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» Time-Geography provides a
coherent ontological framework

within which to explore spatio- ]
temporal behaviour of individuals -
and their interaction with the ] " tJ """"""""""
environment o L
o By ana|ysing and mode"ing these o — W C——
trajectories we can determine an — H
individual’'s behaviour in terms of y ol
time geography, and thus begin to X
estimate individual level exposure
= Timeline Ej Hazard prism Hazard vector

Adapted from Hagerstrand (1970)
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Exposure biology workflow
Rendering high dimension biology operational

Whole genome mRNA Targetgd
expression proteomics
MRNA Microarrays
S Targeted DNA
Molecular Methylation analysis\
pathways S~
PoT _, Functional Phenotypic/endotypic
hypothesis Q anchoring
Metabolic pathways argeted metabolomics
Untargeted metabolite profiling Targeted (bio)chemical
LC-MS/MS, MS/MS-ToF, NMR analysis
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space — use of QSARs

According to Abraham’s solvation equation, a biological
property SP is described by the following equation

logSP=c+r-R,+s-7, +a-Za, +b-ZB;, +v-logV,

Where: ..

R, is an excess molar refraction that can be determined
. o m,
simply from a knowledge of the compound refractive index

1, is the compound dipolarity/polarizability Sa,H

ZCIZH Is the solute effective or summation hydrogen-bond H
72 2B,

acidity

IBZH is the solute effective or summation hydrogen-bond  Vx

basicity

V, is the McGowan characteristic volume

Input Hidden Output
layer layer layer
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Optimal scheme for exposure reconstruction

Distribution of exposure values
consistent with biomarker data
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Potential exposure e

estimation Improved et

sampling ’

Small proportion
of rejected model
simulations

Companion data Biomarker
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Exposure Biology Workflow

LC/MS MassHunter Qual/Quant
GC/MS ChemsStation AMDIS

Feature Extraction GeneSpring Platform Biological
/ Pathways
_- =
NGS | Alignment to Reference Genome
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through life
I Before I Fetal I Childhood |
conception life & adult life

Preconceptional

exposures

Exposure of
gametes

Eplgenome
(Parental)

Genome
(parental)

Genome
(offspring)

Later life
exposures

In-utero

Early life

exposures

exposures

Epigenome
at birth

Epigenome
in childhood

Adult/aging
epigenome

Programming of

_~ disease risks -
' Figure adapted from Fleisch, Wright
& Baccarelli, J Mol Endocrinol, 2012
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ENVELab [mereens Multi-scale environmental
contamination model
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s 7
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& rwis 2 External exposure
advances

An individual's space-time activity model

T h LL R {_Lj\l
S I , ](
X
\ UL T f: Hazard prism Hazard vector ‘

Sensors for exposure assessment

WOCKETS SYSTEM VISION

Sensors miniature,
thin, and ergonomic;
worn under clothing
2417

Phone carried in typical
fashion (e.g. in pocket)

Multiple, low-cost
3-axis
accelerometers
stream data in
real-time to mobile
phone

. !

Pattern recognition
algorithms running
continuously on

Innovative phone apps

Wearablg sensors phon‘e detec_t_ o possible
(test version 1) physical activities in
real-time
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wear - sync - export

« Worn on the upper torso

* Sensor should not touch skin or other object
* Export data every day

Elitech Temperature Logger

Actigraph Just wear it all the time
+ Keep GPS on at all times
GPS » Logger should be on LOG
* Charge it each night
FitBit Flex + Keep on your hand even in your sleep
/ « Daily sync
o — o « Charge after 3-4 days

« Worn around the middle of the thigh at all times

- * Sync and charge every 2-3 days

\ / * Export data every day
Activ8

» Always carry your smartphone (pocket or bag)
Moves (iOS / Android) = « Charge your smartphone every night
+ Code “home”, “work” etc.

:=| Paperlog Start time, End time, Location, Comments
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@ ENVELaD | crgresi Intelligent
location tracking
Statistical Method: Predlctlng 7 input nodes (6 numerical and 1 categorical)
location based on temp and 12 hidden nodes (found to yield the best results among several combinations)
e 3 output nodes (corresponding to the 3 different classes)
uv Iogs through an Artificial Data from 5 days were used for training the ANN model
Neural Network Data from 2 days were used as an independent dataset to validate the ANN model
Outdoor
Temperature
Personal
temperature
UV Outdoor location
dT/dt Indoor location
duv/dt
In transit
Speed
Day or night

(categorical input)

Input Hidden Output
layer layer layer
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Indoors Qutdoors In Transit

Paper Log

ANN Predicted Values

Indoor-to-outdoor transition captured satisfactorily
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adults

children

elderly

residential buildings
offices

ECE ®© ®@ O

schools
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Enhancement of the chemical
space through innovative use of
QSARs
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Coupled use of QSARs - Artificial Neural Networks
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Predicted logVmaxc (Abraham)

Predicted logkm (Abraham) (umol/L)

The Hamner Institute for Health Sciences
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Expanding the chemical space:
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Use of QSARSs - Artificial Neural Networks

Logarithm of Normalized Maximal Velocity - Abraham, NLR

Logarithm of Normalized Maximal Velocity - Abraham,
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TCM exposure reconstruction
from domestic hygienic activities
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e R@constructing exposure
’ from TCM spot samples
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: : : 700 +

- Urinary TCM (morning voids)

was measured in 20 matched 5 600 4

mothers and children (paired) =
- Using the children urinary 5 ’g

TCM levels, indoor air o = 00 1 R2=07 e 7

background TCM €% e

concentrations were £ % 400 -

reconstructed - O ' }

. < e |
- These concentrations were 29 300 + e 0 o
i i ® < 7
used for estimating mother a0 @ .o L P
exposure 3 o 200 H
| g i’ o ‘
Urinary TCM was predicted for =) 100 -
: @
the paired others (nested a %
reconstruction) 0 ¥ , , ,
_ ! 0 200 400 600

Re-runnmg;oTrv(\:/elt;dblthe drTOdell we Measured paired - mother urinary levels (ng/g

estimate ood levels creatinine)

(internal exposure)

Andra SS, Charisiadis P, Karakitsios S, Sarigiannis DA,
Makris KC. Passive exposures of children to volatile
trihalomethanes during domestic cleaning activities of their
parents. Environmental Research 2015; 136: 187-195.
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Bis(2-ethylhexyl) phthalate (DEHP)
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 DEHP is emitted from electronic equipment and vinyl flooring mainly. Using the
exposure scenario of vinyl flooring, environmental contamination at the regional and
local scales is practically negligible. Exposure occurs at the micro-environmental
levels of dwellings.

DEHP - The vinyl floor case

« Let's assume a typical common residential dwelling (size of 270 m? and air exchange
rate equal to 0.5) characterized by total DEHP gaseous emissions of 200 ug/h (vinyl
flooring and other plastic equipment).

Exposure pathways considered:
= Exposure through inhalation:

- gas phase
-  particles phase

= Exposure through skin:
- Rubbing of dust (0.001 g/day)

= Exposure through ingestion
- Dust ingestion through hand to mouth behavior

Female Female Male
Infants Toddlers | Children Teens |Male Teens Adults Adults
House dust ingestion (g/day) 0.05 0.05 0.01 0.001 0.001 0.001 0.001
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DEHP internal exposure
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Urine concentration (ug/gCr)
S

Environmental
Engineering
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Major metabolites

Laboratory Avristotle University of Thessaloniki
_ urine concentrations
J W] 9.1 pg/. MEHP (Spain—= INMA) _______
Y [ I I S R I Moa
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\ MEHP biomonitored in EU population
. MEHP urinary concentrations (ug/L)  Study
—=MEHP 6.1 (GerES Study) Becker et al. 2009
| 5.1 (Spain - INMA) Casas et al. 2011
S-OH-MEHP These results are in accordance to our study (3.3 ug/L), considering
that these biomonitoring results include additional exposures
=== $-oxo-MEHP sources (e.g. plastic toys and other equipment)
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6 ENVELab v Exposure reconstruction
based on urinary MEHP results

Using a distribution of spot samples of urinary MEHP at 8 o’clock in the morning, knowing environmental
contamination (gaseous phase, particles and dust), what was the contribution from different routes?

Actual intake Adults - ingestion intake Actual intake

Adults - Inhalation intake

Probability distribution
Probability distribution

0.7 0.9 11 1.3 1.5 1.7 1.9 2.0 2.2 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9 1.0
Inhalation intake (pg/kg_bwi/d) Ingestion intake (pg/kg_bw/d)
) .. Actual intake Actual intake
Children - Inhalation intakg/” \ Children - Ingestion intake

Probability distribution
Probability distribution

0.7 1.4 21 2.7 34 41 4.8 5.4 6.1 194 213 233 253 272 292 312 331 351
Inhalation intake (pg/kg_bwi/d) Ingestion intake (pg/kg_bw/d)
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Bisphenol-A (BPA)
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@ FNVELab [ema BPA — daily intake under
" different exposure scenarios

N

50 I ———————€$—<$>$>$——— "

45 - 5%-95% 'EFSATDI (50 pg/kg_bg/d):
= Median
40 - o Mean
—EFSA TDI (50 pg/kg_bg/d)
35 - —EFSA TDI under discussion (5 pg/kg_bg/d)

30 -
25 1

20 - I

Daily uptake (ng/kg_bw)

15 - -
10 - L o | EFSA TDI under discussion (5
: Hg/kg_bg/d)
3 l e e — v.
0 == T " == == — ——

Infants premature  Infants/neonates Infants bottle  Infants consuming Toddlers consuming Children consuming Adult consuming Cashier, consuming
hosted in intensive breast fed fed/infant formula  canned food and canned food and  canned food and  canned food and  canned food and

care units canned beverages canned beverages canned beverages canned beverages canned beverages

The Hamner Institute for Health Sciences Research Triangle Park, NC, USA 16 January 2015



Environmental

ey, INternal dosimetry aspects of
BPA toxicokinetics

Department of Chemical Engineering
School of Engineering
Avristotle University of Thessaloniki

@ ENVELab

» Wider inter-individual variability regarding glucuronidation capacity
(significantly lower clearance for neonates/infants)

» Very strong plasma protein binding

» First-pass metabolism decisive for clearance — wide bioavailability
differences are expected from routes beyond oral (up to six times higher
internal dose concentrations for inhalation compared to oral)

« BPA-GLU de-conjugates to BPA in the stomach, increasing the actual dose
during breast feeding, thus, the sum of BPA and BPA-GLU needs to be
taken into account as BPA dose during breast feeding

 BPA-GLU de-conjugates to BPA in the placenta, increasing the actual dose
during pregnancy
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Exposure to PAHs from biomass burning
emitted PM and associated lung cancer
risk
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I I I T Sarigiannis et al. Total exposure to airborne particulate matter in
cities: The effect of biomass combustion. Science of the Total
Environment 2014; 493: 795-805.
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Sarigiannis et al. Lung cancer risk from PAHs emitted from biomass
combustion. Environmental Research 2015; 137: 147-156.
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Adverse Qutcome Pathway
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eviomenal - p53 Pathway: differential modulation of
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Protein modification

Protein metabolism
Protein biosynthesis -

mRNA transcription regulation
mRNA transcription ]

Hematopoiesis

Cytokine and chemokine mediated

signaling
Cell proliferation and differentiation
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Biology based dose
response for benzene
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* As possible as accurate assessment of external exposure and translation into
internal exposure provides the missing information that is “lumped” in
environmental health associations and is a key element for completing
genome and omics studies

Conclusions

* We have to better understand the level to which genomics affect health
outcomes and incorporate this within a mechanistic framework — to
differentiate polymorphisms related to internal dose and the ones related to
the response/homeostasis maintenance

* “Functional integration” rather than “association” of all data is required.
« Dynamics in time of the different responses have to be taken into account

« Linking Emissions, Concentrations, Exposure and Internal dose within a
“continuous” mathematical framework allows us to couple environmental and
biological processes efficiently, validating each step of the way

* Integrated external and internal exposure assessment with a particular focus
on tissue dosimetry, allows the use of toxicity testing recent developments of
HTS — BPADs and incorporation of additional bio-chemical interactions
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Bertold Brecht’s Life of Galileo:

“The main objective of science is not to open the door
to infinite wisdom but to roll back the boundaries of
Infinite error.

Thank you for your kind
attention

@ I\VHab

www.enve-lab.eu
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A connectivity perspective to environmental health
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