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Level 1 documentation (basic knowledge on model purpose,
applicability and components)
1. Model purpose
1.1.

Goal

The Mammal model is used to estimate the time-dependent accumulation of organic chemicals and
metals in mammals meat and milk and to calculate the concentration of chemicals accumulated in
meat and milk produced for human food (e.g. beef meat, sheep meat, cow or goat milk). 1

1.2.

Potential decision and regulatory framework(s)

Coupled with the information about the ingestion rate of meat and milk (kg d-1), the Mammal model
can estimate the human exposure dose to organic substances/metals through the ingestion of meat
and milk. This output can be used for evaluating the risk to exceed regulatory thresholds for human
health (e.g. daily Reference Dose) or used as an input for PBPK models.

2. Model applicability
2.1.

Spatial scale and resolution

Spatial scale and resolution are governed by the homogeneity of the terrestrial system under
investigation, in which mammals are assumed to live. It is then advised to use the Mammal model for
regions that show low variations in their contamination levels. In the MERLIN model, no migration of
mammals among different zones is assumed. In other words, mammals are assumed to stay in the
same region during their entire lifetime.

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 Mammal model can be
relevant at seasonal or daily resolution (e.g. seasonal contamination levels of food crops, daily
variation of contamination level in river water used for drinking). In conclusion, it is highly
recommended to run the model for monthly or daily temporal resolution.

2.3.

Chemical considered

The Mammal 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 Mammal model.

2.4.

Steady-state vs dynamic processes

For organics, the Mammal model represents most exchange processes dynamically. In particular,
processes representing exchanges of contaminants between Gastro Intestinal Tract (GIT) and blood
are dynamically simulated, with uptake and elimination rates. Kinetics representing uptake and
elimination processes are first-order.
1

Even if human beings are mammals, they are not included in this model. A more detailed PBPK model is available
in the MERLIN-Expo library to describe the fate of chemicals in human body.

5

Some exchanges are considered at steady-state conditions, e.g. exchange between blood and meat
fat, and blood and milk.
The transfer of metals into meat/milk is represented by equilibrium transfer factors. The transfer
factors are expressed by the ratio of the concentration of metal in meat/milk to the daily intake of
diet.

3. Model components
3.1.

Media considered

Definition: A ‘Medium’ is defined as an environmental or human compartment which may 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 Mammal model for organics includes the following media:
• ‘GIT’ (gastro-intestinal tract). The GIT is the receptor media in contact with food. The uptake of
chemicals via food or water depend on the advective transport along the GIT and on absorption
from GIT to arterial blood;
• Blood. Blood is assumed to transport chemicals having diffused from GIT to meat and milk. On
the MERLIN-Expo model, arterial blood and venous blood are not distinguished;
• Meat (separated in Muscle and Liver) and Milk are defined in the mammals model because they
are the compartments of direct interest for human food. It was proposed to subdivide meat into
Muscle and Liver because these organs have different lipid levels and accumulation of
hydrophobic compounds can be significantly higher for liver. Time-dependent chemical mass
(mg) in meat and milk are calculated from mass balance equations.
• Kidney. Kidney was introduced as a separate compartment because it represents an elimination
route through urinary excretion.
The media considered are represented in Figure 1.

Figure 1 – Media considered in the Mammal model

6

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 Fish system.
The inputs of contaminant(s) into the Mammal system can have the following origins:
• Contaminant originating from Drinking river water ;
• Contaminant originating from Uptake from ingestion of food. By default, in the MERLIN-Expo
Mammal model, the number of food sources is 10, i.e. mammals can eat 10 different food crops
or prey according to food availability and preferences (e.g. cow can eat grass and cereals like
silage maize, etc).
If the Mammal 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 (e.g.
the River model able to calculate contamination in water; and/or the Grass model representing food
for mammals like cow; etc), some of these loadings can be calculated by these models (i.e. the
outputs of the coupled models are used as loading inputs for the Mammal model) (see § 3.5).
The loading inputs are represented in Figure 2.

Figure 2 – Media considered + Loading inputs in the Mammal model

3.3.

Losses

Definition: A ‘Loss’ is defined as the rate of output of the chemical of interest from the receiving
system, here the Fish system.
The potential losses of contaminant(s) from the Mammal system can be:
• Contaminant leaving the Mammal system by elimination into egested feces. This elimination
pathway occurs from the GIT;

7

•
•
•
•

Contaminant leaving the Mammal system by elimination into urine. This elimination pathway
occurs from the kidney;
Contaminant leaving the Mammal system via extracted milk;
Contaminant leaving the Mammal system via metabolism (i.e. metabolic transformation of the
chemical);
Contaminant diluted in the Mammal system via growth.

For metals, some losses are not relevant because these chemicals are assumed not to be subject to
metabolism.
The losses of contaminant(s) from the Mammal system are represented in Figure 3 and Figure 4.

Figure 3 – Media considered + Loading inputs + Losses in the Mammal model (for Organics)

Figure 4 – Media considered + Loading inputs + Losses in the Fish model (for Metals) (replace ‘Excretion by ‘Egestion’)

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 Mammal system are:
• Diffusion from GIT media to Blood media;
• Diffusion from Blood media to GIT media;
• Blood circulation in organs and Partition between Blood and Fat in meat and milk
The exchanges of contaminant(s) between model media are represented in Figure 5.
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Figure 5 – Media considered + Loading inputs + Losses + Exchanges in the Mammal model (for Organics)

3.5 Coupling with other models
‘Coupled models’ are defined as models that can generate loadings to the investigated system (here the
Fish system) or receive losses from the latter.
The Mammal model can be coupled to other models of the MERLIN-Expo library. These latter can
provide loading estimates or use losses from the Mammal as input data:
Coupled model

Can provide estimates of the following loading(s)

‘River’ model

Contamination in water used for drinking

‘Grass’ models

Uptake via food (for herbivorous mammals like
cow, goat, sheep, etc)
Uptake via food (for herbivorous mammals like
cow, goat, sheep, etc)
Uptake via food (for other mammals like
carnivorous, fish-eating animals, etc)

‘Cereal’ models
Others

Can use the following losses from the
Mammal as input data

The potential coupled models are represented in Figure 6.
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Figure 6 – Media considered + Loading inputs + Losses + Exchanges + Coupled models in the Mammal model (for Organics)

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.).
Some forcing variables are used to calculate the external loadings from e.g. river, grass and cereals to
the Mammal model. They can be given by sets of time-dependent values. The forcing variables can be
calculated by other models (see 3.5) or can be given by model users (in the case that the users have
measurement data or their own estimations). The following forcing variables are defined in the
Mammals model. The column ‘Substance’ allows distinguishing the forcing variables used for organic
substances from those for metals.
For running the Mammals model, the following forcing variables must be informed for calculating the
loading inputs. In the Mammals MERLIN model, it is arbitrarily assumed that mammals may have 10
different food items, each of them being contaminated at the concentration C_food_i (i=1 to 10).

For…

Forcing variable

Abbreviation
unit

and

Purpose

Can
be
calculated
(instead
of
being
defined by the end-user)
if the Fish model is
coupled to the …
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Organics
Metals

and

Concentration of
the chemical in
river water

C _water
-3
(mg.m )

Organics
Metals

and

Concentration of
the pollutant in
food item i, i=1,10

C_diet_i (mg.kg
fw)

-1

Is used to calculate the input
through water used for
drinking

River model

Is used to calculate the input
through dietary uptake of
food (i.e. grass, cereals,
others)

Grass model,
model, others

Cereal

The forcing variables (with indication of the processes they are involved in) are represented in
Figure 7.

Figure 7 – Media considered + Loading inputs + Losses + Exchanges + Forcing variables in the Mammal model (Forcing
variables indicated in yellow are those that can be calculated if the Mammal model is coupled to other models) (for
Organics)
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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 Mammal model, the following parameters must be informed:
• Physiological parameters
For
Name

Abbreviation and
unit
Pref_diet_i
(unitless) (i=1 to
10)

Organics
and
metal

Animal diet preference for food
item i

Organics
and
metal
Organics

Animal weight at adult age

W_animal (kg)

Allometric rate exponent for
weights

(kappa_weight)
κ weight (unitless)

Organics

Allometric rate exponent for
ingestion

(kappa_ingestion)
κ ingestion (unitless)

Organics

Allometric rate exponent for

(kappa_flows)

Purpose
Animal diet preferences for certain foods used
to calculate the concentration of the chemical
substance that is absorbed with ingested diet.
Ten potential diets are arbitrary defined in the
MERLIN-Expo model.
Physiological rates (flood flows) and organ
weights are assumed to depend on animal
weight according to allometric relationships.
Allometric relationships provide body-size
specific parameters instead of values that are
arbitrary or taken from a well-known species.
Allometric regression exponent κ weight expresses
organ weight correlation with animal total
weight
Allometric relationships provide body-size
specific parameters instead of values that are
arbitrary or taken from a well-known species.
Allometric regression exponent κ ingestion
expresses correlation of ingestion rates with
animal total weight
Allometric relationships provide body-size

Used for calculating the following
state variable(s)
1. C_diet_total
2. Mean lipid fraction in food
p_lipid_food (-)

1. Organ weights
2. Blood flows in organs
1.

W_organ_i

1.

Chemical concentration in
blood

1. Blood flows to organs

flows

κ flows (unitless)

Organics

Allometric rate exponent for
urine production

(kappa_urine) κ urine
(unitless)

Organics

Scale factor for organ weights

(sc_Weight
Organ_i) (unitless)

Organics

Scale factor for blood flows in
organs

Organics

Scale factor for urine flow

(sc_Blood_flow
Organ_i) (m3.d-1.kg1
)
(sc_Urine_flow)
(m3.d-1.kg-1)

Organics
Organics

Density of organ (for muscle liver,
kidney, milk)
Milk production

Organics

Fat content in organ i

Organics

Lipid fraction of food item i

Density (kg.m-3)
Milk_production
(m3.d-1)
Fat_organ_i
(unitless)
p_lipid_i (unitless)

specific parameters instead of values that are
arbitrary or taken from a well-known species.
Allometric regression exponent κ flows expresses
correlation of blood flows to organs with animal
total weight
Allometric relationships provide body-size
specific parameters instead of values that are
arbitrary or taken from a well-known species.
Allometric regression exponent κ urine expresses
correlation of urine production with animal
total weight
The scale factors for organ weights are the
proportions of the weight of an organ/tissue
compared to the total bodyweight
The scale factors for blood flows in organs are
used to calculate blood flows in organs
according to the total bodyweight
The scale factor for urine flow is used to
calculate urine flow according to the total
bodyweight
The density of an organ or a tissue is its mass
per unit of volume
The milk production represents the quantity of
milk produced per day
Fat content in organ i represents the fraction of
lipids in total organ fresh weight.
Lipid fraction of food item i. Used to calculate
the fraction of lipid ingested by animal with its
diet.

1. Urine flow

1. W_organ_i
1. Blood_flow_organ_i
1. Chemical concentration in
kidney
1.Volume or organ (for muscle,
liver, kidney, milk)
1. Chemical concentration in
milk
1. Blood-Tissue partition
coefficients
1. Dietary uptake rate constant
k_ingestion (kg·kg -1·d-1)
2. Dietary elimination rate
constant
k_egestion (d-1)

3.
Organics

Water fraction of food item i

p_water_i
(unitless)

Water fraction of food item i. Used to calculate
the fraction of water ingested by animal with its
diet.

Organics

Assimilation efficiency of lipids

Assimilation_lipids
(unitless)

Organics

Assimilation efficiency of water

Assimilation_water
(unitless)

Organics

Food ingestion coefficient

γ_ingestion
(kgκ.d-1)

Organics

Water intake

Water_intake
(m3.d-1)

The fraction of assimilated lipids represents the 1.
fraction of ingested lipid contained in food that
is absorbed or digested by the organisms in the
gastro intestinal tract.
The fraction of assimilated water represents the 1.
fraction of ingested water contained in food
that is absorbed or digested by the organisms in
the gastro intestinal tract.
Food transport coefficient through organism 1.
γ_ingestion expresses transport delay of food
through organism.
Water intake expresses the quantity of water 1.
drunk by the animal per day

Parameters related to partition between phases:
Name
Abbreviation and
unit
Organics Octanol-water partition coefficient Log10_K_ow
only
(unitless)
•
For…

Organics Blood-Fat partition coefficient

Log10_K_Blood_Fat

Purpose
Kow partition coefficient is used as a measure
of hydrophobicity of the organic substance at
equilibrium concentrations between octanol
and water phase.
The Blood-Fat partition coefficient is defined as

1.

Mean lipid fraction in food
p_lipid_food (-)
Mean water fraction in food
p_water_food (-)

Lipid_undigested (-)

Water_undigested (-)

Uptake efficiency E

Uptake efficiency E

Used for calculating the following
state variable(s)
1. Uptake efficiency E

1.

Blood-Tissue partition

only

(unitless)

Organics Hydrogen bond donor strength
only

A (unitless)

Organics Water-layer diffusion resistance
for uptake of chemicals from food

ρ _water_layer_food
(d.kg-κ)

Represents time of diffusion of organic
contaminant from ingested food through
aqueous layer.

1. Dietary uptake rate efficiency
E_uptake_organics (-)

Organics Neutral lipid-layer permeation
resistance

ρ_neutral_lipid_layer
(d.kg-κ)

Represents time of passive diffusion of organic
contaminant through inner neutral lipid
membrane.

1. Dietary uptake rate efficiency
E_uptake_organics (-)

Organics Polar lipid-layer permeation
resistance

ρ_polar_lipid_layer
(d.kg-κ)

Represents time of passive diffusion of organic
contaminant through outer polar lipid
membrane.

1. Dietary uptake rate efficiency
E_uptake_organics (-)

Parameters related to degradation of chemicals:
Name
Abbreviation and
unit
Organics Metabolic half-life of
hl_metabolic_liver
chemicals in liver
(d)
•
For…

the ratio of the concentration in blood to the
concentration in fat
Hydrogen bond donor strength is used to
calculate the octanol-heptane partition
coefficient of the substance and gives a
measure of affinity of the substance for polar
groups.

Purpose
Defines time after which amount of
chemical in the liver decreases to half of its
starting amount, due to metabolic activity.

coefficient
1. Heptane-Water partition
coefficient (-)

Used for calculating the following state
variable(s)
1. Mass budget in liver

1.8 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 not only 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.
All the state variables for which no forcing variable is required are constant all over the calculation time, while the state variables for which forcing
variable(s) is/are required are time-dependent. The intermediate state variables used in the cow model are listed in the following tables. They are grouped
by six transfer processes which correspond to the categories used for parameters (from 4 to 15) in the previous section. In the tables, the calculation
processes of the intermediate state variables are depicted by the following three symbols:

It should be noted that some state variables are commonly used over different transfer processes. The state variables shown by bold letters are used to
calculate regulatory state variables (See the section 3.7).

• State variables related to animal physiology:
For…
Name
Abbreviation and unit Purpose
Organics Organ weight
W_organ_i (kg)
Defines weight of
only
(for muscle,
organ i
liver, kidney,
milk)

Process followed for calculating the state variable

Organics Blood flow (for
muscle, liver,
kidney, milk)

Blood_flow_organ_i
(m3.d-1.kg-1)

Defines the flow of
blood crossing
through organ i

Organics Urine flow

Flow_urine (m3.d-1)

Defines the flow of
urine excreted by the
animal

Organics Volume of
organ (for
muscle liver,
kidney, milk)

V_organ_i (m3)

Define the total
volume of organ i in
the body

For…

• State variables related to animal ingestion:
Name
Abbreviation and unit Purpose

Process followed for calculating the state variable

Organics Mean lipid
only
fraction in
food

p_lipid_food (-)

Defines lipid fraction
of food ingested with
animal diet

Organics Mean water
only
fraction in
food

p_water_food (-)

Defines water fraction
of food ingested with
animal diet

Organics Mean
and
concentration
metals
of the
chemical in
ingested diet
items

C_diet_mean

Defines the mean
chemical
concentration in food
ingested with animal
diet (weighted by diet
preferences)

Organics Fraction of
only
undigested
lipids

lipid_undigested (-)

Defines lipid fraction
that is not digested
(absorbed) in the GIT

Organics Fraction of
only
undigested
water

water_undigested (-)

Defines water fraction
that is not digested
(absorbed) in the GIT

Organics Heptaneonly
Water
partition
coefficient

K_hw (-)

Defines the partition
of the chemical
between water and
heptane. Is used to
describe inner
membrane resistance

Organics Blood_Tissue
only
partition
coefficient

Dietary uptake
efficiency

K_Blood_Organ_i (-)

Defines the partition
of the chemical
between blood and
organ i. Is used to
calculate
concentration of
chemicals in organs

E (-)

Defines the fraction of
chemicals passing
across the GIT barrier
to reach blood

1.9 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.
The concentration of a target pollutant in the beef compartment (C_beef) is defined as a regulatory
state variable. The regulatory state variable is presented in the following table together with other
state variables used to calculate it. Figures 3-6 summarize the calculation processes for organic
substances and metals.
Regulatory variable for the Mammals model
Name
Abbreviation and unit
Concentration of the chemical in muscle C_muscle (mg.kg-1)
Concentration of the chemical in liver
C_liver (mg.kg-1)
Concentration of the chemical in kidney C_kidney (mg.kg-1)
Concentration of the chemical in milk
C_milk (mg.kg-1)

End of Level 1 documentation (basic end-user)
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Level 2 documentation (background science)
4.

Processes and assumptions

4.1. Processes n°1: Advective transport and diffusion of chemicals
in/across the GIT membrane
Motivation
Uptake of chemicals via food highly depends on advective transport along the GIT and passive
diffusion across the GIT epithelium membrane towards the bloody system. The rate at which
chemicals are assimilated from the diet via the gastro intestinal tract (GIT) is expressed by the dietary
uptake rate constant k_absorption (kg.kg-1.d-1), and the rate at which chemicals are eliminated from
blood to feces via the gastro intestinal tract (GIT) is expressed by the egestion rate constant
k_egestion (kg.kg-1.d-1).
Selected model and assumptions
MERLIN-Expo Mammal model applies O’Connor’s formulations (O’Connor et al 2013) to model
gastro-intestinal advection/diffusion and egestion of chemicals after food ingestion.

Figure 8– Exchange processes taking place across gastro intestinal tract (GIT)

It is assumed that chemical exchanges across the gastro intestinal tract (GIT) are driven by diffusion
gradients i.e. the concentration differences between phases within the animal blood and its
food/feces. These exchanges are assumed to be mainly simple molecular diffusions. The lipid
membrane separating GIT and the bloody system is assumed to be a bilayer structure with an apolar
22

membrane centre and an outer membrane with polar groups. In most bioaccumulation models, this
latter polar layer is neglected and diffusion in the lipid membrane is only represented by the octanolwater partition coefficient (used as a surrogate for representing substance-lipid affinity). O’Connor et
al (2013) assumed however that membrane phospholipids are ordered creating thus a bilayer
structure. They also showed that considering the outer polar membrane allows extending the
applicability domain of the model for both hydrophilic and hydrophobic compounds.
In our model, absorption rate constant of chemicals is then related to three resistances to diffusion
corresponding to three successive layers in the membrane:
•

•
•

partial resistance from water layer. Resistance for diffusion through water layer is considered
to be the same for different chemicals because molecular weights and volumes are in the
same order of magnitude;
partial resistance from inner apolar lipid layer, assumed to be inversely proportional to
octanol-water partition coefficient K ow ;
partial resistance from outer polar lipid layer, assumed to be inversely proportional to
heptane-water partition coefficient K hw (used to describe the polar affinity of chemicals). K hw
is calculated as the ratio between octanol-water partition coefficient K ow and octanolheptane partition coefficient K oh . logK oh is linearly related to the hydrogen bond donor
strength of the chemical (Abraham, 1993).

Besides, bioaccumulation depends on the distribution of food between digested and undigested
fractions respectively, represented by an assimilation fraction Assimilated_food. Assimilated food
may be allocated to production of somatic or gonadal biomass. Dietary assimilation efficiencies
reflect dietary matrix (e.g. organic matter quality and quantity), and digestive physiology of the
organism e.g., feeding rates and gut retention time. For estimating the assimilation fraction of food,
food is assumed to be composed of lipids and water only, in respective proportions p_lipid_food and
(1- p_lipid_food). The assimilation fraction of the chemical contained in water is directly related to
the assimilation fraction of food; the assimilation fraction of the chemical contained in lipids is
related to the assimilation fraction of food but also to the octanol-water partition coefficient K OW .
Time delay associated to advective transport of food and feces in the GIT is represented by a flow
delay, depending on the fraction of undigested chemical contained in water and lipids.
The absorption rate constant is assumed to be related to an allometric rate exponent describing the
effect of species weight on physiological rate constants. In the MERLIN-Expo model, the weight of
each species is assumed to be those at adult age.
Besides, the absorption and egestion rate constants are related: their ratio represents indeed the
ratio between the assimilated and non-assimilated fractions of food, i.e. Assimilated_food/(1Assimilated_food).
Model type
Empirical [ ]
Steady-state [ ]
Analytical [X]

vs mechanistic [X]
vs dynamic [X]
vs numerical [ ]
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4.2. Process n°2: Circulation of blood in tissues and Partition of chemicals
between blood and fat/tissue
Motivation
The accumulation of organic contaminants in animal organs is mainly governed by two processes:
•
•

the circulation of bloody fluids through organs, with input from arterial blood and output to
venous blood
once blood is circulating within the organ, the partition of chemicals between blood and fat
contained in the organ. Partition coefficients are usually used for representing the
distribution of compounds

Selected model and assumptions
The transport of chemicals from blood to organs first depends on the perfusion rate of the tissues.
Blood flow is assumed to be constant and non-pulsatile. The chemical is assumed to distribute evenly
and homogeneously throughout the tissue volume. Moreover the compound distribution into all
compartments is assumed to be limited by perfusion, i.e., the tissue membranes present no barrier
to diffusion. Perfusion rate of meat tissues (muscle, liver and kidney) are estimated from the cardiac
output and the relative blood flow in organs (i.e. the fraction of total blood flow crossing over each
organ). For mammal glands, perfusion flow highly depends on lactating stage of the animal and it is
assumed to depend on milk volume production.
Once crossing through the tissue, chemical present in blood are distributed between blood and
tissue fat. Fat-Blood or Tissue-Blood partition coefficients were experimentally determined only for
some chemicals, and the collection of experimental data appears unrealistic given the high number
of contaminants to be investigated. For that reason, in silico approaches were developed to calculate
these partition coefficients for a wide spectrum of chemicals from more easily accessible compound
descriptors.
Such in silico approaches are based on the fundamental principle that the concentration (or
solubility) of a compound in a biological matrix can be expressed as the sum of its concentration in
the respective components of the matrix. For blood and animal organs (like meat and milk), the main
components to be considered can be: water, neutral lipids, charged phospholipids, hemoglobin
and/or plasma proteins. For neutral organic environmental contaminants, models were initially
based on hydrophobic interactions with neutral lipids and hemoglobin. Recent predictive models
extended their applicability domain for drugs by the introduction of interactions with charged
phospholipids and binding to plasma proteins (Peyret et al, 2010). Thus, models were developed for
neutral compounds, acids and bases, and zwitterions (http://spark.rstudio.com/kprftree/myapp/).
Given this background, the MERLIN-Expo considers a steady-state equilibrium between the
concentration in blood and in tissues (muscle, liver and milk). According to the substance and to
available in silico models, the Tissue-Blood partition coefficients can be:
•

•

directly derived from in silico models. Such models calculate Tissue-Blood partition
coefficients from surrogates for lipophilicity (e.g. octanol-water partition coefficient) and/or
binding to proteins (protein-water partition coefficient) and/or phospholipids interactions;
calculated from Fat-Blood partition coefficients, assuming some values for the fractions of
water and lipids respectively in each tissue. Fat-Blood partition coefficients can be derived
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from QSAR models or calculated from the ratio of Fat-Air and Air-Blood partition coefficients
(especially for VOCs), and then converted in Tissue-Blood partition coefficients.
Model type
Empirical [ ]
Steady-state [X]
Analytical [X]

vs mechanistic [X]
vs dynamic [X]
vs numerical [ ]

4.3. Process n°3: Elimination of chemical: growth, milk lactation,
urinary excretion and metabolism
Motivation
The outflux of chemicals is calculated considering the loss rate constants corresponding to losses by
milk lactation, urinary excretion, growth (only for young animals) and degradation (metabolism).
Selected model and assumptions
• Growth. Two kinds of elimination via biomass production have to be taken into account. First
occurs only due to weight increase, and second is achieved by somatic and gonadal growth,
replacement of tissues as well as birth and death of individuals in the population. Actually,
both kinds of elimination by biomass growth are taken into account in the MERLIN-Expo
model. The first one (weight increase of each individual animal) is explicitly taken into
account for young animals by considering growth rate of each individual animal. If young
animals are studied (e.g. veal), production of biomass, and as a consequence dilution of
chemicals in animal is indeed expressed as biomass production rate constant k_growth
(resulting in a decrease of chemical concentration in animal tissues because of dilution in an
increasing volume). The k_growth is related to mass and time of the organism to reach adult
biomass. The second kind of elimination by biomass is implicitly taken into account by
introducing the average lifetime of each individual that leads to a continuous renewal of
animal population (i.e. death of old potentially contaminated individuals replaced by
newborn non contaminated individuals). Chemical elimination pathways are considered as
parallel, the overall removal of chemicals will be largely determined by the fastest route.
Therefore, production of biomass accounts for elimination of extremely hydrophobic
chemicals that are highly retained in animal lipid tissues.
• Metabolism. In our model biotransformation is defined as a change of the parent substance
to another molecule or a conjugated form of the parent substance. The model assumes firstorder processes and cannot estimate biotransformation rates that may occur under nonfirst-order conditions e.g. enzyme saturation. Metabolic biotransformation has a larger
influence on bioaccumulation factor for more hydrophobic chemicals. This is because the
rates of chemical elimination by gut egestion become slower with increasing hydrophobicity
of contaminants. When metabolic biotransformation rate (λ_metabolic) is negligible, total
elimination (i.e. sum of egestion, growth, lactating loss, urinary loss and metabolic
eliminations) of chemicals from animal organism is determined by slow rates of growth,
lactation, urine and egestion. Metabolism is specific to each contaminant and to each
species. Several approaches were developed to investigate metabolism: in vitro experiments
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•
•

using tissues of the species of interest (e.g. experiments conducted with microsomes or
hepatocytes), in vivo experiments (when available) or QSAR models. When in vitro
experiments were conducted, relationships are proposed for extrapolating from in vitro data
to in vivo data (see MERLIN-Expo documentation on PBPK model).
Milk loss. For milk compartment, the losses by outflux are calculated considering the milk
cattle lactation as sum of lipids and water in milk.
Urinary excretion. Loss by urine outflux is calculated considering the urine volume and the
concentration of chemicals in kidneys.

Model type
Empirical [X]
Steady-state [ ]
Analytical [X]

vs mechanistic [X]
vs dynamic [X]
vs numerical [ ]

End of Level 2 documentation (end-user with expertise in
process)
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Level 3 documentation (numerical information)
5.1 Initialization of mass balance in Media
The initial mass in the target media, i.e. the total quantity in mammal organs (GIT, muscle, liver,
kidney) and milk (Q_GIT, Q_muscle, Q_liver, Q_kidney and Q_milk) (mg), respectively) must be a
priori set in the model. By default, no contaminant accumulation (Q_GIT, Q_muscle, Q_liver,
Q_kidney and Q_milk = 0) is assumed at the beginning of the simulation.

5.2 Default parameter values
5.2.1 Physiological parameters
5.2.1.1

Animal diet preference for food item i (pref_diet_1 to
pref_diet_10)

Physical/chemical/biological/empirical meaning
The sum of the specific fractions of diet constituents of mammal species (e.g. cow, etc) adds up to 1.
According to the animal species, the diversity of food items is highly variable and can target either
grass, silage maize and/or other animal species (for omnivorous or carnivorous).
Role in the model
Organisms’ preferences for certain foods are used to calculate the concentration of the chemical
substance that is absorbed with ingested diet. We distinguish preference parameters that are
associated to each of the ten potential diets that were (arbitrary) defined in the MERLIN-Expo model.
The sum of these 10 dietary preferences must be unity (i.e. ∑𝑖𝑖=10
𝑖𝑖=1 𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡𝑖𝑖 = 1).
Database used for parameter estimation
Diet preferences are specific to the animal species that are investigated in the scenario and to the
site, and also on agricultural practices; they must then be informed case by case by end-user. As an
example, typical diet items for cows are: grass and/or hay (60%), silage maize (20%), other cereals
(12%), cattle cake (based essentially on soya – 6%), others (vitamins, minerals – 2%).

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
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End-users have to inform these parameters for their own case study. As default values and for
simplification, we estimated only one source of diet in the MERLIN-Expo model, but the software
offers the opportunity to build more complex food webs.
Parameter default value and PDF
pref_diet_1 = 1 (unitless)
pref_diet_i = 0 (unitless) for i=2 to 10

5.2.1.2

Animal weight (W_animal)

Physical/chemical/biological/empirical meaning
Some parameters are assumed to depend on animal weight through allometric relationships. Animal
weight represents total body weight on the animal targeted by the model.
Role in the model
Allometric relationships are used to calculate organ weights, flood flows crossing each targeted
organ and diffusion rates.
Database used for parameter estimation
Animal weights may be found on http://www.racesdefrance.fr/.
Animal
Cow

Milk cow

Sheep

Goat

Pig

Race
Charolais
Limousine
Blonde d’Aquitaine
Salers
Aubrac
Normande
Simmental
Prim’Holstein
Jersey
Rouge de l’Ouest
Hampshire
Vendéen
Manech
Alpine
Saanen
Poitevine
Blanc de l’Ouest
Bayeux

Adults female
700-1200
650-950
850-1350
750
500-800
700-800
700-800
600-700
430
70-80
60-70
70-80
55-60
50-70
50-90
40-70
350
350

Adult male
1000-1650
1000-1400
1100-1700

95-150
100-130
110-150
70-80
80-100
80-120
55-75
400

Table 1 – Animal weights from www.racesdefrance.fr

Data collected by Yan et al., 2009, Albertí et al., 2008, and Peters et al., 2013 were also compiled
(Table 2). Yan et al. (2009) studied body composition and live animal measurements of Holstein–
Friesian lactating dairy cows obtained from a large herd (n=146) to represent a range of animal
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factors including parity, live weight, milk yield and stage of lactation. Live animal measurements were
recorded 3 or 4 days prior to slaughter. 47 cows were in the ﬁrst lactation and in the second lactation
and the remaining animals were in the third lactation or over. Albertí et al. (2008) analysed a total of
436 young bulls from fifteen Western European breeds, including beef, and dairy types to assess
variability in live weight, live weight gain, body measurements and carcass traits. Animals were
weighed at the beginning of the experimental period and at 9, 12, 15 months of age and prior to
slaughter. Peters et al. (2013) used a total of 17019 records of body birth weight (BBW), weaning
weight (WW) 2, and yearling weight (YW) 3 on female calves from birth years 1998 to 2010. Records
for this study came from a large commercial ranch with a population of approximately 20,000
composite animals located in the sand hills of Nebraska. Composite cattle population of the ranch
comprises Angus, Simmental, Red Angus, and South Devon breeds.
Animal
(cattle
breed)
Holstein–
Friesian

Type of
cattle
breed
Dairy
breed

Mean

SD

574

74.4

Jersey

Dairy
breed

314.4

Casina

Dairy
breed

Highland

SE

Minimum

Maximum

419

781

N

Reference

146

Yan et al., 2009

4.1

31

Albertí et al., 2008

418.9

6.9

31

Albertí et al., 2008

Dairy
breed

290.9

5.4

29

Albertí et al., 2008

Holstein

Dairy
breed

483.8

4.5

29

Albertí et al., 2008

Danish Red

Dairy
breed

483.2

5.9

29

Albertí et al., 2008

Piemontese

Beef
breed

399.4

4.0

30

Albertí et al., 2008

Asturiana de
los Valles

Beef
breed

422.3

5.2

30

Albertí et al., 2008

Pirenaica

Beef
breed

483.1

5.5

31

Albertí et al., 2008

Limousin

Beef
breed

467.0

3.9

31

Albertí et al., 2008

South Devon

Beef
breed

509.7

9.5
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Albertí et al., 2008

2

In veterinary medicine, the process of removal of the offspring from the dam; complete housing separation is oftencombin
ed with removal of nursing support; or of bottled milk as a source of nutrition inthose animals already takenoff the dam; bo
th processes are preceded by creep feeding.

3

An animal that is one-year-old or has not completed its second year.

29

Charolais

Beef
breed

481.75

5.0

30

Albertí et al., 2008

Aberdeen
Angus

Beef
breed

483.7

7.8

30

Albertí et al., 2008

Simmental,
Angus,
South
Devon, and
Red Angus
Simmental,
Angus,
South
Devon, and
Red Angus
Simmental,
Angus,
South
Devon, and
Red Angus
Beef cattle

Beef
breed
(BBW)

34.8

3.9

16.8

60.3

Peters et al., 2013

Beef
breed
(WW)

153.8

28.7

72.6

263.1

Peters et al., 2013

Beef
breed
(YW)

264.2

30.9

110.7

627.3

Peters et al., 2013

500

180

1100

http://www.env.gov.bc.ca/

Dairy cows

650

320

870

http://www.env.gov.bc.ca/

Haifers
(young cows
before
having first
calf)

300

100

400

http://www.env.gov.bc.ca/

Goats (pets,
milk and
meat
breeds)

60

10

100

http://www.env.gov.bc.ca/

Sheep
(Ewes)*

64

40

120

http://www.env.gov.bc.ca/

Swine
(Sows)*

200

136

250

http://www.env.gov.bc.ca/

*An adult female
Table 2 - Animal weights from Yan et al., 2009, Albertí et al., 2008, and Peters et al., 2013

Parameter estimation type
Statistical analysis of large database [X]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
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Animal weight has to be updated case by case according to the animal species and race that is
targeted by the assessment. By default, milk cows (also called dairy cattle or dairy cows) weight
referenced in www.racesdefrance.fr are proposed in MERLIN-Expo.
Parameter default value and PDF
Best estimate (W animal ) = 700 (kg)
PDF (W animal ) = U (600 ; 800)

5.2.1.3

Allometric rate exponents (kappa) κingestion, κweight, κflows, κurine

Physical/chemical/biological/empirical meaning
Allometric relationships provide body-size specific parameters instead of values that are arbitrary or
taken from a well-known species. Allometry, or the biology of scaling, is the study of size and its
consequences. It has become a useful tool for comparative physiology. There are several empirical
allometric equations that relate body size to many parameters, including ingestion rate, lifespan,
inhalation rate, mortality, age at maturity, maximum density, territory size, rate constants, etc. Even
if these relationships were originally derived from empirical observations, there is a growing body of
evidence that these relationships have their origins in the dynamics of energy transport mechanisms.
From a meta-analysis based on 230 relationships, slopes of allometric regressions were shown to be
mutually consistent with rate constants, and generally decrease with organism mass at a constant
exponent (Hendriks 2007). Similarly, several anatomical and physiological parameters were reviewed
by Lindstedt and Schaeffer (2002) and showed consistent allometric relationships between several
mammals including humans.
Factors influencing parameter value
Differences in allometric regressions for rate constants (e.g. diffusion processes) can be observed
according to temperature, trophic position and evolutionary history (for example between plants,
invertebrates, cold-blooded vertebrates and warm-blooded vertebrates). Cold-blooded species have
generally lower rate constants but reach higher ages and densities than equally sized warm-blooded
organisms. Intercepts of body size distributions tend to decrease with trophic position (Hendriks
2007).
Role in the model
Slope of allometric regression κ ingestion is a component of ingestion rate constant used for simulating
diffusion from GIT to blood.
Moreover, allometric rate exponents κ weight and κ flows affects the values and uncertainties of
physiological parameters like ingestion rate, organ weights and blood flows to different organs
(driven by cardiac output).
Database used for parameter estimation
Hendriks et al (2007) conducted a meta-analysis on 230 allometric regressions derived from over 100
publications. The relationships were shown to be consistent and rate constants like absorption rate
generally decrease with organism mass at an exponent of -0,25. The range of the slope of allometric
regression is derived from reviews of empirical studies that have shown that the exponent is usually
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within the range of 0,25 to 0,33, theoretically explained by food-web networks and surface-volume
relationships (Hendriks, 2001).
Lindstedt and Schaeffer (2002) collected anatomical and physiological parameters on four
mammalian model species (mouse, rat, dog and man) and eventually other mammals if available
(e.g. guineapig, cattle, rabbit, etc). Data available for healthy, resting animals in normal conditions
(e.g. normal temperature, no manipulation of blood pressure, etc) were collected. It was observed
that organ weights scale as a constant fraction of body weight (i.e. κ weight close to 1). Some organs
can deviate from unity because small animals have a greater surface relative to their volume (e.g.
skin) and for neurological control role (e.g. brain). Cardiac output was observed to vary as κ flows =0.75.
The distribution of cardiac output to the individual organs is roughly constant across species;
ordinarily the same fract ion of cardiac output perfuses each of the organs. κ flows is then close to 0.75
for all the organs.
Observed patterns were used to derive allometric coefficients for organ weights (brain, fat, heart,
kidneys, liver, lung, muscle, skeleton, skin), blood flows (in abovementioned organs + adrenal),
cardiac output, blood volume and other measures (e.g. oxygen uptake, ventilation, etc).
Parameter estimation type
Statistical analysis of large database [X]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
The parameter estimation for κ ingestion was based on the range observed by Hendriks et al (2007) in
their meta-analysis, and reported by Hauck et al (2011).
The parameter estimation for κ weight and κ flows was based on data collected by Lindstedt and
Schaeffer (2002) for the abovementioned organs. The mean and standard deviation of all the
allometric coefficients obtained for the different organs κ weight,organ_i and κ flowsorgan_i were calculated
for deriving normal PDFs.
The allometric rate exponent for urine output is taken from Mordenti, 1986.
Parameter default value and PDF
Best estimate (κ ingestion ) = 0,25 (unitless)
PDF (κ ingestion ) = N (µ=0,25 ; SD=0,11)
Best estimate (κ weight ) = 0,95 (unitless)
PDF (κ weight ) = N (µ=0,95 ; SD=0,13)
Best estimate (κ flows ) = 0,76 (unitless)
PDF (κ flows ) = N (µ=0,76 ; SD=0,07)
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Best estimate (κ urine ) = 0,82 (unitless)
PDF (κ urine ) = N (µ=0,82 ; SD=0,10)

5.2.1.4

Lipid fraction of food item i (p_lipid_1 to p_lipid_10)

Physical/chemical/biological/empirical meaning
The lipid fraction in food represents the fraction of lipid ingested by mammals with diet. It is related
to the lipid fraction of each specific diet item.
Factors influencing parameter value
The parameter p_lipid_i depends on the diet item that is considered.
Role in the model
p_lipid_i affects the estimation of the partial resistances (ρ). It is used in calculating absorption rate
of chemicals through water and food.
Database used for parameter estimation
Lipid contents for many foods may be found in databases dedicated to nutrition (e.g. the French
nutrition database CIQUAL edited by ANSES - https://pro.anses.fr/TableCIQUAL/). Morand-Fehr and
Tran (2001) reviewed data dedicated to animal foods; data were collected from four European
databases (French Zootechnie Association AFZ, Dutch CVB, Britsh MFF, German Souci databases.
Some examples of lipid contents collected from the CIQUAL database and from Morand-Fehr and
Tran are reported in Table 1.
Food
Spinach

Lipid content
[0 ; 0.8]

Lettuce
Carrots
Potatoes
Ray-Grass

[0.1 ; 0.4]
[0 ; 0.4]
[0.02 ; 0.3]
[0.6 ; 1.7]

Corn
Maize
Peas
Soy grains
Soybean meal
Rape grains
Rapeseed meal

N(1.8 ; 0.3)
N(4.4 ; 0.5)
N(1.2 ; 0.3)
N(19.3 ; 1.3)
N(2.1 ; 0.7)
N(45.4 ; 2.5)
N(2.9 ; 1.2)

Source

CIQUAL database (% wet
weight)

Morand-Fehr et Tran, 2001
(% dry weight - AFZ
database)
(Normal distributions are
expressed by the mean
and standard deviation)

Table 3 – Lipid content in some food products for animal feeding
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Parameter estimation type
Statistical analysis of large database [X]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
Lipid content in food products have to be adapted case by case according to the diet of animals
considered in the scenario. Databases indicated above may be a good source for providing parameter
values and PDFs. In case data are given per dry weight, they have to be converted in wet weight,
taking into account water content of each food product. In MERLIN-Expo, the value for ray-grass is
entered by default for all food items (from 1 to 10).
Parameter default value and PDF
Best estimate (p_lipid_i) = 0,0015 (unitless)
PDF (p_lipid_i) = U (min=0,0009 ; max=0,0025)

5.2.1.4

Water fraction of food item i (p_water_1 to p_water_10)

Physical/chemical/biological/empirical meaning
The water fraction in food represents the fraction of water ingested by mammals with diet. It is
related to the water fraction of each specific diet item.
Factors influencing parameter value
The parameter p_water_i depends on the diet item that is considered.
Role in the model
p_water_i affects the estimation of the partial resistances (ρ). It is used in calculating absorption rate
of chemicals through water and food.
Database used for parameter estimation
Water content have been reviewed and reported in IAEA (2009) for plants of concern in human and
animal food ().
Plant category
Leafy and non leafy vegetables
Leguminous vegetables – seedLeguminous vegetables - vegetative mass
Root crops

Number of
data
88
11
16
39

Geometric
mean
92
12
81
87

MinimumMaximum
84-97
9-17
69-91
77-95
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Tubers
Fruits
Grass, Fodder, Pasture
Cereals
Maize – sweet corn
Maize – feed corn
Silage

10
102
33
22
4
11
13

75
85
76
12
71
16
66

Table 4 – Water content in some food products for animal feeding

62-82
73-96
67-90
10-16
68-76
10-25
55-82

Parameter estimation type
Statistical analysis of large database [X]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
Water content in food products have to be adapted case by case according to the diet of animals
considered in the scenario. Databases indicated above may be a good source for providing parameter
values and PDFs. In case data are given per dry weight, they have to be converted in wet weight,
taking into account water content of each food product. In MERLIN-Expo, the value for grass is
entered by default for all food items (from 1 to 10).
Parameter default value and PDF
Best estimate (p_water_i) = 0,76 (unitless)
PDF (p_lipid_i) = U (min=0,67 ; max=0,9)

5.2.1.5

Scaling factors for organ weights (sc_Worgan,i)

Physical/chemical/biological/empirical meaning
The scaling factors for organ weight (sc_W organ,i ) are the proportions of the weight of an
organ/tissue compared to the total bodyweight of the animal. In the MERLIN-Expo model, scaling
factors are defined for four organs: muscle, liver, kidneys and milk.
Role in the model
The scaling factors sc_W organ,i are used to compute the weight of an organ in the animal. It is then
used to calculate organ volumes in which chemicals may be diluted.
Parameter estimation type
Calibration [X]
Extrapolation [ ]
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Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Database used for parameter estimation
The scaling factors for the weight of compartments in animals were obtained from the data collected
for four mammals (mouse, rat, dog, human) by Lindstedt et Schaeffer (2001) and for humans by ICRP
(2002). Table 3 present their numerical values for muscle, liver, kidney and breast.
Organ
Muscle

Liver

Kidney

Breast
Blood volume

Animal

Scaling factor for organ
weights (sc_W organ,i ) (%)
Mouse
36.4
Rat
35.3
Dog
44
Human
39.7
Human - Men
39.7
Human - Women
29.2
Mouse
4.6
Rat
3.9
Dog
3.4
Human
2.4
Human - Men
2.5
Human - Women
2.3
Mouse
1.4
Rat
1
Dog
0.5
Human
0.42
Human - Men
0.42
Human - Women
0.46
Human - Women
0.83
Mouse
7.8
Rat
5.5
Dog
9.1
Human
7.8
Table 5 - Scaling factors for the weight of organs in mammals

Source
Lindstedt and Schaeffer, 2001

ICRP, 2002
Lindstedt and Schaeffer, 2001

ICRP, 2002
Lindstedt and Schaeffer, 2001

ICRP, 2002
ICRP, 2002
Lindstedt and Schaeffer, 2001

Parameter estimation description
Data were taken from Table 3. Because the weight of the organs is a function of the total
bodyweight, the inter-individual variability in organ weights can be handled through the parameter
‘Animal Weight’ (W animal ). A review of the literature showed indeed that the Coefficient of Variation
for organ weight in humans is close to 15% (range between 9% and 16%) that is similar to the
bodyweight variability (Johns et al, 2010). Therefore it does not seem necessary to add interindividual variability to the relative organ weights. Best estimates and PDFs are then determined
from inter-species variability.
Parameter default value and PDF
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Best estimate (sc_W muscle ) = 0.37 (unitless)
PDF (sc_W muscle ) = U(0.30 ; 0.44)

Best estimate (sc_W liver ) = 0.035 (unitless)
PDF (sc_W liver ) = U(0.023 ; 0.046)

Best estimate (sc_W kidney ) = 0.009 (unitless)
PDF (sc_W kidney ) = U(0.004 ; 0.014)

Best estimate (sc_W milk ) = 0.083 (unitless)
PDF (sc_W milk ) = U(0.07 ; 0.095)

Best estimate (sc_W blood ) = 0.08 (unitless)
PDF (sc_W blood ) = U(0.07 ; 0.09)

5.2.1.6

Scaling factors for blood flows in organs (sc_Blood_floworgan,i)

Physical/chemical/biological/empirical meaning
The scaling factors for blood flows are scaling factors used to compute the blood flow entering in an
organ according to animal weight. In the MERLIN-Expo model, scaling factors are defined for four
organs: muscle, liver, kidneys and milk (or breast).
Role in the model
Scaling factors for blood flows are used to compute the blood flows going through each targeted
organ. The distribution of cardiac output to the individual organs is roughly constant across species.
Blood flows in the GIT, heart, kidneys, skin and skeletal muscle accounts together for about 70% of
total cardiac output, distributed as follows: GIT: 15%; heart: 6%; kidneys: 16%; skin: 8%; skeleton
muscle: 27% (Lindstedt and Schaeffer, 2001).
Parameter estimation type
Calibration [X]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Database used for parameter estimation and Parameter estimation description
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The scaling factors for organ blood flow in adults were computed using the data collected by
Lindstedt and Schaeffer (2001).
Organ

Scaling factor for blood flows
-1
(sc_Blood_flow organ,i ) (ml.s )
0.769
0.156
0.603
0.015

Muscle
Liver
Kidney
Breast

Source
Lindstedt and Schaeffer, 2001

Calculated from Lindstedt and
Schaeffer, 2001 and ICRP, 2002
Table 6- Scaling factors for blood flows in mammals organs

Inter-individual variability in blood flows were collected by Price et al. (2003) and are reported in
Tableau 4. The higher coefficient of variation reported in Tableau 4 (i.e. 0.22) was used to derive the
PDFs for blood flows scaling factors.
Table 6 presents the variability reported by
Organ
Coefficient of variation (%)
well perfused
0.17
Kidneys
0.22
Liver
0.16
Skeletal muscle
0.18
Tableau 7 - Inter-individual variability of tissular blood flows (Price et al, 2003).

Data available in the literature are generally given in mL.s-1. For being consistent with all the MERLINExpo models, scaling factors for blood flows in organs are given here in m3.d-1.
Parameter default value and PDF
Best estimate (sc_Blood_flow muscle ) = 0.067 (m3.d-1.kg-1)
-1

(equivalent to 0.77 ml.s )

PDF (sc_Blood_flow muscle ) = U(0.052 ; 0.081)

Best estimate (sc_Blood_flow liver ) = 0.014 (m3.d-1.kg-1)
-1

(equivalent to 0.16 ml.s )

PDF (sc_W liver ) = U(0.01 ; 0.017)

Best estimate (sc_Blood_flow kidney ) = 0.052 (m3.d-1.kg1
)
-1

(equivalent to 0.6 ml.s )

PDF (sc_Blood_flow kidney ) = U(0.04 ; 0.063)

Best estimate (sc_Blood_flow milk ) = 0.0013 (m3.d-1.kg-1)
-1

(equivalent to 0.015 ml.s )

PDF (sc_Blood_flow milk ) = U(0.001 ; 0.0016)
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5.2.1.7

Scaling factor for urine flow (sc_Urine_flow)

Physical/chemical/biological/empirical meaning
The scaling factor for urine flows is a scaling factor used to compute the urine flow output according
to animal weight.
Role in the model
The Scaling factor for urine flow is used to compute the urine output from the kidney.
Parameter estimation type
Calibration [X]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Database used for parameter estimation and Parameter estimation description
For man, the total volume of urine excreted per day ranges from 0.5 to 2 L. Considering a mean
bodyweight of 70 kg, and considering that flow of excreted urine is calculated as:

κ

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 = 𝑠𝑠𝑠𝑠_𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈_𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓. 𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
, the scaling factor is calibrated for humans and

extrapolated to all mammals.

Parameter default value and PDF
Best estimate (sc_Urine_flow) = 2.2.10-5 (m3.d-1.kg-1)
-2

-1

-

(equivalent to about 8.8.10 L.d .kg 1)

PDF (sc_Urine_flow) = U(8.8.10-6; 3.5.10-5)

5.2.1.7

Density of organ i (r_organ_i)

Physical/chemical/biological/empirical meaning
The density of an organ or a tissue is its mass per unit of volume.
Role in the model
The density of an organ is used to compute the volume of this organ from its mass.
Parameter estimation type
Calibration [ ]
Extrapolation [ ]
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Expert elicitation [X]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Database used for parameter estimation and Parameter estimation description
The density of organs is 1000 kg.m-3 for all organs/tissues except for adipose tissues (900 kg.m-3) and
bones (2000 kg.m-3) (not considered in the Mammals model).
Parameter default value and PDF
Best estimate (r_organ_i) = 1000 (kg.m-3)

5.2.1.8

Milk production (Milk_production)

Physical/chemical/biological/empirical meaning
The milk production represents the quantity of milk produced per day and evacuated from the body.
Role in the model
Milk production is relevant only for lactating animals. It depends on species and race.
Parameter estimation type
Calibration [ ]
Extrapolation [ ]
Expert elicitation [X]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Database used for parameter estimation and Parameter estimation description
Milk production of several races may be found on several websites related to agriculture, e.g.
http://fr.france-genetique-elevage.org/-Races-bovines-laitieres-.html. Some cow productions are
reported on Tableau 8. By default, the production of milk cows (also called dairy cattle or dairy
cows) are proposed in MERLIN-Expo.
Animal

Race

Milk cow

Normande
Simmental
Prim’Holstein
Jersey

Sheep
Goat

Milk production (during
-1
lactation period) (L.d )
21
21
30
16.5
1-2
3
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Tableau 8 – Milk production

Parameter default value and PDF
Best estimate (Milk_production) = 0.025 (m3.d-1)
PDF (Flow_milk) = U(0.02 ; 0.03)

5.2.1.9

Fat content in organs (Fatorgan,i)

Physical/chemical/biological/empirical meaning
Fat (or lipid content) in organs represents the fraction of lipids in total organ fresh weight.
Role in the model
Blood-Tissue partition coefficients are calculated from Blood-Fat partition coefficients and Fat
content in tissues.
Parameter estimation type
Calibration [ ]
Extrapolation [ ]
Expert elicitation [X]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Database used for parameter estimation and Parameter estimation description
Fat contents in several organs are indicated for humans in publications dedicated to pharmakokinetic models. Some of these values are reported in Table 7. Best estimates and PDFs are derived
from these values. For milk, the values found for cow are proposed by default in MERLIN-Expo.
Organ
Muscle

Liver

Kidney

Lipid content (%)
2.2 (male); 2.9 (female)
2.4
1.9
1
0.88
1
6.9
4.3
6
4.3
6.5
8
5
2.6
4.7

Reference
Lipscomb, from Reference Man (ICRP 1975)
Poulin and Haddad, 2002
Poulin and Krishnan, 1996
Peyret et al, 2010
Endo et al, 2013
Schmitt, 2008
Lipscomb, from Reference Man (ICRP 1975)
Poulin and Haddad, 2002
Poulin and Krishnan, 1996
Peyret et al, 2010
Endo et al, 2013
Schmitt, 2008
Lipscomb, from Reference Man (ICRP 1975)
Poulin and Haddad, 2002
Endo et al, 2013
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Milk

6
Cow: 3.5-4.0
Goat: 4.0-4.5
Sheep: 7.0-7.5

Schmitt, 2008
Wikipedia

Table 9 – Fat content in organs

Parameter default value and PDF
Best estimate (Fat muscle ) = 0.02 (-)
PDF (Fat muscle ) = U(0.01 ; 0.03)

Best estimate (Fat liver ) = 0.06 (-)
PDF (Fat liver ) = U(0.04 ; 0.08)

Best estimate (Fat kidney ) = 0.04 (-)
PDF (Fat kidney ) = U(0.02 ; 0.06)

Best estimate (Fat milk ) = 0.0375 (-)
PDF (Fat milk ) = U(0.035 ; 0.04)

5.2.2 Diffusion parameters in the GIT system
5.2.2.1

Assimilation efficiency of lipids (Assimilated_lipids)

5.2.2.2

Assimilation efficiency of water (Assimilated_water)

Physical/chemical/biological/empirical meaning
The fraction of lipids contained in food that is assimilated by mammals, noted Assimilated_lipids
represents the fraction of ingested lipids contained in food that is absorbed or digested by the
organisms and spent on production and respiration.
The fraction of water contained in food that is assimilated by mammals, noted Assimilated_water
represents the fraction of ingested water contained in food that is absorbed or digested by the
organisms.
Factors influencing parameter value
The fractions of lipids and water assimilated by mammals depend on species, food item (position in
the trophic chain) as well as energetic budget in mammals driven by physico-chemical conditions and
health status.
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Role in the model
Assimilated_lipids and Assimilated_water affect the estimation of the partial resistances for
chemical uptake (ρ) and is used in calculating absorption efficiency of chemicals from the GIT to
blood .
Database used for parameter estimation
Hauck et al (2011) proposed a PDF for food assimilation efficiency of fish based on previous
publications which reviewed assimilation fractions for several organisms. The use of fish of animal
model is however controversial because assimilation efficiencies depend on food items and animal
species.
In his meta-analysis of allometric regressions, Hendricks (2007) considers as default values of food
assimilation efficiency: 0.6 for herbivores and 0.8 for carnivores. In Hendriks (1999) and Hendriks et
al (2007), the default value for herbivores is 0.4. The default value proposed by O’Connor et al (2013)
is 0.8. Kelly et al (2004) reviewed several digestion efficiencies for animals, as shown in Tableau 2.
Animal
Rainbow trout
Dairy cow
Caribou
Ring dove
Harp seal
Stellar sea lion
Wolf
Human

Lipid assimilation efficiency
92
60
60
98
94
97
98
95

Food assimilation efficiency
50
60
60
70
80
94
95
92

Tableau 10 – Lipid assimilation efficiencies (and food assimilation efficiencies for comparison) reported by Kelly et al
(2004)

Parameter estimation type
Statistical analysis of large database [ ]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [X]
Bayesian approach [ ], eventually
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
Considering data provided in abovementioned references, lipid assimilation efficiencies can be
considered as high for all the mammals, with values ranging from 0.6 to 0.98.
We assume here that water ‘follows’ food and that water assimilation efficiency can be represented
by food assimilation efficiency. Considering data provided in abovementioned references, water
assimilation efficiencies can be considered as high for all the mammals, with values ranging from 0.6
to 0.92.
Parameter default value and PDF
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Best estimate (Assimilated_lipids) = 0.8 (unitless)
PDF (Assimilated_lipids) = U(0.6;0.98)

Best estimate (Assimilated_water) = 0.8 (unitless)
PDF (Assimilated_water) = U(0.6;0.92)

5.2.2.3

Food ingestion coefficient (γ _ingestion)

Physical/chemical/biological/empirical meaning
The food transport coefficient through organism γ_ingestion expresses transport delay of food
through organism. As assumed by Hauck et al (2011), physiological rate constants (here ingestion
rate constants) are not only limited by resistances in water or membranes but also on delay taken by
food to be transported in organism.
The water ingestion coefficient γ_water is used to calculate the quantity of water drunk by organism.
Role in the model
Reciprocal food ingestion coefficient is used as an approximation of the ingestion flow delay
�𝛾𝛾

1

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

� .

Multiplied

by

undigested

water �𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 � and

undigested

lipids

�𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 �, it is involved in the determination of the uptake efficiency.

Combined to the uptake efficiency E and the concentrations of chemicals in food and water, food and
water ingestion coefficients γ_ingestion and γ_water are also used to calculate the total quantity of
chemical ingested per day and the quantity reaching blood through the GIT.
Database used for parameter estimation
Rate coefficients for ingestion of food found for mammals are presented in Table 3. Food ingestion
coefficients are generally fitted by considering the relationship between food requirement and body
mass: 𝑘𝑘𝑖𝑖𝑖𝑖 = 𝛾𝛾𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 . 𝑊𝑊 κ , where 𝑘𝑘𝑖𝑖𝑖𝑖 is the ingestion rate, 𝑊𝑊 is the animùal body weight and κ is
the allometric rate exponent (see 5.2.1.3). Two sources were used (Hendriks, 1999) and Nagy (1987).
Various values of γ_ingestion obtained by Hendriks depend on measured rate of ingestion, the
exponent of the regression and the group of species concerned. Author reports that ingestion rates
measured in cage animals, which typically takes place, may be lower than in free-living organisms
because of the additional energy expenditure by the latter. Nagy (1987) compiled several feeding
rates for eutherian mammals i.e. mammalian clade including among others domesticated ungulates
(“hoofed animals”).
γ_ingestion

SE
γ_ingestion

5% CI
γ_ingestion

95% CI
γ_ingestion

Number of
data/species
46

All eutherians

Nagy, 1987

0,62

1,56

0,25

1,55

33

Rodents (eutherian)

Nagy, 1987

0,58*

1,29

0,34*

0,99*

17

Herbivorous (eutherian) Nagy, 1987

0.1

-

-

-

110

0.092

-

-

-

145

0,23

1,16

0,17

0,32

Comment

Ingestion measured in
herbivores
Ingestion measured in
carnivores

Reference

Hendriks, 1999
Hendriks, 1999
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Table 11 - Selected coefficients of ingestion rates (γ_ingestion)
The water ingestion coefficient is estimated considering water intake of animals. Water intakes of
animals can be found in websites related to agriculture.
-1

Animal
Milk cow

Water intake (L.day )
115

Dry cow
Beef cattle
Feeder pig
Feeder lamb
Lactating dairy ewe

41
25-55
4.5-9
4.4
10

Reference
http://www.omafra.gov.on.ca/english/engineer/facts/07023.htm

Parameter estimation type
Statistical analysis of large database [ ]
Calibration [X]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ]
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
Hendriks (1999) applied allometric data found in literature to derive the transport coefficients for
food intake. In the study the power function �𝑘𝑘𝑖𝑖𝑖𝑖 = 𝛾𝛾𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 . 𝑊𝑊κ � was fit to collected allometric

data on weights, physiological rates for ingestion or nutrient absorption or food consumption, and
rate regression coefficients if available; otherwise coefficients were estimated from the abovementioned power function. Feeding rates were calculated by Nagy (1987) using also allometric
scaling with body mass. However, in this case the scope of the study was on free-living mammals,
possibly it could be the reason why reported γ_ingestion values are higher than those reported by
Hendriks (1999). Estimates by Nagy are preferred because they provide more insight into variability
of the predicted values. The data used to derive regression include variation due to differences in
age, season, habitat, microclimate, behavior, etc. Best estimate and PDF calculated for all eutherian
are chosen by default in MERLIN-Expo.
Parameter default value and PDF
Best estimate (γ_ingestion) = 0.23 (-)
PDF (γ_ingestion) = N (perc 5 = 0.17 – perc 95 = 0.32)

5.2.2.4

Water intake (Water_intake)

Physical/chemical/biological/empirical meaning
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The water intake represents the quantity of water drunk by animals per day. It depends on animal
state (e.g. lactating cow vs dry cow) and on the water content of the diet (wet food vs dry food).
Role in the model
Combined to the uptake efficiency E and the concentrations of chemicals in food and water, water
intake is used to calculate the total quantity of chemical ingested per day and the quantity reaching
blood through the GIT.
Database used for parameter estimation
The water ingestion coefficient is estimated considering water intake of animals. Water intakes of
animals can be found in websites related to agriculture.
Animal
Milk cow

-1

Water intake (L.day )
115

Dry cow
Beef cattle
Feeder pig
Feeder lamb
Lactating dairy ewe

Reference
http://www.omafra.gov.on.ca/english/engineer/facts/07023.htm

41
25-55
4.5-9
4.4
10
Table 12 – Water intake of cattle

Parameter estimation type
Statistical analysis of large database [ ]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [X]
Bayesian approach [ ]
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
Water intake has to be updated case by case according to the animal species and race that is
targeted by the assessment. By default, milk cows (also called dairy cattle or dairy cows) water intake
is proposed in MERLIN-Expo.
Parameter default value and PDF
Best estimate (Water_intake) = 0.12 (m3.d-1)
PDF (Water_intake) = to be defined case by case
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5.2.2.5

Water layer diffusion resistance for uptake of chemicals from
food (ρ_water_layer)

5.2.2.6

Neutral
lipid-layer
(ρ_neutral_lipid_layer)

5.2.2.7

Polar lipid-layer permeation resistance (ρ_polar_lipid_layer)

And

permeation

resistance

and

Physical/chemical/biological/empirical meaning
A permeation (diffusion) resistance reflects the layer thickness divided by the surface area and the
diffusion coefficient through that specific phase. Water and membrane resistances can be viewed as
the time required to achieve a certain degree of chemical transfer, hence long resistance time means
slow transfer of contaminant (Clark et al, 1990).
Uptake rate constant of chemicals of mammals is expressed in terms of parameters that are
separately specific to the animals and to the chemicals. Resistance parameters that are used in the
present model are specific to mammals, and are believed to vary with size (Hendriks et al., 2001;
O’Connor et al., 2013).
The water layer diffusion resistance ρ_water_layer (d.kg) is assumed to be similar for the compounds
considered, considering the relatively small variability due to molecular weight. Whereas the
diffusion through the membrane was split into an outer ρ_polar_lipid_layer (d.kg) and inner
ρ_neutral_lipid_layer (d.kg) layer resistance, which are related to the water phase by the octanolwater K ow and the heptane-water K hw partition coefficients, respectively.
Resistance of the outer (polar) bilayer membrane when both K ow and K hw are used, as pointed out by
O’Connor et al (2013), is lower than resistance of the membrane represented solely by K ow
descriptor. Mechanistic explanation for this difference can be related to the decrease in layer
thickness, which is one the factors the diffusion resistance depends on (Flynn et al., 1974).
Factors influencing parameter value
It is assumed that water and membrane resistances apply to all chemicals involved in passive
diffusion across membranes. Additionally, the permeation of chemicals through membrane lipid
bilayer changes with K_ow and hydrogen-bond donor strength of chemical.
Role in the model
Diffusion resistances are used to calculate uptake rate of pollutants. All three diffusion resistance
parameters are inversely proportional to uptake rate via ingestion. Differentiation between various
types of resistances encountered by chemicals when passing from gut lumen into blood allows
including both hydrophilic and hydrophobic compounds.
Database used for parameter estimation
Data collected by Hendriks et al., (2001) on mammal’s uptake efficiencies were used by O’Connor et
al., (2013) to estimate water and membrane bilayer resistances. Uptake efficiencies for rats (40
chemicals), cows (14 chemicals), rabbits (3 chemicals) mice and monkey (1 chemical each) were
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collected. The second dataset compiled by Zhao et al., (2001) provided additional information on oral
uptake efficiencies of pharmaceuticals measured in human.
Parameter estimation type
Statistical analysis of large database [ ]
Calibration [X]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ]
QSAR or read-across [ ]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
ρ_water_layer, ρ_polar_lipid_layer, ρ_neutral_lipid_layer were fitted all together to the whole
collected dataset of uptake efficiencies. Two uptake models were used in order to fit resistance
parameters. The first one was used independently, it applies both K ow and K hw partition coefficients,
taking into account differences between outer and intra membrane polarity. This procedure resulted
with estimating ρ_polar_lipid_layer and ρ_neutral_lipid_layer parameter values and confidence
intervals. While best estimate and uncertainty range of ρ_water_layer was derived by fitting into
second uptake model based only on K ow as a descriptor of membrane polarity and to “K ow &K hw ”
model. Fitting procedure was followed by optimization of the parameters by minimising the summed
squared residuals. Fitted parameters were assigned with the 95% confidence interval.
Parameter default value and PDF
Best estimate (ρ_water_layer) = 3.7x10-5 (d.kg-κ)
PDF (ρ_water_layer) = LU (perc 5 = 1x10-5 – perc 95 = 11x10-5)
Best estimate (ρ_polar_lipid_layer) = 0.12 (d.kg-κ)
PDF (ρ_polar_lipid_layer) = U (perc 5 = 0 – perc 95 = 0.9)
Best estimate (ρ_neutral_lipid_layer) = 6.2x10-5 (d.kg-κ)
PDF (ρ_neutral_lipid_layer) = LU (perc 5 = 1.6x10-5 – perc 95 = 43x10-5)

5.2.2 Chemical parameters
5.2.2.1

Octanol-water partition coefficient (log10_K_ow)

Physical/chemical/biological/empirical meaning
The partition coefficient of a substance between water and a lipophilic solvent (n-octanol)
characterizes the equilibrium distribution of the chemical between the two phases. The partition
coefficient between water and n-octanol (K ow ) is defined as the ratio of the equilibrium
concentrations of a chemical in octanol saturated with water and water saturated with octanol. The
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parameter characterizes the equilibrium distribution of the chemical between the two phases and
hence represents the degree to which a chemical prefers organic material to water.
Factors influencing parameter value
In accordance with Nernst’s law, K_ow is independent from compound absolute concentration in noctanol and water. K_ow is usually weakly dependent on temperature, and experiments to measure
K_ow values are set to standard conditions i.e. 25°C and 1 atm (OECD protocol). Large organic
compounds or highly nonpolar compounds exhibit a high degree of hydrophobicity. Such
hydrophobic substances tend to partition to octanol rather than to water and hence have large
values of K ow . In contrast, smaller or polar substances are less hydrophobic and have smaller values
of K ow . The range of K ow is many orders of magnitude for variety of organic compounds. Literature
value with log K_ow > 6 may contain significant error and thus should be carefully checked.
Application of K_ow implies that the solute under consideration has identical speciation in both
phases. Processes such as complex formation, dissociation and protonation in at least one of the two
phases lead to more complex distribution phenomena. K ow is not an accurate determinant of
lipophilicity for ionizable compounds because it only correctly describes the partition coefficient of
neutral (uncharged) molecules. For example, the parameter is not a good predictor of drug behaviors
in the changing pH environments of the body because the majority of them are ionizable.
Role in the model
Hydrophobicity of chemicals moderate resistance they encounter while passing through organic
membranes i.e. the resistance. The resistance processes are governed by the lipid content of the fish
organs. Octanol-water partition coefficient is used as a surrogate for Lipid-water partition.
Database used for parameter estimation
Experimental protocols to measure K ow are well established and standardised, for example, in OECD
guidelines (OECD, 2006; OECD, 2004; OECD 1995). When the parameter is measured following such
well-established experimental protocols, it can be assumed that the obtained values of K ow are not
likely to be very variable. The measurement values of K ow are available for many of well-recognized
toxic substances. Therefore, in this document, measurement data were selected for the
determination of default K ow values.
The measurement data were obtained from OECD (2004) and from the software called EPI-Suite
developed
by
US-EPA
(http://www.epa.gov/opptintr/exposure/pubs/episuite.htm).
The
measurement data in EPI-Suite were initially entered by junior and senior scientists using many
sources for which the data had already been carefully evaluated, and then were checked by senior
scientists.
Parameter estimation type
Statistical analysis of large database [X]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [X]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
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The QSAR approach used in the EPI-Suite (i.e. “KOWWIN”) was applied to estimate K ow in the case
where no measurement was available. The approach uses a "fragment constant" methodology to
predict K ow . In the "fragment constant" method, a structure is divided into fragments (atom or larger
functional groups) and coefficient values of each fragment or group are summed together to yield
the log K ow estimate. KOWWIN’s methodology is known as an Atom/Fragment Contribution (AFC)
method. Coefficients for individual fragments and groups were derived by multiple regression.
Meylan and Howard (1995) present a more complete description of KOWWIN’s methodology.
Analysis of applicability domain of KOWWIN model (Nikolova and Jaworska, 2005) was based on
training set of 2434 compounds (r2 = 0,981 and RMSE (root mean squared error) = 0,22) revealed 186
different fragments and 322 different correction factors, resulting in a 508-dimensional descriptor
space. The validation set consisted of 10 910 substances, in which the log K ow values vary between 4.99 and 11.71.
Assuming identical, independent and normally distributed errors, the uncertainty in a QSAR
prediction log K ow can be defined as the predictive distribution by the predictive mean log K ow and
standard error of predictions��������
K_ow:
�������������
������������
log K_owp ~log
K_owp + t n−k−1 . SE (log
K_owp )

Where tn −k −1 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 model used here provides an estimation of the standard error of predictions
������������
SE (log
K_owp ) by the Mean Squared error (MSE).
Parameter default value and PDF

Table 9 presents the values of K ow for well-recognized toxic substances with experimental data (when
available), simulated data generated by KOWWIN and uncertainty derived from the approach
presented above. Experimental references sited by EPI-Suite are all documented in the software
(freely downloadable from the link shown above).
Chemical class

PAH

PCB

Substance

th

th

Log Kow
experimental
estimate

Log Kow
KOWWIN
estimate

Residual

5 -95
percentile

Anthracene

4,45

4,35

-0,10

(KOWWIN)
3,99 – 4,71

Benzo(a)pyrene

6,13

6,11

-0,02

5,75 – 6,47

Benzo(b)fluoranthene

5,78

6,11

0,33

5,75 – 6,47

Benzo(k)fluoranthene
Fluoranthene

6,11
5,16

6,11
4,93

0,00
-0,23

5,75 – 6,47
4,57 – 5,29

Naphthalene

3,30

3,17

-0,13

2,81 – 3,53

PCB28
PCB 52

5,62
6,09

5,69
6,34

0,07
0,25

5,33 – 6,05
5,98 – 6,70

PCB101

6,80

6,98

0,18

6,62 – 7,34
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Pesticides

Brominated
flame retardants
VOCs

Phthalate

Dioxins

Phenols Alkylphenols

PCB118

7,12

6,98

-0,14

6,62 – 7,34

PCB138

7,44

7,62

0,18

7,26 – 7,98

PCB153

7,75

7,62

-0,13

7,26 – 7,98

PCB180

-

8,27

-

7,91 – 8,63

Alachlor
Atrazine

3,37
2,61

3,52
2,82

-0,15
0,21

3,01 – 3,73
2,46 – 3,18

Chlordane

6,16

6,26

0,10

5,90 – 6,62

Chlorpyrifos

4,96

4,66

-0,30

4,30 – 5,02

DDT

6,91

6,79

-0,12

6,43 – 7,15

Dieldrin

5,40

5,45

0,05

5,09 – 5,81

Diuron

2,68

2,67

-0,01

2,31 – 3,03

Endosulfan
Hexachlorocyclohexane
(lindane)

3,83
3,72

3,50
4,26

-0,33
0,54

3,14 – 3,86
3,90 – 4,62

Isoproturon

2,87

2,84

-0,03

2,48 – 3,20

Malathion

2,36

2,29

-0,07

1,93 – 2,65

Parathion

3,83

3,73

-0,10

3,37 – 4,09

Pentachlorophenol

5,12

4,74

-0,38

4,38 – 5,10

Pentabromo
diphenylether

-

7.66

-

7,30 – 8,02

Hexabromobiphenyl

-

9.10

-

8,74 – 9,46

Benzene
1,2-Dichloroethane

2,13
1,48

1,99
1,83

-0,14
0,35

1,63 – 2,35
1,47 – 2,19

Dichloromethane

1,25

1,34

0,09

0,98 – 1,70

Hexachlorobenzene (HCB)

5,73

5,86

0,13

5,50 – 6,22

Hexachlorobutadiene

4,78

4,72

-0,06

4,36 – 5,08

Pentachlorobenzene

5,17

5,22

0,05

4,86 – 5,58

Trichlorobenzene

4,05

3,93

-0,12

3,57 – 4,29

Trichloromethane
(chloroform)

1,97

1,52

-0,45

1,16 – 1,88

Dibutylphthalate (DBP)

5,53

4,61

-0,92

4,25 – 4,97

Di(2-ethylhexyl)phthalate
(DEHP)

7,60

8,39

0,79

8,03 – 8,75

2,3,7,8-TCDD

6,80

6,92

0,12

6,56 – 7,28

1,2,3,7,8-PeCDD

6,64

7,56

0,92

7,20 – 7,92

1,2,3,6,8-HxCDD

7,80

8,21

0,41

7,85 – 8,57

2,4,6-tri-tert-butylphenol

6,06

6,39

0,33

6,03 – 6,75

Nonylphenol

5,76

5,99

0,23

5,63 – 6,35

2-Octylphenol

-

5,50

-

5,14 – 5,86
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Table 13 – Log K_ow values for selected substances.

5.2.2.2

Hydrogen bond donor strength (A)

Physical/chemical/biological/empirical meaning
Hydrogen bonding is a type of intermolecular interaction characteristic to molecules containing H
atom bonded to a strongly electronegative atom such as N, O, or F (but not limited to these atoms),
where H is attracted to lone pair of electrons of another highly electronegative atom (Atkins et al.,
2013). Hydrogen bond can be summarized as X – H ··· Y. Where XH being the hydrogen bond donor
and Y being the hydrogen bond acceptor. In the pair XH, X has partial negative charge and H partial
positive charge, which allows it to create hydrogen bond with another electronegative atom Y
(Arunan et al., 2011). In fact, any element more electronegative that H atom can act as a hydrogen
bond donor: F, N, O, C, P, S, Cl, Se, Br, I.
Permeability through cell membranes of the compounds with the same octanol-water partitioning
(Kow) values depends on the number of hydrogen bond groups they possess. The effect of
diminished permeability for compounds with higher number of hydrogen bond groups was observed
by Goodwin et al. (2001). On the contrary, for the compounds with the same hydrogen bond
strength, permeability increases with higher Kow values. Therefore, information on Kow’s
complemented by data on hydrogen bond strength provide more insight about behaviour of the
compounds when permeate through bilayer membranes.
Donor potential of the solute to donate hydrogen bond (A) is related to the difference between
partition coefficients between water on one part, and octanol, heptanes, cyclohexane
and/chloroform on the other part (Abraham et al., 1994; Tayar et al., 1991), i.e. 𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾𝑜𝑜𝑜𝑜 − 𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾ℎ𝑤𝑤 ,
𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾𝑜𝑜𝑜𝑜 − 𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾𝑐𝑐𝑐𝑐 or 𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾𝑜𝑜𝑜𝑜 − 𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾𝑐𝑐ℎ𝑓𝑓𝑓𝑓 .
where:

logK hw : n-heptane/water partition coefficient
logK cw : cyclohexane/water partition coefficient
logK chfw – chloroform/water partition coefficient
Role in the model
Partial resistance from outer polar lipid layer in the GIT membrane is assumed to be inversely
proportional to heptane-water partition coefficient K hw , which is used as surrogate to describe the
polar affinity of chemicals. K hw is calculated as the ratio between octanol-water partition coefficient
K ow and octanol-heptane partition coefficient K oh . logK oh is linearly related to the hydrogen bond
donor strength of the chemical A (Abraham, 1993).
Database used for parameter estimation
Descriptors of chemicals like the hydrogen bond donor strength may be experimentally measured,
for example as changes in the infrared strechching frequency X – H upon formation of complexes X –
H ··· Y, water/solvent and gas/solvent partitions and chromatography. The process of measurement
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may however be time-consuming. In silico approaches were then developed to provide values for a
wider range of chemicals.
The modeling approach used here to derive Hydrogen bond donor strength is described in Platts et al
(1999). The approach uses a "fragment constant" methodology to predict A. In the "fragment
constant" method, chemicals are divided into fragments (Table 8) and coefficient values of each
fragment or group are summed together to yield the A estimate. Coefficients for individual
fragments and groups were derived by multiple regression. UFZ has implemented a similar approach
in
the
ChemProp
software
(personal
communication
ChemProp
6.3 http://www.ufz.de/ecochem/chemprop). For information, the expected ranges for several
chemical classes are reported on .

Table 14 – Fragments used in Platts et al (1999) to predict Hydrogen bond donor strength
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Tableau 15 –Expected Hydrogen bond donor strengths for several chemical families (from Schwöbel et al, 2011)

Parameter estimation type
Statistical analysis of large database [X]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [X]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
The QSAR approach described in Platts et al (1999) and in UFZ (personal communication; method
implemented in ChemProp 6.3 http://www.ufz.de/ecochem/chemprop) were applied to estimate
Hydrogen bond donor strength in the case where no measurement was available.
The predictive power of the Platts’ model was based on a training set of 3619 compounds (r2 = 0,945;
RMSE = 0,058), a training set of 1213 nonzero data (r2 = 0,83; RMSE = 0,094) and the validation set
consisted of 73 substances (r2 = 0,943; RMSE = 0,055).
Assuming identical, independent and normally distributed errors, the uncertainty in a QSAR
prediction log K ow can be defined as the predictive distribution by the predictive mean log K ow and
standard error of predictions��������
K_ow:
�������������
������������
log K_owp ~log
K_owp + t n−k−1 . SE (log
K_owp )

Where tn −k −1 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).
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The QSAR model used here provides an estimation of the standard error of predictions
������������
SE (log
K_owp ) by the Mean Squared error (MSE).

Parameter default value and PDF
Table 9 presents the values of Hydrogen bond donor strength for well-recognized toxic substances
with experimental data (when available), simulated data derived from the approach presented
above. Calculated values were generated by the ChemProp software (ChemProp
6.3 http://www.ufz.de/ecochem/chemprop). Values derived from the Platt’s approach are chosen by
default in MERLIN-Expo. No uncertainty was considered for chemicals showing low (close to zero)
values because they generally do not include hydrogen donor fragments.
Chemical class

Substance

PAH

PCB

Pesticides

Hydrogen bond
donor strength
- experimental
estimate

Hydrogen bond
donor strength
- UFZ’s
calculation

Anthracene

-

0

Benzo(a)pyrene

-

0

0.003

Benzo(b)fluoranthene

-

0

0.003

Benzo(k)fluoranthene
Fluoranthene

-

0
0

0.003
0.003

Naphthalene

-

0

0.003

PCB28
PCB 52

-

0
0

0.003
0.003

PCB101

-

0

0.003

PCB118

-

0

0.003

PCB138

-

0

0.003

PCB153

-

0

0.003

PCB180

-

0

0.003

Alachlor
Atrazine

0.05
0.17

0
0,32

0.003
0.39

[0.23 ; 0.54]

-

0.044

0.041

[0 ; 0.2]

-0.38

0

0.003

DDT

0

0

0.003

Dieldrin

-

0

0.003

Diuron

0.57

0.32

0.36

[0.21 ; 0.51]

-

0
0.13

0.003
0.12

[0 ; 0.27]

0.39

0.25

0.36

[0.21 ; 0.51]

Malathion

-

0

0.003

Parathion

0.05

0

0.003

Chlordane
Chlorpyrifos

Endosulfan
Hexachlorocyclohexane
(lindane)
Isoproturon

Hydrogen bond
donor strength
- Platt’s
calculation –
Best estimate

0.003

Hydrogen bond
donor strength Platt’s calculation –
th
th
[5 -95 ]
percentiles
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Pentachlorophenol

0.61

0.5

1.03

Brominated
flame
retardants

Pentabromo
diphenylether

-

0

0.003

Hexabromobiphenyl

-

0

0.003

VOCs

Benzene
1,2-Dichloroethane

0
0.1

0
0,044

0.003
0.003

Dichloromethane

0.1

0,11

0.003

Hexachlorobenzene
(HCB)

0

0

0.003

Hexachlorobutadiene

0

0

0.003

Pentachlorobenzene

0.06

0

0.003

Trichlorobenzene

0

0

0.003

Trichloromethane
(chloroform)

0.15

0.15

0.053

[0.88 ; 1.18]

[0 ; 0.21]

Phthalate

Dibutylphthalate (DBP)

0

0

0.003

-

0

0.003

Dioxins

Di(2ethylhexyl)phthalate
(DEHP)
2,3,7,8-TCDD

-

0

0.003

1,2,3,7,8-PeCDD

-

0

0.003

1,2,3,6,8-HxCDD

-

0

0.003

2,4,6-tri-tertbutylphenol
Nonylphenol

-

0,41

0.38

[0.23 ; 0.53]

-

0,5

0.55

[0.4 ; 0.7]

2-Octylphenol

-

0,5

0.55

[0.4 ; 0.7]

Phenols Alkylphenols

Table 16 – Hydrogen bond donor strength values for selected substances

5.2.2.3

Blood-Fat partition coefficient (logKblood_fat)

Physical/chemical/biological/empirical meaning
A Blood-Fat partition coefficient is defined as the ratio of the concentration in blood to the
concentration in fat.
Role in the model
The Blood-Fat partition coefficient is used in the model to derive a Blood-Tissue partition coefficient
that represents the ratio of the concentration in blood to the concentration in tissue. For this
purpose, the Blood-Fat partition coefficient is corrected with the fat content in the tissue.
Database used for parameter estimation
Blood-Fat partition coefficients may be calculated as the ratio between Blood-Air partition coefficient
and Fat-Air partition coefficient, i.e. log�𝐾𝐾𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_𝑓𝑓𝑓𝑓𝑓𝑓 � = log�𝐾𝐾𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_𝑎𝑎𝑎𝑎𝑎𝑎 � − log(𝐾𝐾𝑓𝑓𝑓𝑓𝑓𝑓_𝑎𝑎𝑎𝑎𝑎𝑎 ).

Abraham et al (2005) developed a QSAR model for predicting K blood_air partition coefficients of
chemicals. 155 values related to Air to human Blood and 127 values related to Air to rat Blood were
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collected. With regard to experimental errors, no significant difference between partition coefficients
for human blood and rat blood was observed and databases were then merged, leading to 196
chemicals for which experimental data were available.
Sprunger et al (2008) extended the original database with values related to mouse, dog, rabbit,
guinea pig, hamster, pig, sheep and cat blood, leading to 358 chemicals. The target organism of the
QSAR model developed by Sprunger et al (2008) is human, but it may be applied to other mammals
with correction factor.
Abraham and Ibrahim (2006) developed a QSAR model for predicting Air-Fat partition coefficients. A
linear free energy relationship (LFER) was used to correlate 129 experimental data. Combination of
Air-Fat partition coefficients with previously values of Blood-Air partition coefficients enabled
calculating Blood-Fat partition coefficients.
Parameter estimation type
Statistical analysis of large database [X]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [X]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
The Abraham’s model used to predict K blood_air partition coefficients (Abraham et al, 2005) was tested
on 98 chemicals, giving a SD equal to 0.39 log units.
The Sprunger’s model used to predict K blood_air partition coefficients (Sprunger et al, 2008) was tested
on 358 chemicals, giving a SD equal to 0.31 log units.
The Abraham’s model used to predict K fat_air partition coefficients (Abraham and Ibrahim, 2006) was
tested on 98 chemicals, giving a SD equal to 0.20 log units. Combination of K blood_air and K fat_air
partition coefficients by Abraham and Ibrahim (2006) gave predictions of K blood_fat with a SD equal to
0.3 log units.
Our calculation of K blood_fat by combining K blood_air and K fat_air was based on the combination of
standard deviations observed for each of these partition coefficients and gave a standard deviation
equal to 0.44.
The uncertainty in these QSAR predictions is based on the same principles as those described in
5.2.2.1 and 5.2.2.2.
Parameter default value and PDF
Tables 11, 12 and 13 presents the values of partition coefficients calculated by the QSAR described
above. In MERLIN-Expo, the K blood_fat partition coefficients calculated from Abraham et al, 2006 are
used by default.
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Chemical
class

Substance

log K blood_air
Sprunger et al,
2008
Best estimate

log K blood_air
Sprunger et al, 2008
th
th
[5 -95 ] percentiles

PAH

Anthracene

4.96

[4,45 ; 5.47]

[7,44 ; 8.72]

8.06

[7,55 ; 8.57]

7.76

[7,12 ; 8,40]

7.74

[7,23 ; 8,25]

Benzo(k)fluoranthene
Fluoranthene

7.67
5.6

[7,03 ; 8,31]
[4,96 ; 6,24]

7.64
5.6

[7,13 ; 8,15]
[5,09 ; 6,11]

Naphthalene

4.85

[4,21 ; 5,49]

4.77

[4,26 ; 5,28]

PCB28
PCB 52

4.53
4.85

[3,89 ; 5,17]
[4,21 ; 5,49]

4.45
4.77

[3,94 ; 4,96]
[4,26 ; 5,28]

PCB101

5.27

[4,63 ; 5,91]

5.19

[4,68 ; 5,70]

PCB118

5.54

[4,90 ; 6,18]

5.44

[4,93 ; 5,95]

PCB138

5.77

[5,13 ; 6,41]

5.68

[5,17 ; 6,19]

PCB153

5.7

[5,06 ; 6,34]

5.61

[5,10 ; 6,12]

PCB180

6.15

[5,51 ; 6,79]

6.05

[5,54 ; 6,56]

Alachlor
Atrazine

7.71
7.05

[7,07 ; 8,35]
[6,41 ; 7,69]

7.78
7.1

[7,27 ; 8,29]
[6,59 ; 7,61]

Chlordane

8.23

[7,59 ; 8,87]

8.21

[7,70 ; 8,72]

Chlorpyrifos

5.12

[4,48 ; 5,76]

5.23

[4,72 ; 5,74]

DDT

5.86

[5,22 ; 6,50]

5.82

[5,31 ; 6,33]

Dieldrin

9.07

[8,43 ; 9,71]

9.13

[8,62 ; 9,64]

Diuron

8.21

[7,57 ; 8,85]

8.17

[7,66 ; 8,68]

Endosulfan
Hexachlorocyclohexane
(lindane)

14.1
4.14

[13,46 ; 14,74]
[3,50 ; 4,78]

14.36
4.04

[13,85 ; 14,87]
[3,53 ; 4,55]

Isoproturon

8.07

[7,43 ; 8,71]

8.09

[7,58 ; 8,60]

Malathion

8.63

[7,99 ; 9,27]

8.76

[8,25 ; 9,27]

Parathion

6.82

[6,18 ; 7,46]

6.83

[6,32 ; 7,34]

Pentachlorophenol

5.5

[4,86 ; 6,14]

5.33

[4,82 ; 5,84]

Brominated
flame
retardants

Pentabromo
diphenylether

7.37

[6,73 ; 8,01]

7.29

[6,78 ; 7,80]

Hexabromobiphenyl

7.77

[7,13 ; 8,41]

7.68

[7,17 ; 8,19]

VOCs

Benzene
1,2-Dichloroethane

1.18
1.44

[0,54 ; 1,82]
[0,80 ; 2,08]

1.11
1.35

[0,60 ; 1,62]
[0,84 ; 1,86]

Dichloromethane

0.99

[0,35 ; 1,63]

0.89

[0,38 ; 1,40]

Hexachlorobenzene
(HCB)

3.46

[2,82 ; 4,10]

3.35

[2,84 ; 3,86]

Hexachlorobutadiene

2.26

[1,62 ; 2,90]

2.18

[1,67 ; 2,69]

Pentachlorobenzene

3.25

[2,61 ; 3,89]

3.13

[2,62 ; 3,64]

PCB

Pesticides

log K blood_air
Abraham et
al, 2005
Best estimate

log K blood_air
Abraham et al, 2005
th
th
[5 -95 ] percentiles

4.99

[4.35 ; 5.63]

Benzo(a)pyrene

8.08

Benzo(b)fluoranthene
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Trichlorobenzene

2.37

[1,73 ; 3,01]

2.26

[1,75 ; 2,77]

Trichloromethane
(chloroform)

1.2

[0,56 ; 1,84]

1.09

[0,58 ; 1,60]

Phthalate

Dibutylphthalate (DBP)

6.39

[5,75 ; 7,03]

6.41

[5,90 ; 6,92]

7.61

[6,97 ; 8,25]

7.58

[7,07 ; 8,09]

Dioxins

Di(2ethylhexyl)phthalate
(DEHP)
2,3,7,8-TCDD

6.78

[6,14 ; 7,42]

6.73

[6,22 ; 7,24]

1,2,3,7,8-PeCDD

6.99

[6,35 ; 7,63]

6.94

[6,43 ; 7,45]

1,2,3,6,8-HxCDD

7.08

[6,44 ; 7,72]

7.01

[6,50 ; 7,52]

2,4,6-tri-tertbutylphenol
Nonylphenol

6.00

[5,36 ; 6,64]

5.92

[5,41 ; 6,43]

6.48

[5,84 ; 7,12]

6.36

[5,85 ; 6,87]

2-Octylphenol

6.29

[5,65 ; 6,93]

6.18

[5,67 ; 6,69]

Phenols Alkylphenols

Table 17 – Partition coefficients between blood and air for selected substances

Chemical
class

Substance

PAH

Anthracene

PCB

Pesticides

log K fat_air
Abraham et al, 2006
Best estimate

6.76

log K fat_air
Abraham et al, 2006
th
th
[5 -95 ] percentiles

[6,43 ; 7,09]

Benzo(a)pyrene

10.4

[10,07 ; 10,73]

Benzo(b)fluoranthene

10.21

[9,88 ; 10,54]

Benzo(k)fluoranthene
Fluoranthene

10.23
7.84

[9,90 ; 10,56]
[7,51 ; 8,17]

Naphthalene

7.22

[6,89 ; 7,55]

PCB28
PCB 52

6.93
7.22

[6,60 ; 7,26]
[6,89 ; 7,55]

PCB101

7.86

[7,53 ; 8,19]

PCB118

8.57

[8,24 ; 8,90]

PCB138

8.62

[8,29 ; 8,95]

PCB153

8.49

[8,16 ; 8,82]

PCB180

9.19

[8,86 ; 9,52]

Alachlor
Atrazine

8.77
7.37

[8,44 ; 9,10]
[7,04 ; 7,70]

Chlordane

10.28

[9,95 ; 10,61]

Chlorpyrifos

7.22

[6,89 ; 7,55]

DDT

8.26

[7,93 ; 8,59]

Dieldrin

10.3

[9,97 ; 10,63]

Diuron

8.42

[8,09 ; 8,75]

Endosulfan

13.03

[12,70 ; 13,36]
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Hexachlorocyclohexane
(lindane)

6.32

[5,99 ; 6,65]

Isoproturon

8.09

[7,76 ; 8,42]

Malathion

8.69

[8,36 ; 9,02]

Parathion

8.21

[7,88 ; 8,54]

Pentachlorophenol

6.82

[6,49 ; 7,15]

Brominated
flame
retardants

Pentabromo
diphenylether

10.77

[10,44 ; 11,10]

Hexabromobiphenyl

11.42

[11,09 ; 11,75]

VOCs

Benzene
1,2-Dichloroethane

2.47
2.56

[2,14 ; 2,80]
[2,23 ; 2,89]

Dichloromethane

2.08

[1,75 ; 2,41]

Hexachlorobenzene
(HCB)

6.24

[5,91 ; 6,57]

Hexachlorobutadiene

4.33

[4,00 ; 4,66]

Pentachlorobenzene

5.72

[5,39 ; 6,05]

Trichlorobenzene

4.65

[4,32 ; 4,98]

Trichloromethane
(chloroform)

2.44

[2,11 ; 2,77]

Phthalate

Dibutylphthalate (DBP)

8.03

[7,70 ; 8,36]

10.59

[10,26 ; 10,92]

Dioxins

Di(2ethylhexyl)phthalate
(DEHP)
2,3,7,8-TCDD

9.07

[8,74 ; 9,40]

1,2,3,7,8-PeCDD

9.5

[9,17 ; 9,83]

1,2,3,6,8-HxCDD

9.92

[9,59 ; 10,25]

2,4,6-tri-tertbutylphenol
Nonylphenol

7.56

[7,23 ; 7,89]

7.85

[7,52 ; 8,18]

2-Octylphenol

7.48

[7,15 ; 7,81]

Phenols Alkylphenols

Tableau 18 – Partition coefficients between fat and air for selected substances

Chemical
class

Substance

log K blood_fat
Abraham et
al, 2006
Best estimate

log K blood_fat
Abraham et al, 2006
th
th
[5 -95 ] percentiles

PAH

Anthracene

log K blood_fat
calculated from
K fat_air and K blood_air
Best estimate

2.14

[1,65 ; 2,63]

Benzo(a)pyrene

2.74

[2,25 ; 3,23]

2.32

[1,60 ; 3,04]

Benzo(b)fluoranthene

2.67

[2,18 ; 3,16]

2.45

[1,73 ; 3,17]

Benzo(k)fluoranthene

2.82

[2,33 ; 3,31]

2.56

[1,84 ; 3,28]

1.77

log K blood_fat
calculated from
K fat_air and K blood_air
th
th
[5 -95 ] percentiles

[1,05 ; 2,49]

60

Fluoranthene

2.44

[1,95 ; 2,93]

2.24

[1,52 ; 2,96]

Naphthalene

2.99

[2,50 ; 3,48]

2.37

[1,65 ; 3,09]

PCB28

2.8

[2,31 ; 3,29]

2.4

[1,68 ; 3,12]

PCB 52

2.99

[2,50 ; 3,48]

2.37

[1,65 ; 3,09]

PCB101

3.23

[2,74 ; 3,72]

2.59

[1,87 ; 3,31]

PCB118

3.32

[2,83 ; 3,81]

3.03

[2,31 ; 3,75]

PCB138

3.46

[2,97 ; 3,95]

2.85

[2,13 ; 3,57]

PCB153

3.46

[2,97 ; 3,95]

2.79

[2,07 ; 3,51]

PCB180

3.7

[3,21 ; 4,19]

3.04

[2,32 ; 3,76]

Alachlor

1.12

[0,63 ; 1,61]

1.06

[0,34 ; 1,78]

Atrazine

0.48

[-0,01 ; 0,97]

0.32

[-0,40 ; 1,04]

Chlordane

2.53

[2,04 ; 3,02]

2.05

[1,33 ; 2,77]

Chlorpyrifos

1.91

[1,42 ; 2,40]

2.1

[1,38 ; 2,82]

DDT

3.06

[2,57 ; 3,55]

2.4

[1,68 ; 3,12]

Dieldrin

1.64

[1,15 ; 2,13]

1.23

[0,51 ; 1,95]

Diuron

0.51

[0,02 ; 1,00]

0.21

[-0,51 ; 0,93]

Endosulfan

-0.65

[-1,14 ; -0,16]

-1.07

[-1,79 ; -0,35]

Hexachlorocyclohexane
(lindane)

2.28

[1,79 ; 2,77]

2.18

[1,46 ; 2,90]

Isoproturon

0.49

[0,01 ; 0,98]

0.02

[-0,70 ; 0,74]

Malathion

0.83

[0,34 ; 1,32]

0.06

[-0,66 ; 0,78]

Parathion

1.91

[1,42 ; 2,40]

1.39

[0,67 ; 2,11]

Pentachlorophenol

1.49

[1,00 ; 1,98]

1.32

[0,60 ; 2,04]

Brominated
flame
retardants

Pentabromo
diphenylether

3.73

[3,24 ; 4,22]

3.4

[2,68 ; 4,12]

Hexabromobiphenyl

3.98

[3,49 ; 4,47]

3.65

[2,93 ; 4,37]

VOCs

Benzene

1.28

[0,79 ; 1,77]

1.29

[0,57 ; 2,01]

1,2-Dichloroethane

1.06

[0,57 ; 1,55]

1.12

[0,40 ; 1,84]

Dichloromethane

0.98

[0,49 ; 1,47]

1.09

[0,37 ; 1,81]

PCB

Pesticides
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Phthalate

Dioxins

Phenols Alkylphenols

Hexachlorobenzene
(HCB)

2.76

[2,27 ; 3,25]

2.78

[2,06 ; 3,50]

Hexachlorobutadiene

2.21

[1,72 ; 2,70]

2.07

[1,35 ; 2,79]

Pentachlorobenzene

2.47

[1,98 ; 2,96]

2.47

[1,75 ; 3,19]

Trichlorobenzene

2.18

[1,69 ; 2,67]

2.28

[1,56 ; 3,00]

Trichloromethane
(chloroform)

1.16

[0,67 ; 1,65]

1.24

[0,52 ; 1,96]

Dibutylphthalate (DBP)

2.09

[1,60 ; 2,58]

1.64

[0,92 ; 2,36]

Di(2ethylhexyl)phthalate
(DEHP)

3.89

[3,40 ; 4,38]

2.98

[2,26 ; 3,70]

2,3,7,8-TCDD

2.52

[2,03 ; 3,01]

2.29

[1,57 ; 3,01]

1,2,3,7,8-PeCDD

2.76

[2,27 ; 3,25]

2.51

[1,79 ; 3,23]

1,2,3,6,8-HxCDD

3.1

[2,61 ; 3,59]

2.84

[2,12 ; 3,56]

2,4,6-tri-tertbutylphenol

2.44

[1,95 ; 2,93]

1.56

[0,84 ; 2,28]

Nonylphenol

1.85

[1,36 ; 2,34]

1.37

[0,65 ; 2,09]

2-Octylphenol

1.63

[1,14 ; 2,12]

1.19

[0,47 ; 1,91]

Table 19 – Partition coefficient between blood and fat for selected substances

5.2.2.4
_liver)

Metabolic half-life of chemicals in liver (hl_metabolic_

Physical/chemical/biological/empirical meaning
The whole body, total elimination half-life and the whole body primary biotransformation half-life
are key parameters determining the extent of bioaccumulation, biological concentration, and risk
from chemical exposure (Arnot et al., 2014). For example, metabolism of PCBs in mammals occurs by
hydroxylation at the 2- and 4-positions through the hepatic cytochrome P-448 and P-450 enzyme
system. Metabolic rate in cattle is known as key parameter controlling biotransfer of organic
contaminants to milk and beef. In fact, it was observed that biotransfer factor of organic chemicals to
milk and beef in cattle is more dependent on chemical specific metabolism rather than its
hydrophobicity (Hendriks et al., 2007).
Role in the model
Chemical specific half-lives are used in order calculate metabolic rate constants. As metabolism
preferentially occurs in liver, only half-lives of chemicals in liver are considered here.
Database used for parameter estimation
Data on metabolic half-lives in mammals were collected from available sources. There are several
existing models that can be used for computing concentration of accumulated contaminants in beef
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and milk. Each model requires chemical specific metabolic rate as input, however the empirical data
are scarce. In MERLIN-Expo one set of chemical specific metabolic parameters is used one for
calculating metabolic rate in cow liver according to the approaches described by Arnot et al. (2010)
and Takaki et al. (2015).
Takaki et al. (2015) introduced two terms for computing metabolic rates in cattle: first, uses BioWIN
primary biodegradation model for microorganism implemented in US EPA EPI-Suite, and available
QSAR model, EPI-HL (Arnot et al., 2009) and IFS-HL (Brown et al., 2012), in order to derive metabolic
rates in fish. The aim of the study was to apply metabolic rates estimated for microorganisms and
fish to simulate metabolic processes in ruminant guts and liver respectively. The estimated metabolic
rates were subsequently used in several exposure models: RAIDAR, ACC-HUMAN, OMEGA, and
CKow. Finally, authors observed better performance of the models when QSAR-based estimations of
metabolic rates were used as input to the models. Rosenbaum et al. (2009) approximated the
metabolic rate in cow’s gut and blood in the CKow model as a function of K ow (𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 1.43 −
0.48 × 𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾𝑜𝑜𝑜𝑜 ).

Briefly, BioWIN 4 estimates time needed for primary biodegradation. Primary biodegradation is the
transformation of a parent compound to an initial metabolite. The model is based upon a survey of
17 biodegradation experts conducted by EPA, in which the experts were asked to evaluate 200
compounds in terms of the time required to achieve ultimate and primary biodegradation in a typical
or evaluative aquatic environment (Boethling et al., 1994; Boethling and Sabljic, 1989). Each expert
rated the ultimate and primary biodegradation of each compound on a scale of 1 to 5. The ratings
correspond to the following time units: 5 - hours; 4 - days; 3 - weeks; 2 - months; 1 - longer. It
should be noted that the ratings are only semi-quantitative and are not half-lives. Thus for example
if the averaged expert rating for ultimate degradation of a compound is 2.5, it means the experts
considered that the compound would biodegrade completely in a time frame somewhere between
"a matter of weeks" and "a matter of months", with no exact time or half-life being applied.
Arnot et al., (2010) used the measured metabolic rates in ﬁsh as a substitute for avian and
mammalian species with the biological explanation that biotransformation rates are generally faster
than those in fish based on review of in vitro studies which suggest that higher level organisms such
as birds and mammals have evolved greater biotransformation capabilities than fish and
invertebrates. While mammals, birds, and fish have similar concentration of cytochrome P-450 in
microsomal protein per gram of liver, birds and mammals have a greater liver to body weight ratio
than fish. Therefore, authors assumed metabolic rates to be 5 times faster than those in fish.

The general one-compartment pharmacokinetic modelling approach (1-CoPK) for mammals was
proposed by Arnot et al. (2014) where metabolic biotransformation was assumed to be first orderkinetics and computed according to equation 𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑙𝑙𝑙𝑙2⁄𝐻𝐻𝐻𝐻 𝑇𝑇 − 𝑙𝑙𝑙𝑙2/𝐻𝐻𝐻𝐻𝑋𝑋 , where 𝐻𝐻𝐻𝐻 𝑇𝑇 is a
total chemical and (𝐻𝐻𝐻𝐻𝑋𝑋 ) a specific biotransformation half-lives selected as the property of interest
for the database and QSAR development. Biotransformation was deﬁned as the conversion
(elimination) of the parent chemical through reaction into another chemical (metabolite), including
conjugation with endogenous molecules.
Hendriks et al., (2007) computed more half-lives (HL) values for stable compounds from raw data.
However, the information especially on labile compounds was too scant to calculate half-lives. In
these cases, kinetics had to be estimated from the period after which the chemical could no longer
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be traced above detection limits. The corresponding rate constants were computed where the
fraction remaining was arbitrarily set to 5%. In reality, the substances may have disappeared faster,
so that these values represent a minimum level. Authors conclude that lack of raw data excludes
more accurate calculations, a general shortcoming inherent to the investigation of labile substances.
Parameter estimation type
Statistical analysis of large database [ ]
Calibration [ ]
Extrapolation [ ]
Expert elicitation [ ]
Bayesian approach [ ], eventually
QSAR or read-across [X]
Mechanistic model [ ]
Perfect information [ ] to be informed by the end user case by case
Parameter estimation description
The default best estimates and PDF for the half-life biotransformation in liver factor are given for
several key substances in Table 17. Calculations were performed using the ChemProp software that is
freely available on request (http://www.ufz.de/index.php?en=6738). We use approach described by
Arnot et al (2009) for estimating applicability domain for calculated half-lives of chemicals’ in fish.
Subsequently recommendation by Arnot et al., (2010) was applied to computed values, namely that
metabolic rates are 5 times higher in mammals than in fish. These values represent chemicals
biotransformation half-lives used to calculate metabolic rates in mammals (cow) liver.
Calculation of metabolic half-lives of chemicals in mammals (cow) gut could be calculated according
to the procedure described by Takaki et al., (2015). Primary biodegradation can be calculated using
BioWIN 4. The BioWIN scores can be converted to the half-lives according to Takaki et al., (2015) and
then are used to calculate the metabolic rate in microorganism where the scores 1 to 5 were given
half-lives of 1/24, 1, 7, 30, 365 (d) respectively in accordance with the expert scores and estimated
exponentially.
400
Half life (d)

300
200
100
0

0

2
4
Biowin score

6

Figure 9 The relationship between BioWIN score and half-life in the environment. Exponential regression and the
coefficient of determination (Takaki et al., 2015)

Errors and uncertainty in the measured data, the model and in the physical-chemical properties used
to parameterize the QSAR models propagate uncertainty in the calculated metabolic
biotransformation values.
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Parameter default value and PDF

Chemical
class

Substance

biowin_score (EPIsuit)*

PAH

Anthracene

3.25

Benzo(a)pyrene

2.78

193

35

1064

Benzo(b)fluoranthene

2.78

648

117

3564

Benzo(k)fluoranthene

2.78

646

117

3568

Fluoranthene

3.85

117

21

646

Naphthalene

3.32

746

135

4122

PCB28

2.98

442

80

2444

PCB 52

2.78

746

135

4122

PCB101

2.55

1258

228

6955

PCB118

2.55

1258

228

6955

PCB138

2.34

2123

384

11733

PCB153

2.34

2123

384

11733

PCB180

2.12

3581

648

19793

Alachlor

3.42

1.2

0.2

6.4

Atrazine

3.1

0.5

0.1

2.8

Chlordane

1.99

1341

243

7411

Chlorpyrifos

3.29

12

2

67

DDT

2.48

410

74

2262

Dieldrin

2.22

52

9.5

288

Diuron

3.18

0.085

0.015

0.46

Endosulfan

2.2

69

12.5

382

Hexachlorocyclohexane
(lindane)

2.82

73

13

403

Isoproturon

3.48

0.05

0.01

0.265

Malathion

4.29

0.04

0.005

0.205

Parathion

3.78

5

1

27

Pentachlorophenol

2.68

9

1.5

50

Pentabromo
diphenylether

2.34

197

36

1082

PCB

Pesticides

Brominated
flame

Mean HL (d) cow
liver Arnot et al.,
(2009, 2010)
140

5% HL (d) cow liver
Arnot et al (2009,
2010)
26

95% HL (d) cow liver
Arnot et al (2009,
2010)
772
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retardants

Hexabromobiphenyl

2.02

42

7.5

231

VOCs

Benzene

3.39

6

1

33

1,2-Dichloroethane

3.5

1.35

0.25

7.45

Dichloromethane

3.52

1.2

0.2

6.6

Hexachlorobenzene
(HCB)

2.44

5

0.9

27

Hexachlorobutadiene

2.88

3

0.5

16.5

Pentachlorobenzene

2.66

70

12.5

385

Trichlorobenzene

3.1

24

4.5

133

Trichloromethane
(chloroform)

3.37

2

0.5

12

Dibutylphthalate (DBP)

3.86

0.3

0.05

1.7

Di(2ethylhexyl)phthalate
(DEHP)

4.28

2.5

0.5

13

2,3,7,8-TCDD

2.88

80

15

440

1,2,3,7,8-PeCDD

2.66

137

24.5

754

1,2,3,6,8-HxCDD

2.45

233

42

1286

2,4,6-tri-tertbutylphenol

3.05

85

15

470

Nonylphenol

3.77

5

1

27.5

2-Octylphenol

3.79

3.5

0.5

20.5

Phthalate

Dioxins

Phenols Alkylphenols

* Results classification 5.00 -> hours; 4.00 -> days; 3.00 -> weeks; 2.00 -> months; 1.00 -> longer
Table 20 – Metabolic half-lives in liver
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Level 4 documentation (mathematical information)
6. Mathematical models for State variables
The objective of Chapter 4 is to present the mathematical models used for calculating each of the
State variables conceptually listed in 1.8. The understanding of these models is a prerequisite for
understanding the mass balance equations presented in Chapter 4.1.7. In the following tables, the
following symbols were adopted:

6.1.1 Mean lipid fraction of food (p_lipid_food)
The data process for calculating the State variable p_lipid_food is reminded here:

The ‘p_lipid_food’ State variable is calculated as follows:

(1)

𝐩𝐩_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟 = ∑𝟏𝟏𝟏𝟏
𝐢𝐢=𝟏𝟏 𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏_𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝_𝐢𝐢 . 𝐩𝐩_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐢𝐢

6.1.2 Mean water fraction of food (p_water_food)
The data process for calculating the State variable p_water_food is reminded here:

The ‘p_water_food’ State variable is calculated as follows:
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(2)

𝐩𝐩_𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟 = ∑𝟏𝟏𝟏𝟏
𝐢𝐢=𝟏𝟏 𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏_𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝_𝐢𝐢 . 𝐩𝐩_𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰_𝐢𝐢

6.1.3 Mean concentration of the chemical in ingested diet items
(C_diet_mean)
The data process for calculating the State variable C_diet_mean is reminded here:

The ‘C_diet_mean’ State variable is calculated as follows:

(3)

𝐂𝐂_𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝_𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 = ∑𝟏𝟏𝟏𝟏
𝐢𝐢=𝟏𝟏 𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏_𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝_𝐢𝐢 . 𝐂𝐂_𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝_𝐢𝐢

6.1.4 Fraction of undigested lipids (lipid_undigested)
The data process for calculating the State variable lipid_undigested is reminded here:

The ‘lipid_undigested’ State variable is calculated as follows:

(4)

𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 = (𝟏𝟏 − 𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥). 𝐩𝐩_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟. 𝟏𝟏𝟏𝟏𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐊𝐊𝐊𝐊𝐊𝐊
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6.1.5 Fraction of undigested water (water_undigested)
The data process for calculating the State variable water_undigested is reminded here:

The ‘water_undigested’ State variable is calculated as follows:

(5)

𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰_𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 = (𝟏𝟏 − 𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀_𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰). 𝐩𝐩_𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟

6.1.6 Heptane-water partition coefficient (Khw)
The data process for calculating the State variable K hw is reminded here:

The ‘K hw ’ State variable is calculated as follows:

(6)

𝟏𝟏𝟏𝟏𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐊𝐊𝐊𝐊𝐊𝐊

𝐊𝐊 𝐡𝐡𝐡𝐡 = 𝟏𝟏𝟏𝟏𝟑𝟑.𝟓𝟓𝟓𝟓𝟓𝟓+𝟎𝟎.𝟑𝟑𝟑𝟑

6.1.7 Organ weights (Wmuscle, Wliver, Wkidney, Wmilk)
The data process for calculating the State variable W organ,i is reminded here:
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The ‘W organ,i ’ State variable is calculated as follows:

(7)

κ 𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰
𝐖𝐖𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨,𝐢𝐢 = 𝐬𝐬𝐬𝐬_𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖 𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐢𝐢 . 𝐖𝐖𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚

6.1.8 Organ volumes (Vmuscle, Vliver, Vkidney, Vmilk)
The data process for calculating the State variable V organ,i is reminded here:

The ‘V organ,i ’ State variable is calculated as follows:

(8)

Vorgan,i =

W organ,i

r organ,i

6.1.9 Blood flows in organs (Blood_flowmuscle, Blood_flowliver,
Blood_flowkidney, Blood_flowmilk)
The data process for calculating the State variable Blood_flow organ,i is reminded here:
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The ‘Blood-flow organ,i ’ State variable is calculated as follows:

(9)

κ 𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟
𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨,𝐢𝐢 = 𝐬𝐬𝐬𝐬_𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐢𝐢 . 𝐖𝐖𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚

6.1.10 Urine flow (Flowurine)
The data process for calculating the State variable Flow_urine is reminded here:

The ‘Urine_flow’ State variable is calculated as follows:

(10)

κ 𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮
𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 = 𝐬𝐬𝐬𝐬_𝐔𝐔𝐔𝐔𝐔𝐔𝐔𝐔𝐔𝐔_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟. 𝐖𝐖𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚

6.1.11 Blood-Tissue partition coefficient
The data process for calculating the State variable K blood_organ,i is reminded here:
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The ‘K blood_organ,i ’ State variable is calculated as follows:

(11)

𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨,𝐢𝐢 =

𝟏𝟏𝟏𝟏𝐥𝐥𝐥𝐥𝐥𝐥_𝐊𝐊𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐟𝐟𝐟𝐟𝐟𝐟
𝐅𝐅𝐅𝐅𝐅𝐅 𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨_𝐢𝐢

6.1.12 Dietary uptake efficiency (E_uptake_organic) (for organics
only)
The data process for calculating the State variable E_uptake_organic is reminded here:
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The ‘E_ uptake _organic’ State variable is calculated as follows:

(7)

𝐄𝐄𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮
=

𝟏𝟏
𝟏𝟏
.
𝛒𝛒𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 𝛒𝛒𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥
𝟏𝟏
𝛄𝛄𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢 . �𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 + 𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 � 𝛒𝛒
+
+
𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 +
𝟏𝟏𝟏𝟏(𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐊𝐊𝐊𝐊𝐊𝐊)
𝟏𝟏𝟏𝟏(𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐊𝐊𝐊𝐊𝐊𝐊)
𝛄𝛄𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢 . �𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 + 𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 �

6.1.13 Mass balance equation for the GIT-Blood system
The mass balance equation for simulating the quantity of chemical in blood due to the GIT system
Q blood (in mg) is given by:
(13b)

𝐝𝐝𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
κ 𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢
= 𝐄𝐄𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 . �𝛄𝛄𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢 . 𝐖𝐖𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚
. 𝐂𝐂𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝_𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 + 𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖_𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢. 𝐂𝐂𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰 �
𝐝𝐝𝐝𝐝
𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
− 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 . �
−
�
𝐕𝐕𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 𝐕𝐕𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 . 𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
𝐐𝐐𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥
− 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 . �
−
�
𝐕𝐕𝐛𝐛𝐥𝐥𝐨𝐨𝐨𝐨𝐨𝐨 𝐕𝐕𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 . 𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥
𝐐𝐐𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤
𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
− 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤 . �
−
�
𝐕𝐕𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 𝐕𝐕𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤 . 𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤
𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
− 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 . �
−
�
𝐕𝐕𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 𝐕𝐕𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 . 𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦

6.1.14 Mass balance equation for the Muscle system
The mass balance equation for simulating the quantity of chemical in muscle due to exchange with
blood (in mg) is given by:

𝐝𝐝𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
= 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 . �
−
�
𝐝𝐝𝐝𝐝
𝐕𝐕𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 𝐕𝐕𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 . 𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦

6.1.15 Mass balance equation for the Liver system
The mass balance equation for simulating the quantity of chemical in muscle due to exchange with
blood (in mg) is given by:
73

𝐝𝐝𝐐𝐐𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥
𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
𝐐𝐐𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥
𝐥𝐥𝐥𝐥𝐥𝐥
= 𝐁𝐁𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 . �
−
�−
. 𝐐𝐐
𝐝𝐝𝐝𝐝
𝐕𝐕𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 𝐕𝐕𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 . 𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥
𝐡𝐡𝐡𝐡_𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦_𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥

6.1.16 Mass balance equation for the Kidney system
The mass balance equation for simulating the quantity of chemical in muscle due to exchange with
blood (in mg) is given by:

𝐐𝐐𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤
𝐐𝐐𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤
𝐝𝐝𝐐𝐐𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤
𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
= 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤 . �
−
� − 𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 .
𝐝𝐝𝐝𝐝
𝐕𝐕𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 𝐕𝐕𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤 . 𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤
𝐕𝐕𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤

6.1.17 Mass balance equation for the Milk system
The mass balance equation for simulating the quantity of chemical in muscle due to exchange with
blood (in mg) is given by:

𝐝𝐝𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
𝐐𝐐𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
= 𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁_𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 . �
−
� − 𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 .
𝐝𝐝𝐝𝐝
𝐕𝐕𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 𝐕𝐕𝐦𝐦𝐦𝐦𝐦𝐦𝐤𝐤 . 𝐊𝐊 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛_𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
𝐕𝐕𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦

6.1.18 Concentration in Muscle

The equation for simulating the concentration of chemical in muscle (in mg.kg-1) is given by:

𝐂𝐂𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 =

𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
𝐖𝐖𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦

6.1.1 Concentration in Liver

The equation for simulating the concentration of chemical in liver (in mg.kg-1) is given by:

𝐂𝐂𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥 =

𝐐𝐐𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥
𝐖𝐖𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥
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6.1.1 Concentration in Kidney

The equation for simulating the concentration of chemical in kidney (in mg.kg-1) is given by:

𝐂𝐂𝐤𝐤𝐤𝐤𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝 =

𝐐𝐐𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤
𝐖𝐖𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤𝐤

6.1.1 Concentration in Milk

The equation for simulating the concentration of chemical in muscle (in mg.L-1) is given by:

𝐂𝐂𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 =

𝐐𝐐𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
𝐖𝐖𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦
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