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1	Introduction
The inventory of emissions, discharges and losses of priority and priority hazardous substances focuses on the identification and quantification of anthropogenic sources, although some substances also have a significant naturally occurring source at least in some areas (EU 2012). 
Metals and Polycyclic Aromatic Hydrocarbons (PAHs) can be released from natural sources or processes (e.g. geogenic background, soil genesis, volcanicity, storm, wildfire) (Wiłkomirski et al. 2018). Therefore, natural background is considered as a separate relevant pathway, representing the loads which would occur under pristine[footnoteRef:1] conditions. But it needs to be considered that anthropogenic sources are much more significant. This work focuses on priority and priority hazardous substances, so it includes only specific metals (cadmium, nickel, lead and mercury) and PAHs e.g. as sum of the 16 EPA[footnoteRef:2] PAHs or benzo(a)pyrene (BaP).  [1:  Related to a period without any anthropogenic activity.]  [2:  US Environmental Protection Agency] 

Information about natural background can be important in the context of planning measures. Natural background loads could be seen as the load which can´t be reduced by implementing measures. If the same substances are pollutants in a water body, it is necessary for river basin management planning to quantify the proportions of natural background ánd anthropogenic emissions.
Natural background is in fact a rather complicated source because it is part of different diffuse pathways and double counting must be avoided. Metals are naturally parts of different rocks which might be rock aquifers as well as the base material for soils. The natural metal content depends on the rock constituents and affects the background concentration in soils and groundwater. Furthermore, because of vulcanicity, fires and storm events, metals and PAHs can naturally end up in the atmosphere, are air-transported and finally deposited, both on land and directly on surface water. 
In that context e.g., natural metal and PAHs background concentrations can be directly part of the total diffuse load for the following diffuse pathways:
· P1 - Atmospheric deposition directly to surface water;
· P2 - Erosion (natural soil content and natural deposition);
· P3 - Surface runoff from unsealed areas (mainly based on dry and wet atmospheric deposition);
· P4 - Groundwater and interflow (based on natural rock and soil content);
· P6 - Surface runoff from sealed areas (mainly based on dry and wet atmospheric deposition);
· P11 - Direct Discharges from Mining (only relevant for metals).

2	Calculation methods
Calculating of natural background concentrations for metals or PAHs is complicated because of the need to separate the contributions from anthropogenic and natural sources. To get reliable information, monitoring data are needed and assumptions have to made to estimate natural background loads. Three different ways are described to get an impression of the natural background loads.

2.1	Estimating total natural background loads in surface waters using in-river 	processes, river loads, anthropogenic loads and point source loads
An example for a rough substance specific estimation on RBD/Subunit level, based on the riverine load approach for substances, where in-river processes like biodegradation, retention or sedimentation and natural background is relevant, is given in the Guidance Document No 28 (EU 2012). The method is based on a river load approach established by OSPAR (2004) which can only be seen as a rough approximation (equation 1):
Equation 1: River load approach to calculate natural background loads (LB)

That means: 

Where for a given contaminant:
Ly		= is total annual riverine load,
LDiff		= is anthropogenic diffuse load,
Dp		= is total point source discharge,
LB		= is natural background load and
NP		= is net outcome of in-river processes upstream of the monitoring point.
Requirement to apply the described river load approach is that information on total anthropogenic diffuse loads and total point sources loads is known. The main problem here is to calculate diffuse loads differentiated into anthropogenic and natural diffuse loads.
Mohaupt et al. (2001) used this method to calculate natural background loads in the river discharge at RBD level (River Rhine). Known anthropogenic loads were e.g. sum of industrial and communal discharges and storm water overflows. 

2.2	Estimating total natural background loads in surface waters using the surface 	data approach
Another possibility to calculate natural background loads is to use monitored natural background concentration values in surface waters (surface data approach). 



Knowing natural background concentrations might be also important for Member States when assessing the monitoring results against the relevant Environmental Quality Standard (EQS), especially when such concentrations prevent compliance with the relevant EQS (CIS Technical Guidance on Implementing Environmental Quality Standards (EQS) for Metals; Final Draft Nov. 2019, unpublished). According to the recommendations of this CIS document LB in surface waters could be estimated using the surface water data approach. It is based on appropriate monitoring data sets from sites preferably under undisturbed pristine conditions (in any case without known anthropogenic point sources) or with low levels of distortion and/or slight deviations resulting from human activities. “The data set should be of sufficient quality i.e. acquired with adequate sampling protocols and analytical methods with sensitivity limiting the number of measures below the limit of quantification (LOQ), so to ensure that the NBCs[footnoteRef:3] can be confidently estimated for trace metals.” (see Final Draft page 63). But it needs to be mentioned that according to the Guidance natural background concentrations only need to be considered if EQS values are exceeded. [3:  NBCs – natural background concentrations] 

As a data source to estimate background concentrations if national information is not available, the guidance refers to the European Geological Survey’s (FOREGS) Geochemical Atlas of Europe because it is focused on sites with low anthropogenic input. To estimate natural background concentrations on the regional scale, further information is needed.
It should be kept in mind that even in undisturbed catchments, there is atmospheric deposition to surface waters.
Using monitored concentrations and discharge data, natural background loads could be estimated/calculated on the catchment or sub-catchment scale (equation 2):
Equation 2: Natural background load (LB) calculation

With
Cnb		= is mean monitored natural background concentration (catchment/sub-			catchment scale),
Q		= is mean river discharge (catchment/sub-catchment scale).

2.3	Calculating pathway specific natural background loads
For calculating pathway specific background loads, models can be used defining pristine scenarios. For the definition of such scenarios, many assumptions might be required e.g. a value for a pristine atmospheric deposition. But it will have to be kept in mind that most processes like hydrology, erosion and surface runoff are anthropogenically affected itself. Naturally – without any human activity – hydrological conditions, erosion and surface runoff would be completely different (no agriculture, natural vegetation etc.). The most important related pathways are described below.

2.3.1	Erosion
To calculate natural background loads in surface waters by water erosion, complex input data (soil type and soil characteristics, climate, slope, management, etc.) and calculation methods are needed.


Firstly, information on soil loss caused by water (surface runoff) is required to calculate emissions. Based on soil loss information, sediment transport to surface waters can be estimated. Depending on landscape characteristics like slope steepness, slope length, distance to surface waters and barriers (e.g. streets, land use pattern like tree rows or hedges) only a certain proportion of soil loss reaches surface waters. Most of the material is again deposited on land. The ratio between soil loss and sediment inputs to surface water is so called Sediment Delivery Ratio (SDR). 
If sediment transfer to surface waters is known, the concentrations of natural background concentration in the top soil are used to calculate substance emission to surface waters. It needs to be considered that the fine fraction (silt and clay) of the soil carries the highest substance loading and that the overland transport results in a grain size classification. That means heavily laden fine particles reach the surface water. The ration between topsoil concentrations and the concentrations in the sediments entering the surface water is the Enrichment Ratio (ER). A description of methods and data availability is given in fact sheet P2-P5. 
Natural metal background concentrations in soils were considered by Comber (2021) in a European wide study to assess diffuse sources for the metals cadmium (Cd), nickel (Ni) and lead (Pb) to calculate emissions to water from natural erosion processes. He used the FOREGS[footnoteRef:4] database to provide mean (natural) soil concentrations for several countries (see Table 1). The FOREGS database is focused on sites with low anthropogenic input e.g. to target unamended soil and therefore reflects the natural geology of the different regions. To calculate the background loads from erosion processes, soil losses and sediment inputs to surface waters are needed (see also fact sheet P2 Erosion). Ideally, information referring to pristine conditions (e.g. forested areas without any agricultural use) are used.  [4:  FOREGS – EuroGeoSurveys Geochemical Basline Databasehttp://weppi.gtk.fi/publ/foregsatlas/ForegsData.php (part of the electronic publication version of the Geochemical Atlas of Europe; Salminen et al. 2005) ] 

Similar information for PAHs could not be identified, but Wiłkomirski et al. (2018) referred to different scientific studies. Monitored PAHs background concentrations in different studies ranges from 22 µg/kg up to around 3,700 µg/kg especially in peat with very high humus contents.
To give two national examples: 

· For Austria national top soil concentrations for metals were derived based on monitoring data (Freudenschuß et al. 2007). The values are land use specific (forest, pasture and arable land). Monitoring data were analyzed considering e.g. pH values, clay content, geology formation. The values are land use specific and regionalization of top soil concentration was carried out based on geological formations (bedrock for soil genesis).

[bookmark: _Hlk79144804]

Table 1 Background Cd, Ni and Pb concentrations in European soils (Comber, 2021, chapter 2.5, Table 6).
	Member State
	Mean soil concentration (mg/kg)

	
	Nickel
	Lead
	Cadmium

	Albania
	652.5 
	13.5 
	0.36 

	Austria
	25.2 
	27.1 
	0.37 

	Belgium
	29.8 
	32.8 
	0.87 

	Switzerland
	55.3 
	36.2 
	0.54 

	Czech Republic
	17.5 
	28.1 
	0.26 

	Germany
	16.8 
	25.9 
	0.34 

	Denmark
	3.4 
	4.3 
	0.04 

	Estonia
	9.1 
	11.6 
	0.14 

	Spain
	25.6 
	26.9 
	0.26 

	Finland
	9.3 
	5.5 
	0.07 

	France
	23.7 
	36.3 
	0.41 

	Greece
	171.0 
	39.2 
	0.83 

	Croatia
	35.5 
	19.7 
	0.33 

	Hungary
	18.2 
	13.8 
	0.17 

	Ireland
	22.0 
	19.5 
	0.51 

	Italy
	83.4 
	35.6 
	0.37 

	Lithuania
	7.5 
	8.7 
	0.11 

	Latvia
	8.1 
	8.2 
	0.09 

	Netherlands
	9.3 
	26.9 
	0.29 

	Norway
	12.4 
	8.1 
	0.09 

	Poland
	7.4 
	10.7 
	0.17 

	Portugal
	13.2 
	18.2 
	0.08 

	Sweden
	6.5 
	10.0 
	0.09 

	Slovakia
	22.9 
	34.5 
	0.31 

	Slovenia
	39.8 
	29.2 
	0.59 

	United Kingdom
	18.5 
	38.4 
	0.28 



· In Germany the national working group LABO (Bund/Länder Arbeitsgemeinschaft Bodenschutz) for soil protection (LABO 2017) provide background concentrations including ubiquitous pollutant distribution for inorganic and organic substances like metals (e.g. Arsenic, Cadmium, Nickel, Lead, Mercury), B(a)P, PAH16, HCB, γ-HCH, Σ-HCH, PCB6, Σ-dl-PCB and Σ-PCDD/F (see also: https://geoviewer.bgr.de/mapapps4/resources/apps/geoviewer/index.html?lang=de). The values for metals are land use specific and regionalization of top soil concentration was carried out based on geological formations (bedrock for soil genesis). The values for PAHs are land use specific (filed, pasture and forest) and differentiated by humus content classes. Generalizes is can be concluded - the higher the humus content the higher the PAH concentration (see Table 2, Annex 1). 

2.3.2	Atmospheric deposition
Because pollutants emitted to the atmosphere can be transported worldwide it is very difficult to identify the amount/concentration caused by natural sources and processes. EMEP provide atmospheric deposition data for metals (e.g. cadmium, lead and mercury) and the PAH benzo(a)pyrene. But in need to be kept in mind that EMEP modelling results contains natural background as well as anthropogenic emissions. Based on available information it is not possible to provide information/data on natural atmospheric background deposition.

2.3.3	Groundwater, interflow and surface runoff from unsealed areas
Natural background concentrations in groundwater are highly affected by the contents of the underlying geology. Concentrations in interflow and surface runoff from unsealed areas are affected by soil contents and atmospheric deposition (wet and dry). Data to calculate natural background loads of these pathways is scarce. Nevertheless, if monitoring data are available it could be used to derive loads from groundwater. 
[bookmark: _GoBack]Surface runoff from unsealed areas under pristine conditions should be highly affected by substance concentrations in rainwater.

3	Conclusions
Different methods can be used to calculate natural background loads such as the simple river load approach or more complex modelling scenarios can be applied. Even if the most simple methods are of high uncertainty and data availability might be difficult, they can be used to give a first approximation if the information is needed.
Obviously, data availability to calculate natural background loads considering the pathway-oriented approach (EU 2012) is scarce. Furthermore, depending on applied modelling approach it needs to be mentioned, that natural background is mainly included in calculated pollutant loads of different pathways. Therefore, it is recommended to not report natural background emission separately (inventory), since the natural background loads are fully included in the other pathways.  
We note that Denmark is awaiting a national report on this subject.
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Annex 1
Table 2 Background[footnoteRef:5] PAH16 and B(a)P concentrations in German top soils (90-Percentil); (LABO 2015). [5:  Background concentration is meant as natural background concentration including ubiquitous pollutant distribution.] 

	Humus content class
	B(a)P (µg/kg)
	PAH16 (µg/kg)
	B(a)P (µg/kg)
	PAH16 (µg/kg)
	B(a)P (µg/kg)
	PAH16 (µg/kg)
	B(a)P (µg/kg)
	PAH16 (µg/kg)

	
	Field*
	Pasture*
	Deciduous forest**
	Coniferous forest**

	< 1%
	-
	-
	-
	-
	-
	-
	-
	-

	1 - < 2%
	20.6
	221
	-
	-
	-
	-
	-
	-

	2 - < 4%
	34.3
	484
	14.0
	196
	-
	-
	26.0
	675

	4 - < 8 % 
	61.5
	885
	46.7
	430
	61.4
	1,035
	36.4
	832

	8 - < 15%
	-
	-
	42.2
	295
	83.6
	1,663
	47.6
	1,200

	15 - < 30%
	-
	-
	-
	-
	140.6
	3,069
	99.1
	1,774

	> 30%
	-
	-
	(25.2)
	(413)
	-
	-
	-
	-


() small number of samples (< 20); * in top soil; ** in 0-5 cm

