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Level 1 documentation (basic knowledge on model purpose, 

applicability and components) 

1. Model purpose 

1.1. Goal 
The goal of the ‘River’ model is to dynamically simulate the distribution of organic contaminants and 

metals in abiotic media (i.e. water, suspended particulate matter and sediments) of river systems. 

1.2. Potential decision and regulatory framework(s) 
Taken alone, the River model can: 

 provide an estimation of the time-dependent concentration of the targeted contaminant(s) 

in raw water or filtered water. This/these output(s) can be used for evaluating the risk to 

exceed a given regulatory threshold for environmental risk (e.g. Predicted Non Effect 

Concentration (PNECs), Environmental Quality Standards (EQS) for individual pollutants 

defined by the European Water Framework Directive); 

 provide an estimation of the time-dependent concentration of the targeted contaminant(s) 

in bottom sediments. This output can be used for evaluating the risk to exceed a given 

regulatory threshold for environmental risk dedicated to benthic organisms (e.g. Predicted 

Non Effect Concentration (PNECs), Environmental Quality Standards (EQS) for individual 

pollutants defined by the European Water Framework Directive). 

Coupled with the model dedicated to Human ingestion (Human_ing), the River model can: 

 provide an estimation of the time-dependent concentration of the targeted contaminant(s) 

in drinking water. This output can be used for evaluating the risk to exceed a given regulatory 

threshold for human health or to provide an input for PBPK models. 

Coupled with the model dedicated to Plants (Root-org, Tuber-org, Leaf-org, Grass-org, Fruit-org and 

Cereal-org), the River model can: 

 provide an estimation of contaminant inputs onto soils and plant leaves originating from 

irrigation practices.  

Coupled with the model dedicated to Atmosphere (Atm-org), the River model can: 

 provide an estimation of contaminants emitted from freshwaters to the atmosphere 

(especially relevant for contaminants mainly released in water bodies and able to reach 

atmosphere through volatilization).  

Coupled with a serie of other River models, the River model can: 

 provide an estimation of the advective transport of contaminants in successive transects of a 

river basin.  
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2. Model applicability 

2.1. Spatial scale and resolution 
The River system is defined as a 3 dimensional box (i.e. defined by its length, width and depth). The 

relevant spatial scale and resolution are then governed by the homogeneity of the water body under 

investigation. It is advised to use the River model for river zones that show low variations in their 

geometry. For water bodies showing significant relative variations in their dimensions (especially 

depth that influences particles deposition), it is possible to subdivide these latter in several 

successive homogeneous zones and to couple them. 

The River model assumes that contaminants are homogeneously distributed along the transect of the 

river (i.e. laterally and vertically). The application of the River model just upstream of a lateral point 

release must then be considered with caution if well-mixing condition is not respected. 

2.2. Temporal scale and resolution 
There is no limitation for temporal scale (i.e. duration of the simulation). 

As far as temporal resolution is concerned, several processes included in the model are relevant at 

daily (or less) resolution: 

 the input of SPM into the freshwater system is assumed to be related to flow rate. This latter 

can be subject to rapid variations, especially during flood periods. The estimation of SPM in 

the system is then poorly relevant for large temporal resolution (e.g. weekly or monthly); 

 physical exchanges at the water column-sediment interface is highly dependent on water 

velocity and concomitantly on flow rate. This is especially the case for resuspension 

processes that occur only when the critical shear stress for resuspension is exceeded, i.e. 

only during flood events. As the flow rate can be subject to rapid variations, especially during 

flood periods, the estimation of particles resuspension is poorly relevant for large temporal 

resolution (e.g. weekly or monthly). 

In conclusion, it is highly recommended to run the model for daily (or less) temporal resolution. 

2.3. Chemical considered 
The River model can a priori be used for all organic contaminants, like e.g. PAHs, PCBs, pesticides, 

etc. However, some parameters are estimated from QSAR models and the applicability domain of 

these latter must be checked before running the River model, especially: 

 for neutral organics, the water-organic carbon partition coefficient Koc is estimated by 

hierarchical decision tree, read-across or fragment models (see § 5.3.2.1). The applicability 

domain of these approaches must be checked for the targeted contaminant(s); 

 for polar compounds (acids and bases), the water-organic carbon partition coefficient Koc is 

theoretically related to pH (see § 5.3.2.1). Default values are provided in the River model at 

pH 7. End-users must check that their specific conditions fit with the default pH value and 

correct it if needed. 

The River model can also be used for several metals for which parameter values are proposed in this 

document (Ag, As, Ba, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, Sb, Se, Sn, Ti, V, Zn). 

 

2.4. Steady-state vs dynamic processes 
The River model represents all the exchanges processes dynamically, except: 
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 the exchanges of contaminants between Water and Suspended Particulate Matter (SPM), or 

between pore water and particles in sediment, are assumed to be at equilibrium (i.e. 

represented by a Partition coefficient at equilibrium). The application of the River model just 

upstream of a point release must then be considered with caution if equilibrium condition 

between water and SPM is not respected. 

3. Model components 

3.1. Media considered 

Definition: A ‘Medium’ is defined as an environmental or human compartment assumed to contain a 

given quantity of the chemical. The quantity of the chemical in the media is governed by 

loadings/losses (see 3.2 and 3.3) from/to other media and by transformation processes (e.g. 

degradation). 

The River model includes the following media: 

 ‘Water’. This media is defined as filtered water present in the water column overlying 

sediment. The conventional cut-off separating the distribution of contaminants between 

dissolved phase and particulate phase is 0.2 or 0.45 m; 

 ‘Suspended Particulate Matter’ (SPM). This media is defined as particles present in the water 

column overlying sediment. As indicated above, the conventional cut-off separating the 

distribution of contaminants between dissolved phase and particulate phase is 0.2 or 0.45 

m.; 

 ‘Raw water’. This media is defined as the sum of filtered water and particles present in the 

water column overlying sediment. It thus includes the ‘Water’ and ‘SPM’ media; 

 ‘Sediment’. This media is defined as the sum of particles and porewater present at the 

bottom of the water body; 

 ‘Sediment porewater’. This media is defined as filtered water present in sediment. The 

conventional cut-off separating the distribution of contaminants between dissolved phase 

and particulate phase is 0.2 or 0.45 m. 

The media considered are represented in Figure 1.  

 

 
Figure 1 – Media considered in the River model 
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3.2. Loadings  

Definition: A ‘Loading’ is defined as the rate of release/input of the chemical of interest to the 

receiving system, here the River system.  

The inputs of contaminant(s) into the River system can have the following origins: 

 Contaminant originating from the upstream part of the river system (upstream advection); 

 Contaminant originating from point source(s) within the River system (e.g. industry) (noted 
D_point_source); 

 Contaminant originating from dry deposition of pollutant present in the atmosphere under 
aerosols form; 

 Contaminant originating from wet deposition of pollutant present in the atmosphere under 
aerosols form (i.e. aerosols washed out in rainwater during precipitation); 

 Contaminant originating from wet deposition of gaseous pollutant washed out in rainwater 
during precipitation; 

 Contaminant originating from diffusion of pollutant from atmospheric gas to river gas; 

 Contaminant originating from wash-off (runoff and erosion) of pollutant present on surface 

soil of the river watershed. Pollutant “wash-off” designates the transport of contaminants in 

water flowing over the soil surface and finally reaching freshwater systems. It includes runoff 

of dissolved contaminants and erosion of contaminated soil particles. Wash-off from 

watersheds can be a significant secondary input into freshwaters because these latter collect 

water and particle fluxes from potentially wide areas, especially during rainfall; 

 Contaminant originating from elimination from organisms living in the river system (e.g. fish). 
Even if this contribution is a priori negligible, it is explicitly mentioned here to guarantee the 
mass balance of the system (particularly in case of coupling with biota models).   

If the River model is used alone (i.e. not coupled to other models available in the MERLIN-Expo 
library), these loadings are defined by the end-user as time series. If coupled to other models, some 
of these loadings can be calculated by these latter (i.e. the outputs of the coupled models are used as 
loading inputs for the River model) (see § 3.5). For metals, some loadings are not relevant because 
these chemicals are assumed not to be under gaseous form in the atmosphere; wet deposition of 
gaseous pollutant and diffusion from atmospheric gas to river gas are then put at zero. 

The loading inputs are represented in Figure 2 and Figure 3.  
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Figure 2 – Media considered + Loading inputs in the River model (for organics) 

 

Figure 3 – Media considered + Loading inputs in the River model (for metals) 

 

 

3.3. Losses 

Definition: A ‘Loss’ is defined as the rate of output of the chemical of interest from the receiving 

system, here the River system.  

The potential losses of contaminant(s) from the river system can be: 
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 Contaminant leaving the river box towards the downstream part of the river system 

(downstream advection); 

 Contaminant leaving the river system through river water used for irrigation purposes; 

 Contaminant leaving the river system by diffusion of pollutant from river gas to atmospheric 

gas; 

 Degradation of contaminant in the Raw water and Sediment media; 

 Contaminant leaving the river system through uptake by organisms living in the river system 

(e.g. fish). Even if this contribution is a priori negligible, it is explicitly mentioned here to 

guarantee the mass balance of the system (particularly in case of coupling with biota 

models). 

For metals, some losses are not relevant because these chemicals are assumed not to be under 

gaseous form and are not subject to degradation; diffusion from river gas to atmospheric gas and 

degradation are then put at zero. 

The losses of contaminant(s) from the freshwater system are represented in Figure 4 and Figure 5.  

 

 

Figure 4 – Media considered + Loading inputs + Losses in the River model (for Organics) 
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Figure 5 – Media considered + Loading inputs + Losses in the River model (for Metals) 

 
 

3.4. Exchanges between model media 

Definition: An ‘Exchange’ is defined as the transfer of the chemical of interest between two media of 

the system, here the River system.  

The potential exchanges of contaminant(s) between the media of the River system are: 

 Sorption/desorption between the Water and SPM media; 

 Sorption/desorption between the Porewater and Sediment particles media; 

 Deposition of contaminated particles from SPM to Sediment; 

 Resuspension of contaminated particles from Sediment to SPM; 

 Diffusion of contaminants from Water to Porewater and vice versa. 

The exchanges of contaminant(s) between model media are represented in Figure 6 and Figure 7.  
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Figure 6 – Media considered + Loading inputs + Losses + Exchanges in the River model (for Organics) 

 

Figure 7 - Media considered + Loading inputs + Losses + Exchanges in the River model (for Metals) 

 

3.5. Potential coupled models 

‘Coupled models’ are defined as models that can generate loadings to the investigated system (here 

the Freshwater system) or receive losses from the latter.  
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The River model can be coupled to other models of the MERLIN-Expo library. These latter can 

provide loading estimates or use losses from the River as input data: 

 

Coupled model Can provide estimates of the following loading(s)  Can use the following losses from the 

River as input data 

‘Atmosphere’ model (i) Dry deposition of pollutant present in the 

atmosphere under aerosols form; (ii) Wet deposition 

of pollutant present in the atmosphere under aerosols 

form; (iii) Wet deposition of gaseous pollutant washed 

out in rainwater during precipitation
1
; (iv) Diffusion of 

pollutant from atmospheric gas to river gas
2
 

Diffusion from river gas to atmospheric 

gas
3
 

‘Soil-org’ Soil wash off  

‘Plant’ models (that include a 

soil media) 

Soil wash off Irrigation 

River Biota models (fish) Elimination from river biota Uptake by river biota 

Upstream ‘River’ model Upstream advection  

Downstream ‘River’ model  Downstream advection 

 

The coupling of a River model with other upstream and/or downstream River models means that the 

river is subdivided in several uniformly mixed reservoirs linked together (through water advection). 

The description of the river along its length (i.e. the number of River models that can be linked 

together) depends on the scenario (i.e. morphology of the river that justifies or not the subdivision 

into uniformly reservoirs, presence of discontinuities like tributaries, level of precision expected by 

the end-user). There is no prior limitation in the number of River models that can be connected 

together. In other models (e.g. TOXSWA), some rules are used according to the tier in the study, e.g. 

a single reservoir for ‘regulatory pond’, 10 linked reservoirs (each 10 m long) for a ‘ditch’, 20 

reservoirs (each 5 m long) for a ‘stream’. But, this example is just indicative and each end-user can 

define his/her own river description according to the context. 

 

The potential coupled models are represented in Figure 8 and Figure 9.  

 

                                                           
1
 Not for metals 

2
 Not for metals 

3
 Not for metals 
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Figure 8 – Media considered + Loading inputs + Losses + Exchanges + Coupled models in the River model (for 

Organics) 

 

 

 

Figure 9 - Media considered + Loading inputs + Losses + Exchanges + Coupled models in the River model (for 

Metals)



 

3.6. Forcing variables  

A ‘Forcing variable’ is defined as an external or exogenous (from outside the model framework) factor that influences the state variables calculated within 

the model. Such variables include, for example, climatic or environmental conditions (temperature, wind flow, etc.). 

For running the River model, the following forcing variables must be informed for calculating the loading inputs: 

 

 

For… Forcing variable Abbreviation and unit Purpose Can be calculated (instead 

of being defined by the 

end-user) if the River 

model is coupled to the … 

Organics and 

Metals 

Concentration of the pollutant 

in raw water, in the upstream 

part of the river system 

C_water_upstream (mg.m
-3

) Concentration of the chemical in raw water, entering into 

the zone of interest from the upstream river zone. This 

concentration can be given by: (i) monitoring data at a 

station situated just upstream of the zone of interest; (ii) 

models simulating the inputs of chemical  from upstream 

zones. 

 

 
 

River model (i.e. other 

river model situated 

upstream of the studied 

zone) 

Organics and 

Metals 

Flux of pollutant entering the 

system from point source(s) 

(e.g. industry) 

Input_point_source (mg.d
-1

) Is used to provide the input from point source(s)  

Organics and 

Metals 

Surface dry deposition flux of 

contaminated aerosols 

Dry_deposition (mg.m
-2

.d
-1

) Is used to provide the input from dry deposition of aerosols Atmosphere model 

Organics and 

Metals 

Surface wet deposition flux of 

contaminated aerosols 

Wet_deposition_aero (mg.m
-2

.d
-1

) Is used to provide the input from wet deposition of aerosols Atmosphere model 

Organics 

only 

Surface wet deposition flux of 

contaminated gas
4
 

Wet_deposition_gas (mg.m
-2

.d
-1

) Is used to provide the input from wet deposition of gas Atmosphere model 

                                                           
4
 This forcing variable is not relevant for metals because these chemicals are assumed not to be under gaseous form in the atmosphere; wet deposition of gaseous pollutant is then put at zero. 



 

Organics and 

Metals 

Wash-off flux of contaminated 

soil porewater (runoff) and 

particles (erosion) 

Wash_off_flux (mg.d
-1

) Is used to provide the input from runoff and erosion of 

contaminated soils 

Soil model  

Organics 

only 

Gaseous concentration of the 

pollutant in atmosphere
5
 

C_gas_atm (mg.m
-3

) Is used to calculate the diffusion at the water-atmosphere 

interface 

Atmosphere model 

Organics 

only 

Temperature in the river
6
 T_river (°C) The concentration of the contaminant under gaseous form 

in the river, and as a consequence the diffusion of 

contaminants at the water-atmosphere interface, is assumed 

to depend on temperature in the river 

 

Organics 

only 

Wind speed (at height 10 

meters)
7
 

u_wind (m.s
-1

) The mass transfer coefficients (diffusion) at the water-

atmosphere interface are assumed to depend on wind 

velocity 

 

Organics and 

Metals 

Flow rate of the river Flow_river (m
3
.s

-1
) Used for two purposes: (i) the SPM concentration (i.e. 

concentration of particulate matter in raw water) is assumed 

to be correlated to the flow rate through a rating curve (see 

§ 4.1). The flow rate is then used for estimating SPM 

concentration at a daily time resolution; (ii) the deposition 

and resuspension of particles to/from the sediment is 

governed by the shear stress at the bottom, which depends 

on flow velocity (or flow rate) 

 

Organics and 

Metals 

Irrigation rate of cultivated 

fields 

Irrigation_rate (m
3
.d

-1
) Loss of contaminant from the river system to cultivated soils 

depends on the quantity of water used for irrigation 

purposes 

 

 

                                                           
5
 This forcing variable is not relevant for metals because these chemicals are assumed not to be under gaseous form in the atmosphere; wet deposition of gaseous pollutant is then put at zero. 

6
 This forcing variable is not necessary for metals because it is used for calculating diffusion at the water-atmosphere interface (not relevant for metals). Virtual values can then be entered if 

only metals are involved in the case study. 
7
 This forcing variable is not necessary for metals because it is used for calculating diffusion at the water-atmosphere interface (not relevant for metals). Virtual values can then be entered if 

only metals are involved in the case study. 
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The forcing variables (with indication of the processes they are involved in) are represented in 

Figure 10 and Figure 11. 

 

 

Figure 10 – Media considered + Loading inputs + Losses + Exchanges + Forcing variables in the River model 

(Forcing variables indicated in yellow are those that can be calculated if the River model is coupled to other 

models) (for Organics) 
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Figure 11 - Media considered + Loading inputs + Losses + Exchanges + Forcing variables in the River model 

(Forcing variables indicated in yellow are those that can be calculated if the River model is coupled to other 

models) (for Metals) 

 



 

3.7. Parameters 

A ‘Parameter’ is defined as a term in the model that is fixed during a model run or simulation but can be changed in different runs as a method for 

conducting sensitivity analysis or to achieve calibration goals. 

For running the River model, the following parameters must be informed: 

 

 Site-specific parameters: 

For… Name Abbreviation and unit Purpose Used for calculating the following state 

variable(s) 

Organics and 

Metals 

Depth of the river h_river (m) It is used for two purposes: (i) the calculation of the 

volume of the river system under investigation and 

(ii) the calculation of the bed shear stress that is 

necessary for estimating deposition and 

resuspension of particles to/from sediment 

1) Volume of the freshwater system 

(V_river) 

2) Bed shear stress (tau) 

Organics and 

Metals 

Width of the river w_river (m) It is used for two purposes: (i) the calculation of the 

volume of the river system under investigation and 

(ii) the calculation of the bed shear stress that is 

necessary for estimating deposition and 

resuspension of particles to/from sediment 

1) Volume of the freshwater system 

(V_river) 

2) Bed shear stress (tau) 

 

Organics and 

Metals 

Length of the river L_river (m) It is used for the calculation of the volume of the 

freshwater system under investigation 

1) Volume of the freshwater system 

(V_river) 

Organics and 

Metals 

Intercept of the SPM-Flow rate rating 

curve 

a_SPM (unitless) The SPM concentration (i.e. concentration of 

particulate matter in raw water) is assumed to be 

correlated to the Flow rate through a linear rating 

curve in log-log coordinates (i.e. log_SPM=f(log_FR) 

- see § 4.1). The ‘a_SPM’ parameter is the intercept 

of this rating curve. 

1) SPM concentration (SPM) 

Organics and 

Metals 

Slope of the SPM-Flow rate rating curve b_SPM (unitless) The SPM concentration (i.e. concentration of 

particulate matter in raw water) is assumed to be 

correlated to the Flow rate through a linear rating 

curve in log-log coordinates ((i.e. 

log_SPM=f(log_FR) - see § 4.1). The ‘b_SPM’ 

parameter is the slope of this rating curve. 

1) SPM concentration (SPM) 



 

 

 

 

 Parameters related to partition between phases: 

For… Name Abbreviation and unit Purpose Used for calculating the following state 

variable(s) 

Organics only Water-organic carbon partition coefficient log10_K_oc (unitless - 

expressed in log10) 

The exchanges of contaminants between Water 

and Suspended Particulate Matter (SPM), or 

between Pore water and particles in sediment, are 

assumed to be at equilibrium and represented by 

a Partition coefficient at equilibrium 

Kd_SPM_organic and Kd_sed_organic (see § 3.8). 

The K_oc parameter allows calculating these latter 

state variables. 

1) Distribution coefficient at the interface 

'river Water'-SPM (Kd_SPM_organic) 

2) Distribution coefficient of the pollutant 

at the interface sediment pore water-

sediment particles (Kd_sed_organic) 

Organics only Fraction of organic matter in SPM  f_OM_SPM (unitless) The exchanges of contaminants between water 

and SPM are assumed to be at equilibrium and 

represented by a Partition coefficient at 

equilibrium Kd_SPM_organic (see § 3.8). The 

f_OC_SPM parameter allows calculating this latter 

state variable. 

1) Distribution coefficient of the pollutant 

at the interface water-SPM 

(Kd_SPM_organic) 

Organics only Fraction of organic matter in sediment  f_OM_sed (unitless) The exchanges of contaminants between Pore 

water and particles in sediment are assumed to be 

at equilibrium and represented by a Partition 

coefficient at equilibrium Kd_sed_organic (see § 

3.8). The f_OM_sed parameter allows calculating 

this latter state variable. 

2) Distribution coefficient of the pollutant 

at the interface sediment pore water-

sediment particles (Kd_sed_organic) 

Metals only Water-SPM partition coefficient for metals Kd_SPM_metal  

(m
3
.g

-1
) 

The exchanges of contaminants between Water 

and Suspended Particulate Matter (SPM) are 

assumed to be at equilibrium and represented by 

a Partition coefficient at equilibrium 

Kd_SPM_metal 

 

Metals only Water-sediment partition coefficient for 

metals 

Kd_sed_metal (m
3
.g

-1
) The exchanges of contaminants between Pore 

Water and Sediment particles are assumed to be 

at equilibrium and represented by a Partition 

 



 

coefficient at equilibrium Kd_sed_metal 

 

 

 Parameters related to physical exchanges between SPM and sediments: 

For… Name Abbreviation and unit Purpose Used for calculating the following state 

variable(s) 

Organics and 

Metals 

Settling velocity of particles  W_s (m.d
-1

) The deposition flux of particles from the Raw 

water media to the Sediment media is assumed 

to be governed by the Settling velocity of 

particles 

1) Deposition flux of particles (F_d) 

Organics and 

Metals 

Manning's coefficient n_Ma (in (s.m 
-1/3

)) The resuspension of particles from the Sediment 

media to the Raw water media is assumed to be 

governed by the bed shear stress ‘tau’ (see § 

3.8). The n_Ma parameter allows calculating this 

latter state variable. It physically represents the 

resistance of the bed to the water flow.  

1) Bed shear stress (tau) 

Organics and 

Metals 

Critical shear stress for deposition  tau_d (kg.m
-1

.s
-2

 or Pa or 

N.m
-2

) 

The deposition of particles from the Raw water 

media to the Sediment media increases when 

the bed shear stress ‘tau’ increases. The tau_d 

parameter reflects the inverse relationship 

between deposition flux and bed shear stress. 

1) Deposition flux of particles (F_d) 

Organics and 

Metals 

Critical shear stress for resuspension  tau_r (kg.m
-1

.s
-2

 or Pa or 

N.m
-2

) 

The resuspension of particles from the Sediment 

media to the Raw water media increases with 

the bed shear stress ‘tau’. The tau_r parameter 

reflects the relationship between resuspension 

flux and bed shear stress. 

1) Resuspension flux of particles (F_r) 

Organics and 

Metals 

Maximum erosion rate  e_max (gpart.m
-2

.d
-1

) The resuspension of particles from the Sediment 

media to the Raw water media is assumed to be 

limited by a maximum kinetic erosion rate 

(maximum mass of particles that can erode per 

day) 

1) Resuspension flux of particles (F_r) 

Organics and 

Metals 

Sediment consolidation rate 

 

lambda_consolidation (d
-

1
) 

It is assumed that the erosion rate decreases 

when the total quantity of sediments decreases 

because deeper layers of sediments are assumed 

1) Resuspension flux of particles (F_r) 



 

to be more consolidated. The Sediment 

consolidation rate represents the decreasing of 

erosion when the quantity of sediment increases  

Organics and 

Metals 

Density of water 
 

rho_water (kg.m
-3

) Used for calculating the bed shear stress 1) Bed shear stress (tau) 

Organics and 

Metals 

Gravity acceleration 
 

g (Pa.m
2
.kg

-1
) Used for calculating the bed shear stress 1) Bed shear stress (tau) 

 

 

 Parameters related to diffusion between water and sediment porewater: 

For… Name Abbreviation and 

unit 

Purpose Used for calculating the following state 

variable(s) 

Organics and 

Metals 

Porosity of sediment  phi_sed (unitless) The effective diffusion coefficient in sediments 

can be estimated from diffusion coefficient in 

pure water by using the sediment porosity  

1) Mass transfer coefficient at the surface 

water-sediment interface 

(MTC_water_sed) 

Organics and 

Metals 

Boundary layer thickness above sediment  

 

Delta_sed (m) The mass transfer coefficient at the surface 

water-sediment interface is estimated according 

to the assumption that it results from two 

resistances in series. The Boundary layer thickness 

above sediment corresponds to the thickness 

where diffusion occurs within the sediment 

1) Mass transfer coefficient at the surface 

water-sediment interface 

(MTC_water_sed) 

Organics and 

Metals 

Boundary layer thickness below water  

 

Delta_w (m) The mass transfer coefficient at the surface 

water-sediment interface is estimated according 

to the assumption that it results from two 

resistances in series. The Boundary layer thickness 

below water corresponds to the thickness where 

diffusion occurs at the water-sediment interface 

because of the fluid viscosity 

1) Mass transfer coefficient at the surface 

water-sediment interface 

(MTC_water_sed) 

Organics only Diffusion coefficient of oxygen in water  D_O2_water (m
2
.d

-1
) The diffusion coefficient of the contaminant in 

pure water is assumed to be related to the 

diffusion coefficient of dioxygen in pure water. 

1) Effective diffusion coefficient in pure 

water (D_water_organic) 

Organics only Molar mass of the contaminant M_molar (g.mol
-1

) The diffusion coefficient of the contaminant in 

pure water is assumed to be related to the ratio 

1) Effective diffusion coefficient in pure 

water (D_water_organic) 



 

between the molar mass of the contaminant and 

the molar mass of dioxygen 

Organics only Molar mass of dioxygen  M_O2 (g.mol
-1

) The diffusion coefficient of the contaminant in 

pure water is assumed to be related to the ratio 

between the molar mass of the contaminant and 

the molar mass of dioxygen 

1) Effective diffusion coefficient in pure 

water (D_water_organic) 

Metals only Diffusion coefficient in water D_water_metal (m
2
.d

-

1
) 

The mass transfer coefficient at the surface 

water-sediment interface is calculated from the 

effective diffusion coefficient in pure water 

1) Mass transfer coefficient at the surface 

water-sediment interface 

(MTC_water_sed) 

 

 

 Parameters related to diffusion between water and atmosphere: 

For… Name Abbreviation and 

unit 

Purpose Used for calculating the following state 

variable(s) 

Organics only Henry’s law constant 

 

 

 

 

 

H (Pa.m
3
.mol

-1
) The gaseous concentration of the substance in 

river water is assumed to be in equilibrium with 
the dissolved concentration. This equilibrium is 
simulated by the adimensional Henry’s law 
constant. The Henry’s law constant represents the 
ratio between vapour pressure and solubility of 
the chemical, corrected by temperature. It 
describes the capability of the chemical substance 
to partition between air and water in a binary 
system. Henry’s Law constants are often 
converted to dimensionless air/water partition 
coefficients Kaw. 

1) Gas phase overall mass transfer 

coefficient (MTC_water_atm) 

Organics only Molar mass of CO2  M_CO2 (g.mol
-1

) The water-side mass transfer coefficient is 

assumed to be related to the ratio between the 

molar mass of CO2 and the molar mass of the 

contaminant  

1) Water film mass transfer coefficient 

(MTC_water_atm_w) 

Organics only Molar mass of water  M_H2O (g.mol
-1

) The air-side mass transfer coefficient is assumed 

to be related to the ratio between the molar mass 

of H2O and the molar mass of the contaminant  

1) Gas film mass transfer coefficient 

(MTC_water_atm_g) 

Organics only Molar mass of the contaminant M_molar (g.mol
-1

) The water-side mass transfer coefficient is 

assumed to be related to the ratio between the 

molar mass of CO2 and the molar mass of the 

1) Water film mass transfer coefficient 

(MTC_water_atm_w) 

2) Gas film mass transfer coefficient 



 

contaminant. 

The air-side mass transfer coefficient is assumed 

to be related to the ratio between the molar mass 

of H2O and the molar mass of the contaminant 

(MTC_water_atm_g) 

 Parameters related to degradation: 

For… Name Abbreviation and unit Purpose Used for calculating the following state 

variable(s) 

Organics only Global degradation rate in water lambda_deg_water  

(d
-1

) 

Degradation of the chemical in water is assumed 
to follow a linear first-order kinetics. 

1) C _water (mg.m
-3

) 

Organics only Global degradation rate in sediment lambda_deg_sed (d
-1

) Degradation of the chemical in sediment is 
assumed to follow a linear first-order kinetics. 

1) C_mass_sed (mg.g
-1

) 

 

 

 

 

 

 

 

 

3.8. Intermediate State variables 

An ‘Intermediate State variable’ is defined as a dependent variable calculated within the model. Some State variables are fixed during a model run or 

simulation because they are calculated only from parameters. Some others are time-dependent because they are calculated from parameters, but also from 

time-dependent forcing variables. We distinguish ‘Intermediate State variables’ and ‘Regulatory State variables’. The first ones are generally not used by 

decision-makers for regulatory purposes but can be used as performance indicators of the model that change over the simulation. The second ones can be 

used by decision-makers for regulatory purposes. 

For running the River model, the following state variables are calculated for the following purposes. All the state variables for which no forcing variable is 

required are constant all over the calculation time. Instead, the state variables for which forcing variable(s) is/are required are time-dependent. In the 

following tables, the following symbols were adopted: 

 
 



 

 Site-specific state variables: 

For… State 

variable n° 

Name Abbreviation 

and unit 

Purpose Process followed for calculating the state variable 

Organics 

and Metals 

1 Surface area of the river 

box 

S_river (m
2
) Defines the interface between 

the freshwater system and the 

atmosphere 

 
Organics 

and Metals 

2 Volume of the river box V_river (m
3
) Defines the dilution volume 

for the inputs 

 

 

 

 

 State variables related to partition between phases: 

For… State 

variable n° 

Name Abbreviation 

and unit 

Purpose Process followed for calculating the state variable 

Organics 

only 

3 Distribution coefficient 

at the interface 'river 

Water'-SPM 

 

Kd_SPM_organic  

(m
3
.g

-1
) 

The exchanges of organic 

contaminants between Water 

and Suspended Particulate 

Matter (SPM) are assumed to 

be at equilibrium and 

represented by a Partition 

coefficient at equilibrium 

Kd_SPM_organic. 

 



 

Organics 

only 

5 Distribution coefficient 

at the interface sediment 

porewater-sediment 

particles  

Kd_sed_organic 

(m
3
.g

-1
) 

The exchanges of organic 

contaminants between 

sediment porewater and 

sediment particles are 

assumed to be at equilibrium 

and represented by a Partition 

coefficient at equilibrium 

Kd_sed_org 

 

 

 

 

 State variables related to physical exchanges between SPM and sediments: 

For… State 

variable n° 

Name Abbreviation 

and unit 

Purpose Process followed for calculating the state variable 

Organics 

and Metals 

6 Suspended Matter 

concentration 

SPM (g.m
-3

) The deposition flux of particles 

from Raw water to sediment is 

assumed to be proportional to 

the particles concentration in 

Raw water, i.e. SPM  

 
 

 

Organics 

and Metals 

7 Bed shear stress tau (kg.m
-1

.s
-2

 

or Pa) 

The resuspension of particles 

from the Sediment media to 

the Raw water media is 

assumed to occur only when 

the bed shear stress ‘tau’ 

exceeds a threshold limit 

(tau_r) 

 

Organics 

and Metals 

8 Deposition flux of 

particles 

F_d  

(gpart.m
-2

.d
-1

) 

Calculation of the deposition 

flux of particles from the Raw 

water media to the Sediment 

media 

 

 

 



 

 
 

Organics 

and Metals 

9 Resuspension flux of 

particles 

F_r  

(gpart.m
-2

.d
-1

) 

Calculation of the 

resuspension flux of particles 

from the Raw water media to 

the Sediment media 

 

 

 

 

 State variables related to diffusion between water and sediment porewater: 

 

For… State 

variable n° 

Name Abbreviation 

and unit 

Purpose Process followed for calculating the state variable 



 

Organics 

only 

10 Effective diffusion 

coefficient in pure 

water  

D_water_organic  

(m
2
.d

-1
) 

The effective diffusion 

coefficient in sediments can 

be estimated from the 

effective diffusion coefficient 

in pure water 

 
Organics 

only 

11 Mass transfer 

coefficient at the 

surface water-

sediment interface  

MTC_water_sed 

(m.d
-1

) 

The diffusion at the water-

sediment interface is 

governed by the ‘Mass 

transfer coefficient at the 

surface water-sediment 

interface’ 

 
Metals only 11’ Mass transfer 

coefficient at the 

surface water-

sediment interface  

MTC_water_sed 

(m.d
-1

) 

The diffusion at the water-

sediment interface is 

governed by the ‘Mass 

transfer coefficient at the 

surface water-sediment 

interface’ 

 

 

 

 

 

 

 

 

 

 

 State variables related to diffusion between water and atmosphere: 



 

For… State 

variable n° 

Name Abbreviation and 

unit 

Purpose Process followed for calculating the state variable 

Organics 

only 

12 Gas film mass 

transfer coefficient  

MTC_water_atm_g 

(m.d
-1

) 

The mass transfer at the water-

atmosphere interface is 

estimated according to the 

assumption that it results from 

two resistances in series. The 

‘Gas film mass transfer 

coefficient’ represents the 

resistance in the atmospheric 

part. 

 

 

Organics 

only 

13 Water film mass 

transfer coefficient  

MTC_water_atm_w 

(m.d
-1

) 

The mass transfer at the water-

atmosphere interface is 

estimated according to the 

assumption that it results from 

two resistances in series. The 

‘Water film mass transfer 

coefficient’ represents the 

resistance in the water part. 

 

 

Organics 

only 

14 Gas phase overall 

mass transfer 

coefficient  

MTC_water_atm 

(m.d
-1

) 

The diffusion at the water-

atmosphere interface is 

governed by the Gas phase 

overall mass transfer 

coefficient 

 

 

 

 

3.9. Regulatory State variables 

An ‘Regulatory State variable’ is defined as a dependent variable calculated within the model. It is generally time-dependent because it is calculated from 

parameters, but also from time-dependent forcing variables and loadings. We distinguish ‘Intermediate State variables’ and ‘Regulatory State variables’. The 



 

first ones are generally not used by decision-makers for regulatory purposes but can be used as performance indicators of the model that change over the 

simulation. The second ones can be used by decision-makers for regulatory purposes. 

 

Following pages: 

Figure 12 - Flow chart for calculating the ‘regulatory state variables’ (for Organics)  

Figure 13 - Flow chart for calculating the ‘regulatory state variables’ (for Metals) 



 

 



 

 



 

 

 

The following ‘regulatory state variables’ are calculated according to the flow charts presented in Figure 12 and Figure 13: 

 

State variable n° Name Abbreviation and unit 

15 Concentration of the chemical in raw river water  C_water (mg.m
-3

) 

16 Concentration of the chemical dissolved in river water  C_dis_water (mg.m
-3

) 

17 Concentration of the chemical associated to Suspended 

Particulate Matter  

C_SPM (mg.g
-1

) 

18 Concentration of the chemical in sediments (per mass 

unit) 

C_mass_sed (mg.g
-1

) 

19 Concentration of the chemical in sediment porewater  C_pore_water_sed (mg.m
-3

) 

20 Concentration of the chemical in sediments (per surface 

unit) 

C_surf_sed (mg.m
-2

) 

 

End of Level 1 documentation (basic end-user)
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Level 2 documentation (background science) 

4. Processes and assumptions 

4.1. Process n°1: Calculation of the ‘Suspended Particulate Matter’  State 

variable 
Motivation 

Suspended Particulate Matter (SPM) governs the fluxes of contaminants transported in freshwater 

systems because of the affinity of chemicals with particles. An accurate prediction of the time 

dependence of SPM in rivers is then essential for the estimation of transfer of contaminants in 

aquatic systems. 

Selected model and assumptions 

Empirical relationships such as the so-called ‘sediment rating curves’ are often used for estimating 

the effect of discharge on SPM at a given location. They reflect the increase of SPM during flood 

events. Thus, the selected model assumes that SPM at any time t is linearly related to flow rate at 

time t in log-log coordinates (i.e. log(SPM)=f(log(Flow_river)), where f is a linear function). The 

intercept and slope of this linear relationship are the ‘a_SPM’ and ‘b_SPM’ parameters (see § 3.7, 

Table ‘Parameters related to physical exchanges between SPM and sediments’). 

Model type 

Empirical [X]  vs mechanistic [ ] 

Steady-state [ ]  vs dynamic [X] 

Analytical [X]  vs numerical [ ] 

Alternatives and limits 

The inaccuracy of sediment rating curves was underlined in different publications: (i) according to 

statistical considerations linked to back transformation of log values, the sediment load is likely to be 

underestimated when the least squares regression on logarithms is used for fitting the model 

(Ferguson, 1986; Cohn et al, 1992). Correction factors were thus introduced by several authors to 

correct these bias (Asselman, 2000); (ii) log-transformed data on sediment loads and discharge 

sometimes result in concave or convex relationships rather than linear. In such cases, nonlinear 

models were tested and it was shown that they can in some cases significantly improve the fitting 

(Crowder et al, 2007); (iii) differences in sediment availability between the beginning and the ending 

of a flood event generally result in hysteresis effects (Pont et al, 2002; Morehead et al, 2003), not 

taken into account by sediment rating curves ; (iv) for a given river, rating curve parameters can 

show high inter-annual or inter-seasonal variability (Morehead et al, 2003; Horowitz, 2008). One 

strategy to overcome these limitations is to modify the sediment rating equation itself, e.g. by 

introducing correction factors accounting for non-linear relationships, sediment depletion following 

flood events, etc. More complex models can thus be found in e.g. Moog and Whiting (1998), 

Morehead et al (2003) or Ciffroy et al (2000).  

 

4.2. Process n°2: Sorption/desorption between the Water and SPM media 
Motivation 
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Exchanges of contaminants between the dissolved and the particulate phases of the water column 

govern their flux to atmosphere and sediments because: (i) only contaminants associated to particles 

can deposit/be resuspended to/from bed sediment; (ii) only dissolved contaminants can exchange by 

diffusion at the Water-Sediment porewater interface; (iii) only dissolved contaminants can exchange 

by diffusion at the Water-Atmosphere interface. 

Selected model and assumptions 

Exchanges of contaminants between water and SPM (respectively between sediment porewater and 

sediment particles) are assumed to be equilibrated, and thus described by a distribution (or partition) 

coefficient Kd_SPM (respectively Kd_sed) (see § 3.8), expressed as the concentration ratio between 

the particulate phase and the dissolved phase respectively. For organic pollutants, exchanges are 

governed by a hydrophobic sorption mechanism and the distribution coefficient Kd_SPM_organic 

(respectively Kd_sed_organic) is related to the octanol-water partition coefficient Koc (see § 3.7), and 

the concentration of organic matter in the particles f_OM_SPM (respectively f_OM_sed) (see § 3.8).  

Model type 

Empirical [X]  vs mechanistic [ ] 

Steady-state [X] vs dynamic [ ] 

Analytical [X]  vs numerical [ ] 

Alternatives and limits 

When equilibrium condition between water and SPM is not respected, e.g. just upstream of a point 

release, the model must then be considered with caution. In such a case, exchanges between water 

and SPM should be described by non equilibrium kinetics, using sorption and desorption kinetic rate 

constants. 

 

4.3. Process n°3: Deposition of particulate contaminants to bed sediment 
Motivation 

Exchange of contaminants between the water column and the bottom sediment is generally 

considered as an important pathway because: (i) bottom sediments represent the habitat 

compartment for benthic organisms, especially those playing the essential role of decomposition in 

freshwater communities; (ii) the residence time of contaminants in freshwater streams is strongly 

affected by deposits in sedimentation zones; (iii) sediments can act as a temporary or long-term sink 

for pollutants; (iv) the uptake of contaminants by some aquatic organisms (e.g., benthic fish) can be 

partly governed by the accumulation and distribution of pollutants in sediments. Exchange of 

contaminants between the water column and sediments can especially result from deposition of 

contaminated particles. 

Selected model and assumptions 

Modelling of the deposition of fine cohesive particles (and associated contaminants) is based on the 

assumption that the gravitational settling velocity of particles (governed by their density and 

granulometry) plays the dominant role. It is then assumed that the Deposition flux of particles (state 

variable F_d) is proportional to the SPM concentration and that the proportionality factor is the 

Settling velocity parameter (W_s – see § 3.7). Besides, deposition flux of particles is assume to 

increase when flow velocity (or bed shear stress) decreases. 

Model type 
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Empirical [ ]  vs mechanistic [X] 

Steady-state [ ]  vs dynamic [X] 

Analytical [X]  vs numerical [ ] 

Alternatives and limits 

Many alternative models are based on steady-state assumptions, considering that permanent 

deposition and resuspension occur simultaneously and can be described by constant rates. This 

approach leads to a permanent net deposition, without any net resuspension period (i.e. Deposition 

minus Resuspension=constant positive value). Such a steady-state assumption is not realistic for 

many rivers submitted to seasonal variations in the flow rate leading to temporal cycles of net 

deposition/resuspension (floods). Besides, 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 inactive and assimilated to a sink compartment. The model is then 

highly dependent of the choice of the active sediment depth and of the burial rate. Thus, it appeared 

that the simplicity of the steady-state approach needs to be compensated by the addition of a 

process not easily parameterised (i.e. the ‘burial’ process). 

Mechanistic dynamic models based on physical assumptions developed in sedimentology were 

developed and appear to be more realistic. Two conflicting paradigms were however proposed for 

mechanistically representing deposition and resuspension of cohesive sediments: (i) the ‘exclusive’ 

paradigm suggests that deposition and resuspension do not occur at the same time; (ii) the 

‘simultaneous’ paradigm allows deposition and resuspension to occur at the same time. These two 

paradigms were discussed by Ha and Maa (2009) and Winterwerp (2006), who presented 

contradictory conclusions. In our work, we considered a consensus approach. We considered the 

simultaneous paradigm (i.e. allowing deposition and resuspension occurring at the same time), but 

deposition is assumed to depend on the bed shear stress. This latter assumption reflects the fact that 

deposition is facilitated by slow flow velocities while it becomes negligible for flood conditions.   

 

 

4.4. Process n°4: Resuspension of particulate contaminants from bed 

sediment 
Motivation 

Idem process n°4 - Deposition of particulate contaminants to bed sediment. 

Selected model and assumptions 

Modelling of the resuspension of fine cohesive particles (and associated contaminants) is based on 

the assumption that the bed shear stress exerted by the flow plays the dominant role, i.e. that 

resuspension is facilitated for high bed shear stress. It is then assumed that the Resuspension flux of 

particles (State variable F_r) increases with the bed shear stress exerted by the flow (i.e. the state 

variable ‘tau’). Resuspension is assumed to become negligible when the bed shear stress exerted by 

the flow is below the critical shear stress for resuspension (i.e. the ‘tau_r’ parameter.  

The ‘tau’ state variable is assumed to depend on water density (constant), acceleration due to gravity 
(constant), hydraulic radius (that can be assimilated to the river depth) and mean water velocity. 

Besides, the model considers a consolation rate to simulate the fact that resuspension becomes 

more limited for deeper consolidated sediment layers. This model is supported by experimental 
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observation, where an increasing resistance to erosion was observed according to consolidation 

conditions and thus to sediment depth (Sanford and Maa 2001; Haag et al, 2001; Lau et al, 2001; Lick 

and McNeil 2001; Gerbersdorf et al. 2005). 

Model type 

Empirical [ ]  vs mechanistic [X] 

Steady-state [ ]  vs dynamic [X] 

Analytical [X]  vs numerical [ ] 

Alternatives and limits 

As for Process n°5, many alternative models are based on steady-state assumptions. The same 

limitations of these alternative models are valid here. 

Mechanistic dynamic models based on physical assumptions were developed for simulating 

resuspension. The discussion regarding the two conflicting paradigms presented for Process n°4 

exclusive vs simultaneous) remain valid here.  

 

4.5. Process n°5: Diffusion between water and sediment porewater 
Motivation 

As deposition/resuspension and diffusion participate in parallel to the exchanges between the water 

column and the sediment, it is justified to wonder when the transfer due to one given process (e.g. 

diffusion) will dominate the total substance mass transfer. 

Selected model and assumptions 

The diffusion of contaminants at the interface surface water-sediment porewater is classically based 

on a two film diffusion description, where the transport into the sediment is assumed to happen 

through two layers of resistance: the first layer represents the laminar water-side film and the 

second one sediment-side boundary layer. According to these assumptions, the diffusive flux at the 

surface water-sediment porewater interface can be simulated according to the Fick’s law, i.e. by 

taking into account the concentration gradient between the two compartments and a global mass 

transfer factor. This latter is estimated according to the assumption that it results from two 

resistances in series by analogy with the Ohm’s law. 

The first resistance represents the resistance to diffusion on the upper part of the interface (i.e. in 

above water). For Organics, it is calculated by the effective diffusion coefficient of the chemical in 

pure water that is assumed to depend on its molar mass. For Metals, the effective diffusion 

coefficient of the chemical in pure water is nor calculated, but is given, by a parameter. 

The second resistance represents the resistance to diffusion on the lower part of the interface (i.e. in 

below sediment). For Organics, it is calculated by the effective diffusion coefficient of the chemical in 

pure water corrected by a tortuosity factor according to the Millington and Quirk’s law. For Metals, 

the effective diffusion coefficient of the chemical in pure water is nor calculated, but is given, by a 

parameter. 

Model type 

Empirical [ ]  vs mechanistic [X] 

Steady-state [ ]  vs dynamic [X] 

Analytical [X]  vs numerical [ ] 
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Alternatives and limits 

Sørensen et al (2001) conducted a critical analysis of a generic compartmental description to 

represent the diffusion process at the water-sediment interface. The relative contributions of 

physical (i.e. particles deposition) and diffusive processes respectively were assessed. They 

concluded that under transient conditions, diffusion is an important exchange pathway only during a 

limited time scale, just after the start of emission, because of large gradients at the sediment surface. 

However, as time progresses, the diffusion-induced flux rapidly decreases, as the concentration 

gradients at the top of the sediment decreases. In contrast, deposition-resuspension of particle-

bound contaminant is not governed by gradients at the sediment-water interface and thus generally 

become predominant over long time scales. It can then be considered that it is relevant to include 

diffusion in multimedia modelling only in some limited cases, e.g. for transient short term conditions 

(like accidental conditions). In the perspective of a wide application of the model (e.g. for short term 

pollutions occurring under accidental conditions), it was chosen to include the diffusive transfer at 

the water-sediment interface. However, as this process is a priori not predominant in most of the 

situations, the screening method adopted here as a generic approach was considered to be 

sufficient. 

When diffusion is a predominant exchange pathway at the water-sediment interface, the description 

of diffusive transfer can however be poorly represented by the one-box model, which 

underestimates mass transfer because of the assumption of mean transfer length. Besides, 

bioturbation is not taken into account while it may induce a vertical mixing of water and sediment 

solids and thus enhance diffusive transfer.  

 

4.6. Process n°6: Diffusion between water and atmosphere (only for 

Organics) 
Motivation 

Some pollutants that are highly volatile (or Semi Volatile Organic Compounds – SVOCs) can be 

emitted from water bodies and the transfer from water to atmosphere can be a significant 

contribution to the mass balance of the chemical in freshwater. 

Selected model and assumptions 

Absorption/volatilization of semi-volatile substances at the air-river interface is modelled using the 

stagnant boundary theory (two-film model), the pollutant being assumed to diffuse across two layers 

(stagnant water layer and stagnant air layer) characterized by two resistances in series. According to 

this approach, the net flux from freshwater to the atmosphere is driven by the difference in gaseous 

concentration between air and surface water according to the Fick’s law.  

The gaseous concentration of the substance in river water is assumed to be in equilibrium with the 

dissolved concentration. This equilibrium is simulated by the adimensional Henry’s law constant. 

The first resistance represents the resistance to diffusion on the upper part of the interface (i.e. in 

above atmosphere). A ‘Gas film mass transfer coefficient’ (noted MTC_water_atm_g) is thus 

calculated according to the approach proposed by Schwarzenbach et al (1993) that relates this latter 

to wind velocity at height 10 m. MTC_water_atm_g is also assumed to depend on the chemical molar 

mass. 
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The second resistance represents the resistance to diffusion on the lower part of the interface (i.e. in 

water). A ‘Water film mass transfer coefficient’ (noted MTC_water_atm_w) is thus calculated 

according to the approach proposed by Wanninkhof et al (1991) and Hornbuckle et al (1994) that 

also relates this state variable to wind velocity at height 10 m (see Bidleman, 1995). 

MTC_water_atm_w is also assumed to depend on the Schmidt number of the chemical which is 

assumed to be linearly related to the squared root of its molar mass. 

Model type 

Empirical [X]  vs mechanistic [X] (empirical for the formulation of MTC_water_atm_g 

and MTC_water_atm_w according to wind velocity – 

mechanistic for transfer modeling) 

Steady-state [X] vs dynamic [X] (steady-state for water-gas equilibrium in river - 

dynamic for the transfer at the interface) 

Analytical [X]  vs numerical [ ]  

 

Alternatives and limits 

Other empirical formulae were proposed in the literature to calculate the film mass transfer 

coefficients (see e.g. Bidleman and McConnell, 1995). A comparison could then be made with those 

proposed here to evaluate the robustness of the evaluation for the specific scenario under 

investigation. 

 

4.7. Process n°7: Degradation (only for Organics) 
Motivation 

Degradation can be a significant loss term in freshwater, in particular for chemicals stored in 

sediments. 

Selected model and assumptions 

The individual processes that are responsible for degradation (e.g. biodegradation, photolysis, 

hydrolysis) are not distinguished here but they are added into an aggregated loss rate. Degradation is 

assumed to to follow linear first-order kinetics. 

Model type 

Empirical [X]  vs mechanistic [ ]  

Steady-state [X] vs dynamic [X] 

Analytical [X]  vs numerical [ ] 

Alternatives and limits 

Degradation processes are generally simulated by pseudo first order degradation rates (i.e. 

degradation proportional to the concentration of contaminants in the media). However, 

transformation processes can distinguish the following mechanistic processes: (i) hydrolysis (acid- 

and base-catalyzed hydrolysis can be modelled according a thermodynamic principle); (ii) photolysis 

(that should involve light intensity); (iii) microbial degradation (that can be calculated by a maximum 

microbial degradation rate, eventually attenuated by anaerobic conditions, suboptimal temperature 

and suboptimal pH). Such processes are considered individually in some specific models dedicated to 

freshwaters (e.g. Aquatox). However, such an approach requires a lot of parameters that are poorly 

available for most of the chemicals.   



 
 

40 

 

 

 

 

End of Level 2 documentation (end-user with expertise in 

process) 
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Level 3 documentation (numerical information) 

5. Numerical default values (deterministic and/or probabilistic) 

5.1. Initialization of concentrations in Media 
The ‘regulatory state variables’, i.e. the concentrations of the chemical in raw river water, dissolved 

river water, SPM, sediments and sediment porewater (i.e. C_water (mg.m-3), C_dis_water (mg.m-3), 

C_SPM (mg.g-1), C_mass_sed (mg.g-1), C_pore_water_sed (mg.m-3)) must be initialized (i.e. value for 

time=0). By default, no contamination is assumed at the beginning of the simulation, i.e. all the 

concentrations are put at zero, but end-user must adapt these values according to their specific case 

studies (e.g. initial contamination in sediments).  

The quantity of sediments (State variable m_sed_0) must also be initialized (i.e. value for time=0). By 

default, it is assumed that no sediment is present at the beginning of the simulation, i.e. m_sed_0 is 

put at zero. However, in some conditions (high resuspension at the beginning of the simulation), it 

may be necessary to define a non-null value for avoiding numerical problems. 

 

5.2. Default parameter values 

5.3.1 Site-specific parameters 

5.3.1.1 Depth of the river 

and 

5.3.1.2 Width of the river 

and 

5.3.1.3 Length of the river 

Physical/chemical/biological/empirical meaning 

The depth, width and length of the river represent the river dimensions in the evaluation region. The 

river is assumed here to have a constant section. 

Factors influencing parameter value 

Parameter values are purely site-specific. 

Role in the model 

The depth, width and length of the river are used to calculate the volume of the river where the 

contaminant loading is diluted. 

The depth and width of the river are also used to calculate the bed shear stress. The product of the 

depth and the width (depth*width) represent indeed the surface of the river section (expressed in 

m2). When divided by the flow rate (expressed in m3.s-1), the mean water velocity is calculated and 

used in the relationship allowing to estimate the bed shear stress. 

Database used for parameter estimation 

Not applicable 
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Parameter values are purely site-specific and must be informed by the end-user case by case. 

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ]   

Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [ ], eventually 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [X] to be informed by the end user case by case 

Parameter estimation description 

Not applicable 

Parameter default value and PDF 

Because they are purely site-specific, no default best estimate and PDF are provided here. 

 

5.3.1.4 Intercept of the SPM-Flow rate rating curve ‘a_SPM’ 

and 

5.3.1.5 Slope of the SPM-Flow rate rating curve ‘b_SPM’ 

Physical/chemical/biological/empirical meaning 

As described in paragraph 4.1, SPM is calculated from flow rate through a linear relationship in log-

log coordinates (i.e. log(SPM)=f(log(Flow_river)), where f is a linear function). The coefficients of this 

relationship are called the intercept and slope of the SPM-Flow rate rating curve respectively (noted 

a_SPM and b_SPM). As a sediment rating curve is an empirical relationship, the coefficients a_SPM 

and b_SPM have no physical meaning. Nevertheless, some physical interpretation is sometimes 

proposed to them. The a_SPM coefficient can represent an index of erosion severity because high 

a_SPM values indicate intensively weathered materials, which can easily be transported (Peters-

Kümmerly, 1973 and Morgan, 1995). The b_SPM coefficient represents the erosive power of the 

river, with large values being indicative for rivers where a small increase in discharge results in a 

strong increase in erosive power of the river. 

Factors influencing parameter value 

A river’s suspended load highly depends on particles and water supply conditions (e.g. snow melt, 

glacial melt, rain, groundwater). For this reason, flow rate-SPM relationships can show seasonal 

variability, producing for example hysteresis trends: water may be more or less turbid according to 

the water origin and subsequently the season (less turbid for spring snow melt supply, etc). Inter-

annual variability can also be associated to weather events (e.g. major flooding) or human-induced 

changes in the watershed (e.g. modification of vegetative cover, soil management, etc).   

Role in the model 

A relationship able to convert flow rates into SPM is needed in the model because most of the rivers 

have not been gauged or have not their stream flow and SPM data available (at least at a daily 

frequency).  
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The a_SPM and b_SPM parameters are used to calculate the SPM concentration in the river. The 

SPM state variable is used to calculate: (i) the partition of the contaminant between water and 

particles in the river; (ii) the deposition flux of particles from the water column to the bed sediment 

(F_d) ; (iii) the fraction of organic matter in SPM (y_OC_SPM). The a_SPM and b_SPM parameters are 

then indirectly used for the estimation of several state variables. 

Database used for parameter estimation and Parameter estimation description 

By nature, the a_SPM and b_SPM coefficients depend on the river basin and its erosivity 

characteristics. The estimation of these parameters depends on the availability of data, i.e. on the 

availability of simultaneous measurements of flow rates and SPM. Different situations can then be 

met: 

 If no measurement is available, the a_SPM and b_SPM values can be estimated by analogy 

with rivers that present long-term monitoring data on flow rates and SPM. A good literature 

source can be the study published by Syvintski et al, 20008, who estimated a_SPM and 

b_SPM values for 57 gauging stations located on 49 (American) rivers. Applying multiple 

regressions to the data and using several explanatory variables, they propose several 

relationships to predict a_SPM and b_SPM best estimates from different sets of basin 

properties (according to river basin data availability). The percentage of the variance 

explained (R2) is included for each formula (see Table 1 – a_SPM and b_SPM are noted a and 

b for simplification). Some variables like latitude do not have a physical control on SPM, but 

they represent a proxy for climate variables. 

 

Functional form Equation R2 

a=f(Q,Qs,b) log(1000.a)=1.74-1.68.log(Q)+0.60.log(Qs)-2.44.b 0.93 

a=f(Q,Lat) log(1000.a)=2.93-1.72.log(Q)-0.058.Lat 0.75 

a=f(Q,R) log(1000.a)=0.55-1.66.log(Q)-0.00029.R 0.70 

a=f(Q,R,T) log(1000.a)=-0.16-1.46.log(Q)+0.00032.R+0.054.T 0.73 

a=f(Q,R,T,PFA) log(1000.a)=0.28-1.52.log(Q)+0.00036.R+0.077.T-0.055.PFA 0.74 

b=f(Q,Qs,a) b=0.64-0.5.log(Q)+0.23.log(Qs)-0.32. log(a) 0.87 

b=f(Qs,Lat) b=-0.54+0.22.log(Qs)+0.027.Lat 0.58 

a=f(R,T) b=0.9-0.026.T+0.0002.R 0.51 

a=f(Qs,R,T) b=0.76-0.025.T+0.00013.R+0.077.T-0.15.log(Qs) 0.57 

Table 1 – Formula proposed by Syvitski et al (2000) to predict rating curve coefficients from river basin 

properties (equations were adjusted for satisfying the MERLIN-Expo units) 

with Q, mean annual discharge (m3/s); Qs, mean annual sediment load (kg/s); Lat, latitude 
(°N); T, mean annual air temperature (°C); R, basin relief (m); PFA, peak flow anomaly (i.e. 
ratio of the annual peak discharge, in m3/s, to the mean discharge, in m3/s - unitless). 

 If few monitoring data are available, the a_SPM and b_SPM values can be estimated by a 

Bayesian approach, merging prior knowledge and monitoring data. In this case, we assume 

that following information is accessible: (i) a_SPM and b_SPM values for ‘similar’ rivers or 

locations which were monitored over years or decades. This information is called ‘prior 

knowledge’ and provides expected orders of magnitude on a_SPM and b_SPM. Such prior 

information can be given by formulae proposed by Syvintski et al (2000); (ii) some data 

                                                           
8
 Syvitski J., Morehaed M., Bahr D., Mulder T., 2000. Estimating fluvial sediment transport: the rating parameters. Water 

Resources Research, Vol. 36, N°9, 2747-2760.  
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related to SPM and discharges collected at the investigated location. A Bayesian approach 

can be selected to combine these sources of information because it is well adapted to build 

PDFs when theoretical prior knowledge is available and when only a limited set of 

experimental data is available. This calculated the posterior distribution by assuming e.g. 

prior normal PDFs for log(a_SPM) and b with unknown probabilistic parameters. This 

approach is described in detail in Ciffroy et al (submitted for publication). 

 When a long term monitoring campaign is available with both measurements of flow rates 

(Flow_river) and SPM, a_SPM and b_SPM values can be estimated by fitting the model using 

the least squares regression on logarithms. For estimating the uncertainty of these 

parameters (i.e. for defining the a_SPM and b_SPM PDFs), a bootstrap procedure can be 

used, as those described in Rustomji et al, 20089. 

 

Parameter estimation type 

Statistical analysis of large database [ ]  

Calibration [X], eventually   

Extrapolation [ ] 

Expert elicitation [X], eventually 

Bayesian approach [X], eventually 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter default value and PDF 

As indicated above, a_SPM and b_SPM are specific to the river and location that is investigated and 

no generic best estimate and PDF can be proposed for these parameters. We reported below some 

values that were collected for several European rivers, with the method used for estimating 

parameter values and references. These values are purely indicative and end users must check the 

relevance of these values for their own case study (station location, units, plausibility of SPM 

estimation, etc). 

                                                           
9
 Rustomji P., Wilkinson S. N., 2008. Applying bootstrap resampling to quantify uncertainty in fluvial suspended sediment 

loads estimated using rating curves. Water Resources Research, Vol. 44, W09434, doi:10.1029/2007WR006088. 



 

 

River Location Mean flow 

rate at the 

station 

a_SPM  

Best estimate 

b_SPM 

Best estimate 

a_SPM  

PDF 

b_SPM  

PDF 

Method Reference 

Meuse Eijsden 
gauging 
station 

257 1.5.10
-2

 1.23   Monitoring data over 9 years - Regression 
over the observations using nonlinear 
regression 

Doomen et al, 2008 

Seine Nogent 65 0.53 1.007 LN (GM :0.53; 

perc5:0.14;perc95:1.96) 

N(1.007;0.197) Regression over the observations using 
regression on log transformed data + 
Bootstrap and 
Bayesian approach using Syvitski’s priors 

Ciffroy et al, 2011 

Vienne Clain 31 4.1 0.351 LN (GM :4.1; 

perc5:1.1;perc95:15.4) 

N(0.351;0.094)   

Rhône 

 

Donzère 1500 1.3.10
-3

 1.29 LN (GM : 1.3.10
-3

; perc5: 

3.3.10
-4

;perc95: 4.7.10
-3

) 

N(1.29;0.149)   

Moselle Uckange 148 0.28 0.841 LN (GM : 0.28; perc5: 

0.075;perc95: 1.03) 

N(0.841;0.095)   

Garonne Lamagistère 326 0.16 0.808 LN (GM : 0.16; perc5: 

0.044;perc95: 0.61) 

N(0.808;0.18)   

Meuse Domrémy 12 2.69 0.57 LN (GM : 2.69; perc5: 

0.72;perc95:10) 

N(0.57;0.13)   

Loire Belleville 460 0.37 0.695 LN (GM : 0.37; perc5: 

0.1;perc95: 1.38) 

N(0.695;0.095)   

Rhine 5 stations 
 

 see 

comprehensive 

values in the 

publication 

see 

comprehensive 

values in the 

publication 

  Regression over the observations using 
regression on log transformed data or 
nonlinear regression. 
Values estimated for several seasons and 
several years 

Asselman, 2000 

Rhône   2.10
-2

 1.75   Regression over the observations using 
regression on log transformed data 

Pont, 2002 

Derwent   2.62.10
-2

 0.78   Regression over the observations using 
regression on log transformed data 

Webb, 1997 
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5.3.2 Parameters related to partition between phases 

5.3.2.1 Water-organic carbon partition coefficient (for Organics only) 

Physical/chemical/biological/empirical meaning 

Organic carbon is assumed to be the main particulate media interacting with hydrophobic chemicals 

potentially present in rivers. The Water-Organic Carbon partition coefficient represents the ratio at 

equilibrium of the chemical associated to particulate organic matter and present in water 

respectively.  

Factors influencing parameter value 

The main  limitation of the approach described above  is that the variability in the soil composition is 

only described by the content of organic carbon. The validity of this assumption can be disputable 

especially for ionizable compounds (Ter Laak et al., 2006). In particular, the organic carbon content 

alone as the descriptor of soil composition is not sufficient to predict the soil–water distribution of 

chemicals that do not exclusively sorb to organic matter. Furthermore, the composition of organic 

carbon itself can vary substantially and influence sorption. Complexation is another process 

neglected by the model, although it may have significant impact for some compounds. 

Role in the model 

The exchanges of contaminants between Water and Suspended Particulate Matter (SPM), or 

between Pore water and Particles in sediment, are assumed to be at equilibrium and represented by 

a Partition coefficient at equilibrium Kd_SPM_organic and Kd_sed_organic. Interaction of chemicals 

with particles are assumed to be governed by lipophilic sorption onto organic matter. The K_oc 

parameter, together with the organic fraction in SPM or sediments, allows calculating the partition 

coefficient at equilibrium Kd_SPM_organic and Kd_sed_organic. 

Database used for parameter estimation 

See Paragraph  Parameter estimation description 

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ] 

Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [ ] 

QSAR or read-across [X] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

Because experimental K_oc data are not available for all chemicals in use, numerous correlations 

have been developed relating K_oc to molecular descriptors like the Octanol-Water partition 

coefficient K_ow. Such correlations (called QSAR models) tend to be developed for specific groups or 

classes of chemicals and can therefore be adapted for some classes of chemicals only. We present 

here some of the QSAR models that can be used for estimating K_oc values for a given chemical 

(Erreur ! Source du renvoi introuvable.). 
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 A classical hydrophobic approach based on Kow and on a decision tree was proposed by 

Sablid et al (1995; 1996)10. Log K_oc is estimated by a hierarchical decision tree, offering 20 

different equations in total. The first equation applies the topological index 1χ11, while the 

other 19 equations correlate log Koc to log Kow. For non-polar compounds, the more precise 

but also restricted model is the one with 1χ, if it cannot be applied, a more general, less 

precise equation is used. 

 Schüürmann et al (2006)12 developed another model for non-ionic organic compounds. 

Literature data of logKoc for 571 organic chemicals (subdivided in 457 for training set and 

114 for predictive set) were fitted to 29 parameters. The general form of the model is: 

dIcFbPaLogK
k

kk

i j

jjiioc     

with 3 variable Pi (molecular weight, bond connectivity, molecular E-state), 21 fragment 

correction factors Fj, 4 structural indicator variables Ik. The data set compounds are neutral 

organics (except for partial ionization of acids and bases at soil pH) that include the following 

atom types: C, H, N, O, P, S, F, Cl, and Br. Because the training set contained no organoiodine 

compounds, I is not included, but it is likely that a simple extension (see below) will provide 

reasonable estimates for compounds with iodine attached to aliphatic or aromatic carbon. 

The range confidence is checked for the molecular correction factors by comparing the 

frequency of these substructures in the molecule to the training set. The compound will be 

checked versus the original training set compounds by means of 2nd order ACFs (Atom 

Centered Fragments). The applicability domain is then classified as: (i) In: All ACFs are 

matching including the number of occurrences; (ii) Borderline in: Either the frequency of at 

least one substructure of the compound exceeds the range of occurrences in the training set, 

or one substructure is not in the training set at all; (iii) Borderline out: More than one 

substructure is not in the training set at all, but all 1st order ACFs are matching; (iv) Out: 

There is mismatch even with 1st order ACFs13.  

 Tao et al (1999)14 developed another model based on logKoc data for 592 organic chemicals 

(subdivided in 430 for training set and 162 for predictive set) and on 98 parameters (74 

fragment constants and 24 structural factors).  

 Huuskonen (1999)15 developed a model based on atom-type electrotopological state indices, 

involving 12 parameters (connectivity index 1χ, 11 atom-type E-state indices). It was tested on 

                                                           
10

 Sabljic A, Güsten H, Verhaar H, Hermens J 1995. QSAR modelling of soil sorption. Improvements and systematics of log 
KOC vs. log KOW correlations. Chemosphere. 31: 4489- 4514, Corrigendum: Vol. 33 (1996), p. 2577. 
11

 The topological index was introduced by Kier et Hall (1990, 1999) following the suggestions of Randic (1975). nχ is a n-

order topological index where n represents the number of atoms (except H) linked to each atom (except H) belonging to the 
molecule. 
12

 Schüürmann G, Ebert R-U, Kühne R 2006. Prediction of the sorption of organic compounds into soil organic matter from 
molecular structure. Environ. Sci. Technol. 40: 7005-7011 
13

 Kühne R, Ebert R-U, Schüürmann G 2009. Chemical domain of QSAR models from atom-centered fragments. J. Chem. Inf. 
Model. 96: 2660-2669 
14

 Tao S, Piao H, Dawson R, Lu X, Hu H 1999. Estimation of organic carbon normalized sorption coefficient (Koc) for soils 
using the fragment constant method. Environ. Sci. Technol. 33: 2719-2725 
15

 Huuskonen J 2003. Prediction of soil sorption coefficient of organic pesticides from the atom-type electrotopological 
state indices. Environ. Toxicol. Chem. 22: 816-820 
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logKoc data for 201 organic pesticides (subdivided in 143 for training set and 58 for 

predictive set). The general form of the model is: 

6220Sa3500LogK
i

ii
1

oc ..    

where Si are the atom-type E-state values.. 

 Poole and Poole (1999) developed a solvatation-based model to predict logK_oc. After 

removal of the outliers, the model is under the form:  

)(..... OB272A310E740V092210LogKoc   

Where V is the McGowan’s characteristic volume, E is the excess molar refraction, A and B(O)  

are the solute’s effective hydrogen-bond acidity and hydrogen-bond basicity.  

 Franco et al (2008, 2009)16 developed a QSAR model for ionizable compounds (monovalent 

organic acids and bases). The classical Kow model is applied here, but the Kow value 

accounts for the distribution of the chemical between neutral and ionic forms. The neutral 

and ionic fractions are calculated from the substance pKa and the surrounding pH, according 

to the Henderson-Hasselbalch relationship:  

pKapHneutral
101

1


  for acids; 

phpKaneutral
101

1


  for bases.  

Thus, supplying of a valid pKa and a pH is required for running the model. The models do not 

work for neutral compounds without specification of pKa. 

 
The QSAR models that are indicated above are based on linear regressions fitted by ordinary least 

squares. Assuming identical, independent and normally distributed errors, the uncertainty in a QSAR 

prediction Log Koc,p can be defined as the predictive distribution by the predictive mean pLogKoc,  

and standard error of predictions ),( pLogKocSE : 

)(. ,,, poc1knpocpoc LogKSEtLogKLogK ~  

Where 1knt   is the student t-distribution with n-k-1 degrees of freedom, n is the number of data in 

the training set, k is the number of descriptors in the model (and k+1 is the intercept plus the 

number of descriptors). 

The QSAR models that are indicated above generally provide an estimation of the standard error of 

predictions ),( pLogKocSE  by the Mean Squared error MSE. Since MSE is an expectation value, it is 

subject to estimation error that could be taken into account. The uncertainty on MSE can be 

calculated from a Bayesian point of view, assuming that the uncertainty of MSE has a scaled inverse 

Chi distribution. A re-analysis of raw data used in the training set would however be necessary to 

calculate this posterior distribution. Therefore, in the present model, the MSE uncertainty is not 

                                                           
16

 Franco A, Fu W, Trapp S 2009. Influence of soil pH on the sorption of ionizable chemicals: Modeling advances. Environ. 
Toxicol. Chem. 28: 458-464. 

Franco A, Trapp S 2008. Estimation of the soil-water partition coefficient normalized to organic carbon for ionizable organic 
chemicals. Environ. Toxicol. Chem. 27: 1995-2004 
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included and the standard error of predictions ),( pLogKocSE  is assumed to be equal to the MSE value 

provided in each QSAR model description.



 

Source Descriptors N. of data in the 
training set 

MSE Applicability domain )(. ,1 pockn LogKSEt 
 - 

5
th

-95
th

 percentile 
Sablid et al (1995; 
1996) 

1: topological index 1χ 81 0.264 Predominantly hydrophobics
17

 - 3 to 22 
atoms of carbon or halogenes with 
1<logKoc<6,5 

 0.44 
 

 1: octanol-water partition 
coefficient Kow 

81 0.451 Predominantly hydrophobics  0.75 

  390 0.557 Nonhydrophobics
18

  with -2<logKow<8  0.92 
  54 0.401 Phenols, Anilines, Benzonitriles, 

Nitrobenzenes with 1<logKow<5 
 0.67 

  216 0.425 Acetanilides, Carbamates, Esters, 
Phenylureas, Phosphates, Triazines, 
Triazoles, Uracils with -1<logKow<8 

 0.70 

  36 0.388 Alcohols, Organic acids with -1<logKow<5  0.66 
  21 0.339 Acetanilides  0.59 
  13 0.397 Alcohols  0.71 
  28 0.491 Amides  0.84 
  20 0.341 Anilines  0.59 
  43 0.408 Carbamates  0.69 
  20 0.242 Dinitroanilines  0.42 
  25 0.463 Esters  0.79 
  10 0.583 Nitrobenzenes  1.08 
  23 0.336 Organic acids  0.58 
  24 0.373 Phenols, Benzonitriles  0.64 
  52 0.335 Phenylureas  0.56 
  41 0.452 Phosphates  0.76 
  16 0.379 Triazines  0.67 
  15 0.482 Triazoles  0.85 
Schüürmann et al, 
2006

19
  

29 descriptors : molecular 
weight, bond connectivity, 
molecular E-state, 24 fragment 
corrections representing polar 

457 (and 114 
compounds used 
in the prediction 

set) 

0.467 Neutral organics (except for partial 
ionization of acids and bases at soil pH) 
with atom types C, H, N, O, P, S, F, Cl, Br 

 0.77 

                                                           
17

 Defined as molecules containing only C, H and halogen (F, Cl, Br, I) 
18

 Defined as all the molecules that contains other atoms than C, H and halogen (F, Cl, Br, I). Does not imply anything about their lipophilicity. 
19

 Schüürmann G, Ebert R-U, Kühne R 2006. Prediction of the sorption of organic compounds into soil organic matter from molecular structure. Environ. Sci. Technol. 40: 7005-7011 



 

groups, one indicator for 
nonpolar and weakly polar 
compounds 

Tao et al, 1999 98 descriptors (74 fragment 
constants and 24 structural 
factors) 

430 (and 162 
compounds used 
in the prediction 

set) 

0.366 Organics with K_oc over 7.65 log-units  0.60 

Huuskonen, 2003 12 structural parameters 
(connectivity index 1χ, 11 
atom-type E-state indices) 

143 (and 58 
compounds used 
in the prediction 

set) 

0.40 Organic pesticides (with logKoc ranging 
from 0.42 to 5.31) 

 0.66 

Poole et al, 1999 4 descriptors  131 0.248   0.41 

Franco et al, 
2008, 2009 

3 descriptors or conditions 
(octanol-water partition 
coefficient Kow, pKa, pH) 

44 (10 acids, 12 
bases, different 

pH) 

0.32 Ionizable monovalent organic acids and 
bases 

 0.54 

 

Table 2 – QSAR available for calculating logK_o
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Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the LogK_oc 

parameter are given for several key substances in Table 3. The selection of these key substances is 

justified in Appendix 2. All the calculations were computed on the ChemProp software that is freely 

available on request (http://www.ufz.de/index.php?en=6738). When the Schüürmann’s approach 

indicates ‘In’ for the applicability domain, it was the preferred approach because it explicitly checks 

the validity domain. Instead, the Sablic approach was considered. For pesticides, the Huuskonen’s 

approach was considered because it was specifically developed for this class of chemicals. The grey 

lines indicate the methods that are proposed by default in the MERLIN-Expo tool. However, end-

users are encouraged to run the ChemProp software with alternative methods (that are not reported 

comprehensively here) to check the concordance between several approaches and to evaluate the 

plausibility of estimations. 

Actually, the determination of the LogK_oc parameter according to the relationship: 

)(. ,,, poc1knpocpoc LogKSEtLogKLogK ~  (see above) can be assimilated to a normal distribution 

when the degree of freedom of the Student distribution is high enough. This latter condition being 

verified in the consulted QSAR models, PDFs are defined as normal distributions. End-users can use 

the 5th and 95th percentiles reported in Table 3 for defining the right PDFs in the MERLIN-Expo 

software. 

 

Chemical class Substance Model Applicability domain Best 
estimate 

5
th

-95
th

 
percentile 

PAH Anthracene Sablid – Equ. 1  4.3 3.86-4.74 

  Schüürmann In 4.08 3,31-4,85 

 Benzo(a)pyrene Sablid – Equ. 1  5.86 5,42-6,3 

  Schüürmann In 5.7 4,93-6,47 

 Benzo(b)fluoranthene Sablid – Equ. 1  5.86 5,42-6,3 

  Schüürmann In 5.18 4,41-5,95 

 Benzo(k)fluoranthene Sablid – Equ. 1  5.86 5,42-6,3 

  Schüürmann In 5.18 4,41-5,95 

 Fluoranthene Sablid – Equ. 1  4.83 4,39-5,27 

  Schüürmann In 4.23 3,46-5 

 Naphtalene Sablid – Equ. 1  3.28 2,84-3,72 

  Schüürmann In 3.12 2,35-3,89 

PCB PCB28 Sablid – Equ. 1  4.43 3,99-4,87 

  Schüürmann In 4.26 3,49-5,03 

 PCB 52 Sablid – Equ. 1  4.64 4,2-5,08 

  Schüürmann In 4.63 3,86-5,4 

 PCB101 Sablid – Equ. 1  4.85 4,41-5,29 

  Schüürmann In 5.00 4,23-5,77 

 PCB118 Sablid – Equ. 1  4.85 4,41-5,29 

  Tao  6.12 5,52-6,72 

  Poole  5.61 5,2-6,02 

 PCB138 Sablid – Equ. 1  5.08 4,64-5,52 

  Schüürmann In 5.36 4,59-6,13 

 PCB153 Sablid – Equ. 1  5.07 4,63-5,51 

  Schüürmann Border In 5.37 4,6-6,14 

  Tao  6.63 6,03-7,23 

  Poole  5.88 5,47-6,29 

 PCB180 Sablid – Equ. 1  5.29 4,85-5,73 

  Schüürmann Border In 5.73 4,96-6,5 

  Tao  7.14 6,54-7,74 

  Poole  6.26 5,85-6,67 

http://www.ufz.de/index.php?en=6738
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Pesticides Alachlor Huuskonen  2.83 2,17-3,49 

 Atrazine   2.44 1,78-3,1 

 Chlordane   5.15 4,49-5,81 

 Chlorpyrifos   3.6 2,94-4,26 

 DDT   4.72 4,06-5,38 

 Dieldrin   4.49 3,83-5,15 

 Diuron   2.29 1,63-2,95 

 Endosulfan   4.04 3,38-4,7 

 Hexachlorocyclohexane (lindane)   3.7 3,04-4,36 

 Isopruturon   2.05 1,39-2,71 

 Malathion   2.4 1,74-3,06 

 Parathion   2.82 2,16-3,48 

 Pentachlorophenol    3.46 2,8-4,12 

Brominated flame 
retardants  

Pentabromo diphenylether Sablid – Equ. 3  4.74 3.82-5,66 

  Schüürmann Border Out 5.34 4,57-6,11 

 Hexabromobiphenyl  
 

Sablid – Equ. 1  5.08 4,64-5,52 

  Schüürmann Border Out 6.32 5,55-7,09 

VOCs Benzene Sablid – Equ. 1  2.26 1,82-2,7 

  Schüürmann In 2.18 1,41-2,95 

 1,2-Dichloroethane  Sablid – Equ. 1  1.70 1,26-2,14 

  Schüürmann In 1.85 1,08-2,62 

 Dichloromethane  Sablid – Equ. 1  1.44 1-1,88 

 Hexachlorobenzene (HCB)  Sablid – Equ. 1  3.54 3,1-3,98 

  Schüürmann Border In 4.37 3,6-5,14 

 Hexachlorobutadiene  Sablid – Equ. 1  3.02 2,58-3,46 

 Pentachlorobenzene  Sablid – Equ. 1  3.32 2,88-3,76 

  Schüürmann In 4.01 3,24-4,78 

 Trichlorobenzene Sablid – Equ. 1  2.89 2,45-3,33 

  Schüürmann In 3.28 2,51-4,05 

 Trichloromethane (chloroform)  Sablid – Equ. 1  1.6 1,16-2,04 

Phthalate Dibutylphthalate (DBP) Sablid – Equ. 1 Chemical domain mismatch : 
at least one substructure not 
represented 

3.03 2,59-3,47 

 Di(2-ethylhexyl)phthalate (DEHP)  Sablid – Equ. 1  4.54 4,1-4,98 

  Schüürmann In 4.15 3,38-4,92 

Dioxins 2,3,7,8-TCDD Sablid – Equ. 1  3.91 3,47-4,35 

  Schüürmann In 4.62 3,85-5,39 

 1,2,3,7,8-PeCDD Sablid – Equ. 1  4.26 3,82-4,7 

  Schüürmann Border Out 4.98 4,21-5,75 

 1,2,3,6,8-HxCDD Sablid – Equ. 3  4.62 3,7-5,54 

Phenols - 
Alkylphenols  

2,4,6-tri-tert-butylphenol  
 

Sablid – Equ. 3 Chemical domain borderline  
approached : at least one 
substructure occurrence 
outside thresholds 

4.35 

3,43-5,27 

 Nonylphenol Sablid – Equ. 3  3.82 2,9-4,74 

  Schüürmann Border Out 3.62 2,85-4,39 

 2-Octylphenol Sablid – Equ. 3  3.58 2,66-4,5 

  Schüürmann Border Out 3.46 2,69-4,23 

Table 3 – LogKoc of selected substances  

 

 
 

 

5.3.2.2 Fraction of organic matter in SPM (for Organics only) 

and 
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5.3.2.3 Fraction of organic matter in sediment (for Organics only) 

Physical/chemical/biological/empirical meaning 

Organic carbon is considered to be the main sorbing phase in water and sediments for neutral organic 

compounds. In fact, for non-neutral organics, which typically have a log(Kow) greater than 4, affinity to organic 

matter tends to be much stronger than to mineral surfaces and the sorption to these latter can be neglected.  

Organic carbon content can be divided between amorphous, soft or new and condensed, old or black carbon. 

Even if this division in types of sedimentary organic matter can be relevant for non-ionic organics, we 

considered in the model organic carbon as a unique sorbing phase.  

Factors influencing parameter value 

SPM in rivers can originate from different sources: endogeneous, bed resuspension and 

allochthonous. Three water regimes can indeed be distinguished: (i) low-water discharge, 

corresponding to low SPM levels; (ii) intermediate discharge and resuspension processes of materials 

from the river bed; (iii) high water discharge that corresponds to intensive erosion of the soils linked 

to running water flow and to the increase of the number of flood events. The organic fraction in SPM 

generally depends on the relative importance of these sources: for low SPM concentrations, the 

organic fraction in SPM is large and essentially phytoplanktonic; for higher SPM concentrations, the 

organic fraction is less abundant and essentially allochthonous (Veyssy et al. 200420). 

As for organic matter in water, different sources of Particulate Organic Carbon (POC) to sediments 

influence organic matter content. In lakes, for example, pelagic community processes influence the 

flux of organic matter to benthic communities. For higher flow rates conditions, organic fraction can 

essentially be allochthonous. 

Role in the model 

The exchanges of organic contaminants between Water and SPM, and between Pore water and 

Particles in sediment, are assumed to be at equilibrium and represented by Partition coefficients at 

equilibrium Kd_SPM_organic and Kd_sed_organic. Interaction of chemicals with particles are 

assumed to be governed by lipophilic sorption onto organic matter. The organic fraction in water and 

sediments, together with the K_oc parameter, allows calculating the partition coefficient at 

equilibrium Kd_SPM_organic and Kd_sed_organic. 

Database used for parameter estimation 

For the organic content in sediments f_OM_sed, a database was provided by EDF on French rivers 

(personal communication). This database contains 821 data collected between 1987 and 2007. 

For the organic content in SPM f_OM_SPM, measurements collected by Abril et al (2002)21 on nine 

European rivers (Sado, Douro, Gironde, Loire, Thames, Scheldt, Rhine, Ems, Elbe) and 19 campaigns 

were used. The campaigns presented by Abril et al (2002) represent 410 POC values.  

Parameter estimation type 

Statistical analysis of large database [X]   

Calibration [ ] 

                                                           
20

 Veyssy, E., H. Etcheber, et al. 1999. Seasonal variation and origin of particulate organic carbon in the lower Garonne river 
at la Reole. Hydrobiologia 391: 113-126. 
21

 Abril G., Nogueira M., Etcheber H., Cabeçadas G., Lemaire E., Brogueira M. J., 2002.  Behaviour of Organic Carbon in Nine 
Contrasting European Estuaries.  Estuarine, Coastal and Shelf Science (2002) 54, 241–262 
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Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

For the organic content in sediments f_OM_sed, the data contained in the database presented above 

were fitted according to a log-normal distribution (Figure 14). 

 

 
Figure 14 – Distribution of Organic matter content in sediments from the EDF database (personal 

communication) 

For the organic content in SPM f_OM_SPM, the measurements collected by Abril et al (2002) (or 

taken from previous studies and reported in this latter paper) are reported in Table 4. These data 

were fitted according to a log-normal distribution.  

River POC (% SPM) 

Scheldt 11.2 

Rhine 5.7 

 5.6 

Gironde 3.0 

Thames 6.0 

Elbe 10.5 

 6.5 

Ems 4.5 

 7.0 

Sado 2.9 

 3.8 

Douro 11.9 

Loire 20.1 

 7.9 

Table 4 – Organic fraction in SPM in several European rivers (from Abril et al, 2002) 

Parameter default value and PDF 



 
 

56 

According to the approach described above, the default best estimate and PDF for the y_OC_sed and 

f_OM_SPM parameters are: 

Best estimate(f_OM_sed) = 0.034 

PDF(f_OM_sed) = LN(GM=0.034 ; GSD=2.24) (unitless) 

This PDF represents a significant variability for the f_OM_sed parameter; the 5th and 95th percentiles 

are 0.01 and 0.12 respectively and can be used as truncated values to avoid the sampling of extreme 

values. 

 

Best estimate(f_OM_SPM) = 0.066 

PDF(f_OM_sed) = LN(GM=0.066 ; GSD=1.52) (unitless) 

This PDF represents a significant variability for the y_OC_SPM parameter; the 5th and 95th percentiles 

are 0.03 and 0.13 respectively and can be used as truncated values to avoid the sampling of extreme 

values. 

 

5.3.2.4 Water-SPM partition coefficient (for Metals only) 

and 

5.3.2.5 Water-sediment partition coefficient (for Metals only) 

Physical/chemical/biological/empirical meaning 

The exchanges of contaminants between Water and Suspended Particulate Matter (SPM), and 

between Pore water and particles in sediment, are assumed to be at equilibrium and represented by 

Partition coefficients at equilibrium Kd_SPM_metal and Kd_sed_metal (also called Distribution 

coefficients). These parameters represent the concentration ratio between the particulate phase and 

the dissolved phase under equilibrium conditions. 

Factors influencing parameter value 

Kd_SPM_metal and Kd_sed_metal values may depend on many environmental factors and/or 

experimental conditions, such as:  

 pH. pH modifies the speciation of solid surface sites and the speciation of competitive ions in 

water. Adsorption to SPM and sediment particles can generally be represented by a sigmoid 

curve, with sudden increase in adsorption occurring over a narrow range of 1 to 2 pH units. 

The observed metal uptake behaviour can be interpreted in terms of interaction of dissolved 

metals with deprotonated sites on the surfaces of the SPM. The importance of pH in the 

choice of relevant Kd_SPM_metal and Kd_sed_metal is particularly crucial for elements that 

show steep slopes in the range of natural pH found in freshwaters (typically 6-7); 

 Equilibration time. Numerous studies have shown that the sorption of radioactive or metallic 

trace elements on natural particles resulted from several kinetic processes, involving rapid, 

but also slow processes (e.g. oxidation processes, inner sphere complexation and migration 

of cation in the clay structure); 
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 Nature of particles. Suspended matter gathers contrasted type of particles such as clay, 

carbonates, oxides and hydroxides, organic matter including living cells, such as 

phytoplankton. The partitioning of a given metal is highly dependent on the composition of 

the particulate pool. The degree of reversibility also highly depends on the distribution of the 

metal of concern among these different types of particulate ligands; 

 Concentration of complexing ligands and/or competitors in the dissolved phase. The 

concentration of complexing ligands and/or competitors in the dissolved phase (e.g. 

analogue ions or dissolved organic matter) largely influences the Kd_SPM_metal and 

Kd_sed_metal values. Experiments conducted in estuarine waters where significant salinity 

gradients are observed demonstrated the effect of ionic strength on Kd_SPM_metal values; 

 And other factors like biological activity. 

 

Role in the model 

Kd_SPM_metal and Kd_sed_metal allow to calculate the final state variables, i.e. the concentration 

of the contaminant in the dissolved and particulate phases respectively, in the water column and in 

the sediment. 

Database used for parameter estimation 

An extended literature review of Kd_SPM_metal and Kd-sed_metal values was conducted by Allison 

and Allison (2005). They selected experimental values collected in the literature according to several 

filtering criteria: (i) data from studies using pure mineral phases were rejected and only data 

obtained on “whole” natural media were accepted; (ii) for surface water systems, only data obtained 

at low salinity (freshwater preferred) were accepted; (iii) only data obtained at low total metal 

concentrations (i.e. at usual natural concentrations) were accepted; (iv) partition coefficient 

corresponding to the conditions most closely approximating natural conditions (e.g. pH, no organic 

chelates in the extractant, etc) were preferred.   

Approximately 245 articles and reports were copied and reviewed. A total of 1170 individual Kd 
values were obtained from these sources, either directly or calculated from reported media 

concentrations. 

Parameter estimation type 

Statistical analysis of large database [X]   

Calibration [ ] 

Extrapolation [ ] 

Expert elicitation [X] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [X] 

Perfect information [ ] 

Parameter estimation description 

Allison and Allison (2005) conducted a statistical analysis of the Kd_SPM_metal and Kd_sed_metal 

database they built from a comprehensive literature review.  
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For a particular metal in a particular medium, the degree to which the literature sample is truly 

representative of the population of metal partition coefficients is dependent on the number of 

sample points, the actual variability of important medium properties that influence partitioning (pH, 

concentration of sorbing phases, etc.), and how well this variability is represented in the sample. In 

some cases, it was necessary to eliminate data points from the literature sample to avoid obvious 

bias. Statistical tests were performed to determine the shape of the frequency distribution of Kd
 
for 

each metal and media-type (normality test on log-transformed data).  

In some cases however, there were too few representative data points in the sample to have 

confidence in the descriptive statistics. In these cases, three methods were used to augment the 

available data in estimating the mean, standard deviation, and minimum and maximum K
d 

values. 

The three methods were: 

 Estimation from linear regression equations developed from the literature samples. Of the 

metals for which literature data were retrieved characterizing Kd in soil, sediment, and 

suspended matter, a great majority of them exhibited a progression of decreasing affinity for 

sorption material in the order suspended matter > sediment > soil. In addition, a somewhat 

consistent progression in Kd
 
magnitude for metals within the three natural media was noted. 

These trends were exploited to provide an estimate of Kd
 
for a given metal in one medium if 

its value in another medium is available. For example, the literature data provided a 

reasonable number of Kd values in soils and suspended matter for the nine metals Ag, Cd, 

Co, Cr(III), Cu, Hg, Ni, Pb, and Zn. For each of these metals, the mean value of Kd 
 
in soil was 

in the neighborhood of two orders of magnitude less than the mean value in suspended 

matter. This trend was characterized more exactly by developing a linear regression 

equation. The regression equation was then used to estimate mean Kd 
 
values for metals for 

which the literature provided an estimate of mean K
d 

in soil, but not in suspended matter. In 

a similar manner, linear regression equations were developed to estimate the mean K
d 

in 

sediment from the literature estimate of mean K
d 

in soil or suspended matter. 

 Estimation from the results of geochemical speciation modeling. Geochemical speciation 

modeling was used to estimate soil/water partitioning if data-based regression equations 

could not be used. The partitioning of metal cations between DOC and the inorganic portion 

of the solution phase was estimated by the U.S. EPA geochemical speciation model 

MINTEQA2. 

 When neither the regression equations nor MINTEQA2 could reasonably be used to estimate 

a needed mean Kd value, the mean value was estimated subjectively using expert judgment. 

Factors considered in this process included any values obtained from our literature survey, 

reported mean values or ranges from previous compilations, similarities of behavior among 

metals, and qualitative statements from articles and reports. 

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the Kd_SPM_metal 

and Kd_sed_metal parameters are: 

Chemical Parameter estimation 
Method  

Number 
of data 

Best estimate PDF Confidence 
level 

Ag from literature data 9 0.16 LN(GM=0.16 ; GSD=3.98) moderate 
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As
22

 from literature data 25 7.9.10
-3

 LN(GM=7.9.10
-3 

; GSD=3.16) moderate 

Ba from literature data 14 10
-2

 LN(GM=10
-2

 ; GSD=2.51) moderate 

Be from literature data 17 1.6.10
-2

 LN(GM=1.6.10
-2

 ; GSD=5.01) moderate 

Cd from literature data 38 7.9.10
-2

 LN(GM=7.9.10
-2

 ; GSD=3.98) high 

Co from literature data 20 6.3.10
-2

 LN(GM=6.3.10
-2

 ; GSD=6.31) high 

Cr (III) from literature data 25 0.13 LN(GM=0.13 ; GSD=2.51) moderate 

Cr (VI) from Kd_soil regression  1.6.10
-2

 LN(GM=1.6.10
-2

 ; GSD=3.16) low 

Cu from literature data 42 5.10
-2

 LN(GM=5.10
-2

 ; GSD=2.51) high 

Mo from Kd_soil regression  2.5.10
-2

 LN(GM=2.5.10
-2

 ; GSD=10) low 

Ni from literature data 25 2.5.10
-2

 LN(GM=2.5.10
-2

 ; GSD=2.51) high 

Pb from literature data 38 0.5 LN(GM=0.5 ; GSD=2.51) high 

Sb from Kd_soil regression  6.3.10
-2

 LN(GM=6.3.10
-2

 ; GSD=3.16) low 

Se (IV) from Kd_soil regression  2.5.10
-2

 LN(GM=2.5.10
-2

 ; GSD=2.51) low 

Se (VI) from Kd_soil regression  6.3.10
-3

 LN(GM=6.3.10
-3

 ; GSD=10) low 

Sn from Kd_soil regression  6.3-10
-3

 LN(GM=6.3-10
-3

 ; GSD=6.31) low 

Ti from Kd_soil regression  1.25.10
-2

 LN(GM=1.25.10
-2

 ; GSD=10) low 

V Best estimate from 
literature data; PDF 
from expert judgment 

5 5.10
-3

 LN(GM=5.10
-3

 ; GSD=3.98) weak 

Zn from literature data 47 0.1 LN(GM=0.1 ; GSD=3.16) high 

Table 5 – Best estimates and PDFs of Kd_SPM_metal (in m3.g-1) proposed for metals included in the 
MERLIN-Expo model (from Allison and Allison, 2005) 

 
 

Chemical Parameter estimation 
Method  

Number 
of data 

Best estimate PDF Confidence 
level 

Ag Mean from Kd_soil 
regression; range from 
literature data 

 4.10
-3

 LN(GM=4.10
-3 

; GSD=12.6) weak 

As
23

 from literature data  2.5.10
-4

 LN(GM=2.5.10
-4 

; GSD=5) moderate 

Ba from Kd_SPM regression 14 3.2.10
-4

 LN(GM=3.2.10
-4 

; GSD=6.3) weak 

Be from Kd_SPM regression 17 6.3.10
-4

 LN(GM=6.3.10
-4 

; GSD=79) weak 

Cd from literature data 14 2.10
-3

 LN(GM=2.10
-3 

; GSD=63) high 

Co from Kd_soil regression  1.3.10
-3

 LN(GM=1.3.10
-3 

; GSD=10) weak 

Cr (III) from Kd_soil regression  7.9.10
-2

 LN(GM=7.9.10
-2 

; GSD=31.6) low 

Cr (VI) from Kd_soil regression  5.10
-5

 LN(GM=5.10
-5 

; GSD=25.1) low 

Cu from literature data 12 7.9.10
-3

 LN(GM=7.9.10
-3 

; GSD=50) high 

Mo Mean from literature 
data; range from Kd_soil 
regression 

 3.2.10
-3

 LN(GM=3.2.10
-3 

; GSD=6.3) low 

Ni Mean from Kd_soil 
regression; range from 
literature data 

 3.2.10
-4

 LN(GM=3.2.10
-4 

; GSD=63) weak 

Pb from literature data 14 4.10
-2

 LN(GM=4.10
-2 

; GSD=79) high 

Sb from literature data  4.10
-3

 LN(GM=4.10
-3

;GSD=63) low 

Se (IV) Mean from literature 
data; range from expert 
judgment 

 4.10
-3

 LN(GM=4.10
-3 

; GSD=16) low 

Se (VI) from Kd_soil regression  4.10
-6

 LN(GM=4.10
-6 

; GSD=16) low 

Sn from Kd_soil regression  5.10
-3

 LN(GM=5.10
-3

; GSD=5) moderate 

Ti from Kd_soil regression  2.10
-5

 LN(GM=2.10
-5 

; GSD=12.6) low 

V from Kd_SPM regression  1.3.10
-4

 LN(GM=1.3.10
-4 

; GSD=7.9) low 

                                                           
22

 Metal partitioning data don’t allow differentiation of As(III) and As(V). Data include results for both oxidation states. 
23

 Metal partitioning data don’t allow differentiation of As(III) and As(V). Data include results for both oxidation states. 
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Zn from literature data 13 1.3.10
-2

 LN(GM=1.3.10
-2 

; GSD=40) high 

Tableau 6 – Best estimates and PDFs of Kd_sed_metal (in m3.g-1) proposed for metals included in 
the MERLIN-Expo model (from Allison and Allison, 2005) 

 

For several metals, especially for the Kd_sed parameter, the uncertainty represented by the PDFs 

presented above is high. To improve the assessment, end-users must then check the relevance of 

these values for their own case study and if possible inform the model with site-specific Kd 

estimations derived from monitoring data. 

 

5.3.3 Parameters related to physical exchanges between SPM and sediments 

5.3.3.1 Settling velocity of particles (W_s) 

Physical/chemical/biological/empirical meaning 

Settling is the process by which particles settle to the bottom of a liquid and form sediment. There 

are two main forces enacting upon any particle that is considered individually in water: gravity, and a 

drag force that is due to the motion of the particle through water. Gravity is not affected by the 

particle's velocity, whereas the drag force is a function of the particle velocity. For a particle at rest 

no drag force will exhibited, which causes the particle to accelerate due to the applied force. When 

the particle accelerates, the drag force acts in the direction opposite to the particle's motion, 

retarding further acceleration. As the particle increases in velocity the drag force and the applied 

force will approximately equate, causing no further change in the particle's velocity. This velocity is 

known as the settling velocity of the particle.  

Factors influencing parameter value 

The settling velocity of the particle is affected by many parameters, i.e. anything that will alter the 

particle's drag. Hence the terminal velocity is most notably dependent upon particle size, the shape 

(roundness and sphericity) and density of the particle, as well as to the viscosity and density of the 

fluid. Particles which interact with chemicals are also cohesive and thus form aggregates (mud flocs) 

characterized by size and settling velocity potentially quite different of the individual particles. 

Role in the model 

In the River model, the W_s parameter is used to calculate the state variable ‘Deposition flux of 

particles (F_d)’ 

Database used for parameter estimation 

A database containing W_s values obtained by different experimental methods was built (see 

Appendix 1). Several experimental methods are possible for estimating W_s values, e.g. use of 

sediment traps; measurements of vertical gradients of SPM and application of the Rouse profile; 

flume experiments; long-term monitoring of SPM concentrations in a river. All these methods were 

indifferently used here without considering any hierarchy among them. 

Parameter estimation type 

Statistical analysis of large database [ ]  

Calibration [ ]  

Extrapolation [ ] 

http://en.wikipedia.org/wiki/Drag_%28physics%29
http://en.wikipedia.org/wiki/Limit_%28mathematics%29
http://en.wikipedia.org/wiki/Particle_size
http://en.wikipedia.org/wiki/Viscosity
http://en.wikipedia.org/wiki/Density


 
 

61 

Expert elicitation [ ] 

Bayesian approach [X] 

QSAR or read-across [ ] 

Mechanistic model [X] 

Perfect information [ ] 

Parameter estimation description 

Two alternative approaches can be considered for determining a value for the W_s parameter: 

 for non cohesive particles at low concentrations, W_s can be calculated by the Stokes law 

which describes the settling velocity of uniform small spheres in the viscous Reynolds 

number regime, i.e. 

  if then1
dW wc ,

..
Re 


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..
.86400
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where: 

o cW : settling velocity of particles (m d−1); 

o g: gravitational acceleration (9.8 m.s-2); 
o d: diameter of a particle (m); 

o e : excess density (or effective density), equivalent to wfe   where f  and 

w  being the sphere and water densities respectively (kg.m-3); 

o  : dynamic molecular viscosity of water (kg.m-1.s-1) (10-3 Pa.s at 20°C, equivalent to 

10-3 kg.m-1.s-1). 

If information is available about the density and granulometry (i.e. mean diameter) of the 

SPM at the investigated site, the Stokes maw can give an estimation of the W_s parameter. 

 particles which are of interest for the interaction with chemicals are however cohesive and 

thus form aggregates (mud flocs) characterized by size and settling velocity potentially quite 

different of the individual particles. In these conditions, it can be more relevant to determine 

W_s estimates by in situ measurements. 

None of these two alternatives can however be considered more robust because they both present 

strengths and weaknesses: 

 the theoretical approach allows to focus the analysis of a specific range of particle diameter 

that is considered the most relevant one for the transport of chemicals. It is indeed 

recognized that natural SPM is a mixture of fine and coarse particles and that chemicals 

present more affinity for the finest ones. Instead of estimating a global settling velocity of 

SPM that would incorporate particles poorly relevant for chemical transport, the theoretical 

approach focuses the parameterization on a relevant granulometric spectrum. Several 

factors influencing particles settling are however ignored like aggregates formation (mud 

flocs) (Lick and McNeil 2001; Lau et al. 2001); 

 experimental data are representative of complex natural systems that show a large range of 

particles and hydraulic conditions. However, they also include coarse particles that are porrly 

relevant for chemical interactions. 

Considering this background, the default best estimates and PDF proposed in the River model were 

derived by merging these two approaches through a two-step Bayesian approach: 
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1. a prior PDF was based on theoretical background, allowing to relate settling velocities of 

uniform spheres to their dimension and density (Stokes law). A theoretical prior PDF was 

thus built by considering a typical range of particles diameters found in freshwaters and 

carrying pollutants (from 0.45 m (classically considered as the frontier between particulate 

and dissolved forms) to 63 m (classically considered as the frontier between fine and coarse 

particles respectively), with a mode at 20 m), and typical particles density (2.65 kg.m-3, 

according to the average value defined in Hall et al, 1977).  

2. a posterior PDF was calculated by incorporating settling velocities of natural mixed particles, 
which were measured during in situ experiments. A direct Bayesian method was then used to 
define the posterior PDF, which constitutes the default PDF proposed by the 2-FUN 
approach.  

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the W_s 

parameter are: 

Best estimate(W_s) = 6.6 m.d-1 

PDF(W_s) = LN(GM=6.6 ; GSD=4.6) (in m.d-1) 

 

5.3.3.2 Manning’s coefficient n_Ma 

Physical/chemical/biological/empirical meaning 

Several empirical relationships were proposed to relate the bed shear stress and the flow 

characteristics, i.e. velocity and river depth. The most common relationship is those of Manning-

Strickler because it is valid over a wide range of flow rates and roughness; this relationship is based 

on a empirically derived coefficient called Manning’s coefficient (inverse of the Strickler’s 

coefficient). 

Factors influencing parameter value 

The Manning coefficient is an empirically derived coefficient, which is dependent on many factors, 

including surface roughness and sinuosity. 

Role in the model 

In the River model, the n_Ma parameter is used to calculate the state variable ‘Bed shear stress (tau)’ 

Database used for parameter estimation 

No specific database was built or consulted for the n_Ma parameter. 

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ]   

Extrapolation [ ] 

Expert elicitation [X] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

http://en.wikipedia.org/wiki/Sinuosity
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Parameter estimation description 

Common ranges of the Manning’s coefficient (or of its inverse, the Strickler’s coefficient) are 

available in the literature for different bed surfaces (e.g. 

http://www.fsl.orst.edu/geowater/FX3/help/8_Hydraulic_Reference/Mannings_n_Tables.htm) 

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the n_Ma 

parameter are: 

Best estimate(n_Ma) = 0.045 m1/3
.s

-1 

PDF(n_Ma) = U(min=0.02 ; max=0.07) (in (m1/3
.s

-1
) 

 

 

5.3.3.3 Critical shear stress for deposition and resuspension 

Physical/chemical/biological/empirical meaning 

There is general agreement that bottom shear stress exerted by currents is the dominant force 

causing deposition and resuspension of particles. Even if several mathematical formulations were 

proposed to simulate deposition and resuspension process, they are all based on two parameters 

called ‘Critical shear stress for deposition’ and ‘Critical shear stress for resuspension’ (or erosion 

critical shear stress). The definition of the latter parameter is however partially ambiguous (Sanford 

and Maa, 2001). It can be defined as the stress at which initiation of motion first occurs, or at which 

significant erosion occurs, tec. These differences in interpretation can lead to significant differences 

in derived parameters.  

Factors influencing parameter value 

Critical shear stress for deposition and Critical shear stress for resuspension are influenced by site-

specific characteristics like particle size distribution, particle density, cohesiveness, water content 

and biological disturbance or binding. 

Role in the model 

In the River model, the tau_d and taur parameters are used to calculate the state variables 

‘Deposition  flux of particles (F_d)’ and ‘Resuspension  flux of particles (F_r)’ 

Database used for parameter estimation 

A database containing tau_d and tau_r values obtained by different experimental methods was built 

(see Appendix 1). Several experimental methods are possible for estimating tau_d and tau_r values, 

e.g. flume or erosion chamber experiments; long-term monitoring of SPM concentrations in a river; 

in situ measurements of bed strength. All these methods were indifferently used here without 

considering any hierarchy among them. 

Parameter estimation type 

Statistical analysis of large database [X]  

Calibration [ ]  

Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [X] 
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QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

Given the small number of available data, a log-triangular PDF was chosen to represent the 

uncertainty of these parameters. The minimum and maximum values are those experimentally 

observed 

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the tau_r 

parameter are: 

Best estimate(tau_d) = 0.14 N.m-2 

PDF(tau_d) = LT(min=0.05 ; mode=0.14; max=0.4) (in m.d-1) 

 

Best estimate(tau_r) = 0.32 N.m-2 

PDF(tau_r) = LT(min=0.1 ; mode=0.32; max=1) (in m.d-1) 

 

 

5.3.3.4 Maximum erosion rate 

Physical/chemical/biological/empirical meaning 

The quantity of sediments that can be resuspended by unit time is assumed to be limited. This 

limitation is expressed by the Maximum erosion rate e_max (expressed in g particles.m-2.d-1).   

Factors influencing parameter value 

Similarly to the critical shear stress for resuspension, the maximum erosion rate is highly influenced 

by site-specific characteristics like particle size distribution, particle density, cohesiveness, water 

content and biological disturbance or binding. Because these properties are poorly know, the 

maximum erosion rate is generally a calibration parameter of the sediment transport model that is 

used for a specific site. 

Role in the model 

In the River model, the e_max parameter is used to calculate the state variable ‘Resuspension flux of 

particles (F_r)’ 

Database used for parameter estimation 

A database containing e_max values obtained by different experimental methods was built (see 

Appendix 1). Several experimental methods are possible for estimating e_max values, e.g. portable 

annular flume experiments or erosion device, flume experiments, long-term monitoring of SPM 

concentrations in a river and calibration. All these methods were indifferently used here without 

considering any hierarchy among them. 

Parameter estimation type 

Statistical analysis of large database [X]  
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Calibration [ ]  

Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

The data contained in the database presented above were fitted according to a log-normal 

distribution. 

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the e_max 

parameter are: 

Best estimate(e_max) = 2670 gpart.m-2.d-1 

PDF(e_max) = LN(GM=2670 ; GSD=5.4) (in gpart.m-2.d-1) 

Because the e_max parameter is highly site-dependent, it shows a high variability. To improve the 

assessment, end users must then check the relevance of these values for their own case study. 

 

5.3.3.5 Sediment consolidation rate 

Physical/chemical/biological/empirical meaning 

The sediment consolation rate simulates the fact that resuspension becomes more limited for deeper 

consolidated sediment layers. Multiplied to the sediment concentration per unit surface (expressed 

in g particles.m-2), it allows to calculate an erosion rate (expressed in g part.m-2.d-1) that is dependent 

on the quantity of remaining sediment: when the sediment concentration decreases (i.e. when the 

superficial layers are already resuspended), the erosion rate decreases because deeper layers are 

consolidated. The sediment consolidation rate is in agreement with the resuspension Type I models 

that consider decreasing erosion rates with sediment depth. 

Factors influencing parameter value 

The sediment consolidation rate is highly influenced by site-specific characteristics like sediment bulk 

density, water content and particles size.  

Role in the model 

In the River model, the W_s parameter is used to calculate the state variable ‘Resuspension flux of 

particles (F_r)’ 

Database used for parameter estimation 

Literature references regarding the consolidation rate are poor. Values are then extracted from one 
paper only, i.e. Sanford and Maa (2001)24. These latter proposed an erosion model that considers 
decreasing erosion rates with sediment depth, in agreement with the present model. Parameter 
values were converted in relevant units. 

                                                           
24

 Sanford LP, Maa J, 2001. A unified erosion formulation for fine sediments. Marine Geology 179: 9-23 
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Parameter estimation type 

Statistical analysis of large database [ ]  

Calibration [ ]  

Extrapolation [ ] 

Expert elicitation [X] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

See above 

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the 

lambda_consolidation parameter are: 

Best estimate(lambda_consolidation) = 5.10-3 d-1 

PDF(lambda_consolidation) = U(min=3.10-3  ; max=8.10-3) (in d-1) 

 

 

5.3.4 Parameters related to diffusion between water and sediment 

porewater 

5.3.4.1 Porosity of sediment 

Physical/chemical/biological/empirical meaning 

Sediment is a biphasic media, with particles and water. The porosity represents the fraction of 

sediment volume occupied by water.  

Factors influencing parameter value 

Sediment porosity essentially depends on particles granulometry, sediment consolidation and 
deposition history.  

Role in the model 

In the River model, the n_Ma parameter is used to calculate the state variable ‘Mass transfer 

coefficient at the surface water-sediment interface’ (D_fw_sed_diff) 

Database used for parameter estimation 

No specific database was built or consulted for the n_Ma parameter. 

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ]   

Extrapolation [ ] 

Expert elicitation [X] 

Bayesian approach [ ] 
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QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

Komura et Simmons (1967)25 ont proposé une formule empirique pour le calcul de la porosité des 

sédiments de fond : 

  210

50d10

08640
2450sedPhi

.
.

.
._   

with 50d  mean diameter of sediments (in mm).  

If we consider that sediment mainly contain sand particles varying from 0.5 to 10 mm, the previous 

equation allows calculating a PDF for Phi_sed. 

 

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the Phi_sed 

parameter are: 

Best estimate(Phi_sed) = 0.37  

PDF(Phi_sed) = U(min=0.33 ; max=0.41) 

 

5.3.4.2 Boundary layer thickness below sediment 

Physical/chemical/biological/empirical meaning 

The diffusive boundary layer represents the interface zone between water and sediment when there is a 

relative movement. It is generated by the fluid viscosity: when a fluid runs along a fixed wall, the velocity at the 

wall is zero while it is the flow velocity at a distance where no influence occurs. Velocity varies from zero to a 

maximum and the distance separating these velocities defines the boundary layer below sediment.   

Factors influencing parameter value 

The boundary layer thickness below sediment Delta_w is inversely dependent of the spatial mean 
water velocity in the water column and depends on the bed roughness.  

Role in the model 

The boundary layer thickness below sediment Delta_w and the boundary layer thickness above 

sediment Delta_sed are used to calculate the diffusive exchange at the sediment-water interface. 

Database used for parameter estimation 

In theory, the boundary layer thickness below sediment Delta_w can be estimated from water 
velocity and interface roughness. For example, Sorensen (2001) defines the relationship between the 
boundary layer thickness below sediment and the flow velocity according to Figure 15. It is however 
difficult to define the value of this parameter for a specific natural system because water velocity and 
bed roughness highly vary in time and space. 
 
  
 

                                                           
25

 Komura, S., Simmons, D.B. ,1967, River bed degradation below dams, Journal of Hydraulic Division, ASCE, 93(4):1-13. 
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Figure 15 - Relationship between the boundary layer thickness below sediment and the flow 

velocity (from Sorensen, 2001) 

 

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ] 

Extrapolation [ ] 

Expert elicitation [X] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

The range of values generally found for common flow velocities and represented in Figure 15 were 

used to estimate the parameter value. 

Parameter default value and PDF 

Considering the values presented in Figure 15, the boundary layer thickness below sediment is 

represented by an uniform distribution. 

Best estimate(Delta_w) = 5.5.10-4 (m) 

PDF(Delta_w) = U(min=5.10-5; max=10-3) 

 

5.3.4.3 Boundary layer thickness above sediment 

Physical/chemical/biological/empirical meaning 

The diffusive boundary layer represents the interface zone between water and sediment when there is a 

gradient of concentration within the sediment.   

Factors influencing parameter value 
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The boundary layer thickness below sediment Delta_w depends on sediment properties like porosity, 
bulk density, etc, as well as on bioturbation.  

Role in the model 

The boundary layer thickness above sediment Delta_sed and the boundary layer thickness above 

sediment Delta_sed are used to calculate the diffusive exchange at the sediment-water interface. 

Database used for parameter estimation 

Sediment-side data related to diffusion are often difficult to interpret due to natural sediment 
heterogeneity (e.g., small-scale variations in porosity and grain size). Variations in sediment chemical 
levels are generally site specific because of sediment heterogeneity, while more uniform 
concentrations are maintained by lateral advection and mixing in the water column, which provide 
an averaging effect on localized influences (O’Connor and Hondzo 2008). Only poor data are then 
available about the boundary layer thickness above sediment. Most of the data are related to O2 or 
nutrient diffusion in sediment rather than to trace elements. By default, data monitored for O2 were 
then used to define values for this parameter. In particular, Bryant et al (2010) determined the 
sediment-side boundary layer for several sediments from high-resolution profile microsensors and 
found a range varying from 1 to 9 mm.  

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ] 

Extrapolation [ ] 

Expert elicitation [X] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

Orders of magnitude given from experiments related to O2 were used to propose a best estimate 

and a PDF from expert judgement. 

Parameter default value and PDF 

The boundary layer thickness above sediment is represented by an uniform distribution. 

Best estimate(Delta_sed) = 5.10-4 (m) 

PDF(Delta_sed) = U(min=1.10-4; max=9.10-4) 

 

5.3.4.4 Diffusion coefficient of oxygen in water 

Physical/chemical/biological/empirical meaning 

The diffusion coefficient of oxygen in water (expressed in m
2
.d

-1
) represents the velocity of oxygen to diffuse in 

water.  

Factors influencing parameter value 

The diffusion coefficient of oxygen in water D_O2_water is influenced by temperature and is classically 

determined at 25°C. 

Role in the model 
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The diffusion coefficient of oxygen in water is used to calculate the diffusive exchange at the 

sediment-water interface. The diffusion coefficient of the contaminant in pure water is indeed 

assumed to be proportional to the diffusion coefficient of dioxygen in water, the proportionality 

factor depending on the molar mass of the contaminant. 

Database used for parameter estimation 

The diffusion coefficient of oxygen in water was determined by several Structure-Property 

relationships that are reported in several Handbooks of chemistry. Some of them are reported in , 

with the indication of the range calculated from the mean and standard deviation indicated in each 

source.  

Reference min(D_O2_water) (in m
2
.d

-1
) max(D_O2_water) (in m

2
.d

-1
) 

Wilke et Chang, 1955 1.65.10
-4

 2.01.10
-4

 

Wilke et Chang, 1955 1.55.10
-4

 1.85.10
-4

 

Thibodeaux, 1996 1.8.10
-4

 1.88.10
-4

 

Hayduk et Laudie, 1974 1.59.10
-4

 1.8.10
-4

 

Hayduk et Minhas, 1982 1.35.10
-4

 1.65.10
-4

 

Othmer et Thakar (in Hayduk and Laudie,  1974) 1.62.10
-4

 1.83.10
-4

 

Table 7 - Diffusion coefficient of oxygen in water was determined by several Structure-Property 
relationships 

 

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ] 

Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [X] 

Parameter estimation description 

Perfect information. 

Parameter default value and PDF 

Considering the low uncertainty of this parameter, it is considered to be a perfect information. The 

default best estimate for the D_O2_water parameter is: 

Best estimate(D_O2_water) = 1.8.10-4 (m2.d-1) 

 

5.3.4.5 Molar mass of the contaminant 

and 

5.3.4.6 Molar mass of dioxygen 

Physical/chemical/biological/empirical meaning 

The molar mass of each contaminant and oxygen are perfect information determined by the molecular 

formula.  
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Factors influencing parameter value 

Perfect information. 

Role in the model 

The molar mass of the contaminant and those of oxygen are used to calculate the diffusive exchange 

at the sediment-water interface. The diffusion coefficient of the contaminant in pure water is indeed 

assumed to be related to the ratio between the molar mass of the contaminant and the molar mass 

of dioxygen. 

Database used for parameter estimation 

The molar mass of each contaminant and oxygen are perfect information determined by the 

molecular formula. 

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ] 

Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [X] 

Parameter estimation description 

Perfect information. 

Parameter default value and PDF 

The molar mass of several key substances is presented in Table 8. The molar mass of dioxygen is 32 

g.mol-1. The selection of these key substances is justified in Appendix 2. 

 

Chemical class Substance Molar mass (g.mol
-1

) 

PAH Anthracene 178 

 Benzo(a)pyrene 252 

 Benzo(b)fluoranthene 252 

 Benzo(k)fluoranthene 252 

 Fluoranthene 202 

 Naphtalene 128 

PCB PCB28 257.5 

 PCB 52 292 

 PCB101 326.5 

 PCB118 326.5 

 PCB138 361 

 PCB153 361 

 PCB180 503.5 

Pesticides Alachlor 269.5 

 Atrazine 215.5 

 Chlordane 410 

 Chlorpyrifos 350.6 

 DDT 354.5 

 Dieldrin 358.5 

 Diuron 233 
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 Endosulfan 407.1 

 Hexachlorocyclohexane 291 

 Isopruturon 206 

 Malathion 447.2 

 Parathion 291.1 

 Pentachlorophenol  266.5 

Brominated flame 
retardants  

Pentabromo diphenylether 564.5 

 Hexabromobiphenyl  627.4 

VOCs Benzene 78 

 1,2-Dichloroethane  99 

 Dichloromethane  85 

 Hexachlorobenzene (HCB)  285 

 Hexachlorobutadiene  261 

 Pentachlorobenzene  250.5 

 Trichlorobenzene 181.5 

 Trichloromethane (chloroform)  119.5 

Phthalate Dibutylphthalate (DBP) 276 

 Di(2-ethylhexyl)phthalate (DEHP)  390 

Dioxins 2,3,7,8-TCDD 322 

 1,2,3,7,8-PeCDD 356.5 

 1,2,3,7,8-HxCDD 391 

Phenols - 
Alkylphenols  

2,4,6-tri-tert-butylphenol  
 

262 

 Nonylphenol 220 

 2-Octylphenol 206 

Table 8 – Molar mass of selected substances 

 

5.3.4.7 Diffusion coefficient in pure water (only for Metals) 

Physical/chemical/biological/empirical meaning 

The Diffusion coefficient of the contaminant (metal) in water (D_water_metal; expressed in m
2
.d

-1
) represents 

its velocity to diffuse in water.  

Factors influencing parameter value 

The diffusion coefficient in water D_ water_metal is influenced by temperature and is classically determined at 

25°C. 

Role in the model 

The mass transfer coefficient at the surface water-sediment interface is calculated from the Diffusion 

coefficient in pure water. 

Database used for parameter estimation 

The Diffusion coefficient of each metal is a perfect information. For some metals, data are available 

in chemical handbooks26. For other metals, especially those which are not divalent cations, data are 

not available, but the order of magnitude is similar to those of pure water (i.e. 9.6.10-5 m2.d-1) and 

this approximation is considered here.  

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ] 

                                                           
26

 e.g. Handbook of Chemistry and Physics, 2008-2009, CRC Press 
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Extrapolation [ ] 

Expert elicitation [X] 

Bayesian approach [ ] 

QSAR or read-across [ ] 

Mechanistic model [ ] 

Perfect information [X] 

Parameter estimation description 

Perfect information. 

Parameter default value and PDF 

The Diffusion coefficient of metals in water is presented in Table 9.  

Chemical Diffusion coefficient in water 

Ag 9.6.10
-5

 

As 9.6.10
-5

 

Ba 9.6.10
-5 

Be 9.6.10
-5 

Cd 6.2.10
-5

 

Co 9.6.10
-5

 

Cr 5.1.10
-5

 

Cu 6.2.10
-5

 

Mo 9.6.10
-5 

Ni 9.6.10
-5 

Pb 8.2.10
-5

 

Sb 9.6.10
-5 

Se 9.6.10
-5 

Sn 9.6.10
-5 

Ti 9.6.10
-5 

V 9.6.10
-5 

Zn 6.1.10
-5

 

Table 9– Best estimates D_water_metal (in m
2
.d

-1
) proposed for metals included in the MERLIN-Expo model 

 

 

5.3.5 Parameters related to diffusion between water and atmosphere 

5.3.5.1 The Henry’s law constant  

Physical/chemical/biological/empirical meaning 

The Henry’s law constant represents the ration between vapour pressure and solubility of the 
chemical, corrected by temperature. It describes the capability of the chemical substance to partition 
between air and water in a binary system. It is expressed here in Pa.m3.mol-1. When divided by the 
gas constant R and by temperature, the adimensional Henry’s law constant is obtained.  

The Henry’s constant can also be defined in the literature as: KH = ca/pg, where ca is the substance 
concentration in aqueous phase and pg the partial pressure in the gaseous phase. The relationship 
between H and KH is given by:  H = pg/xa = ρH2O / (MH2Ox KH), where xa is the molar ratio in the 
aqueous mixture, ρH2O the water density and MH2O the molar mass of water. Under the 
terminology ‘Henry’s constant’, both types of values can be found in the literature.  
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Henry’s Law constants are often converted to dimensionless air/water partition coefficients by 
invoking the ideal gas law: 

RT

H
Kaw  , where R is the universal gas constant and T is the system temperature (°K). 

 

Factors influencing parameter value 

The Henry’s law constant is dependent on the temperature. Values are generally estimated for 25°C. 

The Henry’s law constant typically increases with increasing temperature and is calculated according 

to the Van’t Hoff equation often used to model the temperature dependence.  

Role in the model 

The Henry’s law constant is used to calculate the diffusive exchange at the atmosphere-water 

interface. 

Database used for parameter estimation 

See Paragraph  Parameter estimation description 

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ] 

Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [ ] 

QSAR or read-across [X] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

Because experimental data for the Henry’s law constant H are not available for all chemicals in use, 

several correlations have been developed relating H to molecular descriptors like bond descriptors. 

Such correlations (called QSAR models) tend to be developed for specific groups or classes of 

chemicals and can therefore be adapted for some classes of chemicals only. We present here some 

of the QSAR models that can be used for estimating H values for a given chemical (Tableau 10Tableau 

12) (available in the ChemProp software). 

 Meylan and Howard (1991)27 developed a QSAR model for the estimation of Henry’s law 

constants based on 59 bond descriptors. The database for training is based on several 

chemical classes28. The model was fitted on 345 chemicals and validated on a independent 

dataset of 74 substances.  The 345-chemical data set contains a subset of 120 compounds 

that have both an experimentally measured Henry’s law constants and measured vapor 

                                                           
27

 Meylan W., Howard P., 1991. Bond contrlbution method for estimating Henry’s law constants. Environmental Toxicology 
and Chemistry, Vol 10, pp 1283-1293, 1991 

28
 Chemical classes in the Meylan’s database with indication of the number of chemicals: Alkanes 16 ; Alkenes 20 ; Alkynes 

7 ; Acids, aliphatic 6; Alcohols 18; Aldehydes 17; Esters 27; Ethers 16; Epoxides 2; Ketones 9; Halomethanes 22; Haloethanes 
20; Halopropanes 11; Halobutanes 9; Other haloalkanes 4; Haloalcohols 5; Haloalkenes 12; Aliphatic amines 13; Nitriles 5; 
Other aliphatic nitrogen compounds 11; Aliphatic sulfur compounds 8; Five-member aromatic rings 3; P yridines 12; 
Benzene and alkylated; benzenes 13; Halogenated benzenes 12; Anilines 3; Phenols 8; Biphenyls 3; Polyaromatics 13; Other 
aromatics 14; Pesticides 6 
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pressures and water solubilities. The standard deviation of the regression model is 0.46 log 

units.  

 Viswanadhan at al (1999)29 developed a QSAR model based on solvation free energy to 

estimate Henry’s law constants. Their method (ALOGS) used an extensive atom classification 

scheme and was fitted on a database containing 265 molecules with experimentally 

determined solvation free energies. The model was then tested on 27 molecules not present 

in the training set. The standard deviation of the regression model is 0.86 log units. 

 Abraham et al (1994)30 developed a model based on 5 molecular descriptors, i.e. the excess 

molar refraction, the dipolarity/polarizability, the effective hydrogen-bond acidity and 

basicity, and the McGowan characteristic volume. It was fitted on 408 gaseous compounds 

and the standard deviation of the regression model is 0.15 log units. 

 A model was developed by Kühne et al (2005)31 to estimate the temperature dependency of 

Henry's law constant in water for organic compounds from the 2D structure. Air/water 

partition enthalpies of 456 chemicals from various compound classes were fitted to 46 

substructure fragments. Application of  the model together with experimental 25°C data to a 

set of 462 compounds with 2119 experimental Henry's law constants at temperatures below 

20°C yields a standard error of 0.21 logarithmic units. The prediction capability is further 

evaluated using cross validation and permutation. 

 A read-across approach was developed by UFZ (personal communication; method is not 

published yet; details will not be disclosed before publication). The read-across set covers 

2354 compounds. Three models are proposed: (i) a Default model (n. of data=1409; 

rms=0.66); (ii) a High similarity model (n. of data=1127; rms=0.54); (iii) a Low similarity model 

(n. of data=2352; rms=1.23). Structurally similar compounds in a reference set are looked up 

via comparison of atom-centered fragments (ACF). The experimental values of the similar 

compounds are weighted by their similarity. The final result is a weighted average of 

different runs.  

Other models based on the estimation of both water solubility and vapor pressure are also available. 

The QSAR models that are indicated above are based on linear regressions fitted by ordinary least 

squares. Assuming identical, independent and normally distributed errors, the  in a QSAR prediction 

Log H can be defined as the predictive distribution by the predictive mean LogH  and standard error 

of predictions )(LogHSE : 

)(. LogHSEtLogHLogH 1kn ~  

                                                           
29

 Viswanadhan VN, Ghose AK, Singh UC, Wendoloski JJ 1999. Prediction of solvation free energies of small organic 

molecules. Additive-constitutive models based on molecular fingerprints and atomic constants. J. Chem. Inform. Comput. 

Sci. 39: 405-412 

30
 Abraham MH, Andonian-Haftvan J, Whiting GS, Leo A, Taft RS 1994. Hydrogen bonding. Part 34. The factors that influence 

the solubility of gases and vapors in water at 298 K, and a new method for its determination. J. Chem. Soc. Perkin Trans. 2 
1777-1791 

31
 Kühne R, Ebert R-U, Schüürmann G 2005. Prediction of the temperature dependency of Henry's Law constant from 

chemical structure. Environ. Sci. Technol. 39: 6705-6711 
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Where 1knt   is the student t-distribution with n-k-1 degrees of freedom, n is the number of data in 

the training set, k is the number of descriptors in the model (and k+1 is the intercept plus the 

number of descriptors). 

The QSAR models that are indicated above generally provide an estimation of the standard error of 

predictions )(LogHSE  by the Mean Squared error MSE. Since MSE is an expectation value, it is 

subject to estimation error that could be taken into account. The uncertainty on MSE can be 

calculated from a Bayesian point of view, assuming that the uncertainty of MSE has a scaled inverse 

Chi distribution. A re-analysis of raw data used in the training set would however be necessary to 

calculate this posterior distribution. Therefore, in the present model, the MSE uncertainty is not 

included and the standard error of predictions )(LogHSE  is assumed to be equal to the MSE value 

provided in each QSAR model description. 

 

Source Descriptors N. of data in the 
training set 

MSE )(. LogHSEt 1kn 
 - 5th

-

95
th

 percentile 

Meylan and 
Howard, 1991  

59 chemical bonds 345 (and 74 
compounds used 
in the prediction 

set) 

0.46  0.76 
 

Viswanadhan et 
al, 2006 

No information  265 (and 26 
compounds used 
in the prediction 

set) 

0.86   

Abraham et al, 
1999 

5 descriptors (excess molar 
refraction,dipolarity/polarizability, 
effective hydrogen-bond acidity and 
basicity, McGowan characteristic volume) 

408  0.15  0.25 

Kühne et al, 
2005 

46 substructure fragments.  456 0.21  0.34 

UFZ, personal 
communication 

Read-across 2354   

Table 11 – QSAR and read-across models available for calculating Henry’s law constant H 

 

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the LogH 

parameter are given for several key substances in Tableau 12. The selection of these key substances 

is justified in Appendix 2. All the calculations were computed on the ChemProp software that is freely 

available on request (http://www.ufz.de/index.php?en=6738).  

ChemProp gets a result for each compound separately, by applying the methods in the order listed 

below. The first valid result is accepted. Default order: 1 - Meylan and Howard; 2 - Viswanadhan et al, 

2006; 3 - Abraham et al, 1999. By comparison, the result obtained according to Kühne et al, 2005 and 

to UFZ (personal communication) is also given. The Meylan method is those that is proposed by 

default in the MERLIN-Expo tool. However, end-users are encouraged to run the ChemProp software 

with alternative methods (that are not reported comprehensively here) to check the concordance 

between several approaches and to evaluate the plausibility of estimations (see for example some 

discrepancies for pesticides in Tableau 12). 

http://www.ufz.de/index.php?en=6738
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Actually, the determination of the H parameter according to the relationship: 

)(.~ 1 LogHSEtLogHLogH kn   (see above) can be assimilated to a normal distribution when the 

degree of freedom of the Student distribution is high enough. This latter condition being verified in 

the consulted QSAR models, PDFs are defined as normal distributions. End-users can use the 5th and 

95th percentiles reported in Tableau 12 for defining the right PDFs in the MERLIN-Expo software. 

 

Chemical class Substance Model Best estimate 
– log10H 

5
th

-95
th

 percentile 
- log10H 

5
th

-95
th

 percentile – 
H (Pa.m

3
.mol

-1
) 

PAH Anthracene Meylan 0.71 -4.6.10
-2 

; 1.47 0.9;29.8 

  UFZ-Read-across 0.46   

 Benzo(a)pyrene Meylan -1.09 -1.85 ; -3.2.10
-1

 1.4.10
-2

 ; 4.7.10
-1

 

  UFZ-Read-across -0.87   

 Benzo(b)fluoranthene Meylan -1.09 -1.85 ; -3.2.10
-1

 1.4.10
-2

 ; 4.7.10
-1

 

  UFZ-Read-across -1.2   

 Benzo(k)fluoranthene Meylan -1.09 -1.85 ; -3.2.10
-1

 1.4.10
-2

 ; 4.7.10
-1

 

  UFZ-Read-across -1.2   

 Fluoranthene Meylan -7.6.10
-2

 -8.4.10
-1 

; 6.8.10
-1

 0.15 ; 4.8 

  UFZ-Read-across 4.4.10
-2

   

 Naphtalene Meylan 1.1 3.4.10
-1 

; 1.9 2.2 ; 73.1 

  UFZ-Read-across 1.27   

PCB PCB28 Meylan 1.23 4.7.10
-1 

; 2 3 ; 98.7 

  UFZ-Read-across 1.32   

 PCB 52 Meylan 1.1 3.4.10
-1 

; 1.9 2.2 ; 73.2 

  UFZ-Read-across 1.27   

 PCB101 Meylan 0.97 2.1.10
-1 

; 1.7 1.6 ; 54.2 

  UFZ-Read-across 1.15   

 PCB118 Meylan 0.97 2.1.10
-1 

; 1.7 1.6 ; 54.2 

  UFZ-Read-across 1.15   

 PCB138 Meylan 0.84 8.4.10
-2 

; 1.6 1.2 ; 40.2 

  UFZ-Read-across 0.8   

 PCB153 Meylan 0.84 8.4.10
-2 

; 1.6 1.2 ; 40.2 

  UFZ-Read-across 0.8   

 PCB180 Meylan 0.71 -4.6.10
-1 

; 1.5 0.9 ; 29.8 

  UFZ-Read-across 0.7   

Pesticides Alachlor Meylan -2.65 -3.4 ; -1.9 3.9.10
-4

 ; 1.3.10
-2

 

  UFZ-Read-across -2.08   

 Atrazine Meylan -3.35 -4.1 ; -2.6 7.8.10
-5

 ; 2.6.10
-3

 

  UFZ-Read-across -3.15   

 Chlordane Meylan 0.85 9.4.10
-2 

; 1.6 1.2 ; 41.1 

  UFZ-Read-across 0.9   

 Chlorpyrifos Meylan -0.6 -1.4 ; 1.6.10
-1

 4.4.10
-2

 ; 1.46 

  UFZ-Read-across -0.38   

 DDT Meylan 0.19 -5.7.10
-1 

; 9.5.10
-1

 0.27 ; 9 

  UFZ-Read-across -7.6.10
-2

   

 Dieldrin Meylan -1.27 -2 ; -5.1.10
-1

 9.4.10
-3

 ; 0.31 

  UFZ-Read-across -0.13   

 Diuron Meylan -4.27 -5 ; -3.5 9.4.10
-6

 ; 3.1.10
-4

 

  UFZ-Read-across -4.74   

 Endosulfan Meylan -2.04 -2.8 ; -1.3 1.6.10
-3

 ; 5.3.10
-2

 

  UFZ-Read-across -0.79   

 Hexachlorocyclohexane 
(lindane) 

Meylan 1.41 6.5.10
-1 

; 2.2 4.5 ; 149.4 

  UFZ-Read-across -0.65   

 Isopruturon Meylan -3.7 -4.5 ; -3 3.3.10
-5

 ; 1.1.10
-3

 

  UFZ-Read-across -4.62   

 Malathion Meylan -4.07 -4.8 ; -3.3 1.5.10
-5

 ; 4.9.10
-4

 

  UFZ-Read-across -2.22   

 Parathion Meylan -1.52 2.3 ; -0.77 5.2.10
-3

 ; 0.17 
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  UFZ-Read-across -1.51   

 Pentachlorophenol  Meylan -1.9 -2.7 ; -1.1 2.2.10
-3

 ; 7.3.10
-2

 

  UFZ-Read-across -0.42   

Brominated flame 
retardants  

Pentabromo 
diphenylether 

Meylan -0.93 -1.7 ; -1.6.10
-1

 2.1.10
-2

 ; 0.68 

  UFZ-Read-across -1.6.10
-2

   

 Hexabromobiphenyl  Meylan -7.8.10
-1

 -1.5 ; -1.6.10
-2

 2.9.10
-2

 ; 0.96 

  UFZ-Read-across n.a.   

VOCs Benzene Meylan 2.73 2 ; 3.5 94.3 ; 3121.3 

  UFZ-Read-across 2.75   

 1,2-Dichloroethane  Meylan 3.09 2.3 ; 3.9 215.9 ; 7150.6 

  UFZ-Read-across 2.00   

 Dichloromethane  Meylan 2.96 2.2  ; 3.7 160.1 ; 5300.8 

  UFZ-Read-across 2.41   

 Hexachlorobenzene (HCB)  Meylan 1.95 1.2 ; 2.7 15.6 ; 518 

  UFZ-Read-across 1.37   

 Hexachlorobutadiene  Meylan 3.03 2.3 ; 3.8 188.1 ; 6227.8 

  UFZ-Read-across 2.63   

 Pentachlorobenzene  Meylan 2.08 1.3 ; 2.8 21.1 ; 698.8 

  UFZ-Read-across 1.77   

 Trichlorobenzene Meylan 2.34 1.58 ; 3.1  

  UFZ-Read-across 2.18   

 Trichloromethane 
(chloroform)  

Meylan 2.51 1.75 ; 3.3 56.8 ; 1880.8 

  UFZ-Read-across 2.58   

Phthalate Dibutylphthalate (DBP) Meylan -0.9 -1.67 ; -0.15 2.2.10
-2

 ; 0.72 

  UFZ-Read-across -0.71   

 Di(2-ethylhexyl)phthalate 
(DEHP)  

Meylan 7.4.10
-2

 -0.69 ; 0.83 0.2 ; 6.8 

  UFZ-Read-across -0.31   

Dioxins 2,3,7,8-TCDD Meylan -0.44 -1.21 ; 0.31 6.2.10
-2

 ; 2.06 

  UFZ-Read-across 0.1   

 1,2,3,7,8-PeCDD Meylan -0.58 -1.34 ; 0.18 4.6.10
-2

 ; 1.53 

  UFZ-Read-across 0.18   

 1,2,3,7,8-HxCDD Meylan -0.7 -1.47 ; 5.4.10
-2

 3.4.10
-2

 ; 1.13 

  UFZ-Read-across -0.37   

Phenols - 
Alkylphenols  

2,4,6-tri-tert-butylphenol  
 

Meylan -5.7.10
-3

 -0.77 ; 0.75 0.17 ; 5.68 

  UFZ-Read-across n.a.   

 Nonylphenol Meylan -0.22 -0.98 ; 0.54 0.11 ; 3.5 

  UFZ-Read-across -0.41   

 2-Octylphenol Meylan -0.35 -1.11 ; 0.41 7.8.10
-2

 ; 2.6 

  UFZ-Read-across 1.31   

Tableau 12 – Henry’s la of selected substances 

 

5.3.5.2 Molar mass of the contaminant 

and 

5.3.5.3 Molar mass of CO2 

and 

5.3.5.4 Molar mass of water 

See 5.3.4.5. 

The molar mass of CO2 and water are 44 g.mol-1 and 18 g.mol-1 respectively. 
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5.3.6 Parameters related to degradation 

5.3.6.1 Global half life in water 

And  

5.3.6.2 Global half life in sediment 

Physical/chemical/biological/empirical meaning 

Several processes can contribute to the degradation of a chemical in water and sediments: 

biodegradation, photolysis, hydrolysis. In water, a major degradation pathway is aerobic 

biodegradation. For some compound classes (e.g. alkyl halides, carboxylic acids, and 

organophosphate esters), hydrolysis is an important abiotic degradation process. Indirect photolysis 

may take place in the aqueous surface layer via sunlight-excited dissolved organic matter. All these 

processes are added in the MERLIN-Expo model into aggregated loss rates for water and sediment 

respectively. Degradation is assumed to to follow linear first-order kinetics. 

Factors influencing parameter value 

Microbial degradation can be attenuated by anaerobic conditions, suboptimal temperature and 

suboptimal pH. Photolysis involves light intensity and is then dependent on water depth and light 

penetration.  

Role in the model 

Degradation processes are simulated by pseudo first order degradation rates (i.e. degradation 

proportional to the concentration of contaminants in the media). They are used in the model to 

simulate the loss term associated to biodegradation, photolysis and hydrolysis.  

Database used for parameter estimation 

The parameter estimation is based on the method developed by Kühne et al (2007)32. It is based on a 

database containing 293 organic compounds with referenced semi-quantitative half-lives in water 

and sediments. 56% of the compounds are rather simple, containing no (hydrocarbons) or only one 

functional group. For 19%, multiple occurrence of a single functional group is observed, and 25% are 

more complex chemicals containing two or more of them. Besides C, H, O, and halogens, 54 

substances have N atoms, and 19 chemicals contain S and/or P.  

Parameter estimation type 

Statistical analysis of large database [ ]   

Calibration [ ] 

Extrapolation [ ] 

Expert elicitation [ ] 

Bayesian approach [ ] 

QSAR or read-across [X] 

Mechanistic model [ ] 

Perfect information [ ] 

Parameter estimation description 

                                                           
32

 Kühne9 R., Ebert R.U., Schüürmann G., 2007.  Estimation of Compartmental Half-lives of Organic Compounds – Structural 
Similarity versus EPI-Suite. QSAR Comb. Sci. 26,, No. 4, 542 – 549 
, 
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The Kühne’s method is based on the assumption that molecular susceptibility for abiotic and biotic 

degradation is associated with certain structural features; properly designed similarity measures 

between substances provides reasonable guidance to relate similarity in structure to similarity in 

degradability. Similarity between substances is based on the atom-centered fragment (ACF) method. 

From this method, extrapolation about medium-specific half-lives is conducted from existing data to 

compounds where respective information is missing. 

Compounds are estimated in semi-quantitative classes presented in Tableau 13. 

 

Half-life category Log t1/2 of lower boundary Log t1/2 of average Log t1/2 of upper boundary 

1 -∞ 0.7 <1.00 

2 1.00 1.23 <1.48 

3 1.48 1.74 <2.00 

4 2.00 2.23 <2.48 

5 2.48 2.74 <3.00 

6 3.00 3.23 <3.48 

7 3.48 3.74 <4.00 

8 4.00 4.23 <4.48 

9 4.48 4.74 +∞ 

Tableau 13 – Categorical half-lives in hours (from Kühne et al, 2007) 

 
The model performance was analyzed by evaluating the numbers of correct predictions and of 

moderate (1-category error), medium (2-category error), and strong (more than 2 categories 

difference) misclassifications through a leave-one-out cross validation. In the case of half-lives in 

water and sediments, the correctly predicted half-lives represent 52% and 59% of data respectively. 

These results were used to define PDFs for global half-lives in water and sediments: t1/2,w and t1/2,sed 

are assumed to follow a log-normal distribution with a probability to be within the range [lower 

boundary ; upper boundary] (see Tableau 13) equal to the correctly predicted half-lives (52% and 

59% for water and sediments respectively). 

 

Parameter default value and PDF 

According to the approach described above, the default best estimate and PDF for the half_life,water 

and half_lifesed parameters are given for several key substances in Table 14 and Table 15. All the 

calculations were computed on the ChemProp software that is freely available on request 

(http://www.ufz.de/index.php?en=6738). End users are encourages to consider with caution 

estimations that are ‘Border Out’ or ‘Out’ for the applicability domain.  

 

Chemical 
class 

Substance Applicability 
domain 

Best estimate 
half_lifewater 

PDF 
half_lifewater 

Best estimate 
lambda_degwater 

PDF 
lambda_degwater 

PAH Anthracene In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 Benzo(a)pyrene In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

 Benzo(b)fluoranthene In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

 Benzo(k)fluoranthene In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

 Fluoranthene In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 Naphtalene In 7 LN(2;0.78) 0.1 LN(-2.31;0.75) 

PCB PCB28 In 700 LN(6.6;0.78) 0.001 LN(-6.92;0.75) 

 PCB 52 Border In 2300 LN(7.7;0.85) 0.0003 LN(-8.11;0.87) 

 PCB101 In 2300 LN(7.7;0.85) 0.0003 LN(-8.11;0.87) 

http://www.ufz.de/index.php?en=6738
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 PCB118 Border In 2300 LN(7.7;0.85) 0.0003 LN(-8.11;0.87) 

 PCB138 Border Out 2300 LN(7.7;0.85) 0.0003 LN(-8.11;0.87) 

 PCB153 In 2300 LN(7.7;0.85) 0.0003 LN(-8.11;0.87) 

 PCB180 Border Out 2300 LN(7.7;0.85) 0.0003 LN(-8.11;0.87) 

Pesticides Alachlor Out 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 Atrazine In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

 Chlordane In 230 LN(5.4;0.85) 0.003 LN(-5.8;0.87) 

 Chlorpyrifos In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 DDT In 230 LN(5.4;0.85) 0.003 LN(-5.8;0.87) 

 Dieldrin Out 700 LN(6.6;0.78) 0.001 LN(-6.92;0.75) 

 Diuron In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 Endosulfan Out 230 LN(5.4;0.85) 0.003 LN(-5.8;0.87) 

 Hexachlorocyclohexane In 230 LN(5.4;0.85) 0.003 LN(-5.8;0.87) 

 Isopruturon In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 Malathion In 2.3 LN(0.8;0.85) 0.3 LN(-1.2;0.87) 

 Parathion In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 Pentachlorophenol  In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

Brominated 
flame 
retardants  

Pentabromo 
diphenylether 

In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 Hexabromobiphenyl  Out 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

VOCs Benzene In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 1,2-Dichloroethane  In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

 Dichloromethane  In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

 Hexachlorobenzene 
(HCB)  

In 230 LN(5.4;0.85) 0.003 LN(-5.8;0.87) 

 Hexachlorobutadiene  Out 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 Pentachlorobenzene  In 230 LN(5.4;0.85) 0.003 LN(-5.8;0.87) 

 Trichlorobenzene In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

 Trichloromethane 
(chloroform)  

In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

Phthalate Dibutylphthalate (DBP) Out 7 LN(2;0.78) 0.1 LN(-2.31;0.75) 

 Di(2-
ethylhexyl)phthalate 
(DEHP)  

In 7 LN(2;0.78) 0.1 LN(-2.31;0.75) 

Dioxins 2,3,7,8-TCDD In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 1,2,3,7,8-PeCDD In 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 1,2,3,7,8-HxCDD Border In 70 LN(4.3;0.78) 0.01 LN(-4.62;0.75) 

Phenols - 
Alkylphenols  

2,4,6-tri-tert-
butylphenol  
 

Out 2.3 LN(0.8;0.85) 0.3 LN(-1.2;0.87) 

 Nonylphenol Border Out 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

 2-Octylphenol Border Out 23 LN(3.1;0.85) 0.03 LN(-3.5;0.87) 

Table 14 – half_lifewater and lambda_deg_water of selected substances (in days and d
-1

 respectively) (PDF are 

log-normal distribution with indication of mu and sigma – Log-Normal(mu,sigma) in the Ecolego tool) 

 

Chemical 
class 

Substance Applicability 
domain 

Best estimate 
half_lifesed 

PDF 
half_lifesed 

Best estimate 
lambda_degsed 

PDF 
lambda_degsed 

PAH Anthracene In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Benzo(a)pyrene In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 Benzo(b)fluoranthene In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 Benzo(k)fluoranthene In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 Fluoranthene In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Naphtalene In 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

PCB PCB28 In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 PCB 52 Border In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 PCB101 In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 PCB118 Border In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 
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 PCB138 Border Out 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 PCB153 In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 PCB180 Border Out 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

Pesticides Alachlor Out 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

 Atrazine In 70 LN(4.3;0.66) 0.01 LN(-4.62;0.63) 

 Chlordane In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Chlorpyrifos In 70 LN(4.3;0.66) 0.01 LN(-4.62;0.63) 

 DDT In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Dieldrin Out 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 Diuron In 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

 Endosulfan Out 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Hexachlorocyclohexane In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 Isopruturon Border In 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

 Malathion In 23 LN(3.1;0.72) 0.03 LN(-3.5;0.74) 

 Parathion In 70 LN(4.3;0.66) 0.01 LN(-4.62;0.63) 

 Pentachlorophenol  In 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

Brominated 
flame 
retardants  

Pentabromo 
diphenylether 

In 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

 Hexabromobiphenyl  Out 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

VOCs Benzene In 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

 1,2-Dichloroethane  In 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

 Dichloromethane  In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Hexachlorobenzene 
(HCB)  

In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Hexachlorobutadiene  Out 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

 Pentachlorobenzene  In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Trichlorobenzene In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

 Trichloromethane 
(chloroform)  

In 700 LN(6.6;0.66) 0.001 LN(-6.92;0.63) 

Phthalate Dibutylphthalate (DBP) Out 70 LN(4.3;0.66) 0.01 LN(-4.62;0.63) 

 Di(2-
ethylhexyl)phthalate 
(DEHP)  

In 70 LN(4.3;0.66) 0.01 LN(-4.62;0.63) 

Dioxins 2,3,7,8-TCDD In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 1,2,3,7,8-PeCDD In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

 1,2,3,7,8-HxCDD Border In 2300 LN(7.7;0.72) 0.0003 LN(-8.11;0.74) 

Phenols - 
Alkylphenols  

2,4,6-tri-tert-
butylphenol  
 

Out 23 LN(3.1;0.72) 0.03 LN(-3.5;0.74) 

 Nonylphenol Border Out 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

 2-Octylphenol Border Out 230 LN(5.4;0.72) 0.003 LN(-5.8;0.74) 

Table 15 – half_lifesed  and lambda_deg_sed of selected substances (in days and d
-1

 respectively) (PDF are log-

normal distribution with indication of mu and sigma – Log-Normal(mu,sigma) in the Ecolego tool) 

 

End of Level 3 documentation (end-user with expertise in 

parameterization) 
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Level 4 documentation (mathematical information) 

6. Mathematical models for State variables 
The objective of Chapter 6 is to present the mathematical models used for calculating each of the 

State variables conceptually listed in 3.8. The understanding of these models is a prerequisite for 

understanding the mass balance equations presented in Chapter 7. In the following tables, the 

following symbols were adopted: 

 

 

6.1. Site-specific state variables 

6.1.1 Surface of the river box S_river 

The data process for calculating the State variable S_river is reminded here: 

 

The ‘S_river’ State variable is calculated as follows:  

 

(1) riverriverriver lLS .  

 

6.1.2 Volume of the river box V_river 

The data process for calculating the State variable V_river is reminded here: 

 

The ‘V_river’ State variable is calculated as follows:  

 

(2) riverriverriverriver hwLV ..  
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6.2. State variables related to partition between phases 

6.2.1 Distribution coefficient at the interface River water-SPM Kd_SPM 

The data process for calculating the State variable Kd_SPM is reminded here: 

 

The ‘Kd_SPM_organic’ State variable is calculated as follows:  

 

(3) 
ocK

SPMOMSPM fKd
_10log

_
6 1010  

 

 

6.2.2 Distribution coefficient at the interface Sediment porewater-sediment 

particles Kd_sed 

The data process for calculating the State variable Kd_sed is reminded here: 

 

The ‘Kd_sed’ State variable is calculated as follows:  

 

(4) 
ocK

sedOMsed fKd
_10log

_
6 1010  

 

 

6.3. State variables related to physical exchanges between SPM and 

sediments 

6.3.1 Suspended Matter Concentration SPM 

The data process for calculating the State variable SPM is reminded here: 
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The ‘SPM’ State variable is calculated as follows:  

 
(5)  

SPMb

riverFlowSPMaSPM _).(_  

 

6.3.2 Bed shear stress tau 

The data process for calculating the State variable SPM is reminded here: 

 

The ‘tau’ State variable is calculated as follows:  

 

(6) 23/7

22

).()(

).()(*8.9*1000

riverriver

riverMa

wh

Flown
  

In Equation (7), the factors ‘1000’ and ‘9.8’ represent the water density (i.e. 10
3
 kg.m

-3
) and the 

gravity acceleration (9.8 m s
-2

) respectively. 

 

6.3.3 Deposition flux of particles F_d 

The data process for calculating the State variable F_d is reminded here: 
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The ‘F_d’ State variable is calculated as follows:  

 

(7) 









dtau

tau
SPMWF sd

_
exp..  

 

6.3.4 Resuspension flux of particles F_r 

The data process for calculating the State variable F_r is reminded here: 

 

The ‘F_r’ State variable is calculated as follows:  
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(8) 






















 r

river

ionconsolidat
r

S

Sed
eF exp.

.
;min max       if Sed(t)>0 (i.e. negative flux from 

sediments to water column in presence of sediment)  

NB: In the MERLIN-Expo software, the condition ‘if Sed(t)>0’ is substituted for numerical reasons by a condition 

‘if Sed(t)>Sed_min’ where Sed_min is a extremely small value  

6.4. State variables related to diffusion between water and sediment 

porewater 

6.4.1 Effective diffusion coefficient in porewater D_water_organic 

The data process for calculating the State variable ‘D_water_organic’ is reminded here: 

 

The ‘D_water_organic’ State variable is calculated as follows:  

 

(9) waterO

50

molar

O

organicwater 2

2 D
M

M
D ,

.

_ .












  

 

 

6.4.2 Mass transfer coefficient at the surface water-sediment interface 

MTC_water_sed 

The data process for calculating the State variable ‘MTC_water_sed’ is reminded here (for organics 

and metals respectively): 
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The ‘MTC_water_sed’ State variable is calculated as follows for organics:  

 

(10) 34

sedwsed

34

sedorganicwater

sedwater

D
MTC

/

/

_

_
.

.






  

 

The ‘MTC_water_sed’ State variable is calculated as follows for metals:  

 

(11) 3/4

3/4

_

_
.

.

sedwsed

sedmetalwater

sedwater

D
MTC






  

 

6.5. State variables related to diffusion between water and atmosphere 

6.5.1 Gas film mass transfer coefficient MTC_water_atm_g 

The data process for calculating the State variable ‘MTC_water_atm_g’ is reminded here: 
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The ‘MTC_water_atm_g’ State variable is calculated as follows:  

 

(12) 

3.0

,
2).3.0_2.0.(864
















molar

OH

gatmwater
M

M
winduMTC  

 

6.5.2 Water film mass transfer coefficient MTC_water_atm_w 

The data process for calculating the State variable ‘MTC_water_atm_w’ is reminded here: 

 

The ‘MTC_water_atm_w’ State variable is calculated as follows:  

 

(13) 

25.0

64.1

,
2.)_.(108.0 











molar

CO

watmwater
M

M
winduMTC  

 

6.5.3 Gas phase overall mass transfer coefficient MTC_water_atm 

The data process for calculating the State variable ‘MTC_water_atm’ is reminded here: 
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The ‘MTC_water_atm’ State variable is calculated as follows:  

 

(14) 
gatmwaterwatmwaterriver

gatmwaterwatmwaterriver

atmwater
MTCHMTCT

MTCMTCT
MTC

,,

,,_

_
.).273.(314.8

.).273.(314.8








  

In Equation (14), the value ‘8.314’ represents the Universal gas constant, generally noted R and 

expressed in Pa.m3.mol-1.K-1. The term ‘T_river+273’ represents the river temperature expressed in 

Kelvin. 

 

7. Mass balance equation for Media 
The objective of Chapter 6 is to present the mathematical models used for calculating each of the 

State variables conceptually listed in 3.8. The understanding of these models is a prerequisite for 

understanding the mass balance equations presented in Chapter 7. In the following tables, the 

following symbols were adopted: 

 
 

The Media, loadings, losses and exchanges that govern the mass balance models for each medium is 

reminded below. 
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7.1. The ‘Raw Water’ Media 

7.1.1 Mass balance equation for the total quantity in raw water 

The mass balance model for the ‘Raw water’ media is given by (Equ. 15): 

 
waterdissedwaterporesedwaterriver

riverSPMdriversedmassrwaterrawwaterriver

water

river

waterdis

atmgasatmwaterriver

rivergas

riveraeroriversourcepoupstreamwaterriver

waterRaw

CCMTCS

SCFSCFBiotaUptakeQwaterlambdaCFlow

CrateIrrigationBiotainationE
TR

CH
CMTCS

fluxoffWashSdepositionWet

SdepositionWetSdepositionDryInputCFlow
dt

dQ

____

__

_

__

int__

_

..

...._.deg__..86400

.__lim
)273.(

.
..

__._

._._..86400























 

7.1.2 Concentration of the chemical in raw river water C_water  

The Total Concentration of the chemical in raw river water C_water  is given by: 

(16) 
river

waterRaw

water
V

Q
C

_
  

 

7.1.3 Concentration of the chemical dissolved in river water C_dis_water  

The Concentration of the chemical that is dissolved in river water C_dis_water  is given by: 
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(17) 
SPMKd

C
C

SPM

water
waterdis

.1
_


  

 

7.1.4 Concentration of the chemical associated to Suspended Particulate 

Matter C_SPM  

The Concentration of the chemical associated to SPM C_SPM  is given by: 

(18) 
SPMKd

CKd
C

SPM

waterSPM
SPM

.1

.


  

 

 

7.2. The ‘Sediment’ Media 

7.2.1 Mass balance equation for the total quantity of sediments 

The mass balance model calculating the total quantity of sediments (in g) is given by: 

(19)  
riverrriverd

sedmass
SFSF

dt

dQ
..

_
  

 

7.2.2 Mass balance equation for the total quantity of chemical in sediments 

The mass balance model for the ‘Sediment’ media is given by (Equ. 20): 

 waterdisssedwaterporesedwaterriverriverSPMdriversedmassrentse
entSe CCMTCSSCFSCFQsedlambda

dt

dQ
_____dim

dim .......deg__ 

 

7.2.3 Concentration of the chemical in sediments C_mass_sed (per mass 

unit)  

The Total Concentration of the chemical in sediments C_mass_sed  is given by: 

(21) 
sedmass

entSe
sedmass

Q

Q
C

_

dim
_ 

 if min___ sedmasssedmass QQ   

The condition min___ sedmasssedmass QQ 
 
was introduced because no concentration in the sediment can 

obviously be calculated in absence of sediment (i.e. when all the quantity of sediment was 

resuspended). For numerical reasons (i.e. for avoiding division by zero), the model defines a 

minimum quantity of sediments min__ sedmassQ in this condition instead of zero.   
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7.2.4 Concentration of the chemical in sediment porewater 

C_pore_water_sed  

The Concentration of the chemical in sediment pore water C_pore_water_sed  is given by: 

(22) 
sed

sedmass

sedwaterpore
Kd

C
C

_

__   

 

 

7.2.5 Concentration of the chemical in sediments C_surf_sed (per surface 

unit) 

The Total Concentration of the chemical in sediments (expressed per surface unit) C_surf_sed  is 

given by: 

 (23) 
river

entSe
sedsurf

S

Q
C dim

_   
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APPENDIX 1 - Database of Deposition/Resuspension parameters 

Reference Settling velocity 

of particles – 

Wc (m d
-1

) 

Critical shear 

stress of 

deposition - d 

(N m
−2

) 

Critical shear 

stress of 

resuspension - r 

(N m
−2

) 

Erosion rate – 

e (g m
−2

 d
−1

)   

Method of determination 

 

Beaulieu et al. 

(2005) 

a. 11.2 (rough 

estimate) 

b. 25.9 (rough 

estimate at flow 

speed 3 cm s-1) 

 

b. 0.05 a. Mean value 
0.07 [range: 
0.06 – 0.09]  

b. Mean value 
0.04 [range: 
0.03 – 0.06] 

b. Mean value 

1164 [range: 

216 – 2256] 

Two types of flume experiments considering clay/algal 

flocculation : 

a. Straight-channel 17 m flume experiment (without flow 

speed) 

b.  Racetrack flume experiment (with flow speed) 

Blom and 

Aalderink 

(1998) 

a. Not estimated 

because of 

resuspension 

conditions 

b. Mean value 19 

[range: 13-26] 

Not estimated 

because of  

resuspension 

conditions 

 

a. Mean value 0.14 

[range: 0.13-0.15] 

 

a. Mean value 

4800 [range: 

4200-5400]  

 

a. Flume experiment with natural sediments from Lake Ketel 

(The Netherlands) – A stepwise increasing bottom shear stress 

was applied. 

b. Six hourly in situ monitoring of SPM concentrations over 1 

week 

Bohling (2009)   a. Mean value: 0.15 

[range: 0.02-0.26] 

b. Mean value: 0.11 

[range: 0.02-0.29] 

 Calculated by two types of measurement of critical shear stress 

velocities. using collected sediment samples from the 

Mecklenburg Bight (Baltic Sea, Germany); 

a. erosion cylindrical chamber (called microcosm) 
b. straight flume 

Burton et al. 

(1995) 

 Mean value 0.08 

[range: 0.06-0.09] 

Mean value 0.25 

[range: 0.2-0.3] 

 Calibration from in situ SPM measurements in the Ribble 

estuary (UK) (maximum turbidity)  

Ciffroy et al. 

(2000) 

26 0.13   Measurements of SPM vertical gradients and application of the 

Rouse profile theory 

Curran et al. 

(2007) 

 

15.5 

 

   Estimation of particle settling velocity by the measurement of 

particle mass distributions using an in situ column tripod 

equipped with floc camera, video camera, and laser 

scatterometer (Gulf of Lions, France) 

De Jesus 

Mendes et al. 

(2007) 

Mean value 13.25 

[range: 13-13.8] 

   Measurement of the settling velocity of sampled organo-

mineral aggregates in a container maintained under in situ 

temperatures and using a settling cylinder with a video camera 

(sampling place: Setùbal Canyon, Portugese west continental 

margin) 

El Ganaoui et 

al. (2004) 

a.  Mean value: 

2.4 [range: 1-3.9] 

b.  Mean value: 

5.8 [range: 4.3-

7.8] 

 a. Mean value: 0.04 

[range: 0.03-0.05] 

b. Mean value: 0.21 

[range: 0.2-0.22] 

a. Mean value: 

308 [range: 17-

536] 

b. Mean value: 

8064 [range: 

5184-12960] 

Flume experiment with sediments from three stations of the 

Rhône river and the Gulf of Lion (France) – Two-class model 

with 

a. easily erodable particles (fluff layer) 

b. classical cohesive particles  

Fettweis 

(2008) 

Mean value 

6.45[range: 0.26-

17.28*1] 

   Estimation of the excess density and the settling velocity of 

mud flocs by measurement using an optical sensor, SPM 

siltration and laser scatterometer (Belgian near-shore zone) 

Graham and 

Manning (2007) 

Mean value 47.52 

[range: 0.34 -

290.3] 

 

   Flume experiments with macrophytes - Measurements of full 

spectral floc size and particle settling velocity variability using 

floc camera  

Haag et al. 

(2001) 

  Mean value: 4.6 

[range: 0.6-8.5] 

 Flume experiments with sediments from Neckar river 

(Germany) 

Hill et al. 

(2000) 

Mean values 7.4 

[range: 5.2- 8.6]  

   Estimation of the effective settling velocity by along-shelf 

measurements of water salinity and sediment concentration 

within Niskin bottles and by point measurements of plume 

velocity  (sampling place: Eel river mouth and along-shore 

points, California, USA) 

Kozerski 

(2002) 

4.3    Use of plate sediment traps deployed in the Spree river and 

evaluation of trapping rates (in gDW m-2 d-1)  

Krishnappan 

and Marsalek 

 0.05 0.12  Flume experiment with sediments from a stormwater retaining 

pond 
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(2002) 

Lansard et al. 

(2006) 

  Mean value: 0.08 

[range: 0.07-0.09] 

Mean value: 

2478 [range: 

1368-4224] 

Flume experiment with sediments from four sampling sites 

near the Rhone river mouth (France) 

Lau and 

Droppo (2000) 

Droppo et al. 

(2001) 

  a. Mean value 0.08 

[range: 0.04-0.13] 

b. Mean value 0.11 

[range: 0.03-0.24] 

 Laminar flume with varying speed. 

a. bed of kaolinite (5 m) 

b. bed of harbour sediment 

Liu et al. 

(2002) 

Value not 

considered 

because obtained 

by Stokes law 

 0.1 260 Measurement of dry density D of bed sediments and 

application of the relationship: r=f(D) 

Luck (2001) 1 0.4 1 430 Long-term monitoring of SPM and calibration of a hydro-

sedimentological model 

Schaaff et al. 

(2002) 

  Mean value 0.03 

[range: 0.02-0.04] 

Mean value 

2184 [range: 

1296-2640 ] 

Flume experiment with sediments from three stations of the 

Gulf of Lion (France) 

Tolhurst et al. 

(1999) 

  a. Mean value 2.3 

[range: 1.5-3.3]  

b. Mean value 0.37 

[range: 0.3-0.6] 

 

 

 

In situ measurements with a ‘Cohesive Strength Meter’ in 

Königshafen (Sylt, Germany) 

a. particles with biofilm 

b. particles without biofilm 

Voulgaris and 

Meyers (2004) 

Mean value 

23.62[range: 8.64-

31.97] 

   In situ measurements of SPM concentration and particle-

settling velocity variability using laser scatterometer, optical 

sensors, and Doppler velocimeter (Bly Creek, South Carolina, 

USA) 

Walker et al. 

(2008) 

   a. Mean 
value: 
6120 
[range: 
4320-
11520] 

b. Mean 
value: 
28080 
[range: 
15840-
47520] 

In situ measurements (four sites) using a piston grid erosion 

device (portable field instrument) (Kugmallit Bay and Beaufort 

Sea, Canada) 

a. Type Ⅰerosion 

b. Type Ⅱerosion 

Widdows et al. 

(1998) 

  Mean value 0.42 

[range: 0.17-0.68] 

Mean value 

35000 [range: 

4200-167000] 

Portable annular flume deployed at eight sites in the Humber 

river 
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