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PREFACE

This document gives the technical description of SimpleBox 2.0 and is a part of the project
719101 Exposure Assessment. The research has been carried out at the National Institute of
Public Health and the Environment (RIVM), Laboratory of Ecotoxicology by order and for
the account of the Ministry of Housing, Spatial Planning and the Environment (VROM) on
commission of the Directorate-General for Environmental Protection (DGM), Directorate of
Chemicals, Radiation and Safety.

A former version of the SimpleBox model has become part of the European Union System for
the Evaluation of Substances (EC, 1996b). The SimpleBox version described here, contains
several new items which are not described in the Technical Guidance Document of EUSES
(EC, 1996a). The SimpleBox version used for EUSES has no global scales, temperature
dependent chemical properties, temperature dependent degradation rates and chemical
dependent penetration depth. In a footnote below the specific formulas is described how
SimpleBox version 2.0 can be set to match the EUSES version of SimpleBox.

The model is developed in Excel for Windows. A copy of the spreadsheet code of the model
can be obtained from the RIVM by contacting D. van de Meent (ECO).
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SUMMARY

This document describes the technical details of the revised multi-media fate model
SimpleBox 2.0 (96-09-01). The former version, SimpleBox 1.0, has been used for prediction
of intermedia concentration ratios for the purpose of harmonisation of environmental quality
objectives and prediction of concentrations in the regional environment for the purpose of
evaluation of chemicals. Model validation was recommended by a SETAC Taskforce on
Application of Multi-Media Fate Models to Regulatory Decision Making and by the Health
Council of the Netherlands. Also, the Health Council of the Netherlands advised a review of
the model. SimpleBox 2.0 is developed in response to these recommendations. SimpleBox is
meant to support regulatory decision making in the Netherlands.

SimpleBox 2.0 is a nested multi-media fate model of the “Mackay type”. The environment is
modeled as consisting of a set of well-mixed, homogeneous compartments (air, two water
compartments, sediments, three soil compartments and two vegetation compartments) in
regional, continental and global scales. The model takes emission rates and rate constants for
transport and transformation of micropollutants as input and computes steady-state
concentrations as output. SimpleBox is a generic model in the sense that it can be customised
to represent specific environmental situations. The default settings of the regional and
continental scales of the model are set to match the EU procedures for evaluation of
substances.

With respect to SimpleBox 1.0, several changes have been made. The main modifications are
the addition of more compartments and nesting of the regional scale into continental and
global spatial scales.

A former version of the SimpleBox model has become part of the European Union System for
the Evaluation of Substances (EUSES). The SimpleBox version described here, contains
several new items which are not described in the Technical Guidance Document of EUSES
(EU, 1996a).

This report is meant to provide the technical documentation of the new SimpleBox model.
The spreadsheet code of the model can be obtained from the RIVM.
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SAMENVATTING

Dit document beschrijft de technische details van het herziene multi-media model SimpleBox
2.0 (96-09-01). De vorige versie, SimpleBox 1.0, is gebruikt voor het berekenen van steady-
state concentratieverhoudingen voor de harmonisatie van milieu-kwaliteitsdoelstellingen en
voor de evaluatie van stoffen. Validatie van het model was aanbevolen door de SETAC
Workshop on Application of Multi-Media Fate Models to Regulatory Decision Making en
door de Gezondsheidsraad. De Gezondheidsraad stelde tevens voor om een aantal model-
aannamen te herzien. SimpleBox 2.0 is ontwikkeld als antwoord op de aanbevelingen van de
SETAC Workshop en de Gezondheidsraad.

SimpleBox 2.0 is een “genest” multi-media lotgevallen model van het “Mackay type”. Het
milieu is gemodelleerd als een verzameling van goed gemengde, homogene compartimenten
(lucht, twee watercompartimenten, sediment, drie bodemcompartimenten en twee
vegetatiecompartimenten op natuurlijke bodem en landbouw bodem) in een regionale,
continentale en globale ruimtelijke schaal. Het model gebruikt emissies en transport en
transformatie snelheidsconstanten als input en berekent hiermee de steady-state concentraties
in de diverse compartimenten.

SimpleBox is een generiek model, het kan worden aangepast om specifieke milieu-situaties te
simuleren. De standaard-instellingen van het model voor de regionale en continentale schaal
zijn gezet volgens de EU-procedure voor de evaluatie van stoffen.

Vergeleken met de vorige versie is er een aantal wijzigingen. De belangrijkste hiervan zijn
het toevoegen van meerdere compartimenten en het toevoegen van continentale en globale
schalen.

Een eerdere versie is onderdeel van het “European Union System for the Evaluation of
Substances (EUSES)”. SimpleBox 2.0 bevat een aantal nieuwe toevoegingen/wijzigingen die
niet zijn beschreven in het “Technical Guidance Document of EUSES” (EU, 1996a).

Dit rapport is bedoeld als technisch achtergronddocument voor het nieuwe SimpleBox model.
De spreadsheetcode van het model kan worden verkregen bij het RIVM.
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1. INTRODUCTION

SimpleBox is a nested multimedia environmental fate model in which the environmental
compartments are represented by homogeneous boxes. In the last few years some major
changes have been made, resulting in a new version; SimpleBox 2.0. SimpleBox is a generic
model, it can be customised to represent specific environmental situations. In its default setting,
the SimpleBox computation represents the behaviour of micropollutants in regional and
continental scale; representing a densely populated Western European region, and the whole of
the European Union, respectively.

The work on SimpleBox started in 1982, when the development of a systematic procedure to
evaluate the environmental risk associated with the introduction of new chemicals was
initiated at RIVM. The earliest versions “SimpleMac” in Basic and Fortran codes are
developed for “Mackay level 1 and level 2” computations. The first spreadsheet version
“SimpleSal” in Multiplan for the Apple Ile, was made in 1984. This was an exact replica of
the "Mackay level 3 computation” as published earlier by Mackay (1979). The SimpleSal
sheet was found useful as an instrument to aid systematic environmental chemical reasoning.
The multimedia modeling approach found its application in the Integrated Criteria Documents
for existing chemicals. SimpleSal was also found useful as a means to direct the research in
the field of environmental chemistry at the RIVM.
In the course of time, many minor and major changes have been made to the SimpleSal sheet.
A major change was the replacement, in 1986, of the original Apple/Multiplan version of
SimpleSal by a more generic MS-DOS/Lotus123 version. In this generic form, the
spreadsheet became a framework to design multimedia box models for various purposes,
rather then a specific model. Another development was the coupling, also in 1986, of the
spreadsheet-based "level 3 computation” of SimpleSal with a numeric integrator: the "level 4
computation. Other applications of the SimpleBox modeling framework have been produced
under the names: “SimpleSingh”, a spatially inhomogeneous multimedia box model (Singh
and Van de Meent, 1989), “SimpleTreat”, a model of a waste water treatment plant (Struijs
and Van de Meent, 1988; OECD, 1989; Struijs ef al. 1991), and “WaterBox”, a water version
of SimpleSal for teaching purposes. In 1993, the first documented version was produced:
SimpleBox 1.0.
The SimpleBox model version 1.0 was used for two specific purposes:
1. to predict intermedia concentration ratios for the purpose of harmonization environmental
quality objectives for air, water, sediment and soil (Van de Meent and De Bruijn, 1993).
2. to predict concentrations in the regional environment for the purpose of evaluation of
chemicals.
The Health Council of the Netherlands identified model validation as a prerequisite for
application of the model in regulatory practice. The development of SimpleBox 2.0 is a part
of the response to this call for validation. A project “Validation SimpleBox-Computed
Steady-State Concentration Ratios” (Van de Meent, 1996) was started; it was decided to
validate an updated version of the model. This document gives the technical description of
the revised SimpleBox 2.0 model.
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1.1 Update of SimpleBox

As a response to the recommendations of the Health Council on the project “Setting
Integrated Environmental Quality Objectives” (Health Council of the Netherlands, 1995) and
the recommendations by the users of the USES model, the previous version of SimpleBox
(version 1.0) is updated. The new additions and changes in SimpleBox 2.0 are given in Table
1. The main modifications are nesting of the regional scale into continental and global spatial
scales and the addition of more compartments. The original model had one (fresh) water
compartment and the three soil compartments were not covered with vegetation. In the
revised model, a second (sea) water compartment is added, and vegetation compartments are
added to the soil compartments. Water is treated as a bulk compartment, assuming
thermodynamic equilibrium between dissolved phases and sub-phases. Furthermore,
estimation equations for partition coefficients and degradation rates are made temperature
dependent and the soil depth is derived from the chemical-specific penetration depth.

Table 1: New items in SimpleBox 2.0.

Differences of SimpleBox 2.0 with original SimpleBox 1.0 (930801) References

Nesting of the regional scale in continental and global scales

Partition coefficients and degradation rates temperature dependent

Two separate water compartments at regional and continental scales

Terrestrial vegetation compartments added

Depth soil derived from chemical-specific penetration depth

Water as bulk compartment, assuming thermodynamic equilibrium between
dissolved phases and subphases

Default settings according to EU procedures for evaluation of substances
Output tables adjusted to changed use

Risk quotients (output) replaced by “potentially affected fraction” (PAF)
Format changed from LOTUS 1-2-3 to Excel

Computation routine for time-dependent solutions replaced

Van de Meent and Van der Burg, 1995a.
Van de Meent, 1995b.

Mackay et al., 1991. Verbruggen et al., 1996.
Severinsen et al., 1996. Henderson-Sellers
and McGuffie, 1987.

EC, 1996a. Trapp and MacFarlane, 1995a.
Trapp and MacFarlane, 1995b.

Cowan et al., 1995. Mackay et al.,1991.

EC, 1996a. EC, 1995.

Hamers et al., 1996

1.2 Reader’s guide

In Chapter 2 the model concept is described. The third chapter gives a detailed description of
SimpleBox. Chapter 4 gives a description of the model output. In Chapter 5 the SimpleBox
model code is described. Model data and parameter descriptions are given in Appendix 1.
This report is meant to provide the technical documentation that is necessary to use the
model for the above mentioned purposes.



RIVM report no. 719101029 page 15 of 155

2. THE SIMPLEBOX MODEL

2.1 Model concept

SimpleBox is a multimedia environmental fate model in which the environmental
compartments are represented by homogeneous boxes.

SimpleBox is a generic model, it can be customised to represent specific environmental
situations. In its default setting, the SimpleBox computation represents the behaviour of
micropollutants in an regional and continental scale, representing a densely populated Western
European region, and the whole of the European Union, respectively. SimpleBox follows the
Mackay concept of sequentially carrying out the modelling procedure at different stages of
conceptual sophistication or “levels” (Mackay, 1991). In SimpleBox, the non-equilibrium,
steady-state computation (level 3) and the quasi-dynamic non-equilibrium, non-steady-state
computation (level 4) can be performed.

Unlike the fugacity approach as adopted by Mackay, computation of mass flows and
concentration levels in SimpleBox is done with concentration-based "piston velocity” type
mass transfer coefficients [m.s™']. The reason for this is that, in most of the scientific litera-
ture, mass transfer is expressed in these terms, rather than in terms of the fugacity-based
"conductivity" type coefficients [mol.hr"'.Pa']. As is done in the Mackay models, transfer and
transformation phenomena are treated as simple pseudo first-order processes.

Environmental compartments are represented by boxes. The concentration of a chemical in
these boxes is affected by processes that cause mass flows of the chemical to and from the
boxes. The chemical can be INPUT into a box from outside the system, OUTPUT from a box
to outside the system, or transported by means of ADVECTIVE or DIFFUSIVE processes to
and from other boxes. A mass balance equation can be written for each of the boxes. The
mass balance equations have the following format:

dcC;
Vp; = EMIS; + IMP: - EXP; - DEGRD; - LCH; - BRL: + ADV; + DIFF; 1
with
Vi volume of box i [m?]
C;: concentration of the chemical in box i [mol.m™]
t: time [s)

EMIS; : mass flow of the chemical from outside the system into box i by emission [mol.s"]
IMP;:  mass flow of the chemical from outside the system into box i by import [mol.s'l]

EXP;:  mass flow of the chemical from box i to outside the system by export [mol.s ]
DEGRD,; :apparent degradation mass flow of the chemical from box i [mol.s ]

LCH;: mass flow of the chemical from box i to outside the system by leaching [mol.s™']

BRL;: mass flow of the chemical from box i to outside the system by sediment burial [mol.s ']
ADYV;;: advective exchange mass flow of the chemical from one box to another [mol.s ]
DIFF;;: diffusive exchange mass flow of the chemical from one box to another [mol.s ']
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Figure 1: SimpleBox 2.0 model

The terms of the mass balance equations each represent a mass flow of the chemical [mol.s™].
Generally, the magnitudes of these mass flows depend on the concentration of the chemical in
the boxes. If mathematical expressions that relate the mass flows to the concentrations are
available, the set of mass balance equations (one for each box) can be solved: the
concentrations in each of the boxes can be computed.

2.2 overview of the new SimpleBox multimedia model

2.2.1 scales

SimpleBox version 2.0 is a nested multimedia model, it consists of five spatial scales; a
regional scale, a continental scale and a global scale consisting of three parts, reflecting arctic,
moderate and tropic geographic zones (Figure 1). The global scale is not implemented in the
distribution module of the European Union System for Evaluation of Substances (EUSES).
The default settings of the regional and continental scale of the model are set to match the EU
procedures for evaluating of substances. In this case, the regional scale is represented as a
densely populated Western European region. The continental scale is a copy of the regional
scale, with adjusted parameters to represent the whole European region. The global scales are
added to serve as background for the continental and regional scales.

In SimpleBox is advective transport of air and water between the spatial scales and zones, see
Figure 2; the global scale is modelled as a closed system, without transport across the system
boundaries. The major characteristics of the different scales are given in Appendix 1.

2.2.2 compartments

The regional and continental environments modelled consist of ten homogeneous
environmental compartments: air, two separate water compartments, sediments, three
separate soil compartments, and vegetation on natural and agricultural soil. The global scales
consist of 4 homogeneous compartments: air, water, sediment and soil. The atmospheric
phases (gas, rain, aerosol) and the terrestrial phases (solids, water, air and roots) are consid-
ered to be in a state of thermodynamic equilibrium at all times.
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Figure 2: Water and air flows in and between the spatial scales.

In contrast with the former version of SimpleBox, the aquatic phases (water, suspended
particles, biota) are treated as a bulk compartment and considered to be in thermodynamic
equilibrium. The water compartments represents a fresh-water (lakes, rivers, etc.) and sea-
water compartment.

The soil compartments can be used to define different geographic areas, different soil types or
different soil use. In SimpleBox, the soil compartments stand for natural, agricultural and
industrially/urban used soil. Vegetation is situated on natural soil and soil used for agriculture
on the regional and continental scale, with different parameter settings for each vegetation
compartment.

2.2.3 temperature dependent properties

Chemical properties as vapour pressure, solubility, Henry’s Law constant and degradation
rates are strongly temperature dependent. In the new SimpleBox version, this is taken into
account (Mackay et al.,1991. Verbruggen et al.,1996).

2.2.4 chemical dependent soil depth

In the former version of SimpleBox the average total concentration of a chemical in the soil
compartment was calculated with a fixed soil depth. In the new SimpleBox version it is
assumed that the soil depth of natural, agricultural and industrially/urban used soil depends on
the properties of the chemical. The chemical tends to migrate vertically down into the soil,
whereby processes of leaching, diffusion, adsorption and degradation control the depth of
migration. The penetration depth or “effective soil depth” of the chemical can be calculated with
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the modified Damkohler Number, Da* (Cowan et al., 1995) The penetration depth of the
chemical is the depth at which, at steady-state, the rate of chemical reaction disappearance is
equal to its rate of movement into the soil by advective and diffusive processes. The depth at
which these rates are equal is chosen as the penetration depth.

The soil depth depends not only on the chemical properties but also on the soil use. For
readily degradable and/or hydrophobic chemicals the penetration depth is small. The top layer
of the soil is usually broken up and reworked by biota, thus a minimum soil depth of 3 cm is
suggested. For agricultural soil, which is frequently reworked by mechanical action (by
plowing, etc.), the minimum soil depth is chosen as the actual mixing depth, 20 cm as a default
value. In the Netherlands, the groundwater table is present at about 1 metre, below that level
the soil characteristics changes to a lower organic carbon content and lower porosity.
Therefore, a maximum soil depth of 1 metre is suggested for the three different soil
compartments.

2.2.5 vegetation module

Another modification of SimpleBox is the addition of terrestrial vegetation compartments at
the regional and continental scales. The detailed description of the vegetation module in
SimpleBox is given in Severinsen and Jager (in prep.). In this vegetation model, the above
parts of the vegetation are represented by one well-mixed box, whereas roots are treated as an
integral part of the soil compartment. The root phase is assumed to be in equilibrium with the
pore water phase of the soil. The vegetation compartments represent natural and agricultural
vegetation, vegetation on industrial soil is neglected.

The processes taken into account are: diffusive exchange between air and leaves, atmospheric
deposition, advective transport from soil to vegetation with the transpiration stream,
advective transport from vegetation to soil by plant death, degradation in plant tissue and
removal by harvesting. Harvesting of roots crops is treated as removal from the soil
compartment.

The degradation rates of chemicals in plants, transpiration rates and residence times are
uncertain, but important parameters. Conceptual problems such as which part of the
vegetation must be included in the vegetation compartment (stems, foliage) and the
assumption that water is taken up by trees from the top soil or deeper soil layers, lead to a
higher uncertainly in the SimpleBox model.

Comparison of calculations with and without the vegetation module, inclusion of the
vegetation module resulted in concentrations in air and soil within a factor 2 different.
Considering this, in SimpleBox the vegetation module has default settings to have no impact
on the fate of the chemical.

2.3 Processes in SimpleBox

EMISSION can go into the compartments air, water and soil compartments of all scales.
Emissions may be direct or indirect. Direct emission rates may be derived as the product of a
production volume and an emission factor. Indirect emissions result from rerouting of
emissions to water upon sewage treatment. During sewage treatment, a fraction of the
chemical is degraded; the remainder is rerouted to air (volatilization), water and suspended
matter (effluent), soil (sludge application as fertilizer) or dump sites (not considered here).
Indirect emissions may be derived from actual knowledge of concentrations of the chemical
in effluent and sludge from a sewage treatment plant, or alternatively, as the product of the
total load of the sewage treatment plant, the fraction of time that the sewage treatment plant is
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actually loaded with the chemical, and the fraction rerouted. SimpleBox anticipates the use of
sewage treatment plant models like SimpleTreat (Struijs et al., 1991,1996) to estimate these
rerouting fractions.

IMPORT takes place in the air and water compartments of all scales. Import is the result of
refreshment of the air and water in the system with air and water from a larger spatial scale.
Import may be derived from the concentrations at the larger spatial scale, and the atmospheric
and hydraulic residence times, which are system characteristics. The residence times may be
derived from windspeed and stream flows. Import is considered to be constant in time.
EXPORT mass flows are computed as the product of refreshment flow rates and
concentrations in the compartment. The refreshment flow rates are obtained from the
atmospheric and hydraulic residence times and the compartment volumes. DEGRADATION
makes the chemical disappear from the system and is considered as an output term. All
degradation is assumed to obey (pseudo) first order kinetics. The degradation mass flows
follow from the degradation rate constant, the volume of the compartment and the
concentration in the compartment. Degradation rate constants must be entered as input,
although SimpleBox does provide an indicative estimation possibility for biodegradation rates
from the results of biodegradability tests. LEACHING transports the chemical from the top
layer of the soil to the groundwater, which is not considered to be part of the system modeled.
The leaching mass flow, therefore, is considered as an output term. Leaching is computed as
the product of a mass transfer coefficient, the cross sectional area of the soil, and the concen-
tration in the soil compartment. The leaching transfer coefficients may be estimated on the
basis of percolation rates and equilibrium partition coefficients between the solid and water
phases of the soil. Similarly, older sediment layers that are buried under the active, freshly
deposited surface layer, are not considered as part of the system modeled. Therefore, the
apparent mass flow due to BURIAL is also treated as an output process. Burial is determined
by a mass transfer coefficient, which may be estimated from the net sedimentation rate, the
cross sectional area of the sediment-water interface, and the concentration in the sediment
compartment. Unlike the input mass flows, output mass flows are concentration dependent
and become constant with time only at steady state.

Intermedia exchange by ADVECTION and DIFFUSION takes place between nearly all the
compartments. Atmospheric deposition to soil and water in aerosol particles and rain droplets,
sediment-water exchange by sedimentation and resuspension, run-off from soil to water, and
soil-groundwater transport by percolation are examples of advective transport. Gas absorption
and volatilization across the air-soil and air-water interfaces are examples of diffusive trans-
port. Distinguishing between these types of transport is helpful because they imply
differences in the direction of the resulting mass flows. Diffusive mass transfer between two
compartments goes both ways. The net mass flow that results from it may be either way,
depending on the actual concentrations of the chemical in the two media and the
concentration ratio at equilibrium. Diffusive intermedia mass transfer is classically treated as
a process that is driven by differences in chemical potentials in the two media (or, in terms of
the Mackay approach, by fugacity differences). If the chemical potentials (or fugacities) in
two media are the same, the media are at thermodynamic equilibrium. In that case the
transport in both directions is equal and the net transport is zero. In the case of advective
transport, a chemical is carried from one compartment into another by a carrier that physically
flows from one compartment into the other. Advective mass transfer, therefore, is strictly one-
way. The direction of the resulting mass flow is determined only by the direction of the
carrier flow. Its magnitude is determined only by the rate of carrier flow and the concentration
in the carrier; it is independent of the concentration in the receiving compartment. Advective
mass transfer can carry the chemical against the chemical potential or fugacity gradients.
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In SimpleBox, intermedia mass flows [mol.s™] are computed as the product of a transport
coefficient [m®.s] and the concentration in the compartment from which the mass flow
originates [mol.m™]. The transport coefficients (internal parameters) are found as the product
of intermedia mass transfer coefficients and the interfacial areas (definition parameters). The
mass transfer coefficients for forward and backward diffusive processes have different
magnitudes; the coefficient for the "backward" advective process has the value zero.
SimpleBox provides guidelines and in most cases estimation equations to derive the mass
transfer coefficients from properties of the chemicals and characteristics of the environment
(auxiliary parameters).



RIVM report no. 719101029 page 21 of 155

3. MODEL CALCULATIONS

In this section, the SimpleBox model is described in detail. In the following paragraphs the
parameters and the equations for the chemical characteristics, partition coefficients,
environmental characteristics, degradation and transformation rates, intermedia partitioning
and transfer processes are specified. In paragraph 3.7-3.11 the mass balances for the
compartments are presented. For each of these mass balances, the transfer processes (input
and output of the compartment) are described.

3.1 Model parameters

The parameters that characterize the SimpleBox model definition can be categorized as fol-

lows:

1. Definition parameters (D) determine the mass balance equations. With these values, the
SimpleBox computation can be carried out, without them it can not. The definition
parameters are a "necessary and sufficient" requirement for the SimpleBox computation.
Definition parameters are expressed in MKS-units. To derive values for the definition
parameters, the user may chose to use either the suggested estimation equations or default
values that are based on auxiliary parameters. Alternatively, values may be entered
directly, overruling the suggested estimations and defaults.

2. Auxiliary parameters (A) are used to derive default values for the definition parameters.
Values for the auxiliary parameters may be entered in the format that is available, which
is often non-MKS units. Values for the auxiliary parameters must be entered if the user
chooses to use the suggested estimation equations in setting one or more definition
parameters.

3. Internal parameters (I) are used in SimpleBox to carry out the computation in an orderly
manner. MKS-units are used. Values for these parameters cannot be entered by the user.
Their existence is mentioned in this document only to explicitly describe what is being
calculated in SimpleBox.

4. Constants (C).

System variables (S).

6. Output variables (O).

et

For the symbols, as far as possible, the following conventions are applied:

e Parameters are mainly denoted in capitals, which indicate the type of the parameter (and
its units).

e Specification of the parameter is in lower case.

e Specification of the compartment for which the parameter is specified is shown as a
subscript, the index i specifies which compartment is considered in case of more
compartments with the same name.

e Specification of the scale is shown as a subscript in capital.

As an example, the symbol FRdisslvd,,.., iis; means the fraction (FR) dissolved (disslvd) of
the chemical in water i (qer;); Where i can be 1 or 2, specifying the fresh water compartment
or the sea water of at a certain scale [S], denoted in the subscript ( s ); [S] may be the
regional [R], continental [C], moderate [M], arctic [A] and tropic [T] scale.
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3.2 Parameters that describe the properties of the chemical

3.2.1 Molecular weight

The molecular weight of the chemical, MOL WEIGHT, is one of the most often used
parameters in the SimpleBox spreadsheet. In all but two cases, this is to convert the amount
of chemical from mole-based units to mass-based units. If only mass-based units are used, the
value of MOL WEIGHT is irrelevant to this purpose. The only instance where the molecular
weight is used as a characteristic of the chemical is in the formulas for estimating partial mass
transfer coefficients, where the parameter MOL WEIGHT is used as indicator of the size of
the molecule. The following default value

MOL WEIGHT = 250 g.mol’ - 2

with
MOL WEIGHT : molecular weight of the chemical [kg.mol] (A)
may be taken as a starting point; it is a value for a medium-large molecule.

3.2.2 Octanol-water partition coefficient

The octanol-water partition coefficient, K,,, is the basis for estimating intermedia partition
coefficients (sed-water, soil-water) for organic chemicals. If the user chooses to use any of
these formulas, a value for the K,,, of the chemical needs to be entered. SimpleBox does not
provide an estimation routine to derive K,, from knowledge of the chemical structure. The
default value

Octanol-water partition K,, = 10° 3

with
Kow : octanol-water partition coefficient of the chemical [mol.mUctml'3/mol.mwm'3] (A)

may be taken as a starting point; it is a value for a rather hydrophobic chemical.

3.2.3 Vapor pressure

The vapor pressure of the chemical, VAPOR PRESSURE, is also used in the formulas for
estimating the fraction of the chemical that is associated with aerosol particles in air and the
air-water partition coefficient. As for K,,, a value for VAPOR PRESSURE needs to be entered
if it has been decided that either one of these estimation formulas is to be used. The VAPOR
PRESSURE of a chemical is temperature dependent”. When applying simple temperature
corrections for the vapour pressure, care must be taken when the melting point is within the

* EUSES: Setting the enthalpy of vaporization (Hp,,,) and the enthalpy of solution (Hsu,) to zero results in a
temperature independent VAPORPRESSURE and SOLUBILITY.



page 24 of 155 RIVM report no. 719101029

extrapolated temperature range. The vapour pressure of the solid phase is always lower than
the extrapolated vapour pressure of the liquid phase. A correction will therefore tend to
overestimate the vapour pressure.

Hyyopor | 1 1 )
R 7298 TEMPERATURE,, 4

VAPORPRESSURE(T) = VAPORPRESSURE(2S5).¢e

with
VAPOR PRESSURE (T): vapor pressure of the chemical at temperature T (°C) [Pa] (A)
VAPOR PRESSURE (25): vapor pressure of the chemical at temperature 25°C [Pa] (A)

Hopapor: enthalpy of vaporization [J.mol'] (A)
R: gas constant, = 8.314 Pa.m>.mol*.X! (C)
TEMPERATURE; : temperature at the air-water interface at scale S [K] (4)

A suggested default enthalpy of vaporization is:

H = 50kJ.mol™’ 5

Ovapor

with
Hpyopor: enthalpy of vaporization [J .mol’l] (A)

A suggested default VAPOR PRESSURE(2S5) is:
VAPORPRESSURE(25) = 107 Pa 6

with
VAPOR PRESSURE (25):  vapor pressure of the chemical at temperature 25°C [Pa] (A)
as a starting point, a typical value of a semi-volatile chemical.

3.2.4 Solubility

The solubility of the chemical in water, SOLUBILITY, is also used in the formula for
estimating the air-water partition coefficient. If a value for the octanol-water partition
coefficient has been entered already, SOLUBILITY may be estimated from K,, by means of
one of the many available regression formulas. SimpleBox uses the formula of Hansch et al.
(1968), as mentioned by Lyman et al. (1982) for general purposes, corrected for temperature
dependency®:

H() solut 1 !
— )
SOLUBILITY(T) = SOLUBILITY(25).e ® % TEMPERATUREs, 7
with
SOLUBILITY (T) : solubility of the chemical at temperature T (°C) at scale S [mol.mwm'S] (A)
SOLUBILITY (25): solubility of the chemical at temperature 25°C [mol.mwm'3] (A)
Hoyeonr' enthalpy of solution [J .mol ™ (A)

R: gas constant, = 8.314 Pa.m’.mol” X! (C)
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TEMPERATURE : temperature at the air-water interface at scale [K] (A)

A suggested default enthalpy of solution is:

H = JOkJ.mol™ 8

Osolut

with
Hyopr: enthalpy of solution [J .mol'l] (A)

A suggested default SOLUBILITY(25) is:

SOLUBILITY(25) = 107"2140sKowt085 1000 9
with
SOLUBILITY (25): vapor pressure of the chemical at temperature 25°C [mol.mwmr's] (A)
Kow: octanol-water partitioning coefficient of the chemical [-] (A)
1000: conversion factor [1.m‘3] (A)

3.2.5 Melting Point

The melting point of the chemical, MELTING POINT, is used in the formula for estimating
the fraction of the chemical that is associated with aerosol particles in air. As for K,,, a value
for MELTING POINT needs to be entered. As for K,,,, no estimation formula for MELTING
POINT is provided in SimpleBox. The default value

MELTINGPOINT = 0°C 10

with
MELTINGPOINT - melting point of the chemical [°C] (A)
may be taken as a starting point (the chemical is liquid at environmental temperatures).

3.2.6 Biodegradability

The results of standard screening tests for aerobic degradability in water may be used as a
starting point for estimating the rate constants for transformation of the chemical in water,
sediment and soil (Struijs and Van den Berg, 1993). A positive result ("readily degradable")
may be interpreted in this context as a property of the chemical. No estimation routine to
derive estimates for the biodegradability are provided by SimpleBox. By default, the chemical
is suggested to be treated as "not readily degradable":

PASSreadytest = n 11

with
PASSreadytest : the result of a standard screening test, expressed in the generally used
"yes/no" format (A)
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3.2.7 Potentially Affected Fraction

SimpleBox can calculate the Potentially Affected Fraction® (PAF) as an indicator for
"environmental risk" for water, sediment and soil (Hamers et al., 1995). This equation
determines the percentile of species for which the NOEC is exceeded at the steady-state
concentration:

= | 12
PAF wueris) = —(108( CSS,yyers MOLWEIGHT )~ 0y 15 1)
1 + e ﬁwalerls i
with
PAF v iis) - predicted affected fraction for water [-] (A)
CSSater ifs)* steady-state concentration in water i [mol.m™] (0)
MOL WEIGHT . molecular weight of the chemical [kg.mol'l] (A)
Olpuareris) mean of log NOEC’s for water at scale S [g.l'l]
Buarerssy - beta for water at scale S [-]
V3
Bwater[S] = Stdevwater[S] ’ ? 13
with
Broarertsy beta for water at scale S [-] (D)
stdev ,uerisy : standard deviation of log NOEC’s for water [-] (D)
= 1 14
PAFseqits) = —(l0g( CSS,g-MOLWEIGHT )=0. )
1 + e Bwu/erl S
with
PAF 4is;: predicted affected fraction for sediment i [-] (A)
CSSyeaiis): steady-state concentration in sediment i [mol.m™] (0)
MOL WEIGHT : molecular weight of the chemical [kg.mo]'l] (A)
Olgea [5] mean of log NOEC’s for sediment at scale S [g.l'l]
Buarer 151 beta for water at scale S [-] (D)
1

PAFsitits) =

—(log( CSS,,y - MOLWEIGHT ).y 1)

1 + e BmiIIS/
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with
PAF s - predicted affected fraction for soil i at scale S [-] (A)
CSS.oitifs): steady-state concentration in soil i [mol.m™) (0)
MOL WEIGHT molecular weight of the chemical [kg.mol‘l] (A)
Olyoirfs) - mean of log NOEC’s for soil at scale S [g.l"]
Beoitrsy beta for soil at scale S [-]
NE)
Bmz[S] = stdev, s, —— 16
T
with
Bsoit 157 beta for soil at scale S [-] (D)
stdevg, sy standard deviation of log NOEC’s for soil [-] (D)

® EUSES: the calculation of Potentially Affected Fraction is not implemented in EUSES.
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3.3 Parameters that describe intermedia partitioning of the
chemical

Intermedia equilibrium constants (air/water; air/aerosol, air/soil, air/vegetation; sediment/
water; soil/water; soil/vegetation) or partition coefficients are required for various purposes,
but principally for estimating intermedia mass transfer coefficients. The coefficients represent
concentration ratios. The concentrations can be expressed on a volume basis [mol.m'3] oron a
weight basis [mol.kg™].

Partition coefficients may be available from experimental data or field measurements. More
often, however, this information is not available. If that is the case, the estimation methods
described below may be used. It should be noted that, in general, the applicability of these
estimation methods is limited to those classes of (organic) chemicals for which the
relationships have been derived. Extrapolation beyond these limits may lead to errors of
orders of magnitude. For metals, no generally applicable estimation methods are known.

3.3.1 Air-water

The air-water equilibrium distribution constant, Kajr.water, also known as the "dimensionless"
Henry’s law constant, can be estimated from the ratio of the vapor pressure and the water
solubility. The air-water equilibrium distribution constant is temperature dependent. The
estimation in SimpleBox is:

% _ H VAPORPRESSURE(T)/SOLUBILITY(T) 17
[r-we [{S}] — =
e R.TEMPERATURE R.TEMPERATURE,;,
with
Koirwater is) air-water equilibrium distribution constant at scale S [mol.muir'slmol.mwm'ﬁ (A)
H: Henry’s law constant [Pa.m3 .mol"]
VAPOR PRESSURE(T):  vapor pressure of the chemical at temperature T (°C) at scale S [Pa] (A)
SOLUBILITYV(T) : solubility of the chemical in water at temperature T (°C) at scale S[mol.m'3] (A)
R: gas constant, = 8.314 Pa.m’.mol” X (C)
TEMPERATURE;, : temperature at the air-water interface at scale S [K] (A)

3.3.2 Air-aerosol

Air-aerosol partition coefficients are usually not known. However, some information is
frequently available on the fraction of the chemical that occurs in association with the aerosol
phase. SimpleBox uses this information for the computations. A value for the fraction of the
chemical that is associated with the aerosol phase, FRassuers0, can be entered directly, or
estimated on the basis of the chemical’s vapor pressure, according to Junge (1977). In this
equation, the sub-cooled liquid vapour pressure should be used. For solids, a correction is
applied according to Mackay (1991):

If MELTINGPOINT < TEMPERATURE;s; (substance is liquid):



page 30 of 155 RIVM report no. 719101029

CONST.0
FRassuemxol[S] = 18
VAPORPRESSURE(T )+ CONST.0

If MELTINGPOINT > TEMPERATURE s (substance is solid):

CONST.0

FRasSeroso11s1 = 6.70.(1_MELTINGPOINT 19

)
VAPORPRESSURE(T ).e TEMPERATURELs1 . CONST.®

with
FRasS gorosolys fraction of the chemical in air that is associated with aerosol particles at
scale S [-] (A)
VAPOR PRESSURE(T).  vapor pressure of the chemical at temperature T at scale S [Pa] (A)

MELTINGPOINT : melting point of the chemical [K] (A)

CONST : constant [Pa.m] (C)

0: surface area of aerosol phase [mm,,ms(,f/mair3 1(C)
TEMPERATURE; : temperature at the air-water interface at scale S [K] (A)

with the product CONST- 6 set equal to 10 Pa.

3.3.3 Air-rain

The scavenging ratio may be known from measurements or estimated:

1 - FRassaerosol[S]

SCAVratios, = + FRaSSaerosoiys) COLLECTeff ¢, 20
Kair-water[S]
with
SCAVratiogs; scavenging ratio (quotient of the total concentration in rainwater and the
total concentration in air) of the chemical at scale S [-] (A)
FRass serosoiysy - fraction of the chemical in air that is associated with aerosol particles at
scale S [-] (A)
Koirowaterisy : air-water equilibrium distribution constant at scale S [mol.mai,’3/mol.mwa,e,‘3] (A)
COLLECTeffis) : aerosol collection efficiency at scale S [-] (A)

The first term represents an estimate of the (equilibrium) distribution between rain water in
air and the gas phase of air. The second term represents the scavenging of aerosol particles by
rain droplets. The proportionality constant of 2-10° is taken from Mackay (1991).
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3.3.4 Solid-Water partition coefficients

Commonly used estimation methods for the partition coefficients for sediment-(pore)water
and soil-(pore)water are based on the assumption of the "hydrophobic sorption” mechanism.
This mechanism is classically modeled using the organic carbon content of the soil or
sediment and the octanol-water partition coefficient of the chemical. A common equation is:

log Kp = log(Koc. CORG) = alog Kow + b +log CORG 21
with
Kp: solid(sediment/susp/soil)-water partition coefficient [1 waler.kgsohd"] (A)
Koc : organic carbon referenced solid-water partition coefficient [1 Wmer.kg(,c'l](A )
CORG : organic carbon content of the solid [kg o, carbon-KEsotia 1 (A)
Kow : octanol-water partition coefficient of the chemical [-] (A)

Of the many regression formulas that have been reported for different classes of organic com-
pounds, the most simple one appears to be the equation proposed by DiToro et al. (1991), in
which the coefficients a and b are set to the values 1 and O, respectively. Their equation is
used here:

log Kp=log Kow+1log CORG or Kp=CORG.Kow 22

It should be stressed that this estimation method is valid only for non-ionic organic chemicals.
This partition model is not to be applied to:

- acidic or basic chemicals that to some extent occur in an ionic form

- anionic and cationic surfactants

- metals

3.3.5 Sediment-water

Solid-water partition coefficients are commonly expressed as [mol.kgsond'l/mol.lwater'l] or
[lwmer.kgsolid'l]. The "dimensionless" form [mol.msorbem'3/mol.mwater'3] or [mwater3.msorbent'3] is
often required in calculations. Values for these equililibrium distribution constants may be
derived from:

Keawaerits) = FRwaterseairs; + (1 - FRwatersedi[SJ)-Kpsedi[s]-RHOSOlid[S] /1000 23

with
Ked-warer ifs) - sediment-water equilibrium distribution constant at scale S
[mol.Myeg /mol.m e ] (A)
Frwater,, s, : volume fraction of the water phase of sediment of scale S [-] (4)
Kpsediss) : sediment-water partition coefficient at scale S [lwm.kgm“d'l] (1)
RHOsolidyg; density of the solid phase at scale S [kgs(,“d.msohd'ﬁ (A)

1000 : conversion factor [L.m™] (C)
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3.3.6 Soil-water

K.mil i-water[S] = FRwatermiz i[s] + FRSOlid.voil ifSi- Kpsm’l i[s] RHOSOlid[S] /]000 24
with
Koot i-warer(sy: soil-water equilibrium distribution constant at scale S
[mol.my;*/mol.my,.; "1 (A)
FRwater,y; s) volume fraction of the water phase of soil at scale S[-] (A)
FRsolid,,j s, : volume fraction of the solid phase of soil at scale S[-] (A)
Kpoitisy soil-water partition coefficient at scale S[lwater.kgs‘,lid'l] (1)
RHOsolidg; : density of the solid phase at scale S [kgmnd.mm“dﬁ (A)
1000 : conversion factor [].m'3] (C)

3.3.7 Dissolved fraction of the chemical in water, sediment and soil

The fraction of a chemical, present in the total water column (suspended matter, biota and
water) can be estimated on the basis of the partition coefficient and bioconcentration factor:

pru‘vp -waterifS]* SUSPwater ifS] + BCF}:\h i[S].' BIOwater ifS] ) 25

FRdiSSldeateri[S] = 100/(1+

1000
with
FRAisslvd,per irs) : dissolved fraction of water column i at scale S [-] (A)
KD uspwaserifs) - suspended matter-water partition coefficient at scale S [lwm,.kgsoﬁd"] 1)
SUSP uerifs - concentration suspended matter in water column i at scale S [kgm,,-d.mwm'3] (D)
BCFgp s bioconcentration factor for fish in water column i at scale S [1 wate,.kgﬁs,{'] (A)
BIO,user s - concentration of biota in the water column [kgsoﬁd.mwa,c,'S] (D)

1000 : conversion factor [l.m's] (C)

For non-ionic organic chemicals, the bioconcentration factor can be estimated from the
hydrophobicity of the chemical in the same way as the solids-water partition coefficients.
Most of the available measurements and regression equations refer to fish.

BCFﬂshi[S] = FATﬁsh,‘[s] -Kow 26
with
BCF i) bioconcentration factor for fish in water column i at scale S [lwm.kgﬁsh'l] (A)
FAT s, 57 volume fraction of fat in fish in water column i at scale S [-] (A)
K, : octanol-water partition coefficient of the chemical [-] (A)

in which, by default, the following value may be considered:

FAT psnirs; = 0.05 27
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with
FATgg, 5y volume fraction of fat in fish in water column i at scale S [-] (A)
) FRwatersoairs;
FRdisslvdiijs) = ——————-100 28
sed-water i S]
with
FRdisslvd, ., s; - fraction of the chemical present in the water phase of the sediment [-] (A)
FRwater,, ;) volume fraction of the water phase of the sediment [-] (A)
Kedwarerits) - sediment-water equilibrium distribution constant at scale S
[mol. Mgy */mol.my. ] (4)
) FRwatersoiiifs
FRdisslvdoirirs) = 8100 29
soil i-water[S]
with FRdisslvd,y; is; fraction of the chemical present in the water phase of soil i at scale S [-] (A)
FRwater ;s volume fraction of the water phase of the soil at scale S[-] (A}
Koit i-waterfsy soil-water equilibrium distribution constant for soil i at scale S

[mol.myy*/mol.my,.. ] (A)
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3.4 Parameters that characterize the environment

3.4.1 General parameter settings for the regional, continental and global
scales

The default settings of SimpleBox are set to reflect a densely populated Western European
region (regional scale), and the whole of the European Union (continental scale).

3.4.1.1 Area of the system

SYSTEMAREA,, = 80000 km’ 30
with
SYSTEMAREAy : total area of the regional scale (air/water + air/soil interfaces) [m?] (D)
80000 : area of the regional scale (soil + water 1 + water 2)

the area of the region (typical 200 x 200km” area, without sea water). The area of sea water is
set equal to the typical area. The total systemarea is the typical area plus the area of sea water.

SYSTEMAREA,.; = 7120000 — SYSTEMAREA , km’ 31
with
SYSTEMAREA ) : total area of the continental scale (air/water + air/soil interfaces) [m’] (D)
7120000: area of the continental scale (soil + water 1 + water 2)
SYSTEMAREA;z; - total area of the regional scale (air/water + air/soil interfaces) [m?] (D)

the area of the European Union, including sea water. The area of the continental scale is
corrected by subtracting the area of the regional scale.

Table 2: Systemarea of the global scales (Henderson-Sellers and McCuffie, 1987)

Scale SYSTEMAREA [km?]
Moderate 3.89.10’-SYSTEMAREA "
Arctic 2.55.10
Tropic 8.93.10

* The area of the moderate scale is corrected by subtracting the area of the continental scale.

3.4.1.2 Population

Population is needed for the calculation of indirect emmision by the waste water treatment
population is corrected for the area fraction of sea water in the systems:
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SYSTEMAREA , .
POPULATION,,, = 500. /10 32
with
POPULATION ; total population of the regional scale [inh] (A)
500 : average population density in the region [inh.km?] (C)
SYSTEMAREA ;) : total area of the regional scale (air/water + air/soil interfaces) [m?] (D)
10°: conversion factor [m%km?] (C)
2: correction factor for soil+waterl (C)
SYSTEMAREA;, .
POPULATION,, = 104. > /10 33
with
POPULATION ¢, : total population of the continental scale [inh] (4)
104 : average population density of the continental scale [inh.km'z] (C)
SYSTEMAREA¢; total area of the continental scale (air/water + air/soil interfaces) [m?] (D)
2: correction factor for soil+waterl (C)
10°: conversion factor [mz.km'z] (C)

3.4.1.3 Production

PRODUCTION[R] = (1-10°° /MOLWEIGHT ) - POPULATION ., - (24 - 3600) 34
with
PRODUCTION, : total amount produced or imported in the system [mol.s"] (A)
1.10%: production per inhabitant [kg.inh'.d™]
243600 : conversion factor [s.d"]
MOL WEIGHT . molecular weight of the chemical [kg.mol‘l] (A)
POPULATION, total population of the regional scale [inh] (A}
PRODUCTION[C] = 9-PRODUCTION[R] 35
with
PRODUCTION ¢, : total amount produced or imported in the continental scale [mol.s '] (4)
PRODUCTION, : total amount produced or imported in the regional scale [mol.s™] (A)

as a starting point;
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3.4.1.4 Temperature

Table 3: Temperature of the scales

Scale TEMPERATURE [°C]
Regional 12°
Continental 12
Moderate 12
Arctic -10°
Tropic 25

* the average temperature at ground level in the Netherlands
® Peixoto and Oort, 1992,

3.4.2 Air

Air is treated in SimpleBox as a bulk compartment, consisting of a gas phase, an aerosol
phase and a rain water phase; the concentration in air is a total concentration.

The air in the system is not stagnant; it is continuously being flushed. Wind blows air from a
larger scale into the system and from the system to a larger scale. As the chemical is carried
with these airstreams, this leads to "import" and "export" mass flows of the chemical to and
from the system, see Figure 3A. The air compartment is considered to be well-mixed. The
refreshment rate is characterized by the atmospheric residence time.

The volume of the air compartment in the regional, continental and global scales may be
obtained from:

VOLUMEair[S] = SYSTEMAREA[S] HEIGHT,“',[S] 36
with
VOLUME,, s, volume of the air compartment of scale S [m3] (D)
SYSTEMAREA;; : total area of scale S (air/water + air/soil interfaces) [m2] (D)
HEIGHT ;,s; atmospheric mixing height of scale S [m] (A)

for which, by default, the following values may be considered:
HEIGHTair[S] = JOOO m 37

with
HEIGHT ;. s, - atmospheric mixing height of scale S [m] (A)
the average thickness of the atmospheric mixing layer.

To estimate the atmospheric residence time, it is assumed that wind blows at constant speed
in one direction through a well-mixed cylindrical box:

JSYSTEMAREA, .7 /4
TA Umr[s] = 38

WINDSPEED, ,
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with
TA Uuir 18] :

SYSTEMAREAs;

WINDSPEEDs, :

residence time of air in scale S [s] (D)
total area of scale S (air/water + air/soil interfaces) [m*] (D)
average windspeed at 10 m above the surface of scale S [m.s'l] (A)

in which the following may be considered as a default:

WINDSPEED,, = 3m.s™' 39

with
WlNDSPEED[s] :

average windspeed above the surface of scale S [m.s'l] (A)

This is a typical windspeed for the regional scale (EC, 1996a).

3.4.2.1 Air flows between the scales

The FLOW,;, between the different scales may be estimated as:

VOLUME ir(r;

FLOVVair[R]—air[C] = FLOVVuir[C]—air[R] = 40
TAU uirr)
with
FLOW y1p) iricy rate of air flow from the regional scale to the continental scale [m zm3.s'1] (A)
FLOW i Crainr) - rate of air flow from the continental scale to the regional scale [m aif.s'l] (A)
VOLUME iz, : volume of the air compartment of the regional scale [m?] (D)
TAU jiry residence time of air in the regional scale [s] (D)
FLOVVatr[C]—air[M] = FLOvVair[M]—air[C] = % 41
TA U air[C]
with
FLOW 4i01C)airimy rate of air flow from the continental scale to the moderate scale [maif.s"]
(A)
FLOW yivtsty aivcy rate of air flow from the moderate scale to the continental scale [m,;>.s™']
(A)
VOLUME ,;,c; volume of the air compartment of the continental scale [m”] (D)
TAU jiic; residence time of air in the continental scale [s] (D)

FLOW 111 )-airga) = FLOW,

with
FLOW irypt).aivgay -
FLOW irfapainm; -
VOLUME ;4 :
TAU jrga; :

VOLUME ;ir;4;
TAU yirfa)

42

airfAJ—air[M] —

rate of air flow from the moderate scale to the arctic scale [maif.s'l] (A)
rate of air flow from the arctic scale to the moderate scale [m.‘,i,3 s (A)
volume of the air compartment of the arctic scale [m°] (D)

residence time of air in the arctic scale [s] (D)
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FLOVVair[M]—air[T] = FLOWIair[T]—uir[M] = VO_LU—AM 43
TAU sir1)
with
FLOW yiimyaivity rate of air flow from the moderate scale to the tropic scale [maif.s'l] (A)
FLOW 411y irimty rate of air flow from the tropic scale to the moderate scale [maif.s"] (A)
VOLUME ;7 : volume of the air compartment of the tropic scale [m3] (D)
TAU iy : residence time of air in the tropic scale [s] (D)

Deposition mass flows of the chemical depend on the rate of wet precipitation and the rate of
dry aerosol deposition. Deposition velocities and collection efficiencies of aerosols vary
greatly with the size of the particles. As chemicals may be associated with particles of a
specific size, the deposition velocities and collection efficiencies depend also on the
chemical. The values given are typical values, to be used as a starting point:

AEROSOLDEPRATE,;, = 0.1 cm.s™ 44

with
AEROSOLDEPRATE5;:  deposition velocity of the aerosol particles with which the chemical is
associated at scale S [m.s™] (A)

COLLECTeff,;, = 2.10° 45

with
COLLECTeffys; : aerosol collection efficiency at scale S [-] (A)

Table 4: Rainrate of the scales

Scale RAINRATE [mm.yr]
Regional 700
Continental 700
Moderate 700
Arctic 250°
Tropic 1300°

* from Wania and Mackay (1995)
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3.4.3 Water

Two separate water compartments are defined in both the regional and continental scale; a
fresh water and a sea water compartment. At the global scales, one water compartment is
defined (seawater). In SimpleBox, "water" is treated as a homogeneous bulk compartment,
consisting of a suspended matter phase, and a biota phase. The presence of suspended matter
and biota influences the fate of chemicals in a very similar way to that of aerosols and
rainwater in the atmosphere. These phases bind the chemical, thus inhibiting it from taking
part in mass transfer and degradation processes that occur in the water phase. Suspended
matter acts as a physical carrier of the chemical across the sediment-water interface.
Concentration ratios among suspended matter, biota and water are often close to equilibrium.
For the purpose of multimedia fate modeling, the water compartment is treated the same way
as the air, sediment and soil compartments: that is at all times equilibrium is assumed among
water, suspended matter and biota.

The water compartments at the regional and continental scales are continuously flushed with
water (and biota, suspended matter) from outside that scale. The chemical in the fresh water
compartment of the continental scale can be transported to the fresh water compartment of the
regional scale (rivers). The chemical in the sea water compartment at the regional scale can be
"exported" and "imported" to and from the continental scale. The chemical at the continental
scale can be "exported" and “imported" from and to the sea water compartment of the
regional scale and the water compartment of the moderate scale. The chemical at the
moderate scale can be "exported” and "imported" from and to the sea water compartment of
the continental scale and the water compartments of the arctic and tropic scales. The water
flows between the scales are shown in Figure 3A.

A WATER AIR B

| ' ARCTIC ZONE ! ! ARCTIC ZONE
: e
REGIONAL
SCALE REGIONAL
wc | W2R SCALE
MODERATE wip MODERATE z
ZONE ZONE
wic
CONTINENTAL
CONTINENTAL
SCALE ‘ SCALE
TROPIC ZONE TROPIC ZONE

Figure 3: Water and air flows in and between the spatial scales. WIR is water compartment 1
of the regional scale, W2R is water compartment 2 of the regional scale. W1C is water
compartment 1 of the continental scale, W2C is water compartment 2 of the
continental scale.
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The water flows between the global scales are equal, e.g. FLOW,,urerimywateria] = FLOWypaterja)-
water(M] aNd FLOW yaterimj-wateriT) = FLOW,pateriTi-watermy In order to calculate a reasonable water
balance for the total system modeled.

The rate of refreshment is characterized by means of a single hydraulic residence time. This
assumption strongly caricaturizes reality since typically multimedia environmental contain
many different water bodies with different characteristics. Naturally, the two separate water
compartments of the regional and continental scale and the water compartments of the global
scales cannot represent all of these. Instead, the water compartments that are modeled here are
chosen to be "typical” --an exemplification of any real water body in the system.

The volume of the water compartments at the regional, continental and global scales may be
obtained from:

VOLUMEwuter ifs;] = SYSTEMAREA[S] AREAFRA Cwurer ifS] DEPTkuter i[s] 46
with
VOLUME, 1. is; volume of water compartment i at scale S [m3] (D)
SYSTEMAREA;; : total area of scale S (air/water + air/soil interfaces) [(m’] (D)
AREAFRAC 0 iis; - fraction of the system area that is water i at scale S [-] (D)
DEPTH 01 ifs5) depth of water cqlumn iatscale S [m] (4)

for which, by default, the following may be considered:

AREAFRACwuterl[R] = 1'5% 47
with
AREAFRAC e yyr; fraction of the regional scale that is water 1 [-] (D)
the area percentage of fresh water (rivers, lakes, canals, ditches) in the region;

AREAFRAwaerz[R] = 50% 48
with

AREAFRAC 0 218y fraction of the regional scale that is water 2 [-] (D)
the area percentage of sea water in the region;

AREAFRAcwa;erl[C] = 1.5% 49
with
AREAFRAC e iy fraction of the continental scale that is water 1 [-] (D)
the area percentage of fresh water (rivers, lakes, canals, ditches) in Europe;

AREAFRACwalerZ[C] = 50% 50

with
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AREAFRAC 0 2y fraction of the continental scale that is water 2 [-] (D)
the area percentage of sea water in Europe;

Table 5: Area fraction of water for the global scales

Scale compartment AREAFRAC uier (%]
Moderate water 50
Arctic water 60
Tropic water 70
Table 6: Water depth of the global scales

Scale compartment DEPTH,,41er [m]
Regional water 1 3
Regional water 2 25
Continental water 1 3
Continental water 2 200
Moderate water 1000
Arctic water 1000
Tropic water 1000

A typical hydraulic residence® time may be obtained by calculating a water balance. The water
compartments at the all scales receive water from four sources: water flows to the
compartment, surface run-off, urban run-off and precipitation. Precipitation is considered to
be equal to evaporation and has no influence on the residence time of water. The urban run-
off, EFFLUENT stp, is very small compared with the incoming flows and can therefore be
ignored. The same amount of the incoming flows flows out of the fresh water compartment of
system into the sea water compartment of the system:

VOL UMEwater i[S]

TAU warerifs) 51
e FLOWS, s, + RUNOFEF,
with
TAU rer sy hydraulic residence time of water compartment i at scale S [s] (D)
VOLUME, .5 - volume of water compartment i at scale S [m’] (D)

¢ In EUSES, the residence time is based on the incoming water flows, surface run-off, urban run-off (effluent of
the sewage treatment plant) and precipitation: the effluent of the sewage treatment plant in m’.d™ is calculated
by: WASTEW = POPULATION * 0.2 *(24*3600); where 0.2 is the water use per inhabitant in m’.inh'.d" and
(24*3600) is the conversion factor (s.d™). The water flow through the system due to rainfall directly into surface
water is calculated by: RAINDIRECT = RAINRATE * SYSTEMAREA * AREAFRACwater i * (24*3600); where
RAINRATE is the average daily precipitation (m.d'). The EUSES settings can be simulated in SimpleBox by
setting TAU to the value computed in EUSES.
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FLOWSys; sum of the discharges of all streams crossing the scale boundaries to
water compartment i [m3.s"] (D)
RUNOFFg total run off from soil 1, (soil 2 and soil 3) of scale S into the water

compartment of scale S [m3.s'1] (A)

FLOWS][R] = FLOWwaterl[C]—waterl[R] 52
with
FLOWS g, : sum of the discharges of all streams crossing the regional scale
boundaries to water 1 [m3.s"] (A)
FLOW s ertiCj-water1iRJ: flow from water 1 of the continental scale to water 1 of the regional scale
m’.s'1(A)

the total discharge of the major rivers, entering the fresh waters of the region;

FLOWS2[R] = FLOWwaterI[C]—waterZ[R]+ FLOWwaterI[R]—waterZ[R]+ FLOWwaterZ[C]—waterZ[R] 53
with
FLOWS yz; sum of the discharges of all streams crossing the regional scale
boundaries to water 1 [m’.s”'] (A)
FLOW ertiCrwarer2iry: flow from water 1 of the continental scale to water 2 of the regional scale
m’s'] (A)
FLOW ser1 iR water2(R}: flow from water 1 of the regional scale to water 2 of the regional scale
[m’s™] (4)
FLOW uor21Crnater2iR): flow from water 2 of the continental scale to water 2 of the regional scale
[m’s™] (A)

the total discharge of the major rivers and flow of sea water, entering sea water of the region;

FLOWS, ¢, = 0 54

with
FLOWS ¢ : sum of the discharges of all streams crossing the continental
scale boundaries to water 1 [m’.s '] (A)
there are no water flows from other water compartments to water compartment 1 of the
continental scale;

FLOWSZ[C] = FLOquterl[C]—waterZ[C]+ FLOWwater[M]-waterZ[C]+ FLOWwaterZ[R]—wuterZ[C] 55
with
FLOWS ¢ : sum of the discharges of all streams crossing the continental
scale boundaries to water 2 [ms.s'l] (A)
FLOW yuert(Clwarerzicy: flow from water 1 of the continental scale to water 2 of the continental

scale [m*.s™] (A)
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FLOW userp)warer2icy: flow from water of the moderate scale to water 2 of the continental scale
(m’.s'] (A)

FLOW, er2iRpwarer2icy: flow from water 2 of the regional scale to water 2 of the continental scale
[m’s"] (4)

the total flow of water entering the sea water compartment of the continental scale;

FLOWS[M] = FLOquterZ[C]—water[M]+ FLOWwater[A]—water[M]+ FLOquter[T]—water[M] 56
with
FLOWS ;- sum of the discharges of all streams crossing the moderate scale boundaries
to the water compartment [m3.s'l] (A)
FLOW, er2Cpwaterimy: flow from water 2 of the continental scale to water of the moderate scale
[m’.s™) (A)
FLOW pter14owaser 111} flow from water of the arctic scale to water of the moderate scale [m>.s] (A)
FLOW yperTy-waterimy: flow from water of the tropic scale to water of the moderate scale [m’ .s'l] (A)

the total flow of sea water, entering the water compartment of the moderate scale;

FLOWS[A] = FLOWwater[M]—water[A] 57
with
FLOWS,,,; sum of the discharges of all flows crossing the arctic scale boundaries to the
water compartment [m3.s'1] (A)
FLOW ,periM)-wateriaf: flow from water of the moderate scale to water of the arctic scale [m3.s"] (A)

the total flow of water entering the water compartment of the arctic scale;

FLOWS[T] = FLOWwater[M]—water[T] 58
with
FLOWS7; : sum of the discharges of all flows crossing the tropic
scale boundaries to the water compartment [m*s'] (A)
FLOW uterimt)-wateri: flow from water of the moderate scale to water of the tropic scale [m3.s'l] (A)

the total flow of water entering the water compartment of the arctic scale;

RUNOFF,, . 0rits) = Z(FRACTURoitiweriss) - AREAFRACsoitigs))-

RAINRATE, ;). SYSTEMAREA >
with
RUNOFF, uger st total run off from soil 1, (soil 2 and soil 3) into water compartment i at scale S
m’s™] (A)
FRACrun,y; umeritsy © fraction of the wet precipitation that runs off soil i to water i at scale S [-] (A)
AREAFRAC ;157 fraction of the systemarea of scale S that is soil i {-] (D)

RAINRATE, : rate of wet precipitation at scale S [m,;,.s"] (A)
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S YSTEMAREA[S/ :

total area of scale S (air/water + air/soil interfaces) [m? (D)

3.4.3.1 Water flows between the scales

The water flows between the water compartments of the different scales are defined by:

FLOW water 1R j-waser 2] = VOLUME water iir)/ TAU waser 118]

with

FLOWwarerllRl-water 2{R] :
VOLUME, . -
TAU uter -

FLOWwater 2[R ]-water 2[C]

with

FLOW water 17C j-water 21C] =

with

FLOW yuter 2R 1-warer 21y -
RUNOFF i 1 waterairy
RUNOFF iy 2. parer 24ry
RUNOFF i1 3 ater 24r;
FLOW,ier \R)-water 2(R]

FLOWwater 1/C]-water 2[R} :

FLOWwater 2{C]-water 2{R] .

FLOWwaler 1{Cl-water 2{C] :

VOLUMEwatzrl[Cl :
TA Uwater ey :
FRACout e ¢y

60

rate of water flow from water 1 to water 2 of the regional scale [mwmf.s'l] (A)

volume of the water compartment [m’] (D)
residence time of water in the system [s] (D)

= RUNOFF, ;)\ gj-waer2rr) + RUNOFF,, 2[Rj-water 2[R]
+RUN0FFW‘1 3[R ]-water 2[R] + FLOWwater 1{R]-water 2[R]
+FL0Wwarer 1/ Cj—water 2[R} + FLOquter 2{C]-water 2[R]

rate of water flow from water 2 of the regional scale to water 2 of
the continental scale (M. -s"'] (4)

transport coefficient for run-off from soil 1 to water 2 at the
regional scale [msoiﬁs"] (D)

transport coefficient for run-off from soil 2 to water 2 at the
regional scale [msmfs'l] (D)

transport coefficient for run-off from soil 2 to water 2 at the
regional scale [my;’s "] (D)

rate of water flow from water 1 to water 2 of the regional scale
[Myaer™5"'1 (A)

rate of water flow from water 1 of the continental scale to water
2 of the regional scale [mwam3.s'l] (A)

rate of water flow from water 2 of the continental scale to water
2 of the regional scale [mwmz.s'l] (A)

VOLUME

1/C F out 2
water 1/C] . RAC water 2{C]
M L water 1{C]

rate of water flow from water 1 to water 2 of the continental scale
[Myuer 51 (A)

volume of water compartment 1 of the continental scale [m*] (D)
residence time of water 1 in the continental scale [s] (D)

61

62

fraction of water 1 of the continental scale that flows to water 2 of the

continental scale [-] (D)
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FLOW water 1[Cj-water 1(R] =

with
FLOWwa!er 1{C}-water 1[R] .

VOLUMEW,,” 1yct N
TA Uwater 1{C] .
FRACout,yyer \jr; *

FLOWwater 1/ C j-water 2{R] =

with
FLOW yer \(Clowater 2R) -

VOLUMEwarer 1cj +
TAUwarerl[CI .
FRACOutwm‘,,Z,R/ :

FLOWwater 2{C]-water 2[R] =

with
FLOWwater 2{C]-water 2[R} :

VOLUME ., 28, :
SYSTEMAREA; :
AREAFRAC 1oy sy -
0.03:

FLOW water 2[C]-water[M ]

with
FLOWwa!er 2{C]-water{M] :

VOLUMEW(”" 2C] .
TAU urercy

63

VOLUMEwater 1/C]J
. FRACOMtwater 1/R]
TA Uwater 1fC]

rate of water flow from water 1 of the continental scale to water 1 of
the regional scale [Myyer-S"'] (A)

volume of water compartment 1 of the continental scale [m*] (D)
residence time of water 1 in the continental scale [s] (D}

fraction of water 1 of the continental scale that flows to water 1 of the
regional scale [-] (D)

VOLUMEwater 1{C] ) FRACOHtwater 2R
TA Uwuter 1/C]

64

rate of water flow from water 1 of the continental scale to water 2 of
the regional scale [Myaer-5"] (A)

volume of water compartment 1 of the continental scale m’] (D)
residence time of water 1 in the continental scale [s] (D)

fraction of water 1 of the continental scale that flows to water 2 of the
regional scale [-] (D)

VOLUMEwuter 2[R]
JSYSTEMAREA ;- AREAFRAC, ...,
0.03

65

rate of water flow from water 2 of the continental scale to water 2 of
the regional scale [Myye, 5] (A)

volume of water compartment 2 of the regional scale [m3] (D)

area of the regional scale [m’] (D)

fraction of the regional scale that is water 2 [-] (D)

sea current at the continental scale [m.s']] (D)

VOLUME
water 2{C ] 66

TA Uwuter 2{C]

rate of water flow from water 2 of the continental scale to water of the
moderate scale [mwmf.s'l] (A)

volume of water compartment 2 of the continental scale [m*] (D)
residence time of water 2 in the continental scale [s] (D)
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FLOW water{ M-water 20c] =

with

FLOWwater[M]—water[A] =

with

FLOWwater[M]-—water[T] =

with

FLOWwater[A]—water[M] =

with

FLOWwaler[M]-water 2{C] .

VOLUME, ;10 2¢1 -
TAU,,4r -
SYSTEMAREA¢;
AREAFRAC . uerycy :
0.01:

FLO Wwa[er[M]-watrr[Al :
VOLUM Ewarer[Al :

SYSTEMAREA[A] .
0.01:

F LOWwater[M]-water[T] :
VOLUMEM”"[T] .

SYSTEMAREA[T] :
0.01:

FLOWwarer[A J-water{M] H

VOLUME, ;1er14;

VOLUMEwuter 2(C] 67

JSYSTEMAREA, ¢, * AREAFRAC, 3¢,
0.01

rate of water flow from water of the moderate scale to water 2 of the
continental scale [mwam}.s'l] (A)

volume of water compartment 2 of the continental scale [m3] (D)
residence time of water in the system [s] (D)

area of the continental scale [m*] (D)

fraction of the continental scale that is water 2 [-] (D)

sea current at the moderate scale [-] (D)

VOLUME,,,,..;4; 68

JSYSTEMAREA,

0.01

rate of water flow from water of the moderate scale to water of the
arctic scale [Myye.s ' 1 (A)

volume of the water compartment of the arctic scale [m* (D)

area of the arctic scale [mz] (D)

sea current at the arctic scale [-] (D)

VOLUMEwater[T]

69

JSYSTEMAREA,

VOL UMEwater[A]

0.01

rate of water flow from water of the moderate scale to water of the
tropic scale [mwme,3.s"] (A)

volume of the water compartment of the tropic scale [m3] (D)

area of the arctic scale [mz] (D)

sea current at the moderate scale [-] (D)

70
TA Uwater[ Al

rate of water flow from water of the arctic scale to water of the
moderate scale [mwms.s"] (A)
volume of the water compartment of the arctic scale m*1 (D)
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TAU utersay residence time of water in the arctic scale [s] (D)
_ VOLUMEwurer[T] 71
FLOWwater[T]-—water[M] -
TA Uwater [T]
with
FLOW uieriTi-waterim) rate of water flow from water of the tropic scale to water of the
moderate scale [mwmf.s'l] (A)
VOLUME,, .or1) - volume of the water compartment of the tropic scale [m’] (D)
TAU yuteri1y - residence time of water in the tropic scale [s] (D)

Table 7: Fraction of water flow out of water 1 of the continental scale to other water

compartments
Scale compartment FRACout,gserifsy [-]
Regional water 1 0.0391*
Regional water 2 0.01
Continental water 0.951

a The fraction water out of water compartment 1 of the continental scale is set to calculate the
2 -l
flow FLOW,yqser 1[C]-water 1{R] = 750 m°s.

3.4.4 Water, suspended matter

In this context, "suspended matter” refers to all abiotic colloidal or macromolecular materials
(debris of organisms, "humic" material, "dissolved" organic matter, "third phase", etc.) that is
not truly dissolved. Suspended matter is treated as the dissolved fraction of the water
compartment. The suspended matter in the fresh water compartment of the continental scale
can be transported to the fresh water compartment of the regional scale (rivers). The
suspended matter in the sea water compartment at the regional scale can be “imported” and
"exported" to and from the continental scale. The suspended matter at the continental scale
can be “imported" and "exported” to and from the sea water compartment of the regional
scale and the water compartment of the moderate scale. The suspended matter at the moderate
scale can be “imported" and "exported" to and from the sea water compartment of the
continental scale and the water compartments of the arctic and tropic scales. This transport is
characterized by the flow of water and the concentrations of suspended matter in the
incoming and outgoing water. Suspended matter may also be produced in the system itself, by
growth of small aquatic organisms (bacteria, algae). Sewage treatment plant effluents are
another source of suspended matter. Finally, there is continuous exchange of particles across
the sediment-water interface by sedimentation and resuspension. The balance of these sus-
pended matter mass flows determines the magnitude and the direction of the particle
exchange between sediment and water, and thus the mass flow of the chemical that is
associated with the particles.
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Suspended matter is transported into the system with the inflowing water from a larger scale.
The inflow of suspended matter is given by the concentration of suspended matter in the
larger spatial scale. The outflow of suspended matter is given by the concentration of
suspended matter in the water in the system, SUSPyuzer ifs; -

Table 8: Suspended matter concentration

Scale compartment SUSP,,uter [mg.l'l]
Regional water 1 15
Regional water 2 5
Continental water 1 25
Continental water 2 5
Moderate water 5
Arctic water 5
Tropic water 5

Particle exchange between sediment and water is characterized by:

SETTLEvelocityg;. SUSPuwaterifs;
(1 - FRwaterseis;)- RHOsolid g,

> NETsedrate;;, , then:

72

SETTLEvelocity,g,. SUSP urer ifs
GROSSsedrate, s, = 4l erf[ L else
(-I = FRWatersedi[S])- RHOSOlld[S]
GROSSsedrate, s, = NETsedrate,,
with
GROSSsedrate;s; gross sedimentation rate for sediment i at scale S [msed.s'l] (A)
SETTLEvelocityys; : settling velocity of suspended particles at scale S [Myer.5'T (A)
SUSP urerits) - concentration of suspended matter in water column i at scale S
(K soia- Myaer 1 (D)
FRwater,,, ys; volume fraction water of the sediment i at scale S [-] (A)
RHOsolid,; : density of the solid phase of sediment i at scale S [kg.m'3] (A)
NETsedrates; : net sedimentation rate for sediment i at scale S[mscd.s'l] (A)
for which, by default, the following values may be considered:
. _ -1
SETTLvelocity,s;, = 2.5m.d 73

with
SETTLvelocitys; settling velocity of suspended particles at scale S [Myaers '] (A)
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a value typical for the fine muddy sediments that are common in the region;

RESUSPrate,;; = GROSSsedrate, s, - NETsedrate,, 74
with
RESUPrate; s; . resuspension rate for sediment i at scale S [msed.s'l] (A)
GROSSsedrate; s : gross sedimentation rate for sediment i at scale S [mxd.s'l] (A)
NETsedrate; s; - net sedimentation rate for sediment i at scale S [mscd.s'l] (A)

NETsedratel[R] = (PRODWSI’ I/R] + SUSPwater 1cy FLOWwaterl[C]—waterl[R] +
SUSPeff ;- FRstpwater, . EFFLUENT +

stp[R]
2 EROSION 5o i[R]* AREAFRAC i i[R]" SYSTEMAREA[R]- FRSOlidsoili[R]
- RHOsolid, ; = SUSPuaier 1181 FLOW er 1 Rjsarer 2171 )

) 1
(] - FRwatersed[R] ) RHOSOlid[R] . (SYSTEMAREA[R] AREAFRACwater l[R])

with

NETsedrate g, : net sedimentation rate for sediment 1 at the regional scale [msed.s‘l] (A)

PROD,,, 11z : rate of production of suspended matter in water column 1 at the regional
scale [kgyie:s' 1 (A)

FLOW vser 11C)-waterIIR] - the stream of water that flows to water compartment 1 at the regional
scale [mwmf.s"] (A)

SUSP userifsy . concentration of suspended matter in water column i at scale S
[Kguora-Myarer 1 (D)

SUSPeffpir; concentration of suspended matter in STP-effluents at the regional scale
[Kguota-Me ) (A)

EFFLUENT yz; - total of all STP-effluent discharges to the water compartment at the
regional scale [m.s'1(A)

EROSION ;1 iz rate of erosion of soil i at the regional scale [meps'](A)

AREAFRAC i iry fraction of the systemarea that is soil i at the regional scale [-] (D)

FRsolid,; iz : volume fraction solid of soil i at the regional scale [-] (A)

RHOsolidyg : density of the solid phase of the sediment at the regional scale [kg.m”] (A)

SYSTEMAREAjg; : total area of the regional scale(air/water + air/soil interfaces) [m*] (D)

FRwater g volume fraction water of sediment at the regional scale [-] (A}

AREAFRAC urer 1) fraction of the systemarea of the regional scale that is water 1 [-] (D)

75
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NETsedratez[R] = (PRODsusp2rr) + SUSPwaterl[R]'FLOWwaterl[R]—waterZ[R]

with

+ SUSPwuter 1/C]" FLOWwater 1{C]-water2[R] + SUSPwuter2[C]' FLOWwater 2[C ]-water 2[R]

+ SUSPeff ;- FRstpwater, . EFFLUENT . +

Y. EROSIONuiifrj- AREAFRAC ouirr)- SYSTEMAREA, ;. FRsolid souifr;

[R]

.RHOsolid, y; = SUSParer2irj- FLOW, 0218 1 water 211 )-

1 1

(I - FRwatersan,) RHOsolid ,, (SYSTEMAREA, ;. AREAFRACuuerir))

NETsedratey; net sedimentation rate for sediment 2 at the regional scale [msed.s'l] (A)

PROD i 3zy - rate of production of suspended matter in water column 2 at the regional
scale [kgm,id.s'l] (A)

FLOW yer ifs)-waser 2(R] - the stream of water that flows to water compartment 2 at the regional
scale [mwm3.s'1] (A)

SUSP uerigsg - concentration of suspended matter in water column i at scale S
[Kguota-Maer 1 (D)

SUSPeffypry concentration of suspended matter in STP-effluents at the regional scale
[kgsolid-meﬂ?] (A)

EFFLUENT ;- total of all STP-effluent discharges to the water compartment at the

EROSION ;yiiz;

regional scale [me.s '] (A)
rate of erosion of soil i at the regional scale [mmﬂ.s'l] (A)

AREAFRAC 4ry fraction of the systemarea that is soil i at the regional scale [-] (D)
FRsolid,,; g, : volume fraction solid of soil i at the regional scale [-] (A)

RHOsolidg : density of the solid phase of the sediment at the regional scale [kg.m™] (A)
SYSTEMAREA, : total area of the regional scale(air/water + air/soil interfaces) [m2] (D)
FRwater,, gy volume fraction water of sediment at the regional scale [-] (A}

AREAFRAC, yer 27y fraction of the systemarea of the regional scale that is water 2 [-] (D)

NETsedrate,;., = (PRODgsic; + SUSPeﬁ.rtp[C]' FRstpwater, ;. EFFLUENTW[C] +

with

2 EROSIONS()[I ifcj- AREAFRAC;ml ifcj- SYSTEMAREA[C] FRSOlidsoili[C]

.RHOsolid,; — SUSPyaweriic)- FLOW, ey 11¢ j-warer 11

—SUSPuarer1/Cj- FLOWwater 1/Cj-water2[R] ~ SUSPyaerifc- FLOWWW@TUC]"WWW 2{C] )
] 1

(I - FRwatersasc,). RHOsolid, ., (SYSTEMAREA, ;. AREAFRACuuer i)
77

NETsedratel[C] :
PRODSMP 1C} :

net sedimentation rate for sediment 1 at the continental scale [msed.s'l] (A)
rate of production of suspended matter in water column 1 at the
continental scale [kgmud.s‘l] (A)
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FLOW er its1-warer1ic) the stream of water that flows to water compartment 1 at the continental
scale [mwa,ef.s'l] (A)
SUSP ser sy - concentration of suspended matter in water column i at scale S
[kgsoljd~mwatcr-3] (D)
SUSPeffpicy - concentration of suspended matter in STP-effluents at the continental
scale [kgmlid-meﬁ:s] (A)
EFFLUENT ¢y total of all STP-effluent discharges to the water compartment at the

EROSION 3¢y :
AREAFRAC,,1iic;
FRsolid,, ¢y :
RHOsolid¢; :
SYSTEMAREA,¢ :
FRwater . ic:
AREAFRAC, ; 11c1-

continental scale [meﬂ}.s'l] (A)

rate of erosion of soil i at the continental scale [mwﬂ.s'l] (A)

fraction of the systemarea that is soil i at the continental scale [-] (D)

volume fraction solid of soil i at the continental scale [-] (A)

density of the solid phase of the sediment at the continental scale [kg.m"] (A)
total area of the continental scale(air/water + air/soil interfaces) [mz] (D)
volume fraction water of sediment at the continental scale [-] (A)

fraction of the systemarea of the continental scale that is water 1 [-] (D )

NETsedratez[C] = (PRODsusp 2[C] + SUSPwater[M]' FLOWwater[M]—water2[C]

with

+ SUSPigrer 1ycj- FLOWwaterl[C]—waterZ[C] + SUSPwater2[R]- FLOWwater2[R]—water2[C]

+SUSPeff ., ;. FRstpwater, ¢, EFFLUENT . +

stp[C]

Y, EROSIONiijc;- AREAFRAC iirc)- SYSTEMAREA, .. FRsolidsouic)
. RHOSOlid[C] - SUSPwuter 2[C]J- FLOquterZ[C]»Wateﬂ[R]
—SUSPyaier2ici- FLOW, ooorc1owaterim) )-

1 1

(I - FRwatersajc,) RHOsolid,, (SYSTEMAREA, ). AREAFRACuuer iic))

NETsedratez[C] .
PRODsuspZIC/ .

FLOW yper ifs1water2icy

SUSP yarerifsy
SUSPeﬁﬂ,,,[C] .
EFFLUENT\-,F[C/ .

EROSION 1 y1¢; -
AREAFRAC, ¢ :
FRsolid,, yc; -
RHOSOlid/C] .
SYSTEMAREA ¢ :
FRwater,,; c:
AREAFRAC 40r 3¢y

net sedimentation rate for sediment 2 at the continental scale [msed.s"] (A)
rate of production of suspended matter in water column 2 at the
continental scale [kgmﬁd.s’l] (A)

the stream of water that flows to water compartment 2 at the continental
scale [Myye 5] (A)

concentration of suspended matter in water column i at scale S
(KZsoio-Muacer } (D)

concentration of suspended matter in STP-effluents at the continental
scale [Kgi-Mer ] (A)

total of all STP-effluent discharges to the water compartment at the
continental scale [meﬁ«3.s'l] (A)

rate of erosion of soil i at the continental scale [ms(,ﬂ.s'l] (A)

fraction of the systemarea that is soil i at the continental scale [-] (D)
volume fraction solid of soil i at the continental scale [-] (A)

density of the solid phase of the sediment at the continental scale [kg.m'3 1(A)
total area of the continental scale(air/water + air/soil interfaces) [mz] (D)
volume fraction water of sediment at the continental scale [-] (A)

fraction of the systemarea of the continental scale that is water 2 [-] (D)

78
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NETsedrate[M] = (PROD_;usp IM] + SUSPwater 2{C]- FLOWwater 2[C J-water[M ]

with

+ SUSPwater[A]' FLOWwater[A]—wuter[M] + SUSPWW'[T]‘ FLOWwater[T]—water[M]
+ 2 EROSION.W[[M]- AREAFRACW'[[M]- SYSTEMAREA[M]- FRSOlidsoil[M]

. RHOSOlid[M] - SUSPwater 1/C]- FLOWwater 1/CJ-water 1[R]

=SUSPuserm)- FLOWwater[M]~water2[C] — SUSPrater m)- FLOWwater[M]—water[A]

- SUSPwater[M]' FLOWwater[M]—Water[T] )

1 1

(I - FRwaterway,)- RHOsolid,,, (SYSTEMAREA,,,,. AREAFRAC wuser( 1)

NETsedrateyy; :
PRODsu.s'p[M] :

FLOWwa:er il S]-water{M] :

SUSP perigsy -

EROSION 1)
AREAFRAC 1y :
Frsolid, iy
RHOsolidyy, :
SYSTEMAREA y; :
FRwatery my:
AREAFRAC yurerimy:

net sedimentation rate for sediment at the moderate scale [msed.s'l] (A)
rate of production of suspended matter in the water column at the
moderate scale [kgsoh»d.s"] (A)

the stream of water that flows to the water compartment at the moderate
scale [Myyer-S '] (A)

concentration of suspended matter in water column i at scale S
[Kgsoso-Muwater ] (D)

rate of erosion of soil at the moderate scale [mmﬂ.s'l] (A)

fraction of the systemarea that is soil at the moderate scale [-] (D)

volume fraction solid of soil at the moderate scale [-] (A)

density of the solid phase of the sediment at the moderate scale [kg.m™] (A)
total area of the moderate scale(air/water + ait/soil interfaces) [mz] (D)
volume fraction water of sediment at the moderate scale [-] (A)

fraction of the systemarea of the moderate scale that is water [-] (D )

NETsedrate[A] = (PRODsusp [A] + SUSPwarer[M]- FLOWwater[M]—wuter[A]

with

+ 2 EROSIONSOH[A] .AREAFRA Csoil[A] . SYSTEMAREA[A]- FRSOlidmiz[A]

. RHOSOlid[A] - SUSPwater[A]' FLOWwater[A]—water[M] )

1 1

(I - FRwatersasa;)- RHOsolid,,, (SYSTEMAREA, ;. AREAFRAC wuer 1)

NETsedrate[A] .
PRODS,”[,[A] .

FLOWwater [S]-water{A] :

SUSP,perifsy -

EROSIONW,'[ A] -
AREAFRACW,', A] -
Frsolid_m,-, A} -

net sedimentation rate for sediment at the arctic scale [msed.s'l] (A)

rate of production of suspended matter in the water column at the arctic
scale [kgm,id.s"] (A)

the stream of water that flows to the water compartment at the arctic scale
(M”51 (A)

concentration of suspended matter in water column i at scale S

(Kggoia- Myvaeer 1 (D)

rate of erosion of soil at the arctic scale [mso-ﬂ.s‘l] (A)

fraction of the systemarea that is soil at the arctic scale [-] (D)

volume fraction solid of soil at the arctic scale [-] (A)

79
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RHOsolid,; : density of the solid phase of the sediment at the arctic scale [kg.m'3] (A)
SYSTEMAREA ;) : total area of the arctic scale(air/water + air/soil interfaces) [m’] (D)
FRwater,, jar. volume fraction water of sediment at the arctic scale [-] (A)

AREAFRAC, yerja): fraction of the systemarea of the arctic scale that is water {-] (D)

NETsedrate,;;; = (PRODyusy r)+ SUSPuterm)- FLOW,per st 1-warer 1
+ z EROSIONS()H[T]' AREAFRACS()[I[T]' SYSTEMAREA[T] FRSOlidsoil[T]
. RHOSOlid[T] - SUSPwurer[T]' FLOWwarer[T]—wuter[M] )

1 1
(1 - FRwatersr;)- RHOsolid,, (SYSTEMAREA, . AREAFRAC vuer(r})

with

NETsedrater; : net sedimentation rate for sediment at the tropic scale [mwd.s"] (A)

PROD 57y rate of production of suspended matter in the water column at the tropic
scale (kg5 '] (A)

FLOW o pter 15)-wateriT] - the stream of water that flows to the water compartment at the tropic scale
[Myuer"1 (A)

SUSP areriis; concentration of suspended matter in water column i at scale S
(Koo Maier ] (D)

EROSION g1y - rate of erosion of soil at the tropic scale [ms‘,ﬂ.s'l] (A)

AREAFRAC, i1y fraction of the systemarea that is soil at the tropic scale [-] (D)

Frsolid; 7 volume fraction solid of soil at the tropic scale [-] (A)

RHOsolidz; : density of the solid phase of the sediment at the tropic scale [kg.m'3] (A)

SYSTEMAREAy; : total area of the tropic scale(air/water + air/soil interfaces) [m?] (D)

FRwater .y (1. volume fraction water of sediment at the tropic scale [-] (A)

AREAFRAC, pen1y: fraction of the systemarea of the tropic scale that is water [-] (D)

for which, by default, the following values may be considered:

Table 9: Production of suspended matter

Scale compartment PRODgsyspwater [gsolid.m'z.y'l]
Regional water 1 10
Regional water 2 1
Continental water 1 10
Continental water 2 1
Moderate water 1
Arctic water 1
Tropic water 1

81
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SUSPeff ,1z; = 30 mg(dry).l” 82

with
SUSPeffpr; - concentration of suspended matter in STP-effluents at the regional
scalefkgsoio-Mer 1 (A)
a typical value for communal water treatment facilities in the Netherlands.

SUSPeff ,,;c; = 40 mg(dry).l” 83

with
SUSPeffpc; concentration of suspended matter in STP-effluents at the continental
scale (kg Mer ] (A)
a typical value for communal water treatment facilities in Europe.

Estimation of the susp-water partition coefficient takes the organic carbon content of the
suspended matter as input. By default, the following value may be considered:

CORGsmp[s] = 01 84

with
CORG ,qs; - organic carbon content of suspended matter at scale S
[kgorg carb(m-kgsolid-ll (A)
a typical value for suspended particulate matter in surface waters.

3.4.5 Water, biota

"Biota" refers to all living organisms in water, from bacteria to mammals. The fraction biota
in the water compartment is usually small, compared to even the fraction of suspended matter
in the water compartment. As a result, biota usually plays an insignificant role with regard to
the overall fate of the chemicals. Concentration ratios among biota and water are often close
to equilibrium. Therefore, in SimpleBox equilibrium is assumed at all times among water and
biota.

BIOWam[s] = lmg(dry) l'I 85
with

BIO\uerss) concentration of biota in the water column [kgso,id.mwm'3] (D)
as a starting point.
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3.4.6 Sediment

Sediment is treated as a bulk compartment, consisting of a water phase and a solid phase; the
concentration in sediment is a total concentration. Equilibrium is assumed between the pore
water and solid phases of the sediment.

The top layer of the sediment is considered to be well-mixed. If the sedimentation of particles
from the water column is greater than the resuspension (net sedimentation), this top layer is
continuously being refreshed. The older sediment layer, and the chemicals that are associated
with the sediment with it, gets buried under the freshly deposited material.

The volume of the sediment compartment may be obtained from:

Vieairs;) = VOLUMEseuirs) = SYSTEMAREA ;. AREAFRAC wuterifs)- DEPTH seaifs; 86
with
Vied ifs7 volume of sediment compartment i at scale S [m3] (1)
VOLUME,,, ys; volume of sediment compartment i at scale S [m3] (D)
SYSTEMAREA; : total area of scale S (air/water + air/soil interfaces) [m2] (D)
AREAFRAC erits) fraction of the area of scale S that is water i [-] (D)
DEPTH,; ys; mixing depth of sediment i at scale S [m] (A)

for which, by defauit, the following values may be considered:
DEPTH‘W,“[S] = 3cm 87

with

DEPTH, ;s; mixing depth of the sediment at all scales [m] (A)
a value that may be considered typical for the muddy sediments in the shallow waters of the
region.

The apparent mass flow of the chemical from the top layer to the deeper sediment is charac-
terized by:

BURIALsed,'[s] = NETsedratel.[S] 88
with
BURIAL,,; ys; burial rate of old sediment i under fresh deposits at scale S [msed.s"] (A)
NETsedrate;s, : net sedimentation rate for sediment i at scale S [msed.s'l] (A)
FRwaterears; = 0.8 89
with

FRwater,,y5; volume fraction water of the sediment at scale S [-] (A)
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Estimation of the sediment-water partition coefficient takes the organic carbon content of the
sediment as input. By default, the following value may be considered:

CORG;eairs) = 0.05 90

with
CORG 51 - organic carbon content of sediment i at scale S [kgq, c.m,on.kgmnd'l] (A)
a typical value for the sediments in surface waters.

3.4.7 Soil

Soil is the most stationary and, as a result, the most spatially inhomogeneous of all
environmental compartments. There are many different soil types and differences in soil use.
Unfortunately, the fate of chemicals is determined largely by just the characteristics that vary
so much (porosity, water content, organic matter content). Also, soil use happens to be the
key factor determining whether it may be loaded directly with a chemical. One soil
compartment may not be sufficient to reflect the role of "soil" in the multimedia fate of
chemicals. SimpleBox, therefore, comes with three separate soil compartments. The first soil
compartment may be thought of as "natural soil". The second soil compartment may be
thought of as "agricultural soil". The third soil compartment may be used to reflect the
existence of "urban" or "industrially used" soil.

Only the top layer of the soil is considered in this modeling concept. The effective soil depth
is chemical dependent, see paragraph 3.4.8 .

Soil is treated as a bulk compartment, consisting of a gas phase, a water phase and a solid
phase; the concentration in soil is a total concentration. The different soil phases are assumed
to be in equilibrium at all times.

The volumes of the soil compartments may be obtained from:

Vsititsi = VOLUMEiirs) = SYSTEMAREA[S]'AREAFRACS()[I[[S]' DEPTH soitis; 91
with
Vioititsy . volume of the soil compartment i at scale S (m*] (1)
VOLUME,;ys; volume of the soil compartment i at scale S [m3] (D)
SYSTEMAREAs; : total area of scale S (air/water + air/soil interfaces) [m?] (D)
AREAFRAC, ;157 : fraction of the area of scale S that is soil i [-] (D)
DEPTH 55 mixing depth of soil i at scale S [m] (A)

for which, by default, the following values may be considered:
AREAFRACoiyirc) = 30% 92

with

AREAFRAC 1 rc; - fraction of the regional or continental scale that is soil 1 [-] (D)
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the approximate area percentage of soil that is not in agricultural use,
AREAFRACmil(Z)[R,c] =13.5% 93

with
AREAFRAC y2r¢r: fraction of the regional scale or continental that is soil 2 {-] (D)

the approximate area percentage of agricultural land,

AREAFRAC oi3yrc) = 5% 94
with
AREAFRAC 3rc) - fraction of the regional or continental scale that is soil 3 [-] (D)
AREAFRACM,'[[M,A,T] = 1"AREAFRACWM[M,A,T]~1OO% 95
with
AREAFRAC i mary - fraction of the moderate, arctic or tropic scale that is soil {-] (D)
AREAFRAC per mati fraction of the moderate, arctic or tropic scale that is water [-}(D)

The soil depth of the different compartments in given in paragraph 3.4.8.
It is assumed that the sludge produced in the area considered is applied onto soil 2 of that
area.

RHO,uu = 2500 kg.m™ 96
with

RHO,,;; : density of the solid phase [kg.m'3] (A)
a typical value for minerals.

Surface run-off and infiltration of rain water play an important role in transport of chemicals
out of the soil compartment. By default, values for the fraction of rain water that runs off to
the water compartments and the fraction that infiltrates may be taken as:

FRAcrunmili—waterl[S] = 0.25 97

with
FRACTrunt iy iwarer 115 - fraction of rain water that runs of from soil i to water 1 at scale S [-] (A)

FRACrunoi i—waerts; = 0 »

with
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FRACTUN i varer 2151 - fraction of rain water that runs of from soil i to water 2 at scale S [-] (A)

the sum of these fractions is the total fraction that runs off from the soil compartment, and is
set to 0.25.

FRACinf .5, = 0.25 99

with
FRACinf ;51 fraction of rain water that infiltrates into soil i of scale S [-] (A)
These values may be regarded as typical for the region.

The rain water that runs off the soil transports soil particles to the water compartment,
eroding the soil and carrying the chemical that is associated with the soil particles with it. The
rate of erosion varies with the topography. By default, values for this EROSION may be taken
as:

EROSION iryys; = 0.03 mm. yr™ 100
with

EROSION ;51 rate at which soil that is washed from soil i into surface water of scale S [m.s"] (A)

typical for flat terrain.

FRairmiu[s] = 02 101
with
Frairg ;s : volume fraction air of soil i at scale S [-] (A)
FRwatersiirs; = 02 102
with
Frwater s : volume fraction water of soil i at scale S [-] (A)
FRsolidsiirs) = 0.6 103
with
Frsolidy sy : volume fraction solid of soil i at scale S [-] (A}

typical values for soil in the Netherlands (van Grinsven, RIVM, personal communication).

Estimation of the soil-water partition coefficient takes the organic carbon content of the soil
as input. By default, the following values may be considered:

CORGsm‘[][s] = 0.05 104

with
CORG s - organic carbon content of soil 1 at scale S [Kg . carbon-K&eotia 1 (A)



page 60 of 155

RIVM report no. 719101029

CORG i 257 = 0.05

with
CORG, i sy -

CORG o 3155 = 0.05

with
CORG i1 357 -

organic carbon content of soil 2 at the regional and continental scale
-1
[kgorg. carbon-kgsolid ] (A)

organic carbon content of soil 3 at the regional and continental scale
-1
[kgorg. carbnn'kgsolid ] (A)

105

106
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3.4.8 Chemical dependent soil depth

In contrast with the former version of SimpleBox, it is assumed that the soil depth is
dependent on the properties of the chemical’. For agricultural soil, which is frequently
reworked by mechanical action (by plowing, etc.), the soil depth is chosen as the actual
mixing depth, 20 cm as a minimum value. For natural and industrially soil a chemical-
specific soil depth is defined, depending on the actual penetration depth of the chemical. The
chemical tends to migrate vertically down into the soil, whereby processes of leaching,
diffusion, absorption and degradation control the depth of migration. The penetration depth or
“effective soil depth” of the chemical can be calculated with the modified Damkohler
Number, Da*, (Cowan et al., 1995). The penetration depth of the chemical is the depth at
which, at steady-state, the rate of chemical reaction disappearance is equal to its rate of
movement into the soil by diffusive processes. When these rates are equal, the penetration
depth is calculated from (DE/k)V’, where k is the first order degradation rate and Dg is the
dispersion coefficient (diffusion + advection) (Cowan et al., 1995). Although the SETAC
approach was cast in terms of the Damkdhler Number, in reality it is the result of a species
mass balance of a section of soil near the air/soil interface, (Genuchten and Alves, 1982 and
Thibodeaux, 1996) :

2
dC_pp €, dC oy 107
dt dx dx

with
C: total concentration in soil [kg.m'3]
Dy effective diffusion coefficient in an unsaturated soil [mz.s"]
k: first order degradation rate [s'l]
Vg effective solute convection velocity [m.s™]
X: soil depth [m]

The penetration depth d), is calculated from the equivalent macroscopic mass balance, with an
advection term, diffusion term and a first-order degradation term:

with
C C
v AC/K, =-D, A——k—=.Ad 108
4
d,: penetration depth of the chemical [m]
Dg: effective diffusion coefficient in an unsaturated soil [mz.s"]
k: first order degradation rate [s'l]

¢ BUSES: setting the soil depth of “natural soil” and “industially used soil” to 5 cm and the “agricultural used
soil” to 20 cm simulates the default settings of EUSES. Chemical dependent penetration depth is not
implemented in the EUSES-system.
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Vg effective solute convection velocity [m.s"]
C: total concentration in soil [kg.m"a]

A: area of the soil compartment [kg.m'3 1

K,,- soil-water partition coefficient [-]

Equation 108 can be rewritten as:

Lkd? +I‘;—Edp +D, =0 109
SwW
with
d,: penetration depth of the chemical [m]
Dg: effective diffusion coefficient in an unsaturated soil [mz.s']]
k: first order degradation rate [s']
Vi effective solute convection velocity [m.s‘l]
C: total concentration in soil [kg.m™]
A: area of the soil compartment [kg.m'3]

K, soil-water partition coefficient [-]

The solution of equation 109 is:

Ve Ve 2
+ ’ — )" +4D.  k
sz (sz) y

d,= 110
2k
with
dp,: chemical dependent penetration depth [m]
Vg effective solute convection velocity [m.s'l]
Dg: effective diffusion coefficient in an unsaturated soil [mz.s'l]
k: first order degradation rate [s‘l]
K, soil-water partition coefficient [-]

The effective diffusion in soil includes diffusion in the pore gas and the pore water phase,
diffusion in the solid phase of the soil is negligible.

_ 1.5 15
D,=D,0 + D0 K, 111
with:
D,: effective diffusion coefficient in an unsaturated soil [m>s]
D,: diffusion coefficient in water [mz.s'l]
Ow- volume fraction of water in soil [-]

Dy: diffusion coefficient in air [mz.s'l]
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O volume fraction of air in soil [-]
K, soil-water partition coefficient [-]
K soil-air partition coefficient [-]

in which, by default, the following may be considered:

o, =03
o, =02
with:
Ow: volume fraction of water in soil [-]
Oar volume fraction of air in soil [-]

_ RAINrate. FRACinf{soil)

Vg
€
with
RAINrate : rainrate [m’ms']
€: air content of soil [m3.m'3]
FRACinf{soil):  fraction of rainwater that infiltrates into the soil [-]

in which, by default, the following may be considered:

£e=05

with
g: air content of soil [m’.m™]

The soil depth of the soil compartment 1 and 3 is (natural and industrial/urban soil):

If0.0lm<d,<1m:

DEPTH, 45, =4d,

with:
DEPTH s mixing depth of soil 1 at scale S [m]
DEPTH 3sy: mixing depth of soil 3 at scale S [m]
d,: chemical dependent penetration depth [m]

112

113

114

115
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The minimum soil depth of the soil compartment 2 (agricultural soil) is:

DEPTH,,, s, = 0.20m 116

DEPTH . 3s; : mixing depth of soil 2 at scale S [m] (A)

a typical mechanical reworking depth for agricultural soil. If the penetration depth is larger
than 20 centimeter an smaller than 1 meter, the penetration depth is used to set the depth of

the soil compartment.
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3.4.9 Sewage treatment plant

On the regional and continental scale, it is assumed that 70% of the wastewater is treated in a
biological sewage treatment plant (STP). The chemical loading of the STP can be estimated
by the production of the chemical in the system and the emission factor to fresh water (rivers,
lakes, etc.). The total effluent of the STP is calculated from the capacity of the sewage
treatment plant. From these parameters the STP emissions to air, the water compartments
(water 1 and water 2) and agricultural soil (soil 2) are calculated.

Emission to air

Estp,,.s; = STPload ;. ACTIVEtime ;. FRuousipis] 117
with

Estp sy : indirect emission to air of scale S, resulting from volatilization during sewage
treatment at scale S [mol.s'l] (D)

STPload,s; : load of the sewage treatment plant at scale S during release episodes at scale S
[mol.s"] (A)

ACTIVEtimeys; : fraction of the time that the sewage treatment plant is loaded with the chemical at
scale S [-] (A)

FR,iasipisy fraction of the load that is rerouted to the air compartment as a result of volatiliza -

tion during sewage treatment at scale S [-] (A)

emission to water compartment i:

Estp,..,.;s; = ACTIVEtime,,.. FRstp,,,,, ,~[s]EFFLUENT‘”I7

with

Esrpwater ilS] :
ACTIVEtime[S] s

FRStpwarer ifS] .
EFFLUENT 5, :

CONCStpwat”[s] :

15 CONCSIP 005 118

indirect emission to water with effluent from sewage treatment [mol.s'l] (D)
fraction of the time that the sewage treatment plant of scale S is loaded with the
chemical [-] (A)

fraction of the STP-effluent discharged into the water compartment i of scale S
[Maer™5"1 (A)

amount of STP-effluent discharged into the water compartment i of scale S
[Myer™5™'1 (A)

concentration of the chemical, dissolved in STP-effluent of scale S

[Mol. My "] (A)

emission to soil compartment 2, agricultural soil:

Estp,, ,;s; = ACTIVEtime, ;. SOLIDS prs;- CONCSIP 0015 119

with

Estpoi s

indirect emission to soil 2, resuiting from application of sewage sludge at scale S

[Ls'1(D)
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ACTIVEtimes; : fraction of the time that the sewage treatment plant is loaded with the chemical at
scale S [-] (A)

SOLIDS s rate of sewage sludge production at scale S [kgsn“d.s"] (A)

CONCSP uggersy - concentration of the chemical in sewage sludge at scale S [mol.kgsolid'l] (A)

STPload,,. FRuyspis)

CONCSID, 05 = 120
EFFLUENT wps)-(1 + Kp,;s;- SUSPeff <,/ 1000)
with
CONCStPyurerssy - concentration of the chemical, dissolved in STP-effluent at scale S
[mol.myy, ] (A)
STPload[S] : load of the sewage treatment plant during release episodes at scale S [mol.s"] (A)
FR sy fraction of the load that is rerouted to the water compartment with effluent (water +
particles) upon sewage treatment at scale S [-] (4)
EFFLUENT,,,s; : amount of STP-effluent discharged into the water compartment of scale S
[Mpaer =51 (A)
KDsuspis) - suspended matter-water partition coefficient at scale S [lwam.kgmﬁd"] (A)
SUSPeff s - concentration of suspended matter in STP-effluents at scale S
[kgsolid-meff-3] (A)
1000 : conversion factor [1.m™] (C)
CONCagepsy = 0200l s FRusseis) 121
SOLIDS s
with
CONCSID yagersy - concentration of the chemical in the solid phase of STP-sludge at scale S
[mol.kguia '] (A)
STPloads; : load of the sewage treatment plant during release episodes at scale S [mol.s™'] (4)
FRudgesipis) fraction of the load that is rerouted to the soil compartment with sludge upon sew -
age treatment at scale S [-] (A)
SOLIDS s; - rate of sewage sludge production at scale S [kgsoﬁd.s'l] (A)
FRSD, 01 /7) = 0.9 122
with
FRSPmer 1Ry - fraction of the STP-effluent discharged into the water compartment 1 of the
regional scale [Myye.s"'] (A)
FRStpwater 2[R} = 1_F‘Rsz‘pwaterl[R] 123

with
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Frstpumer2r) - fraction of the STP-effluent discharged into the water compartment 2 of the
regional scale [mwmrs.s"] (A)

FRSID,yer1ic; = 09 124

with
Frstpoer 111 fraction of the STP-effluent discharged into the water compartment 1 of the
continental scale [mwm3.s'1] (A)

FRStpwuterZ[C] =1- FRStpwaterl[C] 125

with
Frstpuer 21y fraction of the STP-effluent discharged into the water compartment 2 of the
continental scale [mwm3.s'1] (A)

EFFLUENT sprs; = STPcapacity,,.0.2 126
with
EFFLUENT s, : amount of STP-effluent discharged into the water compartment of scale S
(M1 (A)
STPcapacity,s; : total capacity of all sewage treatment plants in scale S [eq] (A)
0.2: sewage production [mwmr3 .eq'l] (C)
STPcapacity,s; = POPULATION ;,. PRCNTconnect g, 127
with
STPcapacityys; : total capacity of the sewage treatment plant of scale S [eq] (A)
POPULATION; : number of inhabitants of scale S [eq] (A)
PRCNTconnects; : the fraction of householdings connected to the sewage treatment plant of

scale S [-] (A)

PRCNTconnect,., = 70% 128

[5]
with

PRCNTconnects; : the percentage of householdings connected to the sewage treatment plant of
scale S [%] (A)

The rate of production of sludge may be obtained from Struijs et al. (1991):

SOLIDS,,s5; = STPcapacity,,.(0.15.0.40 + 0.0355) 129
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with
SOLIDS s, - rate of sewage sludge production at scale S [kgsn“d.s"] (A)
STPcapacitys; : total capacity of all sewage treatment plants in the system [eq] (A)
0.15: sewage production [mwm3.eq'l] (C)
04: primary settling solids [kgmud.mwm'3] (C)
0.0355: amount of sludge produced in sewage treatment plant [kg SOHd.eq"] (C)

STPload, s, = PRODUCTION ;. EM1Sfact ., ;s, 130
with
STPload : load of the sewage treatment plant at scale S during release episodes [mol.s”
1(4)
PRODUCTION; : total amount produced or imported in scale S [mol.s‘]] (A)
EMISfact,,pens) - emission factor for water: the fraction of the production volume that is

released to water compartment 1 of scale S [-] (A)

as a starting point;

ACTIVEtime;s, = 365d.yr" = I 131

with
ACTIVEtimeys; fraction of the time that the sewage treatment plant is loaded with the chem-
ical at scale S [-] (A)

assuming continuous activity;

FRvolntstp[S] = 0] 132

with
FRoiasipis) fraction of the load that is rerouted to the air compartment of scale S as a
result of volatilization during sewage treatment [-] (A)

as a starting point.

FRejf\‘tp[S] = 0.2 133

with
FR grpys) fraction of the load that is rerouted to the water com partment with effluent
(water + particles) upon sewage treatment at scale S [-] (A)

FRsludgestp[S] = 0.6 134

with
FRudgespisy - fraction of the STPload that is rerouted to (agricultural) soil through
application of sewage sludge at scale S(A)
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SUSPeff 1z, = 30 mg(dry).I’ 135

with
SUSPeff g concentration of suspended matter in STP-effluents at the regional
scalefkgq-Mer ] (A)
a typical value for communal water treatment facilities in the Netherlands.

SUSPeff ,,yc; = 40 mg(dry).I" 136

with
SUSPeffpc; concentration of suspended matter in STP-effluents at the continental
scale[kguuMer '] (A)
a typical value for communal water treatment facilities in Europe.
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3.5 Parameters that describe the transformation processes

3.5.1 Degradation in air

kdegm’r[S] = (] - FRaSSaerosal[S])- kradOH[S] 137
with
kdeg iys; : pseudo first order transformation rate constant in air at scale S [s"] (D)
FRasS yerosolys - fraction of the chemical in air that is associated with aerosol particles at
scale S [-] (A)
kradoys; : pseudo first order rate constant for reaction with OH-radicals at scale S
[s"1 (A)

As a default for kradoy, it may be considered that nearly all organic chemicals show some
reactivity with OH-radicals. According to Peijnenburg (personal communication), a half life
of 160 days, equivalent to

n2
kradous; = —— d’ 138
160
with
kradoys; - pseudo first order rate constant for reaction with OH-radicals at scale S
[d™1(A)
160 : maximum half-life for organic chemicals in air [d]

may be taken as a minimum reactivity.

3.5.2 Degradation in water

A value for kdegyur may be obtained by means of the scaling procedure proposed by Struijs
and Van den Berg (1993). This procedure assumes that the pseudo first order rate constant for
degradation in water is proportional to the concentration of bacteria in the water. The
degradation rate is corrected by an empirical relationship which changes the degradation rate
50% per 10 degrees’. The rate constant for surface water may be deduced from the rate
constant observed in laboratory tests at 20 °C by scaling:

° : the degradation rates in the EUSES-system are not temperature dependent. For a simulation of EUSES with
SimpleBox 2.0 the kdeg-values of EUSES must be entered.
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Kdeg, s = kdeg,,. (107247 2) BACTwier ppgicoyg 139
BACT .
with
kdeg,urer iis; - pseudo first order degradation rate constant in water i at scale S[s™'] (D)
FRdisslvd ey sy dissolved fraction of water column i at scale S [-] (A)
kdeg,..; : pseudo first order degradation rate constant in laboratory test [s'](A)
BACT, ., : concentration of bacteria in the water compartment [cfumly,e '] (A)
BACT,,,, : concentration of bacteria in the laboratory test water [cfu.ml . wm,'l](A )
TEMPERATURE;; temperature at scale S [K] (A)

It is further assumed in this procedure that a pseudo first order degradation rate constant may
be obtained by extrapolation from the results of standard screening tests for ready
biodegradability in water:

140
In2 . .
kdeg,,, = ? d’ if PASSreadytest = y
n2 .
€8st 7000 d’! if PASSreadytest = n
with
kdeg;es : pseudo first order degradation rate constant in laboratory test [d™'] (A)
PASSreadytest : the result of a standard screening test; expressed as "y" if the chemical is "readily

[IT]

biodegradable” and "n" if the chemical is not "readily biodegradable"

For derivation of the degradation rate in water, the following default-values may be
considered:

BACT sy = 4.10°cfu.ml’ 141
with
BACT,,,, : concentration of bacteria in the laboratory test water [cfu.ml . Wa,e,']] (A)
BACT yuer = 4.10%cfu. mil’ 142
with

BACT,,,,.,: concentration of bacteria in the water compartment [cfu.mlwa,c,'l] (A)
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3.5.3 Degradation in sediment

A value for kdeg;.; may be obtained by means of the scaling procedure proposed by Struijs
and Van den Berg (1993). The degradation rate is corrected by an empirical relationship
which changes the degradation rate 50% per 10 degrees. As with degradation in water, it is
assumed that the degradation rate is related to the degradation rate constant observed in
standard tests for (acrobic) ready degradability in water. Degradation in sediment is treated as
disappearance from the water phase of the sediment. The concentration of bacteria, present in
the pore water or at the surface of the solid phase (or both), in the sediment compartment is
expressed on a pore water volume basis:

kdeg, s = kdeg,,,. (10727 Fr0REs98y BACT s ppyyocg o 143
BACT 1o
with

kdegeqys; : pseudo first order degradation rate constant in sediment s (D)

kdeg,. pseudo first order degradation rate constant in laboratory test [s"1(A)

BACT . y5; concentration of bacteria in sediment, expressed on a pore water basis
[cfu.mlpore vuer T (A)

BACT,,, : concentration of bacteria in the laboratory test water [cfu.mi,., watcr"]{A )

Frdisslvd,,, ;s fraction of the chemical in sediment, present in the pore water phase of the
sediment [-]

TEMPERATURE, : temperature at scale S [K] (A)

For derivation of the degradation rate in sediment, a value for BACT,,s may be derived from:

1.8.10°
BACT seq its) = UL 144
FRwater irs)

with
BACT 4551 concentration of bacteria in sediment i, expressed on a pore water basis at scale S
[cfumlpoe vuer 1 (A)
1.8-10°; concentration of bacteria reported in aerobic sediment fcfu.cm Se(,'3]
Frwater,,, s : volume fraction of the water phase of the sediment i at scale S [-] (A)

It should be noted that this procedure to derive a degradation rate constant in sediment applies
only to aerobic sediments and that generally only the top few millimeters of the sediment are
aerobic.
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3.5.4 Degradation in soil

A value for kdeg,,i may be obtained by means of the scaling procedure proposed by Struijs
and Van den Berg (1993), in analogy with the derivation of kdegs.s. The degradation rate is
corrected by an empirical relationship which changes the degradation rate 50% per 10
degrees.

soilwater

kdegwater s (].072TEMPERATURE[S]—293) BACT

kdeg ... = . . FRdisslvd spiti 145
8 soil ifs] FRdiSSlVdWmer s) BA CTwuter VA soili[S]
with
kdeg o is) - pseudo first order degradation rate constant in soil i at scale S [s ] (D)
kdeg uer its) - pseudo first order degradation rate constant in water i at scale S [s ~l] (D)
BACT,,; : concentration of bacteria in soil, expressed on a pore water basis
[efumlpore waer 1 (A)
FRdisslvd s : fraction of the chemical in soil i at scale S, present in the pore water phase [-]
FRdisslvd,,pper ifs; dissolved fraction of water column i at scale S [-] (A)
BACT, .., : concentration of bacteria in the water compartment [cfu.ml,,. '] (A)
TEMPERATURE; temperature at scale S [K] (A)

For derivation of the degradation rate in soil, a value for BACT,,; may be derived from Struijs
and Van den Berg (1993):

/1.4
BACTW'I = i/— 146

FRwatersiirs;

with
BACT,,; : concentration of bacteria in soil, expressed on a pore water basis
SN — 7
10%: concentration of bacteria reported in aerobic soil [cfu.g ;]
1.4: bulk density of soil [kg.mi"] (A)
FRwater sy : volume fraction water of soil i at scale S [-] (A)

It should be noted that this procedure for deriving a degradation rate constant in soil applies
only to aerobic systems.
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3.6 Parameters that describe the intermedia transfer processes

3.6.1 Deposition

Values for the deposition mass transfer coefficients DRYDEP 450 and WASHOUT may be
obtained by means of:

DRYDEPaemxol[S] = AEROSOLDEPRATE[S]-FRaSSaem.ml[S] 147

with
DRYDEP ., 01151 mass transfer coefficient for dry deposition of aerosol-associated chemical
at scale S [mai,.s'l] (D)
AEROSOLDEPRATE5;:  deposition velocity of the aerosol particles at scale S with which the
chemical is associated [m.s"'] (4)
FRass yerpsoiys fraction of the chemical in air that is associated with aerosol particles at
scale S [-] (A)

WASHOUT,;, = RAINRATE,,.SCAVratio,, 148
with
WASHOUT g, mass transfer coefficient for wet atmospheric deposition at scale S [m air.s"] (D)
RAINRATE; : rate of wet precipitation at scale S [m,ain.s'l] (A)
SCAVratioys; : scavenging ratio (quotient of the total concentration in rainwater and the total

concentration in air) of the chemical at scale S [-] (A)

3.6.2 Gas absorption and volatization

Values for the overall mass transfer coefficients for gas absorption and volatilization may be
estimated using the classical two-film resistance model. In the case of transport across the air-
water interface, the overall transfer coefficients follow from summation of the resistances at
the water- and air sides of the interface. In the case of transport across the air-soil interface,
the soil-side of the interface is treated as a pair of parallel resistances (air phase and water
phase of the soil). The following equations may be used:

kawair[S]- kawwater[S]

GASABSwater i[s] = . (1 - FRassaem.wl[S]) 149
kaWuir[S]- Kuir-water[S] + kaquter[S]
with

GASABS,per ifsy overall mass transfer coefficient for gas absorption across the air-water interface,
referenced to air at scale S [mai,.s'l] (D)

kaw ,iys; partial mass transfer coefficient at the air-side of the air-water interface at scale S
[myrs™'1 (A)

kaw, sy partial mass transfer coefficient at the water-side of the air-water interface at scale

S [Muger-s'1 (A)
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K i waterisy air-water equilibrium distribution constant at scale S [mwm3.mai,'3] (A)
FRASS yerosors) fraction of the chemical in air that is associated with aerosol particles at scale S [-]
{A)

kaSIuir[S]-kaSIsoilair[S] + kaSluir[S]-kaSlsoilwater[S}/Kair—water[S]

GASABSX{):’I ifS]
kasluris) + kaslomirrs) + kasloimarerrs)/ K airwaters 150

(I - FRaSSuerosol[S])

with

GASABS 1415 overall mass transfer coefficient for gas absorption across the air-soil interface,
referenced to air at scale S [mai,.s'l] (D)

kasl s partial mass transfer coefficient at the air-side of the air-soil interface at scale S
[m-s] (A)

kasloiiaings) - partial mass transfer coefficient at the soilair-side of the air-soil interface at scale S
[mairs™1 (A)

kasl poinvarerssy - partial mass transfer coefficient at the soilwater-side of the air-soil interface at
scale S [Myens'1 (A)

Kir-waters) air-water equilibrium distribution constant at scale S [mwmf.mai,'B] (A)

FRass yeroso1ys) - fraction of the chemical in air that is associated with aerosol particles at scale S [-]
(A)

And, since the quotient of the mass transfer coefficients for gas absorption and volatilization
is equal to the volume-based intermedia partition coefficient:

A AB water i .
VOLAT vwaterirs) = GASABS waeriisi 'Kuir-watﬂ[sl'FRdISSZdeuteri[S] 151

1 - FRaSSuer().\‘ol[S]

with

VOLAT ,er iis; - overall mass transfer coefficient for volatilization across the air-water interface,
referenced to water at scale S (D)

GASABS urer is) overall mass transfer coefficient for gas absorption across the air-water interface,
referenced to air at scale S [mai,.s'l] (D)

FRasS serosolys; . fraction of the chemical in air that is associated with aerosol particles at
scale S [-] (A)

Koirwaterisy air-water equilibrium distribution constant at scale S [mwm3.mair'3] (A)

FRdissIvd vy 1s) - dissolved fraction of water column i at scale S [-] (A)

GASABS oiifs; Kirwarerrs)

. 152
1 - FRassaemsol[S] Ksoili—water[S]

VOLAT ;. ifs;] =

with

VOLAT 1151 overall mass transfer coefficient for volatilization across the air-soil interface,
referenced to soil at scale S [mg,.s"'1 (D)
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GASABS, ,i1is; overall mass transfer coefficient for gas absorption across the air-soil interface,
referenced to air at scale S [mﬂir.s'l] (D)
FRasS yerosons) fraction of the chemical in air that is associated with aerosol particles at
scale S [-] (A)
Koirwarerss) air-water equilibrium distribution constant at scale S [mwa,er3.mai,'3] (A)
Kooitiwatertsy . soil i-water equilibrium distribution constant at scale S [m wme,3.msm{3] (A)

A value for the partial mass transfer coefficient at the air-side of the air-water interface may
be derived from the equation (Schwarzenbach et al., 1993):

0.018 )0.4355

kawar = 0.01-(03+0.2-WINDSPEED5)) (5 153
with
kaw,;, : partial mass transfer coefficient at the air side of the air-water interface
(M1 (A)
WINDSPEEDj, : average windspeed at 10 m above the surface at scale S [m.s'l] (A)
MOL WEIGHT : molecular weight of the chemical [kg.mol'l] (A)
0.018: molecular weight of water (C)

For the partial mass transfer coefficient at the water side of the air-water interface, the
equation of (Schwarzenbach et al., 1993) may be used:

0.032 )0.4047

kawywaer = 0.01-(0.004 + 0.00004 - WINDSPEED,, )-( 154
MOLWEIGHT
with
kaw,,.., - partial mass transfer coefficient at the water-side of the air-water interface
[Myuer-5'1 (A)
WINDSPEED s, : average windspeed at 10 m above the surface at scale S [m.s'l] (A)
MOL WEIGHT : molecular weight of the chemical [kg.mol"] (A)

The partial mass transfer coefficients at the air-soil interface may be derived using the
reasoning suggested by Mackay et al. (1992).

According to this reasoning, the value for the air side may be taken equal to the value at the
air-water interface:

kaSlair = kawm'r 155
with
kasl,, : partial mass transfer coefficient at the air-side of the air-soil interface [m ai,.s'l] (A)
kaw,;, : partial mass transfer coefficient at the air-side of the air-water interface [m,.s™']

(A)
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Mass transfer in the soil air phase is treated as molecular diffusion in the gas phase of a
porous solid medium, characterized by an effective diffusivity of 10° m*hr' and a diffusion
path length of 5 cm. This leads to:

kaSlmilair = 5. 56 ]0_6 m. S.I 156

with
kasl i © partial mass transfer coefficient at the soilair-side of the air-soil interface
-1
[mair's ] (A)

Mass transfer in the soil water phase is similarly treated as molecular diffusion in the water
phase of a porous solid medium, characterized by an effective diffusivity of 107 m>hr" and a
diffusion path length of 2 cm, leading to:

kaSl,\‘oilwater = 5.56. ]0_10 m. S‘I 157

with
kaslgipwater - partial mass transfer coefficient at the soilwater-side of the air-soil interface
-1
[Mygeer-$ ] (A)

3.6.3 Water/sediment exchange

Values for the overall mass transfer coefficients for direct adsorption and desorption across
the sediment-water interface may be obtained using the two-film resistance model, in analogy
to the description of mass transfer across the air-water and air-soil interfaces.

kwswater- kwssed

ADSORB,siis; = .FRdisslvd,,,,, ifs] 158
kWSwater + kwsxed
with

ADSORB,,; is; : overall mass transfer coefficient for adsorption across the sedi ment-water interface,
referenced to water at scale S [mwalc,.s"] (D)

kWS, qter partial mass transfer coefficient at the water side of the sediment-water interface

-1

[Myaer.s ] (A)

kWS partial mass transfer coefficient at the pore water side of the sediment-water

interface [mp,, water-S '] (A)

FRAisslvd ey 1s; - dissolved fraction of water column i at scale S [-] (A)

And, since the quotient of the mass transfer coefficients for adsorption and desorption is
equal to the volume-based sediment-water partition coefficient:

DESORB,eqirs; = ADSORBeaits) ppjicsiva

Kxed-wuter ifS]

159

water if S |
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with

DESORB,,; i1y overall mass transfer coefficient for desorption across the sediment-water interface,
referenced to sediment i at scale S [myy.s™'1 (D)

ADSORB,,; s, - overall mass transfer coefficient for adsorption across the sediment-water interface,
referenced to water i at scale S [M.s'1 (D)

Kedowater ifs) sediment-water equilibrium distribution constant at scale S [mol.msed'3/mol.mwmr’3]
(A)

FRdissIvd yeriy 1y - dissolved fraction of water column i at scale S [-] (A)

As a value for the mass transfer coefficient at the water-side of the sediment-water interface,
the following fixed value (Mackay et al., 1985) may serve:

kWSwaer = 2.778.10°m. 57 160

with
kWS yurer - partial mass transfer coefficient at the water-side of the sediment-water interface
-
[mWalCl"S ] (A)

Mass transfer at the pore water side of the sediment-water interface is treated, according to
Mackay’s reasoning (Mackay et al., 1992), as molecular diffusion in the aqueous phase of a
porous solid material, characterized by an effective diffusivity of 2:10° m*hr! and a
diffusion path length of 2 cm. This leads to:

kWSsed = 2 778 10-8 m. SJ 161

with
kWS, partial mass transfer coefficient at the pore water side of the sediment-water
interface [Myorevaer-S" 1 (A)

3.6.4 Soil to water transfer

The apparent mass flow of the chemical from the top layer to the water compartiment is
characterized by:

FRACrunsoiis) RAINrate

RUNOFF_W,'[ ifs] =
Ksail i-water{S]

162
FRAcrunwil i-water i §]
+ EROSIONiis;-( : )
TV FRAC + FRAC
run.mil i—water 1{S] runsoil i—water 1{S]
with

RUNOFF ;i mass transfer coefficient for run-off from soil i at scale S [m,;.57'] (D)

FRACrun o water ifs) - fraction of rain water that runs off from soil i to water i at scale S [-] (A)
RAINRATE; : rate of wet precipitation at scale S [m,;,.s™'] (4)

Kooit iwareris) - soil i-water equilibrium distribution constant at scale S [m ;. Mqig "] (A)
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EROSION ;1 4s; rate at which soil is washed from soil i into surface water at scale S [msoil.s'l] (A)

3.6.5 Removal from the system

The apparent mass flow of the chemical from the top layer to the deeper sediment is
characterized by:

BURIAL;eui15)= NETsedratei[S] 163
with
BURIAL ;s : sediment burial rate for water column i at scale S [myq.8"'] (D)
NETsedrates, : net sedimentation rate for sediment/water i at scale S [Mm.q.s"'] (D)

FRACinf ,,s,- RAINrate
LEACH oirits) = f“”l’[sl 5] 164

Ksoil i-water[S]

with
LEACH s : mass transfer coefficient for leaching from soil i at scale S [mu.s'1(D)
FRACinf i1 - fraction of rain water that infiltrates into soil i at scale S [-] (A)
RAINRATE; : rate of wet precipitation at scale S [mmin.s'l] (A)
Kooit iwaterfs) . soil i-water equilibrium distribution constant at scale S [mwmr3.msolid’3] (A)

3.7 The air compartment

3.7.1 Mass balance

The mass balance equation for the air compartment is:

165
dCair[S] _
Vu,'r[s].T = + EMISurs;) + IMPuirisi— EXPuirrs;
- Viirts) DEGairs)- Cairpsj= 2 DEPyyyerirs) Cairgs
- X DEPsuirs;-Cuirgs) - 2 DEP,, ;s Cuirrs)— 2 XCH airwarer irs - Cair(s
- 2 XCHa[r.so[l i Cuir - Z XCHair-veg i[S]- Cair[S] + 2 XCHwater i-air[S]* Cwater ifS]
+ z XCH i i-air{S ]+ Cioir ifS] + 2 XCHveg i-air{S]* Cveg i[s]
with

Viairisy volume of the air compartment of scale S [my’] (I)
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Cair/ S] :

t:

EMIS iis; -
IMP sy
FLOW is;
DEG s; :
DEP,pperitsy

DEP,is):
DEP, veg i[S] .

XCH siraterifs) -
XCH gir.soit igsy
XCH . yeg ifs
XCH yarer i iris) -
XCH, s i uivis) :

XCH ot i-airgsy -
Carerifs -
Cooitigsy -
Coegirsy

3.7.2 Emissions

total concentration in air at scale S (gas phase + aerosol phase + rain water
phase) [mol.m,,”] (S)

time [s] (S)

emission mass flow into the air compartment at scale S [mol.s™] (I
import mass flow into air at scale S [mol.s™] (1)

refreshment flow through the air compartment at scale S [maif.s'l] (I
pseudo first order transformation rate constant in air at scale S [s'l] (1)
transport coefficient for atmospheric deposition (wet and dry) to water i at
scale S [maif.s'l] (I

transport coefficient for atmospheric deposition (wet and dry) to soil i at
scale S [my,".s"'] (1)

transport coefficient for atmospheric deposition (wet and dry) to
vegetation i at scale S [maif.s']] (I)

transport coefficient gas absorption to water i at scale S [m aif .s"] (1)
transport coefficient gas absorption to soil i at scale S [m aif.s'l] (1)
transport coefficient gas absorption to vegetation i at scale S [m ;" .s"1(1)
transport coefficient volatilization from water i at scale S [m wm,} .s'l](I )
transport coefficient volatilization from vegetation i at scale S [mo.s"']
(1

transport coefficient volatilization from soil i at scale S [ms(,if.s"] (1)
concentration in water i (dissolved) at scale S [mol.m.,..."] (S)
concentration in soil i at scale S [mol.msoi{3] (S)

concentration in vegetation i at scale S [mol.mwa,er'3] (S)

The emission mass flow to air is obtained from:

EMISurs) = Edirecturs; + Estp,,s,

with

EMISa,*,[s] .
Edirectui,[S] :
Estpins; :

total emission mass flow into the air compartment of scale S [mol.s™] (1)
sum of all direct emissions to the air compartment of scale S [mol.s'l] (D)
indirect emission to air of scale S, resulting from volatilization during
sewage treatment [mol.s'l] (D)

Edirect,; may be derived by means of:

Edirectur;sy = PRODUCTION,

with

Edirectai,[s] .
PRODUCTION;
EMISfacta,-,,s] :

1s;- EMISfact,, ¢,

sum of all direct emissions to the air compartment of scale S [mol.s'l](D )
total amount produced or imported in scale S [mol.s™] (A)

emission factor for air: the fraction of the production volume that is
released to the air compartment of scale S [-] (4)

166

167
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The following defaults may be considered:

EMlSfact,, s, = 0.1% 168

with

EMISfact ;s : emission factor for air: the fraction of the production volume that is
released to the air compartment of scale S [-] (A)

as a starting point.

3.7.3 Import

The import mass flow into air is obtained from:

IMP,, = IMPORT ., 169
with
IMP,, : import mass flow into the air compartment [mol.s"'] (H
IMPORT,,, transport of the chemical with air (wind) across the system boundaries
[mol.s"] (D)

A value for IMPORT,;, for the different scales may be derived as follows:

IMPORT i) = FLOW,,1¢1_0rsr)- Cairic) 170
with
IMPORT g, : transport of the chemical with air (wind) across the regional system
boundaries [mol.s™'] (D)
FLOW i Cpainry rate of air flow from the continental scale to the regional scale [m nif.s"] (A)
Carncy : concentration of the chemical in the air compartment of the continental

scale [mol.m.m"3] (A)

IMPORT wiric; = FLOW /g sirscy- Cairtryt FLOW, 401 ivscy- Cairpa 171
with
IMPORT ,c; transport of the chemical with air (wind) across the continental system
boundaries {mol.s"'] (D)
FLOW 4iriryaivicy rate of air flow from the regional scale to the continental scale [m ‘,,if.s"]

(A)
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Coinr) : concentration of the chemical in the air compartment of the regional scale
[mol.my*] (A)

FLOW 4iirgiricy rate of air flow from the moderate scale to the continental scale [m aif.s'l] (A)

Coirmy concentration of the chemical in the air compartment of the moderate scale

[mol.m,;] (A)

IMPORT sirin; = FLOW/air[C]—air[M]'C“i’[C]+FLOWdr[A]*air[M]'Cuir[A]

172
+FLOW, 111 gir - Cairir
with
IMPORT 1y - transport of the chemical with air (wind) across the moderate system
boundaries [mol.s™"] (D)
FLOW v Cpairimy rate of air flow from the continental scale to the moderate scale [maif.s'l] (A)
Caincy - concentration of the chemical in the air compartment of the continental
scale [mol.m.di,‘3] (A)
FLOW i1 a)-aivppyy rate of air flow from the arctic scale to the moderate scale [maif.s'l] (A)
Cairar concentration of the chemical in the air compartment of the arctic scale
[mol.my;”] (4)
FLOW yiy1yginmy rate of air flow from the tropic scale to the moderate scale [m aif.s'l] (A)
Cuinry concentration of the chemical in the air compartment of the tropic scale
[mol.m,;, ] (A)
IMPORTair[A] = FLOVVuir[M]—air[A]- Cair[Ml 173
with
IMPORT 4 : transport of the chemical with air (wind) across the arctic system
boundaries [mol.s™] (D)
FLOW iy im)-girja rate of air flow from the moderate scale to the arctic scale [maif.s"] (A)
Coinpmy concentration of the chemical in the air compartment of the moderate scale
[mol.m,;,”] (A)
IMPORT wirr; = FLOW,;, 1001 i)+ Cuirima) 174
with
IMPORT 47y - transport of the chemical with air (wind) across the tropic system
boundaries [mol.s'l] (D)
FLOW ity ainiry rate of air flow from the moderate scale to the tropic scale [m,;,".s™'] (4)
Coinimr * concentration of the chemical in the air compartment of the moderate scale

[mol.m,;*] (A)
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3.7.4 Export

The export mass flow into air is obtained from:

EXPair = EXPORTmr 175
with
EXP,, : export mass flow into the air compartment [mol.s'l] (1)
EXPORT,;, : transport of the chemical with air (wind) across the system boundaries
[mol.s™] (D)
A value for EXPORT,,;, for the different scales may be derived as follows:
EXPORTair[R] = FLO‘/V,”‘,[R]_,”',[C]- Cuir[R] 176
with
EXPORT jiyiz; : transport of the chemical with air (wind) across the regional system
boundaries [mol.s™] (D)
FLOW jiyiryairicy - rate of air flow from the regional scale to the continental scale [m uirs.s'l]
(A)
Coinr) - concentration of the chemical in the air compartment of the regional scale
[mol.my,”] (A)
EXPORTa,',[C] = FLOW]air[C]—air[R]' Cair[C]+ FLOWJir[C]—air[M]' Cuir[C] 177
with
EXPORT ;¢ : transport of the chemical with air (wind) across the continental system
boundaries [mol.s™] (D)
FLOW jirici.airry rate of air flow from the continental scale to the regional scale [muif.s"]
(A)
FLOW i1¢painipty rate of air flow from the continental scale to the moderate scale [maif.s"] (A)
Cuiricy concentration of the chemical in the air compartment of the continental
scale [mol.m,;>] (A)
EXPORTair[M] = FLOW/air[M]—air[C]‘ Cair[M] + FLOWu’r[M]—air[A]' Cair[M] 178
+FL0vVair[M]—uir[T]' Cair[M]
with
EXPORT jiruy - transport of the chemical with air (wind) across the moderate system
boundaries [mol.s™'] (D)
FLOW i1m aivicy rate of air flow from the moderate scale to the continental scale [maif.s'l] (A)
FLOW yivim).airjay - rate of air flow from the moderate scale to the arctic scale [my’s'(A )
FLOW st ainiry rate of air flow from the moderate scale to the tropic scale [m,>.s'] (A )
Cuiimy : concentration of the chemical in the air compartment of the moderate scale

[mol.m,;] (A)
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EXPORT uirfa) = FLOVVair[A]—uir[M]' Cuira; 179
with
EXPORT ;) : transport of the chemical with air (wind) across the arctic system
boundaries [mol.s'l] (D)
FLOW jipag-aiviy - rate of air flow from the arctic scale to the moderate scale [maif’.s'l] (A)
Cairjaj : concentration of the chemical in the air compartment of the arctic scale

[mol.m,;”] (A)

EXPORT,,,’r[T] = FLO"V‘,,»,[T]_M,[M]- Cair[T] 180
with
EXPORT 1) transport of the chemical with air (wind) across the tropic system
boundaries [mol.s™] (D)
FLOW i1y ivimy rate of air flow from the tropic scale to the moderate scale [m -.mS .s'l](A )
Cointy concentration of the chemical in the air compartment of the tropic scale

[mol.m,; ] (A)

3.7.5 Degradation

The apparent degradation mass flow from air of the different scales is obtained from:

DEGRD.irts; = Viirsj DEGuairgs)- Cairs) 181
with
DEGRD ;5 degradation mass flow from the air compartment of scale S [mol.s'l](l )
Vairgsy . volume of the air compartment of scale S [m3] (1)
DEG ,;ys; pseudo first order transformation rate constant in air at scale S [s"] (1)
Coinsy - total concentration in air (gas phase + aerosol phase + rain water phase) at

scale [mol.m,;] (S)

DEG.irs; = kdegair[S] 182
with
DEG s, : pseudo first order transformation rate constant in air at scale S [s™'] (1)
kdeg sy : pseudo first order transformation rate constant in air at scale S [s™'] (D)

A value for kdeg,; is obtained from the equation 137 paragraph 3.5.1.
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3.7.6 Advective transport

Advective transport from air to water and soil takes place by wet and dry atmospheric

deposition. The deposition mass flows are obtained from:

ADV virwaterirsi = DEPuwateriss)- Cuirfsy 183

with

ADYV 4y iter ifs] -

advective mass flow from air to water i at scale S by atmospheric
deposition [mol.s™] (1)

DEP, e its) transport coefficient for atmospheric deposition (wet and dry) to water i at
scale S [my,”.s™'] (1)
Cirsy - total concentration in air (gas phase + aerosol phase + rain water phase) at
scale S [mol.mair'3] (S)
ADVair-soil is] = DEPsoil i[S]- Cair[S} 184
with
ADV s advective mass flow from air to soil i at scale S by atmospheric deposition

DEP, ;5 :

Clirsy

[mol.s"] (1

transport coefficient for atmospheric deposition (wet and dry) to soil i at
scale S [my;,".s"] (1)

total concentration in air (gas phase + aerosol phase + rain water phase) at
scale S [mol.m,;,”] (S)

DEPwateri[S] = (DRYDEPaerosol[S] + WASHOUT}S]) SYSTEMAREA[S]-AREAFRACwateri[S] 185

with

DEPwater ifS]
DRYDEP aerosol(S] +
WASHOUT g, :

SYSTEMAREA/SI .
AREAFRA Cwarer iIsy:

transport coefficient for atmospheric deposition (wet and dry) to water i at
scale S [my; s (1)

mass transfer coefficient for dry deposition of aerosol-associated chemical
at scale S [my;.s'] (D)

mass transfer coefficient for wet atmospheric deposition at scale S [m air.s'l]
(D)

total area of scale S (air/water + air/soil interfaces) [m%] (D)

fraction of scale S that is water [-] (D)

DEPgiits; = (DRYDEP uerosorrs; + WASHOUT[S]).SYSTEMAREA[S].AREAFRAC.mm[SJ 186

with

DEPA‘{)iI ifs] -
DRYDEPaemml[S] :
WASHOUT s, :

SYSTEMAREA[S] .

transport coefficient for atmospheric deposition (wet and dry) to soil i at
scale S [my,’.s™] (1)

mass transfer coefficient for dry deposition of aerosol-associated chemical
at scale S [mai,.s'l] (D)

mass transfer coefficient for wet atmospheric deposition at scale S
[my.s™1 (D)

total area of scale S (air/water + air/soil interfaces) [m2] (D)
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AREAFRAC 115; - fraction of scale S that is soil i [-] (D)

Values for the deposition mass transfer coefficients DRYDEP o051 and WASHOUT can be
found in paragraph 3.6.1.

3.7.7 Diffusive transport

Diffusive transport to and from air takes place by gas absorption and volatilization. The
absorption mass flows are obtained from:

DIFF virwaterits) = XCH virwaterifs]- Cairgs] 187
with
DIFF 4y vareritsy diffusive mass flow from air to water i at scale S by gas absorption [mol.s'l] (1)
XCH jirowarer ifs) transport coefficient for gas absorption to water i at scale S [m aif.s'l](l )
Cairisy total concentration in air (gas phase + aerosol phase + rain water phase) at

scale S [mol. my, ] (S)

DIFF sirsonnits;) = XCH uir-soitigs)- Cairs) 188
with
DIFF 4y oitits; diffusive mass flow from air to soil i at scale S by gas absorption [mol.s'l] ()
XCH jir.soi1ifs) transport coefficient for gas absorption by soil i at scale S [mair3.s"] (1)
Coins) - total concentration in air (gas phase + aerosol phase + rain water phase) at

scale S [mol. mai,'3] (S)

DIFFair-veg i[S] = XCHair-veg ifsj- Cair[S] 189
with
DIFF iy 00 i15; diffusive mass flow from air to vegetation i at scale S by gas absorption
[mol.s™] (1)
XCH iy yeg ifsy transport coefficient for gas absorption by vegetation i at scale S [maif.s’l] (1)
Canisy - total concentration in air (gas phase + aerosol phase + rain water phase) at

scale S [mol. m,;,] (S)

XCHuirwaerits) = GASABSuueriss)- SYSTEMAREA, ;). AREAFRAC wuter 1) 190
with
XCH jiraterits; transport coefficient for gas absorption to water i at scale S [maif.s'l] (1)
GASABS uerits) overall mass transfer coefficient for gas absorption across the air-water
interface, referenced to air at scale S [m,;.s™'] (D)
SYSTEMAREA; : total area of scale S (air/water + air/soil interfaces) [mz] (D)

AREAFRAC, 40 ys) fraction of the system area that is water i at scale S [-] (D)
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XCHuir-soitits) = GASABSsonirs)- SYSTEMAREA s, AREAFRAC i igs) 191
with
XCH jir-oitifs; . transport coefficient for gas absorption to soil i at scale S [m aif.s‘l] (1)
GASABS i1 is; overall mass transfer coefficient for gas absorption across the air-soil
interface, referenced to air at scale S [m,;,.s"] (D)
SYSTEMAREA total area of scale S (air/water + air/soil interfaces) [m*] (D)
AREAFRAC, 15 fraction of scale S that is soil i [-] (D)

The volatilization mass flows are obtained from:

DIFquter i-air[S] = XCHwater i-air[ S ]- Cwuter ifS] 192
with
DIFF er i-airs) diffusive mass flow from water i to air at scale S by volatilization [mol.s'l] (1)
XCH,pter i aivgsy transport coefficient for volatilization from water i at scale S [m wmf.s"] (1)
Craerifs) . dissolved concentration in water i at scale S [mol.mwmr'S] (S)
DIFF witiairts) = XCH giti-airgsy- Csotifsy 193
with
DIFF i uinsy diffusive mass flow from soil i to air at scale S by volatilization
[mol.s™] (1)
XCH, i1 i-aingsy transport coefficient for volatilization from soil i at scale S [m Smf.s'l](l )
Cooitits) total concentration in soil i at scael S (gas phase + water phase + solid

phase) [mol.m;] (S)

XCHwater i-air{S] = VOLATwater i[S]- SYSTEMAREA[S] AREAFRAcwater i[S}] 194
with
XCH, 101 -uir - transport coefficient for volatilization from water i at scale S[m Wmf.s"] (1)
VOLAT 1er i) overall mass transfer coefficient for volatilization across the water-air
interface, referenced to water i at scale S [mwm,.s’l] (D)
SYSTEMAREA ;) : total area of scale S (air/water + air/soil interfaces) [m?] (D )
AREAFRAC, 4101 irs; - fraction of scale S that is wateri [-] (D)
XCHsoitiairgs) = VOLATsoirirs)- SYSTEMAREA 5, AREAFRAC st /5 195
with
XCH i1 i-girisy transport coefficient for volatilization from soil i at scale S [m S0113.5‘1] (1)
VOLAT 11151 overall mass transfer coefficient for volatilization across the soil-air
interface, referenced to soil i at scale S [mm“.s'l] (D)
SYSTEMAREAs, : total area of scale S (air/water + air/soil interfaces) [mz] (D)

AREAFRAC ;51 - fraction of scale S that is soil i [-] (D)
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Values for the overall mass transfer coefficients for gas absorption and volatilization can be
found in paragraph 3.6.2.
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3.8 The water compartments

3.8.1 Mass balance

The mass balance equation for the water compartment is:

196
deater ifS]

unreri[S]' dt = + EMISwarer ifS] + IMPwateri[S] - EXPwateri[S]
= Viaerirs)- DEGuaterits)- Cwaterirsjt DEPuaerirsy- Cairgs)
+ ZRUN - OFFS{)iI ifS]- Cxoil ifS]- XCkuteri—uir[S]- Cwareri[S]
- XCHwater i-sedifS]+ Cwater ifS] + XCHuir—water i[S]- Cair[S]
+ XCH sediwaterirs) Csedirs)
with
Voareritsy volume of water compartment i at scale S [me,3 1(I)
Coaeritsy concentration in water compartment i (dissolved) at scale S [mol.mwm,'3] (S)
t: time [s] (S)
EMIS, prer ifs) - emission to water compartment i at scale S [mol.s™] (1)

IMPyyppr s -
EXPyuperijsy
DEG,erifs;
DEP,uerifs;

RUN-OFF 3 55; :

Cooitigsy
XCkurer i-air{S] :

XCH ypter i-sea ifs] -

XCHair-wutzr ilS] :
Cairisy

XCHved i-water i{S] :

Coeaissr :

3.8.2 Emissions

import mass flow into water compartment i at scale S [mol.s"] (1)

export mass flow from water compartment i at scale S [mol.s™] (H

pseudo first order transformation rate constant in water i at scale S [s '1] (1)
transport coefficient for atmospheric deposition (wet and dry) to water i at
scale S [mair3.s'l] (1)

transport coefficient for run off from soil i to water i at scale S [m 50113 .s"] (1)
concentration in soil i at scale S [mol.msoﬂ'3 1(S)

transport coefficient for volatilization from water i at scale S [m .S "' 1 (1)
transport coefficient for uptake by sediment i at scale S [mwmer3.s'l] (1)
transport coefficient for gas absorption from air at scale S [m aif.s'l] (1)
concentration in air at scale S [mol.m,;,”] (S)

transport coefficient for release from sediment i at scale S [m Sed3.s"] (1)
concentration in sediment i at scale S [mol.m.,] (S)

EMISwareri[S] = EdireCthHeri[S] + EStpwateri[S] 197

The emission mass flow to the water compartment is obtained from:

with

EMISWater if§] :

total emission mass flow into water compartment i at scale S [mol.s'l] (1)
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Edirect, s iis) sum of all direct emissions to water compartment i at scale S [mol.s™] (D)
Estpumeris) indirect emission to water i with effluent from sewage treatment at scale S
[mol.s™] (D)

Edirectya; may be derived by means of:

Edirectuueriisy = PRODUCTION ;. EMISfact, . s, 198
with
Edirect, yer yis) - sum of all direct emissions to water compartment i at scale S [mol.s'l] (D)
PRODUCTION; : total amount produced or imported in the system [mol.s'l] (A)
EMISfact ey sy mission factor for water: the fraction of the production volume that is released to

water compartment i at scale S [-] (A)

EMISfact,,,,,,.;s; = 0.1% 199

with
EMISfact,,yer ys; emission factor for water i: the fraction of the production volume that
is released to water compartment i of scale S [-] (A)

as a starting point.

3.8.3 Import

The import mass flow into water is obtained from:

IMPyuer = IMPORT yuter 200
with
IMP,,,,,: import mass flow into the water compartment [mol.s'l] (1)
IMPORT,,,.,: transport of the chemical with water across the system boundaries [mol.s (D )

A value for IMPORT,,., may be derived as follows:

IMPORTWMW‘ 1fR] = FLOquter 1/C]-water 1{R]"* Cwater 1/CJ 201
with
IMPORT prer gy transport of the chemical with water across the regional scale boundaries
[mol.s™] (D)
FLOW yier viC)water Ry - rate of water flow from water 1 of the continental scale to water 1 of the
regional scale [mwa,ef.s‘]] (A)
Coarer 1/C) concentration of the chemical in water 1 of the continental scale

[mol.my, ] (A)
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IMPORTwater 2[R] =

with

+ FLOW

water 1[ R ]-water 2[R]-Cwater1[R]+ FLOWwaterl[C]—water 2[R]-Cwater1[Cl 202

+FLOWwater 2[C]-water 2[R]" Cwater 2{C]

IMPORTW”,” 2R}

FLOW user 1R -water 24R]

Cwater 1{R] :

FLOqurer 1/C]-water 2[R} :

Cwarer 1ycj +

FLOW rer2(C-waser 21R)

Cwater 2{C} :

IMPORTwaterl[C] =0

with

IMPORTwmer 11C} :

transport of the chemical with water across the regional scale boundaries to
water 2 [mol.s"] (D)

rate of water flow from water 1 to water 2 of the regional scale [m Waters.s'l]
(A)

concentration of the chemical in water 1 of the regional scale [mol.mwm,’3](A )
rate of water flow from water 1of the continental scale to water 2 of the
regional scale My 5] (A )

concentration of the chemical in water 1 of the continental scale

[MOL.Myue;] (A)

rate of water flow from water 2 of the continental scale to water 2 of the
regional scale [mwmf.s“] (A)

concentration of the chemical in water 2 of the continental scale [mol.m wm':’] (A)

203

transport of the chemical with water across the continental scale boundaries
to water 1[mol.s‘l] (D)

IMPORT yaser 2c) = T FLOWwater 1{C J-water 2[C]" Cuater eyt FLOWwater 2[R ]-water 2{C]* Cuater 2(R]

with

+FLOW

IMPORTWH“,, 2(C) .

FLOW yier v Cpwater 2/ct -

Cuarericy

FLOW,g10r 2R -waser 25C) -

Cwater 2(R] .

FLOW yprerim-warer 2[Cy -

Cwater[ M| :

water M J-water 2[C]* CWH!C”[M]

204

transport of the chemical with water across the continental scale boundaries
to water 2 [mol.s™'] (D)

rate of water flow from water 1 to water 2 of the continental scale
(M5 1(A)

concentration of the chemical in water 1 of the continental scale
[MOl.Myuer "1(A)

rate of water flow from water 2 of the regional scale to water 2 of the
continental scale [mwmf.s'l] (A)

concentration of the chemical in water 2 of the regional scale [mol.mwam's]
(A)

rate of water flow from water of the moderate scale to water 2 of the
continental scale [m . .s "] (A)

concentration of the chemical in water of the moderate scale [mol.m y ;"]

(A)

IMPORTWHR”[M] = + FLOWwater 2{C]-water[M]* CW‘UW 2[C) + FLOWwater[A]—water[M]' CW‘”‘"[A]

+FL0Wwazer[T]—water[M]' Cwater[T]

205
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with
IMPORT, yyerm; transport of the chemical with water across the moderate scale [mol.s‘l](D )
FLOW ,ier 2(Clwaterim] rate of water flow from water 2 of the continental scale to water of the
moderate scale [mwawf.s"] (A)
Cyarer2icy - concentration of the chemical in water 2 of the continental scale
(MOl My, *J(A)
FLOW sateriaf-waterimy rate of water flow from water of the arctic scale to water of the moderate
scale [mwmef.s"] (A)
Cratera) . concentration of the chemical in water of the arctic scale [mol.mwmr's](A )
FLOW yreriTr-warerimy rate of water flow from water of the arctic scale to water of the moderate
scale [mwms.s'l] (A)
Crater/Ty concentration of the chemical in water of the tropic scale [mol.mwa,e,'3]
(A)
IMPORTWUW"[A] = + FLOquter[M]—wuter[A]' CWW”[M] 206
with
IMPORT perja) transport of the chemical with water across the arctic scale [mol.s'l] (D)
FLOW sty wateria] - rate of water flow from water of the moderate scale to water of the arctic
scale [mwm3.s'l] (A)
Coarerim) concentration of the chemical in water of the moderate scale [mol.mwalcr"3](A )
IMPORTW(H‘”[T] = + FLOWwater[M]—water[T]' Cwater[M] 207
with
IMPORT,jer7y - transport of the chemical with water across the tropic scale [mol.s'l] (D)
FLOW,reripywateriT) rate of water flow from water of the moderate scale to water of the tropic

K
scale [Myue S ] (A)
Coatermy - concentration of the chemical in water of the moderate scale [mol.mwm’3](A )

3.8.4 Export

The export mass flow from water is obtained from:

EXPwater = FLOWwater' Cwuter 208
with
EXP,,...: export mass flow from the water compartment [mol.s™] (/)
FLOW,,,..: refreshment flow through the water compartment [mwm3.s'l] (1)
Charer . dissolved concentration in water [mol.m ] (S)

A value for EXPORT,, 4., for the different scales may be derived as follows:

EXPORTWW" 1/R] = FLOWwater 1/ R]-water 2[R]"* CW”’” 1/R] 209
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with
EXPORT ,u1er yir; - transport of the chemical with water across the regional scale boundaries
[mol.s™] (D)
FLOW ,yuser \[R)-water 2/R) rate of water flow from water 1 to water 2 of the regional scale [m w.‘,tef.s'l] (A)
Chater \[R] concentration of the chemical in water 1 of the regional scale [mol.mwm‘3] (A)
EXPORT wuter 2(R] = FLOquter 2[R]-water 2{C]* Cuater 2[R] 210
with
EXPORT e 2z - transport of the chemical with water across the regional scale boundaries to
water 2 of the continental scale [mol.s™'] (D)
FLOW,, 10 2R} -water 2 rate of water flow from water 2 of the regional scale to water 2 of the
continental scale [mwmra.s']] (A)
Charer24ry concentration of the chemical in water 2 of the regional scale [mol.mwmr'3 ]
(A)

EXPORTWWU 1{C] = FLOWwater 1/ Cl-water 2{C]"* Cwater 1/C] + FLOWwater 1/CJ-water 1[{R]"* C ater 1[C]

Wi

211
+FLOWwater 1/C]-water 2[R]" Cwuter 1/C]

with

EXPORT opervic) - transport of the chemical with water 1 across the continental scale
boundaries [mol.s'l] (D)

FLOW e \(Clwater 21CT - rate of water flow from water 1 to water 2 of the continental scale
[Myer -5 1(A)

FLOW iter 1/ Clowarer IR) - rate of water flow from water 1 of the continental scale to water 1 of the
regional scale [mwmf.s'l] (A)

FLOW ter 1(Cl-warer 24R) - rate of water flow from water 1 of the continental scale to water 2 of the
regional scale [mwmf.s'l] (A)

Crarer1ic] - concentration of the chemical in water 1 of the continental scale

[mol. My ] (A)

EXPORTW‘”” 2c] = + FLOWwater 2[C]-water 2[R]* Cwater 2[C] + FLOquter 2{C]-water[M]* Cwater 2[C] 212

with

EXPORT per2ic; - transport of the chemical with water 2 across the continental scale
boundaries [mol.s™] (D)

FLOW uter21C-water 2(R] rate of water flow from water 1 of the continental scale to water 2 of the
regional scale [mwmf.s"] (A)

FLOW yuter21C)-waterim) rate of water flow from water 2 of the continental scale to water of the
moderate scale [mwm,J.s'l] (A)

Coaerrcy: concentration of the chemical in water 2 of the continental scale

[mol.m,.. " I(A)

EXPORTWWL”[M] = FLOWwater[M]—water 2(C]* CW‘W’[M] + FLOWwater[M]—water[A]' Cwater[M]

213
+FLOquter[M]—water[T]' CWHT”[M]

with
EXPORT ,perim; : transport of the chemical with water across the moderate scale [mol.s'l] (D)
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FLOW reriMwarer21C) rate of water flow from water of the moderate scale to water of the
continental scale [mwma.s'l] (A)
FLOW guteriMiwareria) - rate of water flow from water of the moderate scale to water of the arctic
scale [mwmf.s'l] (A)
FLOW,ureritty-waserity - rate of water flow from water of the moderate scale to water of the tropic
scale [Myer -5 '] (A)
Coaterimy concentration of the chemical in water of the moderate scale [mol.mwa,e,‘:‘] (A)
EXPORTWM@’[A] = FLO quter[A]—water[M]' CW‘”‘”[A] 214
with
EXPORT,, jyeray : transport of the chemical with water across the arctic scale [mol.s’l] (D)
FLOW , peri - waterim) rate of water flow from water of the arctic scale to water of the moderate
scale [mwmf.s"] (A)
Crareria] . concentration of the chemical in water of the arctic scale [mol.mwm,"j] (A)
EXPORTW&W"[T] = FLOWwater[T]—wuter[M]‘ CWW@’[T] 215
with
EXPORT,qper7; transport of the chemical with water across the tropic scale [mol.s™] (D)
FLOW teriTy-waterim) rate of water flow from water of the tropic scale to water of the moderate
scale [Myye .81 (A)
Croater) | concentration of the chemical in water of the tropic scale [mol.mwm's] (A)

3.8.5 Degradation

The apparent degradation mass flow from water is obtained from:

DEGRDuuerits; = Vwateritsi- DEGaterirsi- Cwaterirs) 216
with
DEGRD, 1y iis) - degradation mass flow from water compartment i of scale S [mol.s’l] (1)
Viater ifsy © volume of water compartment i at scale S [mwmrs] (1)
DEG ,ueriyis) pseudo first order transformation rate constant in water i at scale S [s™] (/)
Chareritsy bulk concentration in water i at scale S [mol.mwm'3] (S)
DEGyuerirs; = kdegwateri[S] 217
with
DEG, 11 ifs1 pseudo first order transformation rate constant in water i at scale S [s '1] (1)
kdeg aerifs) pseudo first order transformation rate constant in water i at scale S [s '] (D)

A value for kdeg,...- may be obtained by the equations in paragraph 3.5.2
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3.8.6 Advective transport
Advective transport from air to water takes place by wet and dry atmospheric deposition, as
described in paragraph 3.6.1 and 3.7.6 See equations 183, 185, 147 and 148.

Advective transport from soil to water by run-off is described in paragraph 3.6.4.

3.8.7 Diffusive transport

Diffusive transport between air and water takes place by gas absorption and volatilization.
The formulas for this have been given in paragraph 3.6.2, equations 149, 151, 187, 190, 192,
194.

Diffusive transport across the sediment-water interface by means of adsorption and
desorption is described in paragraph 3.9.7 and 3.6.3, equations 226, 227, 228, 158, 159.
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3.9 The sediment compartments

3.9.1 Mass balance

The mass balance equation for the sediment compartment is:

" 218
sedifS]
Viedirs)- # = - Viirsj DEGseairs)- Cseairs) - SEDBURIAL, ;. Cyeaigs;
- RESUSPENSION 5. Cyeaiss)+ SEDIMENTATION . Cuuterits)
- XCHsed i-wateri[S]- Cxedi[S] + XCkuter i-sedifS]- Cwater i[S]
with
Vieairsi - volume of sediment compartment i at scale S [mscd3] (I
Coeaits) total concentration in sediment i (water phase + solid phase) at scale S
[mol.m,;] (S)
t: time [s] (S)
DEG s - pseudo first order transformation rate constant in sediment i at scale S
[s"1 (1)
SEDBURIAL; : transport coefficient for sediment burial for water column i at scale S
3 -1
[Meq™s 1 (1)
RESUSPENSION ) : transport coefficient for resuspension for water column i at scale S
[meeg’s '] (1)
SEDIMENTATION 5, - transport coefficient for sedimentation for water column i at scale S
[Myup-s™1 (1)
XCH, oy iareritsy - transport coefficient for release from sediment i to water i at scale S
[Mea’s'1 (1)
XCH ity isedits) transport coefficient for uptake by sediment i at scale S [mwmrs.s‘l] (1)
Careritsy concentration in water i at scale S [mol.mwm'3] (S)
3.9.2 Degradation
The apparent degradation mass flow from sediment is obtained from:
DEGRDyeairs; = Vieairs; DEGseqirsy- Cseairsy 219
with
DEGRD,y s : degradation mass flow from sediment compartment i at scale S [mol.s'l] )
Veeaits) volume of sediment compartment i at scale S [msed3] ()

DEG,,4ys; pseudo first order transformation rate constant in sediment i at scale S [s -l 1D
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Coeaits - bulk concentration in sediment i at scale S [mol.mmd'B] (S)
DEGeairs; = kdegsedi[S] 220
with
DEG;,4 s pseudo first order transformation rate constant in sediment i at scale S [s Rl
kdeggeqis; . pseudo first order transformation rate constant in sediment 1 at scale S [s"1(D)

A value for kdeg,., is given by the equations in paragraph3.5.3.

3.9.3 Sedimentation

Advective mass flows between suspended matter of the water compartment and the
sediment compartment by means of sedimentation and resuspension are obtained

from:
GROSSsedrate,,.(1 - FRwaterseais;) RHOsolid
SEDIMENTATION,, = £ = =
SUSPwater ifS]
Kp.is-SUSP,,...
suspifS] water if S ] .
( 1000 .FRdisshd,,,,. s, )- 221
SYSTEMAREA, ;. AREAFRAChvuer i)
with

SEDIMENTATION5; transport coefficient for sedimentation of suspended matter in water column i

at scale S [msusp3.s"] (1)
GROSSsedrate;s) : gross sedimentation rate of suspended matter in water column i at scale S

[Meas™1 (A)
Frwater,,ys; : volume fraction of the water phase of sediment i at scale S [-] (A)
RHOsolids; : density of the solid phase [kg.m™] (D)
Kpsuspitsy - suspended matter-water partition coefficient at scale S[lwm,.kgsolid"] ()
SUSP,peri sy concentration of suspended matter in water column i at scale S [kgs(,lid.mwm'3 1(D)
Frdisstvd e sy - dissolved fraction of water column i at scale S [%] (A)
SYSTEMAREA; total area of scale S (air/water + air/soil interfaces) [m?] (D)
AREAFRAC, per iis) - fraction of scale S that is water i [-] (D)

3.9.4 Resuspention

The apparent mass flow from the sediment as a result of resuspention is obtained from:

RESUSPENSION,;, = RESUSPrate,,.SYSTEMAREA, ;. AREAFRAC wuter ifs) 222
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with

RESUSPENSION,[S] .

RESUSPrateys; :
SYSTEMAREA;) :
AREAFRA Cwater ils] :

3.9.5 Burial

transport coefficient for resuspension for sediment compartment i at scale S
[meq’s™] (1)

resuspension rate for sediment compartment i at scale S[mgqs™'] (A)

total area of scale S (air/water + air/soil interfaces) [m”] (D)

fraction of scale S that is wateri [-] (D)

The apparent mass flow from the sediment as a result of burial is obtained from:

BRLxed if[s] = SEDBURIAL,[SJ Csed i[S] 223

with
BRL,;s;

apparent burial mass flow from sediment compartment i at scale S [mol.s'l] (1)

SEDBURIAL5 : transport coefficient for sediment burial for water compartment i at scale S
[mes”s™] (1)
Ceenitsy bulk concentration in sediment i at scale S [mol.msed'3] (S)
SEDBURIAL,s; = BURIAL,uis;- SYSTEMAREA 5, AREAFRAC wuserirs) 224
with
SEDBURIALy; : transport coefficient for sediment burial for water column i at scale S

BURIALM,d iIs] +
SYSTEMAREA[S] :
AREAFRACW(”” is) -

[Mes’s™T (D)

sediment burial rate for water column i at scale S [msed.s'l] (D)
total area of the system (air/water + air/soil interfaces) (m?] (D)
fraction of the system area that is water i at scale S [-] (D)

3.9.6 Advective transport

Advective transport between sediment and suspended matter by sedimentation and
resuspension is described in paragraph 3.4.6 and 3.4.4, equations 88, 72-81.

3.9.7 Diffusive transport

Diffusive mass flows between sediment and water, by direct adsorption and desorption across
the sediment-water interface, are obtained from:

DIFFsed i-water i[S] = XCHsed i-wateri[S]- C.Yed i[S] 225

with
DIFF i waser i)+
XCH g iwaterifs) -
Coeairsy

diffusive desorption mass flow from sediment i to water i at scale S [mol.s ] (1)
transport coefficient for desorption from sediment i at scale S [m Sec13.5'1] (1)
concentration in sediment i at scale S [mol.my 4] (S)
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XCHsed i-waterifS] = DESORB\ed i[S]- SYSTEMAREA[S] AREAFRACwurer i[S] 226
with
XCH o iwarer sy - transport coefficient for desorption from sediment i at scale S
[Meeq”s1 (1)
DESORB,;is; overall mass transfer coefficient for desorption across the sediment-
water interface, referenced to sediment i at scale S [mmd.s"] (D)
SYSTEMAREA; total area of scale S (air/water + air/soil interfaces) [m?] (D)
AREAFRAC ,1er ifs) - fraction of the system area that is water [-] (D)
DIFFwater i-sed i[S] = XCHwater i-sedifS]- Cwateri[S] 22’7
with
DIFF ,yer i-senigsy diffusive adsorption mass flow to sediment i to water i at scale S [mol.s '1] (1)
XCH yper i-sedifs) transport coefficient for adsorption to sediment i at scale S {m walef.s’l] (1)
Coaterifsy concentration in water i at scale S [mol.mwmr'a] (S)
XCH wateri-seaits) = ADSORBieairs) SYSTEMAREA, 5. AREAFRAC urer s 228
with
XCH,yprer i-seaits) transport coefficient for adsorption to sediment [m Wme,3.5‘1] (1)
ADSORB,,;s; . overall mass transfer coefficient for adsorption across the sediment-water
interface, referenced to water i at scale S [mwm,.s'l] (D)
SYSTEMAREA/[S] : total area of scale S (air/water + air/soil interfaces) [m2] (D)
AREAFRAC, ;51 fraction of scale S that is water i [-] (D)

Values for the overall mass transfer coefficients for direct adsorption and desorption across
the sediment-water interface are given in paragraph 3.6.3.
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3.10 The soil compartments

3.10.1 Mass balance

The mass balance equations for the soil compartments are:

JC 229
soil if S]
Vitirsy- —= = 4 EMISirirs;
dt
- Vsoitits) DEGsoitigs) Csoitirs) - LEACHING it ifs)- Csoitifs)
- XRUN - OFF it i-waterits)- Csontits] + DEPsoitirs)- Cairgsy
- XCHs()il i-air{S]- C.mil i[S] + XCHair-soil ifS]- Cair[S]
with
Vioitifsy - volume of the compartment soil i at scale S [ms(,if] (1)
Cooitirsy - total concentration in soil i (gas phase + water phase + solid phase) at scale S
is] gasp
mol.my;] (S)
t: time [s] (S)
EMIS, 5 emission to soil i at scale S [mol.s™] (1)

DEGi;is;

LEACHING 45,

RUN-OFF, 51 :
DEP, ;s :

Cainsy -
XCHmil i-air[S] :
XCH jir.oitiysy -

pseudo first order transformation rate constant in soil i at scale S [s] (1)

transport coefficient for leaching from soil i at scale S [msoif.s'l] ()

transport coefficient for run off from soil i to water i at scale S [m SDif.s'l] (1)
transport coefficient for atmospheric deposition (wet and dry) to soil i at scale S

[m.s™] (1)
total concentration in air at scale S [mol.m,; "] (S)

transport coefficient volatilization from soil i at scale S [mmif.s'l] (1)
transport coefficient gas absorption to soil i at scale S [my sl (1)

3.10.2 Emission

Soil 1 and soil 3 only receive direct emissions. In addition to this, soil 2 may receive indirect
emission through application of the sludge that is produced upon sewage treatment. Emission
mass flows to soil are obtained from:

EMISsiiis; = Edirectsiys; 230
EMIS.izis; = Edirectsnasi+ ESID 005, 231
EMIS;,i is] = Edirectm,-,g[s] 232
with
EMIS i 1ys; - total emission mass flow to soil i at scale S [mol.s '] ()

Edirect,, s : sum of all direct emissions to soil i at scale S [mol.s™'] (D)
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Estp i osy

indirect emission to soil 2, resulting from application of sewage sludge at scale S
[mol.s™] (D)

Edirect; i may be derived by means of:

Edirectyouirs) = PRODUCTION s, EMISfact, 5,

with
Edirect,yifs) -
PRODUCTION;
EMISfact, sy :

233

sum of all direct emissions to soil i at scale S [mol.s] (D)

total amount produced or imported in scale S [mol.s '] (A)

emission factor for soil i: the fraction of the production volume that is released to
soil i at scale S [-] (A)

The following default values may serve as a starting point:

EMlSfact 5, = 0

EMISfact s, = 0.1%
EMISfact ;45, = 0.1%
with

EMISfact g s

3.10.3 Degradation

234
235

236

emission factor for soil i: the fraction of the production volume that is released
soil i at scale S [-] (A)

The apparent degradation mass flows from soil are obtained from:

DEGRD;oirirs; = Vsoitits) DEGoitirs)- Csoitifs) 237
with
DEGRD;,;i5; ¢ degradation mass flow from the soil i at scale S [mol.s™] (1)
Veoitirs) - volume of soil i at scale S [my;] (1)
DEG, 5 pseudo first order transformation rate constant in soil i at scale S [s '1] (I
Cooirifsy . bulk concentration in soil i at scale S [mol.m ;"] (S)
DEGsuys; = kdeg ., 238

with
DEG, ;55
kdegoiiys; -

pseudo first order transformation rate constant in soil i at scale S [s '] ()
pseudo first order transformation rate constant in soil i at scale S [s 'l] (D)
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A value for kdeg,,;; may be obtained by the equations given in paragraph3.5.4.

3.10.4 Leaching

The mass flows for removal from soil by leaching are obtained from:

LCme‘[ i[S] = LEACHINGs()il ifS] Cso[l ifS] 239
with
LCH s : leaching mass flow from soil i at scale S [mol.s"] (1)
LEACHING, ;s : transport coefficient for leaching from soil i at scale S [msoif'.s"] (H
Cyoitigsy bulk concentration in soil i at scale S [mol.msoi{3] (S)
LEACHING wiits) = LEACHpiiis)-SYS TEMAREA[ s;- AREAFRACioitifsy 240
with
LEACHING 5 s transport coefficient for leaching from soil i at scale S [msoi,3.s'1] (1)
LEACH ;51 : mass transfer coefficient for leaching from soil i at scale S [ms(,ﬂ.s'l] (D)
SYSTEMAREAs; total area of scale S (air/water + air/soil interfaces) [mz] (D)
AREAFRAC,,yys) : fraction of the scale S that is soil i at scale S [-] (D)

The mass transfer coefficient for leaching can be found in paragraph 3.6.5.

3.10.5 Advection

The mass flows for advective transport from soil to water by run-off are obtained from:

ADV oitiwater;s) = RUN - OFFoitirsy- Csoitifs) 241
with
ADV i varerts) run-off mass flow from the soil i to water at scale S [mol.s™'] ()
RUN-OFF ;5 : transport coefficient for run-off from soil i at scale S [msoi|3.s"] (1)
Cooitits) - bulk concentration in soil i at scale S [mol.msm.'S] (S)
RUN - OFFyiigs) = RUNOFFsuys;. SYSTEMAREA ;). AREAFRAC i gs) 242
with
RUN-OFF 151 ¢ transport coefficient for run-off from soil i at scale S [msoi|3.s"] (1)
RUNOFF ;s : mass transfer coefficient for run-off from soil i at scale S [mmu.s‘l] (D)
SYSTEMAREAs; : total area of scale S (air/water + air/soil interfaces) [m?] (D)

AREAFRAC 545 - fraction of scale S that is soil i [-] (D)
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The equation for the mass transfer coefficient for RUNOFF can be found in paragraph 3.6.4.

Advective transport from air to soil by atmospheric deposition has been described in
paragraph 3.6.1 and 3.7.6, equations 147, 148, 184, 186.

3.10.6 Diffusion

Diffusive transport between air and soil by means of gas absorption and volatilization has
been described in paragraph 3.6.2 and 3.7.7, equations 150, 152, 188, 191, 193, 195.
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3.11 The vegetation compartment

In SimpleBox 2.0 a vegetation compartmentf is defined on the natural and agricultural soil
compartments at the regional and continental scales. A more detailed discription of the
vegetation module can be found in Severinsen et al. (in prep.). The vegetation sub-model
treats the above-ground parts of the vegetation as one well-mixed box. The roots of the
vegetation are treated as an integral part of the soil compartment. The used equations
presented here are only valid for for nonionized organic micropollutants. The fate processes
included for this compartment are: diffusive exhange with air, advective transport from air to
vegetation by deposition, degradation in plant tissue, uptake from soil with the transpiration
stream, advective transport to soil by plant death and harvest.

3.11.1 Mass balance

The mass balance equations for the vegetation compartments are:

dcveg ilS]

Vveg iLs]- dt

243

=+ DEPuegis)- Cuiris1 = Vovegits)- DEGeg ifs)- Creg ifs)

+ XCHair-veg i[S]- Cair[S]' XCHveg i-air[ S|+ Cveg i[S]
+ 2ADme’ti—vegi[S]'Csoili[S] - EADVvegi—miulsrCvegi[Sl
- REMOVAL,i51- Creg it

with
Vveg irs] «
Cregirs
Cuititsi -

Cirts) *
t:
DEng iS] N

DEG,,, ys;
XCH, veg i-air[S] +
XCH irveg ifs) -
ADV,,; i-veg ilS] +

ADV\y iaitifs)
REMOVALWK itsy -

volume of the vegetation compartment i at scale S (el (1)

total concentration in vegetation compartment i at scale S [mol.mveg'3] (S)

total concentration in soil i (gas phase + water phase + solid phase) at scale S
[mol.m; ] (S)

total concentration in air at scale S [mol.mai,'3] (S)

time [s] (S)

transport coefficient for atmospheric deposition to vegetation i at scale S
[maic’s™] (7)

pseudo first order transformation rate constant in vegetation i at scale S [s'1(I)
transport coefficient volatilization from vegetation i at scale S [ms(,if.s'l] (1)
transport coefficient gas absorption to vegetation i at scale S [maif.s'l] (1)
transport coefficient of the transpiration stream from soil i to vegetation I at scale S
(M”51 (1)

transport coefficient for plant death at scale S [ms(,if.s"] (1)

transport coefficient for harvesting of vegetation i at scale S [ms(,if.s'l] (1)

f The vegetation module for calculating the environmental fate of chemicals as described here, is not a part of

EUSES.



page 108 of 155 RIVM report no. 719101029

3.11.2 Vegetation compartment characteristics

The volume of the vegetation compartment can be obtained from:

D .
VOLUME,, ., = SYSTEMAREA, - AREAFRAC, s, ——=13 244
gilS] [S] soil i[S]
RHO,,,,
g ilS]
with
VOLUME,,, s; volume of the above-ground plant parts [m’] (D)
Dygigsy area specific above-ground biomass [kgp,m.m'z] (D)
RHO, g ys; - density of plant tissue [kgplam.m'3] (D)
SYSTEMAREAs; : total area of scale S (air/water + air/soil interfaces) [mz] (D)
AREAFRAC, sy fraction of scale S that is soil i [-] (D)

The area specific above-ground biomass and density are taken from Severinsen and Jager (in
prep.):

— -2
D, s =12 kg.m 245
with
Doeg 1151 area specific above-ground biomass of vegetation 1 [kgplam.m'z] (D)
-2
D, 5 =18 kg.m 246
with
Dyegasy - area specific above-ground biomass of vegetation 2 [kgplam.m‘z] (D)
RHO,,, s, =900 kg.m™ 247
with
RHO,, s density of plant tissue at scale S [kgplan,.m'3] (D)

The leaf surface area is obtained from the leaf area index and the area of the soil:

AREAleuves i8] = Kleaf—xoilareu i[S] ) SYSTEMAREA{S] ’ AREAFRACW:‘I i[S] 248
with
AREA o pyes ifs) leaf surface area of vegetation i at scale S [mz] (D)
Kieaf soitarea itsr: leaf area index of vegetation i at scale S [mlcafsu,facez.msm{z] (D)
SYSTEMAREAq; total area of scale S (air/water + air/soil interfaces) [mz] (D)
AREAFRAC .45y fraction of scale S that is soili [-] (D)

Kleaf—soilarea 1[8] = 39 249
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with

Kieaf soitarea ifsy: leaf area index of vegetation 1 at scale S [mleafsu,facf.mmﬂ'z] (D)

K 2.7 250

leaf —soilurea 1| S| =

with

Kieaf-soitarea ifs) leaf area index of vegetation 1 at scale S [mye,r su,fﬂcez.msoi{z] (D)

3.11.3 Transformation processes

The apparent degradation mass flow from air of the different scales is obtained from:

DEGRDygitsy = VOLUME g its) DEGoeg its)- Cregits) 251
with
DEGRD., ., ys; : degradation mass flow from the vegetation compartment i of scale S [mol.s"] (1)
VOLUME,,, s, : volume of the vegetation compartment i of scale S [m3] (1)
DEG,,, s : pseudo first order transformation rate constant of vegetation i at scale S [s '1] (1)
Coegitsy total concentration in the vegetation compartment i at scale S [mo].mvegcmi(m'3] (S)
DEGVE&’ is] = kdegveg i[S] 252
with
DEG,, s : pseudo first order transformation rate constant of vegetation i at scale S [s "] (1)
kdeg,eq iis; - pseudo first order transformation rate constant of vegetation i at scale S [s "] (D)

The removal process metabolism in the vegetation is based on the degradation rate in soil,
photodegradation in plants is excluded:

kdegveg i[S] = kdegmeta[S] 253
with
kdegye, iis : pseudo first order transformation rate constant of vegetation i at scale S [s '1] (D)
kdeg merars) pseudo first order metabolism rate constant of vegetation i at scale S [s (D)
kdegmeta[S] = kdeg.,; 1S -10 254
with
kdeg eis) pseudo first order metabolism rate constant of vegetation i at scale S [s "] (D)
kdeg,ii1s; : pseudo first order transformation rate constant in soil 1 at scale S [s'l] (D)

as a starting point.
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3.11.4 Partition coefficients for plant tissue

For non-ionized xenobiotics, the concentration ratio between plant tissue and water in
thermodynamic equilibrium is estimated from the water and lipid contents of plant tissue
(Severinsen and Jager, in prep.):

Kisicwuerss) = FRwater,, o, + FRIipid,, o * Kow®” 255
with
Kieaiwarerisy - plant tissue-water partition coefficient at scale S [m*.m?] (A)
FRwater ., sy - volume fraction water in plant tissue at scale S [m3.m'3] (A)
FRlipid,, s : volume fraction water in plant tissue at scale S [m3.m‘3 1(A)
Kow : octanol-water partitioning coeffient of the chemical [mol.m(,Cu,m,f.mol.mwam'ﬁ A)
b: correction exponent for difference fat and octanol [-] (A}

The concentration ratio between plant tissue and air in thermodynamic equilibrium is
estimated from the concentation ratio between plant tissue and water and the dimensionless
Henry’s law constant: (Severinsen and Jager, in prep.):

Kleafi—air[S] = Kleafi—water[S] ’ Kuir—water[S] 256
with
Kieafi-wateris - plant tissue-water partition coefficient at scale S [m>.m?] (4)
Kieaficairisy - plant tissue-air partition coefficient at scale S [m3.m'3] (A)
Koirwarer 81 air-water equilibrium distribution constant at scale S

[mol.my;,>.mol.my.e. "] (A)

3.11.5 Diffusive transport

Diffusive transport between air and vegetation by means of gas absorption and volatilization
is described by:

DIFFair-veg i[s] = XCHair-veg i[S]- Cair[S] 257
with
DIFF .00 iisy - diffusive mass flow from air to vegetation i at scale S by gas absorption
[mol.s™] (1)
XCH irvegits) : transport coefficient for gas absorption by vegetation i at scale S [maif.s'l] ()
Cairgsy * total concentration in air (gas phase + aerosol phase + rain water phase) at scale S

[mol. my;’] (S)

XCHair—veg i[S] = GASABSveg ifS]- AREAleave.v i[S] 258

with
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XCH iyveg ifsy transport coefficient for gas absorption to vegetation i at scale S [m aira.s'l] ()

GASABS, ., iis; - overall mass transfer coefficient for gas absorption across the air-vegetation
interface, referenced to air at scale S [mair.s'l] (D)

AREAcuvesits) - leaf surface area at scale S [-] (D)

GASABS, ;s = (1= FRASS 4oy0501151) " 8ueg iss 259
with

GASABS,,, s : overall mass transfer coefficient for gas absorption across the air-vegetation
interface, referenced to air at scale S [mai,.s‘l] (D)

FRass yrosoiysy - fraction of the chemical in air that is associated with aerosol particles at scale S [-]
(A)

8ueg ifs] - conductance [m.s"] (D)

The conductance, g,.,, depends on the chemical properties, plant species and environmental
conditions (Trapp and Matthies, 1995):

8rep 15 = 0.001 m.s~! 260
with

[ E conductance [m.s™'] (D)

may be taken as default value.

The volatilization mass flows are obtained from:

DIFF yegiairis) = XCHovegi-airfsi- Cregifsy 261
with
DIFF g i irjs) - diffusive mass flow from vegetation i to air at scale S by volatilization [mol.s™'] (1)
XCH,op i uintsy transport coefficient for volatilization from vegetation i at scale S [m Vc,;3.5'1] (1)
Chregiss) - dissolved concentration in vegetation i at scale S [mol.mveg’3] (S)
XCHveg i-air{S] = VOLATveg i[S]- AREAleave.r ifS] 262
with
XCH, 5 4ir . transport coefficient for volatilization from vegetation i at scale S [m‘,cg3 s (1)
VOLAT,,, s : overall mass transfer coefficient for volatilization across the vegetation-air
interface, referenced to vegetation i at scale S [mwm.s'l] (D)
AREA cavesits) leaf surface area at scale S [-] (D)
VOLAT, ., =-—Swsilsl 263
vegifS] —

leafi—air[S]
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with

VOLA ng ils) .

8vegils] -
Kleafi-airlsl :

overall mass transfer coefficient for volatization across the air-vegetation interface,
referenced to vegetation at scale S [mair.s"] (D)

conductance [m.s'l] (D)

plant tissue-air partition coefficient at scale S [m3.m'3] (A)

3.11.6 Advective transport

3.11.6.1 Deposition

Advective transport from air to vegetation takes place by atmospheric deposition of the
chemical associated with small particles. The deposition mass flows are obtained from:

ADV irveg its) = DEPyegirs)- Cairgsy 264

with

DEPvegi[S] = DEP

with

DEPair—veg is) = VgrOWth

with

ADVWg its) N
DEPveg is} M

Coirgsy -

air-veg ifS]*

DEPWg,'[s/ .
DEPair-veg ils] :

SYSTEMAREAs; :
AREAFRAC, sy

DEPair-veg ifS] :

VErowth,,, yis; .
FRcarbon, ., ys; :
FRcarbon,;, ys; -

Doy issi -

veg i{S]

advective mass flow from air to vegetation i at scale S by atmospheric deposition
[mol.s™] (1)

transport coefficient for atmospheric depositionto vegetation i at scale S

[my’s™] (1)

total concentration in air (gas phase + aerosol phase + rain water phase) at scale S
[mol.my; ] (S)

SYSTEMAREA, ;. AREAFRAC uii1s) 265

transport coefficient for atmospheric deposition (wet and dry) to water i at scale S
[my’s™] ()

mass transfer coefficient for dry deposition of aerosol-associated chemical at scale
S [myes'1 (D)

total area of scale S (air/water + air/soil interfaces) [m?] (D)

fraction of scale S that is soil i [-] (D)

FRcarbon,,,
*D,,, 5, FRass

. 266
veg i[S
FRcarbon

aerosol| S]

mass transfer coefficient for dry deposition of aerosol-associated chemical
at scale S [m.s'] (D)

above ground vegetation growth rate [s"'] (A)

weight fraction carbon of vegetation [kgC.kgplam'l] (A)

carbon concentration in air [kgC.m's] (A)

area specific above-ground biomass [kgplm.m'z] (D)
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1

Residencetime,,,

267

vgrowthveg irs) =

with
vgrowth,,, iis; . above ground vegetation growth rate [s"] (A)
Residencetime, . ;s; : residence time for above-ground plant tissue [s] (S)

The residence time for “natural” and “agricultural” vegetation is taken from Severinsen and
Jager (in prep.):

Residencetime,,, |, =402 days 268
with
Residencetime,,, \is; : residence time for above-ground plant tissue of vegetation 1[d] (S)
Residencetime,,, , s, =91 days 269
with
Residencetime,,, s; . residence time for above-ground plant tissue of vegetation 2[d] (S)

3.11.6.2 Transpiration

The uptake from soil via the roots with the transpiration stream of the xylem sap is calculated
from the concentration in soil and the transpiration rate:

ADVitvegirs) = TRANSvegirs)- Csoitifs) 270
with
ADVit veg sy - advective mass flow from soil i to vegetation i at scale S by transpiration stream
[mol.s™] (1)
TRANS ., iis1 : transport coefficient for evapotranspiration to vegetation i at scale S [m3.s'1] (I
Cooitits) concentration in soil i at scale S [mol.m'3] (S)
TRANSveg i8] = TRANSsoili—veg i[S].SYSTEMAREI%SJ.AREAFRACW,‘[ i8] 271
with
TRANS, ;i is; transport coefficient for evapotranspiration to vegetation i at scale S [m s
TRANS it i-veg itsy mass transfer coefficient for evapotranspiration stream at scale S [m water-S1(D)
SYSTEMAREAs, : total area of scale S (air/water + air/soil interfaces) [m?] (D)

AREAFRAC sy fraction of scale S that is soil i [-] (D)
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/K 272

soili—water[ S

TRANSsoili—veg is) = QvEg i[s] -TSCF,

vegi S

with
TRANS i i-veg itsy mass transfer coefficient for evapotranspiration stream at scale S [m yyer.8™'] (D)
Oveg ifs) - area specific transpiration rate [s”'] (A)
TSCF g iis) - transpiration stream concentration factor [msoﬂwmf.mxylem sap'B] (A)
Kot iswarergs) © soil-water equilibrium distribution constant at scale S [mol.m s >.MOlM,e; ] (A)

For organic xenobiotics, the transpiration stream concentration factor, TSCF, is related to
Kow. The estimation method of Briggs et al. (1982) is adopted here:

—(log K()w—l.78)2

TSCFvegi[S] = 0784e 2 273
with
TSCF,, ifs : transpiration stream concentration factor [msouwmr3 Myyiem Sap.s] (A)
Kow : octanol-water partitioning coeffient of the chemical [mol.mOcm,,(,f.mol.mwm's] A)
_ -9
Oreq 15 = 8:40-10 274
with
Oreg 1557 area specific transpiration rate for “natural” vegetation s (A)

may be taken as default value for transpiration (transpiration by trees excluded), (Severinsen
and Jager, in prep.).

O,y 21s) = 2.50-107° 275

with
Queg sy area specific transpiration rate for “agricultural” vegetation [s‘]] (A)

average transpiration based on a total production of 7800 kgC.haagricultural soil.yr’l .

3.11.6.3 Plant death, harvest and growth

Death of above-ground plant parts will result in transport of the chemical from the vegetation
compartment to the soil/roots compartment. Harvest will result in transport of the chemical
from the vegetation compartment out of the system. Growth dilutes the mass of chemical in
the vegetation, plant growth supplies unpolluted plant tissue to the vegetation compartment.
In SimpleBox constant mass is assumed of the vegetation compartment. Therefore, the
growth rate, vgrowth, must be equal to the sum of the harvest rate, vharvest, and the death
rate, vdeath.

ADVyegi—soitits) = DEATH egirsy Cuegifs) 276

with
ADV, ., isoitiss) - advective mass flow from vegetation to soil i at scale S by plant death [mol.s™] (/)



RIVM report no. 719101029 page 115 of 155

DEATH, . s) : transport coefficient for plant death at scale S [mvegmﬁof.s'l] (D)
Cogissy - total concentration in vegetation compartment i at scale S [mol.mvegwﬁo"'3] (S)
DEATHWS’ irs] = Vdeathveg i-soil if§]* VOLUMEV@E is] 277
with
DEATH,, ;s transport coefficient for plant death at scale S [m aif.s'l] ()
vdeath,,, is) : vegetation death rate [s'1(A)
VOLUME,,, ys; : volume of the above-ground plant parts [m’] (D)
1— EFFharvest,, .
vdeath,, s, = —— v 0] 278
Residencetime,,,
with
vdeath,,, s : vegetation death rate s (A)
EFFharvest,, s; - harvest efficiency of vegetation i at scale S [-] (/)
Residencetime,,, s : residence time for above-ground plant tissue [mol.m,; "] (S)
REMOVALveg ifs] = (REMOVALabove—veg i[S] + REMOVALI‘OOtSveg i[s] ) Cveg i[8] 2’79
with
HARVEST, . ys; advective mass flow from vegetationout of the system by harvest [mol.s™ (1)
REMOVAL pove-vegifsy transport coefficient for harvesting of above-plant parts at scale S [m vcgcmiona.s"] (1)
REMOVALroots, ;s transport coefficient for harvesting of roots of the vegetation at scale S
[mvegetation3-s-l] (I)
Coegirsy : total concentration in vegetation compartment i at scale S[mol.mvcgm,mn'3] (S)
REMOVALubove—veg ifs] = VharveStveg irsj: VOLUMEveg i[s] 280
with
REMOVAL jpoyeveg i 151 - transport coefficient for harvesting of above-plant parts at scale S [m Vegc,am,f.s'l] (1)
vharvest,,, is; : vegetation harvest rate [s"] (A)
VOLUME,,, s, volume of the above-ground plant parts [m3] (D)
EFFharvest,, .
vharvest,,, . ¢; = —— L UL 281
Residencetime,, eilS]
with
vharvest,,, s vegetation harvest rate [s‘l] (A)
EFFharvest,, s : harvest efficiency of vegetation i at scale S [-] (A)

Residencetime,,, is; : residence time for above-ground plant tissue [s] (S)
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EFFharvest,,, .5 =0.59 282
with
EFFharvest,. s : harvest efficiency of vegetation 2 at scale S [-] (A)
REMOVALroots,,2s) = 0.0021- SYSTEMAREA s, - AREAFRAC, 5, 283
with
REMOVALroots.,., s - transport coefficient for harvesting of root crops at scale S [m Vegmmn.s'l] (1)
SYSTEMAREAs; : total area of scale S (air/water + air/soil interfaces) [mz] (D)
AREAFRAC, ;15 fraction of scale S that is soil i [-] (D)

0.0021 root crops harvest rate [-] (D)
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4. MODEL OUTPUT

SimpleBox produces two sorts of output:

1. Steady-state or "level 3" output. If the conditions (loadings and environmental conditions)
remain constant in time for a sufficiently long period of time, eventually a steady state, in
which all mass flows and concentrations are constant in time, will develop. At steady state,
the sum of the mass balance equation terms is equal to zero for all boxes, and the n steady-
state concentrations can be solved from the n linear mass balance equations. This steady-state
solution is obtained in SimpleBox by means of a matrix inversion routine. The mass flows
and concentrations that characterize this steady state are written by SimpleBox in output
tables.

2. Quasi-dynamic or "level 4" output. After a change in conditions (loadings or
environmental conditions), mass flows and concentrations develop toward a new steady state,
according to the mass balance equations. The "level 4" computation is done by numerical
integration of the set of mass balance equations from time zero, with all concentrations at
zero, to infinite time with all concentrations constant at steady state.

The standard procedure in SimpleBox is to compute the steady-state solution first and carry
out the dynamic response computation afterwards, as an option.

4.1 Steady-state Computation

The model description in SimpleBox consists of the eight mass balance equations described
in the previous paragraphs. In SimpleBox 10 boxes are defined for the regional and the
continental system, the global scales consists of 4 boxes. InTable 10, the box numbers are
given for the compartments of the different scales:

Table 10: The boxes of SimpleBox

Box Scale Compartment Box Scale Compartment

1 regional air 17 moderate air

2 regional water 1 18 moderate water

3 regional water 2 19 moderate sediment
4 regional sediment 1 20 arctic air

5 regional sediment 2 21 arctic water

6 regional soil 1 22 arctic sediment
7 regional soil 2 23 tropic air

8 regional soil 3 24 tropic water

9 continental air 25 tropic sediment
10 continental water 1 26 moderate soll
11 continental water 2 27 arctic soil
12 continental sediment 1 28 tropic soil
13 continental sediment 2 29 regional vegetation
14 continental soil 1 30 regional vegetation
15 continental soil 2 31 continental vegetation
16 continental soil 3 32 continental vegetation
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At steady state, all balances become equal to zero:

V,-.% = EMIS; + IMP:; - EXP; - LCH: - BRL;

- DEGRD; + XADV.; + XDIFF.; =0

with
Vis: volume of box i [m?] (1)
Cis: concentration in box i [mol.m'3 1(S)
EMIS;s emission mass flow into box i [mol.s'l] (1)
t: time [s] (S)
IMP, g import mass flow into box i [mol.s‘l] (1)
EXP;s: export mass flow from box i fmol.s™] (1)
LCH;;: leaching mass flow from box i [mol.s’l] ()
BRL;s: apparent burial mass flow from box i [mol.s™] (1)
DEGRD,; s : apparent degradation mass flow from box i [mol.s‘l] (1)
ADV 5. advective mass flows to and from box i [mol.s™'] (/)
DIFF s diffusive mass flows to and from box i [mol.s™] (/)

The mass balances are rewritten as:

CNST: = CFi.Cssi + 2(CF;.Css;)

with
CNST; . constant term in mass balance of box i [mol.s'l] (I
CF;;: sum of coefficients for (apparent) transport from box i to el sewhere
[ megium 5”1 (1)
CF;;: sum of coefficients for transport from compartment j to box I
[ megiom 571 (1)
Css; : steady-state concentration in box i [mol.myegiym {3] (1)
Css;: steady-state concentration in compartment j [mol.megum j'3] (1)
where

CNST; = -EMIS: - IMP;

with
CNST; : constant term in mass balance of box i [mol.s™'] (1)
EMIS; : emission mass flow into box i [mol.s™] (1)
IMP; : import mass flow into box i [mol.s'l] (1)

In matrix-format, the set of eight mass balances reads:

284

285

286
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CNST = CF.Css 287
with
CNST . vector of constant terms of mass balance equations (/)
CF: matrix of coefficients (/)
Css : vector of steady-state concentrations (7)

As the product of a matrix and its inverse is equals to 1, the solution of the set of mass
balances can be obtained by multiplying the left and right parts of 287 by the inverse of the
matrix of coefficients:

CF!.CF.Css = Css = CF'.CNST 288

SimpleBox uses this matrix-inversion method to produce the steady-state output. The steady-
state computation procedure produces the following output:

Steady-state concentrations in "standard units"

The elements Css;-Csss of the vector Css, computed as described above, are expressed in the
internal SimpleBox-dimensions of mol.mmedium'3. These variables are only used internally;

they are not shown in the SimpleBox output tables.

Steady-state hold-up

The amount of the chemical present in each of the compartments at steady state is computed
by:

HOLD-UP; = Css;.V; 289
with
HOLD-UP; . amount of the chemical in box i at steady state [mol] (/)
Css; : steady-state concentration in box i [mol.m'3] (1)
Vi: volume of box i [m*} (I)

The total hold-up in the system is obtained by summation:

SYSTEMHOLD -UP = YHOLD-UP; 290

with
SYSTEM HOLD-UP . total amount of the chemical in the system at steady state [mol] (/)
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HOLD-UP; : hold-up at steady state in box i [mol] (1)

These variables are not shown in the SimpleBox output tables.

Steady-state distribution

The steady-state distribution of the chemical is obtained by expressing the steady-state hold-
ups as a percentage of the SYSTEM HOLD-UP:

HOLD-UP;

DISTRIBUTION; = . 291
' SYSTEMHOLD-UP
with
DISTRIBUTION; : percentage of the chemical in box i at steady state [%] (O)
HOLD-UP; . amount of the chemical in box i at steady state [mol] (I)
SYSTEM HOLD-UP : total amount of the chemical in the system at steady state [mol] (/)

The distribution percentages are shown in the SimpleBox output table 3.

Steady-state mass flows

The steady-state mass flows of the chemical, i.e. the terms of equation 284, are computed by
means of the equations described in the previous paragraphs. As a check for the integrity of
the steady-state computation, the mass flows are summed for each of the boxes:

INPUT; = EMIS; + IMP; + XADV,; + XDIFF;, 292
OUTPUT; = EXP; + LCH; + BRL: + DEGRD; + XADV.; + XDIFF;, 293
with

INPUT; : sum of the mass flows into box i [mol.s™'] (1)

EMIS; : emission mass flow into box i [mol.s™] (1)

IMP; : import mass flow into box i [mol.s'l] (1)

ADV;: advective mass flows to box i [mol.s] (1)

DIFF;;: diffusive mass flows to box i [mol.s™'] (/)

OUTPUT,; : sum of the mass flows out of box i [mol.s"] (I

EXP;: export mass flow from box i [mol.s™] (1)

LCH;: leaching mass flow from box i [mol.s"] )

BRL,;: apparent burial mass flow from box i [mol.s'l] ()

DEGRD; : apparent degradation mass flow from box i [mol.s™'] (1)

ADV,;: advective mass flows from box i [mol.s‘l] ()

DIFF;; diffusive mass flows from box i [mol.s ] (1)
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At steady state, INPUT and QUTPUT for each of the boxes as well as in total, should be
equal:

THROUGHPUT = XYINPUT; = YXOUTPUT; 294
with
THROUGHPUT : sum of all mass flows into or out of the system [mol.s'l] (1)
INPUT; : sum of the mass flows into box i [mol.s™] ()
OUTPUT;: sum of the mass flows out of box i [mol.s™'] (I)

A full mass balance checking table is produced; this is not shown as part of the SimpleBox

output. Instead, a separate table of mass flows is produced as SimpleBox output table 2. This
table can be displayed in different units to suit the demands of the specific analysis. To do so,
the mass flows are expressed as the product of the mass flow in standard units (mol.s™) and a

conversion factor:

FLOthown = FLOWxtandard . CONVFA CTOR, 295
with
FLOW 0 : mass flow in chosen units ()
FLOW,,iura - mass flow in standard units [mol.s'l] (1)
CONVFACTOR, . conversion factor of choice (1)

There are four options:
CONVFACTOR, = 1 296

To express the mass flows in table 2 as mol.s™.

100
CONVFACTOR: = 297
THROUGHPUT

To express the mass flows in table 2 as percentages of the total mass flow through the system
at steady state. The most characteristic mass flows (EMIS,;, IMP;, LCH;, BRL;,, DEGRD)) are
shown in this unit in SimpleBox output table 1.

CONVFACTOR; = (MOLWEIGHT /1000).(3600.24.365) 298

To express the mass flows in table 2 as ty’.

CONVFACTOR, = MOLWEIGHT.(3600.24) 299
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To express the mass flows in table 2 as kg.d'l.

Steady-state concentrations in "common units"

Steady-state concentrations expressed in "common" units are shown in SimpleBox output
table 1. The values are obtained by conversion of the elements of vector Css:

CSS‘”‘,[S] - CSS[. MOLWEIGHT]OOO 300
with
CSS iriry - steady-state concentration in air at scale S [g.m'a] (0)
Css;: steady-state concentration in box i (1,9,17,20,23) [mol.m's] (1)
MOL WEIGHT : molecular weight of the chemical [kg.mol'l] (D)
1000 : conversion factor [g.kg‘l]
CsSwaerigs) = Cssi MOLWEIGHT 301
with
CSSyarerijs) - steady-state concentration in water i of scale S [g.l'l] (0)
Css;: steady-state concentration in box i (2,3,10,11,18,21,24) [mol.m'3] ()
MOL WEIGHT : molecular weight of the chemical [kg.mol'l] (D)

MOLWEIGHT.Kp_ ,.
CSueaits) = Cssi Predits) 302

Kxed i-water[S]

with
CSS50aitsy steady-state concentration in sediment i of scale S [g.kgsolid'l] (0)
Css;: steady-state concentration in box i (4,5,12,13,19,22,25) [mol.m‘3] (1)
MOL WEIGHT : molecular weight of the chemical [kg.mol'l] (D)
Kpseaitsr : sediment-water partition coefficient at scale S [lwm.kgmlid"] ()
Kot iwareris) sediment-water equilibrium distribution coefficient at scale S

[Maer -Meeq ] (A)
CsSpueediss) = Cssi MOLWEIGHT 303
Kseaivwaters)

with
CSSpy sed ifs) - steady-state concentration in pore water of sediment i of scale S [g.l‘l] (0)
Css; steady-state concentration in box i (4,5,12,13,19,22,25) [mol.m'3] (1
MOL WEIGHT - molecular weight of the chemical [kg.mol"] (D)
Kiedivwareris) - sediment-water equilibrium distribution coefficient at scale S

[mwater3-msed-3] (A)

MOLWEIGHT.Kp, s,
Csssoirirs; = Cssi ‘ 304
Kxoil i-water[S]
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with
CsSgpiti - steady-state concentration in soil i of scale S [g.kgmnd'l] (0)
Css;: steady-state concentration in box i (6,7,8,14,15,16,26,27,28) [mol.m'3] (1)
MOL WEIGHT . molecular weight of the chemical [kg.mol"] (D)
Kp.oirifsy - soil i-water partition coefficient at scale S [lwm.kgmnd'l] (1)
Koit iowarertsy soil i-water equilibrium distribution coefficient at scale S [m water- -Mgoir” ]
(A)
Csspmaiiss) = Cssi MOLWEIGHT 305
Ksnil i-water[S]
with
CSSpw soitifs) - steady-state concentration in pore water of soil i at scale S [g.l'l] (0)
Css;: steady-state concentration in box i (6,7,8,14,15,16,26,27,28) [mol.m's]
()
MOL WEIGHT - molecular weight of the chemical [kg.mol'l] (D)
Kooit iwater(s] . soil i-water equilibrium distribution constant at scale S [m Wa,ef.msoil'S](A )

4.2 Quasi-dynamic Computation

As an option, the response of the system to changes in loadings (emissions or imports), i.e.,
the development toward an eventual steady state, may be computed. This computation is
called "quasi-dynamic" since, besides the loadings, all the model parameters are assumed to
be constant in time. The computation is done by a separate integration routine that
numerically integrates the mass balance equations described in the previous paragraphs. To
this end, the mass balances are rewritten in the following format:

de(i) _ emis(i) + imp(i) + cf(il).c(1) + cfli2).c(2) + .ccoveeenins + cf(i8).c(8)
dt v(i) 306
with
c(i): concentration in box i [mol.m™] (S)
t: time [s] (S)
emis(i) : emission mass flow into box i [mol.s™'] (1)
imp(i) : import mass flow into box i [mol.s™] (1)
cflij): sum of coefficients for (apparent) transport to and from box i [m3mdmm i.s"] (I
V(i) : volume of box i [m’] (1)

In these mass balance equations, the parameters v(i) and cf{ij) have the same values as their
equivalents V; and CF;; in equations 284 and 285, used for computation of the steady-state
solution. These parameter values are written into a settings table, which is read by the
integration routine. The parameters emis(i) and imp(i) are read by the integration routine from
a scenario table. The most commonly used loadings scenario is a "block scenario”, in which
the loadings have the value used in the steady-state computation for a period of time, long
enough to approach the steady state, followed by the value zero for an equally long period of
time. Using this scenario, both the development toward the steady state that has been
computed and the recovery upon elimination of sources are computed. This computation is
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known in "Mackay-nomenclature” as "level 4 computation”. The quasi-dynamic computation
routine is described by the following:

The format of equation 1 can be seen as:

—=A.c+b
dt

¢(0)=c,

with
C,b,C() .

A=pAp™

with

NS > >

If a is written as:

a=p ¢
with
a:
pl
C:
Then:
d -1
p P ¢ =pAp‘lc+b
dt
p'c(0)=pc,

or:

vectors with dimension N
matrix with dimension N*N

diagonal matrix with eigenvalues A,,...,Ay at the diagonal, dimension N*N
matrix with dimension N*N

matrix with eigenvectors as columns, dimension N*N

inverse matrix from p, dimension N*N

vector, dimension N
inverse matrix from p, dimension N*N
vector, dimension N

307

308

309

310
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da »

—=Aa+p b
Pag =04TF 311
a(0)=p'1c0

This can be solved as:

a=a,+a, 312

with:
313
a, =(N'p'b+pc,)e™

a,=—Ap™'b 314

equation 6,7,8 into equation 5 gives:

da.
-—':7\,. .+ _lb.
P (p'b),
315
= a,(t)==A(p7'b), + [N (p7'b), +(p'cy ) ] e

c=p.a

Thus:

c=(pA'p~b+c,)e™ +(-pAp~'D) 316
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5. THE SIMPLEBOX MODEL CODE

5.1 SimpleBox modules

The SimpleBox 2.0 model was developed as a MS Excel spreadsheet. The various versions
that have been produced in the past all had the same basic structure, consisting of three main
parts: an "input block", a "computation block” and an "output block". The present SimpleBox
model still has the same basic modular structure. The spreadsheet consists of the following
modules in each definition sheet: a definition block , output blocks and a picture of the
SimpleBox model with mass flows. The steady-state computation block and quasi-dynamic
computation blocks can be found in the engine sheet. SimpleBox also comes with a charts
and macro sheet. The individual modules are further described in the following paragraphs.
The SimpleBox variables as described in the previous chapter appear in the spreadsheet as
cells. As a general rule, these cells are placed directly to the right of a cell containing a text
string that corresponds as closely as possible to the variable names used in this document.
The cells are usually named with this text string ("name" in Excel).

5.1.1 Definition

The definition module consists of 2 blocks, DEFINITIONI (Figure 4): regional scale model
definition, continental scale model definition, moderate scale model definition, arctic scale
model definition, tropic scale model definition and DEFINITION 2 (Figure 5): the model
definition in the engine sheet. The block DEFINITIONI is where the actual model definition
is entered into the spreadsheet; this is the first of the few places in the spreadsheet where user
input is required. A value needs to be assigned by the user to each of the SimpleBox
"definition parameters". Values can be assigned in two ways:
1. By entering a value into the cell to the right of the parameter name in the column labeled
"User", using the units that are given in square brackets to the right of the variable name.
2. By accepting the value that appears in either the column labeled "Formula" (indicating
that an estimation formula is producing the number shown) or the column labeled "Value"
(indicating that a fixed default value is producing the number). This default formula or
value is accepted by entering nothing into the cell. Usually a number appears in one of the
columns only. When both columns contain a number, the number in the column
"Formula" is used, unless the user overrides this by entering a number into the column
"User".
The numbers in the column labeled "Formula" depend on the values assigned to other cells in
the spreadsheet. The estimation formulas that produce the numbers take the values of
auxiliary parameters as input. As a rule, the auxiliary parameters used are placed in the rows
immediately below, the text strings that label them indented. The result returned by the
estimation formulas changes when the value of any of the used auxiliary parameters are
changed, as the spreadsheet is recalculated automatically after each data entry.
This way a value is assigned to the cell in the column labeled "Used". This is done by a
conditional statement in this cell that takes either the user input (column "User"), the
estimation formula (column "Formula") or the default value (column "Value") as input and
converts this into internal SimpleBox units (SI). The values in the column "Used" are used as
the SimpleBox model definition. The cells in this column carry the names of the
corresponding variable names. The second definition block in the engine sheet serves as an
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interface between the input block and the actual computation. DEFINITIONZ uses the values
of the definition parameters set in DEFINITIONI to produce the internal variables that are to
be used in the mass balance equations. The output of this block is the full model definition.
The values are used in the SimpleBox computation block; the box numbers used are indicated
in the last column of this block.

5.1.2 Steady-state computation

The computation of the steady-sate solution as described in paragraph 4.1, is done in the
engine sheet by the block SIMPLEBOX STEADY-STATE COMPUTATION (Figure 6). The
values of the internal model parameters from DEFINITION?2 are assigned to numbered boxes.
The output of this block: STANDARD STEADY-STATE OUTPUT (Figure 7) consists of the
steady-state concentrations in standard units, shown in the row labeled "CONCENTRATION
(mol.m™)"; the total amount of chemical present in the total system at steady state, shown in
the row labeled "HOLD-UP (mol)"; the percentual distribution at steady state, shown in the
row labeled "DISTRIBUTION (%)"; and the throughput at steady state, shown in the row
labeled "THROUGHPUT". There are two rows labeled "THROUGHPUT"; the first is
computed as the sum of all inputs, the second is the sum of all outputs. These numbers are
used in the development stage of new model definitions only; the two numbers should be
equal for correctly defined models. Differences greater than the rounding error of the
spreadsheet program indicate errors in the model definition.

The steady-state computation requires inversion of the matrix in mass balance coefficients, ¢f,
in the block MASS BALANCE COEFFICIENTS,multiplication of the inverse matrix, of! in
the block INTERMEDIATE RESULTS , with the vector of constants, constants, and
recalculation of the spreadsheet. In the Excel code of SimpleBox, this calculation is done
automatically after each change in the model definition by the user.

5.1.3 Quasi-dynamic computation

This part of the model code is discussed only briefly here. The integration is done on the basis
of a integration routine written by Veling (1993) called integrat.exe . This process is briefly
discussed in section 5.1.3 of this document.

The quasi-dynamic computation consists of three spreadsheet blocks plus the external
integration program. The first block of the dynamic computation module, SIMPLEBOX
QUASI-DYNAMIC COMPUTATION gives the initially concentations in the boxes and the
emissions to these boxes (Figure 13). The second block of the dynamic computation module,
INPUT FILE DYNAMIC COMPUTATION, produce the texts that are read by the integrator as
a settings file and a scenario file, respectively, any time the integration routine is carried out.
The integration process can be controlled by editing the first block of the dynamic
computation module. For standard operation, it suffices to accept the settings and standard
loadings scenario. Calling the integration routine then results in computation of the
development towards a steady state with the same model definition as was used for
computation of the steady-sate solution. The computation starts from time zero
concentrations. A block scenario is assumed for the loadings: at time zero the constant
loadings as used for the steady-state computation are applied for a period of 50 years,
followed by a period of 50 years with zero loadings. It is suggested that only experienced
users attempt to set custom integration scenarios.

The quasi-dynamic computation is carried out by Ctri-I. This macro first creates the DOS-file
that is necessary to externally perform the integration: it prints the contents of the block
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INPUT FILE DYNAMIC COMPUTATION (area named scenario) to a text file with the name
INTEGRAT.SCN. The file is used as the input file for the integration routine
INTEGRAT.EXE . This routine writes the results of the integration to the file
INTEGRAT.OUT, which is returned to the spreadsheet macro. The macro then reads the
integration results from the file INTEGRAT.OUT and produces several graphs of these data in
the sheet called “charts” (Figure 14).

5.1.4 Output

The SimpleBox output consists of four blocks, on each scale definition sheet. The fist block
STEADY-STATE OUTPUT; table 1: Analysis report, is a table listing the general information
(model version), used data, fate of the chemical (emissions) and the distribution & risk.
(Figure 8 and Figure 9) The second block, STEADY-STATE OUTPUT; table 2: half life, is a
table listing the half life of each process (Figure 10).

The third output block, STEADY-STATE OUTPUT; table 3:Transfer- and transformation
mass flows, is a extensive listing of all steady-state mass flows (Figure 11). The mass flows
can be read out in four different units:

1: moles per second [mol.s'l]

2: % of THROUGHPUT [%]

3: metric tons per year [t.yr']

4: kilograms per day [kg.d'l]

This is controlled by the number in the cell right of the label "Units:" in the top line of the
table. This number can be changed by the user.

The fourth output block is a picture of the SimpleBox model, with transfer- and
transformation mass flows and steady state distribution (Figure 12). This picture can be read
out the same way as table 3 by changing the number in the cell right of the label “Units” of
table 3.

5.1.5 Operation

For the operation of SimpleBox Windows 3.x and Excel 5.0 are necessary.

The file SIMBOX2.XLS is the SimpleBox spreadsheet and the file INTEGRAT.EXE, which is
described in the previous paragraph, is used for the integration procedure.

The spreadsheet is recalculated automatically after every change.

The integration macro in the sheet labeled MACRO can be started with ALT-1.

5.2 Running the model

The SimpleBox spreadsheet that is distributed with this document is a Excel spreadsheet. The
spreadsheet was created originally in MS Excel version 5.0c.

The distribution diskette contains the following files:
- SIMBOX2.XLS (961101)
- INTEGRAT.EXE (940617)

These files must be copied to the hard disk in the same directory.
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To run SimpleBox, take the following steps:

1.
2.
3.

6.

7.

In Windows, start Excel.

In Excel, open the file SIMBOX2.XLS.

Define a model by assigning values to the SimpleBox definition parameters. Some

knowledge of the operation of Excel is required to do this.

NOTE: leaving the cell blank leads to acceptance of the default estimation or default
value.

The computation of the steady state concentration and distribution takes place after
every change/input. On slower machines this could take a while. In the Calculation
Tab of the Options command of the Tools menu it is possible to change the automatic
calculation to manual calculation. Then use F9 to calculate the SimpleBox spreadsheet
after the changes in parameter values.

Complete the documentation of the analysis by typing the analyst’s name and comments

into the designated area of output table 1.

Optionally run the quasi-dynamic computation by pushing CTRL and I at the same time.
NOTE 1: Depending on the model definition and the computing power available, this
may take a long time; use of 80486 or better is advised.

Optionally save the model definition by using the ‘save as’ command in the File menu,

followed by entering a file name.

End the SimpleBox session by exiting Microsoft Excel.

To change the SimpleBox model (e.g. turn off the global scales, second water compartment,
vegetation compartment) take the following steps:

L.

Turn off the sea water compartment : set AREAFRACwater2 to 1E-7 in the “User”-
column and set the other fractions (soil, water) in such a way that the sum of the fractions
is 100% (Important: entering values smaller than 1E-7 for area fractions gives errors in
the dynamic calculation).

Turn off the vegetation compartment: type off in “User”-column in the row “Terrestrial
vegetation module on/off”.

Turn off the global scales: set degradation rates (kdeg ) to 1E10 and emmision to zero.

Format Tools Data Wind

GIONAL SCA| DEFINITION

5IONAL SCALE MODEL DEFINITION

COMPOUND PROPERTIES Formula Value Used

COMPOUND NAME [R] HYPO HYPO
FORMULA [R] HyPo HyPo
MOL WEIGHT [R] [g.mol-1}] 2.50E+02 | 2.50E-01 ‘kg.mok1
Kow [R] [m(w)3.m(0)-3] 1.00E+05 | 1.00E+05 -
VAPOR PRESSURE [R][Pa] 1.00E-03 | 1.00E-03 Pa
SOLUBILITY[R] : [mg.F1] 1.51E+00 6.03E-03 ‘mol.m-3
MELTING POINT [R] [deg. C] 0.00E+00 | 2.73E+02 (K
PASSreadytes [R] [v/n] n n
Yl ¥ P %2

%\7

£

Figure 4: spreadsheet block DEFINITION 1 for the regional scale.
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Al SIMPLEBOX MODEL DEFINITION 2

jAaL.. B e B | E E o

. ISIMPLEBOX MODEL DEFINITION 2 SIMPLEBOX STEADY-STA..
% () V(@R) = 400E+13 m3  ==> VOLUME(1) STANDARD INPUT
() VIWIR) = 360E+09 m3  ==> VOLUME(2)
SR V(W2R) = 1.00E+00 m3  ==> VOLUME(3)
8D V(sdIR) = 3.60E+07 im3  ==> VOLUME(@4) Volume (m3)
L2 () V(sd2R) = 1.20E-03 m3  ==> VOLUME(5) Emission (mal.s-1)
18 () V(s1R) = 3 82E+09 m3  ==> VVOLUME(6) Leaching (m3.s-1)
L8 () V(S2R) = 216E+09 m3  ==> VOLUME(?) Burial (m3.s-1)
10 () V(s3R) = 6.37E+08 m3 ==> VOLUME(8) Removal(vegetation} (m3.s1
() v@C) = 712E+15 m3  ==> VOLUME(9) Degradation (s-1)

2 V(wiC) = 3.20E+11 m3  ==> VOLUME(10)
ihesgy o - - L

Figure 5: spreadsheet block DEFINITION 2 on the engine sheet.
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'SIMPLEBOX STEADY-STATE COMPUTATION

S

S8

o L L - e L
- 4 |SIMPLEBOX STEADY-STATE COMPUTATION
| STANDARD INPUT
BOX 1 BOX 2 BOX 3
_|Volume (m3) 4.00E+13  3.60E+09  1.00E+00
Emission (mol.s-1) 2.54E-24 © 1.27E-04 | 254E-24
Leaching (m3.s-1)
| Burial (m3.s-1)
| Removal(vegetation) (m3.s-1)
‘44 | Degradation (s-1) 4 01E-08 . 3.98E-09  4.16E-09

L

Figure 6: spreadsheet block STEADY-STATE COMPUTATION on the engine sheet.
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5.88E+04 1.65E-01 : 1.11E+02 : 2.69E-09
100.0 0.0 0.2 0.0

SUM BOX 1 BOX 2 BOX 3

2.54E-04 254E-24 1.27E-04  2.54E-24

X1
e

REGIONAL SCALE STEADY-STATE OUTPUT
: TABLE 1: ANALYSIS REPORT

f DOCUMENTATION

S

B | Model version
Model files

Date and time of analysis 25-Nov-96 10:56
4 Analyst : L. Brandes
! Description of the analysis .
,\,? ¥ .
regional e )

Figure 8: STEADY-STATE OUTPUT TABLE I: analysis report on the regional sheet.
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056 DISTRIBUTION & RISK
DISTRIBUTIPN & RISK ‘
CONCENTRATION DISTRIBUTION RISK (FAF)

AR 103612 gm-3 419507 kg 0.0 %
"% * GAS PHASE 8.24E.13 igm.3

| « AEROSOL 207613 g3

IFRESHWATER 7 B7E08 g1 3 7BESD1 kg 10 %
¥ |~ DISSOLVED B.64E.09 g1

| ¥ PARTICULATE 103E.08 Tg 11
68 [SEAWATER B.I3E-10 g B.73E-10 kg 08 %
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90 * PARTICULATE BADE1 g1

M regional £¢

File Edit View Insert Format TJools Data Window Help
X 'REGIONAL SCALE STEADY-STATE QUTPUT

8 RS RIS o3l
SIMPLEBOX STEADY-STATE OUTPUT
TABLE 3: TRANFER- AND TRANSFORMATION MASS FLOWS

COMPQUND: HYRQ COMPOUND: HYPO
SYSTEM. Region SYSTEM: Region

Half-life AR WATER1  WATER 2

AR
Tau-air EMISSION 1.02E-06 : 1.08E-06
depositior: 29140 "IMPORT" 3.88E-07 | 3.94E-08

Figure 10: STEADY-STATE OUTPUT TABLE 2:Steady-state concentrations on the regional sheet.
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2.00E-20 : 1.00E+00 = 2.00E-20 1.00E-20
1.09E-03 : 2.13E-03  2.51E-01

File Edit View Insert Format Tools Data Window Help
SIMPLEBOX TRANSFER— AND TRANSFORMATION MASSFLOWS AND DISTRIBUTION
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e
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a

(2™

s s

v.
regional 2

Figure 12: SIMPLEBOX picture: mass flows and distribution on the regional sheet.
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Figure 14: QUASI DYNAMIC OUTPUT: charts on the charts sheet.
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