (ug/L)

Not all chemicals are correlated

Chlorpyrifos
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30

» Detection frequencies
* Wristband = 83%
* Urine = 100%

« Suggests diet is likely more
important exposure route in NC

 However, a significant & positive
correlation was identified in
Central America agricultural area
(Tore, et al. In Draft)




Use in Infants- Ankle Band
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Do wristband levels correlate with internal dose
better than house dust & hand wipes?



Spearman correlation coefficients
(with urine or serum biomarker; Nn=77) * - statistically significant

Organophosphate TDCPP - BDCIPP 0.52* 0.48* 0.13
Flame retardants/
plasticzers 4tBDPP- tbPPP 0.35* 0.16 0.05
Ethyl paraben 0.66* 0.48* 0.34*
Phenols Tricl « N -
riclosan 0.51 0.50 0.16 Urine
Diethyl phthalate- 0.41* NA 0.17 Correlations
Phthalate MEP
Plasticizers
Benzyl butyl 0.56* 0.56* 0.23*
phthalate- MBzP
Brominated Flame ?Efig; 073* 071* 057* Serum

Retardant Correlations

Phillips et al., 2018; Hammel et al., 2020; et al., 2021; Hoffman et al., 2024



How variable are chemical measurements
around the wristband?

Wristband (WB)
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How do wristband levels compare to spot urine?



Experimental Design
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Wristbands or Spot Urine?
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Chemical Accumulation Over 5 Days
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Using Wristbands
to Assess

Firefighters
Exposures




‘\“Q_ DEPAR T.Mé*”r

1872

* Research collaboration with firefighters in Durham, NC

* Each firefighter was asked to wear silicone wristbands for 6 days while Jessica
during the following three periods: Levasseur

PhD student
A
B T

Work
(no fire event) (fire event)

Home

Question: How do chemical exposures change on-duty vs off-duty? When responding to a fire?

Levasseur et al., 2022




Mulltiplicative Change (95% Cl)
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Mulltiplicative Change (95% CI)
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Mulltiplicative Change (95% Cl)

Phthalate Exposures in Firefighters
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Bands with Any Fire Event
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# Years as a Firefighter
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Wristband Measurements:
Using them in an Exposure Framework

Estimate Indoor Air Concentrations?

T

Estimate Internal Dose?




Are wristband measurements influenced
by movement?

Heileen Hsu-Kim

PhD Student | ‘Y‘!‘V"‘V“




Chemical accumulation as a function of movement

1750

1500 1

1250 1 \(

1000

¢
¢
4

o pe
8
i
8

o=

Lilialng g *
&

K
o
- g
750 g 4 a ..'
e
=

TCPP1ng g*
.-l 1=

500 1 . 20

“wo

oms-!

0.05m s}
05mst
1lms™

ol
-

250{ g 10 -

of @ 0 i ol
0 5 10 15 2 25 2 6 5 10 15 220 2 0 5 1 15 20 25 3
Time (days) Time (days) Time (days)

[ ]
{09000

Miller et al., 2025
.



log (WEF)
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» Graph depicts enrichment of chemicals
in worn wristbands compared to
wristbands rotating at 1.1 m/sec

« Enrichment is a function of the Log K,
« Suggests that uptake on wristbands is

a complex process, not driven solely by
gas phase partitioning

Miller et al., 2025




Advantages of Using Silicone Samplers

v"Non-invasive tool for measuring exposure to hundreds of
chemicals using targeted & nontargeted approaches

v'Integrate exposure to hundreds of chemicals over time
v Can be easily mailed back and forth (no clinic visit!)

v'Can help us understand patterns of exposure over space and
time

v"Wristbands can help reach & engage isolated communities

x.
Behavior

A\

Built
Environment



Limitations of Using Silicone Samplers

Not applicable for measuring metals

Applicability may be limited for:
* Very water soluble/ionic chemicals (e.g. glyphosate, PFBS)
 Very volatile chemicals (e.g. toluene, MTBE)

Unclear whether confounding occurs based on:
* Hand dominance
* Clothing (long sleeves vs short sleeves)
* Physical activity

Need more studies to determine at what point chemicals are no longer in
the linear range of uptake




Ongoing Wristband Studies
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