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1 Introduction
The ecotoxicity impacts of agricultural systems are generally driven by pesticide and heavy metal emissions to the environment. Heavy metals often have higher ecotoxicity impacts compared to organic compounds (Bystricky et al. 2020), which is partly explained by the fact that heavy metals are not decomposed like organic pollutants and therefore can have toxic effects over very long time periods. In the last years, the modelling of pesticide emissions has been revised in the frame of the pesticide consensus process (Nemecek et al. 2022). Heavy metals however, although highly relevant for the ecotoxicity impacts, are not well represented in many agricultural LCAs. Emissions and flows of heavy metals were included in the SALCA (Swiss Agricultural Life Cycle Assessment) method since many years (Freiermuth 2006). Here the completely revised model for the heavy metal balance and emissions is described. A particular challenge was to represent the flows at crop, livestock and farm level to cover different application cases. Furthermore, the implications for the modelling of emissions and assessment of impacts over the whole value chain needs to be considered.
The model allows calculating the relevant emission flows in agricultural LCA, namely leaching to ground water, erosion to surface water, and emissions to agricultural soil and can be used for the assessment of whole farms, for animal sourced products like milk and meat as well as for crop LCAs in the same system. 
Parts of the text in this document have been previously published in Nemecek and Lansche (2022).

2 SALCAheavymetal model
Two separate model versions were implemented in Freiermuth (2006): a heavy metal balance at farm level (used for farms and livestock production) and a balance at crop level (used for crop LCAs). The model has now been revised to cover all application cases in the same system in order to avoid redundancy (Fig. 1). As in the previous version of Freiermuth (2006), the model includes the elements cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), and zinc (Zn). These seven elements are considered as the heavy metal emissions from agriculture with the highest environmental relevance. Several definitions of the term “heavy metal” exist in the literature; here we define heavy metals as metal elements with a density of at minimum 5 g/cm3 (Brewer and Scott 1983). 

The calculation is performed in five steps:
1. The balance of heavy metals of the animal herd(s) is calculated to determine the contents and concentrations of heavy metals in farmyard manure (Chapter 2.1, Eq. 1). Hereby, the feed intake, animal purchased and manure imports are counted as inputs, while the outputs are the animal products, and animals sold or otherwise leaving the farm, and manure exports. In case of a substantial change of the livestock mass (live weight), be it positive or negative, this is taken into account to ensure a correct mass balance. The balance at the level of livestock is done in the SALCAanimal model in the same way as the balances for P and K. The balance determines the excretion of heavy metals, which, in turn, is used to calculate the heavy metal concentrations in liquid and solid manure for subsequent field applications.
2. The agricultural inputs to a specific field are calculated (Chapter 2.2, Eq. 2). This includes mineral and organic fertilisers, pesticides, and seed.
3. An allocation factor is calculated, accounting for the share of inputs caused by agricultural management in total inputs (including deposition) (Chapter 2.2, Eq. 3). Deposition is caused by industry, households, and transports and is therefore largely of non-agricultural origin. This allocation factor is subsequently applied to the emissions from erosion and leaching and to  exports from harvested goods.
4. Emissions from leaching (Eq. 5) and erosion (Eq. 6) are determined, as well as metals exported with the crop (Eq. 4). Emission from erosion are determined using the mass of eroded soil from SALCAerosion, the metal concentration in the soil, an accumulation factor, and the allocation factor previously calculated. Emissions from leaching are estimated by constant leaching rates per area and year. The metals exported in the harvested main products and co-products are determined by the harvested dry mass and the metal concentrations of the respective type of product or co-product. Metals from pesticides leaving the field with the harvested products are also included.
5. Emissions to agricultural soil are calculated as the difference of inputs and outputs (erosion, leaching, and harvest, Eq. 7).
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Fig. 1: Heavy metal flows considered in the SALCAheavymetal model. GW = ground water, SW = surface water.

2.1 [bookmark: _Ref131577115]Animal system
First, the balance is calculated for the animal system of the farm, which includes the herd, housing and yard, and manure management. These calculations are done in the SALCAanimal model, along with the excretions of N, P, K and of organic substance (OS). Feed intake (purchased or produced on farm), animals and manure imported to the farm are counted as inputs, while animal products (milk, eggs, wool, etc.), live animals, and manure exports are counted as outputs. The balance follows the same principles as the nutrient balances of N, P, and K. The resulting balance represents the heavy metals contained in farmyard manure, which is used as an input for the crop system. 
Mexcr i = ∑j(Mfeed f*cfeed f,i)* (1-fp) 
+ ∑j(Manimin a*canimin a,i) - ∑j(Manimout a*canimout a,i) - ∑j(Manimgr a*canimgr a,i) 
+ ∑j(Mmanin a*cmanin a,i) - ∑j(Mmanout m*cmanout m,i) 
- ∑j(Manpr p*Canpr p,i)								(Eq. 1)

where Mexcr i [kg] are amounts of metal i excreted, Mfeed f, Manimin a, Manimout a, Manimgr a, Mmanin m, Mmanout j, Manpr p are the amounts in kg of intake of feed f, animals purchased in category a, animals sold in category a, animal growth (change of live weight of the herd) in category a, manure imports resp. exports in category m, and animal products p; cfeed f,i, canimin a,i, canimout a,i, canimgr a,i, cmanin m,i, cmanout m,i, canpr p,i are the respective metal concentrations [kg/kg]. fp [-s] is the fraction of time spent on pasture, calculated in SALCAanimal. This means that feed intake on pasture is not counted in the HM balance and likewise the excrement deposition during grazing isnot counted (see Fig. 1). The metal excreted are partitioned between solid and liquid manure and divided by the amounts of both manure types to derive the metal concentrations in solid and liquid manure. Hereby, we assume that the heavy metals are partitioned in the same ratios as the OS. The partitioning is described in the documentation of SALCAanimal (Online Resource 6 ESM_6_SALCAanimal).

2.2 [bookmark: _Ref131577158]Inputs and outputs at field level
The agricultural inputs Magro i [kg] of metal i to the field are given by

Magro i = ∑j(Mseed s*cseed s,i) + ∑j(Mpesti e*cpesti e,i)*(1-fair-fOFS) + ∑j(Mferti t*cferti t,i) + ∑j(Mman m*cman m,i)										(Eq. 2)

where Mseed s, Mpesti e, Mferti t, Mman m are the amounts in kg of seed s, metal-containing pesticides (e.g. copper fungicides) e, mineral and purchased organic fertilisers t, and farmyard manure m (calculated by eq. 1), cseed s,i, cpesti e,i, cferti t,i, and cman m,i are the respective concentrations of metal i in input j. fair and fOFS are the fractions of pesticide emitted after application to the air and off-field surfaces, respectively. The emissions to the off-field surfaces have to be split between agricultural soil, natural soil and water according to the share and land cover in the region. fair and fOFS are calculated with the PestLCI Consensus model or taken from the default values (crop and target group specific) provided by Nemecek et al. (2022). Hereby, we are using the initial or primary distribution of the emissions.

A further input to the system is the metal deposition, however, it is not caused by agricultural management, rather it stems from non-agricultural sources like industry, households or transports. To take immission from deposition into account, an allocation factor Ai [-] is calculated as
Ai = Magro i / (Magro i + mdepos i * Fa * Ft) 						(Eq. 3)
where mdepos i is the total input of heavy metal from atmospheric deposition [kg ha-1 a-1], Fa is the area of the field [ha], and Ft the duration of the occupation [a]. The latter is taken as one calendar year for permanent crops and permanent grassland, or as the time interval between harvest of the previous crop and the current crop for annual crops. Since deposition is caused by non-agricultural emission sources (industry, transports, households, etc.), the heavy metal flows due to exports with the harvest (eq. 4), to leaching (eq. 5), and erosion (eq. 6) are multiplied by the allocation factor Ai. Uptake by biomass (and consequently metal concentrations in  harvested goods), emissions from erosion and  leaching depend not only on agricultural inputs and weathering of parent rock, but also on non-agricultural sources. Therefore only the fraction Ai of these mass flows is considered in the LCA calculation.

The outputs with the harvest Mharv i [kg] are calculated as 
Mharv i = ∑j(Mmainpr j*cmainpr j,i)*Ai + ∑j(Mcopr j*ccopr j,i)*Ai + ∑j(Mpesti j*cpesti j,i)*(1-fair-fOFS)*Ap 										(Eq. 4)
where Mmainpr j, Mcopr j, and Mpesti j are the amounts in kg of harvested main products, harvested co-products and amount of pesticides applied, and cmainpr j,i, ccopr j,i, cpesti j,i the respective concentrations. Ap is the fraction of metals in pesticides exported with the harvest, which is set to 0.05 according to Audsley et al. (1997). In cases, where Magro i = 0, i.e. no agricultural inputs  to the soil occur, Ai also becomes 0. Consequently, the emissions from erosion, leaching and harvested goods are also 0. 
Heavy metal leaching caused by agricultural management is calculated by Eq. 6 and Eq. 7. Hereby, we distinguish between emissions of metal i to surface water Mleachs i [kg] and to groundwater Mleachg i [kg], depending on the fraction of the area with drainage (fdrain, [-]).
Mleachs i = mleach i * Fa * Ft * Ai * fdrain 						(Eq. 5)
Mleachg i = mleach i * Fa * Ft * Ai * (1 - fdrain) 						(Eq. 6)
mleach i is the average amount of metal leaching according to Wolfensberger and Dinkel (1997) [kg ha-1 a-1]. 
Heavy metal emissions through erosion Meros i [kg] of metal i are calculated as:
Meros i = Seros * csoil i * a *feros * Fa * Ai 						(Eq. 6)
where Seros is the amount of eroded soil [kg ha-1], which comes from the SALCAerosion model. csoil i is the heavy metal concentration in the soil ([kg/kg]). a is the accumulation factor 1.86 (according to Wilke and Schaub (1986) for P) [-], which takes into account the fact that the concentration of P is higher in the top soil and therefore eroded soil particles will have a higher P concentration. The same relationship is assumed for heavy metals. feros is the erosion factor considering the distance to river or lakes with an average value of 0.2 (considers only the fraction of the soil that reaches the water body, the rest is deposited in the field) [-].

The resulting balance is counted as an emission to agricultural soil (Msoil i [kg]):
Msoil i = Magro i - Mharv i - Mleach i - Meros i						(Eq. 7)

Note that the emissions to the agricultural soil, resulting from the balance at crop level can become negative. This means that the sum of outputs for a given metal exceeds the inputs. A discussion on this issue and its implications can be found in Nemecek and Lansche (2022).

2.3 Data sources
The metal concentrations for animal products, animal bodies, mineral and organic fertilisers, plant biomass (feedstuffs, seed), agricultural soil, and pesticides as well as flow data for deposition and leaching are given in Table 1. Note that the heavy metal concentrations are defined in mg for all calculations, since generally the concentrations are relatively low, although the units are given as kg in the equations in this document. At the end of the calculation, mg are converted to kg by multiplication with a factor of 106.
For the concentration values of the different inputs, we use several sources. Partly different sources have been combined, because not all of the data sources provide data for all seven metals and if possible, newer data sources were preferred. 
We use Desaules and Studer (1993) for mineral fertilisers, Menzi and Kessler (1998) and Gross et al. (2021) for farmyard manure. For biomass we take the values from Koch and Salou (2015), Schultheiss et al. (2004), Freiermuth (2006), www.feedbase.ch and various other sources as listed in Table 1. Heavy metal concentrations in the soil stem from Gubler et al., 2015 for three types of land use: arable land, horticultural crops, grassland).
The values for average deposition in Swiss agricultural areas are taken from BAFU and Empa (2015, 2020) for Cd, Cu, Zn, Pb, and Ni, and Thöni et al. (2008) for Cr, and Hg. Values for leaching are taken from Wolfensberger and Dinkel (1997) as fixed leaching rates per hectare and year [kg ha-1 a-1]. 
The data used for soil concentrations and deposition are specific for Switzerland. Likewise, data on metal concentrations in mineral fertilisers and farmyard manure stem from Switzerland. Data for plant materials (plant products, feedstuffs, seeds, etc.) stem from various international sources and are not specific for Switzerland. 
Metal concentrations in pesticides can be derived from information of suppliers and registration authorities; as the pesticides stem from chemical synthesis processes, the data are comparatively accurate.
Therefore, with the exception of metal concentrations in agricultural soils and the mean annual deposition rates, the model parameters and underlying data are applicable also in geographical contexts outside Switzerland.
3 Limitations
Despite the progress made, the model has a number of limitations. In the SALCA heavy metal model, the metal concentrations in harvested goods and emissions by leaching are not dependent on the metal concentrations in the soil. At least for some metals, the concentration in the soil can influence heavy metal uptake and leaching. However, the relationships are highly non-linear and complex (Sydow et al. 2018). They depend on the metal considered, chemical and physical properties of the soil (soil organic matter content, pH, etc.), and the crop species. We recommend to do sensitivity analyses to assess the sensitivity of toxicity impacts to the variation on leaching and concentrations in the harvested biomass. Another limitation of the model is that the speciation of the metals (i.e. its oxidation form) could not be considered due to a lack of data. However, it can play a major role for toxicity, as e.g. for Cr(III) and Cr(VI), with Cr(VI) showing considerably higher toxicity impacts (Sydow et al. 2020).  This results in a need for further development.
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[bookmark: _Ref124493436]Table 1: Concentration and flow data used in the model SALCAheavymetal.

	
	
	
	
	Cd
	Cu
	Zn
	Pb
	Ni
	Cr
	Hg
	DM
	

	Unit:
	
	
	
	mg Cd/kg DM
	mg Cu/kg DM
	mg Zn/kg DM
	mg Pb/kg DM
	mg Ni/kg DM
	mg Cr/kg DM
	mg Hg/kg DM
	kg DM/kg
	

	Category
	NameEN
	NameDE
	Unit
	mg Cd
	mg Cu
	mg Zn
	mg Pb
	mg Ni
	mg Cr
	mg Hg
	kg DM/kg
	Sources

	animal_products
	cow_milk
	Kuhmilch
	mg/kg DM
	1.00E-02
	2.30E+00
	1.76E+01
	3.00E-01
	1.10E+00
	1.00E-01
	7.52E-03
	0.133
	Schultheiss et al. (2004), Hg: Boudebbouz el al. (2021)

	animal_products
	sheep_milk
	Schafmilch
	mg/kg DM
	1.00E-02
	1.50E-01
	2.46E+00
	3.00E-01
	3.12E-02
	1.85E-03
	5.78E-03
	0.173
	Souci et al. (2000) (cu, zn, ni, cr, TS), Rest same as cow milk Hg: Boudebbouz el al. (2021)

	animal_products
	goat_milk
	Ziegenmilch
	mg/kg DM
	1.00E-02
	8.21E-02
	1.85E+00
	3.00E-01
	4.85E-02
	3.43E-02
	7.46E-03
	0.134
	Souci et al. (2000) (cu, zn, ni, cr, TS), Rest same as cow milk Hg: Boudebbouz el al. (2021)

	animal_products
	horse_milk
	Pferdemilch
	mg/kg DM
	1.00E-02
	2.91E-01
	1.46E+00
	3.00E-01
	3.93E-01
	4.54E-02
	9.71E-03
	0.103
	Souci et al. (2000) (cu, zn, ni, cr, TS), Rest same as cow milk Hg: Boudebbouz el al. (2021)

	animal_products
	sheep_wool
	Wolle
	mg/kg DM
	2.23E-01
	3.53E+01
	4.76E+02
	2.78E+00
	6.50E-01
	2.25E-01
	1.45E-01
	1.000
	Özyol (1990)

	animal_products
	eggs
	Ei
	mg/kg DM
	2.00E-03
	2.50E+00
	3.90E+01
	1.00E-01
	1.00E-01
	2.00E-01
	2.31E+00
	0.260
	Schultheiss et al. (2004)

	
	
	
	
	
	
	
	
	
	
	
	
	

	animal_body
	animals_cattle
	Tiere_Rinder
	mg/kg DM
	3.00E-02
	6.00E+00
	8.10E+01
	4.00E-01
	9.00E-01
	3.00E-01
	3.20E-03
	0.250
	Schultheiss et al. (2004), Hg: Nawrocka et al. (2020)

	animal_body
	animals_pigs
	Tiere_Schweine
	mg/kg DM
	4.00E-02
	3.70E+00
	5.60E+01
	4.00E-01
	7.00E-01
	2.00E-01
	3.20E-03
	0.250
	Schultheiss et al. (2004), Hg: Nawrocka et al. (2020)

	animal_body
	animals_poultry
	Tiere_Geflügel
	mg/kg DM
	3.00E-02
	5.00E+00
	6.00E+01
	1.00E-01
	1.00E-01
	1.00E-01
	2.14E-03
	0.280
	Schultheiss et al. (2004), Hg: Nawrocka et al. (2020)

	animal_body
	animals_horses
	Tiere_Pferde
	mg/kg DM
	3.25E-02
	5.18E+00
	6.95E+01
	3.25E-01
	6.50E-01
	2.25E-01
	2.86E-03
	0.280
	Mean

	animal_body
	animals_sheep
	Tiere_Schafe
	mg/kg DM
	3.25E-02
	5.18E+00
	6.95E+01
	3.25E-01
	6.50E-01
	2.25E-01
	2.86E-03
	0.280
	Mean

	animal_body
	animals_goats
	Tiere_Ziegen
	mg/kg DM
	3.25E-02
	5.18E+00
	6.95E+01
	3.25E-01
	6.50E-01
	2.25E-01
	2.86E-03
	0.280
	Mean

	animal_body
	animals_unspec
	Tiere_unspez.
	mg/kg DM
	3.25E-02
	5.18E+00
	6.95E+01
	3.25E-01
	6.50E-01
	2.25E-01
	2.91E-03
	0.275
	Mean

	
	
	
	
	
	
	
	
	
	
	
	
	

	min_fert
	N mineral fertilizers unspecified (kg N)
	N Mineraldünger unspezifiziert
	mg/kg N
	2.12E-01
	2.23E+01
	1.21E+02
	5.37E+00
	1.72E+01
	7.81E+00
	4.03E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N ammonium nitrate (kg N)
	N Ammoniumnitrat
	mg/kg N
	1.82E-01
	2.55E+01
	1.82E+02
	6.91E+00
	4.73E+01
	1.45E+01
	3.64E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N urea (kg N)
	N Harnstoff
	mg/kg N
	1.09E-01
	1.30E+01
	9.57E+01
	2.39E+00
	4.35E+00
	4.35E+00
	4.35E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N urea-AN (kg N)
	N Harnstoff-AN
	mg/kg N
	1.09E-01
	1.30E+01
	9.57E+01
	2.39E+00
	4.35E+00
	4.35E+00
	4.35E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N mono-ammonium phosphate (MAP, kg N)
	N Monoammoniumphosphat
	mg/kg N
	5.13E+01
	1.18E+02
	7.51E+02
	4.94E+01
	1.00E+02
	5.89E+02
	4.60E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N di-ammonium phosphate (DAP, kg N)
	N Diammoniumphosphat
	mg/kg N
	5.13E+01
	1.18E+02
	7.51E+02
	4.94E+01
	1.00E+02
	5.89E+02
	4.60E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N AN-phosphate (kg N)
	N AN-Phosphat
	mg/kg N
	5.13E+01
	1.18E+02
	7.51E+02
	4.94E+01
	1.00E+02
	5.89E+02
	4.60E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N lime-ammonium nitrate (kg N)
	N Kalk-Ammoniumnitrat
	mg/kg N
	1.85E-01
	8.52E+00
	1.00E+02
	5.93E+00
	1.26E+01
	2.96E+00
	3.70E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N ammonium sulphate (kg N)
	N Ammoniumsulfat
	mg/kg N
	2.38E-01
	1.90E+01
	1.43E+02
	5.24E+00
	8.57E+00
	9.52E+00
	0.00E+00
	1.000
	Desaules and Studer (1993)

	min_fert
	N potassium nitrate (kg N)
	N Kaliumnitrat
	mg/kg N
	2.12E-01
	2.23E+01
	1.21E+02
	5.37E+00
	1.72E+01
	7.81E+00
	4.03E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	N liquid ammonia (kg N)
	N Ammoniak flüssig
	mg/kg N
	2.12E-01
	2.23E+01
	1.21E+02
	5.37E+00
	1.72E+01
	7.81E+00
	4.03E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	P mineral fertiliser unspecified (kg P2O5)
	P Mineraldünger unspezifiziert
	mg/kg P2O5
	5.13E+01
	1.18E+02
	7.51E+02
	4.94E+01
	1.00E+02
	5.89E+02
	4.60E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	P triple-superphos. (kg P2O5)
	P Triple-Superphos.
	mg/kg P2O5
	1.13E+02
	9.78E+01
	6.50E+02
	7.61E+00
	9.57E+01
	5.67E+02
	2.61E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	P superphosphate (kg P2O5)
	P Superphosphat
	mg/kg P2O5
	5.26E+01
	1.21E+02
	8.53E+02
	5.79E+02
	1.05E+02
	3.42E+02
	5.79E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	P mono-ammonium phosphate (MAP, kg P2O5)
	P Monoammoniumphosphat
	mg/kg P2O5
	5.13E+01
	1.18E+02
	7.51E+02
	4.94E+01
	1.00E+02
	5.89E+02
	4.60E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	P di-ammonium phosphate (DAP, kg P2O5)
	P Diammoniumphosphat
	mg/kg P2O5
	5.13E+01
	1.18E+02
	7.51E+02
	4.94E+01
	1.00E+02
	5.89E+02
	4.60E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	P AN-phosphate (kg P2O5)
	P AN-Phosphat
	mg/kg P2O5
	5.13E+01
	1.18E+02
	7.51E+02
	4.94E+01
	1.00E+02
	5.89E+02
	4.60E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	P hyperphosphate (raw phosphate, kg P2O5)
	P Hyperphosphat
	mg/kg P2O5
	5.00E+01
	1.15E+02
	9.15E+02
	2.38E+01
	7.69E+01
	6.12E+02
	4.99E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	P Thomas phosphate (kg P2O5)
	P Thomasmehl
	mg/kg P2O5
	1.56E+00
	2.50E+02
	4.25E+02
	7.50E+01
	1.25E+02
	1.22E+04
	4.20E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	K mineral fertiliser unspecified (kg K2O)
	K Mineraldünger unspezifiziert
	mg/kg K2O
	1.00E-01
	8.33E+00
	7.67E+01
	9.17E+00
	3.50E+00
	4.00E+00
	1.12E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	K potassium salt (KCl, kg K2O)
	K Kalisalz
	mg/kg K2O
	1.00E-01
	8.33E+00
	7.67E+01
	9.17E+00
	3.50E+00
	3.33E+00
	8.33E-02
	1.000
	Desaules and Studer (1993)

	min_fert
	K potassium sulphate (K2SO4, kg K2O)
	K Kaliumsulfat
	mg/kg K2O
	1.00E-01
	4.00E+00
	6.40E+01
	6.60E+00
	1.60E+00
	4.00E+00
	1.40E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	K potassium nitrate (kg K2O)
	K Kaliumnitrat
	mg/kg K2O
	1.00E-01
	8.33E+00
	7.67E+01
	9.17E+00
	3.50E+00
	4.00E+00
	1.12E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	K patentkali (kg K2O)
	K Patentkali
	mg/kg K2O
	1.92E-01
	1.73E+02
	1.54E+02
	1.15E+01
	1.15E+01
	1.73E+02
	1.12E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	Ca limestone (kg Ca)
	Ca Kalk
	mg/kg Ca
	1.20E-01
	4.00E+00
	8.00E+00
	3.60E+00
	1.22E+01
	3.14E+02
	4.46E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	Ca carbonation limestone (kg Ca)
	Ca Karbonationskalk
	mg/kg Ca
	1.20E-01
	4.00E+00
	8.00E+00
	3.60E+00
	1.22E+01
	3.14E+02
	4.46E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	Ca seaweed limestone (kg Ca)
	Ca Meeresalgenkalk
	mg/kg Ca
	1.20E-01
	4.00E+00
	8.00E+00
	3.60E+00
	1.22E+01
	3.14E+02
	4.46E-01
	1.000
	Desaules and Studer (1993)

	min_fert
	Mg magnesium (kg Mg)
	Mg Magnesium
	mg/kg Mg
	1.20E-01
	4.00E+00
	8.00E+00
	3.60E+00
	1.22E+01
	3.14E+02
	4.46E-01
	1.000
	Desaules and Studer (1993)

	
	
	
	
	
	
	
	
	
	
	
	
	

	org_fert
	cattle, liquid manure
	Rindvieh Vollgülle
	mg/kg DM
	1.78E-01
	3.71E+01
	1.62E+02
	3.77E+00
	4.30E+00
	3.90E+00
	4.00E-01
	0.090
	Cd, Cu, Zn, Pb: Menzi and Kessler (1998). Ni, Cr: Desaules and Studer (1993)

	org_fert
	cattle, slurry
	Rindvieh Gülle kotarm
	mg/kg DM
	1.60E-01
	1.91E+01
	1.23E+02
	2.92E+00
	3.10E+00
	2.10E+00
	6.00E-01
	0.075
	Cd, Cu, Zn, Pb: Menzi and Kessler (1998). Ni, Cr: Desaules and Studer (1993)

	org_fert
	cattle, staple manure
	Rindvieh Stapelmist
	mg/kg DM
	1.90E-01
	2.62E+01
	1.30E+02
	3.77E+00
	4.30E+00
	3.90E+00
	4.00E-01
	0.190
	Cd, Cu, Zn: Gross et al. (2021), Pb: Menzi and Kessler (1998). Ni, Cr: Desaules and Studer (1993)

	org_fert
	cattle, solid manure, loose housing
	Rindvieh Laufstallmist
	mg/kg DM
	1.51E-01
	2.20E+01
	9.11E+01
	2.81E+00
	4.30E+00
	3.90E+00
	4.00E-01
	0.210
	Cd, Cu, Zn, Pb: Menzi and Kessler (1998). Ni, Cr: Desaules and Studer (1993)

	org_fert
	pigs, liquid manure
	Schweine Gülle
	mg/kg DM
	1.20E-01
	1.25E+02
	1.37E+03
	1.76E+00
	8.60E+00
	6.70E+00
	8.00E-01
	0.050
	Cd, Cu, Zn, Pb: Menzi and Kessler (1998). Ni, Cr: Desaules and Studer (1993)

	org_fert
	pigs, solid manure
	Schweine Mist
	mg/kg DM
	1.20E-01
	1.25E+02
	1.37E+03
	1.76E+00
	8.60E+00
	6.70E+00
	8.00E-01
	0.270
	Pig manure assumed as pig slurry

	org_fert
	broiler litter
	Mastpoulets Mist
	mg/kg DM
	3.30E-01
	7.10E+01
	3.78E+02
	2.92E+00
	4.00E+01
	1.00E+01
	2.00E-01
	0.650
	Cd, Cu, Zn: Gross et al. (2021), Pb: Menzi and Kessler (1998). Ni, Cr: Desaules and Studer (1993)

	org_fert
	laying hen manure
	Legehennen Kot
	mg/kg DM
	3.30E-01
	7.10E+01
	3.78E+02
	2.24E+00
	7.90E+00
	5.50E+00
	2.00E-01
	0.300
	Cd, Cu, Zn: Gross et al. (2021), Pb: Menzi and Kessler (1998). Ni, Cr: Desaules and Studer (1993)

	org_fert
	laying hen litter
	Legehennen Mist
	mg/kg DM
	3.30E-01
	7.10E+01
	3.78E+02
	2.24E+00
	7.90E+00
	5.50E+00
	2.00E-01
	0.450
	Laying hen litter assumed as laying hen manure

	org_fert
	solid manure, unspecified
	Mist unspezifiziert
	mg/kg DM
	1.98E-01
	6.10E+01
	4.92E+02
	2.82E+00
	1.43E+01
	6.13E+00
	4.50E-01
	0.330
	Mean solid manure

	org_fert
	liquid manure, unspecified
	Gülle unspezifiziert
	mg/kg DM
	1.49E-01
	8.10E+01
	7.66E+02
	2.77E+00
	6.45E+00
	5.30E+00
	6.00E-01
	0.070
	Mean liquid manure

	org_fert
	animal meal
	Tiermehl
	mg/kg DM
	0.00E+00
	1.10E+01
	1.16E+02
	2.00E+00
	2.00E+00
	1.90E+00
	8.00E-04
	1.000
	Nottrodt (2001), Herter and Külling (2001)

	org_fert
	castor bean meal
	Rizinusschrot
	mg/kg DM
	1.02E-01
	6.63E+00
	3.20E+01
	5.41E-01
	1.04E+00
	5.45E-01
	4.06E-02
	0.722
	Nottrodt (2001), Herter and Külling (2001)

	org_fert
	vinasse
	Vinasse
	mg/kg DM
	6.40E-01
	2.15E+01
	5.29E+01
	3.20E+00
	3.00E+00
	8.70E+00
	1.50E-01
	0.550
	Koch and Salou (2015)

	org_fert
	poultry manure, dried
	Hühnermist getrocknet
	mg/kg DM
	2.53E-01
	3.96E+01
	4.68E+02
	2.24E+00
	7.90E+00
	5.50E+00
	2.00E-01
	0.450
	Nottrodt (2001), Herter and Külling (2001)

	org_fert
	horn meal
	Hornmehl
	mg/kg DM
	2.00E-01
	7.30E+00
	1.35E+02
	8.30E+00
	2.80E+00
	6.50E+01
	1.00E-01
	1.000
	Nottrodt (2001), Herter and Külling (2001)

	org_fert
	compost
	Kompost
	mg/kg DM
	1.88E-01
	3.02E+01
	9.60E+01
	2.58E+01
	8.52E+00
	1.17E+01
	6.28E-02
	1.000
	Candinas et al. (1999)

	org_fert
	sewage sludge, dried
	Klärschlamm getrocknet
	mg/kg DM
	1.60E+00
	3.39E+02
	9.45E+02
	9.70E+01
	3.20E+01
	7.62E+01
	1.80E+00
	1.000
	Külling  et al. (2002)

	org_fert
	sewage sludge, dehydrated
	Klärschlamm entwässert
	mg/kg DM
	6.40E-01
	1.36E+02
	3.78E+02
	3.88E+01
	1.28E+01
	3.05E+01
	7.20E-01
	0.400
	Külling  et al. (2002)

	org_fert
	sewage sludge, liquid
	Klärschlamm flüssig
	mg/kg DM
	1.60E-01
	3.39E+01
	9.45E+01
	9.70E+00
	3.20E+00
	7.62E+00
	1.80E-01
	0.100
	Külling  et al. (2002)

	
	
	
	
	
	
	
	
	
	
	
	
	

	plants_feed
	alfalfa
	Luzerne
	mg/kg DM
	1.30E-01
	8.60E+00
	4.00E+01
	1.20E+00
	1.68E+00
	1.09E+00
	1.50E-01
	0.300
	Koch and Salou (2015), Houba and Uittenbogaard (1994)

	plants_feed
	animal feed salt
	Viehsalz
	mg/kg DM
	1.00E-01
	3.50E+00
	1.35E+01
	3.00E-01
	2.00E+00
	2.00E-01
	0.00E+00
	0.990
	Schultheiss et al. (2004)

	plants_feed
	barley grains
	Gerstenkörner
	mg/kg DM
	3.00E-02
	4.30E+00
	2.66E+01
	2.00E-01
	1.00E-01
	1.00E-01
	0.00E+00
	0.850
	Koch and Salou (2015), Schultheiss et al (2004)

	plants_feed
	barley straw
	Gerstenstroh
	mg/kg DM
	1.00E-01
	4.80E+00
	1.11E+01
	6.00E-01
	8.00E-01
	1.20E+00
	0.00E+00
	0.850
	Koch and Salou (2015), Schultheiss et al (2004)

	plants_feed
	barley whole plant
	Gerstenganzpflanzen
	mg/kg DM
	6.50E-02
	4.55E+00
	1.89E+01
	4.00E-01
	4.50E-01
	6.50E-01
	0.00E+00
	0.850
	Mean of barley grains and barley straw

	plants_feed
	beet pulp
	Zuckerrüben-Pressschnitzel
	mg/kg DM
	5.00E-01
	1.03E+01
	4.14E+01
	1.80E+00
	1.50E+00
	1.90E+00
	0.00E+00
	0.200
	Schultheiss et al. (2004)

	plants_feed
	broiler feed
	Pouletmastfutter
	mg/kg DM
	3.00E-02
	4.02E+01
	1.23E+02
	2.00E-01
	1.10E+00
	9.00E-01
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	carrots
	Karotten
	mg/kg DM
	1.00E-01
	7.18E+00
	1.99E+01
	5.80E-01
	3.90E-01
	0.00E+00
	0.00E+00
	0.103
	Koch and Salou (2015), Hermanescu et al. (2011)

	plants_feed
	complete feed sows
	Alleinfutter Sauen
	mg/kg DM
	1.00E-01
	4.20E+01
	1.89E+02
	5.00E-01
	1.50E+00
	1.30E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	co-product, mean
	Nebenprodukt, Mittel
	mg/kg DM
	1.40E-01
	4.92E+00
	2.06E+01
	8.20E-01
	9.60E-01
	9.30E-01
	1.50E-01
	0.600
	Koch and Salou (2015), Mean

	plants_feed
	corn gluten
	Maiskleber
	mg/kg DM
	3.00E-02
	6.60E+00
	6.17E+01
	2.00E-01
	3.80E+00
	1.50E+00
	0.00E+00
	0.900
	Schultheiss et al. (2004)

	plants_feed
	corn-cob-mix
	CCM (Corn-Cob-Mix)
	mg/kg DM
	3.00E-02
	3.10E+00
	2.72E+01
	2.00E-01
	3.00E-01
	3.00E-01
	0.00E+00
	0.610
	Schultheiss et al. (2004)

	plants_feed
	dairy cow feed
	Ergänzungsfuttermittel, Milchkühe
	mg/kg DM
	1.00E-01
	3.14E+01
	1.76E+02
	9.00E-01
	3.90E+00
	2.40E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	durum wheat grains
	Hartweizen, Körner
	mg/kg DM
	6.90E-02
	4.54E+00
	2.20E+01
	1.40E-02
	6.00E-02
	4.50E-02
	1.00E-03
	0.850
	Koch and Salou (2015), Arvalis (1998)

	plants_feed
	durum wheat straw
	Hartweizen, Stroh
	mg/kg DM
	2.00E-01
	2.50E+00
	9.60E+00
	6.00E-01
	6.00E-01
	7.00E-01
	0.00E+00
	0.850
	Koch and Salou (2015), Schultheiss et al. (2004)

	plants_feed
	fattening pig feed phase 1
	Alleinfutter Vormast
	mg/kg DM
	1.00E-01
	6.60E+01
	2.36E+02
	2.00E-01
	1.60E+00
	1.70E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	fattening pig feed phase 2
	Alleinfutter Endmast
	mg/kg DM
	1.00E-01
	3.02E+01
	1.58E+02
	3.00E-01
	1.60E+00
	1.50E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	fava beans
	Ackerbohnen
	mg/kg DM
	4.00E-02
	6.00E+00
	3.01E+01
	8.70E-01
	1.30E+00
	6.90E-01
	0.00E+00
	0.860
	Houba and Uittenbogaard (1994), IPE94

	plants_feed
	feed lime
	Futterkalk
	mg/kg DM
	1.00E-01
	8.10E+00
	1.04E+01
	5.30E+00
	2.10E+00
	3.50E+00
	0.00E+00
	1.000
	Schultheiss et al. (2004)

	plants_feed
	fish meal
	Fischmehl
	mg/kg DM
	4.00E-01
	4.30E+00
	8.96E+01
	8.00E-01
	1.60E+00
	1.50E+00
	0.00E+00
	0.920
	Schultheiss et al. (2004)

	plants_feed
	fruit pomace
	Obsttrester
	mg/kg DM
	1.00E-01
	1.52E+01
	2.75E+01
	1.90E+00
	2.10E+01
	6.00E+00
	1.00E-01
	0.900
	Freiermuth (2006), Nottrodt (2001), Herter and Külling (2001)

	plants_feed
	grape pomace
	Traubentrester
	mg/kg DM
	2.00E-01
	6.50E+01
	5.37E+01
	2.10E+00
	1.90E+00
	3.10E+00
	0.00E+00
	0.900
	Freiermuth (2006), Nottrodt (2001), Herter and Külling (2001)

	plants_feed
	grapes
	Trauben
	mg/kg DM
	1.10E-01
	6.48E+00
	2.91E+01
	5.80E-01
	9.10E-01
	5.80E-01
	6.00E-02
	0.180
	Koch and Salou (2015), Mean values 

	plants_feed
	grass
	Gras
	mg/kg DM
	1.30E-01
	8.60E+00
	4.00E+01
	1.20E+00
	1.68E+00
	1.09E+00
	1.50E-01
	0.166
	Koch and Salou (2015), Houba and Uittenbogaard (1994)

	plants_feed
	green waste shredding
	Grünguthäcksel
	mg/kg DM
	3.00E-01
	1.40E+01
	7.10E+01
	2.00E+01
	1.00E+01
	1.47E+01
	1.00E-01
	0.500
	Freiermuth (2006), Nottrodt (2001), Herter and Külling (2001)

	plants_feed
	laying hen feed
	Leghennenfutter
	mg/kg DM
	6.00E-02
	1.46E+01
	1.19E+02
	7.00E-01
	3.50E+00
	3.80E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	main product, mean
	Hauptprodukt, Mittel
	mg/kg DM
	1.10E-01
	6.48E+00
	2.91E+01
	5.80E-01
	9.10E-01
	5.80E-01
	6.00E-02
	0.480
	Koch and Salou (2015), Mean

	plants_feed
	maize grains
	Maiskörner
	mg/kg DM
	3.00E-02
	2.50E+00
	2.15E+01
	3.00E-01
	1.16E+00
	3.20E-01
	0.00E+00
	0.720
	Koch and Salou (2015), Houba and Uittenbogaard (1994)

	plants_feed
	maize silage
	Maissilage
	mg/kg DM
	1.00E-01
	5.00E+00
	3.45E+01
	1.61E+00
	4.80E-01
	7.00E-01
	1.00E-02
	0.810
	Koch and Salou (2015), Houba and Uittenbogaard (1994)

	plants_feed
	malt
	Biertreber
	mg/kg DM
	1.00E-01
	1.50E+01
	7.61E+01
	3.00E-01
	5.00E-01
	5.00E-01
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	milk replacer
	Milchaustauscher
	mg/kg DM
	3.00E-03
	7.90E+00
	7.09E+01
	2.00E-01
	3.00E-01
	4.00E-01
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	mineral feed cattle
	Mineralfutter Rind
	mg/kg DM
	4.00E-01
	7.47E+02
	3.48E+03
	5.20E+00
	2.56E+01
	3.81E+01
	0.00E+00
	0.990
	Schultheiss et al. (2004)

	plants_feed
	mineral feed fattening pigs
	Mineralfutter Mastschweine
	mg/kg DM
	8.00E-01
	8.18E+02
	4.81E+03
	3.70E+00
	1.66E+01
	1.78E+01
	0.00E+00
	0.990
	Schultheiss et al. (2004)

	plants_feed
	mineral feed piglets
	Mineralfutter Ferkel
	mg/kg DM
	3.00E-01
	3.13E+03
	3.65E+03
	6.90E+00
	1.16E+01
	2.40E+01
	0.00E+00
	0.990
	Schultheiss et al. (2004)

	plants_feed
	mineral feed sows
	Mineralfutter Sauen
	mg/kg DM
	1.60E+00
	7.34E+02
	2.36E+03
	3.60E+00
	1.43E+01
	5.50E+01
	0.00E+00
	0.990
	Schultheiss et al. (2004)

	plants_feed
	Miscanthus
	Miscanthus
	mg/kg DM
	7.00E-02
	2.20E+00
	1.10E+02
	8.00E-01
	2.60E+00
	5.00E-01
	4.00E-03
	0.850
	Wolfensberger and Dinkel (1997)

	plants_feed
	oats
	Hafer
	mg/kg DM
	1.00E-01
	4.80E+00
	2.91E+01
	2.00E-01
	7.00E-01
	4.00E-01
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	peas
	Erbsen
	mg/kg DM
	1.80E-02
	6.65E+00
	2.47E+01
	1.50E-01
	1.73E+00
	8.20E-01
	2.00E-03
	0.850
	Koch and Salou (2015), Arvalis (1998)

	plants_feed
	potato digestate
	Kartoffelschlempe
	mg/kg DM
	2.00E-01
	4.01E+01
	4.87E+01
	6.00E-01
	9.00E-01
	1.10E+00
	0.00E+00
	0.940
	Schultheiss et al. (2004)

	plants_feed
	potato skins
	Kartoffelschalen
	mg/kg DM
	2.00E-01
	7.20E+00
	1.51E+01
	4.00E-01
	1.00E+00
	1.20E+00
	0.00E+00
	0.150
	Schultheiss et al. (2004)

	plants_feed
	potato starch
	Kartoffelstärke
	mg/kg DM
	4.00E-02
	1.20E+00
	3.50E+00
	3.00E-01
	3.00E-01
	6.00E-01
	0.00E+00
	0.830
	Schultheiss et al. (2004)

	plants_feed
	potatoes
	Kartoffeln
	mg/kg DM
	2.90E-02
	8.20E-01
	2.87E+00
	2.90E-02
	7.60E-02
	1.00E-02
	8.00E-03
	0.200
	Koch and Salou (2015), Arvalis (1998)

	plants_feed
	rapeseed
	Rapskörner
	mg/kg DM
	4.70E-02
	4.74E+00
	3.90E+01
	3.50E-02
	5.70E-01
	2.20E-01
	7.00E-03
	0.910
	Koch and Salou (2015)

	plants_feed
	rapeseed meal
	Rapsextraktionsschrot
	mg/kg DM
	1.00E-01
	7.20E+00
	7.88E+01
	2.00E-01
	1.20E+00
	6.00E-01
	0.00E+00
	0.860
	Schultheiss et al. (2004)

	plants_feed
	rice
	Reis
	mg/kg DM
	2.00E-02
	5.27E+00
	4.39E+01
	9.60E-01
	9.70E-01
	4.90E-01
	0.00E+00
	0.870
	WFLDB (2015)

	plants_feed
	rye straw
	Roggenstroh
	mg/kg DM
	1.00E-01
	3.20E+00
	1.30E+01
	4.00E-01
	7.00E-01
	5.00E-01
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	Salix 
	Salix 
	mg/kg DM
	6.10E-01
	3.33E+00
	6.80E+01
	2.00E-01
	2.00E-01
	5.80E-01
	0.00E+00
	0.850
	Hölscher et al. (2007)

	plants_feed
	sow feed
	Alleinfutter Sauen
	mg/kg DM
	1.00E-01
	4.20E+01
	1.89E+02
	5.00E-01
	1.50E+00
	1.30E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	soya beans
	Sojabohnen
	mg/kg DM
	6.00E-02
	1.51E+01
	4.77E+01
	8.00E-02
	5.32E+00
	5.20E-01
	0.00E+00
	0.860
	Houba and Uittenbogaard (1994), IPE94

	plants_feed
	soya meal
	Sojaextraktionsschrot
	mg/kg DM
	1.00E-01
	1.57E+01
	4.74E+01
	3.00E-01
	6.10E+00
	2.10E+00
	0.00E+00
	0.860
	Schultheiss et al. (2004)

	plants_feed
	sugar beet
	Zuckerrübe
	mg/kg DM
	4.00E-01
	1.20E+01
	3.64E+01
	1.16E+00
	1.08E+00
	1.78E+00
	9.50E-02
	0.230
	Koch and Salou (2015), Houba and Uittenbogaard (1994)

	plants_feed
	sugar
	Zucker
	mg/kg DM
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.000
	Feedbase.ch and own assumption

	plants_feed
	sunflower
	Sonnenblume
	mg/kg DM
	3.58E-01
	1.71E+01
	4.71E+01
	4.70E-02
	1.90E+00
	1.80E-01
	5.60E-03
	0.910
	Koch and Salou (2015)

	plants_feed
	supplementary feed dairy cows
	Ergänzungsfutter Milchkühe
	mg/kg DM
	1.00E-01
	3.14E+01
	1.76E+02
	9.00E-01
	3.90E+00
	2.40E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	supplementary feed weaned piglets
	Ergänzungsfutter Aufzuchtferkel
	mg/kg DM
	1.00E-01
	1.39E+02
	1.77E+02
	4.00E-01
	2.20E+00
	1.60E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	supplementary feed weaner piglets
	Ergänzungsfutter Saugferkel
	mg/kg DM
	1.00E-01
	1.20E+02
	2.21E+02
	3.00E-01
	1.90E+00
	1.70E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	triticale grains
	Triticalekörner
	mg/kg DM
	1.00E-01
	4.30E+00
	2.84E+01
	2.00E-01
	2.00E-01
	1.00E-01
	0.00E+00
	0.850
	Koch and Salou (2015), Schultheiss et al. (2004)

	plants_feed
	triticale straw
	Triticalestroh
	mg/kg DM
	1.00E-01
	2.50E+00
	1.31E+01
	7.00E-01
	4.00E-01
	8.00E-01
	0.00E+00
	0.850
	Koch and Salou (2015), Schultheiss et al. (2004)

	plants_feed
	triticale whole plant
	Triticaleganzpflanzen
	mg/kg DM
	1.00E-01
	3.40E+00
	2.08E+01
	4.50E-01
	3.00E-01
	4.50E-01
	0.00E+00
	0.850
	Mean of triticale grains and triticale straw

	plants_feed
	turkey feed
	Truthahnmastfutter
	mg/kg DM
	1.00E-01
	2.99E+01
	8.00E+01
	5.00E-01
	1.50E+00
	1.30E+00
	0.00E+00
	0.850
	Schultheiss et al. (2004)

	plants_feed
	vegetable/fruit pulp
	Gemüse/Obstbrei
	mg/kg DM
	2.00E-01
	2.26E+01
	6.20E+01
	2.80E+00
	2.50E+00
	2.90E+00
	0.00E+00
	0.140
	Freiermuth (2006), Nottrodt (2001), Herter and Külling (2001)

	plants_feed
	vegetal oil
	Pflanzenöl
	mg/kg DM
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Own assumption

	plants_feed
	wheat bran
	Weizenkleie
	mg/kg DM
	1.00E-01
	1.04E+01
	8.70E+01
	4.00E-01
	6.00E-01
	6.00E-01
	0.00E+00
	0.870
	Schultheiss et al. (2004)

	plants_feed
	wheat grains
	Weizen, Körner
	mg/kg DM
	4.80E-02
	3.76E+00
	1.72E+01
	1.30E-01
	1.60E-01
	2.00E-01
	1.20E-02
	0.850
	Koch and Salou (2015), Arvalis (1998)

	plants_feed
	wheat straw
	Weizen, Stroh
	mg/kg DM
	2.00E-01
	2.50E+00
	9.60E+00
	6.00E-01
	6.00E-01
	7.00E-01
	0.00E+00
	0.850
	Koch and Salou (2015), Schultheiss et al. (2004)

	plants_feed
	wheat whole plant
	Weizenganzpflanzen
	mg/kg DM
	1.24E-01
	3.13E+00
	1.34E+01
	3.65E-01
	3.80E-01
	4.50E-01
	6.00E-03
	0.850
	Mean of wheat grains and wheat straw

	plants_feed
	wood chips
	Holzhäcksel
	mg/kg DM
	5.00E-01
	1.19E+01
	1.07E+02
	2.20E+01
	5.30E+00
	1.20E+01
	7.00E-01
	0.300
	Freiermuth (2006), Nottrodt (2001), Herter and Külling (2001)

	plants_feed
	zero_HM
	keine_SM
	mg/kg DM
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Own assumption

	
	
	
	
	
	
	
	
	
	
	
	
	

	pesticides
	pesti_copper
	Kupfer
	mg/kg
	0.00E+00
	1.00E+06
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Pure substance

	pesticides
	pesti_copper oxide
	Kupfer (als Oxid)
	mg/kg
	0.00E+00
	8.90E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_copper hydroxide
	Kupfer (als Hydroxyd)
	mg/kg
	0.00E+00
	6.40E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_copper oxychloride
	Kupfer (als Oxychlorid)
	mg/kg
	0.00E+00
	5.70E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	PPDB: Pesticide Properties DataBase

	pesticides
	pesti_copper sulphate
	Kupfersulfat
	mg/kg
	0.00E+00
	2.50E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_copper naphthenate
	Kupfernaphthenat
	mg/kg
	0.00E+00
	8.00E+04
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_tribasic_copper_sulfate
	Kupfersulfat (tribasisch)
	mg/kg
	0.00E+00
	4.57E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_mancozeb
	Mancozeb
	mg/kg
	0.00E+00
	0.00E+00
	2.50E+04
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_metiram
	Metiram
	mg/kg
	0.00E+00
	0.00E+00
	1.80E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_propineb
	Propineb
	mg/kg
	0.00E+00
	0.00E+00
	2.20E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_zineb
	Zineb
	mg/kg
	0.00E+00
	0.00E+00
	2.40E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_ziram
	Ziram
	mg/kg
	0.00E+00
	0.00E+00
	2.10E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	pesticides
	pesti_zinc
	Zink
	mg/kg
	0.00E+00
	0.00E+00
	1.00E+06
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Pure substance

	pesticides
	pesti_zinc_phosphide
	Zinkphosphid
	mg/kg
	0.00E+00
	0.00E+00
	7.60E+05
	0.00E+00
	0.00E+00
	0.00E+00
	0.00E+00
	1.000
	Perkow and Ploss (1994)

	
	
	
	
	
	
	
	
	
	
	
	
	

	soil
	soil_arable land
	Ackerland
	mg/kg DM
	2.70E-01
	2.37E+01
	5.80E+01
	2.29E+01
	2.87E+01
	2.85E+01
	9.00E-02
	1.000
	Gubler et al. (2015)

	soil
	soil_grassland intensive
	Grasland intensive
	mg/kg DM
	3.60E-01
	1.75E+01
	6.87E+01
	2.60E+01
	3.25E+01
	5.28E+01
	7.00E-02
	1.000
	Gubler et al. (2015)

	soil
	soil_grassland extensive
	Grasland extensiv
	mg/kg DM
	3.60E-01
	1.75E+01
	6.87E+01
	2.60E+01
	3.25E+01
	5.28E+01
	7.00E-02
	1.000
	Gubler et al. (2015)

	soil
	soil_summer alpine pastures
	Sömmerungsweiden
	mg/kg DM
	3.60E-01
	1.75E+01
	6.87E+01
	2.60E+01
	3.25E+01
	5.28E+01
	7.00E-02
	1.000
	Gubler et al. (2015)

	soil
	soil_viticulture
	Weinbau
	mg/kg DM
	3.10E-01
	1.26E+02
	7.54E+01
	2.48E+01
	2.68E+01
	2.68E+01
	1.00E-01
	1.000
	Gubler et al. (2015)

	soil
	soil_fruit trees
	Obstbau
	mg/kg DM
	3.10E-01
	1.26E+02
	7.54E+01
	2.48E+01
	2.68E+01
	2.68E+01
	1.00E-01
	1.000
	Gubler et al. (2015)

	soil
	soil_vegetables
	Gemüsebau
	mg/kg DM
	3.10E-01
	1.26E+02
	7.54E+01
	2.48E+01
	2.68E+01
	2.68E+01
	1.00E-01
	1.000
	Gubler et al. (2015)

	
	
	
	
	
	
	
	
	
	
	
	
	

	deposition
	deposition
	Deposition
	mg/ha/year
	5.89E+02
	2.38E+04
	5.48E+04
	1.08E+04
	6.71E+03
	3.65E+03
	5.00E+01
	1.000
	Cd, Cu, Zn, Pb: BAFU and Empa (2016), Ni: BAFU and Empa (2020), Cr, Hg: Thöni et al. (2008)

	
	
	
	
	
	
	
	
	
	
	
	
	

	leaching
	leaching
	Auswaschung
	mg/ha/year
	5.00E+01
	3.60E+03
	3.30E+04
	6.00E+02
	0.00E+00
	2.12E+04
	1.30E+00
	1.000
	Wolfensberger and Dinkel (1997)
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