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INTRODUCTION

The main objective of 2-FUN’s WP2 is to build a teafre based on multimedia models and
associated databases for assessing the expostinertocals through indirect routes (e.g. through the
food chain). The specifications of this final proatinan be summarized as follows:

* to date, the simultaneous and comparative expoassessment of various chemicals is
difficult because: (i) models are generally dedidato one specific family of contaminants
(e.g. metals, or pesticides) or one type of emigsivironmental mediae(g. soil); (ii) the
representation of the macro- and micro-environmgaot&rning behaviour of chemicals in the
environment and subsequent human exposure is mobdeneous among models; (iii) the
level of mathematical simplification/sophisticaticand the mathematical description of
common processes.g.physical processes which are independent of thessir) can differ a
lot among models. To overcome these limitation® BFUN tool intends to allova
homogeneous assessment of various chemicals, reéghm various systems and reaching
humans through various routes

e environmental conditions differ in space and timéh temperature and region and so forth.
Human behaviour differs with group, region, agendgr and so forth. Besides, there is real
uncertainty, based on ignorance ("no-know") of peses or events. In exposure and risk
assessment, this uncertainty is only indirectlysidered by constructing typical ("generic"),
conservative or "worst-case" scenarios. This mag gistimates "on the safe side", but does
not allow a quantification of this safety. Howevenvironmental variations (space, time,
temperature, region) can in many cases be quahtfie described.g.by probability density
functions on key parameters. The same holds fderdifices in human behaviour. The
objective of the 2-FUN tool is then to incorpordistributed input data for the exposure
assessmen(stored in an ad-hoc database), yieldingistributed output. The 2-FUN tool
would then allow the quantification of the probékibf an individual to be exposed, allowing
a safety concept that substitutes the ‘conservativecept.

* To date, research on te&posure profiles of childrento identify the most important routes of
exposure are scarce. To incorporate specific @rildrpathways in exposure models, a review
of the existing literature on children’s exposuoeites €.g. epidemiological studies aiming at
identifying exposure routes of organics, lead aliaauclides) will be conducted and relevant
pathways €.g. physiological parameters, behavioural parametars tane-activity data for
different age groups) will be introduced into theltimedia model(s).

This report is the first stage to the constructibthe 2-FUN’s homogeneous and integrated software
for the assessment of indirect exposures. Feat@eents and Processes (FEPs) occurring within
and/or between environmental compartments of iatefer humans were reviewed considering
existing models/frameworks/methodologies currentbed for conducting human risk assessments.
This report is specific to FEPs occurring in freslsvs.

A systematic method for the visualization of FEBstained in each model (i.e. the Interaction matrix
method) was used to compare models. The relevaneach FEP for its eventual incorporation into
the 2-FUN model was studied. Finally, a list ofergnt compartments and associated FEPs to be
included into the 2-FUN modelling system will b@posed.

The mathematical model for describing the transfezontaminants to/within/from freshwaters is also
described in detail.

! Further reports will be published on other subieys of the environment (soil and groundwater, ooitd
atmosphere and indoor air, plants, animals, humans)
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1. MATERIAL AND METHODS

1.1 Perimeter of the 2-FUN modelling tool

The 2-FUN modelling tool will focus on the detailddscription of the transfer of chemicals through
the human food chain. Thus, the 2-FUN modellind tmmsiders a region of investigation (a ‘box’)
for which inputs at its frontiers are known. In etlwords, the 2-FUN model will use as input data:

¢ monitoring data directly collected at the frontiéithe investigated region in surface water, air
and/or soils;

e data produced by models simulating the physical nspart (e.q.
advection/diffusion/dispersion) of pollutants inetlir or in water bodies from the release
point(s) to the frontier of the investigated regiand providing concentrations of pollutants in
air, soil and/or water entering in the investigategion.

According to available data related to the contatiim in water, air and/or soil at the assessment
point, the 2-FUN modelling tool will consider:
» steady-state conditions, when permanent dischangethe environment are assumed;
* dynamic conditions, if time-dependent data are labb (e.g. incidental/accidental
discharges).

1.2 Sub-systems of the environment

The first step in the development of a biospheralehds the construction of a conceptual model
defining the biosphere system components, e.gwaiter, soil, crops, animals etc, eventually sub-
divided in several sub-compartments, as well agdlaions between these components (i.e. transfers
governed by physical, chemical and/or biologicalgeisses). Thus, compartments taken into account
into multimedia models are the media in which cleatsi may migrate or accumulate.

For facilitating the analysis of existing modelsigroposing an integrated framework for the further
development of the 2-FUN modelling tool, six maisystems were defined:

» the ‘surface freshwater’ system;

» the ‘soil’ and ‘groundwater’ system;

» the ‘air’ system, including outdoor atmosphere attbor air;

* the ‘plant’ system;

» the ‘animal’ system;

e the ‘human activity’ system.

The present report focuses on the surface freshveatlesystem. The other subsystems will be
reviewed in the second period of the 2-FUN project.

Besides, a specific analysis and associated rapibtie produced for specific exposure pathways for
children (Deliverable 2.2: review of relevant expaspathways for children).

1.3 Mass-balance concepts

The 2-FUN model was built to maintain a mass baandhe whole system, as well as in each of the
sub-system previously defined. When applied toexifip compartment, the mass balance approach
implies that, for a given time period, the amouhtiemical in the compartment at the end of the
periods results from the amount present at thenbéwy plus the gains occurring during the time
period minus the chemical lost from the compartment

The geometry of the investigated region is assutmdx known by the end-user, i.e. the length, width
and height of the river/lake system, the surfacethef soil system, as well the distribution of
occupancy of the soil system by different culturesluding forest), ...
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1.4 The Interaction Matrix methodology

Interaction matrices, an expert qualitative methmddentify multiple interactions among biotic and
abiotic components of the biosphere, is a usefol to develop conceptual models simulating the
behaviour of chemicals in a complex environment.isTBystematic approach facilitates a
comprehensible identification and visualizatiortlod exposure pathways and allows classification of
the role of different ecosystem components in tesfrisansfer relationships.

An Interaction Matrix is a table which describes tonceptual model by tabulating the interactions
between the compartmental media. The main compatthd the biosphere system are identified and
listed in the leading diagonal elements (LDEs)ha matrix; the interactions between the LDEs are

listed in the off-diagonal elements (ODESs) (Figlije

Inputs 1 to 2

Comp. 1

A 4

Inputs 2 to 3

Comp. 2

A

Comp. 3
Outputs 3to 1

Figure 1 — The Interaction Matrix presentation

The Interaction Matrix will support the further rhamatical implementation of the conceptual
modef: the LDEs will usually be represented by compartis@nd the ODEs by transfer functions.
Using the matrix as a complete representation efcinceptual model, it is relatively simple to
cross-check it against a standard Features, ExmrdsProcesses (FEPs) list to ensure that the
conceptual model is as complete as a specific gbrequires.

Obviously, there may different alternative mathdostmodels for each FEP, as well as several
numerical models for each mathematical model. MatteEal models describing the Interaction
matrices reviewed in the present document will het detailed here. Only the final 2-FUN

mathematical model is described in detail in chafte

2 the implementation will be conducted on the Eco@glatform, specifically built for compartmentabutels
described through an Interaction Matrix.
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1.5 List of reviewed models

For defining the 2-FUN conceptual model, existingdels/frameworks/methodologies currently used

for conducting risk assessments in specific fidlelg. risk assessment of contaminated soils) were
reviewed; a given model/framework/methodology cevalt the sub-systems defined in 1.2 (i.e. the

‘surface water’ system, the ‘soil’ and groundwatgstem, etc) or only some of them. Material which

was reviewed is listed in Table 1.

Two types of models/frameworks/methodologies wekgemwed:
* Integrated multimedia models, covering all the wadeil, and biota sub-systems and aiming
at calculating global human exposures (e.g. SimpteBalTox);
» Fate models, providing a detailed description efliehaviour of chemicals in a specific sub-
system (e.g. AQUATOX for the freshwater subsystem).

The list of models which were reviewed is not exdieve, but we selected some contrasting tools (e.g.
from screening models to detailed mechanistic egoé models) in order to underline possible

divergences in the treatment of pollutant trangiea given sub-system. The analysis of the models
thus allowed to put in evidence some main questiamsn building a conceptual and mathematical

multimedia model.

Table 1 — List of reviewed models/frameworks/methaalogies for the freshwater system

Model

Institute References

Description

AQUATOX

Ecological food-web freshwater model kineily describing transferUS-EPA US-EPA, 2004

of chemicals in various abiotic and biotic compaatits.
Dynamics of several trophic levels in aquatic systdstreams, smal
rivers, ponds, lakes and reservoirs), as well afdte of conventional
(e.g. nutrients) and toxic chemicals are simulaf€bis food-wel
model was developed for evaluating the adversectsffieom various
stressors on several trophic levels (the endpainthiis not human
health).

=]

CemoS (similar toMass balance steady-state box model included i€é8moS packagel DTU (DK} Trapp and Matth

SAMS (OECD)) 1998

OURSON Dynamic transfer initially developed for siating the humanEDF (F) Ciffroy, 2006
exposure to radionuclides and metals dischargedfreshwater personal
Extended to metal discharges in the atmosphere amghnic communications
discharges in rivers

QWASI (and| Model simulating the steady-state chemical conegiotn in a lake or Mackay, 1983;

derived modelsriver segment. It adopts a steady-state fugacipyaaxh, each transfer Guardo, 2006; Warre

QMX, DynA) being described by constant exchange rates. QMafiisxtension of et al, 2007
QWASI using a connectivity matrix to develop a mskgmen
approach.

SimpleBox Steady-state multimedia model incorporatedhe EUSES systemRIVM Van de Meent, 1993;
recognized at European for assessing the distoibutf (essentially (NL) Brandes, 1996
organic) pollutants in the environment at regicsele.

TRIMFate Compartmental mass balance model providxmpsure estimates fpUS-EPA US-EPA, 2002

ecological receptors (plants and animals), in paldr in freshwatefr
systems. The output concentrations from TRIM.Fa@i &lso be used
as inputs to a human ingestion model.

1.6 Selection of relevant FEPs for the 2-FUN cohealpnodel

One main question when building a conceptual meitiim model is to define its optimal size, i.e. to
define which are the compartments and FEPs suitigigelevant for their incorporation into the

model. Indeed, the most exhaustive conceptual magelthose which contains the most important
number of compartments and FEPs is not necessamydist relevant for operational applications in a
wide range of contexts. Indeed, the objective sthdad, not to build the most complete model, but
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rather the less uncertain one. Taking in mind tbgective related to uncertainty (rather than to
exhaustivity), a conceptual model must thus be rdmult of a compromise between a relevant
representation of the environment and the uncéytaindata to make the model an operational tool.
This concept is illustrated on Figure 2. When tberoeptual model becomes more complex, i.e. when
the environment is described more in detail, withirscreasing number of compartments and FEPs,
the structural uncertainty of this conceptual modietreases, because it can be considered that the
structural representation is closer to the actogirenment.

Parameter uncertainty should however be takenantmunt also. It can be subdivided in different
components which depend on the structure of the einodatural variability, reflecting the
heterogeneity in a given compartment; incompletgnesflecting the ‘macroscopic’ nature of the
environment description by the model; and ignoraneiecting the lack of knowledge and/or data for
a relevant parameterisation of a given transfethdfmodel is too simple (i.e. if the representatd

the environment is based on macroscopic compartmand/or transfer functions), the structural
uncertainty, but also the variability and incometetss of parameters, are high. However, when the
conceptual model becomes too complex, the numbpam@meters and data required for running the
modelling system, and the associated ignorancegdses; often a complex conceptual model requires
data which are scarcely available and is basedhknawn processes, leading to the increasing of the
parametric uncertainty.

This schematic representation shows that the cigaldor modellers is to build the less uncertain
model, i.e. the best compromise between conceptuatonmental representation and knowledge/data
availability.

Uneartainty

Optimal zone

u High ignorance

Figure 2 — Evolution of the uncertainty of the coneptual model and of data according to the
complexity of the environment representation

Sime o the modkl

The review undertaken in the frame of the 2-FUNjgmballowed to identify different conceptual
models, with variable levels of complexity. An ayg$ of models was thus conducted, from the
simplest one to the most exhaustive one, with nalfd an analysis of new information required when
adding compartments and FEPs, and expert judgedesctibed in the report allowed to define the
best compromise to build the 2-FUN model. The dbjecof this analysis is to build a conceptual
model in agreement with data availability that Je# further incorporated in the tool database.
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Upstream Water

flow

2. THE SURFACE FRESHWATER SYSTEM — REVIEW OF MODELS

2.1 Interaction matrix of investigated models

Models which were analysed for the surface fresawaystem are listed in 81.5. Their respective

Interaction matrices are represented in Figure$ 3-7

Upstrearn input

Upstrearm input

Upstream Water

flow

Dissolved phase

Atmosphere |Direct atmospheric |Direct atmospheric |Direct atmospheric
deposition deposition deposition
Soil surface Erosion-runoff Erosion-runoff
River/lake water Adsorption Bioaccurnulation

Desorption

Riverflake water

Suspended particulate Matter

Particles deposition

Particles resuspension

Bottom sediments

Fish

Sink

Biological elimination

Figure 3 — The OURSON Interaction Matrix for the suface freshwater sub-system

Upstrearm input

Atmosphere Gas absorption
Gag phase
Atmosphere Wet and dry
Aerosols deposition
Sail Runoff

“wolatilization

Riverlake water
Dissolved phage

Adsorption

Uptake by adsarption

Desorption

Rivetilake water

Suspended particulate Matter

Sedimentation

Release by desorption

Resuspension

Bottom sediments Burial

Top layer

Elimination

Bioaccumulation
Cutflow

Transformation

Bottom sediments
Deep layer (sink)

Biota

Figure 4 — The SimpleBox Interaction Matrix for the surface freshwater sub-system

Sink

% In the following Interaction matrices, compartn®ate represented in green, transfers between ctmesds
in yellow and ‘sink’ compartments in pink.
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Upstrearm Water

flowe

Upstream input

Upstream input

YWaste water

flony

Atrmosphere

Dry and wet particle deposition
Rain dissolution
Ahsorption

Yolatilization

Riverflake water
Dissolved phase

Adsorption

Diffusion

Downstream water flow
Transformation

Desorption River/lake water Particles deposition Downstream water flow
Suspended particulate Matter
Diffusion Particles resuspension Surface sediments  |[Diffusion Transformation

Buried sediments

Sink

Figure 5 - The QWASI Interaction Matrix for the surface freshwater sub-system

Dilution - Advective transport
Elimination from the release paoint

Atrnosphere
Gas phase

Gas absorption

Yolatilization

Riverflake water
Meutral dissolved phase

Adsorption

Bioaccurmulation
Aggregated

degradation

Deszarption Riverflake water Sedimentation

Suspended particulate Matter

Resuspension Bottom sediments
Elimination Fish

Sink

Figure 6 - The CemoS Interaction Matrix for the suface freshwater sub-system
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River/epilimnion lake

Adsorption

Adsarption

Adsorption

Bioaccumulation |Bioaccumulation |Bioaccumulation | Gill sorption Hydrolysis
Dissolved phase Fhotolysis
Desarption Riverfepilimnion lake Microbial degradation
Decornpiosition Labile detritus Yolatilization
Desarption Microbial colonization River/epilimnion lake
Refractory detritus
Desarption Riverfepilimnion lake
Inorganic sediments
River/hypolimnion lake [Adsorption Adsarption Adsorption Bioaccumulation |Bioaccumulation |Bioaccumulation | Gill sorption Hydrolysis
Dissolved phase Micrabial degradation
Desarption Riverfhypolimnion lake Deposition Downstream discharge
Decormposition Labile detritus
Desarption Microbial colonization River/hypolimnion lake Deposition
Refractory detritus
Desarption Riverfhypolimnion lake Deposition
Inorganic sediments
Resuspension [Ri [ on Resuspension Bottom sediments |Burial
Buried detritus
Elimination [Mortality-Defecation Mortality-Defecation Elimination [Mortality-Defecation Mortality-Defecation

Elimination Mortality-Defecation
Elimination Muortality-Defecation

Martality-Defecation

Elimination Maortality-Defecation

Upstream YWater
flow

Algae

Distary uptake

Cepuration

Martality-Defecation \Ma:rophytes | Dietary uptake
Mortality-Defecation Mortality-Defecation |Imvenehrates Distary uptake
Mortality-Defecation Elimination Maortality-Defecation Mortality-Defecation Fish
Sink
Figure 7— The AQUATOX Interaction Matrix for the surface freshwater sub-system
Upstream input
Atrmosphere et deposition during rain
“apor phase
Atrmosphere et and dry
Aerogols deposition
Shil Runoff Erosion
Riverflake water Adsorption Bioconcentration Diffusion ‘ Bioconcentration Bioconcentration Outflow
Dissolved phase Degradation
Desorption Riverflake water Sedimentation
Suspended pariculate Matter
River/lake water Sedimentation Ingestion
Algae (for water-column herbivares)
Resuspension Bottom sediments Burial Uptake
Top layer - Solids (for metals)
Diffusion Eottom sediments Uptake
Top layer - Pore water (for neutral organics)
Bottom sediments
Deep layer [sink)
Depuration Macrophtes |
Excretion

|Benthic infauna

Ingestion {for benthic omnivores)

Fish

(5 groups™)

* weater-column herbivares
water-calumn amnivores
water-calumn carnivores
kerthic amnivares

kerthic carnivares

Sink
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Figure 8 — The TRIM.FaTE Interaction Matrix for the surface freshwater sub-system
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2.2 The compartments of the freshwater system

The freshwater system can be analysed considdniieg tmain sub-systems: the water column, the
sediments and the biota:

 for all the models (except AQUATOX), the water cqolu is sub-divided in two
compartments: the contaminant fraction present udisolved forms, and the contaminant
fraction associated to suspended particles. It maed that , for the CemoS model, it is
indicated explicitly that this subdivision is reéat only for neutral organics, and not for
dissociated organics.
AQUATOX proposes a more sophisticated represemaifahe water column: for lake and
reservoir applications, it subdivides the aquayistam into two vertical zones, respectively
the epilimnion and the hypolimnion. The thermoclim¢aken as separator and, for simplicity,
it is assumed to occur at a constant depth. Staiibn can break down temporarily in case of
high flow. The particles present in suspension aw rwater are subdivided in several
compartments, including: inorganic particles, lakietritus and refractory detritus. Detritus
include all non-living organic material. The defioh of detritus compartments was
considered necessary to provide a good descriptfighe detrital food web. Buried detritus
are also defined as not participating to the exghan

\ Question 2.ahow many abiotic compartments for representing thevater column ?

* models differ in their representation of the sedih@mmpartment because:

v' for OURSON, only one layer is considered for ddsog sediments present at the bottom
of the river or lake bed;

v two layers are considered in the other models dprasenting bottom sediments: the top
layer of the sediment is in interaction with thetevacolumn; if the sedimentation of
particles from the water column is greater thanrggispension (net sedimentation), the
top layer is continuously refreshed and chemicas®eaiated to older sediment layer gets
buried under the top layer (‘buried sediments’). most of these models (e.g. the
SimpleBox model), the terminology ‘sediment’ referdy to the top layer, as the deeper
sediment is assimilated to a ‘sink’ compartment cluhidoes not participate to the
exchanges. This approach needs to define the drdngtween surface sediment and deep
sediment respectively, i.e. the depth at whichreedis can be considered as ‘out’ of the
system.

Question 2.bhow many layers for representing the sediments?
Question 2.cis it necessary to take into account ‘burial’ and bw to define the frontier
between top layer and deep sediment?

» the representation of biota differs according ®dbjectives of the model:

v" because AQUATOX and TRIMFaTE were developed foessiag acute and chronic
effects on biota (to various aquatic species ia #pecific context), many biological
compartments, corresponding to several trophidseveere defined in the model (e.g.
algae, macrophytes, invertebrates and fish for AQOKX; algae, macrophytes,
benthic fauna and several fish groups for TRIMFaT&)d can lead to
biomagnification processes. The modelling systernaised on a food-web analysis,
the contamination rate of one biological compartmdepending on its direct
bioaccumulation from water (sediment pore water fmenthic organisms in
TRIMFaTE), but also on its diet (consumption of @moninated food).

v" OURSON, SimpleBox and CemoS consider only one sinfjsh’ or ’biota’
compartment (according to the terminology used WRSON/CemoS and SimpleBox
respectivel§), assumed to be uniform and of interest for hudiah

4 For SimpleBox, a global biological component cafleidta’ is included in the model, referring to #ilfing organisms in
water, and especially to fish. Thus, ‘Biota’ congtt a generic compartment without any distinctibapecies, age, etc.
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Question 2.dhow many species for representing biological compamnents of interest for
humans?
Question 2.eis it necessary to develop a food-web model to sitate the transfer to fish?

2.3 The inputs/outputs into/from the freshwatetesys

Several main sources of contamination of the fredbivsystem at the investigated site can be
considered:

chemicals entering into the system from upstregmtsof contaminated water are considered
in all the models (except AQUATOX, the initial camdtration of toxicants in the aquatic

system being assumed to be known, and, as a carsaguthe inputs into the system being
not explicitly defined). For the OURSON model,dtdpecified that, if discharges are at a long
distance from the investigated region, or in casdiffuse inputs along the river watershed,

the (steady-state or time-dependent) upstream woma#ion level requires the use of other
advection/diffusion/dispersion models. The Cemo$lehaonsiders an average dilution factor
and transport time from the release point to thestigated region for calculating the total

concentration entering into the box. For SimpleBoyut of contaminated water across the
system boundary can be considered at differenescak. across the continental, regional or
moderate scale;

direct dry and wet deposition of contaminants pnegethe atmosphere are considered in all
the models (except AQUATOX and CemoS). Dry depasits generally simulated through a
constant deposition velocity of the aerosols plagicwhile wet deposition (or washout) is
related to rainfall by a scavenging ratio (i.e. thgo between the contamination in rainwater
and in air respectively);

some models (SimpleBox, QWASI, TRIM.FaTE, CemoS}¥oalconsider transfer of
atmospheric gaseous pollutants to river watergpptoaches for simulating it differ:

v/ absorption of gaseous contaminants present in th@osphere, and inversely,
volatilization of dissolved contaminants to atmasph gas are considered in
SimpleBox and QWASI. The overall mass transfer ftceht for gas absorption is
estimated by a two-film resistance model at thenaiter interface, resulting from the
summation of resistances at the air and water giglgsectively. The volatilization
mass transfer coefficient is calibrated by takintpiaccount mass transfer for gas
absorption, in order to maintain a permanent dagpiuim at the water-air interface. In
AQUATOX, volatilization is modelled using a two1fil model, diffusion rates of
chemicals being related to known diffusion ratesesbed for oxygen or water
vapour.

v' for TRIM.FaTE, an advective flux of vapour-phaseiiicals is calculated, but as the
result of wet deposition: as rain falls, it is asgd to gather vapour-phase chemicals
from the air, coming into equilibrium with the fugey of the air compartment. The
QWASI model also considers the input of contamigsaigsolved in the rain; it is thus
distinguished wet deposition of aerosols, and d#&solution;

Question 2.fis it necessary to include both ‘diffusion’ and ‘ran dissolution’ processes in
the exchange of vapour-phase contaminants at therabsphere-freshwater interface ?

in OURSON, SimpleBox and TRIM.FaTE, indirect inp@itsm atmospheric contamination
through the pathway ‘Atmospher2 Direct deposition on soil® erosion and/or runoff are
considered. However, the approach for modelling plaithway highly differ:
v"in OURSON, the input is simulated by a time-dependeansfer function taking into
account the deposition fluxes from the atmosphetéé soil and the delay separating
the atmospheric deposition and the assessmen(atzieming that transfers decreases
exponentially over time);
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v"in SimpleBox, ‘Soil to water’ transfer by runoff @rerosion are taken into account,
considering the (constant) fraction of rain watamning off from soil to water, and a
rate at which soil particles are washed to surfeater;

v"in TRIM.FaTE, runoff is modelled as a continuousgass (although it is assumed to
occur only during rain events), assuming an equuiib between rainwater and pore
water of the surface soil. This model requiresube of several parameters, such as
the average ‘fraction of water running off of sudasoil, the ‘fraction of surface soll
available for runoff. It is indicated that theserpmeters must previously be
estimated by site-specific characteristics (e.gpelof the flow). The modelling of
erosion is similar to those developed for runofft it concerns soil solids instead of
pore water.

Question 2.gwhich are the best assumptions to include runoff/@sion processes (direct
relationship with atmospheric deposition, constantain water reaching surface water,
mechanistic model requiring site-specific geograpbal characteristics ?

transformation processes in raw river water anéhseats are considered in all the models for
organics. Degradation processes are generally afeuilby pseudo first order degradation
rates (i.e. degradation proportional to the comegion of contaminants in the media).
However, transformation processes are describatktail in AQUATOX, which explicitly
distinguishes the following processes: (i) hydridy&cid- and base-catalyzed hydrolysis are
modelled according a thermodynamic principle); ifjotolysis (calculated for the epilimnic
zone, taking into account light intensity); (iii) icrobial degradation (calculated by a
maximum microbial degradation rate, eventually rattded by anaerobic conditions,
suboptimal temperature and suboptimal pH). In othedels, biodegradation, photolysis and
volatilization are separated, but added into anegged loss rate.

Question 2.his it sufficient to use a ‘global’ degradation rateimplicitly including several
degradation processes?

2.4 The inter-compartment transfers within thelmester system

Several transfer are considered between compohelusging to the freshwater system:

exchanges of contaminants between the dissolvedttengarticulate phases of the water
column. In all the models (except AQUATOX), thesrcleanges are assumed to be
equilibrated, and thus described by a distributioinpartition) coefficient, expressed as the
concentration ratio between the particulate phaskthe dissolved phase respectively. For
organic pollutants, exchanges are governed by aophdbic sorption mechanism and the
distribution coefficient is related to the octamater partition coefficient and the

concentration of organic matter in the particlesAQUATOX, exchanges between water and
detritus or inorganic particles are described bg equilibrium kinetics, using sorption and

desorption kinetic rate constants;

exchanges of particulate contaminants between #terwolumn and bottom sediments. Two

types of processes are potentially included inntioelels: (i) deposition and resuspension of
particles (and of associated chemicals linked éonjhat the water column-bottom sediments

interface, and (ii) chemical exchanges of contanmtm&etween the sediments and the water
column by diffusion. For the first process, twofelient approaches were considered

v in SimpleBox, QWASI and TRIM.FaTE, sedimentatior aasuspension of particles
are simulated considering constant sedimentatiaghrasuspension rates (expressed
of downstream and upstream velocities of particlés, m.s'), occurring
simultaneously. In case of net sedimentation @leposition > resuspension), this
approach would lead to an ‘infinite’ accumulatiohparticles in the bottom. This
effect is compensated by the incorporation of aidduprocess, acting as a transfer to
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a sink compartment. For example, in SimpleBox, libaal rate (i.e. the mass flow
from the top layer to the deeper sediment) is assumo be equal to the net
sedimentation rate (i.e. deposition minus resuspehsand thus the top layer of the
sediment is continuously refreshed and its depihamtained constant

v"in OURSON, deposition and resuspension can notraginwltaneously and depend
on the hydraulic and morphological characterist€ghe river or lake: deposition
occurs when water velocity is low enough and thiierwthe shear stress is lower
than the critical deposition shear stress, whilguspension occurs only if water
velocity exceeds a given critical value (e.g. dgrfiood events). As dynamics of
sediments are simulated (and refreshment of sedénmtentially occurring during
floods), no burial is assumed.
Question 2.iwhat is the good approach to simulate particulate lpysical exchanges at the
water-sediments interface: equilibrium model requiting burial, or dynamic model
requiring hydraulic data ?

In all the models (except OURSON), chemical exclkangf contaminants between the
sediments (top layer) and the water column are iderexd. An overall mass transfer

coefficient for direct adsorption/desorption acrdlse sediment-water interface is defined,
assuming that the exchanges are governed by ailtwaorésistance model. This model

requires values regarding diffusivities for the evabnd pore water sides, as well as for
describing the diffusion length. In OURSON for nmista&hemical exchanges by diffusion at
the water/sediment interface are not considerethenmodel because it is considered that
physical processes previously described are predoni

Question 2.jis diffusion a predominant process compared to depttion/resuspension for

water-soluble compounds ?

* The transfer of contaminants to biota (one or s@veub-compartments according to the
models - see 2.2) is simulated according to tifemint approaches:

v in SimpleBox, equilibrium is assumed at all timesoag water and biota, through an
equilibrium Bioconcentration Factor.

v" in the OURSON model, the uptake of contaminantsfibly is simulated by a
Bioconcentration Factor, expressed as the condmmiraatio between the fish
concentration and the dissolved concentration #shiwater (and not the raw
contamination) at equilibrium. However, dynamic gess was introduced by a
biological elimination rate, leading to a first erdkinetics in the concentration of
contamination in fish. Contaminant eliminated frésh is assumed to be transferred
to a ‘loss’ compartment, and not recycled to frestar, because it is supposed that
the pathway river watet> accumulation into fisk> release to raw freshwater does
not significantly influence the mass budget in rawer/lake water. To avoid
numerical complications, the recycling is then eetgd.

v in AQUATOX, transfer of toxicants from water to kdo (algae, macrophytes,
invertebrates and fish qill) is kinetically simwddt taking into account
bioconcentration factors, but also first order @ae rates. For fish, not only
transfer from water is taken into consideratior, dlso dietary uptake. This pathway
was incorporated into the model to take into actquutential biomagnification
processes. The ingestion of contaminated preydby(fjut system) is thus simulated,
associated with an efficiency of sorption by gut.

v For fish, TRIM.FaTE proposes a Bioenergetic-basedtic model, assuming direct
uptake from water but also indirect uptake by diet.
Question 2 .kis it sufficient to consider an equilibrium biocon@ntration factor or is it
necessary to incorporate also kinetic eliminationlearance rates ?
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Question 2.lis it sufficient to consider direct transfer from water or is it necessary to
include food intake routes ?

3. THE SURFACE FRESHWATER SYSTEM - DEFINITION OF TH E 2-
FUN INTERACTION MATRIX

The comparison between several multimedia moddtsvat to put in evidence some important
guestions which must be discussed for the defmitb the 2-FUN Interaction Matrix. These main
questions will be reviewed in this section.

3.1 Compartments of the water column

This section intends to provide elements for angwgeto the question 2.2how many abiotic
compartments for representing the water column ?

Distinguishing substances under their dissolvethfoand suspended particulate forms respectively is
a minimum requirement for multimedia models becaofk¢he different subsequent behaviour of
pollutants according to their speciation: dissolpatlutants are more easily available for biotantha
particulate forms; on the contrary, particles camabcumulated in sedimentation zones and constitute
potential secondary source of contamination (esfigcduring floods). The 2-FUN model will
consequently distinguish dissolved contaminantscamiaminants associated to suspended patrticles.
A more detailed description of the water columntfasse available in the AQUATOX model, where
inorganic particles and organic detritus are digtished and where two vertical zones (epilimniod an
hypolimnion respectively) are considered for lakeshowever out of the scope of the 2-FUN model
because of the scarcity of data for the parametesis of such models: the distinction between
inorganic and organic particles would require disttion coefficients for these two phases, while
most of distribution coefficients experimentallytelenined in the field or in laboratory are derivied

the natural particulate phase globally. Besidespaial description of lakes would be relevant ahly
associated data are available, such as temporahdygs of stratification/destratification, movemeiit
biota across the two zones governing its contaminaetc. Such data being scarcely available for
human risk assessments, the freshwater systenbevitonsidered as a homogeneous system without
vertical stratification.

3.2 Processes involving the sediment compartment

3.2.1 Description of the sediment/water interactiosteady-state vs dynamic models for describing
deposition and resuspension of particles

This section intends to provide elements for siandbusly answering to the questions 2.b, 2.c|and
2.0

How many layers for representing the sediments?
Is it necessary to take into account ‘burial’ and low to define the frontier between top layer and
deep sediment?
What is the good approach to simulate particulate pysical exchanges at the water-sediments
interface: equilibrium model requiring burial, or d ynamic model requiring hydraulic data ?

Many models include deposition and resuspensigradfcles as a potential exchange pathway at the
suspended matter-sediment interface. However, behia consensus regarding the importance of this
pathway, two main mathematical approaches, sumathitsthe following table, are proposed in the
reviewed models.
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Table 2 — Limits and advantages of steady-state artyynamic approaches to represent physical exchanges
at the water-sediment interface

Approach

Assumptions and data requirement

Limits

Advariages

Steady-state
model

Deposition and resuspension of particles occur
simultaneously

Non realistic assumption for
many rivers submitted to
seasonal variations in the flo
rate leading to temporal cyclg
of deposition/resuspension
(floods)

£S

Constant deposition and resuspension rates (e.g
suspended particles 7™ for depositiorand in kg
benthic particles.ifibenthic sedimenttifor
resuspension) are required

).Tkee calibration of the
parameters should be site-
specific and should require
data on hydraulics of the
system.

Only two parameters are
required

To compensate the continuous accumulation of
sediments resulting from a constant positive net
deposition, models generally include a burial
process, old sediments being considered as ina
and assimilated to a sink compartment

The model is highly
dependent of the choice of t
active sediment depth (surfa
ctager)? Or, how to define the
burial rate?

he
ce

Mechanistic
dynamic
model

Deposition and resuspension do not occur
simultaneously and are governed by the time-
dependent hydraulic conditions (deposition
occurring at low water velocity and resuspensior
high water velocity (e.g. during flood periods))

at

Realistic for river conditions

Data related to hydraulic conditions of the
freshwater system (i.e. time-dependent velocity,
flow rate and main geometric characteristics of t
system allowing the calculation of water velocity
are required

Site-specific and temporal

aata regarding hydraulics of
hilne system must previously
collected

Flow rates and geometry of
the river/lake are generally
@vailable

Physical parameters are required (e.g. settling
velocity of particles, critical velocities for
deposition/resuspension, erosion rate)

These parameters have a
physical meaning.
Orders of magnitude are

available in the literature

Briefly, the use of steady-state conditions appeatgo be realistic for many aquatic systems. @tea
state assumptions lead indeed to a permanent atationuof particulate material in bottom
sediments, without any release. This effect is campted by the introduction of a burial process
which can be assimilated to a transfer to a sinkpgartment. Thus, it appeared that the simplicity of
the approach needs to be compensated by the adaditan other process not easily parameterised (i.e
how to define the ‘burial’ rate?). A mechanisticndynic model based on physical assumptions
developed in sedimentology appears to be morestigalBesides, even if more parameters and data
(e.g. time-dependent flow rates and mean geométhecaquatic system) are required, these lateer ar
generally available for rivers and lakes.
In conclusion, it can be recommended to introdudgreamic description for physical exchanges at the
suspended matter-sediment interface. Dynamic gxiori will also allow to use the model under
short term conditions (e.g. accidental conditiomg)ere deposition or resuspension do not necegsaril

occur.

3.2.2 Description of the sediment/water interacsiamle of diffusion

This section intends to provide elements for answerto the questions 2.jis diffusion a
predominant process compared to deposition/resuspsion for water-soluble compounds ?

Most of the models consider two main pathways fesadibing the exchanges of chemicals at the

‘water

column-sediment’ interface:

exchanges governed by physical processes, i.esitigpoand resuspension of particles;
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« exchanges governed by chemical exchanges, i.eistiff of chemicals at the ‘pore water-
surface water’ interface, the direction of exchanlgeing determined by the chemical gradient
between these two compartments.

As two processes participate in parallel to theharges between the water column and the sediment,
it is justified to wonder when the transfer dueotee given process (e.g. diffusion) will dominate th
total substance mass transfer, and thus to knowhe&hedhe two processes actually need to be
represented.

Sgrensen et al (2001) conducted a critical anabfsise generic compartmental description used (for
example, in the SimpleBox model) to represent iffesdon process at the water-sediment interface.
In particular, the relative contributions of phyai¢i.e. particles deposition) and diffusive proess
respectively were assessed. The conclusions afghaly are:

* under transient conditions, diffusion is an impottaxchange pathway only during a limited
time scale, just after the start of emission, beeaaf large gradients at the sediment surface.
However, as time progresses, the diffusion-induded rapidly decreases, as the
concentration gradients at the top of the sedimdémtreases. In contrast, deposition-
resuspension of particle-bound contaminant is rtegied by gradients at the sediment-
water interface and thus become predominant oveg tone scales. Sgrensen et al (2001)
propose a decision rule scheme to assess wheffsial is a negligible process or not in
comparison to physical exchange processes. Thissidecrule scheme is based on the
calculation of a critical time period, in functiasf the molecular diffusion coefficient in
sediment pore system, the retention factor forsédiment as a result of adsorption and the
deposition settling velocity. From this schemegaih be concluded that it is relevant to include
diffusion in multimedia modelling only in some litad cases, e.g. for transient short term
conditions (like accidental conditions);

« when diffusion is a predominant exchange pathwayhat water-sediment interface, the
description of diffusive transfer is not well edisbed by the one-box model generally used in
multimedia models (like SimpleBox), which undenesttes mass transfer because of the
assumption of mean transfer length.

e in current models, bioturbation is not taken inteaunt (except in some models like CoZMo
(Wania, 2006) not described in detail here) whileay induce a vertical mixing of water and
sediment solids and thus enhance diffusive transfer

It can be concluded from this study that physicahsfer associated to deposition and resuspension o
particles are generally the predominant pathwaygeiging contaminant exchanges at the water-
sediment interface. The generic compartment mddskically proposed in multimedia models (such
as SimpleBox and QWASI) for describing diffusivarisfer can thus be seen as a screening method
allowing to verify that this pathway does not plgignificant role in the exchanges and that a more
detailed model is not actually needed.

In conclusion, in the perspective of a wide appiaa of the 2-FUN system (e.g. for short term
pollutions occurring under accidental conditioritsls suggested to include the diffusive transtetha
water-sediment interface in the 2-FUN conceptuatehoHowever, as this process is a priori not
predominant in most of the situations, it is recaanaded to adopt (as screening method) the generic
approach already included in existing multimediadeis like SimpleBox or QWASI, rather than a
more sophisticated representation. The importafdaiffusive pathway on the transfer from and to
sediments and thus as a secondary source of cord@on will thus be checked.

3.3 The air-freshwater interactions

This section intends to provide elements for answdo the question 2.f::
is it necessary to include both ‘diffusion’ and ‘ran dissolution’ processes in the exchange of
vapour-phase contaminants at the atmosphere-freshuer interface ?

Date: 07/10/08
D2.1 v5.doc Security: PP
Page: 19/41



Two main processes are generally included in meltiian models for simulating the input of pollutants
from atmosphere to freshwaters:
e dry deposition of pollutants associated to aerosgénerally simulated through a constant
deposition velocity of the aerosols particles;
» wet deposition, i.e. deposition associated to pittions, generally simulated by a
scavenging ratio describing the entrainment ofypalits associated to aerosols during rain
events.

These two processes regards the input of pollu@sgsciated to aerosols in the atmosphere, but do
not represent exchanges with vapour-phase contatsindaome models consider also (often partially)
the exchanges concerning these latter:

» dissolution of gaseous pollutants in rain and sgiset wet deposition. This process can be
simulated in an analogous way as for aerosolsthreugh the use of a scavenging ratio
(Sportisse, 2006);

» absorption/volatilization of vapour phase pollusaig generally interpreted in analogy to
electrical resistance, but several approaches assilge to simulate this process: (i) the
deposition to the surface can be assumed to beodedt by three resistances in series
(aerodynamic, quasi-laminar layer and surface tasies). A deposition velocity is thus
computed from these three resistances and allowsaltulate dry deposition of gaseous
pollutants (Wesely, 2000); (ii) the fugacity apprbhassumes the presence of two resistances
in series (stagnant water layer and stagnant gerlagoverning both absorption and
volatilization of gaseous pollutants. In the 2-Fuihbdel, the latter approach was chosen
because it offers the advantage of taking into aetboth deposition and volatilization of
gaseous pollutants.

In conclusion, it appears useful and possible tapaterize five processes for simulating the irgdut
pollutants from the atmosphere to freshwaters,drg.and wet deposition of aerosols, gaseous wet
deposition following rain dissolution, and absa@ptvolatilization at the atmosphere/water integfac

3.4 The soil-freshwater interactions

This section intends to provide elements for ansgetio the questions Question 2wghich are the
best assumptions to include runoff/erosion processe(direct relationship with atmospheric
deposition, constant rain water reaching surface wtar, mechanistic model requiring site-specifig
geographical characteristics) ?

Pollutant wash-off (runoff of dissolved contamirgaand erosion of contaminated soil particles) from
watersheds can be a significant secondary inpatfieshwaters because these latter collect watkr an
particle fluxes from potentially wide areas, espigiduring rainfall. The input of pollutants from
watershed to freshwaters can be simulated by difteapproaches:

* a transfer function can be used to directly rekttaospheric depositions (or succession of
depositions in case of chronic fluxes) in the wstted and the concentration in river water.
This approach was especially used in radioecolbgadels, the calibration of transfer
functions being possible after the Chernobyl agtider a wide range of European rivers
(single atmospheric pulse with well-known spatiapping of soil contamination and follow-
up of rivers contamination during short and longqus after the deposit) (Garcia-Sanchez et
al, 2007);

* it may be assumed that a constant proportion of eiter reaches freshwater systems (as in
SimpleBox) and that this fraction is in immediatguibrium with soil (same concentration
and same partition between water and particlegitbescby the soil distribution coefficient).

« a mechanistic model (eventually coupled to a fugawiodel, as in TRIM.FaTE) can be used
to simulate storm-water runoff. Such models cakeutahydraulic balance in soil to determine
the flow of runoff water and the depth of runoffestm. They thus require site-specific data.

The advantages and limits of these approachesiamnarised in the following table.
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Tableau 3 — Limits and advantages of steady-statend dynamic approaches to represent physical
exchanges at the water-sediment interface

Uy

Approach Assumptions and data requirement Limits Advanages
Transfer Transfer function empirically calibratedCalibration only for a limited set of |- Calibration for a wide set of
function (essentially after the Chernobyl substances European watersheds;

accident) - Calibration for short-term and

long-term after deposition
(possibility of kinetic model);
- Inter-substances extrapolation
are possible because transfer
essentially depends on solid-
liquid partition;
- No need of additional
meteorological data

Constant Fraction of rainwater reaching Highly depending of the intensity of

rainwater freshwater systems the rainfall (difficult to calibrate)

running off to
rivers

Immediate equilibrium between Not verified
rainwater and soil pore water
Mechanistic Immediate equilibrium between Not verified
model rainwater and soil pore water

Site-specific (hydraulic gradient, etc)
data for calibrating parameters

Site-specific data not easily availabl

4%

The choice of the best approach for the 2-FUN m@leksentially guided by the availability of data
required for the calibration of modelling paramsteA mechanistic model would thus lead to the
collection of site-specific data that would be pgpavailable for the future end-users of the 2-FUN
model. The second approach (“constant rainwateningn off to rivers”) is based on some
assumptions which were poorly verified and thuses@arameters (e.g. Fraction of rainwater reaching
freshwater systems) seem difficult to calibrate.

In conclusion, the use of a transfer function diyecelating atmospheric deposits and freshwater
contamination over short-term and long-term perimgisears to be a good approach to simulate inputs
to freshwater in a multimedia modelling system,reifét is empirical and calibrated only for a lired

set of substances. This latter limit can howeveo\®rcame because the values of parameters required
by this approach highly depend on the distributainthe substance between pore water and soil
particles (Joshi et Shukla, 1991) and thus intbstnces extrapolation can be envisioned.

3.5 The biota contamination

This section intends to provide elements for ansgeo the questions2.d, 2.e, 2.k, 2.I:

how many species for representing biological comptments of interest for humans?

is it necessary to develop a food-web model to sihate the transfer to fish?

is it sufficient to consider an equilibrium biocon@ntration factor or is it necessary to incorporate
also kinetic elimination/clearance rates ?

is it sufficient to consider direct transfer from water or is it necessary to include food intake
routes ?

Two main approaches were identified in the previewsew of the existing models:

the first approach is based on a exhaustive démgripf the main taxonomic (e.g. algae,
invertebrates, fish, benthos, etc) or functionabugs (e.g. primary producers, primary
consumers, decomposers, etc) present in the fréshasstem and on their relationships. The
parameterisation of such models requires informatio direct bioconcentration from water
intake for each group, as well as information @ndiet (food-related contamination). Such
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models are developed essentially when the targatti®only human risk assessment, but also
ecological risk assessment;

« the second approach considers one single compdrforerepresenting freshwater biota, i.e.
fish, because this latter is assumed to be the @mypartment of interest for human intake.
The transfer from water to biota (fish) is thus giated by one single parameter (a
Bioconcentration factor) under steady-state hymitheor by two parameters (a
Bioconcentration factor and an elimination rateRiiifetics are taken into account.

Some studies showed that the food chain exposuyecarsstitute significant exposure routes for some
pollutants (e.g. Carbonnel et al, 2000). Howevesdets incorporating food web introduce significant
parameter uncertainties: bioconcentration factars scarcely available for some intermediate
compartments (indeed, the experimental endpointiesi for compartments such as invertebrates or
benthic organisms are generally toxicity endporatber than ‘bioaccumulation’ endpoints) and diet
parameters must also be defined.

Besides, many bioaccumulation factors (BAFs) pdgsibed for the parameterisation of multimedia
models are originated from field measurements &ud implicitly include uptake from food and
water, though water is identified as the explicduce (through the ratio concentration in
biota/concentration in watér)This presumes that the concentration in the fibenh is relatively
constant relative to the concentration in watemgegjuently, the incorporation of food routes in the
contamination of fish depends more on the choicpasfmeter values (which can implicitly include
food item according to the conditions under whitteyt were determined) rather than on the
complexity of the mathematical description of thedal.

In conclusion, for the 2-FUN model, it is recommeddnot to consider intermediate food
compartments leading to contamination of fish bmpartment of concern for human intake).
However, for some contaminants (e.g. mercury),iggmt differences in the contamination of fish
are observed according their food composition,igarous fish being more contaminated because of
biomagnification. In order to be able to account fiois latter process for some pollutants, it is
suggested to distinguish two compartments for sepriéing biota in freshwater, more precisely
herbivorous fish and carnivorous fish respectively: herbivorous fish, a special attention is hosvev
required to select relevant parameter valuesth@se implicitly incorporating food routes even if
waterborne exposure is explicitly identified as mha@n exposure route.

An other question regards steady-state modelsnetikimodels. Steady-state models assume that the
concentration in fish is immediately equilibratedthwconcentration in freshwater, while kinetic
models considers a depuration rate in fish. Theseguence of steady-state models is that fish
contamination is not dependent of past contaminaigents in water; this is not relevant accordmg t
several experimental observations showing thaefistemain contaminated even after a long period
following a pollution event (e.g. Gobas and Mack&§87; Peles et al, 2000; Kooijman et al, 2004).
Such experimental observations underline the inapae to take into account retention processes of
contaminants in fish after pollution events (esalkkgiif these events are intermittent and leadigihh
temporal variations in the water contamination) #mng the relevance to introduce into the model an
elimination kinetic rate in fish tissues. It is hooncluded that the 2-FUN model will incorporate
kinetic depuration process in its conceptual aechitre.

3.6 Processes of transformation

This section intends to provide elements for ansgeo the questions Question 2ihit sufficient to
use a ‘global’ degradation rate implicitly including several degradation processes?

®> Both Bioconcentration Factors (BCF) and Bioaccuatioh Factors (BAF) are calculated as the ratio, at
equilibrium, of biota concentration to water corntcation. Although the calculation of BCF and BAF arsually
the same, the interpretations are slightly diffgrancumulation arising from water only for BCF dnaim water
and food for BAF. Consequently, BAF are generallyivkd from field measurements, while BCF is meadur
under laboratory conditions (McGeer et al, 2003)
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Several processes may be responsible for the tmanafion of organic pollutants in the natural
environment: hydrolysis, photolysis, microbial dedmtion. However, the modelling of each of these
processes is relevant only if co-factors are alghilée.g. light intensity for photolysis, etc).

Thus, it is suggested to use a global degradatatm (as done in most of the reviewed models) to

describe the transformation processes withoutjgtshing each of them.

3.7 The 2-FUN Interaction Matrix for the freshwasgstem

The 2-Fun Interaction matrix for freshwater syst@figure 8) was built by taking into account the

analysis previously detailed.

Atmosphere Dry and wet deposition
Gas Absarption
Atmosphere |Dry and wet Dry and wet
Aerosols deposition deposition
Soil surface Erosion-runoff

River/lake water
Dissolved phase

Adsorption

Yalatilization

Bioaccurnulation |Bioaccurnulation

Desorption Riverflake water Particles deposition
Suspended particulate Matter |Water diffusion
Particles resuspension Bottom sediments

Pore water diffusion

Physico-chimical
and biological
degradation

Herbivarous fish

Biomagnification

Biological elimination
Degradation

Camivorous fish

Biological elimination
Degradation

Figure 9 - The 2-FUN Interaction Matrix for the surface freshwater sub-system

The main principles of this conceptual model amarsarised below:

Sink

* The water column was subdivided in two sub-compantis (dissolved
and particulate phases respectively). An equilibriwas assumed
between these two phases through the use of digrarfor distribution)

coefficient.

River/lake water
Dissolved phase

Adsorption

Desorption

Riverilake water
Suspended particulate Matter

* Physical exchanges (deposition/resuspension of iclem)t of
contaminants between the water column and the rbofiediment were
simulated. A dynamic model incorporating the effe€tflow rates on
deposition and resuspension processes was preféorecbalistically
describe the dynamics of sediments and avoid tee@lU®urial’ process.

Riverflake weater

Suspended particulate Matter

Particles deposition

Particles resuspension

Bottom sediments

» Diffusive transfer at the water-sediment interfagazs included in the
2-FUN conceptual model. However, only a genericraggh (similar to
those included in other multimedia models) was uasda screening
method.

River/lake water

Suspended pariculate Matter [VWater diffusion

Paore water diffusion

Eottom sediments

* Dry deposition of pollutants associated to aeroswnias

Aerosols

Atmosphere

Dry and wet
deposition

simulated through a constant deposition velocitythef aerosols
particles.

Wet deposition of aerosols was simulated by a sufng ratio
describing the entrainment of pollutants associatedaerosols
during rain events.

Riverflake water
Dizgobved phase

River/lake water
Suspended particulate Matter
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Atrnosphere Dry and wet deposition

» Dry deposition of vapour-phase pollutants was sat@ad o -
through a constant deposition velocity calculatbdough an | Velstiization|Riersks water

Dissolved phase

analogy to electrical resistance. Riverflake water

Suspended particulate Matter

Wet deposition of gas was simulated by a scavengaigp
describing the entrainment of pollutants associdtedyaseous
phase during rain events.

Absorption/volatilisation of semi-volatile substascat the air-
freshwater interface was modelled using the stagbanndary
theory (two-film model), the pollutant being assuhte diffuse
across two layers (stagnant water layer and stagmianayer)
characterised by two resistances in series.

+ Inputs from erosion-runoff of contaminated soilsswaken | ™" &

into account through the use of a kinetic tranffaction directly T

relating atmospheric deposits and freshwater canttion over e thase Rrvike water
short-term and long-term periods. S

» Two single compartments for representing biota@stiwater, more
precisely herbivorous fish and carnivorous respebtj were Rivariake water |Biaaccumulation [Binascumulation
considered. The contamination of fish through foodtes was not | Dissoived phase
explicitly described, water being the explicit soaiof contamination.
However, it is suggested to parameterise the mouéth Cammrous fish
bioaccumulation factors (BAF) which implicitly ingle uptake from
food and water. For carnivorous fish, a biomagatfimn factor is

Herbivorous Fish |Biomagnification

added.

e The 2-FUN model incorporated kinetic depurationcess for fish to | Fish Biclogical elimination
represent retention processes of contaminants sh &fter pollution TR

events.

« A global degradation rate was used to describe thsme e ot e

transformation  processes of organics ~ Without_ | peteuse e e
distinguishing each of them (hydrolysis, photolysis
microbial degradation).

Bottomn sediments

g7
2.8
H

4. THE SURFACE FRESHWATER SYSTEM - DEFINITION OF TH E
MATHEMATICAL 2-FUN MODEL

The objective of this section is to describe theéhmanatical ‘translation’ of the conceptual architee
previously detailed. Time-dependent pollutant cobtegion of each of the freshwater
subcompartment (i.e. dissolved phase, suspendéidytate matter, bottom sediments and fish) was
derived from inputs/outputs/transformation procesg@meviously selected and mathematically
described in the present section, according a inalssice system.
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4.1 Inputs/outputs into the freshwater system

4.1.1 Inputs from upstream river flux and from in&d discharges

In the 2-FUN model, the concentration of upstreaputs to the investigated river section is assumed
to be known. We noted Zpstreamn(in mg.m3) the concentration in raw river/lake freshwatee da
upstream fluxes.

Cuw_upstreamimay be given by dispersion models simulating thedport of pollutants from their release
point in the river to the input point of the invigstted region, or by monitoring data.

Point-source discharges occurring within the ingeséd region (i.e. the investigated box) can akso
considered as sources of contamination in the datdr system. Such discharges (expressed in
mg.d") are diluted in the flow rate of the river, leaglito a variation in raw water concentration:

Dpoint_ source!t)

Crw por v=
@ Crupoimsaureedt) = =g 50000

where :
V' C point._sourcedt) (mg.ni®): concentration in raw river water due to pointssxe discharges
into the freshwater system;
V" Dyoint_sourced?) (mg.d"): time-dependent flux of pollutant into the fresitar system from

point sources (e.g. industry);
v Q(t) (m’.s"): time-dependent flow rate of the river.

4.1.2 Inputs from dry deposition of aerosols
The dry deposition of pollutants present in the aiphere under particulate can be modelled by
considering a constant dry deposition velocity. §hu

2 dCrw,dry_dep _ Cpartatm'TSFé\tm
( ) dt _Vdryatm' hfw
where:
dCrw dry_dep 3 1 . . .. . . . .
4 T— (mg.m°.d"): kinetic variation in the concentration in rawet water due to dry

deposition of atmospheric particles;
Cpart_am(t) (mg.g"): time-dependent concentration of particulateysalit in the atmosphere;

TSR, (g.n%): total suspended particles (aerosols) in the spiere.
hy, (M): depth of the river;

Vdry atm (m.d") : dry deposition velocity of particles.

ASRNENIRN

Moreover, the partition of pollutant in the atmosph between aerosols and gas is described by a
partition coefficient K ;,mand, as a consequence:

K p,atm 'Catm(t)
1+K TSP

atm

®3) Cpart_atm(t) =
p,atm*
where :

Com(®) (mg.m?): time-dependent total concentration of pollutarthe atmosphere;

K patm (m®.g™): partition coefficient between aerosols and gasdorms in the atmosphére

® A discussion on the descriptors of the partitiorféicient Ko.amiS detailed in the Deliverable related to the Air
system (Deliverable D2.5).
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We thus obtain :

dCrw,dry_dep _ K patm 'Catm (t) TSF;tm
4 — ~Vdyam :
dt 1+K am TSBm N

4.1.3 Inputs from wet deposition of gaseous patitstand aerosols

The wet deposition of pollutants present in thecepnere under particulate or gaseous forms can be
modelled by considering that a constant fractionpoflutant is washed out in rainwater during
precipitations. Thus:

dC

rw,wet_ deppart
_aepp. =A

TSP,

C .
. partatm atm
dt part.RaIr‘(t).T

(®)

and
dC

rw,wet_depgas asatm
—depgas _ A [¢]

(6) gasRAIN().

dt hyy

where :
dcC

v rw,wet_deppart
dt
wet deposition of particles;
dC

rw,wet_depgas
dt
wet deposition of gaseous pollutants (rain dissmht
Coart_am(t) (mg.g"): time-dependent concentration of particulateyialit in the atmosphere;

(mg.m3.d™?): kinetic variation in the concentration in rawei water due to

<\

(mg.m®.d?): kinetic variation in the concentration in rawei water due to

Cyas am(t) (mg.m'g): time-dependent concentration of gaseous poliutatine atmosphere;
Rain(t) (m.d") : time-dependent rainfall ;

hy, (M): depth of the river;

NApart () @ rainfall scavenging ratio for particles (iratio between the concentration in

ASRNENEE NN

rainwater (in mg.i rainfall) and in the particles (mgair) respectively):
Ngas (-) : rainfall scavenging ratio for gas (i.e. caietween the concentration in rainwater (in

\

mg.m? rainfall) and in gas (mg.thair) respectively);
v TSP, (g.mair): total suspended particles (aerosols) in thoaphere.

atm

Moreover, the partition of pollutant in the atmosph between aerosols and gas is described by a
partition coefficient K ;.mand, as a consequence:

Cam(t)
@) C ty=—  aml/
gas_alm( ) 1+K palm.TSF;t

m
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where:
C..(t) (Mg.ni): time-dependent total concentration of pollutarthe atmosphere;

3 _1 . .. .. -
K pam (M7.97): partition coefficient between aerosols and gasdorms in the atmosphére

v TSP

atm

(g.m%): total suspended particles (aerosols) in the spinere.

The combination of equations (5) to (7) gives:

dC K TSP,
© e = A RAIND e ) Can(®)
fw - patm-* atm
and
dCrW wet_depgas . 1
) ——————— =\ -Rain(t). Cm(D)
dt 9as ha 1+ K pan TSPam)

4.1.4 Inputs/outputs from diffusion of gaseousoaheric pollutanfs

Absorption/volatilization of semi-volatile substascat the air-freshwater interface was modelled
using the stagnant boundary theory (two-film modtig pollutant being assumed to diffuse across
two layers (stagnant water layer and stagnantagier) characterized by two resistances in series.
According to this approach, the net flux from frester to the atmosphere is driven by the fugacity
difference between air and surface water:

H'Criv ,dis (t) J

(10) Ffw—atm(t) = wa—atm[cgas_alm(t) - RT

where:
V' FRy—am(® (mg.m”.d"): time-dependent net flux of the pollutant at freshwater-atmosphere

interface;
Dy, .o (M.dY): gas-phase overall mass transfer coefficient;

Cyas am(t) (mg.m?): time-dependent concentration of gaseous polliitaine atmosphere;

Ciiv.dis (D (mg.m®): time-dependent concentration of the pollutardigsolved river water;

H (Pa.mi.mol™): Henry’s law constant;
R (8.205 Pa.mmol*.K™): universal gas constant;
T(t) (K): time-dependent temperature at the airewvatterface.

ASANENE NN

The term H'CI’iV,diS(t)
RT

in equation (10) represents the gaseous concientrat the substance in river

water, assumed to be in equilibrium with the digsdlconcentration. This equilibrium is simulated by
the adimensional Henry’'s law constant.

" A discussion on the descriptors of the partitiosféicient K, .mis detailed in in the Deliverable related to the
Air system (Deliverable D2.5).
8 This section is relevant only for non dissociabeganics.
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The gas-phase overall mass transfer coefficientleged to mass transfer coefficients for the tiqui
and gas films in series, as follows:

(11) 1 _ 1 + H
wa—atm wa—atm,g RT'wa—atm,w

where:
V" Diyaimg (m.d%): gas film mass transfer coefficient;

V" Diy-amw (m.d™): liquid film mass transfer coefficient.

Besides, the concentrations in the dissolved pbeeshwater is given by:

(12) Gy as(t) =Cp (1) '[1+ K 1SP|V|('[)J
dw-

where:
v Chais(t) (mg.m®): time-dependent concentration of the pollutardigsolved river water;

v SPM(t) (g m®): time-dependent suspended matter concentration;
vV Kyw (m®.g™): distribution coefficient of the pollutant at tivgerface water-SPR4

Moreover, the partition of pollutant in the atmosph between aerosols and gas is described by a
partition coefficient K ,m(see equations (7)).

Thus, Equation (10) becomes:

RT.Dy, aomg-Dpy_
13)  |Ry-am(®= AT T Canll ___H 00 !
RT-Dyy-amw * HDpy-atmg | 1 K pam TSP RT 1+K,, SPMt)

atm

The temporal variation of raw river water due t@uts from absorption/volatilization of gaseous
pollutant can thus be calculated as follows:

dCrw,diff _atm — Ffw—atm(t)

14
a4 dt Ny

where :

v C,(t) (mg.nm®: time-dependent concentration of the pollutarraiw river water;
v hy (M): depth of the river.

4.1.5 Inputs from erosion-runoff of contaminateilsso

° A discussion on the K, parameter is provided in section 4.2.1.
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The model proposed for describing erosion/runofpaifutants deposited on soils at a watershed scale
is taken from works conducted in Europe and thetddniStates after the bombogenic radioactive
pulses and the Chernobyl accident, which repredeméue case studies to experimentally measure
in the field transfer of pollutants from contamie@tsoils to rivers (e.g. Linsley et al, 1982; Hel&t

al, 1985; Monte, 1995; Smith et al, 2000; Monte)40

In particular, the following model was proposedsimulate the input of pollutants into a river after
pulse deposit (at time t=0) at a watershed scake Garcia-Sanchez, 2007):

(15) A wash-off (t) = fshort_wash—oﬁ )‘short_wash—oﬁ BEXF(_ )‘short_wash—oﬁ 't) + (1 - fshort_wash—oﬁ )')‘Iong_wash—oﬁ BEXF{_ )‘Iong_wash—ofﬁ 't)

where:
fshort_wasnorr  (-): fraction of deposited contamination affecydshort-term (rapid) wash-off;

flong washor (-): fraction of deposited contamination affectydlong-term (slow) wash-off;
A short_ wash-off (d™h): rapid wash-off rate constant (few weeks);

Mong_ wash-off (dh): slow wash-off rate constant (few years);

N vashorr (1) (07): wash off rate constant at time t after the pdisposit.

NSRRI NN

This model assumes that runoff/erosion (called exgh-off) occurs at two different time scales:

* wash-off is particularly intense during and withew weeks after deposition. This
stage is referred as short-term wash-off. Shomtégquid wash-off originates in non-
equilibrium sorption on the soil surface during wdeposition, the excess
contamination being rapidly exported with runoff;

« wash-off is significantly lower for larger delayftea deposition, but is still active
years and decades after deposition. This stagdéeged as long-term wash-off. Long-
term liquid wash-off results from dilution of soiWater with runoff water, and
desorption from a thin soil layer Availability ofi¢ radionuclide to liquid wash-off
generally decreases with time, because of migratiateeper soil layers and ageing
effect limiting desorption.

The half life of pollutants deposited in the wakexg before their introduction in the freshwatertays

(A yashor (1)) is thus calculated by combining short-term anadgherm half lives respectively and
their respective contribution to the wash off pise

For a pulse deposit occurring at tingert the watershed, the wash-off flow rate at tin{®,.., .« (t))
into the freshwater system is calculated as follows

(16) chash—off (t) = Dsoil(to)-SNatershec?‘wash—off (t - to)

where:

VD, () (Mg.dY): wash-off flow rate entering into freshwater gystthe at time t;
D, (t,) (Mg.m?): deposit flux on the soil surface at tinge t
S,aerereq (M): surface of the watershed influencing the regioder investigation.

This approach (experimentally tested and calibrébegulse deposits such as nuclear bomb tests or
Chernobyl) can be extended for chronic depositsirasgy a superposition principle. Thus, if the
watershed is submitted to continuous atmospheposition rates R (mg.mZ.s%), the wash-off flow
rate at time to, .,  (t)) into the freshwater system is then:

(17) q)wash—off (t) = Slvatershed Dsoil(T) }‘wash—off (T - t)-dT
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where:
Vo Do (O (HO.D 1: wash-off flow rate entering into freshwater gystthe at time t;

D, (1) (Mg.m>.d"): deposit flux on the soil surface at time

The temporal variation of raw river water due tputs from runoff/erosion of contaminated soils at
the watershed scale can thus be calculated asvillo

(18) dC.y washoff - D ashor (1)

dt \%

river—elt

where:
Vier_ax(® (M°): volume of the freshwater system.

4.2 The inter-compartment transfers within theHrester system

4.2.1 Interactions at the water-particles interface

The distribution of pollutants between water ansipginded particulate matter (SPM) is supposed to be
equilibrated and may be described by a “Distributoefficient” Ky,,, representing the ratio between
the particulate concentration (in mg)@nd the dissolved concentration (in mg)m

Consequently, the concentrations in the dissolvedparticulate phases respectively are given by:

] 1
19)  |Chvas(t)=Cyy (t){1+ K gw .SPM(t)J

and

_ K d,w
(20) Cspu(t) =Cpy (1) '(1+ K gw .SPM(t)J

where:
v Chais(t) (mg.m®): time-dependent concentration of the pollutardigsolved river water;

v Cgpy(t) (mg.gh): time-dependent concentration of the pollutar8R?M at time interval n;

v SPM(t) (g m°): time-dependent suspended matter concentration;
v Kyw (m’.g"): distribution coefficient of the pollutant at tieerface water-SPM.

The relationships (19) and (20) require the cattataof the time-dependent Suspended Particulate
Matter (SPM(t)). As SPM concentration may highlypded on the hydrological conditions of the
river, particularly during flood events, a relatitip between the SPM concentration and the daily
flow rate Que((t) of the river is considered in the model:

(21)  |SPM({) =aQ"(t)

where:
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v aand b are empirical calibration paraméfers
v SPM(t) (g m°): time-dependent suspended matter concentration;
v Q(t) (nt.s%): time-dependent flow rate of the river.

For metals, the distribution coefficient is an engail parameter which can be derived from direct
field measurements.

For neutral organic¢s(non dissociated organics for which lipophilicaractions are predominant), the
distribution coefficient can be derived from thetal-water partition coefficient and the organic
matter content of SPM:

(22)  |Kgu =107 [/ o gpy (1070 " 0(Kow)

where :

v Yoc.spm(-) : massic organic fraction in SPM;

v Kow (-):0ctonal-water partition coefficient;

v apandal (-) : parameters of the linear relationship ietatog(Kow) and log(koc) (octanol-

carbon partition coefficient).

For compounds able to be dissociated, direct oglakiip to octanol-water partition coefficient cast n
be used because ionic compounds may interact withc isurfaces in a mode different from
conventional hydrophobic sorptiorkKnowledge is then needed about their,RKat drives the pH-
dependent fractions of neutral and ionic componédfds both acids and bases), and about the
sorption/accumulation of both compound fractiors wrganic material A first step could be to focus
on Henderson-Hasselbalch equation, and analyzgénexikata in terms of neutral and ionic compound
fractions. Surrogate studies could also be usesktionate membrane/water partition coefficients for
the dissociated fractidh

4.2.2 Physical dynamics of particles between watérmn and bottom sediments

4.2.2.1. Mathematical model

Modelling of the deposition and erosion of fine esive particles (and associated pollutants) is
generally based on the assumption that the bed shess exerted by the flow plays the dominant
role. Several approaches were developed for simgléte deposition and erosion fluxes of particles
(e.g. Krone, 1962; Partheniades, 1965; Mehta, 1888palain, 1992; Sanford and Maa, 2001), most
of them being based on two main sediment charatitsi the critical shear stress of resuspension
(stress at which initiation of erosion first ocquasd the critical shear stress of deposition st
which initiation of deposition first occurs).

In the 2-FUN model, the approaches proposed by &(@862) and Partheniades (1965) were selected
because they were used in a wide range of conf{exgs Ciffroy et al, 2000, Liu et al, 2002, El
Ganaoui et al, 2004):

« deposition is assumed to occur only when the bedrsétress is lower than a critical value
(the critical deposition shear stregk i.e. when the flow velocityy,,, is lower than a critical
value (the critical flow velocity for depositioR.w g). If such a condition is verified, the flux
of particulate depositioRy (in g m?s™) is given by the following relation:

191f the end-user prefers to use a constant mean &identration, b may be put equal to zero andfaeisnean
SPM concentration.
1j.e. Dissociation of an organic acid or base déechits interaction with solids. This relationphis valid for

substances satisfying the following conditier—————=1 (non dissociated fraction close to one)
1+1QPa"PH

12 This issue will be illustrated more in detail id 3.
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_ Vﬂow (t)

flow _d

(23) Fa(t) = W, SPM(1) -(1 J i Viow <Viow d

Fa() =0 if Vg 2V 4

where:
v Fyt) (g m?d™?) : time-dependent deposition flux of particles ;
V' Vg, (1) (M.sh): time-dependent flow velocity;
V' Vyow ¢ (M.SY): critical flow velocity for deposition;
v W, (m d?): settling velocity of particles;
v SPM(t) (g m°): time-dependent suspended matter concentration.

e resuspension is assumed to occur only when thesbedr stress is higher than a critical
value (the critical resuspension shear strgsse. when the flow velocityy,,, is higher than a
critical value (the critical flow velocity for respensionv,, (). If such a condition is verified
(and if sediments are present), the flux of paldiuresuspensiof;, (in g m?*s™) is given by
the following relation:

_ Vflow (t)

vﬂow r

(24)  F ()= e{l

J if Viow >Veow r (negative flux from sediments to water
column)

I:r (t) =0 if Vflow = Vflow _r
where:

v F(t) (g m?d™) : resuspension flux of particles :
V' Viow o (m.s%): critical flow velocity for resuspension (0bvidusV oy  >Viow d) ;

v e (gm®d?): erosion rate.

The flow velocityv ., can be calculated by using the flow rate of therand its section:

Q(t)

hfvv -Ifw

(25) \4 flow (t) =

where:
V' Vo (1) (M.sh): time-dependent flow velocity;

v Q(t) (nm.s%): time-dependent flow rate of the river.
v hy (M): depth of the river;
vl (M): width of the river.

Generally, critical flow velocities for depositignwy,,, ) and resuspensiorv(,, ) are not directly

given in the literature, but critical depositioresin stressy and critical resuspension shear strgs§o
connect these parameters, it is possible to us®libg/ing equations:

Td hf]\_]{/g Jl/:i
pPg

Viow -
(26)  Tq=pghy, 25 or Vfow-d = Ks'[
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and

2

Viow-
@7) 1, =pghy,.—2C or vﬂow_,sz.(
KS'hf\N

1/3
T, .h%,’f’]
P9

where:
v Ks(m.sh: Strickler friction coefficient (-).

Besides, relationship (23) requires also the catmn of the time-dependent Suspended Particulate
Matter (SPM(t)) (see section 4.2.1, equation(21)).

The concentration of bed sediments is thus given by
(28)  [Sedt) =max{0;Sedt - dt) + F, _.q(t) d]]

where

Sedt) (g m®): concentration of particles in bottom sedimertsnae interval n.

The temporal variation of pollutant concentratiomraw river water due to exchanges of contaminated
particles between the water column and bottom sewlisncan thus be calculated as follows:

If F.(t) > O (resuspension of sediments), then

dC
o e B¢
dt hg,

If F4(t)=0 and KHt)= 0 (nor deposition, nor resuspension | of
sediments), then

dCrw,sed_phys -0

(30) ai

If F4(t) >0 (deposition of SPM), then

dCrw,sed_phys —_ Fd (t) K d,w C (t)
w

(31) . :
dt hew 1+ Ky, SPM)

where:
v C,, (mg.n): concentration in raw river water;

K gw (g.m®): distribution coefficient of the pollutant at titerface water-particles;

F(t) (g m?d™ : resuspension flux of particles ;

F4(t) (g m?d™) : time-dependent deposition flux of particles ;

hy, (M): depth of the river;

SPM(t) (g m®): time-dependent suspended matter concentration;
Csea (1) (Mg.gh): contaminant concentration in bottom sediments.

AN NN N NN
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The mass-balance equations can also be derivdmbftmm sediments:

If F.(t) > O (resuspension of sediments) and if Sed(tén

(32) dCsed — _Fr (t) Csed(t)

dt Sedt)

If F4(t)=0 and Kt)= 0 (nor deposition, nor resuspension of sedigjethen

33 —Sed =
(33) at

If F4(t) >0 (deposition of SPM), then

dC d KdW
€€ =F, (t). - C.,(t
dt d()( rw()

(34)
1+K 4, SPM(t))Sedt)

4.2.3 Diffusion of pollutants between water coluamd bottom sediments

The diffusion of contaminants at the interface acef water-sediment pore water is based on a two
film diffusion description, where the transportdrthe sediment is assumed to happen through two
layers of resistance: the first layer represergddminar water-side film and the second one seadlime
side boundary layer.

According to models already implemented in othelldde.g. Brandes et al, 1996; Sgrensen et al,
2001; Warren et al, 2007), the diffusive flux a¢ $urface water-sediment interface can be simulated
by taking into account the concentration gradieztiMeen the two compartments and a mass transfer
factor:

(35) Ffw—seddiff (t) = wa—seddif '(Criv,diss(t) - Csedpore_water(t))

where :
v Ry seqaif (1) (mg.n?.d?) : time-dependent flux of pollutant between suefawater and

sediment due to diffusion (negative value if thefhe is from sediment to river column);
V' Dyy-seqar (M.d*): mass transfer coefficient at the ‘surface watiment’ interface ;

v Chyais(t) (mg.n®): time-dependent concentration of the pollutardigsolved river water ;
Ceedpore_water(t) (mg.m°): time-dependent concentration of the pollutanpime water of the
sediment.

It can be assumed that the main fraction of patiistapresent in the sediment is associated to the
particles and thus:

Csedparticles(t) ~ Csed(t)

K d,sed K d,sed

(36) Csedpore_water(t) =

where :
Cedparticies(t) (mg.g"): time-dependent concentration of the pollutargédiment particles ;
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v Cg.(t) (mg.g"): time-dependent total concentration of the palfwtin sediment;
V' Kysed (m®.g™): distribution coefficient of the pollutant at thmterface ‘pore water-sediment
particles’.

By combining equation (19), (35) and (36), we afutai

B 1 _ Csed(t)
(37) Fiw—sedditt (1) = Dtw-sedait -[Crw (t){l+ K g .SPM(t)J K dsed }

where:
v C,, (t) (mg.m®: concentration of the pollutant in raw river wate

SPM(t) (g m®): suspended matter concentration;
Kgw (M.g™): distribution coefficient of the pollutant at theterface water-SPM;

K g sed (m’.g"): distribution coefficient of the pollutant at tirterface ‘sediment pore water-
sediment particles’.

AN

The distribution coefficient at the interface sedim@otre water-sediment particles is estimated in a
similar way as for surface water:
v/ for metals, it is an empirical parameter which barderived from direct field measurements;
v" For neutral organics, it can be derived from thieoal-water partition coefficient and the
organic matter content of sediment:

(38)  |K goea =107 oo LO% 100K 0n)

where :
v" Yocsed(-) : massic organic fraction in sediments;
v Kow (-): octonal-water partition coefficient;
v apandal (-) : parameters of the linear relationship ieatog(Kow) and log(koc) (octanol-
carbon partition coefficient).

The mass transfer coefficiebt;, .qq; at the surface water-sediment interface is estichatcording
to the assumption that it results from two resisgsnn series. Thus:

(39) —1 = a_W + Bses

D fw —seddif B w B sed

where:
v' 3, (m): boundary layer thickness below water;

0.4 (M) : boundary layer thickness above sediment;
B, (m’.d") : effective diffusivity of chemical in surface vea ;
B4 (MY : effective diffusivity of chemical in sediment.

AN
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The effective diffusivities in water and sedimeotn be estimated from diffusivity in pure water
(Millington and Quirk, 1961):

(40) Bw = Bpure_water

(41) Bsed = (psed(4/3) B

pure_water

where:
V' Biue water (M°.07) : diffusivity of pure water (typically 4.10n?".h™, or 9.6.10-5 rhd™);

V' (g (-) : porosity of the sediment.

By combining the equations (37), (39), (40) and) (4% obtain:

B. 0 (413) 1 C..4(t)
42)  |Focoqai () = ——2rsed 1 Crw (D). e
(42) o —sedit ( ) 5sed + 6W -(psed(4/3) " ( ) 1+ Kd,w SPM(t) Kd,sed

The temporal variation of raw river water due téfudiive exchanges of dissolved contaminant in
surface water and sediment pore water respectdaiythus be calculated as follows:

dCrw sed_diff Ffw—seddif (t)
43 —
“3) dt h

The mass-balance equations can also be derivdmftmm sediments (if Sed(t)>0):

dCsgr  Fuv—cedommelt
(44) seddiff — fw —sedphy: ( )
dt Sedt)

4.2.4 Uptake/elimination of pollutants by herbivasdish

As proposed in section 3.5, water is identifiedhesexplicit source for herbivorodish contamination
(even if uptake from food and water are implicithgluded though a Bioaccumulation factor). Thus,
the time-dependent concentration of pollutant irbiverousfish is given by:

dCherb_fish
dt

(45) = _}\elim ination _ fish '(BAFﬁsh 'Criv,dis (t) - Cherb_fish (t))

where:
V' Chen_sisn () (mg.g* WW) : time-dependent concentration of the polluiarherbivorousdish;

v Chais(t) (mg.m®): time-dependent concentration of the pollutardigsolved river water;
V" Neimination_fish (0 ") : elimination rate constant in fish ;

v BAF, (9 WW.rrig) : bioaccumulation factor for fish

For metals, the BAF parameter is an empirical patamwhich can be derived from direct field
measurements.
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According to the ‘hydrophobicity’ model, which asses that diffusive lipophilic interactions are
predominant, (worst-case) BAF values were cladgicaérived from the octonal-water partition
coefficient for neutral organics:

(46) ‘Iog BAR,, =alogK,, - b‘

where :
v Kow (-):octonal-water partition coefficient;
v aand b (-) : parameters of the linear relationsbigting log(BAks,) and log(K.). A
represents the suitability of octanol as a surmmt the lipid compartment and b is the
logarithm of the fish lipid content.
However, relationship (44) shows several exceptions
« for more hydrophilic substances (low,§, the aqueous phase is not yet negligible in the
exchanges at the water-membrane interface, regutimigher BAF than those predicted by
the ‘hydrophobicity’ model only;
« for superhydrophobic substances (typically lag(K> 6), deviations from the linear model
were observed, with even decreasing BAFs whgnifcreases;
« because of the reduction of hydrophobicity uposatigation or protonation, the linear model
previously indicated should be adapted for ionigatimpounds.
This is the reason why other models were proposeithdorporate mitigation factors (for a more
detailed description, see Schiturman et al (200h)g parameterization issue will be discussed in
more detail in Deliverable 2.3.

4.2.5 Uptake/elimination of pollutants by carnivasdish

The biomagnification process can be simulated dones substances for which there is an evidence of
increasing concentrations over the food chain.

Thus, the time-dependent concentration of pollutaearnivoroudish is given by:

dC fish
(47) % = =\ clim ination_fish '(BMFﬁsh BAF, Criy dis (1) = Ceam_fish (t))

where:
v Ceam_fisn (1) (mg.g* WW) : time-dependent concentration of the pollttarcarnivorous fish;
Ciiv.ais (D (mg.m®): time-dependent concentration of the pollutardigsolved river water;

A (d) : elimination rate constant in fish ;

elim ination _ fish
BAF, (0 WW.rﬁS) : bioaccumulation factor for fish;
BMF,, (-) : biomagnification factor for carnivoroust.

NN

4.3 The mass-balance model for the freshwater syste

4.3.1 Mass-balance model for raw river water
The kinetic variation in the quantity of contamibam raw river water of the investigated system is
given by:
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(48)

dc D i (1) dC ay d dC., wet d
Vi ot =t 4 QCo e Ay () Vi 0 4V R
%/—/

input from upstreeam outputto downstrem

point sources input from dry particulae deposition  input from wet particulat deposition
dCrw,wet_depgas CICrw,dif'f _atm dCrw,wash—off dCrw,sed_ phys
Vriver' + Vriver . + Vriver' + Vriver'
dt dt dt dt
input from gaseousvet deposition  input/outputfrom diffusion of atmosphei gas input from soil wash-off input/ output from sedim ent depositior/ resuspensin
anN,sed_diff
Vriver '
dt

input/ outputfrom sedim ent diffusion

The expressions of each of the inputs/outputs igengn the previous sections, i.e.:
e inputs from dry particulate deposition: equat{a)
* inputs from wet particulate deposition: equatg)y
e inputs from wet gaseous deposition: equat&)n
* inputs/outputs from diffusion of atmospheric gaguation(14);
e inputs from soil wash-off: equatidas);
* inputs/outputs from sediment deposition/resuspensiquatiorn(29) or (30) or (31);
e inputs from sediment diffusion: equati¢ts).

4.3.2 Mass-balance model for sediments
The kinetic variation in the quantity of contamiha&m sediments of the investigated system is given

by:
dC dC dC. g
d — sed_phys seddiff
(49) — ~sed — _ Sea pys + " seddiff
dt dt dt
%/—/
input/ output from sedim entdepositiory resuspensin  input/ outputfrom sedim ent diffusion

The expressions of each of the inputs/outputs igengn the previous sections, i.e.:
* inputs/outputs from sediment deposition/resuspensiquation(32) or (33) or (34);
e inputs from sediment diffusion: equati¢).

4.3.3 Models for dissolved water and Suspendetideéate Matter
The concentration in dissolved river water and Si#® calculated from values obtained for raw river
water using equatior(@9) and(20).

4.3.2 Mass-balance model for fish
The time-dependent concentration in fish is caledlaising equatio5) and(47).
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CONCLUSIONS

The work presented in this deliverable allowed édirce a transparent approach for the review and
analysis of existing models simulating the transfercontaminants in freshwaters. The Interaction
Matrix approach allowed indeed to visualise thedsuibion of the environment chosen in each model,
as well as the exchange processes which were tateaccount.

The critical review of different structural modediowed to put in evidence the main differences
among models and the critical issues for the caogtm of an homogeneous framework. Assumptions
chosen for the 2-FUN model were thus discussedjastdied in a transparent way, leading to the
definition of the 2-FUN Interaction matrix for tfieeshwater sub-system.

The mathematical model, based on a mass-balancgi@yuor each of the compartments of the
freshwater system, was presented in detail.0 Itheilimplemented in the next future in a modelling
software called Ecolego®. Ecolego® is a commerpialduct for simulation modelling of dynamic
systems, developed by Faciliattp://www.facilia.se/products/ecolego.aspn ‘end-user’ version of
the 2-FUN software will be defined: it will use tloalculation engine of Ecolego® for running
simulations, performing probability analysis anehstvity analysis, but a simple interface for end-
users (e.g. regulatiors, consultants, etc) will dreated (user interface optimized for making
assessments using pre-defined models).

A similar approach will also be undertaken for tiber sub-systems covered by the 2-FUN project,
i.e. the ‘soil/groundweter’, ‘out atmosphere/indadr’, ‘plant’, ‘animal’ and ‘human’ sub-systems.
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