European

Commission
I

Project number: 963845

Project acronym: ONTOX

Project title: ontology-driven and artificial intelligence-based repeated dose toxicity testing of
chemicals for next generation risk assessment

Deliverable number:
Deliverable title:
Work package:

Leading partner:

Participating partners:

Due date:
Submission date:

Dissemination level:

ANTOX

01/05/2021 — 30/04/2026

D6.1
Report on the exposure assessments
WP6
NIPH

3RSMC, JHSPH, VUB, HU, UM, CEM, ALTER, MN,
BAYER, TT

30/04/2025
18/04/2025
public



Deliverable 963845

Table of contents

1. INtroduction aNnd ODJECTIVES........c.eciiieieiee et 1
2. RESUIES ...ttt b e b et ne e reeteeneenreas 1
2.1. RESEAICN STALEMENT.....c.tiiie ittt sttt et re e be e e aneenneas 1
2.2. Research and SCIENTITIC BVIABNCE. .......ccoiiiiiiiiee et 2
PG TR {101 - o! PO PP R OUPRROPPRRPPR 6
3. Conclusions and FOHOW-UP ......covveiiiieiice ettt nneas 6
4. Delays, iSSUES and CONLINGENCY .....cc.eiiviieeiieeieceesieeie e e ste e teesteeae s e ste s e sraesteesaesraesreeneeenes 7
T ] (=] £ oSSR PRTRR 7

1. Introduction and objectives

Exposure assessment is essential for public and environmental health research, as correct
characterization of exposure is required to accurately determine associations between
environmental agents and health and disease-related outcomes. Exposure assessment together
with hazard identification and characterization are the two fundamental regulatory pillars to
perform risk assessment of chemicals. The current document describes the deliverable 6.1 in
WP6 of the ONTOX project, the performance of exposure assessment. The work of identifying
appropriate exposure assessment methods for oral, inhalation and dermal exposure is described
in the systematic scoping review which is already published by Kalyva, Vist (1).

2. Results
2.1. Research statement

The objective of this deliverable is to find the most appropriate exposure assessment methods
and performing exposure assessment using the most appropriate methods. Therefore, we
conducted a systematic scoping review of existing human exposure methods and tools, where
the method is properly described and/or freely available online in order to facilitate exposure
assessments of environmental chemicals through oral, dermal and inhalation routes. The results
from this scoping review will assist in the decision-making process regarding suitable exposure
methods/tools to be used for environmental chemicals, supporting probabilistic risk
assessments.

The deliverable fully supports the goal of the task 6.1 by providing the best methods for the
probabilistic exposure assessment used in the probabilistic risk assessment in ONTOX. The
deliverable provides methods for all exposure routes and aligns with the intention of providing
exposure assessment for all exposure sources of a chemical.

To our knowledge, no systematic scoping review of methods for exposure assessment modeling
is available and therefore it is of high value also outside the ONTOX project. In 2022 an
inventory of exposure models used in Europe was reported, with a plan to foster a common
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understanding of modelling-related methodology, terminology, and future research in Europe
(2). However, this publication was not performed systematically, and only includes methods
used in Europe.

2.2. Research and scientific evidence

The presented results can also be found in the published open access paper (1), with link
https://linkinghub.elsevier.com/retrieve/pii/S0269-7491(24)00823-6 .

The percent of each chemical class for each of the exposure routes studied in the included
papers is presented in Fig. 1. We observe that the chemical classes of, mycotoxins,
antimicrobial chemicals, food additives, PFASs, bisphenols, pesticides, and metals, have been
studied the most using methods for the oral route of exposure. Nicotine, VOCs, disinfecting
chemicals and environmental emissions have been studied mostly in methods for inhalation
exposure. Pharmaceuticals, cosmetic ingredients, and non-persistent chemicals were mainly
studied for dermal exposure route. Note that the number of papers for each chemical class
varies widely with eighty-five included papers for pesticides, and only two for pharmaceuticals.

Dermal [ permalinhalation | Inhalation oral Oral,Dermal | oral.permal.inhalation | | Oral.Inhalation
Volatile Org. Compounds |5 | - 51 |5 32 5
Phthalates | 11 I 1 | IG . 33 39
Pharmaceuticals 50 -50
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Pesticides |4 |4 | IB - 55 |2 21 5
Persistent Iﬁ - 51 31 12
it Non-persistent| [} 14 | .29 29 29
;_gu Nicotine (e-cigarettes) | - 100
T; Mycotoxins - 100
= Metals ]2 B 2 18 14
5 Food additives | - 85 IB 8
Enviromental emissions | I20 60 20
Disinfecting chemicals - 50 50
Cosmetic ingredients 43 .30 | I9 I9 9
Consumer products l 29 I 14 .29 29
Bisphenols | - 70 30
Antimicrobial chemicals - 100
0 5 100 0 50 100 0 50 100 O 50 100 0 50 100 0 50 100 0 50 100

percentage (%)
Fig. 1 Chemical classes versus exposure route described in the exposure methods of the
included papers. Bar chart numbers are the percentage of each chemical class studied for each
type of exposure route

We present the percent in a descending order of each chemical class for each of the estimation
methodologies used to calculate/estimate the exposures found in Fig.2. We observe that mostly
for the metals (51 %), phthalates (50 %), PFASs (42 %), persistent chemicals (41 %) and so
forth, exposure was estimated using empirical equations. For the disinfecting chemicals (71
%), VOCs (59 %), cosmetic ingredients (52 %), mycotoxins (50 %) and the rest, the exposure
was estimated by using a mathematical model. Finally, toolbox/software was used mostly to
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calculate the exposure of non-persistent chemicals (43 %), consumer products (43 %),
bisphenols (40 %), mycotoxins (33 %) and so forth.

Empirical Mathematical Toolbox/Software
equations model

Metals- 51 Disinfecting chemicals 75 Non-persistent 43
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i M i 50 i
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Enviromental emissions 40 Food additives 46 .
Food additives 31
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o Phthalates 22
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Cosmetic ingredients 22 Pesticides 39 ersisten
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Non-persistent: | 14 Bisphenols 30 Metals| B8 14
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percentage (%)

Fig. 2 Percentage of each chemical class for each of the estimation methodologies (descending
order).

We have filtered out 12 of the mathematical models and toolboxes that have occurred 2 %
(three times) or more, as most of them have occurred less than three times. This percentage is
not reflecting the importance of the less occurring methods and tools, rather show how often
these methods and tools are occurring by the included studies.

The percentage that each type of exposure route studied by each of these twelve mathematical
models and toolboxes is presented in Fig. 3. The PRIMo model is used only for studying oral
exposure and the MCRA tool has been mainly used (86 %) for oral exposure assessments.
SHEDS-multemedia, USEtox, ConsExpo and PACEM models/tools are used to calculate
human exposure for all the exposure routes in combinations and separately.
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Fig. 3 Mathematical models and toolboxes most frequently used to estimate exposure in the
included 299 papers versus exposure route.
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Fig. 4 Mathematical models and toolboxes are most frequently used to estimate exposure in
the included 299 papers versus chemical classes.
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The percentage of each chemical class that has been studied by each of the twelve mostly used
exposure mathematical models and toolboxes are presented in Fig. 4. The most frequently used
methods to estimate chemical exposure from food (e.g. MCRA and SHEDS), consumer
products (e.g., EGRET, PACHEM, ConsExpo) and cosmetics (PACHEM). However, some
methods such as SHEDS, can estimate exposure to environmental chemicals from multiple

routes, including inhalation.

The percentage of the parameters reported to have been used as input values in the equations,
models, and toolboxes to estimate human exposure for each of the estimation methodologies
in the scoping review is presented in Fig. 5. We present which parameters have been used and
how often each one of these parameters were used to estimate exposure. This gives an overview
of what kind of parameters are needed to estimate exposure by the different methodologies.
We observe that empirical equations used input parameters, such as, skin adherence, transfer
efficiency, volatilization fraction that originate usually from self-reported experimental data
that may be subject to bias. The input parameters in mathematical models and toolboxes, are
identified to be processing factors, partition coefficients, inhalation unit risk values, half-life
values, and more that can be found and retrieved from databases.

Empirical Mathematical
equations model Toolbox/Software
. . yield" 100 Jatil windffs.p.ee({ 88 respirable fraction 100
volatlazaton faction 100 |1 coSTICIe % “molecular weight 100
uptake esoll‘l:;t?iqig' 1. . tde_m ebratiyre 88 inhalation unit risk 100
size distribution i :
skin adherence 100 sex 0 | activity paterns(time) 100
removal efficiency 100 Penpeatrrgggg 283;22}22{ 88 vapour Prefssure gg
1 i t
i siereh T g
absorption coefficient 100 initial bod bint(:‘:k(-:- 88 age 50
absorption ratio 67 initial bo urden . .
o] dermal adherence 00 weight fraction 43
average Iigeegse!ltx’ gg bod l:]r]ggtshiirq e';(a(té?\ﬁi] 88 activity patterns(time) 40
body weight- 52 diffusion coefficienl 80 half-lifg valugs 33
%) thickness- 50 i GIS 77 absorption ratio 33
o fugacity | 50 half-life V%Iues 537 Dose 32
. - ose
% tran\;vlegé’léé;z(;};oﬂr}: zlg fraction of cherlnical gg absorption efficiency 29
volume
£ residue level 43 permeability coefficient 57 Amot.mt 22
ermeability coefficient 43 absorption efficiency 57 Consumption 24
op ty F 43 vapour pressure 50 Factor 22
requency- o3
$ suteceares mmmmai et Srcioncy : Froquency | B
onsumption-| age volume
Concentrgtion' 38 Amoysr]]t 48 Rate 21
Rate-| 38 Duration 47 !
Duration | 38 transfesrl::rcf)g‘f:f(iecaig?]at 2% den%lty 20
transfer efficiency 38 residue level 43 Concentration 20
Factor 37 Concentration 42 thickness 17
fraction of chemical+ 35 E thite ﬁ body weight 16
Amount 27 _ average Iifez_‘:)e;)nr 40 surface area 16
GIS 23 activity patterns(time) 40 Duration 15
diffusion coe\flf?i:lijgr‘i: g& Cog?gaqj%t:]%'; gg transfer coefficient 14
activity patterns(time) | 20 thickness 33 residue level 14
r ici , body weight 32 transfer efficienc 12
absorption efficiency 14 Y
. density 20 . .
Dose1 .9 weight fraction 14 fraction of chemical{ [16
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100

percentage (%)
Fig. 5 Parameters (input data) used to estimate exposure versus estimated methodologies.

The percentage of each parameter used as input value to perform the exposure calculation for
each of the most frequently used known models and tools is presented in Fig. 6. We see what
type of parameters these mathematical models and toolboxes use and therefore, what type of
parameters are needed if a specific model or tool is selected to perform exposure estimates. It
is important to note that not all the parameters shown for one model are used at the same time
for a calculation, rather these are the parameters used by each one of the models sometimes in
various combinations gathered from all the included studies.
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Fig. 6 Parameters (input data) used to estimate exposure versus most frequently occurred
mathematical models and toolboxes.

2.3. Impact

To our knowledge, this is the first scoping review that increases knowledge and awareness
about freely available human exposure methods and tools of environmental chemicals. Sixty-
three mathematical models and toolboxes are identified in the scoping review with twelve of
them occurring most frequently to calculate human exposure.

The work has been published open access in the journal Environmental Pollution in July 2024
(1). The work was presented on the Scientific day at the Department of Chemical Toxicology
in August with the tittle “Ontology-driven and artificial intelligence-based repeated dose
toxicity testing of chemicals for next generation risk assessment - (ONTOX)” and on the
EuroTox conference in Copenhagen 8-11 September 2024 with the title “Probabilistic exposure
assessment from food and cosmetics”. The work will also be a part of the planed case-study on
probabilistic risk assessment of PFOA, where a protocol for the work has been published on
the web page of NIPH (Protocol for probabilistic risk assessment of perfluoroctanoic acid

(PEOA) - FHI).

3. Conclusions and follow-up

Exposure assessments methods were identified used for a broad range of environmental
chemicals including pesticides, metals, persistent chemicals, volatile organic compounds, and
other chemical classes. Our analysis by associating the frequently used mathematical models
and toolboxes with exposure route, chemical classes, and input parameters (data) used, can
guide researchers to select the appropriate mathematical model/toolbox to estimate exposure.
Therefore, human exposure estimates calculations can be reproduced relatively easily for a
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wide range of environmental chemical classes identified in this scoping review. Selected
models will be used in the case-study on probabilistic risk assessment in the ONTOX project.

4. Delays, issues and contingency

No delays.
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