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2 Glossary
3-OH-BaP

3-hydroxy benzo[a]pyrene

5cx MEPP

Mono(2-ethyl-5-carboxypentyl)phthalate

5-OH MEHP

5-hydroxy mono-ethylhexyl-phthalate

5oxo-MEHP

2-ethyl-5-oxohexyl phthalate

Adodb

Active Data Objects Data Base

AJAX

Asynchronous Javascript And XML

API

Application Program Interface

ASCII

American Standard Code for Information Interchange

AUC

Area Under the Curve

BaP

Benzo[a]pyrene

BED

Biologically Effective Dose(s)

BPA

Bisphenol A

BPAG

Bisphenol A glucuronidated

Cd

Cadmium

CPF

Chlorpyrifos

CPF-oxon

Chlorpyrifos-oxon

Cr(III)

Trivavalent Cromium

Cr(VI)

Hexavalent Cromium

CSV

Comma Separated Value(s)

cURL

Client for URLs

Db

Database

DBP

Di-n-butyl phthalate

DEHP

Di-ethylhexyl phthalate

DnBP

Di-N-Butyl Phthalate

ECHA

European Chemical Agency

EU

European Union

EUSES

European Union System for the Evaluation of Substances

ExtJS

Extended JavaScript

FTP

File Transfer Protocol

GNU

GNU's Not Unix

GUI

Graphical User Interface

HBM

Human Biomonitoring

HBM4EU

European Human Biomonitoring Initiative

HTTPS

Secure Hyper Text Transfer Protocol
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IAQ

Indoor Air Quality

IPCheM

Information Platform for Chemical Monitoring

IT

Information Technology

JRC

Joint Research Centre

JSON

JavaScript Object Notation

MacOS

Macintosh Operating System

MATLAB

Matrix Laboratory

MC

Monte Carlo

MCMC

Markov Chain Monte Carlo

MEHP

Mono-ethylhexyl-phthalate

MS-Windows

Microsoft Windows

PAHs

Poly Aromatic Hydrocarbons

PBTK

Physiology Based Toxicokinetic Kinetic

PDF

Portable Document Format

PFOA

Perfluorooctanoic Acid

PFOS

Perfluorooctyl Sulfonate

PHP

Hypertext Preprocessor

PK

Pharmacokinetic

QSAR

Quantitative structure–activity relationship

REACH

Registration, Evaluation, Authorisation and Restriction of Chemicals

TCP

3,5,6-trichloropyridinol

tcPDF

Open Source PHP class for generating PDF

UNIX

Uniplexed Information and Computing Service

URL

Universal Resource Locator

XLS

Excel Spreadsheet

XML

Extensible Markup Language
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3 Abstract/Summary
The HBM4EU platform will be a web-based computational environment that will bring together the
different tools available from the HBM4EU consortium addressing all the aspects of the full chain
for aggregated exposure assessment in environmental and occupational settings. The different
platform modules pertain to the so-called horizontal and vertical modules. The horizontal modules
will include:
•

The HBM4EUdatabase and link to IPCheM and will act as the “main input gate” of the
HBM4EU platform of all the available datasets to the end-users.

•

The uncertainty module, that will be implemented as an advanced stochastic modelling tool
based on the use of the Monte Carlo - Markov Chain technique (MCMC)

•

The reporting and visualization module

The vertical modules will include:
•

The model run settings module, that will serve to define some general settings for each
platform run and will define the overall configuration of a specific platform simulation

•

The multimedia model module, for the estimation of environmental media concentrations in
different environmental matrixes

•

The microenvironment module, for estimating chemical environmental concentration for
indoor locations

•

The exposure scenario definition module, that aims at building an exposure scenario for the
population group(s) selected, including all possible exposure routes

•

The internal dosimetry module, aiming at estimating the internal doses of a chemical and its
metabolites. The whole concept will be based on a suite of three different PBTK models
according with their level of detail and complexity, namely (a) the simpler PK model for data
poor chemicals, (b) the generic PBTK model and (c) the life-stage changing mother-fetus
generic PBTK model. It has to be noted that if the user considers a compound specific
PBTK model more suitable for addressing a given compound, he will be able to use this
from the available suite of models.

•

Exposure reconstruction module, aiming at reconstructing exposure scenarios consistent
with human biomonitoring data allowing for a better exploitation of biomonitoring data.

The IT architecture of HBM4EU computational platform system will follow the open architecture
paradigm in order to allow future models to be readily used within the same framework on the
basis of a standardized input / output protocol. In this way, the tool will easily adapt to scientific /
technical progress in the future. The computational module will consist of of two “parts”; PHP and
R. Whilst the R part will be the “heart” of the platform, the PHP part is the “glue” that joins user
requests, database queries, remote queries (e.g. to external Databases) and script creation into
one “workflow” that is transparent to the end users.
The role of the HBM4EU exposure modeling platform is central to the proper interpretation of HBM
data and the translation of HBM results into chemical risk assessment and policy
recommendations on the population or sub-population level for a number of EU regulatory
frameworks such as REACH, all legislation serviced by EFSA, occupational safety regulations,
consumer safety strategy and the overall circular economy package of the European Commission.
It is designed to serve as a tool for joint work with WP5 and WP10 in HBM4EU and it will be further
refined incorporating comments and serving needs of the HBM4EU stakeholder forum. Finally, the
exposure modeling platform databases will be seamlessly integrated with IPCheM in order to
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ensure that the input data used for modeling will be compatible with the data collected in IPCheM
and that the output data of the platform models will be readily usable by the IPCheM data
acquisition algorithms.
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4 Introduction/Scope
The scope of this document is to provide the basic concept for the development of the HBM4EU
computational platform for “full-chain” exposure assessment.
The HBM4EU platform will be a web-based computational environment that will bring together the
different tools available from the HBM4EU consortium addressing all the aspects of the full chain
for aggregated exposure assessment in environmental and occupational settings.
The document describes the conceptual design including the functional requirements and technical
specifications of the different platform modules.
This document does not aim to provide the complete guidebook towards the development of the
HBM4EU computational platform; rather, it seeks to foster discussion and exchange of ideas
towards making final decisions among the project team and the involved stakeholders. To this aim
this concept document will be circulated to the HBM4EU stakeholder forum after its review by the
Management Board to come to a stable version that will represent the final roadmap for the
HBM4EU platform build-up.
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5 Description of the main components of the platform
5.1 General concept
The HBM4EU platform will offer a number of generally applicable models ranging from multimedia
environmental models to indoor air quality models and from exposure models capturing the
different exposure routes (inhalation, oral and dermal) to a suite of Physiology Based ToxicoKinetic
(PBTK) models allowing the estimation of internal doses. It will use the exposure determinant and
modifier database developed in WP12, it will be further linked to the external database IPCheM for
retrieving environmental and HBM data, and it will contain several other type of data ranging from
human physiological parameters, emission data from consumer products to indoor (occupational
and residential) concentration levels and from outdoor pollution levels to building characteristics.
Data will be stored as far as possible along with their geographical information in order to allow
users to build realistic exposure scenarios to represent typical exposure conditions for specific
countries and/or cities in Europe, as well as to reflect major anthropometric parameters. Together,
the database and models provide the tools to assess exposure for a wide range of scenarios
covering a wide chemical space, whereby only limited additional information will be needed.
Furthermore, the software also will accept stochastic distributions as input to a wide range of
exposure parameters assessed via Markov Chain-Monte Carlo methods.
Exposure assessment in HBM4EU will focus on aggregate or average exposure and will entail
multi-media and multi-route exposure models coupled with a suite of PBTK models that will include
both (a) a simple PK model suitable for data-poor chemicals (b) a generic multi-route exposure
PBTK model (with a sub module of a life-stage changing mother-fetus model) and (c) compound
specific PBTK models available in the HBM4EU consortium.
The modeling environment comprises five main modules, as follows:
1. Multimedia environmental modeling module to estimate the concentration of chemicals
in different environmental matrixes (i.e. air, water, soil and food) taking into consideration
the exchange between the different environmental media and different geographical scales.
2. Indoor emissions-concentrations module, linking sources to indoor concentrations,
taking into account the physicochemical processes in indoor settings: dispersion,
ventilation, gas-particle-dust partitioning, etc.
3. Exposure module including several models for the dermal, inhalation and oral routes,
taking into account time-microenvironment-activity patterns and inhalation rates based on
activity, gender and body weight.
4. Internal dosimetry module, which computes aggregate exposure linking temporal
patterns to internal dose through a suite of PBTK models. It estimates the internal doses of
contaminants and their metabolites at the target tissues. For compounds for which there
are no data for PBTK parameterization, this module will contain a link to a Quantitative
structure–activity relationship (QSAR) toolkit, to cover as much as possible the chemical
space of interest to HBM4EU, which resulted from the two chemical prioritization rounds.
5. Quantitative linkage between exposure and internal dose allowing for assimilation of
biomarker data will be implemented in the reverse dosimetry module for exposure
reconstructions based on human biomonitoring data. To this aim the PBTK models will be
applied using a computational inference engine for inverse modeling optimization and
Bayesian hierarchical population modeling for extrapolation of single individual samples to
population-relevant exposure estimates.
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The wide variety of exposure determinants is highly associated to gender (e.g. differences in use of
personal care products), and age (e.g. differences in non-dietary exposure to soil and dust,
differences in dietary patterns), which in fact are further modified further modified by the spatially
differentiated sociodemographic characteristics. This variety poses a problem for exposure
assessors, who often do not have measured exposure data related to these determinants for all
conceivable exposure scenarios and all population groups. To assist in the risk assessment
associated to chemical exposure, HBM4EU can be used to estimate exposure for different
scenarios for which there is paucity of measured data. This is reflected in the overall philosophy of
the platform which allows users to upload the data necessary to configure a simulation in two
ways:
(a) Through automatic data retrieval from the WP12 and IPCheM databases or
(b) Through manual input of data to the platform when users have newer or more up-to-date
information, or he/she would like to target a specific relevant exposure scenario.
Furthermore, the HBM4EU approach allows users to use the platform as a tool for creating
exposure scenarios and investigating how the modified determinants affect the resulting exposure.
In the development of the computational platform a special effort will be made to improve
transparency, flexibility and ease of use of the software. According to the availability of data, the
HBM4EU computational platform will allow users to begin from different starting points along the
source-to-dose continuum. For example, to estimate indoor air quality in residential settings users
may start the simulation either (a) from the consumer products emission data, by utilizing a
multizone Indoor Air Quality model implemented into the platform or (b) directly from the indoor
concentration data if the emission data are not available.
Moreover, to improve usability of the platform and to facilitate users in developing exposure
scenarios the platform will propose default values for several parameters needed to configure the
different models implemented in the platform. This however will not prejudice users from editing
and modifying them if better and newer information becomes available.
Every user will access the platform with her/his own credentials and all her/his simulations results
will be stored together with the associated input data in a dedicated folder of the WP12 server in
AUTH accessible to that user only. The user can access all his/her previous simulations to see
them and modify the input parameters as needed to run a new simulation.
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6 Platform structure
6.1 IT architecture
The HBM4EU platform will be a multi-modular software especially designed to meet the end-user
real needs and requirements for executing aggregate exposure assessment. More in detail, it will
enable the integration and assimilation of models and data needed to execute a “full-chain”
aggregate exposure assessment focusing on both environmental, consumer and occupational
exposure.
The IT architecture of HBM4EU computational platform system will follow the open architecture
paradigm in order to allow future models to be readily used within the same framework on the
basis of a standardized input / output protocol. In this way, the tool will easily adapt to scientific /
technical progress in the future.
The HBM4EU computational platform will be a web based 3-tier application working on the most
common used web browsers. The components that constitute the platform are the Graphical User
Interface (GUI), the computational module and the Database (Db) of exposure determinants.
Furthermore, closely related to the platform are the external databases from where data not stored
in the HBM4EU Database, but necessary to configure a simulation would be retrievable. The
proposed IT web-based architecture is graphically depicted in Figure 1 and in Figure 2. It has also
to be noted that the platform will make use of decryption and pseudonymisation, thus making it
GDPR compliant.

Figure 1: Overall HBM4EU Platform architecture
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Figure 2: HBM4EU Server-side architecture

6.1.1 Graphical User Interface (GUI)
The GUI will be a client side application, executed inside the web browser's window. The GUI is
the means through which end users interact with the model allowing the user to configure and run
a simulation easily and in an intuitive way. Using appropriate GUI elements (such as text boxes,
drop down lists and grid controls) the users will configure the simulation, including both the
exposure scenario definition, as well as the selection of models, view the results in the form of
charts, download the results in an Excel format for further use and create and download simulation
reports in PDF format.
The GUI will be coded in Javascript (using the ExtJS library – increased efficiency and
maintenability across the webpage) and the interaction with the Model is implemented through
AJAX calls (Asynchronous Javascript And XML), a method that allows for client-server data
exchange and page data updates without the need to refresh the whole web page. Every serverside script related to the creation of the Javascript GUI will be coded in PHP- Hypertext
Preprocessor, a powerful scripting language designed for web development. Furthermore, the GUI
will utilize the Highcharts Javascript library for the creation of the charts.

6.1.2 Computational module
This will be the core module of the application. It will be hosted on the AUTH server. The model
consists of two “parts”; PHP and R (https://www.r-project.org/).
Whilst the R part will be the “heart” of the platform, the PHP part is the “glue” that joins user
requests, database queries, remote queries (e.g. to external Databases) and script creation into
one “workflow” that is transparent to the end users. R runs under several Operating System
including MS-Windows Operating and it includes Application Programming Interface (API) to
interface R executable with other applications. The PHP part of the model will be responsible for
the post-processing of the simulation results.
HBM4EU computational platform will be a web application, so a web server is required. The
HBM4EU server side scripts will be executed within the Apache Web Server environment. The
PHP part will be written in PHP following the Object-Oriented programming paradigm. It is
designed in a flexible and extensible way, so new functionality can be added with the minimum
effort.
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The PHP part can conceptually be separated in layers, each one of them plays a different role in
the application:
•

The Authentication Layer will handle the User Registration and the User login
procedure.

•

The Presentation Layer will be tightly coupled with the GUI. It will receive the user data
and it will create the appropriate Javascript elements for presenting the data back to the
users.

•

The Data Access Layer will handle all the database related functions. It will utilize the
AdoDB PHP library, thus being “database engine” agnostic. Furthermore, the Data
Access Layer will contain Classes for reading Excel files (utilizing the PHPExcel
Library), XML files (utilizing the SimpleXML library) and executing remote queries using
the cURL library and parsing the results given in JSON (JavaScript Object Notation)
format (www.json.org).

•

The Reporting Layer will utilize the tcPdf library for the creation of pdf reports.

•

The Simulation Model Layer will be a set of interrelated PHP classes representing the
model's structure and data.

•

The Execution Layer will use the Simulation Model in order to create and execute the
Rscripts.

Regarding the external models, it will be possible to make calls using PHP functionality in order to
present the user with more model choices via the GUI. External models may be found in FTP
directories or Shared Network Directories. Some models may also be integrated to the server but
every possible scenario will be covered code-wise. Any external model called will be compiled
server-side after its selection from the user. The external model will function server-side just like
the generic model and the results will be delivered to the user via .csv files in the GUI. Possible
external models include MATLAB and R files.

6.1.3 Database
The database server will be the latest version (version 7.2) of mySql Server. Its role will be to
provide an effective and sustainable mechanism for all data storage needs of the application. The
model will communicate with the Database using the AdoDB library, helping these two tiers to be
independent.
The Database tier will be involved in three major aspects of the application. It will store user
accounts and check for authenticated users. Moreover it will store and manage all types of the
underlying information (environmental data, modelling results, human biomonitoring data,
consumer products data, use, patterns, toxicological data, population data etc.), necessary for the
configuration of the simulation. Finally, the Database will provide a storage place for the input
parameters and the output results of a model execution.
The end-user computer has only to connect to the HBM4EU Server in order to run the platform,
other specific software requirements are not requested since the end-user computer will not
perform any calculations locally – all model calculations will be cloud-based.
The “heart” of the platform software will be built on a software environment based on R. R is a
programming language for statistical computing and graphics, in a highly extensible manner. R is a
freely downloadable software, under the terms of the Free Software Foundation’s GNU General
Public License in source code form. R is able to compile and run on all major operating systems
such as UNIX, Windows and MacOS, thus providing maximum flexibility, interoperability,
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transferability and transparency of the overall platform in line with the open access policy of the
European Commission.
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7 Computational implementation of the full chain assessment
The scope of this section is to provide the basic concept for the development of the HBM4EU
computational platform for aggregate exposure assessment according to the integrated exposure
modeling approach.
In our vision the HBM4EU platform has to bring together the different tools available within and
outside the HBM4EU consortium, addressing all aspects of integrated modeling of aggregate
exposure rather than develop a single computational model.
A large list of different models has been identified by the HBM4EU consortium during year 1 of the
project; each one addresses a specific step along the integrated exposure modeling chain: they
range from indoor air quality models to multimedia model and from exposure models to PBTK
models. The objective is to integrate all of them in a suitable way into the HBM4EU platform.
From the point of view of software development the platform will be built so as to guide the generic
user through intelligent user friendly graphical interfaces to select and execute the appropriate
model among the ones implemented in the HBM4EU computational platform.
A flexible approach consisting of three different options will be used with regard to the data needed
to run each specific model. Those databases that are available to the project partners or that can
be freely downloadable from the web will be directly implemented in the HBM4EUexposure
database. A second approach will regard those databases which are not freely downloadable but
they are freely accessible through the web: in this case ad-hoc query scripts will be developed and
implemented with the objective of interrogating these databases and extracting the data of interest
in a format usable by the platform. A final option will entail the manual insertion of specific data
from literature and/or ad-hoc studies.

7.1 Modules
The HBM4EU platform will be implemented focusing on single and multiple chemical exposures
through multiple exposure routes: inhalation, dermal and ingestion covering the priority chemicals
identified as such in HBM4EU. The HBM4EU overall methodological approach is illustrated in
Figure 3.

Figure 3: HBM4EU methodological approach
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The platform architecture will encompass three horizontal modules and six vertical modules (Figure
4)
HORIZONTAL MODULES
1. HBM4EU database and link to IPCheM
2. Uncertainty module
3. Report and visualization module
VERTICAL MODULES
4. Model run settings
5. Multimedia model module including a dietary contamination sub-module
6. Microenvironment module
7. Exposure scenario definition module
8. Internal dosimetry module
9. Exposure reconstruction module

Figure 4: Graphical representation of the HBM4EU platform modules

Each vertical module will be designed to address a specific part of the integrated exposure
modelling approach and it will communicate with the others through the Database that lies at the
core of the system.
The first horizontal module, the HBM4EU database, will be specifically designed to manage the
exposure determinant/modifier Database that stores and manages all underlying information.
The second module will address the quantification and propagation of uncertainty along each step
of the integrate exposure modelling chain. A sensitivity analysis would be performed with the R
package “sensitivity”, while MCMC pack: Markov Chain Monte Carlo in R will be used for to
address uncertainty analysis.
The main functionality of the third horizontal module will be the presentation of the results obtained
through the HBM4EU platform. These will be displayed and exported both as graphs and reports.
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7.1.1 Horizontal modules
7.1.1.1 HBM4EUdatabase and link to IPCheM
The HBM4EU Database will enable effective and user-friendly management, storage and updating
of the data required for executing integrated aggregate exposure modelling.
Links to external databases will be needed to cover data gaps of the HBM4EU Db especially on
Human Biomonitoring (HBM) data. To this end operational links with external databases (e.g.
IPCheM) will be executed using the cURL library for remote queries and parsing the results given
in JSON (JavaScript Object Notation) format.
To be compatible with IPCheM the HBM4EU database follows key requirements which are
included in the “Data Content” and Metadata sheets provided us by the JRC, so as to ensure a
sufficient level of data quality and comparability across the data.
Remote access, data uploading/downloading tasks, will be set up in close consultation with DG
JRC – IPCheM technical coordinator – to ensure compatibility and technical feasibility with
IPCheM.
IPCheM will provide an API for external systems integration.
It allows the following operations towards the data:
•

retrieve datasets list and get related metadata;

•

submit data queries and get both summary and details;

•

retrieve the sampling source points or areas;

•

retrieve series by specific sampling source;

•

request data packaging for download;

To call these services a consumer has to post HTTPS requests, receiving correspondent JSON
responses.
Each service expects specific parameters in order to select only the data subset of interest.
To store and maintain the data packages created for download a dedicated IPCheM Share
subsystem has been setup and integrated.
This module will act as the “main input gate” of the HBM4EU platform of all the available datasets
to the end-users. A further important role of this module is that it will be the main information server
for all the HBM4EU application modules. Having a predefined database schema the application
modules can directly access these datasets without having to perform any format conversion either
manually or automatically.
The HBM4EU Database will have a publicly available and a user-specific section. Although the
generic user can see and access both the sections he/she can add, modify, delete data only in
her/his user section. To this aim each entry will be flagged with the name of the user who added
this entry and it will be visible only to him/her. The database administrator will be responsible for
the quality assurance of the data entered and accordingly to decide if to flag it as a public data. In
this case all users can see and use the entry.
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This module offers the following functionalities:
a) Management: enables the Database Administrator to query, import, update, delete data from
the public section of the HBM4EU Database. The same functionalities will be granted to the
generic user with regard to the user section of the HBM4EU Database. The stored data can be
classified according to:
•

Emission data (i.e. releases from consumer products)

•

Consumer products list (classified according chemical composition)

•

Use patterns of consumer products

•

Exposure data (Intake fraction, uptake factors)

•

Physical-chemical properties of the substances

•

Toxicological properties of the substances

•

PBTK Models parameters (physiological, biochemical and metabolic)

•

Environmental contamination data both for occupational and residential settings

•

Modelling results

•

Supporting data (such as population and population data and time activity patterns).

•

HBM data

Data on physiological parameters as well as on environmental contamination and supporting data
will be stored along with their geographical information in order to allow users to build realistic
exposure scenarios which can represent typical exposure conditions for specific countries and/or
cities in Europe.
b) Compact: Enables to compact and re-index the HBM4EU database to minimize the required
disk storage and ease of access to the complex structure of the database. This process is taking
place automatically after importing a new dataset into the database.
c.) Remote querying: It was mentioned that some already existing databases (e.g. IPCheM)
coupled to specific modelling tools will be not be fully duplicated into the HBM4EU internal
Database. As a consequence, particular attention will be paid to the development of suitable query
scripts having the objective of interrogate these databases and extract from them the data of
interest in the proper format usable by the platform and store them into the HBM4EU database for
further use. A set of standard data format (such as ASCII, CSV, XLS) will be identified which will
render the connection of these databases with the HBM4EU platform and easy process.
7.1.1.2 Uncertainty module
Within the HBM4EU computational platform an advanced stochastic modelling tool will be
implemented based on the use of the Monte Carlo (MC) technique. This technique allows the user
to execute a simulation using Probability Distribution Functions for the main input parameters
rather than using fixed single value for them and consequently to obtain distribution functions also
for the results. Samples of parameter values are randomly drawn from the specified distribution
functions. For these sets, exposure is calculated and a probability distribution of the exposure is
constructed.
According to the option selected in the “model run settings” probabilistic calculation will be taken
into account or not. Monte Carlo (MC) methods are the most widely used means for uncertainty
analysis, with a wide variety of applications. These methods involve random sampling from the
distribution of inputs and successive model runs until a statistically significant distribution of outputs
is obtained which represents a refined approximation of the estimated exposure for the population
(Figure 5).
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Figure 5: Flowchart of the application of Monte Carlo analysis to an integrated exposure model

The user will be prompted to select a distribution by clicking on a pull-down menu and make a
selection from the list that is displayed. Then he/she will enter the values for each parameter
characterizing the distribution (min. max, mean and standard deviation). To support the user, if one
or more values are incorrect or incompatible with the Probability Distribution Function selected, the
background of the container box will turn grey and the user will not be permitted to go to the next
screen.
After having selected a Probability Distribution Function the system will sample a value from the
corresponding distribution for that input, set the inputs to the sampled values, run the simulation
and finally collect the desired outputs. The process will be repeated, collecting appropriate
statistical information on the outputs until the desired accuracy has been reached.
In HBM4EU the user can determine the number of MC samples that is drawn. It should be noted
that a higher number of samples in general leads to a more precise estimation of the distribution of
the exposure, but this happens at the cost of longer calculation time. Due to the high number of
differential equations to be simultaneously solved by numerical integration, computation time can
become very long for a high number of iterations, thus resulting in substantial computational
demands.
For that reason global sensitivity analysis will be part of the uncertainty module allowing the user to
identify which input parameters will affect the most the final outcomes and so facilitating the
selection of the parameters to be used as input to the MC engine.
7.1.1.3 Reporting and visualization module
The results of an HBM4EU platform simulation will be presented in different ways: as a chart, as a
distributed result from a MC simulation, and in a text-based report.
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7.1.1.3.1 Outputs
The outputs obtained through the execution of the HBM4EU platform will be displayed in the
visualization module after being stored into the HBM4EU Database.
A first list of outcome variables would encompass the following:
•

External inhalation exposure is calculated as the air concentration during exposure.
Results will be shown as time dependent air concentration through a determined period of
time.

•

Internal inhalation doses expressed as daily average of the amount taken up per kg
bodyweight.

•

External dermal exposure is calculated as the amount that can potentially be taken up per
kg bodyweight).

•

Internal dermal doses expressed as daily average of the amount taken up per kg
bodyweight.

•

External oral exposure is calculated as the amount that can potentially be taken up per kg
bodyweight.

•

Internal oral doses expressed as daily average of the amount taken up per kg bodyweight.

•

Total aggregated external exposure is calculated as the summations of the
corresponding external exposure per route.

•

Total aggregated internal doses is calculated as the summations of the corresponding
doses per route

•

Biologically effective doses (BED) in the target tissues resulting from the application of
PBTK models. These results could be either estimated as total BED (aggregated over the
different exposure routes) or disaggregated according to the exposure routes. Different
measures are: time course through a determined period of time and Area Under the Curve
(AUC), to have the integration of internal dose through time.

•

Concentrations of metabolites through excretion (e.g. urine, breath) and in venous blood,
allowing the interpretation to biomonitoring data. Different measures are: time course
through a determined period of time and AUC, to have the integration over time.

The platform may be able to generate a huge number of output variables, but the user may not be
interested in exporting all of them into the Database. Furthermore, as the HBM4EU computational
platform will have the unique characteristic of tracking dynamically in time the exposure using a
small integration step to account for very short exposure events, the output files may reach huge
sizes. For these reasons and to speed up the process of storing the results in the Database the
HBM4EU Visualization module will present automatically a list of all the output variables generated
after a simulation so that the user can select the output variables he/she would like to store in the
Database and to further display as graphs.
7.1.1.3.2 Graphs
All the above can be examined via graphs of the time course of the exposure. The time axis will
automatically be set to the exposure duration specified by the user in the “model run settings”
module, but can be adjusted manually by using the zoom function.
Similarly, the y-axis will automatically be fitted to include the whole exposure range encountered
during the event, but may be adjusted manually. The data points of the resulting graph can be
exported as standard Microsoft Excel file format.
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7.1.1.3.3 Distribution
When a probabilistic simulation has been selected in the “model run settings” module, the
HBM4EU platform will execute a probabilistic calculation. The program will draw a set of random
numbers from the specified distributions for distributed parameters and calculates the endpoint of
choice with this set. This procedure is repeated for a user-specified number of times (the number
of MC samples). The result of this procedure will be a distributed set of outcomes. Key features of
the distribution such as median, 5th and 95th percentile of the calculated distribution will be
reported. The calculated distributions will be plotted on a graph, and could be exported to a
Microsoft Excel file.
7.1.1.3.4 Report
The HBM4EU report will give a complete (textual) overview of the simulation calculation. It will
display all the model run settings, all the parameter values as well as the outputs obtained. The
report can be downloaded and saved as PDF file directly from the HBM4EU platform.

7.1.2 Vertical modules
7.1.2.1 Model run settings
This module will serve to define some general settings for each platform run. These should be
defined before starting any run as they will define the overall configuration of a specific platform
simulation.
In this module the user will be able to:
•

Create a new simulation entering a new name

•

Define the tier: choosing between Tier 1 (occupational) and Tier 2 (environmental)

•

Edit/Copy a selected simulation to a new simulation to restore the contents of a
previous run into a new one and allow it to be edited.

•

Delete an existing run.

•

Select the chemical for which a new simulation will be executed.

•

Specify the simulation length allowing the user to specify the duration (in hours) of the
simulation which will be executed.

•

Define the population targeted by the simulation. Through this function the user will be
able to define the genders and ages of interest in the simulation (all ages, or some subset
of those ages will be available for selection). The HBM4EU platform will use age groups for
several purposes. Indeed the model will take from the HBM4EU Database age-specific
physiological parameters (e.g. bodyweight, inhalation rates, body surface etc.) as well as
time activity pattern according to the age classes selected. It is worth mentioning that the
body weight will represent an important parameter within the HBM4EU computational
platform as many other parameters necessary to run the PBTK model will be automatically
scaled on its value such as the organ volumes, the cardiac output and the blood flows.
Furthermore, on the basis of the combination of gender and age selected the platform will
retrieve age-dependent model inputs such as dust and soil ingestion daily amount.

•

Specify the geographic location of the population selected. Through this option the
platform will query the HBM4EU Database to retrieve the environmental contamination data
and time activity pattern of specific climatic regions. The platform will display the choices
among different European Countries as well as among some pre-defined climatic regions
according to the prevalent meteorological conditions.

•

Probabilistic run or not: this option will entail the possibility to run a simulation defining
Probability Distribution Functions for the main input parameters used by each model along
the full-chain instead of using fixed values for them. The “no” option will be the default
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option. Some basic distributions will be provided through the platform, such as uniform,
normal, and log-normal distribution. Input data to be provided by the user for the above
Probability Distribution Functions are the following
o Uniform distribution: minimum and maximum value of the variable to be configured. It
gets its name from the fact that the probabilities for all outcomes are the same. Unlike
a normal distribution with a hump in the middle, a uniform distribution has no mode
and no skewness. As a result, the mean and median coincide. This PDF is used
when no prior information on the parameter value is known and every value between
the minimum and the maximum is equally likely to occur.
o Normal distribution: mean, standard deviation, minimum and maximum value. The
Normal distribution describes a special class and widely used continuous distribution
that is symmetric with respect to the mean value and has a “width” defined by the
standard deviation which represents the variability. The mean, median, and mode of a
normal distribution are equal and 68% of the area of a normal distribution is within
one standard deviation of the mean while approximately 95% of the area of a normal
distribution is within two standard deviations of the mean.
o Log-Normal: mean, standard deviation, minimum and maximum value. The lognormal
distribution is used to model continuous random quantities when the distribution is
believed to be skewed to the right (higher values) or to the left (lower values). This
PDF has certain similarities to the normal distribution as we can consider that a
random variable is lognormally distributed if the logarithm of the random variable is
normally distributed. For this PDF the mode is the value of the variable that
maximizes the density while the geometric mean typically represents the median
value.
It is worth mentioning that according with the Tier selected the user will be redirected to different
models. A common shared authentication procedure will be implemented so as to allow the user to
access these external models in a transparent way. Furthermore, a common standard
Input/Output protocol will be developed to allow a seamless integration of Input/Output with the
HBM4EU platform.
The user will configure and run these models through their own user interface obtaining the main
output exposure estimates in occupational settings. The latter will be automatically imported into
the HBM4EU computational platform and will represent the input of the Internal Dosimetry module
(see 7.1.2.5). Therefore the next three modules illustrated hereinafter, which will provide exposure
estimates in environmental settings, are intended to be used for Tier 2 simulations only.
7.1.2.2 Multimedia model module
This module will include a multimedia model for the estimation of environmental media
concentrations in different environmental matrixes (air, soil, water) relevant to the compound of
interest. All the stages of the compound life cycle, including production, industrial, consumer use
and disposal will be considered. The model will be based on the Simple-box model (Klepper and
Den Hollander, 1999), which is the model introduced in EUSES and is accepted by ECHA.
In addition, a dietary contamination sub-module will be part of this module. It will consist of two
major elements, namely (a) food chain transfer which will be coupled to the multimedia model and
(b) migration from food contact materials. The latter will entail the development of a food contact
material migration model that takes into account the physicochemical properties of the compound
of interest, as well as the conditions of use (e.g. temperature, time in contact to the material). Work
done at the JRC Food Contact Materials EU Reference Laboratory (Simoneau et al., 2012) will be
the basis for this model.
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7.1.2.3 Microenvironment module
This module will estimate chemical environmental concentration for indoor locations. The model
will start from data on releases from consumer products and building materials stored in the
HBM4EU Database and will implement a multizone indoor air quality model to estimate the indoor
chemical concentration.
The Indoor Air Quality (IAQ) model will incorporate interactions within major media components
(including gaseous, particles and settled dust phase), including dynamic equilibrium of emissions
through consumer products (volatilization, direct abrasion) and a detailed description of settled
dust phase mass balance.
There will be two main options to generate concentration data for scenario-relevant media.
Dispersion Model: with this option the user chose to apply a multizone Indoor Air Quality model
which will be directly implemented in the platform core.
User-specified concentration values: The user will supply directly the indoor air concentration
levels. This functionality is thought to enhance the flexibility of the platform as it is recognized that
the user may not have enough data on emission from consumer products to properly create an
emission scenario. In this case the user can decide to start directly from the concentration data
which are in general easier to find.
Independently from the selected option, the output of this module will be the indoor air
concentration levels for residential settings for the selected chemical and will represent one of the
inputs to the next module for exposure assessment.
7.1.2.4 Exposure scenario definition module
The main aim of this module is to build an exposure scenario for the population group(s) selected
in the “module run settings” module, aggregating all the possible routes of exposure for a selected
chemical.
There are various ways in which one can be exposed to a chemical. For example, a volatile
compound may be emitted into air which subsequently is inhaled. A product may be applied to the
hands resulting in dermal exposure to a compound in the product. By hand to mouth contact, some
of the compound can be transferred to the mouth resulting in oral exposure. Consequently, a
compound may be taken up in the body via these different routes (inhalation, dermal and oral),
resulting in an internal systemic dose.
For the sake of clarity, it is convenient and easier to consider separately the different exposure
routes.
Exposure by inhalation will be quantitatively estimated starting from the output of the
microenvironment module and of the multimedia model with regard to outdoor air. The exposure
resulting from inhalation is the sum of the fraction of time spent in each environment (outdoor,
residential indoor, other indoor locations) multiplied by the concentration of the selected chemical
in each of the above environment.
Other input data which will be gathered from the HBM4EU database according to the model run
settings (i.e. gender, age, geographical position) will include:
•

Inhalation rate (according with the type of physical activity carried out)

•

Time activity pattern

The HBM4EU platform will list a series of different activities the exposed individual carries out
(Hanninen et al., 2002; Jantunen, 1999; Koistinen et al., 2001) to determine the appropriate
inhalation rate (ICPR, 2002). In addition, the contribution of exposure to the amount of chemical
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adsorbed on particles will be accounted for, based on the actual amount of particles deposited
along the human respiratory tract (Sarigiannis et al., 2015). This is of particular importance
regarding semi-volatile compounds such as PAHs and phthalates, where particle inhalation
comprises one of the major exposure pathways.
The second and the third routes of exposure will be directly calculated inside this module.
For dermal exposure the loading mechanisms considered will encompass:
•

Instant application, which simulates the direct application onto the skin of a consumer
product during a short period. Examples include body creams, baby lotions, hair gel, skin
cleaners etc.

•

Migration from other material in direct contact with the skin which describes the exposure
due to migration of a chemical to the skin when dermal contact with the material happen.
Examples include clothes, gloves, toys etc.

•

Rubbing-off, which describes a secondary exposure situation. Indeed it describes a
situation in which a surface (e.g. table top, floor) is treated with a product or when a
chemical deposits onto it (in particle phase) and dermal exposure arises from contact with
the that surface.

For each of the above types different data will be needed (i.e. product amount, weight fraction
compound, contact time, transfer coefficient, exposed area, etc.).These will be gathered from the
HBM4EU database or manually inserted by the user if he/she has more detailed data.
For oral exposure the loading mechanisms considered will encompass at least the following:
•

Soil ingestion

•

Dust ingestion

•

Food ingestion

•

Migration from objects brought to the mouth (object to mouth behaviour)

•

Inadvertent Ingestion of Personal Care Products

Data needed to properly configure the above loading mechanisms, such as the amount of chemical
ingested together with the weight fraction of the chemical, the ingestion rate, the contact area and
the migration rate will be queried from the HBM4EUexposure database or manually inserted by the
user if he/she has more detailed data.
Applying to each of the above exposure routes an uptake factor (for inhalation) or uptake fraction
(for oral and dermal) an exposure scenario for a selected chemical will be built taking into
consideration all the possible routes of exposure.
It is important to recall that, in accordance with the selection of probabilistic simulation defined in
the “model run settings” module, all the above parameters can be defined together with their
probability distribution function. To this aim the GUI will display the button “MCMC” next to each
parameter: clicking this button the user will be able to select and configure the Probability
Distribution Function desired for that particular parameters in place of using point values alone.
The main output will be the actual exposure level of the population (or selected sub-groups) for the
contaminant considered together with its overall uncertainty provided in terms of median, 5th and
95th percentile. The overall uncertainty provided in this way reflects in an aggregated way the main
different sources of uncertainty including gaps in scientific knowledge in the input parameters (also
referred as “model uncertainty”) and parameters uncertainty often referred as “parameter
variability” which refers to the inherent heterogeneity or diversity of data.
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7.1.2.5 Internal dosimetry module
The internal dosimetry module will be a key component of the HBM4EU platform aiming at
estimating the internal doses of a chemical and its metabolites in the different tissues composing
the human body on the basis of the exposure scenario obtained by the “exposure scenario
definition” module. It will be implemented in the in R.
Despite the complexity imposed by the internal dose module, the estimation of internal dose
instead of external exposure facilitates the need for refined exposure assessment as for many
chemicals, toxicity arises not from the parent compound but from its metabolites. In that case
internal dose is the most appropriate exposure metric to be considered in terms of assessing the
health risk for the population.
The whole concept will be based on a suite of three different PBTK models according with their
level of detail and complexity as follows:
•

A simpler PK model for data poor chemicals. This model will include a limited number of
compartments allowing simple PK mass balance considerations and the assessment of
bioaccumulation potential, capturing both the effect of lipophilicity and metabolism on
chemical bioaccumulation.

•

A generic PBTK model that will include two different sub-modules:
o

A life-stage changing mother-fetus generic PBTK model (i.e. an enhanced
version of the generic PBTK model described above) incorporating lifetime changes
in physiology, while for females it will include the mother-fetus interaction for
addressing in utero exposure, describing internal exposure from conception onwards,
including transfer through gestation and lactation.
Compound specific PBTK models for addressing assessment of individual compounds (in
the case that a compound specific PBTK models exist and is available in the HBM4EU
consortium). This will be an additional option for the user, if he considers an available
compound specific PBTK model more suitable for addressing a given compound and
exposure scenario. Up to now, for the following compounds the respective PBTK models
have been identified in the deliverable D12.1 - Review paper on PBTK/D models for the 1st
set of priority compounds. The models are listed in Table 1.
o

•

A generic PBTK model which incorporates multi-route exposure, detailed
compartmental description, plasma protein/red cell binding and estimation of
concentration of parent compound and metabolites in several biological fluids. In this
model the user will select an age (or and age range) and the age-dependent
parameters.
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Table 1: PBTK models for the 1st group of prioritised substances
Compound

Bisphenols

Anilines

Phthalates

Model / capacities

Model owner

Reference

BPA PBTK model using scaling methods from rat
data

Sungkyunkwan University

(Shin et al., 2004)

BPA PBTK model, five compartments, one
compartment for BPAG

Pacific Northwest National
Laboratory

(Teeguarden et al., 2005)

BPA PBTK model, age-dependent glucuronidation,
plasma protein binding

University of Waterloo

(Edginton and Ritter, 2009)

BPA PBTK model, glucuronides and sulfate
conjugated metabolites were accounted for

BfR

(Mielke and Gundert-Remy,
2009)

BPA PBTK model, dermal route of exposure was
included

BfR

(Mielke et al., 2011)

BPA PBTK model, glucuronides and sulfate
conjugated metabolites were accounted for

U.S. Food and Drug
Administration

(Yang et al., 2015)

BPA PBTK model, life-long and in utero exposure,
multiple routes of exposure

AUTH

(Sarigiannis et al., 2016)

BPA PBTK model, pregnancy, in vitro kinetics
parameterization

IISPV

(Sharma et al., 2018a)

14 compartments, metabolized in liver by
acetylation and hydroxylation pathways

The University of Iowa

(Nguyen et al., 2015)

di-n-butyl phthalate (DBP) and metabolites, no
glucuronidation pathway, detailed representation of
the oxidative-metabolites-submodel

ENVIRON &The Hamner
Institutes for
HealthSciences

(Gentry et al., 2011)

DEHP and DnBP in humans including the four
interconnected sub-models for the diester, the
hydrolytic monoester, the oxidative metabolites and
the glucorinide conjugate

US Environmental
Protection Agency

(Moreau et al., 2017)

DEHP and major metabolites MEHP, 5-OH MEHP,
5oxo-MEHP, 5cx MEPP and phthalic acid, in vitro
intestinal and hepatic metabolic rates

IISPV

(Sharma et al., 2018b)

toxicokinetic profiles of benzo(a)pyrene (BaP)and its
metabolite 3-hydroxybenzo(a)pyrene (3-OH-BaP)

Université´ de Montréal

(Heredia-Ortiz et al., 2014)

BaP exposure via inhalation (gas and particles) and
the metabolite 3-OH-BaP

Ramboll Environ

(Campbell et al., 2016)

Chlorpyrifos (CPF) and its metabolites, CPF-oxon
and 3,5,6-trichloropyridinol (TCP)

Battelle Pacific Northwest
Division

(Timchalk et al., 2002)

Metabolism of CPF in blood and liver, life-stage
differences in physiology

Harvard School of Public
Health

(Lu et al., 2010)

Nine compartments PFOA and PFOS PBTK models

The Hamner Institutes for
Health Sciences

(Loccisano et al., 2011)

PFOA and PFOS PBTK models including gestation
and lactation life stages

The Hamner Institutes for
Health Sciences

(Loccisano et al., 2013)

PFOA and PFOS PBTK models, human-derived
partition coefficient (Pk) data

IISPV

(Fabrega et al., 2014)

Hexavalent chromium model differential absorption
of Cr(VI) and Cr(III), rapid reduction of Cr(VI) and
Cr(III) in all body tissues and fluids

University of Cincinnati

(O'Flaherty et al., 2001)

Hexavalent chromium model, reduction to Cr(III),
uptake into erythrocytes

Summit Toxicology

(Kirman et al., 2013)

Cadmium PBTK model, inhalation exposure,
excretion via intestine and bile to faeces

The Karolinska Institute

(Kjellström and Nordberg,
1978)

Cadmium PBTK model, growth algorithms for males
and females and corresponding organ weights for
the estimation of age-specific Cd concentrations

Agency for Toxic
Substances and Disease
Registry

(Ruiz et al., 2010)

Cadmium PBTK model, inhalation and oral routes of
exposure considered

ANSES

(Bechaux et al., 2014)

PAHs

Pesticides

Perfluorinated
compounds

Heavy metals
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On the basis of the data availability and the aim of the assessment the graphical user interface will
enable the user to choose the PBTK model to be used in his/her simulation.
Every PBTK model requires several parameters that are critical determinants of chemical uptake
and distribution in the human body. These determinants can be classified into three main
categories, namely, anatomical/physiological, physicochemical, and biochemical.
Validation of the PBTK model with data sets other than the working set (or training set) is a
fundamental and critical phase of the model development: extensive data sets are used on the
model, ensuring robustness when investigating its predictive capability. Once a PBTK model is
validated for one chemical the values of the physicochemical and biochemical parameters are
determined and the model is ready to be used for accurate estimations of the time course of a
chemical and its metabolites in human tissues.
For chemicals with a PBTK model already validated the value of physicochemical and biochemical
parameters will be stored in the HBM4EU Database unequivocally linked to the relevant chemical.
When the user will select that chemical in the “model run settings” module the platform will query
the HBM4EU Database and will display in an ad-hoc user interface the values of all the relevant
physicochemical and biochemical parameters.
Although it would not be recommended to modify these values as they are derived through the
model validation process, the user can change them by simply entering the new value in the
corresponding edit box. A column with the default values (i.e. the values obtained from the
validation process) will be displayed close to the editable one to assist the user during this phase.
To enhance the flexibility of the platform and taking advantage of the generic nature of the PBTK
models implemented, for new chemicals added by the user or chemical not having a pre-validated
PBTK model, all the PBTK parameters will be set to a default dummy value: the user can modify
them entering the desired values so that the new values will be stored in the HBM4EU Database
and used in the simulation.
This module will include also specific links to advanced QSAR models (Papadaki et al., 2017;
Sarigiannis et al., 2017) in order to derive the necessary parameterization of PBTK models for new
chemicals or chemicals with limited information.
7.1.2.6 Exposure reconstruction module
The key objective of this module is to reconstruct exposure scenarios consistent with human
biomonitoring data allowing for a better exploitation of biomonitoring data, in terms of estimating
overall exposure, route and pathway attribution, or reconstruction of a complete exposure scenario.
Assimilation of human biomonitoring data and their translation into intake distribution amounts to a
computational inversion problem, where the objective is to identify the specific input distributions
that best explain the observed outputs while minimizing an appropriate metric of error such as . In
our case the inputs involve spatial and temporal information on environmental media
concentrations of chemicals and corresponding information on human activities that result in
intakes; the outputs are the observed biomarkers.
In the HBM4EU computational platform, a tiered approach will be followed, as already described in
the deliverable D12.2 - Report on the optimal methodology for exposure reconstruction from HBM
data. Based on the data availability (periodicity and size of sampling, specimen type) and the
requirements of the exposure reconstruction analysis (temporal analysis of exposure, contribution
from different routes), different methods will be explored starting from intake mass balance models
(LaKind and Naiman, 2015), exposure conversion factors (Tan et al., 2006), up to Maximum
Likelihood Estimates–PBTK modelling with synthetic biomarker data and MCMC analysis
(Georgopoulos et al., 2009).
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Accordingly, the user interface will display different options among which the user can select the
most appropriate one. The reverse dosimetry module will be implemented in the core of the
HBM4EU platform through ad-hoc scripts implemented in R, which will use the human
biomonitoring data together with the a-priori knowledge of the exposure determinants,
physiological, metabolic and biochemical parameters for individuals as input data and will take
advantage from the PBTK suite of models and the MCMC engine implemented in the platform to
infer plausible exposure scenarios consistent with the human biomonitoring data which represents
the final output of this module.
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8 Conclusions
The HBM4EU integrated exposure modelling platform is designed to offer the possibility to all its
users both within and outside the HBM4EU consortium to use a number of generally applicable
models useful for precise estimations of human aggregate exposure to chemicals through the
environment, consumer goods and at the workspace. These models which cover multi-media
environmental modeling, all possible exposure routes and pathways and internal dosimetry
(through a suite of PBTK models) allow the estimation of route-specific external exposure to
individual chemicals and/or mixtures thereof and the conversion of external exposure to internal
exposure and biomonitoring-relevant concentrations. The role of the HBM4EU exposure modeling
platform is central to the proper interpretation of HBM data and the translation of HBM results into
chemical risk assessment and policy recommendations on the population or sub-population level
for a number of EU regulatory frameworks such as REACH, all legislation serviced by EFSA,
occupational safety regulations, consumer safety strategy and the overall circular economy
package of the European Commission. It is designed to serve as a tool for joint work with WP5 and
WP10 in HBM4EU and it will be further refined incorporating comments and serving needs of the
HBM4EU stakeholder forum. Finally, the exposure modeling platform databases will be seamlessly
integrated with IPCheM in order to ensure that the input data used for modeling will be compatible
with the data collected in IPCheM and that the output data of the platform models will be readily
usable by the IPCheM data acquisition algorithms.
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