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1 Il ntroduction

The assessment of risks to human health from chemicals is of major concern for policy and
industry and ultimately benefits all citizens. In this process, exposure assessment is generally
considered to be the weakest point, as currently available tools show major flaws:

1 lack of integrated approach for assessment of combined stressors (i.e. a number of
potential pollutants);

T wi des pr e aworstuicaseosaerfariosileading to over-conservative results;

1 lack of uncertainty/sensitivity tools that allow identifying the important exposure drivers.

To overcome these drawbacks, the FP6 project 2-FUN produced prototype software
containing a library of models for exposure assessment, coupling environmental multimedia
and pharmacokinetic models. The objective of the 4FUN project is to further improve and
standardise the 2-FUN tool and guarantee its long term technical and economic viability.

The models classically used for exposure assessment (and health risk assessment in
general) involve a large set of entities, variables, numerical schemes and potential outputs,
and are by nature difficult to communicate in a comprehensive, unambiguous and accessible
way. Furthermore, no standard exists at international level to classify the information
requested for qualifying such large models, and no documentation protocol exists to structure
its communication. However, state-of-the-art in exposure modelling has shown that bad
communication in assumptions, theory, structure and/or parameterisation can lead to lack of
confidence, errors and poor reproducibility among different users.

This report seeks to overcome such drawbacks of large and complex exposure models by
proposing a standard documentation framework which facilitates an unambiguous and tiered
appropriation by end-users. The scope of the report and the proposed framework includes the
theoretical model and its data and computations, but not its translation into computer code,
and also not the user manual for the software tool. The associated research has been
conducted in close collaboration with the European Committee for Standardisation (CEN) and
its national member Austrian Standards, as developments in standardisation of large models
are likely of interest beyond the 2-FUN tool, and could be extended to other complex
modelling systems used in risk assessments.

(7]
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2 Ex ec utunvnea rsy

The standard documentation framework presented in this report has been derived from a review
of literature and of sample documentations of other large exposure models. From this, a list of
items has been distiled ( s ee Al ow | &nvlable 1)sthatrmust belcavered by a standard
documentation framework, which have been clustered aroundtopi cs ( see fAhi @ih
Table 1). The list of items and topics was then applied to the documentation of the EUSES

multimedia model (see Appendix B: Testing the documentation framework on existing multimedia

models: EUSES) and further refined based on the experience.

Table 1 Standard documentation framework for large exposure models

High level Low level Description
structure structure
Model Goal General statement of the model outputs of concern, the stressors and the degree of
purpose model accuracy and precision needed. Explanations of why you need to build a
complex model
Decisions or Explanations of what you are going to do with your model. Identify the (regulatory)
regulatory framework to be supported (e.g. REACH, PPP, screening assessment, etc.)
framework
Model Spatial scale/ | The spatial conditions (extent and resolution) and practical constraints under which
context/ resolution environmental data and processes were defined during the model development and
applicability over which it should be evaluated. Boundaries or domain, specify the area or volume
(spatial boundary) to which a model application will apply: Local, Regional,
continental, or global scale
Temporal The temporal conditions (extent and resolution) and practical constraints under which
scale/ environmental data and processes were defined during the model development and
resolution over which it should be evaluated. Boundaries or domain specify the time period
(temporal boundary) to which a model application will apply
User
community
Required
inputs
Output of To ensure transparency in the output being predicted by a given model, since a given
interest endpoint could be determined by different experimental protocols and under different
experimental conditions. Give units of measurement
System Boundary conditions of the system
limitations
Exposure The course a chemical takes from a source to an exposed organism. An exposure
pathways pathway describes a unique mechanism by which an individual or population is
exposed to chemicals at or originating from a site. Each exposure pathway includes a
source or release from a source, an exposure point, and an exposure route. If the
exposure point differs from the source, the transport/exposure medium (such as air)
or media (in cases of intermedia transport, such as water to air) are also included
Exposure The way a chemical or physical agent comes in contact with an organism, i.e.,
routes inhalation, ingestion, dermal contact. Describe the possible exposure routes of the
model
Fate, If fate, exposure and effect analyses are included or not
exposure and
effect
Chemical Outline the chemical range of substances that can be analysed with the model (e.g.

8
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considered organic pollutants and/or inorganic pollutants, etc.). If mixture toxicity is included in
the model, define the approach used to assess this. Define the origin of background
concentrations, if used

Media An environmental or human compartment assumed to contain a given quantity of the

considered chemical. Quantity of the chemical in the media is governed by inputs/outputs from/to
other media and by transformation processes (e.g. degradation): Air, water (fresh,
ground, sea, and etc), soil, sediment, vegetables, animals, etc and include a graphic
representation of the conceptual compartments

Human Define which part of the population is targeted with the model (worker, general

opulation population, division in subgroups, etc.)

Environmenta

Describe the prevailing environmental processes per compartment (e.g. for soil:

| processes leaching, run-off, etc.)
Human State the human processes taking place in the human body (e.g. accumulation,
rocesses excretion, distribution)
Model Initialisation Initial conditions assumed, i.e., what are the initial values of the state variables, is
component initialization always the same or changing among simulations?
Overview Environmental conditions which change over time and space, i.e., precipitation,
input data management (e.g. harvesting regimes)
State variable | The dependent variables calculated within a model, which are also often the
performance indicators of the models that change over the simulation
Forcing/ An external or exogenous (from outside the model framework) factor that influences
driving the state variables calculated within the model. Such variables include, for example,
variable climatic or environmental conditions (temperature, wind flow, oceanic circulation, etc.)
Parameters Terms in the model that are fixed during a model run or simulation but can be
changed in different runs as a method for conducting sensitivity analysis or to achieve
calibration goals. List the input parameters and their units necessary to perform a
simulation. State which kind of point value is required (e.g. mode, mean, etc.). State
which probability distributions can be applied for input values. Indicate if QSARs are
applied for which parameter in which part of the model
Constants A fixed value (e.qg., the gravitational force) representing known physical, biological, or
ecological activities. List the constants, their value and origin (reference)
Model The system of governing equations, parameterization, and data structures that make
structure/ up the mathematical model. The model framework is a formal mathematical
framework specification of the concepts and procedures of the conceptual model consisting of
generalized algorithms. Detailed explanation of all the sub-models representing the
processes l'i sted above i n 6Process
parameterization of the model. All model equations and rules should be presented
Model type Simulation vs. | Statement of the model type; simulation vs. optimization

19

optimization

Steady-state
versus
dynamic

Statement of the model type; static (steady-state) (A model providing the behaviour of
the state variables assumed to be in immediate equilibrium with all the other
interacting state variables or a model providing the long-term or time-averaged
behaviour of the state variables) vs. dynamic (A model providing the time-varying
behaviour of the state variables)

Deterministic
Vs. stochastic

Statement of the model type; deterministic (a model that provides a solution for the
state variables rather than a set of probabilistic outcomes. Because this type of model
does not explicitly simulate the effects of data uncertainty or variability, changes in
model outputs are solely due to changes in model components or in the boundary
conditions or initial conditions) vs. stochastic (a model that includes uncertainty and
variability (see definition) in model parameters. This variability is a function of
changing environmental conditions, spatial and temporal aggregation within the
model framework, and random variability. The solution obtained by the model or
output is therefore a function of model components and random variability)
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Lumped vs.
distributed

Statement of the model type: Solving a set of ordinary differential equations or solving
partial differential equations

Analytical or
numerical
model

Analytical (a model that can be solved mathematically in terms of analytical functions.
For example, some models that are based on relatively simple differential equations
can be solved analytically by combinations of polynomials, exponential, trigonometric,
or other familiar functions) or numerical model (a model that represents the
development of a solution by incremental steps through the model domain.
Simulations are often used to obtain solutions for models that are too complex to be
solved analytically. For most situations, where a differential equation is being
approximated, the simulation model will use finite time step (or spatial step) to
isi mul at e 0 c haiablpsoser time (orsspaae)) e

Mode (of a
model)

The manner in which a model operates. Models can be designed to represent
phenomena in different modes. Prognostic (or predictive) models are designed to
forecast outcomesand future event s, whil e diag
assess causes and precursor conditions

Screening
model

A type of model designed to pvese andveer.
Screening models can be used with limited information and are conservative, and in
some cases they can be used in lieu of refined models, even when time or resources
are not limited

Model
evaluation

Model coding
verification

Examination of the algorithms and numerical technique in the computer code to
ascertain that they truly represent the conceptual model and that there are no
inherent numerical problems with obtaining a solution

Input data

The accuracy, variability, and precision of input data. The source of parameter default
values, as well as PDFs, should be indicated in the SDP, with an explanation of the
process of parameter estimation (e.g. expert elicitation, extrapolation, statistical
treatment of environmental data)

Model
calibration

If applicable, the general explanation about model calibration

Model
framework/
structure
uncertainty

The uncertainty in the underlying science and algorithms of a model. Model
framework uncertainty is the result of incomplete scientific data or lack of knowledge
about the factors that control the behavior of the system being modeled. Model
framework uncertainty can also be the result of simplifications necessary to translate
the conceptual model into mathematical terms

Model
predictivity

The predictivity of a model, determined by using an appropriate test set. There is no
absolute measure of predictivity that is suitable for all purposes, since predictivity can
vary according to the statistical methods and parameters used in the assessment.

1 Indication is test set is independent from training set (if relevant)

9 Provide details on full test set

1 Representativeness of test set

Uncertainty
analyses

Investigation of the effects of lack of knowledge or potential errors on the model (e.g,
the Auncertaintyo associated with para
analysis (see definition), uncertainty analysis allows a model user to be more
informed about the confidence that can be placed in model results. Uncertainty
analysis can be qualitative or quantitative

Sensitivity
analysis

The computation of the effect of changes in input values or assumptions (including
boundaries and model functional form) on the outputs (Morgan and Henrion 1990);
the study of how uncertainty in a model output can be systematically apportioned to
different sources of uncertainty in the model input (Saltelli et al. 2000a). By
investigating the irelative sensitiuvi
knowledgeable of the relative importance of parameters in the model

t
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To tailor the communication to the needs of different users, 3-4 levels are proposed as the
4FUN standard documentation protocol (SDP):

Level 17 Basic Knowledge
Provides a general overview for end-users who trust model
developers on scientific, numerical and mathematical issues

Level 21 Process Knowledge
Targeted towards end-users, who want to have a clear understanding of the
scientific background and foundations of the model

Level 37 Numerical knowledge
Targeted towards end-users, who want to have a clear vision of all the
parameter values included in the model, to better capture the assumptions
related to the parameterization of the model

Level 47 Mathematical knowledge
For end-user who wants to deeply understand the equations that translate the
processes described at level 2

Alternatively, level 4 can be included in level 2, resulting in a 3 level structure. Level 1 would
be targeted at the user trying to figure out if the model fits his/her purpose. The medium level
would be targeted advanced users of the model, and level 3 would be more specifically for
the user that needs to carry out a parametric sensitivity analysis.

The proposed 4FUN standard documentation protocol is illustrated in detail in Chapter 7, by
applying it to the 4FUN freshwater model.

Furthermore, the 4FUN Consortium should consider gaining additional benefits from
standardisation. The following options are identified in this report that can be implemented
within the existing budget of 4FUN if considered useful and requested by the Consortium

1 Using available European or International Standards covering the analysis of various
media as a source for trusted and continuously updated parameters as well on accepted
scientific models and measurement methods for the 4FUN library (see Appendix A:
Analysis Standards covering various media).

1 Establishing formal links to the relevant Technical Committee at CEN and ISO to monitor
ongoing standardisation developments at a nominal cost, while retaining the option to
actively participate should proposals on relevant new standards emerge (see 8.2
Contributing to the development of a standard).

1 Consider developing this report into a CEN workshop agreement, thereby shaping a
standard framework representing consensus and expertise beyond 4FUN with potentially
important and strategic long-term benefits

[11]
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3 Large exposuaertd mbE@Maosd el

3.1 Introduction

The evaluation of health risks raised by chemical releases into the environment is of major
concern of regulatory bodies, policy makers, industries, and the public. The integrated study
of contaminant release, transport, fate, exposure, dose, and response is the basis for the
environmental health risk assessment paradigm (Figure 1).

Multimedia models (MM models) such as CalTOX (McKone, 1993a), EUSES (Vermeire et
al.,1997), RAIDAR (Arnot et al., 2006), TRIM.FaTE (US EPA, 2005) are used to evaluate the
fate of chemicals in the environment and also the human exposure to chemicals.
Physiologically based pharmacokinetic (PBPK) models are used to predict the internal
effective concentrations in the target internal tissues where toxic effects arise. Coupling such
PBPK models with the MM models allows a comprehensive evaluation of environmental
health risks, in line with the paradigm described in the table below.

Source characterization
————————————————————————————— | )

I - -
! Release medium concentration : Jv'
|

_____________________________

Fate and transport modelling

. . . 1
I Environmental medium concentration : ‘lr
1

Exposure modelling

| . |
| Applied dose | ‘L

PBPK modelling

k

Dose-response modelling

v

Risk
Figure 1 Integrated environmental health risk assessment paradigm (Ramaswami et al., 2005)

A large exposure model integrating MM and PBPK models was developed and demonstrated
in the European projec t ( FP6) -mlaNteultt¢hain2and uncertainty approaches for
assessing health risks in future environmental scenarios). Presently the 4FUN project was
launched with the purposes to improve and standardize the model (hereafter, the 4-FUN
model).

The objectives of this chapter are to give a general description of main components of MM
and PBPK models, and to present the specificity of the 4FUN model.

3.2 Description of main components of MM/PBPK models

Many MM and PBPK models are set up in compartment or box formats where the
environment or the human anatomy is divided into a number of volumes or boxes, which are
fixed in space and are usually treated as being homogeneous, i.e. well-mixed, in chemical
composition. Such models are generally composed of mass balance equations which account
for the production, loss, and accumulation of the contaminant within a specified control
volume. Transport phenomena and physical, chemical, and biological transformations are
represented within the framework of this fundamental concept. In some of these models the

[12]
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mass balance principle is expressed mathematically as a time-dependent differential
equation:

— — U O V€& oD Yo Ywodh
Qo0 Qo

where M is the mass of the contaminant within the control volume, V is its volume, C (=M/V)
is the concentration, t is time, Minand Mout are the transport rates across the boundaries of the
control volume from and to the surrounding environment, respectively, S is the source
emission rate, and Rxn is the rate of internal reactions that may either produce or consume
the contaminant. Figure 2 illustrates the mass-balance principle within a well-defined control
volume.

Multimedia

A, | human exposure
Trasepen b Transpoit™~ .

Inflow

Chemical wansportations

in Medinm 1

e

Direct Source

Emission o

Medium 1

Figure 2 lllustration of mass balance principle for multimedia models (Ramaswami et al., 2005)

MM models calculate the distribution of pollutants in multiple environmental media, i.e., air,
water, soil, vegetation by considering inter-media pollutant transfers. Combined with the
information about human behaviours such as dietary habit, time spent outside/inside, and
types of activities, the multimedia models can provide an estimation of the daily chemical
intake by inhalation, ingestion, and dermal intake by the population of interest.

Once the exposure scenario is identified, the dose-response assessment is typically achieved
by comparing exposure outputs (e.g., the daily intake) to the reference doses estimated from
toxicological data. Currently, risk assessment methodologies involve integrative dose-
response models that link the external dose (e.g., environmental concentration) to the
adverse effects. However, the use of such simple dose-response models does not reflect the
current understanding of the mode of action of a chemical and does not facilitate
extrapolations to other scenarios (species, exposure routes, etc). Thus the determination of
internal effective concentrations, i.e., in the target tissues where toxic effects arise, is required
to characterize accurately the link between an external exposure and the internal dosimetry
that may be associated with the observed effects (Andersen and Dennison 2002).

PBPK models have been developed to predict the internal effective concentrations in the
target internal tissues where toxic effects arise. PBPK models are quantitative descriptions of

[13]
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the absorption, distribution, metabolism and excretion (ADME) of chemicals in biota based on
interrelationships among key physiological, biochemical and physicochemical determinants of
these processes (WHO 2010). Moreover, these models are well-suited for integrating
available information on age- or gender-dependent changes and then evaluating the
influence of these changes on the internal dosimetry (Clewell et al. 2004; Beaudouin et al.
2010). A dose-response model is then applied to link the effective concentration to the
adverse effects. Figure 3 illustrates the structure of an inhalation PBPK model for a volatile
organic chemical.

Inhaled  Exhaled

t
Pl S

'—{ Adipase tissue J<—
t—{ Richly perfused tissues ]-—
e—{ Poorly perfused tissues }-—

D e
\—D Metabolism

Figure 3 lllustration of the structure of an inhalation PBPK model for a volatile organic chemical (WHO,
2010)
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3.3 Specificity of 4FUN model

The 4FUN model currently comprises 24 sub-models'. One half of them deal with organic
substances (organic sub-models) and the other half with inorganic substances (metal sub-
models). The model considers 1 medium for the human body and the following 11
environmental media; air, fresh water, soil, plant (root, potato, leaf, grain, grass, and fruit),
fish, cow, and each sub-model corresponds to one medium. The human medium is dealt with
by PBPK sub-models. Combining the PBPK sub-models with the environmental sub-models,
the 4FUN model is capable of estimating the concentrations of pollutants in the environmental
media, the external exposure dose via ingestion and inhalation, and the internal effective
concentrations in human tissues and organs. An overall diagram of the 4FUN tool is
presented in Figure 5.

The platform system of the 4FUN model stores all the sub-models in a library. From the
library, model users can flexibly select and connect the sub-models depending on exposure
scenarios designed by the users. The effective graphical interfaces of the platform system
can facilitate a comprehensive identification and visualization of the exposure pathways and
of the roles of different sub-models in terms of their transfer relationships (see Figure 4).

! Some new sub-models could be added through the 4FUN project.

[14]
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Figure 4 Visualization of the 4FUN model in the platform system

Other prominent features of the 4FUN model are summarized as follows:

A dynamic model;

Performing deterministic or probabilistic simulations;

Performing Monte Carlo or Latin Hypercube sampling for probabilistic simulations;
Availability of many types of probability density functions applied to input parameters;
Availability of a wide range of methods for sensitivity and uncertainly analyses, such as
Pearson, Spearman, EASI correlation coefficients, regression coefficients, the Morris
method, and other methods;

1 Capability to conduct lifetime risk assessments for different population groups (general
population, children at different ages, pregnant women).

= =4 =8 -8 =9

3.4 Summary

The 4FUN model is a large, complex, and integrated tool. The model is capable of conducting
a full-chain lifetime risk assessment for different population groups by estimating chemical
concentrations in the environment, external exposure doses, and internal effective
concentrations. The user-friendly platform system facilitates the usage of the model.

From perspectives of potential model users, what will be needed next is a comprehensive
document which describes the 4FUN model in a well-structured and transparent manner. A
standard format for describing such a large model is proposed in this deliverable. The
complete documentation of the 4FUN model based on the standard format is expected to
make model users deeply understand the model and to prevent them from misusing it.

[15]
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4 St andarfdriazneedwor ks f or | arge expo

4.1 Introduction

A standardized framework for large exposure models should describe all the aspects of such
a model in a structural, transparent, and reader-friendly manner. Some proposals to form the
frameworks for describing computational models have already been made by several
scientific groups in different domains. In this section, essences of those proposals are
summarized in order to find out all the features that are indispensable to describe a large
exposure model and to give ideas to form an optimal structure of a standardized
documentation model.

4.2 US EPA (2009) i Guidance on the development, evaluation and application
of environmental models

US EPA (2009) presents recommendations for the effective development, evaluation, and use
of environmental models in environmental decision making. In the document, the
recommendations are categorized into three basic steps: Model development, model
evaluation, and model application. This document lists the three steps in the following table
(see Table 2).

Table 2 Basic steps in the process of modelling for environmental decision making (US EPA 2009)

Step Modeling Issues
Problem identification and | Definition of model T Goal
specification: to determine the right | pur pose 1 Decisions to be supported
decision-relevant  questions  and 9  Predictions to be made
establish modelling objectives Specification of f  Scale (spatial and temporal)
modelling context 1 Application domain

1  User community

1 Required inputs

1 Desired output

Y Evaluation criteria
Model development: to develop the | Conceptual model 1  Assumptions (dynamic, static,
conceptual model that reflects the | formulation stochastic, deterministic)
underlying science of the processes i State variables represented
being modelled, and develop the 1 Level of process detail

mathematical representation of that necessary

science and encode these Scientific foundations
mathematical ~ expressions in  a ["Computational Algorithms

computer program model development Mathematical/computational
methods

Inputs

Hardware platforms and
software infrastructure
User interface
Calibration/parameter
determination
Documentation
Theoretical corroboration

= —a E I IE ]

= —a

Model evaluation: to test that the | Model testing and
model  expressions have been | revision Model components verification
encoded correctly into the computer Corroboration (independent
program and test the model outputs data)

by comparing them with empirical data Sensitivity analysis
Uncertainty analysis
Robustness determination

Comparison to evaluation
criteria set during formulation

= —a —a|—a

= —a —a
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Model application: running the model | Model use 1 Analysis of scenarios
and analyzing its outputs to inform a 91 Predictions evaluation
decision 1 Regulations assessment
1 Policy analysis and evaluation
1  Model post-auditing
Over the content of Table2a b o v e, t he f irrobtl etmwd deairttid,i c@R i on
and O6Model devel opment 6, can be more relevant

template to describe models, because those parts point out fundamental aspects that can be
essential to be described for any type of computational model. US EPA (2009) further
categorizes these parts into three main steps: (1) problem specification and conceptual model
development, (2) mathematical model development, and (3) parameterization of model. In the
document, several points are remarked within each main step from (1) to (3). These points are
summarized according to our goal in the following Tables.

Table 3 Problem specification and conceptual model development

Points Descriptions

Modelling objectives Statement of the model outputs of concern, the stressors, appropriate
temporal and spatial scales, and the degree of model accuracy and precision
needed

The type of model Statement of the model type; empirical vs. mechanistic, static vs. dynamic,
simulation vs. optimization, deterministic vs. stochastic, and lumped vs.
distributed

The scope of model Spatial, temporal and process details - are they simple or complex (model

complexity)?

Determination of data criteria Development of data quality objectives (DQOsZ) and specification of the
acceptable range of uncertainty

Deter mi nati on ¢ ldentification of the environmental domain to be modelled and then specifying
domain of applicability the processes and conditions within that domain, including the transport and
transformation processes relevant to the policy/management/research
objectives, the important time and space scales inherent in transport and
transformation processes within that domain in comparison to the time and
space scales of the problem objectives, and any peculiar conditions of the
domain that will affect model selection or new model construction

Development of the conceptual | Description of the most important behaviours of the system, object, or process
model relevant to the problem of interest: the clarification of each element of the
conceptual model and the science behind each element (e.g., laboratory
experiments, mechanistic evidence, empirical data supporting the hypothesis,
peer-reviewed literature) in mathematical form, when possible

Table 4 Mathematical model development

Points Descriptions
Mathematical specification Mathematical specification of the concepts, procedures, and behaviours
underlying the system, object, or process relevant to the problem of

2 The DQO Process is a seven-step planning approach to develop sampling designs for data collection activities
that support decision making. This process uses systematic planning and statistical hypothesis testing to
differentiate between two or more clearly defined alternatives (US EPA 2000a).
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interest, and the description of scientific justification of the model; i.e., if
sound science (including peer-reviewed theory and equations) supports
the underlying hypothesis?

Model coding and verification Several tips to minimize programming errors

Table 5 Parameterization of model

Points Descriptions
Input data The accuracy, variability, and precision of input data
Model calibration The general explanation about model calibration

Strenghts and usefulness

1 The US EPA document reviewed here covers the majority of aspects related to a MM
model and a standard documentation framework

9 It presents a comprehensive approach to analyse the relevance and reliability of a MM
model

9 It provides a detailed overview of issues to consider when developing complex
environmental models

Weaknesses

9 Strictly speaking, the document does not propose a structured framework for
documentation since all the information seems to be delivered at the same level.

1 It misses some aspects (model developer, software related features, operating system,
etc.) related to the general model information

9 It is sometimes too general to describe a multimedia model (more detail on different
aspects of the models are necessary)

4.3 Grimm and Railsback (2005), Grimm et al (2006) and Grimm et al (2010) -
The fiOverview, Design concepts, and Details (ODD)o framework

Grimm and Railsback (2005) initially proposed the basic idea of a standard protocol for
explaining simulation models used in the ecological field; those models describe autonomous
individual organisms (individual-based models, IBM) or agents (agent-based models, ABM).
The basic idea was revised by Grimm et al (2006) and subsequently by Grimm et al (2010).
Due to the complexity of IBMs in their structures, their published descriptions are generally
hard to read, incomplete, ambiguous, and therefore less accessible. The standard protocol
was then proposed to make reading and understanding IBMs easier for readers. The protocol
consists of three blocks (Overview, Design concepts, and Details), which are subdivided into
seven elements: Purpose; state variables and scales; process overview and scheduling;
design concepts; initialization; input; and sub-models. The proposed standard protocol was
developed and tested by 28 modellers who cover a wide range of fields with ecology.
According to the revision proposed by Grimm et al (2010), the ODD protocol is summarized in
the following Table 6.
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Table 6 Summary of the ODD concept

GA-No.: 30844

Main categories

Sub-categories

Descriptions

Overview

Purpose

Explanations of why you need build a complex model

Explanations of what you are going to do with your model

Entities, state
variables, and
scales

The structure of a model by hierarchical levels of entities
(individual 1 territory i population i environment)

The full set of state variables ( low-level variables ), i.e.,
individuals (age, sex, social rank, and etc ) or habitat units
(location, soil type, and etc)

The temporal and spatial scales

Process overview
and scheduling

A verbal & conceptual description of each process and its effects
defined in a model (a concise overview)

The scheduling of the model processes, i.e., the orders in which
the state variables are updated (winter mortality-eviction-
inheritance-dispersal-re-<c ol oni zati onéé.) by

Design concepts

Design concepts

Basic principles, emergence, adaptation, objectives, learning,
sensing interaction, stochasticity, collectives, and observation

Details

Initialisation Initial conditions assumed, i.e., what are the initial values of the
state variables, is initialization always the same or changing
among simulation?

Input data Environmental conditions which change over time and space, i.e.,
precipitation, management (e.g. harvesting regimes)

Sub-models Detailed explanation of all the sub-models representing the

processes |isted above in O0Pro

the parameterization of the model.
Two versions of the detailed model description are proposed:

1. The model equations and rules and one or more
tables presenting the model parameters and
their dimensions;

2. This version has the same structure as the first
version but each equation and parameter is
verbally explained in full detail, i.e., what
specific assumptions are underlying the
equations and rules?, how were parameter
values chosen?, How were sub-models tested
and calibrated?

Strenghts and usefulness

1 The ODD framework specifically focuses on documentation rather than the development

of models
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9 It was tested on actual models in the field of ecological modelling

1 The information is structured enabling the user to have the appropriate level of information
at the right tier

1 Flow charts are proposed for a better understanding of the dependency between variables

1 The ODD concept can then be partly used for constructing a basic format of a standard
documentation protocol (SDP)

Weaknesses

1 The protocol was developed to be applied in the ecological field, which contains a lot of
aspects not relevant for multimedia models.
1 Model evaluation and application is not covered in the ODD protocol.

4.4 CEMN (Canadian Environmental Modelling Network) (2005) i Development
and application of models of chemical fate (Modelling guidance document)

The CEMN report (2005) was written to support the novice model-user in understanding
when, why, and how to use models of chemical fate in the environment. The document
consists of four main parts that describe (1) Canadian regulatory background, (2)
environmental fate models in general, (3) CEMN models, and (4) aspects of interpreting
model results. Over those parts, a topic which may be useful to enrich the content of a SDP
was found in part (2). In the part (2), the categorization of models by levels of model
complexity is illustrated from the simpler models which are easiest to understand and have
fewest data requirements, to the complex models which become more challenging to
understand and require a lot of input data. The categorization of models is summarized in the
following Table 7.

Table 7 Summary of levels of complexity in multimedia models

Levels Assumptions

| Models merely show the relative equilibrium partitioning of a conserved (i.e. non-reacting)
chemical in a multimedia setting. They assume equilibrium and steady-state to apply in
the closed system.

Il Models include degrading reactions and advective loss but assume all media are at
equilibrium, so only one fugacity3 and one mass balance equation applies. They assume
equilibrium and steady-state to apply in an open system with inputs and outputs. Mode-of-
entry is irrelevant because the chemical immediately establishes equilibrium upon
introduction to the system.

1 Models assume steady-state, i.e., conditions are constant with time but compartments are
not at equilibrium and different fugacities apply to each medium. Rates of inter-media
transport are calculated. Mode-of-entry information is needed.

\! Models are dynamic. They are most often used to determine how long it will take for
concentrations to change as a result of changing rates of emissions.

In the context of the CEMN report (2005), this categorization is discussed along with fugacity-
based multimedia models which were developed by the CEMN. However, concerning that the
concept of fugacity is a surrogate for and is proportional to concentration, those fugacity-
based models are identical to concentration-based models such as 2-FUN tool, in terms of the
mass-balance concept. Therefore, the way of categorizing models present in the table could

8 Fugacity is a surrogate for concentration. It is a criterion of equilibrium and is essentially partial pressure
(measure in Pa) and is assumed to be proportional to concentration.
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be also applied to concentration-based models in order to indicate the complexity of a model
that we use.

Strenghts and usefulness

1 Indication of relative complexity of a model according to the definition provided by CEMN
report (Level I 7 V) is now commonly used among the MM model users/developers

Weaknesses

1 The guidance document does not give a stepwise overview of the steps needed to
describe a procedure for a model protocol. It describes the processes and pathways in
details

9 The categorization of models by Level | T 1V may not be so useful for general model users
who are not familiar with MM models

45 OECD (2007) - Guidance document on the validation of quantitative
structure-activity relationship (QSAR) models

OECD (2007) presents detailed guidance that explains and illustrates the application of the
validation principles to different types of QSAR models, based on agreed OECD principles of
QSAR validations. QSAR models are conceptually different from MM models; briefly
speaking, they are based on regression analysis between compounds molecular descriptors
and a defined endpoint (e.g. toxicological or ecotoxicological endpoints, substance-specific
fate parameters such a sl orgarincarpod/watet paniitionccoeffisienta n t ,
(Koc), octanol/water partition coefficient (Kow), Bioaccumulation factor for fish (BAF for fish),
and etc). It is then not possible to directly apply rules defined for the description of QSAR
models for MM models, but it appeared useful to analyse the OECD specifications
recommended for the documentation of such models. According to the OECD principles, a
QSAR model should be associated with the following information: (1) a defined endpoint, (2)
an unambiguous algorithm, (3) a defined domain of applicability, (4) appropriate measures of
goodness-of-fit, robustness and predictivity, and (5) a mechanistic interpretation, if possible.
The following Table 8 and Table 9 present a summary of explanatory notes for OECD
principles of QSAR validation and a check list of the interpretation and application of the
OECD principles.

Table 8 Summary of explanatory notes for OECD principles of QSAR validations

Principles Descriptions

A defined endpoint4 The principle is intended to ensure transparency in the endpoint
being predicted by a given model, since a given endpoint could
be determined by different experimental protocols and under
different experimental conditions. Ideally, QSAR models should
be developed from homogeneous training set of data® generated
by a single protocol. However, this is rare in practice, and data
generated by different protocols are often combined.

An unambiguous algorithm The principle is intended to ensure transparency in the
description of the model algorithm, e.g. algorithms of multiple

4 Endpoints refer to any physicochemical, biological or environmental effects that can be measured and therefore
modeled, e.g. vapour pressure, Kow, biodegradation, bioaccumulation, acute fish toxicity, skin irritation and etc.

® If endpoint data are available for a sufficient number of chemicals, the data set is often divided into a training set
of data, used to derive the model through the application of a statistical method, and a test set of data, containing
chemicals not used in the derivation of the model but used to evaluate the model
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linear regression (MLR) , principal component analysis (PCA),
principal component regression (PCR), and etc.

A defined domain of applicability This principle states the need to establish the scope and
limitations of a model based on the structural, physicochemical
and response information in the model training set. The
importance of the principle lies in the fact that a given model can
only be expected to give reliable predictions for chemicals that
are similar to those used to develop the model. Predictions that
fall outside the applicabilty domain (AD) represent
extrapolations, and are less likely to be reliable. When applying
a QSAR model, it is important to know whether its AD is known,
and whether it is being used inside or outside of this boundary.

Appropriate measures of goodness-of-fit, | This principle states the need to provide two types of
robustness and predictivity information: (1) the internal performance of a model (as
represented by goodness-of-fit and robustness), determined by
using a training set; and (2) the predictivity of a model,
determined by using an appropriate test set. There is no
absolute measure of predictivity that is suitable for all purposes,
since predictivity can vary according to the statistical methods
and parameters used in the assessment.

A mechanistic interpretation The principle is intended to ensure that there is an assessment
of the mechanistic associations between molecular descriptors
used in a model and the endpoint being predicted, and that any
association is documented.

Table 9 Check list of the interpretation and application of the OECD principles (extracted from OECD
(2007))

Principle Considerations
Is the following information available for the model?

Yes/No/NA

1) Defined endpoint

11 A clear definition of the scientific purpose of the model (i.e. does it make
predictions of a clearly defined physicochemical, biological or
environmental endpoint)?

1,2 The potential of the model to address (or partially address) a clearly defined
regulatory need (i.e. does it make predictions of a specific endpoint
associated with a specific test method or test guideline)?

1,3 Important experimental conditions that affect the measurement and
therefore the prediction (e.g. sex, species, temperature, exposure period,
protocol)?

1,4 The units of measurement of the endpoint?

2) Defined algorithm

2,1 In the case of a SAR, an explicit description of the substructure,
including an explicit identification of its substituents?

2,2 In the case of a QSAR, an explicit definition of the equation, including
definitions of all descriptors?
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3) Defined domain of applicability

3,1 In the case of a SAR, a description of any limits on its applicability (e.g.
inclusion and/or exclusion rules regarding the chemical classes to which the
substructure is applicable)?

3,2 In the case of a SAR, rules describing the modulatory effects of the
Ssubstructureds mol ecul ar environmen

3,3 In the case of a QSAR, inclusion and/or exclusion rules that define the
following variable ranges for which the QSAR is applicable (i.e. makes
reliable estimates):

a) descriptor variables?
b) response variables?
34 A (graphical) expression of how the descriptor values of the chemicals in the

training set are distributed in relation to the endpoint values predicted by the
model?

4A) Internal performance

4,1

Full details of the training set given, including details of:

a) number of training structures b) chemical names

¢) structural formulae d) CAS numbers

e) data for all descriptor variables f) data for all response variables
g) an indication of the quality of the training data?

4,2

a) An indication whether the data used to the develop the model were
based upon the processing of raw data (e.g. the averaging of replicate
values)

b) If yesto a), are the raw data provided?

c) Ifyesto a), is the data processing method described?

4,3

An explanation of the approach used to select the descriptors, including:
a) the approach used to select the initial set of descriptors b) the initial
number of descriptors considered

c) the approach used to select a smaller, final set of descriptors from a
larger, initial set

d) the final number of descriptors included in the model ?

4,4

a) A specification of the statistical method(s) used to develop the model
(including details of any software packages used)

b) If yes to a), an indication whether the model has been
independently confirmed (i.e. that the independent application of the
described statistical method to the training set results in the same model)?

45

Basic statistics for the goodness-of-fit of the model to its training set (e.g. r2
values and standard error of the estimate in the case of regression models)?

4,6

a) An indication whether cross-validation or resampling was performed
b) If yes to a), are cross-validated statistics provided, and by which method?
c) Ifyesto a), is the resampling method described?

4,7

An assessment of the internal performance of the model in relation to the
quality of the training set, and/or the known variability in the response?

4B) Predictivity

4,8

An indication whether the model has been validated by using a test set that is

[24]
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independent of the training set?

4,9 If an external validation has been performed (yes to 4.8), full details of the
test set, including details of:

a) number of test structures b) chemical names

¢) structural formulae d) CAS numbers

e) data for all descriptor variables f)  data for all response variables

g) an indication of the quality of the test data?

4,10 If an external validation has been performed (yes to 4.8):

a) an explanation of the approach used to select the test structures,
including a specification of how the applicability domain of the model is
represented by the test set ?

b) was the external set sufficiently large and representative of the training
data set?

c) a specification of the statistical method(s) used to assess the predictive
performance of the model (including details of any software packages used)
d) a statistical analysis of the predictive performance of the model (e.qg.
including sensitivity, specificity, and positive and negative predictivities for
classification models)

e) an evaluation of the predictive performance of the model that takes into
account the quality of the training and test sets, and/or the known variability
in the response

f) acomparison of the predictive performance of the model against
previously-defined quantitative performance criteria?

5) Mechanistic interpretation

51 In the case of a SAR, a description of the molecular events that underlie the
properties of molecules containing the substructure (e.g. a description of how
substructural features could act as nucleophiles or electrophiles, or form part
or all of a receptor-binding region)?

52 In the case of a QSAR, a physicochemical interpretation of the
descriptors that is consistent with a known mechanism of (biological) action?

5,3 Literature references that support the (purported) mechanistic basis?

54 An indication whether the mechanistic basis of the model was
determined a priori (i.e. before modelling, by ensuring that the initial set of
training structures and/or descriptors were selected to fit a pre-defined
mechanism of action) or a posteriori (i.e. after the modelling, by
interpretation of the final set of training structures and/or descriptors) ?

Strenghts and usefulness

1 The OECD document reported here covers the majority of aspects related to a standard
documentation framework. Moreover, it is already an internationally accepted standard

9 It corresponds to a very precise way to document the development and verification of a
model.

1 The validation protocols of QSAR methods could be partly used to evaluate the equations
in a MM model if those equations were derived empirically

Weaknesses

1 It does not deal with multimedia models but other type of models

9 Such approach is not applicable to all MM models

1 The evaluation of equations in a MM model may be out of scope of a Standard
Documentation Protocol
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4.6 Bilitewski et al (2013) 7 Global risk-based management of chemical
activities Il, risk-based assessment and management strategies

A chapter of Bilitewski et al (2013) describes nine MM models and evaluates them by
predefined principal characteristics. Those nine models consist of six models used to assess
the chemical fate in environmental compartments (Qwasi, ChemCAN, CHEMGL, GREAT-ER,
SimpleBox, BETR) and of three models used to assess it in both environmental and human
compartments (CalTOX, ExtraFood, 2-FUN Tool). The principal characteristics listed above
depict some basic aspects of MM models of which model-users should be informed, and thus
some of the aspects can be incorporated into the SDP of a MM model. The following Table 10
shows principal characteristics discussed in Bilitewski et al (2013).

Table 10 Principal characteristics of multimedia models

Principal characteristics

Descriptions

Impact categories (model outputs)

Eco-toxicity impacts and/or human toxicity impact

Exposure routes

Ingestion, inhalation, dermal contact

Fate, exposure and effect

If fate, exposure and effect analyses are included or
not

Chemical considered

Organic pollutants and/or inorganic pollutants

Media considered

Air, water (fresh, ground, sea, and etc), soil,
sediment, vegetables, animals, and etc

Spatial variation

Regional, continental, or global scale

Source code availability

Model availability

Commercial model or free model

Dynamic or steady-state

Availability for sensitivity and uncertainty analyses

Population category

If the differences in man/woman and adult/child are
considered or not

As an example, Table 11 of principal characteristics depicting the CalTOX is presented

below.
Table 11 Principal characteristics of the CalTOX

Principal characteristics

Descriptions

Impact categories (model outputs)

Human toxicity

Exposure routes

Ingestion, inhalation, dermal contact

Fate, exposure and effect

Fate, exposure and effect are considered
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Chemical considered Organic and inorganic compounds

Media considered Air, water, sediments, three soil layers, vegetation
(two sub-compartments)

Spatial variation Not considered

Source code availability Yes, as Excel spreadsheet

Model availability Freely available

Dynamic or steady-state Dynamic

Availability for sensitivity and uncertainty analyses Yes

Population category Not considered

Strenghts and usefulness

1 The tables proposed by Bilitewski et al (2013) provide a good high level overview.
1 The principal characteristics could be partly used to describe a MM model.

Weaknesses

9 It does not provide a framework.

1 The description for each principal characteristics is poor.

9 It does not consider the model approach (deterministic/probabilistic, etc.), software related
information, model application.

4.7 Summary of a literature study on currently existing multimedia models

A literature study on currently existing multimedia models was performed in the framework of
the SWOT analysis of the 4FUN project (Bilitewski, 2009a,b; Fryer et al., 2006; Fryer et al.,
2004; Furtaw et al., 2001; Huijbregts et al., 2005; Maddalena et al., 1995; Park et al., 2006;
Pistocchi et al., 2010; Rong-Rong et al., 2012; US EPA, 1999; WHO, 2005)

From this literature study, essential keypoints of aspects/compartments necessary to build
and report large multimedia exposure models were identified. The identified keypoints are
based on the list of criteria following four lines of evidence (reliability, relevance, user-
friendliness and uncertainty), which are presented in Table 12. The list of criteria following the
relevance line of evidence is based on the requirements of three regulatory frameworks,
REACH, PPP and Biocide regulations/directives.

Table 12 Identified keypoints for documentation of multimedia models

STEP KEYPOINTS DESCRIPTION
General model | Model developer Define the identity and contact details of the model
information developer.
Helpdesk Indicate if there is an external helpdesk
Communication with other E.g. import/export from excel
software
Operating systems E.g. Windows, Mac, etc.
References Quote the references used to describe the model
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Model context

Model approach

Probabilistic/deterministic, empirical/mechanistic,
simulation/optimization, lumped/distributed

Model range

Define the boundary conditions

Model complexity

Define the degree of complexity (based on fugacity level)

Temporal resolution

Describe the static/dynamic approach

Spatial resolution

Define the spatial resolution of the model (e.g. local,
regional, etc.)

QSAR Define and describe which QSARs are applied in which
part of the model
Model Population Define which part of the population is targeted with the

development

model (worker, general population, division in subgroups,
etc.)

Exposure routes

Described the possible exposure routes of the model (e.g.
ingestion, inhalation, dermal absorption)

Compartments

Give an overview of all compartments studied and include
a graphic representation of the conceptual model

Environmental processes

Describe the prevailing environmental processes per
compartment (e.g. for soil: leaching, run-off, etc.)

Human processes

State the human processes taking place in the human
body (e.g. accumulation, excretion, distribution)

Exposure time range

Identify whether the model covers acute and/or chronic
exposure

Equations and statements

Define the equations and statements per compartment

Chemical substance

Outline the chemical range of substances that can be
analysed with the model (e.g. metals, organics, etc.)

If mixture toxicity is included in the model, define the
approach used to assess this.

Define the origin of background concentrations, if used.

Input parameters

List the input parameters and their units necessary to
perform a simulation

State which kind of point value is required (e.g. mode,
mean, etc.)

State which probability distributions can be applied for
input values.

Default parameters

List the default parameters, their value and origin
(reference)

Risk management measures

Define the use of risk management measures if
applicable

Model
evaluation

Model validation

Indicate the validation process performed for the selected
applications of the model

Error messages

List the main error messages which might be occurring

Process time

Provide suggestions on how to speed up the simulation

Uncertainty

Explain how to display predicted exposure profiles and
uncertainties

Probabilistic approach

Define the different probabilistic approaches possible and
their applicability domain
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Sensitivity analysis Described the sensitivity analysis to determine key inputs
and parameters
Output Results accessibility Define how to obtain intermediate results
Reporting State the functions to build a report
Graphs/tables Define how to build a graphical and tabular output
Model Model framework/purpose Identify the (regulatory) framework (e.g. REACH, PPP,
application screening assessment, etc.)
Scenario analysis Describe how to run the model with several conditions,
assumptions or mathematical approaches

In scientific literature, most attention is paid to the model development aspect of the
multimedia model. In model development all routes and exposure pathways are discussed in
detail in most papers. Nonetheless, other aspects such as model context, model application
and model evaluation are very important in the documentation of multimedia models as these
can largely influence the interpretation, applicability and uncertainty of the results obtained
from the model for a certain application. The general information and output is important for
the traceability and the user-friendliness of a model.

Strenghts and usefulness

1 The literature study identifies concrete key points of aspects and compartments applicable
to a large number of MM models
It covers a series of scientific publications and is therefore fibr oadl y o appl i ed
Additional important points compared to the previous documents are treated here,
especially concerning how to use the model easily (elements concerning friendliness)
1 Key elements to be described in a SDP are comprehensive and well identified. The table

in this section can be a good model for the content of a SDP

T
T

Weaknesses

1 It was originally developed for the purpose of a SWOT analysis and not for a standard
documentation framework
1 Some points are more suitable for a user manual than for a standard framework

[29]



D4.1: Standard framework for large exposure models GA-No.: 30844

5 1 nternati onaoln dtaarngdearedxsposur e mo

5.1 Introduction

Standards are agreed definitions or specifications of units, methods, products, processes or
services. They provide people or organisations with a basis for mutual understanding and
exchange, and are used as tools to facilitate communication, measurement, commerce and
manufacturing. Standards are everywhere in a developed and modern economy, - they make
life easier and safer for businesses and consumers. Standards are useful for optimizing
performance, ensuring the health and safety of consumers and workers, protecting the
environment and enabling companies to comply with relevant laws and regulations. Most
people are aware of Standards for building materials, paper size (such as A4), optical media
(such as DVD), mobile telephones (such as GSM), connecting cables (such as USB and
HDMI), or for bank transactions (such as SWIFT or BIC codes), to name but a few examples.

There are many thousand Standards spanning all sectors of the economy. The can be
categorised into four major types:

1 Fundamental Standards which concern terminology, conventions, sings and symbols

I Test methods and analysis Standards which measure characteristics such as chemical
composition physical properties

1 Specification Standards which define the characteristics of a product or a service and their
performance thresholds such as fitness for use, interface and interoperability, health and
safety or environmental protection

9 Organisation Standards which describe the functions and relationships of a company as
well as elements such as quality management and assurance, environmental
management, risk management, maintenance, system management, etc

International Standards are approved by recognized International Standardization Bodies
(such as ISO, IEC and ITU) and have been through a process of public enquiry followed by a
vote of approval by member countries and final ratification. They are reviewed periodically and
either confirmed for a further period or revised in the light of changes in regulations or
technical capabilities. Standards are voluntary and not legally binding regulations. However,
Standards can be referenced by law and thereby made binding. They are also often
referenced in public procurement contracts and they are a preferred basis for a technical
expertise requested by a judge or an arbitration panel. Finally, they can also be used as a
basis for certification schemes determining if a product or service meets certain standards and
resulting in a certification mark or label displayed on the product or in connection with the
service.

European Standards are Standards adopted by CEN, CENELEC and/or ETSI, and have an
approval process and quasi-legal characteristics similar to International Standards as
described above. They are made available in English, French and German and are valid
throughout the entire European single market consisting of 500 mio inhabitants and 30
countries. The content of a European Standard does not conflict with the content of another
European Standard and all conflicting national standards are withdrawn. European Standards
have played an important role in creating the single market by reducing technical barriers to
trade. The so called A Ne w A p pdefinadcirh @ European Council Resolution in 1985,
introduced, among other things, a clear separation of responsibilities between the EU
legislator and the European standards bodies in the legal framework allowing for the free
movement of goods. Specifically, EU directives or EU regulations define the "essential
requirements”, e.g., protection of health and safety, which goods must meet when they are
placed on the market. The European standardisation bodies have the task of drawing up the
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corresponding technical specifications meeting the essential requirements of the directives,
compliance with which provides a presumption of conformity with the essential requirements.
Such specifications that have been mandated by the EU are referred to as "Harmonised
Standards". ®

In the field of research and development, European and International Standards can play an
important role in bridging the gap between innovation and the market by

reducing overall costs to get to market (no need to reinvent the wheel);

enabling interoperability between new and existing products, services and processes;
providing access to large scale markets;

building confidence among consumers/users on new products/services;
disseminating research results

= =4 =8 -8 =9

The following sections of this chapter will identify and review International Standards and
related documents that are applicable to a standard documentation framework for large
exposure models. These documents are dispersed among several technical fields and their
associated Techni c)adssumarizad ih Table 18 beloWw. Tliese CEN and
ISO TCs together have produced over 1000 documents currently in force, which were
scanned for relevance with respect to the documentation of large exposure models (see
Appendix A). They consist mostly of 2 types of documents, those relating to specific media
such as water, soil, air or the work environment, and those covering aspects of organisation
and methodology.

Table131 SO and Cielhvanit fbbstandard documentation frameworks of large exposure models

TCds providing Standards on specific media
 Water

CEN/ TC 164 nAWater supplyo
CEN/TC 230 AWater analysiso
 Air
CEN/TC 264 fAAir qualitybo
T Sail
CEN/TC 260 AFertilizers and | iming material so
CEN/TC 223 ASoil improvers and growing mediao
CEN/ TC 345 ACharacterization of soilsbo
 Waste
CEN/ TC 292 ACharacterization of wasteo
CEN/ TC 308 mGhearaootfersilz7udgeso
CEN/ TC 400 AHorizont al standards in the fields
T  Work environment
CEN/ TC 137 fAAssessment of workplace exposure t

1 Foodstuffs
CEN/ TC 275
I Construction materials
CEN/ TC 351 i Con s ti Assesimertd of relpasecotidargerais substances

=}

FioHbodr iaznoanlityasli smet hods 0

TCbds pr dtanddrdsnog organisation/methodology

T 1SO/ TC 069 AApplication of statistical met hods
T 1SO/TC 176 AQuality management and quality ass
1 ISOTC 207 AEnvironmedtal management

6 http://ec.europa.eu/enterprise/policies/european-standards/harmonised-standards/new-approach_en.htm
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Most of the Standards on specific media describe aspects of standardised procedures for
sampling, testing or analysis (see Appendix A), i.e. an experimental approach to determine
the resulting amount of a certain chemical in given media or the human body. Modelling as an
alternative to experimental testing is of relatively recent origin, and not yet widely established
to be at a developed stage of technical capability, which is a precondition for a Standard to
emerge. Thus, Standards on modelling in the context of large exposure models are only just
about to evolve. Only 2 of the many documents on specific media reviewed mention
multimedia modelling, specifically. Both of them are of recent origin (2012). Both of them are a
kind of a pre-Standard and not (yet) an International or European Standard.”

A further 2 documents were found that appear useful for the development of a documentation
framework of a multimedia model from a general methodological/ process point of view.
These 4 documents (listed in Table 14) will be reviewed individually in the remainder of this
chapter.

Table 14 International Standards and related documents applicable to the development of standard
documentation frameworks of large exposure models

1 ISO/TS 14033:2012-03-15 Environmental managementd Quantitative environmental
informationd Guidelines and examples (ISO/TC 207)

1 CEN/TR 16364:2012-06 Influence of materials on water intended for human consumption

- Influence due to migration - Prediction of migration from organic materials using

mathematical modelling (CEN TC 230)

ISO 9001:2009-08-15 Quality management systems i Requirements (ISO/TC 176)

ISO/TR 13425:2006-03-01 Guidelines for the selection of statistical methods in

standardization and specification (ISO/TC 069)

=a =

5.2 ISO/TS 14033 Environmental management - Quantitative environmental
information - Guidelines and examples

The purpose of this Technical Specification (TS) is to help break down the complexity of
environmental data handling into manageable and understandable elements. The TS
addresses issues related to defining, collecting, processing, interpreting and presenting
guantitative environmental information. It provides guidelines on how to establish accuracy,
verifiability and reliability for the intended use. It utilizes proven and well-established
approaches for the preparation of information adapted to the specific needs of environmental
management. It is applicable to all organizations, regardless of their size, type, location,
structure, activities, products, level of development and whether or not they have an
environmental management system in place or not.

" An International Standard is labelled with EN (CEN Standard) or ISO (ISO Standard), followed by the number of
the Standard, such as EN 23456 or ISO 23456. A Technical Specification (TS) or a Technical Report (TR) are
standardisation documents that may later on evolve into a Standard, as soon as there is consensus on a
developed stage of technical capability. A Technical Specification is a normative document reviewed at least every
three years to decide either to confirm the technical specification for a further three years, revise the technical
specification, process it further to become an International Standard or withdraw the technical specification. After
six years, a technical specification must be either converted into an International Standard or be withdrawn. A
Technical Report (TR) is an informative document that provides information on the technical content of
standardisation work established. It may be prepared when it is considered advisable to provide additional
information to the CEN national members, the European Commission, other governmental agencies or outside
bodies.
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The following fundamental principles have guided the drafting of ISO/TS 14033 to ensure that
resulting quantitative environmental information provides a true and fair account:

Relevance: Ensure that selected data sources, system boundaries, measurement methods
and assessment methods meet the requirements of the interested parties and/or the
application

Credibility: Provide quantitative environmental information that is truthful, accurate and not
misleading to interested parties

Consistency: Develop compatible, coherent and not self-contradictory quantitative
environmental data and information using recognized and reproducible methods and
indicators, which respect related integrity constraints

Comparability: Ensure that the quantitative environmental information is generated, selected
and provided in a consistent way, with consistent measurement units, thereby allowing for
comparisons

Transparency: Make the processes, procedures, methods, data sources and assumptions for
providing and generating quantitative information available to all interested parties. This is in
order to ensure a proper interpretation of the results and to give explicit reasons for any
extrapolations, simplifications or modelling performed, taking into account confidentiality of
information, if required. In addition, any volatility or uncertainty is disclosed

Completeness: Reflect all significant quantitative environmental information for the intended
use, in such a way that no other relevant information needs to be added

Accuracy: Minimize uncertainties as far as practicable and eliminate tendencies towards a
particular perspective or bias

Appropriateness: Make quantitative environmental information relevant and fully
understandable to interested parties, by using formats, language and media that meet their
expectations and needs

The guidelines given in ISO/TS 14033 are based on the methodology known as Plan-Do-
Check-Act (PDCA), as summarized in Figure 6 below. This methodology takes a process
view and stipulates that the requirement of each specific application or study is the basis for
the specification of how data and information should be acquired and provided.
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Figure 6 Guidelines for acquiring and providing quantitative environmental information in accordance with
the Plan-Do-Check-Act methodology8
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The focus of the guidelines lies in tasks that belong to Plan and Do. Each task of Plan
corresponds to a task in Do. This covers the handling of specific issues down through the
planning and data acquisition, up to the provision of the quantitative environmental
information, if necessary in the form of a continual improvement. The TS addresses the
general issue of data quality by providing clear guidelines on how to acquire and provide
guantitative environmental information in a structured way.

The guidelines given in ISO/TS 14033 are applicable to many different types of projects and
studies involving the handling of large quantities of environmental data. They are thus quite
broad and also contain many details and examples with respect to aspects not necessarily
relevant for the documentation of large exposure models. Below is a short summary of the
content of the ISO/TS 14033 that appears applicable specifically to the documentation of large
exposure models. While the ISO/TS 14033 does not directly provide a documentation
framework for large exposure models, it does specify what data and information needs to be
available for a given study or project to meet the fundamental principles stated above when
handling complex environmental data sets. As such, it defines the aspirations for the content
of a documentation framework. The five tasks are a possible way to structure the information
to be given in a standard documentation of a large exposure model. They describe the
necessary information on 5 levels of information that have distinct requirements.

8 The numbers in the figure refer to the respective clauses and subclauses in the ISO/TS 14033
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1. Whole system:

The whole system corresponds to the large exposure model for impact assessment
that is a combination of system components that have been combined to reflect the
purpose of the given study. On this level, the objective of the information and its
intended use, the object on which information is provided, the system boundaries, the
interested parties and target audience and requirements for the general quality of the
information should be documented.

2. System components:

The system components are the models for the different media types/dose response models
that are linked into the combined model by defined relationships or pathways. The system
components are characterized each by different parameters. The parameters of a system
component that have different origins may not have a clear relationship with each other which
must therefore be defined coherently. The relationship can be defined on the basis of
mechanistic or other physical or chemical relationships, synchronization of timeline, logic, or
other relevant causalities. The significance of lacking data/estimates on system components
must be identified, and if significant, it must be associated with an uncertainty measure. When
the purpose of the study or project is to compare system components, it is essential that the
individual system components are functionally comparable.

3. Parameters:

Parameters are identified quantifiable entities of a system component that are represented by
guantified data. The consolidation of the quantified data into a parameter must be defined. If
data processing differs from plan, the deviation is explained together with an estimation,
evaluation or analysis of its significance. Significances are estimated iteratively, starting with a
gualitative analysis that subsequently can lead to a thorough statistical analysis of uncertainty.
When a comparison application is carried out, it is important that the environmental
significance of the individual parameters is comparable to those of the systems intended for
comparison.

4. Basic data:

Basic data is the data needed to quantify each parameter selected. Besides the description of
the basic data, the scale of precision and statistical representativeness of the basic data must
be described. When a comparison application is carried out, it is essential that comparable
basic data are equally defined for any of the systems intended for comparisons.

Table 15 Examples on basic data

Object Physical property Scale of precision

General urban area Mass per mz of dust fall Based on distribution models. A flat
average within the 90" percentile

Drainage pipe from waste landfill Throughput of liquid per second To be measured at one minute
each day between 11:59 and 12:00
every day and averaged into yearly
throughput

Forest area Number of woody stemmed plants | Manually counted within 010 cm
greater than 2 m in height per unit | using benchmark stick at randomly
area selected and statistically significant
number of samples of size 100 m O
100 m areas within the forest area
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Geographical data Position, altitude and area GPS and altimeter logging
Emission data Concentration of pollutant Precision of laboratory analytical
method
Demographic data Share of different demographic Statistical sample interviews
populations

5. Measuring methods:

Methods should be suitable regarding the definition of the basic data and may be based on
available standards, literature and/or expert advice. Part of the definition of the measuring
method is the data quality assurance associated with the measuring method (eg establishing
baselines, calibration or validation of equipment and verification of data collected).
Disturbances in measurement and estimations of the significance of these disturbances are
expressed in terms of uncertainty. For primary data sources there are several key parameters
to consider besides the choice of methodology depending on the data to acquire, such as
location of the measurement; choice of entity to sample; or sample frequency. For secondary
data sources (eg data from literature, databases or from consulting experts) the key question
is to choose those that are sufficiently representative for the intended use: This can be
assessed based on the credibility of the data source, the relevance of the data and the
sufficiency of the data for the purpose. For comparison applications, it is essential that the
measurement methods provide comparable results for the systems intended for comparison.

5.3 CEN/TR 16364 Influence of materials on water intended for human
consumption - Influence due to migration - Prediction of migration from
organic materials using mathematical modelling

The purpose of the TR is to stimulate the use of modelling techniques in CEN member states
such that sufficient experience is generated to enable the value of such modelling to be
assessed in relation to complementing or substituting the conventional approach. Normally, in
member states the estimation of such migration is performed by standardised procedures
based on laboratory testing and analysis (see EN12873-1 and -2, appendix xx). Migration
modelling is an alternative to this type of experimental testing. The modelling approach is
considered attractive in some instances, because in principle it is quicker and more flexible
than the conventional testing approach, in that different exposure conditions can be readily
investigated, and it should also be cheaper.

The report points out that in the US modelling of migration has been used since several years
as an additional tool in support of regulatory decisions. Also, the European Union has
introduced such diffusion modelling by means of EU Directive 2001/62/EC (the 6th
amendment of Directive 90/128/EEC), consolidated in Directive 2002/72/EC as a compliance
and quality assurance tool for plastic materials intended to come in contact with foodstuff. The
European project SMT-CT98-7513, Evaluation of Migration Models in Support of Directive
90/128/EEC, successfully demonstrated the practical value of such diffusion models.

Various parameters and data are needed to feed the diffusion model, and various
assumptions need to be valid. Also, a personal computer set-up capable of running an
appropriate validated software tool is required. The diffusion model as described can be used
in a manner that simulates the conditions applied in the conventional analytical approach used
in member states. Depending on how the various data inputs are obtained, or used, the
diffusion model can also be used to estimate a worst-case value of migration.

The assumptions and required information as they are detailed in the TR are summarized
below, together with the recommended report on the result.
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Assumptions

9 the migration process of the substance within organic materials shall obey the law of
di f f us is®&econd llaw)c k 6

1 the migrant is an uncharged, organic substance;

1 the mass of the substance in the system is conserved, i.e. no substance is consumed or
built up;

9 the initial concentration of the substance in the material shall be homogeneous, i.e. it does

not vary significantly and is constant, i.e. is non-degradable by chemical reaction; this

applies to each layer in the case of multilayer products;

the material thickness shall be uniform (i.e. it does not vary significantly);

the volume of the organic material and the water is finite;

there shall be no boundary resistance for the transfer of the substance between the

organic material and water;

1 the uptake of the substance by the water shall be fast, i.e. the water is a high diffusivity
medium or well-mixed liquid;

1 the interaction between the organic material and water shall be negligible such that no
swelling of organic material by uptake of water occurs during the migration process.

=A =4 =4

Data inputs

9 Diffusion coefficient of the substance. It may be obtained from tables, or determined by
experiment, or estimated by a validated scientific estimation procedure, or assumed to be
a worst-case value;

9 Partition coefficient of the substance. The partition coefficient is a parameter dependant on

the relative solubility of the substance in relation to the organic material and the water. It

may be obtained from tables, or determined by experiment, or estimated by a validated
scientific estimation procedure;

Temperature of the system;

Geometry of the material. The surface area of the material and the amount of test water in

contact with the material shall be known. In the case of organic materials in the form of

sheets or piping these values are readily calculable. More complex product forms may
require assumptions and approximations to be made. These should be noted in the report;

1 Material thickness. Evidence is needed, or an assumption shall be made, that the
thickness does not vary significantly;

1 Initial concentration of the substance in the material. It may be obtained by: determination
(analysis of the substances in the organic material i the feasibility of this will depend on
the specific substance/material combination), or based on the amount added during the
production of the material; this applies readily to additives but not, of course, monomers
and other reactive starting substances;

=a =

1 Chemical identity of the substance and its relative molecular weight in g/mol;

1 Specific gravity of the material;

9 Simulation of contact of organic material with test water, e.g. duration of the contact of the
sample of organic material with water during in s, and number of migration test cycles.

Report

The report should include if relevant a full description of:
9 the organic material under test;

1 the modelling software used,;

9 the values of all the inputs and their source or derivation;
9 concentration of the substance in the material;

1 the specific gravity of the material,
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thickness of the material;

chemical identity (not commercial trade names) of the substances;

molecular weight of the substance;

diffusion coefficient of the substances in the organic material (if applicable the estimation
procedure and relevant parameters used);

partition coefficient of the substances between the organic material and water (if
applicable the estimation procedure and relevant parameters used);

the report shall provide full details of the simulated migration test;

the temperature of the migration test;

duration and number of migration periods;

the ratio of the surface area of the material to the volume of test water.

Any deviation from the procedures described in this report shall be reported.

= = =4 -8 =4

= =4 =4 =8 =9

In the annex of the CEN/TR 16364, criteria for assessing the correctness of calculation of
migration by software tools (validation) are given. The validation of software tools is outside
the scope of this report, is however mentioned at this point as the information may be useful
for other deliverables of 4FUN.

CEN/TR 16364 does not provide a standard framework for the documentation of large
exposure models. However it gives concrete examples for the amount and quality of
information that needs to be available on large exposure models for their results to be
considered equivalent in quality to the results of the standardised conventional approach.

5.4 |ISO/TR 13425 Guidelines for the selection of statistical methods in
standardization and specification

Statistical methods have numerous practical applications and many of them are used in large
exposure models. The effectiveness of the statistical method depends firstly on the suitability
of the chosen method for the intended purpose, and secondly on the application. Incorrect
choice or poor application can lead to improper deductions and therefore to crucial errors and
inappropriate decisions. This is one of the reasons why ISO has produced a whole range of
International Standards for the application of statistical methods. The ISO/TR 13425 contains
a descriptive catalogue of the available International Standards and Guides, to assist the
reader in selecting those most suitable for his purpose, according to his needs. Figure 7 below
gives an overview of the available range of standards.

A detailed look at available standardised statistical methods is beyond the scope of this
report. Nevertheless, some ISO statistical standards may be useful for other deliverables of
4FUN, which is why an overview of the entire available range is given. With respect to the
framework for large exposure models, specifically, the ISO 3534 is pointed out, providing
standardised definitions of statistical terms and of terms used in the theory of probability and
of applied statistics, which might be useful to rely on to ensure clear and consistent definitions
as a basis for a framework.
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Figure 7 ISO Statistical Standards
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5.5 1S0O 9001 Quality management systems - Requirements

This International Standard specifies requirements for a quality management system where
an organization needs to demonstrate its ability to consistently provide a product that meets
customer and applicable statutory and regulatory requirements, such as is the case with the
4FUN product. The I1SO 9001 is implemented by over one million companies and
organizations in over 170 countries, and its implementation can be certified.

For an organization to function effectively, it has to determine and manage numerous linked

activities. An activity or set of activities using resources, and managed in order to enable the
transformation of inputs into outputs, can be considered as a process. Often the output from

one process directly forms the input to the next. The application of a system of processes

within an organization, together with the identification and interactions of these processes,

and their management to produce the desired outcome, can be referred to a
approachodo. An advantage of the process approach
the linkage between the individual processes within the system of processes, as well as over

their combination and interaction. Figure 8 below gives an overview of the process-based

guality management system of ISO 9001.

Figure 8 Model of a process-based quality management system
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With respect to 4FUN, 1SO 9001 can provide linkages of the documentation framework to a
living and learning organisation and ensure continuous improvement of the framework driven
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by customer satisfaction. In other words, 1ISO 9001 spells out in more detail the first and the
last process phases (requirements of objectives/meeting objectives), while ISO/TS 14033
focuses on the middle process phase (deployment of objectives). In particular the process of
interacting with customers, feeding into changes in the product realisation and the continuous
measurement and analysis of output as described in ISO 9001 appear most relevant to
maintain a high quality documentation of the 4FUN product on an ongoing basis. The relevant
clauses of ISO 9001 are summarized below.

T

[41]

General requirements. The organization shall establish, document, implement and
maintain a quality management system and continually improve its effectiveness in
accordance with the requirements of this International Standard. The organization shall

a) determine the processes needed for the quality management system and their
application throughout the organization

b) determine the sequence and interaction of these processes,

c) determine criteria and methods needed to ensure that both the operation and control of
these processes are effective,

d) ensure the availability of resources and information necessary to support the operation
and monitoring of these processes,

e) monitor, measure where applicable, and analyse these processes, and

f) implement actions necessary to achieve planned results and continual improvement of
these processes.

Documentation requirements. The quality management system documentation shall

include

a) documented statements of a quality policy and quality objectives,

b) a quality manual,

¢) documented procedures and records required by this International Standard, and

d) documents, including records, determined by the organization to be necessary to
ensure the effective planning, operation and control of its processes.

Planning of product realization. In planning product realization, the organization shall
determine the following, as appropriate:

a) quality objectives and requirements for the product;

b) the need to establish processes and documents, and to provide resources specific to
the product;

¢) required verification, validation, monitoring, measurement, inspection and test activities
specific to the product and the criteria for product acceptance;

d) records needed to provide evidence that the realization processes and resulting
product meet requirements

Determination of requirements related to the product. The organization shall
determine

a) requirements specified by the customer, including the requirements for delivery and
post-delivery activities,

b) requirements not stated by the customer but necessary for specified or intended use,
where known,

c) statutory and regulatory requirements applicable to the product, and

d) any additional requirements considered necessary by the organization.

Review of requirements related to the product. The organization shall review the
requirements related to the product. This review shall be conducted prior to the
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organi zationos commi t ment to supply a produc
tenders, acceptance of contracts or orders, acceptance of changes to contracts or orders)
and shall ensure that

a) product requirements are defined,

b) contract or order requirements differing from those previously expressed are resolved,
and

c) the organization has the ability to meet the defined requirements.

Where the customer provides no documented statement of requirement, the customer
requirements shall be confirmed by the organization before acceptance. Where product
requirements are changed, the organization shall ensure that relevant documents are
amended and that relevant personnel are made aware of the changed requirements.

1 Customer communication. The organization shall determine and implement effective
arrangements for communicating with customers in relation to

a) product information,
b) enquiries, contracts or order handling, including amendments, and
¢) customer feedback, including customer complaints.

1 Measurement, analysis and improvement. The organization shall plan and implement
the monitoring, measurement, analysis and improvement processes needed

a) to demonstrate conformity to product requirements,
b) to ensure conformity of the quality management system, and
c) to continually improve the effectiveness of the quality management system.

This shall include determination of applicable methods, and the extent of their use.
5.6 Summary and recommendation

While no single International or European Standard exists that provides a standard framework
for large exposure models, it appears likely that such a standard will emerge in the years to
come. First precursors have already emerged (ISO/TS 14033 and CEN/TR 16364).

The ISO/TS 14033 is directly applicable to large exposure models. However, it is too broad
and abstract, providing guiding principles and a process to develop a framework rather than a
concrete and detailed framework itself. The CEN/TR 16364 provides a concrete standardized
modelling procedure relying on a software too and states the required documentation,
however, it is applicable only to a very small area, the migration of organic substances into
water. The ISO/TR 13425 gives an overview of statistical methods in standardization and
specification. It may be useful for a consistent and clear statistics terminology and some
guidance in areas important to large exposure models (for example how to deal with
uncertainty), but that is not a framework either. The ISO 9000 covers how to ensure
continuous improvement, quality control and customer focus of an existing documentation
framewor k, but it doesnot say how to create one

Most available standards relate to the conventional approach of testing and analysing, the
established alternative approach to modelling (see Appendix A: p.80). However, it is pointed
out, that these numerous standardsc over i ng t he af ppoaeaeprdvidecarvery
valuable source of tested, accepted and continuously updated parameters as well on
accepted scientific models and measurement methods which could be used by the 4FUN
library.

[42]
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6 Summary of aspirations fothdahe

4 F UNo dne |

From all the standardization frameworks reviewed in this report an overview of the major
model aspects discussed was made in order to identify commonalities between the existing
frameworks (Table 16). From this overview, a harmonized high-level structure was proposed
in the most right column of Table 16.

As a next step, starting from the proposed high-level structure in Table 16, and the most
relevant existing frameworks, a preliminary standard documentation model was developed on
a lower level with increased specificity concerning the different components necessary to
obtain a standard documentation protocol.

This protocol was then applied to an existing multimedia model, namely EUSES. The
European Union System for the Evaluation of Substances (EUSES) is a decision-support
instrument which enables government authorities, research institutes and chemical
companies to carry out rapid and efficient assessments of the general risks posed by
chemical substances. EUSES is intended mainly for initial and refined risk assessments rather
than for comprehensive assessments. EUSES is comparable to the 4-FUN model what
concerns the environmental and human health exposure assessment but does not contain a
PPBK model. The documentation is quite fragmented over different publications/booklets. The
regional model is described in the RIVM report no. 719101029 and the local model in the
RIVM report no. 601900005/2004. More publications are used to describe EUSES.

The evaluation of the available documentation of EUSES is presented in Appendix B: Testing
the documentation framework on existing multimedia models: EUSES.

From this exercise it could be concluded that certain parts of the proposed standardisation
documentation protocol are obsolete or irrelevant, while other parts need to be rephrased.

Aspects that were identified to be redundant or too difficult to be determined:

9 Exposure point: not relevant

9 Detailed information on the model equations: too complex

9 Empirical vs. mechanistic: multimedia models are in general always mechanistic

1 Model coding including source code availability, communication with other software and
operating systems: not relevant

1 Model coding verification and model framework/structure uncertainty where moved to
Model evaluation

1 Model use might be more appropriate in a User Manual

This exercise lead to a proposed low level structure presented in Table 17.
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Table 16 Proposed high level structure based commonalities between the existing standardization frameworks

US EPA ODD CEMN OECD QSAR Bilitewski | SWOT ISO/TS 14033 CEN/TR 16364 Definitions Proposed
Framework analysis Env Migration 4FUN model | high level
management model structure
standard
Definition of Overview | Regulatory Defined Model Output TRelevance Not applicable Model
model purpose applicability endpoint outputs purpose
purpose
Specification ﬂ(e)r:/tiir;;ew' Defined All Model TiAssumptions Model Model
of model variablés & domain of principal context limitations context/
context scales applicability characteris applicability
fOverview - tics except
otherwise Model
Process listed q
fDetails i evelopment :
Conceptual Initialization Environment | Unambiguous Transparency of | fData |gputs Model Model
T Details i al process algorithm p;gggzzf; TiProcedure components | components
Input data and ﬁwe fho d s
fDetails- pathways '
Submodels
Computational TiDesign Fugacity Mechanistic Model Model Model type
model concepts concept interpretation approach typology
development Source General TSoftware Coding Model
code coding
availability
Model Appropriate Sensitivity | Model :}ggiﬂ'ggty ﬂ:@'gﬁ?gﬂggl Parameteriz | Model
evaluation: measures of and evaluation y algorithm and ation and evaluation
testing and goodness-of- uncertainty so%tware tools uncertainty
revision fit, robustness analysis
and predictivity
Model Interpreting Model ﬂgonssterg)(_:lyt TReport Model use
application: model application TComparability
model use results TCompleteness

TAppropriateness

(44]
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Table 17 Proposed low level structure for the standard documentation protocol

High level
structure

Low level structure

Description

Sources

Model purpose Goal General statement of the model outputs of concern, the stressors and the degree of model accuracy | US EPA (2009)
and precision needed. Explanations of why you need to build a complex model and ODD
Decisions or Explanations of what you are going to do with your model, Identify the (regulatory) framework to be | US EPA (2009),
regulatory framework | supported (e.g. REACH, PPP, screening assessment, etc.) ODD, CEMN,
SWOT, 4FUN
Model Spatial The spatial conditions (extent and resolution) and practical constraints under which environmental | US EPA (2009),
context/applicabili | scale/resolution data and processes were defined during the model development and over which it should be | Bilitewski,
ty evaluated. Boundaries or domain, specify the area or volume (spatial boundary) to which a model | SWOT, 4FUN

[45]

application will apply: Local, regional, continental, or global scale

Temporal
scale/resolution

The temporal conditions (extent and resolution) and practical constraints under which environmental
data and processes were defined during the model development and over which it should be
evaluated. Boundaries or domain specify the time period (temporal boundary) to which a model
application will apply.

US EPA (2009),
SWOT, 4FUN

User community

US EPA (2009)

Required inputs

US EPA (2009)

Output of interest

To ensure transparency in the output being predicted by a given model, since a given endpoint could

US EPA (2009),

be determined by different experimental protocols and under different experimental conditions. Give | OECD QSAR
units of measurement.
System limitations Boundary conditions of the system
Exposure pathways The course a chemical takes from a source to an exposed organism. An exposure pathway describes | 4FUN
a uniqgue mechanism by which an individual or population is exposed to chemicals at or originating
from a site. Each exposure pathway includes a source or release from a source, an exposure point,
and an exposure route. If the exposure point differs from the source, the transport/exposure medium
(such as air) or media (in cases of intermedia transport, such as water to air) are also included.
Exposure routes The way a chemical or physical agent comes in contact with an organism, i.e., inhalation, ingestion, | Bilitewski,
dermal contact. Describe the possible exposure routes of the model. SWOT, 4FUN
Fate, exposure and If fate, exposure and effect analyses are included or not Bilitewski
effect
Chemical considered | Outline the chemical range of substances that can be analysed with the model (e.g. Organic pollutants | Bilitewski,
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and/or inorganic pollutants, etc.). If mixture toxicity is included in the model, define the approach used | SWOT
to assess this. Define the origin of background concentrations, if used.

Media considered An environmental or human compartment assumed to contain a given quantity of the chemical. | Bilitewski,
Quantity of the chemical in the media is governed by inputs/outputs from/to other media and by | SWOT, 4FUN
transformation processes (e.g. degradation): Air, water (fresh, ground, sea, and etc), soil, sediment,
vegetables, animals, and etc and include a graphic representation of the conceptual compartments

Human population Define which part of the population is targeted with the model (worker, general population, division in | Bilitewski,
subgroups, etc.) SWOT

Environmental Describe the prevailing environmental processes per compartment (e.g. for soil: leaching, run-off, etc.) | SWOT

processes

Human processes State the human processes taking place in the human body (e.g. accumulation, excretion, distribution) | SWOT

Model component | Initialisation Initial conditions assumed, i.e., what are the initial values of the state variables, is initialization always | ODD
the same or changing among simulation?

Overview input data Environmental conditions which change over time and space, i.e., precipitation, management (e.g. | ODD
harvesting regimes)

State variable The dependent variables calculated within a model, which are also often the performance indicators of | 4FUN
the models that change over the simulation.

Forcing/driving An external or exogenous (from outside the model framework) factor that influences the state | 4FUN

variable variables calculated within the model. Such variables include, for example, climatic or environmental
conditions (temperature, wind flow, oceanic circulation, etc.).

Parameters Terms in the model that are fixed during a model run or simulation but can be changed in different | SWOT, 4FUN
runs as a method for conducting sensitivity analysis or to achieve calibration goals. List the input
parameters and their units necessary to perform a simulation. State which kind of point value is
required (e.g. mode, mean, etc.). State which probability distributions can be applied for input values.

Indicate if QSARSs are applied for which parameter in which part of the model.

Constants A fixed value (e.g., the gravitational force) representing known physical, biological, or ecological | SWOT, 4FUN
activities. List the constants, their value and origin (reference)

Model structure/ The system of governing equations, parameterization, and data structures that make up the | ODD, SWOT,

framework mathematical model. The model framework is a formal mathematical specification of the concepts and | 4FUN
procedures of the conceptual model consisting of generalized algorithms. Detailed explanation of all
the sub-model s representing the processes | isted 4

the parameterization of the model. All model equations and rules should be presented.

Model type

[46]

Simulation vs.
optimization

Statement of the model type; simulation vs. optimization,

US EPA (2009),
SWOT
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Steady-state versus
dynamic

Statement of the model type; static (steady-state) (a model providing the behaviour of the state
variables assumed to be in immediate equilibrium with all the other interacting state variables or a
model providing the long-term or time-averaged behaviour of the state variables) vs. dynamic (a
model providing the time-varying behaviour of the state variables)

US EPA (2009),
Bilitewski,
SWOT, 4FUN

Deterministic vs.
stochastic

Statement of the model type; deterministic (Aamodel that provides a solution for the state variables
rather than a set of probabilistic outcomes. Because this type of model does not explicitly simulate the
effects of data uncertainty or variability, changes in model outputs are solely due to changes in model
components or in the boundary conditions or initial conditions) vs. stochastic (a model that includes
uncertainty and variability (see definition) in model parameters. This variability is a function of
changing environmental conditions, spatial and temporal aggregation within the model framework, and
random variability. The solution obtained by the model or output is therefore a function of model
components and random variability.

US EPA (2009),
OECD QSAR,
SWOT, 4FUN

Lumped vs.
distributed

Statement of the model type: solving a set of ordinary differential equations or solving partial
differential equations

US EPA (2009)
and OECD
QSAR

Analytical or
numerical model

Analytical (a model that can be solved mathematically in terms of analytical functions. For example,
some models that are based on relatively simple differential equations can be solved analytically by
combinations of polynomials, exponential, trigonometric, or other familiar functions) or numerical
model (a model that represents the development of a solution by incremental steps through the model
domain. Simulations are often used to obtain solutions for models that are too complex to be solved
analytically. For most situations, where a differential equation is being approximated, the simulation
mo d el wi || use finite time step ( orvariahes dverdime (&
space))

4FUN

Mode (of a model)

The manner in which a model operates. Models can be designed to represent phenomena in different
modes. Prognostic (or predictive) models are designed to forecast outcomes and future events, while
di agnostic model s assess&usBstaadpleaumsar cbsdiions o

4FUN

Screening model

A type of model desi gned t oaverse answed $creeningincodefs €am bev
used with limited information and are conservative, and in some cases they can be used in lieu of
refined models, even when time or resources are not limited

4FUN

Model evaluation

[47]

Model coding Examination of the algorithms and numerical technique in the computer code to ascertain that they | US EPA (2009),
verification truly represent the conceptual model and that there are no inherent numerical problems with obtaining | 4FUN

a solution
Input data The accuracy, variability, and precision of input data. The source of parameter default values, as well | US EPA (2009),

as PDFs, should be indicated in the SDP, with an explanation of the process of parameter estimation
(e.g. expert elicitation, extrapolation, statistical treatment of environmental data)

4FUN

Model calibration

If applicable, the general explanation about model calibration

US EPA (2009),
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4FUN

Model framework/ The uncertainty in the underlying science and algorithms of a model. Model framework uncertainty is | 4FUN

structure uncertainty the result of incomplete scientific data or lack of knowledge about the factors that control the behavior
of the system being modeled. Model framework uncertainty can also be the result of simplifications
necessary to translate the conceptual model into mathematical terms.

Model predictivity The predictivity of a model, determined by using an appropriate test set. There is no absolute measure | OECD QSAR,
of predictivity that is suitable for all purposes, since predictivity can vary according to the statistical | SWOT
methods and parameters used in the assessment.

1 Indication if test set is independent from training set (if relevant)
M Provide details on full test set
1 Representativeness of test set

Uncertainty analyses I nvestigation of the effects of |l ack of knowl e| Biltewski,
associated with parameter values). When combined with sensitivity analysis (see definition), | SWOT, 4FUN
uncertainty analysis allows a model user to be more informed about the confidence that can be placed
in model results. Uncertainty analysis can be qualitative or guantitative.

Sensitivity analysis The computation of the effect of changes in input values or assumptions (including boundaries and | Bilitewski,
model functional form) on the outputs (Morgan and Henrion 1990); the study of how uncertainty in a | SWOT, 4FUN

model output can be systematically apportioned to different sources of uncertainty in the model input
(Ssaltelli et al . 2000a) . By investigating the

become knowledgeable of the relative importance of parameters in the model

(48]
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7 The 4FUN standardpdotaoameht @sbBhn

7.1 Specifications

The literature review that is presented in Chapter 4-6 allows to precise the specifications that
are expected for a standard documentation protocol (SDP):

1 the documentation must include all the information that is heeded for evaluating and using
the model in a transparent, easy and flexible way. The literature review allows to establish
a checklist containing all the issues that must be covered by the SDP (seeTable 17);

T it is recommended to define a tiered documentation protocol (e.g. ODD protocol), with
several target audiences . 6 B a asers thay @ise the model without being aware of all
its scientific foundations and mathematical elements. It is however essential to provide
them with a clear understanding of the applicability domain of the model in order to avoid
any misuse, and to provide an overview of the main model components and their
interactions. On the other hand, it is essential to provide to expert end-users detailed
information to allow a transparent evaluation regarding scientific foundations and
assumptions, numerical issues and mathematical methods. In summary, the SDP must
adopt a hierarchical structure with clearly defined target audiences;

9 the SDP must be designed for a wide range of multimedia models (MM), whatever their
features (e.g. steady-state vs dynamic, etc) and objectives (e.g. environmental vs human
exposure assessment vs fate models). The general structure of the SDP must then be
independent of the specificity of each MM model.

7.2 The 4FUN SDP

Based on the standard documentation framework proposed in Table 17 above, a part of the
4FUN model (freshwater sub-model) is described in this section. It should be noted that the
proposed SDP was slightly modified for adjusting to the specific features which the 4FUN
freshwater sub-model has. The 4FUN SDP is based on a hierarchical structure:

Level 11 Basic knowledge

The 1% level of the structure ( c a | B e d ¢ 6 B n o wdl) ésdaggetéd tolvards basic end-
users, defined as end-users who trust model developers on scientific, humerical and

mathematical issues. They need to have a global overview of the model structure, but don 6 t

intend to evaluate model assumptions. The responsibility of the model developer is however
to clearly define what the end-users can expect from the model and its applicability domain.
The main objective is here to avoid any misuse. It seems also important to provide to the

end-users an overview of the main components of the model to explain the process allowing

to convert inputs to final outputs. Thaesi&b knowl edged | evel
following sub-levels:

Sub-level 1.1 - Model purpose

The objective of this sub-level is to provide a brief overview of:

1 the goal of the model, with an indication of the main outputs that the end-user is able to
calculate and of the main environmental systems that are represented in the model.

1 the main potential decision(s) that can be taken from the model outputs and the main
requlatory framework(s) it could be useful for. This list is indicative but can help a basic
end-user to know if his specific issue corresponds to the potentiality of the model.

Sub-level 1.2 - Model applicability

It is essential to clearly indicate the applicability domain for which the model can give reliable
and relevant results. The main limitations in the application of MM models generally regards
temporal, spatial, chemical and/or kinetic issues. For this reason, the following issues will be
discussed more in detail:

(49]
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1 Spatial scale and resolution. The model can be applicable for a given range of
dimensions (area and/or volumes, near-field vs global scale); it can be limited to spatial
boundaries (e.qg. interface freshwater/brackish waters) or it can require a minimum spatial
resolution.

Example: if a model is one-dimensional, it is not reliable to represent near-field concentrations where non-mixing conditions
are not respected.

i Temporal scale and resolution. Similarly to spatial issues, some processes can be
relevantly described at a minimum temporal resolution because they know abrupt
changes in time (e.g. temporal resolution governed by day vs night variability, seasonal
variability, etc).

Example: if a process is governed by floods events, the model is not reliable at a monthly or annual temporal resolution

1 Chemical considered. The model can be limited to a given family of chemicals only, either
because of process and/or parametric issues.

Example: the fate of neutral organic chemicals in biological media is governed by simple passive diffusion across lipid
membranes, justifying the use of hydrophobicity descriptors. lonic chemicals can be only partly governed by lipophilic
interactions, and be dominated by ionic interactions. Models can then be limited to a specific range of chemicals.

i Steady-state vs dynamic conditions. Some models are based on steady-state
assumptions, i.e. they assume that the behavior of variables is in immediate equilibrium
with all the other interacting variables. In this case, it is not relevant to study some
scenario where chemicals show kinetic evolutions in the system.

Example: just upstream of a point release, or in near-field after an accidental evant (short term release), equilibrium
conditions can be not respected .

Sub-level 1.3 - Model components

The overall structure of the model with its elemental components is presented at this sub-
level in order to given to the reader a transparent overview of the transformation process
from inputs to outputs. A better knowledge of the model components allows also to capture
the treatment of the inputs that each end-user has to define for his own scenario (in
particular, the forcing variables).

1 Media considered. The media are defined as the environmental or human compartments
assumed to contain a given quantity of the chemical. It is essential to present soon in the
SDP a comprehensive list of the media considered in the model because the reader who
is aware of them have access to the main potential regulatory outputs provided by the
model (i.e. chemical concentrations in environmental and/or human compartments). As
some media can eventuarhddi ad,cliutdei sevecammeénsdd
picture to illustrate the overlaps between them.

Raw water

Water SPM

Pore water Sediment particles

Sediment

Figure 9 lllustration of freshwater model with several media
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Loadings. Loadings are defined as releases/input rates of the chemical of interest to the
receiving system(s). It is essential to present soon in the SDP a comprehensive list of the
loadings considered in the model because they correspond to inputs that the end user
should specify for defining his scenario. As loadings can enter the system through
several media, it is recommended to present a picture to illustrate the interactions
between loadings and media. The picture below allows to identify that the loadings enter

the freshwater system into the fAraw watero
} =4
S
~ = 3
s ] o =
o C 3 c 2 c ©
25 8% 2% 3
° 8 ° 8 b 2 b
<3 <3 oS )
Upstream advection Raw water
Point sources
Soil wash off Water SPM
Groundwater
recharge
Pore water Sediment
particles
Sediment

Figure 10 lllustration of loadings of freshwater model

1 Losses. Losses are defined as output rates of the chemical of interest from the receiving
system(s). As losses can leave the system through several media, it is recommended to
present a picture to illustrate the interactions between losses and media. The picture
below allows to identify that one loss (downstream advection) leaves the system from the

(51]
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Figure 11 lllustration of losses of freshwater model

f

Exchanges between model media. Exchanges between model media are defined as
transfers of the chemical(s) of interest between two media of the system. The exchanges
between media are the core concept of the model which is precisely designed for
calculating the redistribution of a chemical in several compartments of a given system. It
is then essential to present a comprehensive list of the exchanges actually taken into
account in the model. To improve transparency, it is recommended to present a picture to
illustrate the interactions between media. The picture below provides a transparent
overview of the relationships between the media themselves and between the media of
the Aexternal o worl d.

Figure 12 lllustration of exchanges of freshwater model
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