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Modelling mercury dynamics in the food web of the Augusta Bay
1. Description of the Phytoplankton model 


The dynamics of mercury concentration in phytoplankton biomass has been reproduced using the kinetic model devised for phytoplankton, i.e. the Phytoplankton model (Hendriks and Heikens, 2001; Radomisky and Ciffroy, 2015a). Specifically, we analyze the behaviour of the two main mercury species present in phytoplankton biomass, i.e. and , which describe the IHg and MeHg concentration at the position (x,y,z) of 3D domain of Augusta Bay and at a specific M. barbatus age (t’). 
The mercury contents in phytoplankton depend strongly on the concentrations of the respective mercury species (HgII and MeHg) dissolved in seawater, which are in turn calculated by the HR3DHG model (Denaro et al., 2020). Accordingly, the mercury contents in phytoplankton are calculated in each node (x,y,z) of the same lattice used for the HR3DHG model. In the case study of Augusta Bay we used a 3D grid, constituted by a mesh of 10 and 18 elements regularly spaced of  454.6 m in both x- and y-direction, and with a variable number of vertical layers of 5 m depth in the z-direction. 
The model is coded in C++ and adopts the forward Euler method for temporal discretization. Since the Phytoplankton model is coupled in real time with the HR3DHG model, the same time step (300 sec) has been fixed for both models. Specifically, the time step was chosen to guarantee the convergence and stability conditions associated with the numerical methods adopted for the HR3DHG model. The methods adopted for the spatial discretization of PDEs of HR3DHG model are reported by Denaro et al. (2020). The Phytoplankton model provides solutions in non-steady conditions because the spatial distributions of [HgII] and [MeHg] are obtained at non-steady state (Denaro et al., 2020).


The dynamics of  and  is modelled by considering three biological processes (Hendriks and Heikens, 2001; Radomisky and Ciffroy, 2015a): i) absorption of the two mercury species through the phytoplankton cell membrane (uptake term); ii) elimination of the two mercury species through the phytoplankton cell membrane (excretion term); iii) elimination of the two mercury species for dilution through the size growth of phytoplankton cell (growth term). 
The mercury absorption process is described as an uptake term with a first-order kinetic. In particular, the uptake rate constant for both mercury species is considered inversely proportional to the sum of water layer resistance, lipid layer permeation influx resistance and flow delay, and  directly proportional to the average phytoplankton cell weight with exponent -κ. The water layer resistance and the flow delay are assumed constant, while the lipid layer resistance is defined as a function of mercury concentration in seawater by following Hendriks and Heikens (2001).
The mercury elimination processes in the phytoplankton cells are described by excretion and growth terms, both of which are regulated by first-order kinetics. For both investigated mercury species, the excretion rate constant is defined directly proportional to the average phytoplankton cell weight with exponent -κ, and inversely proportional to the dry fraction of phytoplankton, the dry tissue-water partition ratio, and the sum of water layer resistance, lipid layer permeation efflux resistance and flow delay (Hendriks and Heikens, 2001). The growth rate constant is defined directly proportional to the temperature correction factor, the biomass production coefficient and the average phytoplankton cell weight with exponent -κ, all parameters whose values are set as constant in agreement with the empirical studies performed by Hendriks et al. (2001).
Thus, the kinetic model for the mercury concentrations in phytoplankton biomass is defined by the following ordinary differential equations (Hendriks and Heikens, 2001; Hendriks et al., 2001; Radomisky and Ciffroy, 2015a):
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where  and  are the IHg and MeHg concentrations in phytoplankton biomass, respectively ;  and  are the rate constants for the uptake from the seawater of IHg and MeHg, respectively ; [HgII] and [MeHg] are the concentrations of IHg and MeHg in seawater, respectively ;  and  are the rate constants for the excretion with seawater of IHg and MeHg, respectively [d-1];  is the dilution rate constant associated with phytoplankton biomass growth [d-1].

The mercury concentrations in seawater ([HgII] and [MeHg]) are obtained by solving in real time the PDEs of the HR3DHG model (Denaro et al., 2020). All rate constants are calculated according to Hendriks and Heikens (2001), assuming an analogue behaviour of MeHg compared with inorganic compounds. Thus, the rate constants are defined as follows:
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Here,  is the average phytoplankton cell weight ; is the rate exponent [dimensionless];  is the water layer diffusion resistance ;  is the lipid layer permeation influx resistance ;  and  are the lipid resistance exponents for IHg and MeHg, respectively [dimensionless];  is the water absorption-excretion coefficient ;  and  are the dry tissue-water partition ratios for IHg and MeHg, respectively ;  is the dry fraction of phytoplankton ;  is the lipid layer permeation efflux resistance ;  is the temperature correction factor [dimensionless];  is the biomass reproduction coefficient  .













All these parameters are obtained according to the available literature (Hendriks and Heikens, 2001; Hendriks et al., 2001), and are reported in Table S3. The average phytoplankton cell weight () is calculated by the average phytoplankton cell volume using the method of Radomisky and Ciffroy, (2015a). Assuming that the most representative phytoplankton population in terms of biomass is that of picoeukaryotes (Brunet et al., 2006; Brunet et al., 2007), we used their average cell volume (Strickland, 1960) for obtaining average phytoplankton cell weight. The rate exponent (), the water layer diffusion resistance (), the water absorption-excretion coefficient (), the temperature correction factor () and the biomass reproduction coefficient () are fixed according to Hendriks et al. (2001), while the lipid layer permeation influx resistance () and the lipid layer permeation efflux resistance () are fixed according to Hendriks and Heikens (2001). The lipid resistance exponents ( and ) and the dry tissue-water partition ratios ( and ) are calibrated, in accordance with the empirical findings of Hendriks and Heikens (2001), to obtain the best fit between the model results and experimental data for the mercury concentrations in marine organisms. The dry fraction of phytoplankton () is calculated by the average phytoplankton cell weight using the empirical equation by Hendriks and Heikens (2001) for the inorganic substances.
Eqs. (S1)-(S5) represent the model used for calculating the IHg and MeHg concentrations in phytoplankton biomass, which are used as input in the Invertebrate modules for decapoda, mysidacea, bivalvia and amphipoda. Finally, it is to be noticed that equations (S1)-(S2) are not affected the initial condition for mercury concentrations in phytoplankton biomass.





















2. Description of the Invertebrate model 


The dynamics of mercury concentration in the main six preys of M. barbatus, has been reproduced using the kinetic model devised for invertebrates, i.e. the Invertebrate model (Hendriks and Heikens, 2001; Radomisky and Ciffroy, 2015b). Specifically, we investigated the behaviour of the two main mercury species present in the body of invertebrate populations, i.e. and , which denote the IHg and MeHg concentrations in i-th invertebrate population (M. barbatus prey) at the position (x,y) of the seabed of Augusta Bay and at a specific M. barbatus age (t’).
In general, the mercury concentrations in all six M. barbatus preys (invertebrates) depend strongly on the mercury concentrations both in the ingested marine organisms (phytoplankton, zoobenthos, etc.) and the assimilated detritus, while they are weakly affected by mercury species (HgII and MeHg) dissolved in seawater, which are calculated by the HR3DHG model (Denaro et al., 2020). Since the M. barbatus feeds on preys living in the seabed of coastal areas, the mercury concentrations in invertebrates are calculated in each node (x,y) of the same 2D grid used in the  HR3DHG model for the sediment surface layer of Augusta Bay, i.e. a mesh of 10 and 18 elements regularly spaced of  454.6 m in both x- and y-direction.
The Invertebrate model is coded in C++ and adopts the forward Euler method for temporal discretization. Since the six Invertebrate modules are coupled in real time both with the biogeochemical modules (HR3DHG model) and the Phytoplankton module, the same time step (300 sec) has been fixed for all modules. The Invertebrate model gives solutions in non-steady conditions because the spatial distributions of mercury concentrations in seawater, suspended particulate matter (SPM), sediments and phytoplankton are obtained at non-steady state (Denaro et al., 2020).


The dynamics of  and  is modelled by considering five biological processes (Hendriks and Heikens, 2001; Radomisky and Ciffroy, 2015b): i) absorption of the mercury through the invertebrate respiratory system (uptake term); ii) absorption of the mercury incorporated in food and detritus through the invertebrate gastro-intestinal tract (GIT) (ingestion terms); iii) elimination of the mercury  through the invertebrate respiratory system (excretion term); iv) elimination of the mercury incorporated in food and detritus through the invertebrate gastro-intestinal tract (GIT) (egestion term); v) elimination of the mercury for dilution through the size growth of invertebrate (growth term). 
In the Invertebrate model, the mercury absorption process for respiration is described by an uptake term with a first-order kinetic, as well as for the Phytoplankton model. Here, the uptake rate constant for both mercury species is considered inversely proportional to the sum of water layer resistance, lipid layer permeation influx resistance and flow delay, and directly proportional to the average invertebrate weight with exponent -κ. Moreover, also in the Invertebrate model the water layer resistance and the flow delay are set as constant, while the lipid layer resistance is defined as a function of mercury concentration in seawater in accordance with the empirical studies by Hendriks and Heikens (2001).
The mercury assimilation process in the GIT is reproduced for each invertebrate population through different ingestion terms with a first-order kinetic, i.e. one term for each diet preference. In particular, the ingestion term of i-th invertebrate for  j-th prey is directly  proportional to (i) the diet preference of  i-th invertebrate for j-th prey, (ii) the assimilation rate constant of i-th invertebrate and (iii) the mercury content of  j-th prey. The diet preferences are fixed as constant in accordance with the experimental findings reported in previous works (Catalano et al., 2014; Ausili et al., 2020). The assimilation rate constant of i-th invertebrate for each mercury species is defined as a function of the efficiency for dietary assimilation, the temperature correction factor, the food ingestion coefficient and the average invertebrate weight with exponent -κ, in accordance with previous works (Hendriks and Heikens, 2001; Hendriks et al., 2001). The mercury contents of each prey are calculated by using the HR3DHG model, the Phytoplankton model and/or the Invertebrate model (Denaro et al., 2020; Hendriks and Heikens, 2001; Radomisky and Ciffroy, 2015a; Radomisky and Ciffroy, 2015b).
The mercury elimination processes in the invertebrate are described by excretion, egestion and growth terms, which are regulated by first-order kinetics. Similarly to the Phytoplankton model, the excretion rate constant for MeHg (IHg) is defined directly proportional to the average invertebrate weight with exponent -κ, and inversely proportional to the dry fraction of invertebrate, the dry tissue-water partition ratio for the MeHg (IHg), and the sum of water layer resistance, lipid layer permeation efflux resistance and flow delay. All parameters used for calculating the excretion rate constants are fixed as constant in accordance with the empirical findings on the inorganic substances reported by Hendriks and Heikens (2001). The egestion rate constant for MeHg (IHg) is defined directly proportional to the average invertebrate weight with exponent -κ, and inversely proportional to the dry fraction of invertebrate, the dry tissue-water partition ratio for the MeHg (IHg), and the sum of (i) the water layer diffusion resistance experienced during exchange with invertebrate food, (ii) the lipid layer permeation efflux resistance corrected by temperature factor and (iii) the digestion flow delay. We recall that, also in this case,  the egestion rate constants are calculated by using the parameters estimated empirically in previous works (Hendriks and Heikens, 2001; Hendriks et al., 2001).
According to Hendriks and Heikens (2001), also for invertebrates the growth rate constant is described as a function directly proportional to the temperature correction factor, the biomass production coefficient and the average invertebrate weight with exponent -κ, all parameters whose values are fixed as constant in the modelling of Hendriks et al. (2001).
Thus, the kinetic model for the mercury concentrations in i-th invertebrate population is defined by the following ordinary differential equations (Hendriks and Heikens, 2001; Hendriks et al., 2001; Radomisky and Ciffroy, 2015b):
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where  and  are the IHg and MeHg concentrations in i-th invertebrate population, respectively ;  and  are the respiratory uptake rate constants of i-th invertebrate population for IHg and MeHg, respectively ;  and are the concentrations of IHg and MeHg in the deepest layer of seawater (z=zb), respectively ;  and  are the assimilation rate constants of i-th invertebrate population for IHg and MeHg, respectively ; ,  and  are the diet preferences of i-th invertebrate population for phytoplankton, SPM and sediments [dimensionless];  are the diet preferences of i-th invertebrate population for j-th prey [dimensionless]; , ,  and  are the IHg concentrations in phytoplankton,  j-th prey, SPM and sediments, respectively ; , ,  and  are the MeHg concentrations in phytoplankton,  j-th prey, SPM and sediments, respectively ;  and  are the excretion rate constants of i-th invertebrate population for IHg and MeHg, respectively ;  and  are the egestion rate constants of i-th invertebrate population for IHg and MeHg, respectively ;  is the dilution rate constant associated with the size growth of i-th invertebrate population .












To reproduce the mercury concentrations in i-th invertebrate population ( and ), as first step we calculate the mercury concentrations in seawater ([HgII] and [MeHg]) , SPM ( and ) and sediments ( and ) by solving the PDEs of the HR3DHG model (Denaro et al., 2020). Afterwards, we calculate the mercury concentrations in phytoplankton ( and ), prey invertebrates ( and ) and predator invertebrates ( and ) by solving, in real time with the biogeochemical modules, the ODEs of the Phytoplankton model and the Invertebrate modules, respectively (Hendriks and Heikens, 2001; Radomisky and Ciffroy, 2015a; Radomisky and Ciffroy, 2015b). 
As well as for the Phytoplankton model, all rate constants of the Invertebrate model are calculated according to Hendriks and Heikens (2001), assuming an analogue behaviour of MeHg compared with inorganic compounds. According to this, the rate constants of the Invertebrate model are given by following equations:
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Here,  is the average weight of i-th invertebrate ; is the rate exponent [dimensionless];  is the water layer diffusion resistance ;  is the lipid layer permeation influx resistance ;  and  are the lipid layer resistance exponents for IHg and MeHg, respectively [dimensionless];  is the water absorption-excretion coefficient ; and  are, respectively, the efficiencies for dietary assimilation of IHg and MeHg by i-th invertebrate population [dimensionless];  is the temperature correction factor [dimensionless];  is the food ingestion coefficient ;  and  are the dry tissue-water partition ratios for IHg and MeHg, respectively ;  is the dry fraction of i-th invertebrate population ;  is the lipid layer permeation efflux resistance ;  is the water layer diffusion resistance for assimilation of chemicals from food ; is the dry fraction of food for i-th invertebrate ;  is the fraction of ingested food assimilated by i-th invertebrate [dimensionless];  is the biomass reproduction coefficient  . The model parameters are reported in Table S4.


All parameters with the exception of  and are fixed in accordance with empirical results obtained by other authors (Hendriks and Heikens, 2001; Hendriks et al., 2001). The average weights of all six invertebrate populations are set according to previous works (Radomisky and Ciffroy, 2015b; Campfens and Mackay, 1997; McKinney et al., 2004; Yakovlev and Yakovleva, 2010). The dry fraction of the food of each i-th invertebrate is calculated as follows:
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The lipid resistance exponents ( and ) and the dry tissue-water partition ratios ( and ) are the same used in the Phytoplankton model, and are calibrated in order to better reproduce the mercury concentrations observed in marine organisms of the Augusta Bay.
Eqs. (S6)-(S13) describe the model exploited for calculating the IHg and MeHg concentrations in each invertebrate population. These represent the paramount inputs for the Fish model, which is used for obtaining the dynamics of mercury concentrations in M. barbatus of the Augusta Bay. Finally, it is worth to underline that equations (S6)-(S7) are not affected the initial condition for mercury concentrations in invertebrates.


















3. [bookmark: _Hlk194322219]Methods for the conversion of MeHg and IHg burdens into MeHg and IHg concentrations
To compare the model results with the experimental findings, the theoretical burdens of MeHg and IHg for humans are converted into MeHg and IHg concentrations, by using the values of the main organs and biological matrices weights (or volumes), estimated empirically in previous studies (Brochot 2015; Lewis 1956; Wright 2018; Slezak 2017). For this aim, we calculate the weights of major organs (including the blood) for both genders by using the same empirical equations of the Human model of Merlin-Expo (Brochot 2015). Here, the density of blood and main organs was fixed equal to 1 Kg/l (Brochot 2015). Afterwards, we calculate the [MeHg] and [IHg] in major organs (including the blood) by dividing the MeHg and IHg burdens of each organ by its weight (or volume). Similarly, the [MeHg] and [IHg] for the whole body are obtained by dividing the MeHg and IHg burdens to the body weight (). 
[bookmark: _Hlk171432944]The instantaneous [IHg] in urine () is calculated as follows:
  (S14)
[bookmark: _Hlk171433208][bookmark: _Hlk171432167][bookmark: _Hlk178766570]where  and  are the IHg burdens in urine at time  and , respectively;  is the daily volume of urine, which is set at 1.728 in accordance with the experimental findings acquired by Lewis et al. (1956);  is the temporal step of simulation. The instantaneous [MeHg] in urine as function of time ( ) is always equal to zero due to the parameter setting of our model. Therefore, the instantaneous [THg] in urine () is always equal to that of its inorganic form. 
The instantaneous [MeHg] in hair () is obtained as follows:
   (S15)
where  and  are the MeHg burdens in hair at time  and  , respectively;  is the daily weight growth of hair, which is fixed at 0.75 in agreement with the experimental data collected in previous works (Slezak 2017; Wright 2018). The instantaneous [IHg] in hair () is calculated similarly to methylated form. The [THg] in hair () is obtained as the sum of concentrations of the two Hg forms.
The instantaneous [MeHg] in faeces () is calculated as follows:
   (S16)
where  and  are the MeHg burdens in faeces at time  and  , respectively;  is the daily volume growth of faeces, which is set at 0.5 in accordance with values reported in previous works (NRC 2000; Brochot 2015). The instantaneous [IHg] in faeces () is obtained similarly to methylated form. The [THg] in faeces () is calculated by summing the concentrations of the two Hg forms.
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Tables
	Symbol
	Interpretation
	Unit
	Value
	Reference 

	Dx
	Horizontal turbulent diffusivity along x-axis
	m2 h-1
	3600.0
	Massel (1999) 

	Dy
	Horizontal turbulent diffusivity along y-axis
	m2h-1
	3600.0
	Massel (1999) 

	Dz
	Vertical turbulent diffusivity along z-axis
	m2 h-1
	1.2
	Denman at al. (1983)

	vz
	Vertical component of velocity field
	m h-1
	0.0
	Experimental data 

	kD
	Water-SPM partition coefficient for inorganic mercury
	l Kg-1
	104.7
	Experimental data 

	kPh-de
	Rate constant for the photo-demethylation of methylmercury
	h-1
	0.00216
	Monperrus et al. (2007) 

	kdeme
	Rate constant for the biotic demethylation of methylmercury
	h-1
	0.014940
	Lehnherr et al. (2011) 

	kme
	Rate constant for the methylation of inorganic mercury
	h-1
	0.000272
	Lehnherr et al. (2011) 

	vsilt
	Silt settling velocity
	m h-1
	0.208
	Rosati et al. (2018) 

	
	Partition coefficient of HgII to silt
	l Kg-1
	3000
	Rosati et al. (2018) 

	
	Partition coefficient of MeHg to silt
	l Kg-1
	1000
	Rosati et al. (2018) 

	H
	Henry's law constant
	dimensionless
	0.479
	Experimental data 

	uwind
	Annual average wind speed
	m s-1
	3.83
	NASA website

	
	Molar mass of carbon dioxide
	g mol-1
	44.01
	Periodic table of the elements 

	
	Molar mass of elemental mercury
	g mol-1
	200.59
	Periodic table of the elements 

	
	Molar mass of water
	g mol-1
	18.02
	Periodic table of the elements 

	λ
	Mercury recycling coefficient for picoeukaryotes population
	dimensionless
	0.52
	Valenti et al. (2017) 

	Dw-in
	Molecular diffusion coefficient for inorganic mercury
	m2 h-1
	2.534·10-6
	Schulz and Zabel (2006)

	Dw-or
	Molecular diffusion coefficient for methylmercury
	m2 h-1
	2.534·10-6
	Schulz and Zabel (2006) 

	
	Boundary layer thickness above sediment for inorganic mercury
	m
	0.00009
	Calibration procedure 

	
	Boundary layer thickness above sediment for methylmercury
	m
	0.00030
	Calibration procedure 

	
	Boundary layer thickness below sediment
	m
	0.0001
	Sørensen et al. (2001)

	Kdemeth
	Rate constant for the demethylation of methylmercury in the pore water of the sediment
	h-1
	0.007177
	Hines et al. (2012) 

	Kmeth
	Rate constant for the methylation of inorganic mercury in the pore water of the sediment
	h-1
	0.000503
	Hines et al. (2012) 

	kMeHg
	Average fraction of methylmercury in the sediment
	dimensionless
	0.004
	Experimental data 

	
	Sediment - pore water distribution coefficient for inorganic mercury
	l Kg-1
	105.00
	Liu et al. (2012) 

	
	Sediment - pore water distribution coefficient for methylmercury
	l Kg-1
	102.50
	Liu et al. (2012) 

	
	De-adsorption rate for the total mercury concentration in the sediment
	h-1
	1.0·10-7
	Calibration procedure 

	dep
	SPM deposition rate at the seawater-sediment interface
	mm y-1
	11.7
	Sprovieri et al.(2015) 

	ρsed
	Surface sediment density
	g cm-3
	2.6
	Ogrinc et al.(2007) 

	
	Atmospheric dry deposition of HgII
	ng m-2 h-1
	0.456
	Rajar et al.(2007) 

	
	Dissolved mercury concentration at the domain boundaries (Ionian sea)
	ng l-1
	0.26 
	Horvat et al. (2003) 

	
	Total mercury concentration at the domain boundaries (Ionian  sea)
	ng l-1
	0.31
	Horvat et al. (2003) 

	LLev
	Levante inlet width
	m
	400.0
	Salvagio Manta et al. (2016) 

	LSci
	Scirocco inlet width
	m
	300.0
	Salvagio Manta et al. (2016) 

	Qsource
	Average flow rate of water for point source
	m3 h-1
	0.0
	Field observations 

	
	Elemental mercury concentration of point source
	ng l-1
	0.0
	Field observations 

	
	Inorganic mercury concentration of point source
	ng l-1
	0.0
	Field observations 

	MeHgsource
	Methylmercury concentration of point source
	ng l-1
	0.0
	Field observations 

	
	Direct loads of inorganic mercury
	ng l-1 h-1
	0.0
	Field observations 

	
	Direct loads of methylmercury
	ng l-1 h-1
	0.0
	Field observations  


Tab. S1 – Environmental parameters used in the HR3DHG model. (Adapted from Denaro et al. [1]).

	Symbol
	Interpretation
	Unit
	Range
	Periodicity
	Reference  

	vx
	Horizontal velocity along x-axis
	m h-1
	0.0-0.5
	Three-hourly
	Umgiesser (2009) 

	vy
	Horizontal velocity along y-axis
	m h-1
	0.0-0.5
	Three-hourly
	Umgiesser (2009) 

	forg
	Organic fraction of suspended particulate matter in dissolved-phase
	dimensionless
	0.004-0.010
	Constant
	Experimental data 

	k1
	Rate constant for the photo-oxidation of elemental mercury
	h-1
	1.79-7.23
	Daily
	Zhang et al. (2014) 

	k2
	Rate constant for the photo-reduction of inorganic mercury
	h-1
	0.43-1.75
	Daily
	Zhang et al. (2014) 

	k3
	Rate constant for the biological oxidation of elemental mercury
	h-1
	0.00045-0.04830
	Three-hourly
	Zhang et al. (2014) 

	k4
	Rate constant for the biological reduction of inorganic mercury
	h-1
	0.00028-0.02967
	Three-hourly
	Zhang et al. (2014) 

	NPP
	Net primary production
	g C  m-2 h-1
	0.000386-0.007728
	Three-hourly
	Baines et al.(1994) 

	Tatm
	Surface atmospheric temperature
	oC
	11.52-29.83
	Daily
	NASA website 

	Hggas-atm
	Gaseous mercury concentration in atmosphere
	ng m-3
	1.50-2.10
	Daily
	Bagnato et al. (2013) 

	
	Inorganic mercury concentration in atmosphere
	ng l-1
	21.0-32.0
	Daily
	Bagnato et al. (2013) 

	Pr
	Daily amount of precipitation
	mm
	0.41-3.33
	Monthly
	NASA website 

	φsed
	Porosity of the sediment
	dimensionless
	0.18-0.56
	Constant
	Experimental data 

	TOCsed
	Total organic carbon at the sediment surface
	percent dry weight
	0.210-4.780
	Constant
	Experimental data 

	
	Initial total mercury concentration in sediment
	mg Kg-1
	0.005-300.000
	Constant
	Sprovieri et al. (2011) 

	SPM
	Suspended particulate matter conc. in seawater
	mg l-1
	18.4-31.0
	Constant
	Experimental data 

	Rin
	Nutrient concentration at the domain boundaries
	mmol phos. m-3
	0.010-0.100
	Constant
	Experimental data 

	Iin
	Incident light intensity at the water surface
	µmol photons m-2 s-1
	301.37-1524.30
	Daily
	NASA website 

	chlacell
	Chl-a cellular content of picoeukaryotes
	fg chl-a cell-1
	10.00-660.00
	Constant
	Brunet et al. (2007)

	zb
	Depth of the water column
	m
	0-30
	Constant
	Sprovieri et al. (2015) 


Tab. S2 – Environmental variables used in the HR3DHG model. (Adapted from Denaro et al. [1]).

	Symbol
	Interpretation
	Unit
	Value
	Reference 

	Vcell
	Picoeukaryotes cell volume
	m3 cell-1
	14.00
	Experimental data 

	Wphy
	Picoeukaryotes cell weight
	g cell-1
	0.000014
	Strickland (1960) 

	VFCII
	Volume concentration factor for inorganic mercury
	l Kg-1
	27500
	Pickhardt and Fischer (2007) 

	VFCMM
	Volume concentration factor for methylmercury
	l Kg-1
	800000
	Pickhardt and Fischer (2007) 

	agrowth
	Intercept of phytoplankton growth rate
	dimensionless
	0.22
	Ciffroy (2015) 

	bgrowth
	Slope of phytoplankton growth rate
	dimensionless
	0.15
	Ciffroy (2015) 

	k
	Allometric rate exponent
	dimensionless
	0.25
	Hendricks at al. (2007) 

	pcarbonphy
	Organic carbon fraction of phytoplankton
	dimensionless
	0.29
	Ciffroy (2015) 

	ρlipid
	Lipid-layer permeation resistance
	d
	32.0
	Hauck at al. (2011) 

	ρwater
	Water-layer diffusion resistance
	d
	0.0068
	Hauck at al. (2011) 

	blipid
	Lipid permeation resistance exponent
	dimensionless
	0.41
	Hendricks at al. (2001) 

	log10KIId
	Water-Dissolved Organic Carbon partition coefficient for inorganic mercury
	dimensionless
	5.4
	Allison and Allison (2005) 

	log10KMMd
	Water-Dissolved Organic Carbon partition coefficient for methylmercury
	dimensionless
	5.0
	Allison and Allison (2005) 

	abg
	Background turbidity
	m-1
	0.060
	Valenti et al. (2017) 

	a1
	Average absorption  coefficient of picoeukaryotes
	m^2 mg chl-a -1
	0.012
	Hickman et al. (2010) 

	a2
	Average absorption coefficient of phytoplankton >3 µm
	m^2 mg chl-a -1
	0.020
	Hickman et al. (2010) 

	w
	Sinking velocity of picoeukaryotes
	m h-1
	0.000098
	Valenti et al. (2017) 

	r
	Maximum specific growth rate of picoeukaryotes
	h-1
	0.096
	Raven et al. (2005) 

	mb
	Specific loss rate of picoeukaryotes
	h-1
	0.010
	Veldhuis et al. (2005) 

	KI
	Half-saturation constant of light-limited growth of picoeukaryotes
	µmol photons m-2 s-1
	67.50
	Valenti et al. (2017) 

	KR
	Half-saturation constant of nutrient-limited growth of picoeukaryotes
	mmol phosphorus m-3
	0.200
	Valenti et al. (2017) 

	1/Y
	Nutrient content of picoeukaryotes
	mmol phosphorus cell-1
	2.00·10-12
	Timmermans et al. (2005) 

	ε
	Nutrient recycling coefficient of picoeukaryotes
	dimensionless
	0.52
	Valenti et al. (2017) 


Tab. S3 – Biological parameters used in the Phytoplankton model for mercury adsorption and the NP model. (Adapted from Denaro et al. [2]).




















	Symbol
	Interpretation
	Unit
	Value
	Reference

	Wphy
	Average phytoplankton cell weight
	kg
	14*10-15
	Strickland (1960)

	Wbiv
	Average weight of bivalvia
	kg
	4.3*10-3
	Radomyski and Ciffroy (2015)

	Wamp
	Average weight of amphipoda
	kg
	38*10-6
	McKinney et al. (2004)

	Wmys
	Average weight of mysidacea
	kg
	1.0*10-4
	Campfens and Mackay (1997)

	Wdec
	Average weight of decapoda
	kg
	133*10-4
	McKinney et al. (2004)

	Wpol
	Average weight of polychaeta
	kg
	162*10-6
	Yakovlev and Yakovleva (2010)

	Wost
	Average weight of osteichthyes
	kg
	16*10-3
	Campfens and Mackay (1997)

	κ
	Rate exponent
	dimensionless
	0.25
	Hendricks et al. (2001)

	ρw
	Water layer diffusion resistance
	 d kg-κ
	0.0028
	Hendricks et al. (2001)

	ρw,ege
	Water layer diffusion resistance for assimilation of chemicals from food
	 d kg-κ
	0.000011
	Hendricks et al. (2001)

	ρlip,in
	Lipid layer permeation influx resistance for respiratory uptake 
	 d kg-κ
	0.21
	Hendricks and Heikens (2001)

	ρlip,out
	Lipid layer permeation efflux resistance
	  d kg-κ
	0.30
	Hendricks and Heikens (2001)

	κpII
	Lipid resistance exponents for inorganic mercury
	dimensionless
	0.57
	Calibration procedure

	κpMM
	Lipid resistance exponents for methylmercury
	dimensionless
	0.57
	Calibration procedure

	γ0
	Water absorption-excretion coefficient
	 kgκ d-1
	200
	Hendricks et al. (2001)

	γ1
	Food ingestion coefficient
	 kgκ d-1
	0.005
	Hendricks et al. (2001)

	γ2
	Biomass reproduction coefficient
	 kgκ d-1
	0.0006
	Hendricks et al. (2001)

	KtwII
	Dry tissue-water partition ratios for inorganic mercury
	 l kg-1
	5500
	Calibration procedure

	KtwMM
	Dry tissue-water partition ratios for methylmercury
	  l kg-1
	11000
	Calibration procedure

	ps,phy
	Dry fraction of phytoplankton
	dimensionless
	0.0768
	Hendricks and Heikens (2001)

	ps,biv
	Dry fraction of bivalvia
	dimensionless
	0.1698
	Hendricks and Heikens (2001)

	ps,amp
	Dry fraction of amphipoda
	dimensionless
	0.1652
	Hendricks and Heikens (2001)

	ps,mys
	Dry fraction of mysidacea
	dimensionless
	0.1517
	Hendricks and Heikens (2001)

	ps,dec
	Dry fraction of decapoda
	dimensionless
	0.1714
	Hendricks and Heikens (2001)

	ps,pol
	Dry fraction of polycheata
	dimensionless
	0.1715
	Hendricks and Heikens (2001)

	ps,ost
	Dry fraction of osteichthyes
	dimensionless
	0.1788
	Hendricks and Heikens (2001)

	qT
	Temperature correction factor for cold-blooded animal
	dimensionless
	1
	Hendricks et al. (2001)

	pass_biv,HgII
	Efficiency for dietary assimilation of inorganic mercury by bivalvia
	dimensionless
	0.03
	Hendricks and Heikens (2001)

	pass_amp,HgII
	Efficiency for dietary assimilation of inorganic mercury by amphipoda
	dimensionless
	0.16
	Hendricks and Heikens (2001)

	pass_mys,HgII 
	Efficiency for dietary assimilation of inorganic mercury by mysidacea
	dimensionless
	0.16
	Hendricks and Heikens (2001)

	pass_dec,HgII
	Efficiency for dietary assimilation of inorganic mercury by decapoda
	dimensionless
	0.16
	Hendricks and Heikens (2001)

	pass_pol,HgII
	Efficiency for dietary assimilation of inorganic mercury by polychaeta
	dimensionless
	0.01
	Calibration procedure

	pass_ost,HgII
	Efficiency for dietary assimilation of inorganic mercury by osteichthyes
	dimensionless
	0.01
	Hendricks and Heikens (2001)

	pass_fish,HgII
	Efficiency for dietary assimilation of inorganic mercury by M. barbatus
	dimensionless
	0.01
	Hendricks and Heikens (2001)

	pass_biv,MeHg
	Efficiency for dietary assimilation of methylmercury by bivalvia
	dimensionless
	0.65
	Hendricks and Heikens (2001)

	pass_amp,MeHg
	Efficiency for dietary assimilation of methylmercury by amphipoda
	dimensionless
	0.60
	Hendricks and Heikens (2001)

	pass_mys,MeHg
	Efficiency for dietary assimilation of methylmercury by mysidacea
	dimensionless
	0.60
	Hendricks and Heikens (2001)

	pass_dec,MeHg
	Efficiency for dietary assimilation of methylmercury by decapoda
	dimensionless
	0.60
	Hendricks and Heikens (2001)

	pass_pol,MeHg
	Efficiency for dietary assimilation of methylmercury by polychaeta
	dimensionless
	0.99
	Calibration procedure

	pass_ost,MeHg
	Efficiency for dietary assimilation of methylmercury by osteichthyes
	dimensionless
	0.88
	Hendricks and Heikens (2001)

	pass_fish,MeHg
	Efficiency for dietary assimilation of methylmercury by M. barbatus
	dimensionless
	0.88
	Hendricks and Heikens (2001)

	p'ass,biv
	Fraction of ingested food assimilated by bivalvia
	dimensionless
	0.4
	Hendricks et al. (2001)

	p'ass,amp
	Fraction of ingested food assimilated by amphipoda
	dimensionless
	0.2
	Hendricks et al. (2001)

	p'ass,mys
	Fraction of ingested food assimilated by mysidacea
	dimensionless
	0.4
	Hendricks et al. (2001)

	p'ass,dec
	Fraction of ingested food assimilated by decapoda
	dimensionless
	0.8
	Hendricks et al. (2001)

	p'ass,pol
	Fraction of ingested food assimilated by polychaeta
	dimensionless
	0.2
	Hendricks et al. (2001)

	p'ass,ost
	Fraction of ingested food assimilated by osteichthyes
	dimensionless
	0.8
	Hendricks et al. (2001)

	p'ass,fish
	Fraction of ingested food assimilated by M. barbatus
	dimensionless
	0.8
	Hendricks et al. (2001)

	a
	Initial growth coefficient
	dimensionless
	0.009
	Calibration procedure

	b
	Allometric constant
	dimensionless
	3.07
	Calibration procedure

	L∞
	Asymptotic length of M. barbatus
	mm
	235
	Tursi et al. (1996)

	K
	Growth coefficient of M. barbatus
	y-1
	0.275
	Tursi et al. (1996)

	t'0
	Theoretical age of M. barbatus for length fixed to zero
	y
	-1.91
	Tursi et al. (1996)


Tab. S4 - Biological parameters used in the INTFISH model. (Adapted from Denaro et al. [2]).
	Symbol
	Interpretation
	Unit
	Value

	
	Absorption fraction of MeHg ingested by humans
	dimensionless
	0.97

	
	Oral dose absorption rate constant
	
	5.544

	
	Proportionality constant between the whole human body organic Hg burden and the blood organic Hg burden
	dimensionless
	12.987

	
	Partition coefficient between brain and blood organic Hg
	dimensionless
	0.369

	
	Partition coefficient between liver and blood organic Hg
	dimensionless
	1.298

	
	Partition coefficient between kidney and blood organic Hg
	dimensionless
	0.115

	
	Partition coefficient between rest of body and blood organic Hg
	dimensionless
	7.000

	
	Metabolism rate constant of MeHg to IHg for men (women)
	
	0.01347
(0.01700)

	
	Organic Hg transfer coefficients from the whole body to hair
	
	0.00244

	
	Organic Hg transfer coefficients from the whole body to urine
	
	0.0

	
	Organic Hg transfer coefficients from the whole body to faeces
	
	0.000145

	
	Blood to liver transfer coefficient combined with liver metabolism rate constant of MeHg for men (women)
	
	0.175
(0.221)

	
	Blood to brain transfer coefficient combined with brain metabolism rate constant of MeHg
	
	0.00055

	
	Transfer coefficient of IHg from liver to blood
	
	2.57025

	
	Transfer coefficient of IHg from liver to faeces
	
	0.46428

	
	Transfer coefficient of IHg from kidney to blood
	
	0.0010

	
	Transfer coefficient of IHg from kidney to urine
	
	0.006949

	
	Transfer coefficient of IHg from blood to kidney
	
	2.140425

	
	Transfer coefficient of IHg from blood to brain
	
	0.0028

	
	Transfer coefficient of IHg from blood to hair
	
	0.343

	
	Transfer coefficient of IHg from blood to urine
	
	0.06994

	
	Transfer coefficient of IHg from blood to faeces
	
	3.9917

	
	Transfer coefficient of IHg from brain to blood
	
	0.052


Tab. S5 – Parameters used in the BBD model.

	Age classes
	
	

	Toddlers (0-3 years)
	1.57
	16.98

	Children (3-10 years)
	1.49
	11.21

	Teenagers (10-18 years)
	1.09
	7.99

	Adults (18-65 years)
	0.84
	4.39

	Elderly (65-75 years)
	0.63
	3.44

	Very Elderly (>75 years)
	0.35
	3.44


Tab. S6 – Estimated weekly intake of MeHg for Italian population () and local foodstuff consumers residing in the Augusta Bay () calculated for the six age classes considering an exposure time of 365 days year-1.



	Period
	Latitude
	Longitude
	Batch
	Fish
	% MeHg
	% HgII

	May-12
	37.1774 N
	15.2100 E
	1
	1
	88.7
	11.3

	May-12
	37.1774 N
	15.2100 E
	1
	2
	84.5
	15.5

	May-12
	37.1774 N
	15.2100 E
	1
	3
	88.7
	11.3

	Oct-17
	37.1857 N
	15.1998 E
	1
	1
	92.0
	8.0

	Oct-17
	37.1857 N
	15.1998 E
	1
	2
	92.1
	7.9

	Oct-17
	37.1857 N
	15.1998 E
	1
	3
	91.8
	8.2

	Oct-17
	37.1898 N
	15.1998 E
	2
	1
	91.0
	9.0

	Oct-17
	37.1898 N
	15.1998 E
	2
	2
	91.2
	8.8

	Oct-17
	37.1898 N
	15.1998 E
	2
	3
	91.3
	8.7


Tab. S7 -Percentage of the MeHg and IHg concentration obtained by the integrated Fish model for each M. barbatus caught during the two sampling periods (May 2012 and October 2017). (Adapted from Denaro et al. [2])
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Fig. S1 - Dynamics of the THg concentration in three M. barbatus caught in the Augusta Bay during the first sampling (May 2012). The blue lines show the THg concentration as a function of M. barbatus age obtained by the integrated Fish model. The red points are the THg concentrations measured in three caught M. barbatus. (Adapted from Denaro et al. [2]).
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Fig. S2 – Dynamics of THg (black lines), MeHg (orange lines) and IHg (blue lines) concentration in blood (panel a), urine (panel b), hair (panel c) and faeces (panel d), during the life cycle of Italian male population. The numerical results obtained by the model are compared with the reference value (RV), the risk level I (HBMI or WHOI) and the risk level II (HBMII or WHOII) in blood, urine and hair fixed in previous studies. The values of the parameters are those reported in Table S5.
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Fig. S3 – Dynamics of THg (black lines), MeHg (orange lines) and IHg (blue lines) concentration in blood (panel a), urine (panel b), hair (panel c) and faeces (panel d), during the life cycle of Italian female population. The numerical results obtained by the model are compared with the reference value (RV), the risk level I (HBMI or WHOI) and the risk level II (HBMII or WHOII) in blood, urine and hair fixed in previous studies. The values of the parameters are those reported in Table S5.
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Fig. S4 – Dynamics of THg (black lines), MeHg (orange lines) and IHg (blue lines) concentration in kidney (panel a), brain (panel b), liver (panel c) and the whole body (panel d), during the life cycle of Italian male population. The model results are obtained by using the values of parameters reported in Table S5.
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Fig. S5 – Dynamics of THg (black lines), MeHg (orange lines) and IHg (blue lines) concentration in kidney (panel a), brain (panel b), liver (panel c) and the whole body (panel d), during the life cycle of Italian female population. The model results are obtained by using the values of parameters reported in Table S5.
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