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1	Introduction
Atmospheric deposition of substances on water and soil can be described as “the load to surface water or soil via the atmosphere”. Once emissions from sources (e.g. traffic, shipping, industries) have entered the atmosphere, the substances are distributed through the atmosphere and end up in the surface water and on the soil as a result of deposition in wet (precipitation) and dry form. 
Emissions to water from atmospheric deposition result from direct emissions to surface water and indirect emissions due to emissions from the sewer system (e.g. paved areas), overflows from combined sewer systems and effluents from wastewater treatment plants. For this factsheet, the calculated emissions are only the direct loads to surface water. The loads to the sewer system and the sewer overflows are not considered in this factsheet but are included in the pathways P7 and P8. The loads to unsealed areas and the resulting loads from soil to surface water are included in the pathways P2-P5.
This factsheet sets out a method for calculating the atmospheric load to surface water (not to soil) for metals (Cd, Hg and Pb), PAH, HCB, PCDD/F and PCB13.
Significant amounts of metals are emitted to the atmosphere from anthropogenic sources. Currently the main anthropogenic emission sources in the EMEP region[footnoteRef:1] are combustion and industrial processes. In addition to the anthropogenic sources, a considerable amount of particle-bound metals (e.g. Pb, Cd) enters the atmosphere through wind re-suspension of dust, containing metals. Metals released to the atmosphere are partly of natural origin and partly come from (previously) accumulated anthropogenic deposition.  [1:  https://www.en.msceast.org/index.php/j-stuff/content/list-layout] 

Most of the persistent organic pollutants (POPs) are emitted into the environment by anthropogenic emission sources. Anthropogenic emissions of POPs can be divided into industrial and agricultural emissions. In addition, some contribution can be expected from the natural sources like, for example, forest fires and volcanic activities. 
For the emissions per Member State (MS) or River Basin District (RBD), the model studies of EMEP can be used. EMEP (Co-operative programme for monitoring and evaluation of long-range transmission of air pollutants in Europe) has carried out model studies for the total deposition (wet and dry) for different pollutants. As well as the metals cadmium, mercury and lead, benzo(a)pyrene, HCB, PCB153 and PCDD/F are modelled. 

[bookmark: _Hlt202169701][bookmark: _Hlt202169702][bookmark: _Hlt202076967][bookmark: _Hlt202076841]2	Calculation methods
EMEP distinguishes two types of modelling:
· Modelling of ecosystem dependent deposition including land cover. The deposition flux on waterbodies and wetlands is calculated in kg/km2/year for cadmium, lead and mercury (see par. 2.1).
· Modelling of the total deposition flux per g/km2/year for the other substances (see par. 2.2 and 2.3).
The EMEP modelling results are based on the EMEP 0.1º x 0.1º longitude-latitude grid. Shapefiles[footnoteRef:2] per MS are available. [2: https://www.ceip.at/the-emep-grid/grid-definiton] 


2.1	Ecosystem dependent deposition (metals)
For cadmium, lead and mercury the modelled deposition flux is available per type of land use in g/km2/year, the ‘Ecosystem dependent deposition’. Waterbodies and wetlands are part of these various types of land use. For each EMEP grid, a flux for waterbodies and a flux for wetlands is available[footnoteRef:3] in the Ecosystem-specific information datasets. The area (km2) of the grids[footnoteRef:4] differ per country. At the border with other countries or the ocean, the grid will be smaller. To calculate the atmospheric deposition loads, the water and wetland fraction per EMEP grid must also be known. This information is not reported on the EMEP website but can be requested from EMEP by mail. [3:  https://www.en.msceast.org/index.php/pollution-assessment/emep-countries-menu, ]  [4:  https://www.ceip.at/the-emep-grid/grid-definiton] 

Calculation:
1.   Deposition on surface water per EMEP-grid:
· Deposition to water = Flux to water * Area_km2 * Water Fraction
· Deposition to wetland= Flux to wetland* Area_km2* Wetland Fraction

2.   Deposition on surface water per MS = 
      sum of deposition on surface water of all EMEP-grids

The flux and area per EMEP-grid is reported in the EMEP downloads. The percentage water fraction per EMEP-grid should be requested from EMEP. 
In EMEP country specific deposition figures[footnoteRef:5] are available as well, Figure 1 gives an example for Denmark.   [5:  https://www.en.msceast.org/index.php/pollution-assessment/emep-countries-menu] 

[image: ]
Figure 1 Lead flux atmospheric deposition(kg/km2/year) in Denmark for 2018 (EMEP).

2.2	Total deposition flux (other substances than metals)
EMEP model fluxes for the total deposition[footnoteRef:6] are reported per EMEP-grid for benzo(a)pyrene, HCB, PCB153 and PCDD/F. The EMEP website shows also maps and data per country for the deposition from and to a country for the year 2018[footnoteRef:7].  [6:  https://www.en.msceast.org/index.php/pollution-assessment/emep-domain-menu/data-hm-pop-menu]  [7:  https://www.en.msceast.org/index.php/pollution-assessment/emep-countries-menu] 

For these substances no distinction has been made per landcover by EMEP. To calculate the deposition per country to surface water, the percentage of surface water per total country area should be known. For that purpose, the surface water fraction per grid cell can be calculated from the file with the water and wetland fractions requested from EMEP (see par. 2.1).
Calculation:
3.  Deposition on surface water by the total flux per EMEP-grid:
-	Total deposition = Total flux * Area_km2 * (Water + Wetland fraction) 

4.  Deposition on surface water per MS = 
     sum of deposition on surface water of all EMEP-grids
The flux and area per EMEP-grid is reported in the EMEP downloads. The percentage of surface water per country can be calculated with the water and wetland fraction per EMEP grid.

2.3	PAH (16 EPA) compared to Benzo(a)Pyrene
Because EMEP models only benzo(a)pyrene (BaP), the ratio of the other PAHs to BaP is determined, using the deposition measurements in precipitation which are available on the EMEP website[footnoteRef:8].  [8:  http://ebas.nilu.no/] 

For all monitoring stations the average per year is calculated for 2015-2019 (Aas, 2020). For each monitoring station, this average per PAH is divided by the average of BaP for the specific year. Then, the median, 10 and 90 percentile and the number of the deposition measurements are determined for all monitoring stations. Table 1 shows the ratio for the 16 EPA PAH fluxes compared to the BaP flux in precipitation. 

Table 1 Calculated ratios of 16 EPA PAHs compared to benzo(a)pyrene for 2015-2019 for measurements in precipitation (EMEP). Benzo(a)pyrene is scaled as 1.
	Substance
	Precipitation

	
	Median
	P10
	P90
	Count

	Benzo(a)pyrene
	1
	1
	1
	127

	Acenaphthene
	0.96
	0.26
	4.42
	41

	Acenaphthylene
	0.52
	0.00
	2.00
	41

	Anthracene
	0.24
	0.12
	1.00
	86

	Benz(a)anthracene
	0.90
	0.54
	1.29
	127

	Benzo(b)fluoranthene
	1.97
	1.03
	2.41
	74

	Benzo(ghi)perylene
	1.23
	0.65
	1.77
	91

	Benzo(k)fluoranthene
	0.77
	0.52
	1.00
	87

	Chrysene
	1.84
	0.50
	4.86
	50

	Dibenzo(ah)anthracene
	0.28
	0.07
	0.63
	109

	Fluoranthene
	4.18
	1.06
	7.79
	85

	Fluorene
	1.02
	0.29
	22.72
	46

	Inden(123cd)pyrene
	1.39
	0.82
	1.81
	127

	Naphthalene
	2.11
	0.21
	23.88
	46

	Phenanthrene
	5.06
	1.58
	16.13
	81

	Pyrene
	2.93
	1.06
	5.90
	86



3	Conclusions
Atmospheric deposition to surface waters can be quantified by using available EMEP data for the pollutants: cadmium, mercury and lead, benzo(a)pyrene, PAH (16 EPA), HCB, PCB153 and PCDD/F. Where a MS does have monitoring data of (wet and dry) deposition measurements in precipitation from national monitoring of project results, pollutants loads to the surface water can be quantified more accurate.
The EMEP website mentions the following remarks to this data:
· [bookmark: _GoBack]Emission data is one of the most important types of model input information greatly determining the results of modelling of pollutants long-range transport. Reliable values of emission at the model input are vital for estimating realistic levels of pollution using the models.
· Since wind re-suspension is dependent on a large number of local-scale environmental parameters, model estimates of re-suspension in the EMEP region are subject to high uncertainty. In addition to this, natural emission and re-emission of elemental mercury is also considered in calculations.
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Annex 1 
Example for the calculation of atmospheric deposition to surface water for Poland

Ecosystem dependent deposition (metals), example for lead:
· Lead deposition flux data are available for wetlands and waterbodies. Per grid the fluxes in kg/km2/year in fresh surface waters are available.
· For the area per grid in the specific country and the fraction of wetlands and water bodies, data were received from EMEP. 
· Calculation per EMEP-grid, according calculation 1.
· Deposition to water = Flux to water * Area_km2 * Water Fraction
· Deposition to wetland= Flux to wetland* Area_km2* Wetland Fraction
· The calculated total deposition on fresh surface water for Lead in Poland is 19.6 kg in 2019.
	Atmospheric deposition lead
	Wetlands (kg)
	Water bodies (kg)
	Total (kg)

	Poland
	0.28
	19.3
	19.6



-       In the Figures 2 and 3 the results for Poland are shown for wetlands and water bodies.

[image: cid:image001.png@01D7A324.6E7C0290]Figure 2 Annual deposition load per grid for Lead in Poland 2019 in wetlands.
 [image: cid:image002.png@01D7A324.6E7C0290]
   
[bookmark: _Hlk81830604]Figure 3 Annual deposition load per grid for Lead in Poland 2019 in water bodies.

Total deposition flux PAHs (other than BaP):
· The BaP fluxes per grid data in g/km2/year are available in g/km2/year. There is no distinction in ecosystem dependent deposition. 
· Calculate the fraction of surface water per grid with data requested at EMEP. The area (km2) per grid is also reported in the requested file.
· Calculate the flux per grid for Poland according calculation 3
· Deposition to water = Total flux * Area_km2 * (Water + Wetland fraction) 
· The calculated total deposition on fresh surface water for BaP in Poland is 384 kg in 2019.
· With the derived ratio factors for the 16 EPA PAHs compared to BaP the deposition for the other PAHs are calculated for Poland.



Table 2 Ratio factors for the 16 EPA PAH compared to BaP and the calculated atmospheric deposition load to surface water in Poland.
	Country
	Substance
	Fraction
	Deposition (kg)

	Poland
	Benzo(a)pyrene
	1
	384

	
	Acenaphthene
	0.96
	369

	
	Acenaphthylene
	0.52
	200

	
	Anthracene
	0.24
	92

	
	Benz(a)anthracene
	0.9
	346

	
	Benzo(b)fluoranthene
	1.97
	756

	
	Benzo(ghi)perylene
	1.23
	472

	
	Benzo(k)fluoranthene
	0.77
	296

	
	Chrysene
	1.84
	707

	
	Dibenzo(ah)anthracene
	0.28
	108

	
	Fluoranthene
	4.18
	1605

	
	Fluorene
	1.02
	392

	
	Inden(123cd)pyrene
	1.39
	534

	
	Naphthalene
	2.11
	810

	
	Phenanthrene
	5.06
	1943

	
	Pyrene
	2.93
	1125
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