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Note: for the P2 Erosion of metals we are studying if an extra step in the calculation method will have to be added: the percentage of soil loss ending up in the surface water. In the present method, a percentage of 100% is used. We hope to clarify this discussion before the subgroup meeting on 15th September.

1	Introduction 
[bookmark: _Hlk82082552]This fact sheet describes the pathways P2, P3, P4 and P5. Metals and pesticides from agricultural land will reach the surface water by one or more of the pathways P2 to P5. The loads to surface water from these pathways are related. Mostly anthropogenic emissions like intensive agriculture causes substances to reach the surface water. A certain percentage will then leach, run-off, erode or reach surface water in some other way. The different pathways are described in this introduction.
P2 - Erosion
Erosion is the transport process of land surface materials, especially rocks, sediments, and soils, by the action of water, wind, or a glacier. Although soil erosion is a natural process, human activities over the past decades have greatly accelerated it. 
In the context of emissions to surface waters, the displacement of the upper soil layer, mainly caused by water (heavy rainfall, prolonged rainfall causing surface runoff) and (strong) wind is important. Soil erosion may be a slow process that continues relatively unnoticed, or it may occur at an alarming rate causing a serious loss of topsoil.
Anthropogenic activities like intensive agriculture, and deforestation foster erosion processes because of related long periods where soils are bare – without protecting vegetation cover. 
Furthermore, anthropogenic climate change also strengthens erosive processes caused by regionally or locally longer dry periods and increasing number of heavy rainfall events.
Erosion causes both "on-site" and "off-site" problems. The eroded material is transported downhill and deposited again or transported to surface waters. On-site, erosion leads to soil loss and soil degradation, e.g. decline in organic matter and nutrient content, the breakdown of soil structure, a reduction of the available soil water stored.
P3 - Surface runoff from Unsealed Areas
Runoff occurs when there is more water than land can absorb. The excess liquid flows across the surface of the land and into nearby creeks, streams, or ponds. Runoff can come from both natural processes and human activity. The most familiar type of natural runoff is, irrigation, rain or melted snow.

Anthropogenic run-off includes pesticides and fertilizers (nutrients, metals).
P4 - Interflow, Tile Drainage and Groundwater
This pathway covers the leaching of substances from unsealed areas, whereas pathway P3 describes the run-off of the unsealed areas. We distinguish three types of leaching:
· Interflow
The subsurface runoff is a relatively rapid flow toward the stream channel that occurs below the surface. It occurs more rapidly than baseflow, but typically more slowly than surface runoff.
· Tile drainage
A drainage system removes excess water from soil below its surface. All parts except the outlet are located below the surface of the ground. It provides better drainage because it removes water from the soil to the depth of the drain.
· Groundwater
The leaching downwards of water, possibly to groundwater. 
P5: Direct Discharges and drifting
Pathway 5 covers the direct discharges and drifting of pollutants:

· Direct discharges
When fertilisers, manure or pesticides are spread on farmland, part of it will cause unintended load of ditches. Thus, the neighbouring surface water will be polluted with substances contained in fertilisers, manure of pesticides. 
· Drifting
Drift or spray drift can occur during the application of Plant Protection Products (PPP) application in the field. It is the airborne movement of pesticides from an area of application to any unintended site. Drift can happen during pesticide application, when droplets or dust travel away from the target site. It can also happen after the application, when some chemicals become vapors that can move off-site. This is called 'vapor drift,' and an important factor for the quantification of drift is the pesticide's vapor pressure.

Spray drift can be important under specific conditions. Examples are where one field is sprayed with an herbicide and the drift affects the growth of a crop in a neighbouring field. Spray drift could also affect soil and surface water. Below we only consider spray drift falling onto surface water.

Without detailed models, it is not possible to distinguish between pathways P2 to P5. Therefore, in this fact sheet we have chosen to discuss these pathways together. It was decided to follow the approach of trying to estimate the land-based sources and then combining these with an (average) loss to surface water.
This factsheet distinguishes between metals and pesticides. For the metals only the WFD metals cadmium (Cd), lead (Pb) and nickel (Ni) will be described. For the pesticides only the WFD pesticides permitted in the EU are considered: aclonifen, alachlor, atrazine, bifenox, cypermethrin, dicofol, isoproturon and quinoxyfen.



2	Calculation methods
2.1	Metals
Data availability on pollutant soil content is often limited. For some pollutants (like metals) there is a natural background component to the total (see also fact sheet P14). The total includes natural background, contributions from human activities e.g. fertilizers for agriculture, and atmospheric emissions from human activities e.g. power generation, which are deposited on land via atmospheric deposition. Atmospheric deposition data for certain metals and PAHs are provided by EMEP (see also fact sheet P1 Atmospheric deposition).
In a European wide study, Eurometaux (Comber 2021) mentioned pollutant loads to agricultural soils for selected metals (Lead, Cadmium and Nickel) on the country level which can be used if more detailed national information is not available (see table 1). Results consider:

· natural background concentrations in soils; (see Comber 2021, table 6 and fact sheet P14 Natural background), 
· fertilizer used 
· Sewage sludge (biosolids)
calculation of loads to arable land based on the amount of sludge used as fertilizer on the country level and mean metal concentrations in sludge); (see Comber 2021, table 1),
· Inorganic P-fertilizer 
calculation of loads to arable land based on the amount of fertilizer used and mean metal concentrations in inorganic fertilizers); (see Comber 2021, table 2) and 
· Farmyard manure (FYM), organic fertilizer 
calculation of loads to arable land based on mean concentrations in the manure and animal numbers on the country level for different animals; (see Comber 2021, table 5)  
· atmospheric deposition 
calculation of loads to arable land based on annual rainfall, agricultural used area and metal concentrations in rainfall); (see Comber 2021, table 8)
The total load on agricultural land might be seen as the activity rate for pathways 2, 3, 4 and 5 in the different Member States. The total load is estimated in the report of Comber (2021, paragraph 2.1 – 2.6.). For every source another activity rate is used, the activity rate is mentioned in Table 1.

Table 1 Activity rates used per individual source for the total load to agricultural areas (Comber, 2021).
	Source
	Activity rate
	reference

	Sewage sludge (biosolids)
	sludge to land (ton/year/dry matter)
	Eurostat

	Inorganic fertilizer P-fertilizer
	fertilizer use in kg P/day
	Eurostat

	Farmyard manure (FYM)
	animal numbers
	Eurostat

	Atmospheric deposition
	annual rainfall (mm), agricultural area (km2)
	EMEP


For the emission factors per source, an emission factor per source is used and mentioned in the table below. The emissions factors used are mentioned in Comber (2021), paragraph 2.1 – 2.6.

Table 2 Emission factors used per individual source for the total load to agricultural areas (Comber, 2021).
	Source
	Emission factor
	Reference/annex

	Sewage sludge (biosolids)
	Concentration Cd, Ni or Zn  in sludge (mg kg-1dm)
	

	Concentration Cd, Ni or Zn  in sludge (mg kg-1dm)
	Concentration Cd, Ni or Zn in inorganic fertisliers (mg kg-1)
	Environment agency UK

	Farmyard manure (FYM)
	Concentration Cd, Ni or Zn in farmyard manure per type 
	Different sources

	Atmospheric deposition
	Concentration in rainfall (ug/l)
	EMEP


2.1.1	Leaching from agricultural soils
There is a scarcity of data for the quantity of metals leached from soil.  Comber estimated the ratio of loss from soil using soil:water partitioning coefficients (see Table 3). These loss values could then be applied to the total loads applied to generate a loss of metals to water via leaching. 
Table 3 Derived soil partition coefficients for cadmium, nickel and lead (Comber, 2021).
	
	Cadmium
	Lead
	Nickel

	Ratio of loss from soil to water
	0.09041
	0.07861
	0.09041



In Table 4 the total loads to agricultural land (Comber, 2021) are reported. The individual sources per metal per country can be found in Annex 1.
Table 4 Total cadmium, nickel and lead loads to agricultural land (Comber, 2021, chapter 2.7, Tables 9 – 11).
	Member State
	Load (kg/day)

	
	Cadmium
	Nickel
	Lead

	Austria
	4.1
	43.2
	51.3

	Belgium
	5.8
	55.3
	60.6

	Bosnia
	1.9
	23.6
	34.1

	Bulgaria
	4.2
	41.2
	61.6

	Croatia
	2.2
	22.2
	30.8

	Cyprus
	0.4
	3.4
	2.8

	Czech Republic
	3.8
	42.2
	54.3

	Denmark
	4.2
	44.5
	62.8

	Estonia
	1.3
	15.9
	12.8

	Finnland
	2.4
	24.4
	22.9

	France
	45.0
	551.4
	655

	Germany
	27.2
	303.8
	342

	Greese
	4.9
	42.5
	59.6

	Hungary
	8.9
	81.7
	89.0

	Ireland
	6.0
	49.5
	72.0

	Italy
	26.4
	305.2
	387

	Latvia
	1.5
	16.3
	24.1

	Lithuania
	3.1
	31.5
	41.8

	Luxembourg
	0.2
	2.6
	3.1

	Malta
	0.0
	0.4
	0.4

	Netherlands
	6.3
	60.5
	67.0

	Norway
	0.8
	9.3
	18.0

	Poland
	38.5
	335
	307

	Portugal
	6.2
	61.9
	72.8

	Romania
	13.1
	128.1
	180

	Slovakia
	1.7
	20.0
	43.2

	Slovenia
	0.9
	8.4
	7.7

	Spain
	49.5
	620.9
	711

	Sweden
	3.3
	25.5
	29.8

	United Kingdom
	32.2
	297.4
	375



2.1.2	Soil erosion
In Comber (2021), the background concentration of metals from natural soils is used to calculate the erosion. The Foregs database[footnoteRef:1] provides concentrations across numerous countries, see Table 5.  With this information Comber estimated the background of ‘natural’ sources to generate loads to water from natural erosion processes. Metal losses to water can therefore be calculated by multiplying the soil  loss by the metal concentration (Table 6). The soil losses are available from an extensive database on soil loss across the EU in Eurostat[footnoteRef:2]. [1:  http://weppi.gtk.fi/publ/foregsatlas/ForegsData.php]  [2:  https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-
_soil_erosion
] 

Table 5 Background Cd, Ni and Pb concentrations in European soils (Comber, 2021).
	Member State
	Mean soil concentration (mg Kg-1)

	
	Ni
	Pb
	Cd

	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





Table 6 Cd, Ni and Pb average loss from European soils (Comber, 2021). 
	Member State
	Agricultural areas and
natural grassland total soil loss (t/ha)
	Agricultural area
(1000 ha)
	Load (kg/day)

	
	
	
	Cadmium
	Nickel
	Lead

	Austria
	7
	26538
	18.66
	1,283
	1,376

	Belgium
	1.6
	13561
	5.16
	177
	195

	Bulgaria
	3.3
	50303
	13.92
	2,349
	995

	Croatia
	3.5
	14857
	4.70
	505
	280

	Cyprus
	3.5
	1319
	0.39
	65
	28

	Czech Republic
	2.6
	35232
	6.42
	439
	705

	Denmark
	0.5
	26325
	0.14
	12
	15

	Estonia
	0.5
	10042
	0.19
	12
	16

	Finland
	0.4
	22719
	0.17
	23
	14

	France
	2.3
	290202
	74.40
	4,334
	6,637

	Germany
	1.75
	166451
	26.80
	1,339
	2,069

	Greece
	4.9
	52881
	58.57
	12,131
	2,784

	Hungary
	2.1
	53438
	5.35
	560
	422

	Ireland
	0.9
	45160
	5.69
	245
	216

	Italy
	11
	128433
	142.58
	32,263
	13,773

	Latvia
	0.7
	19379
	0.34
	30
	30

	Lithuania
	0.8
	29472
	0.71
	48
	56

	Luxembourg
	3.4
	1316
	0.38
	63
	27

	Malta
	4.7
	116
	0.05
	8
	3

	Netherlands
	0.3
	18224
	0.43
	14
	40

	Poland
	1.5
	145396
	10.28
	444
	637

	Portugal
	3.1
	35914
	2.54
	401
	555

	Romania
	4.2
	134137
	47.24
	7,972
	3,376

	Slovakia
	3.8
	19195
	6.24
	458
	690

	Slovenia
	14.8
	4779
	11.50
	771
	565

	Spain
	4.6
	242019
	77.82
	7,802
	8,212

	Sweden
	1
	30004
	0.72
	53
	82

	United Kingdom
	1.6
	173570
	21.45
	1,403
	2,921


a Load to water from soil background is still being reviewed by the metals associations.

2.1.3	Emissions to surface water
There are two comparisons for the loss of metals from agricultural land, reported in Table 7:
· Erosion, Soil loss.
A reported loss of soil multiplied by a background mineral concentration of metals (broadly speaking assumed to be particulate).


· Leaching, total loss based on source inputs.
A calculated summed load applied per year from fertilisers and atmospheric deposition, multiplied by a proportion that is leached rather than taken up into crops or adsorbed to the soil matrix (assumed to be mostly dissolved in nature). As can be seen in the figure below, loss of metal associated with the soil is far higher than that leached from inputs, although the leached, assumed more soluble metal may be more bioavailable. The leached volume only comprises 10% for cadmium and 1% for nickel and lead (Figure 3). Cadmium returns a high percentage possibly owing to higher proportion (relatively) in the inorganic P fertilisers which are relatively soluble. Furthermore, background concentrations of cadmium in soils are also much lower than Ni and Pb, compared with concentrations (and therefore loads) in anthropogenic sources such as FYM, biosolids and the afore mentioned inorganic fertilisers.
Table 7 Total cadmium, nickel and lead loads to agricultural land in ton/year (Comber, 2021).
	Member State
	Calculated based on soil loss
 (ton/year)
	Total loss based on source inputs 
(ton/year)

	
	Cadmium
	Nickel
	Lead
	Cadmium
	Nickel
	Lead

	Austria 
	6.81
	468
	502
	0.14
	1.43
	1.47

	Belgium 
	1.88
	64.6
	71.2
	0.19
	1.83
	1.74

	Bosnia 
	1.76
	297
	126
	0.06
	0.78
	0.98

	Bulgaria 
	5.08
	857
	363
	0.14
	1.36
	1.77

	Croatia 
	1.72
	184
	102
	0.07
	0.73
	0.88

	Cyprus 
	0.14
	23.7
	10.2
	0.01
	0.11
	0.08

	Czech Republic 
	2.34
	160
	257
	0.13
	1.39
	1.56

	Denmark 
	0.05
	4.38
	5.48
	0.14
	1.47
	1.81

	Estonia 
	0.07
	4.38
	5.84
	0.04
	0.52
	0.37

	Finland 
	0.06
	8.40
	5.11
	0.08
	0.81
	0.66

	France 
	27.2
	1582
	2423
	1.49
	18.2
	18.8

	Germany 
	9.78
	489
	755
	0.90
	10.0
	9.82

	Greece 
	21.4
	4428
	1016
	0.16
	1.40
	1.71

	Hungary 
	1.95
	204
	154
	0.29
	2.69
	2.55

	Ireland 
	2.08
	89.4
	78.8
	0.20
	1.63
	2.07

	Italy 
	52.0
	11776
	5027
	0.87
	10.1
	11.1

	Latvia 
	0.12
	11.0
	11.0
	0.05
	0.54
	0.69

	Lithuania 
	0.26
	17.5
	20.4
	0.10
	1.04
	1.20

	Luxembourg 
	0.14
	23.0
	9.86
	0.01
	0.08
	0.09

	Malta 
	0.02
	2.92
	1.10
	0.00
	0.01
	0.01

	Netherlands 
	0.16
	5.11
	14.6
	0.21
	2.00
	1.92

	Poland 
	3.75
	162
	233
	1.27
	11.1
	8.80

	Portugal 
	0.93
	146
	203
	0.20
	2.04
	2.09

	Romania 
	17.2
	2910
	1232
	0.43
	4.23
	5.18

	Serbia 
	3.44
	581
	246
	0.14
	1.14
	2.34

	Slovakia 
	2.28
	167
	252
	0.06
	0.66
	1.24

	Slovenia 
	4.20
	281
	206
	0.03
	0.28
	0.22

	Spain 
	28.4
	2848
	2997
	1.63
	20.5
	20.4

	Sweden 
	0.26
	19.3
	29.9
	0.11
	0.84
	0.85

	United Kingdom
	7.83
	512
	1066
	1.06
	9.81
	10.8



2.2	Pesticides
For pesticides two simplified methods have been chosen. One method is on national level using the national sold volume of pesticides (see par. 2.2.1), the other method based on the application rate per treatment per pesticide on treated area level. Both methods are only applicable to agricultural areas bordering to water (see par. 2.2.2).


2.2.1	Total amount of pesticides used per country 
One way to calculate emissions is to use the national volume sold per pesticide and the percentage of the substance reaching the surface water (Kruijne et al, 2012). The national volume could be distributed to different catchments to estimate the loads per e.g. River Basin District. 

Load to surface water = Activity Rate 1 * % load to surface water 

Whereby:
· Activity Rate 1 = national volume sold per pesticide 
· % load to surface water, estimation of the percentage of pesticides when surface water is directly besides the treated area (Table 10)

2.2.2	Application rate per pollutant
Per treated area, an application rate per pollutant per treatment is available for a few substances on the websites from CIRCABC[footnoteRef:3] or EFSA[footnoteRef:4]. If the area is known where the pesticides are used, the loads to surface water can be calculated. Information about the crop production in hectare is available on Eurostat[footnoteRef:5]. The percentage of the pesticide reaching the surface water is taken from the Dutch NMI model (Kruijne, 2012).  [3:  Communication and. Information Resource Centre for Administrations, Businesses and Citizens, provides a web-based. application that is used to create collaborative. workspaces]  [4:  European Food Safety Authority]  [5:  https://ec.europa.eu/eurostat/databrowser/view/apro_cpsh1/default/table?lang=en] 


Load to surface water per pollutant = Emission factor * Activity Rate 2 * % load to surface water 

Whereby:
· Emission factor = Application rate per pollutant treatment is the maximal use of the pesticide per treatment. The unit is is kg active substance per hectare
· Activity Rate 2 = Area where the pesticide has been applied in hectare
· % to surface water, estimation of the percentage of pesticides when surface water is directly besides the treated area (Table 11)

The EUROSTAT database provides information about the volume of pesticides[footnoteRef:6] sold in the EU. In 2019 333 million kilograms are sold, the amount per country is shown in Table 8. In Europe there seems to be big differences in pesticide sales between Member States. Four countries (France, Spain, Italy and Germany) accounted for over two thirds of the pesticides sales in the EU.  [6:  http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=aei_fm_salpest09&lang=en] 

Since the total volume of sold pesticides is known per MS, the sale of individual pesticides might be known as well per MS.
Activity rate 2 is about the area of crop production or the area of treatment in the specific country. 
On Eurostat data[footnoteRef:7] are available of agricultural land use for different types of crops on country level. The last update is from 2020. If known which pesticide for certain crops is used, the load to surface water can be estimated.  [7:  https://ec.europa.eu/eurostat/databrowser/view/apro_cpsh1/default/table?lang=en] 



Table 8 Sales of pesticides, by country 2019 in tonnes (EUROSTAT).
	Member State
	Fungicides and bactericides
	Herbicides, haulm destructors and moss killers
	Insecticides and acaricides
	Molluscicides
	Plant growth regulators
	Other plant protection products
	Total

	Belgium
	2449
	2328
	359
	11
	297
	682
	6126

	Bulgaria
	1579
	4340
	727
	(c)
	10
	4
	6660

	Czechia
	1651
	2399
	307
	3
	435
	258
	5053

	Denmark
	436
	2026
	57
	2
	131
	9
	2661

	Germany
	10217
	13941
	18665
	59
	2089
	204
	45176

	Estonia
	105
	531
	33
	(c)
	76
	(c)
	745

	Ireland
	922
	1845
	23
	8
	157
	17
	2972

	Greece
	1756
	1830
	965
	2
	134
	181
	4867

	Spain
	34073
	17023
	7636
	88
	145
	16225
	75190

	France
	24484
	22484
	4367
	279
	1786
	905
	54304

	Croatia
	656
	700
	122
	2
	80
	4
	1564

	Italy
	24286
	8524
	1683
	41
	455
	13417
	48405

	Cyprus
	867
	168
	135
	2
	0
	58
	1231

	Latvia
	295
	972
	39
	5
	321
	18
	1651

	Lithuania
	575
	1199
	76
	(c)
	468
	(c)
	2318

	Luxembourg
	(c)
	54
	(c)
	0
	8
	(c)
	63

	Hungary
	2796
	3906
	690
	1
	179
	243
	7815

	Malta
	70
	2
	3
	1
	0
	(c)
	76

	Netherlands
	3897
	2739
	1959
	14
	557
	96
	9261

	Austria
	2068
	1151
	1613
	5
	63
	55
	4954

	Poland
	6867
	11705
	2724
	24
	2353
	579
	24253

	Portugal
	5767
	2222
	812
	14
	5
	1045
	9866

	Romania
	4021
	4013
	809
	4
	68
	132
	9047

	Slovenia
	752
	172
	36
	2
	7
	4
	973

	Slovakia
	653
	1160
	149
	(c)
	322
	70
	2352

	Finland
	2832
	1107
	23
	0
	56
	16
	4034

	Sweden
	164
	1544
	45
	0
	34
	13
	1801

	United Kingdom
	6057
	9890
	226
	(c)
	(c)
	255
	16428


Note: (c) confidential value


2.2.3	Percentage loads to surface water
The percentage of drift and run-off to surface water are hardly available. In the Netherlands the NMI model is used (Kruijne et al, 2012). In NMI different formulas are used to calculate the drift and run-off Therefore, a lot of information is necessary, like the crop-free buffer zone, distance between top of ditch bank and centre of first plant row, distance between last nozzle position and last crop row, etc. 
Pesticide information is available about the percentage of the application that goes to air and surface water (drift, run-off). Three WFD substances are calculated in the model (Kruijne, 2021): aclonifen, bifenox and isoproturon. For the other WFD substances an overall median and average percentage has been derived to calculate the load to surface water. The calculated emission factor is based on the amount of sold pestides devided by the calculated load in the Netherlands (Table 9).


Table 9 Percentage to surface water based on total amount of pesticide sold.
	Pollutant
	Emissions to surface water

	
	Drift
	Drain/Run-off
	Total

	Aclonifen
	0.002%
	0.004%
	0.01%

	Isoproturon
	0.01%
	0.02%
	0.03%

	Bifenox
	0.04%
	3.70%
	3.70%

	Other substances 
	
	
	0.67%



If no information is available of the amount of sold pesticide, an average percentage per pesticide towards surface water can be used. In an American study (Kellogg et al, 2000) model runs give the 95th percentile loss as a percent of amount applied. This is nearly a ‘worst’ case scenario. The results for the 90s is 0.5% for leaching, 3.1% for dissolved runoff and 1.5% for adsorbed runoff. The total amount of pesticides reaching the surface water is 5.1%.

Tiktak et al (2002) distinguishes 4 types of fluxes to surface water for 4 pesticides in 4 surface waters in the Netherlands. Rapid drainage at the soil surface, drainage system, saturated part of the soil and leaching into groundwater. The P95 for the sum of the 4 fluxes is 3.95% (Gouy et al., 1999). 
Compared with the NMI figures, leaching and run-off are involved in the USA study. The drains in NMI (1.6%) are in between the run-off figures 1.5% -3.1%. Leaching (0.5%) and drift (0.05%) are much lower. From Tiktok, a P95 of 3.95 is calculated. Because loss percentages are hardly available, for this fact sheet the worst case of (3.9 + 5.1)/2 = 4.5% is maintained. 
Table 10 Overall percentage of pesticide to surface water.
	Pollutant
	P95 Emissions to surface water

	
	Kellogg (2000)
	Tiktok (2002)
	Total

	Other substances 
	3.9%
	5.1%
	4.50%



If no surface water is available, the pesticides will stay on the soil, reach the atmosphere or leaches to the groundwater. In case the soil is drained, also a part of the application will go through the drains to surface water. 
2.2.4	Application rate per active substance
If the national volume sold pesticides is not known, the application rate per active substance of the pesticide per treatment could be used (calculation method 2). Uses and quantities for Aclonifen and bifenox are available from the Circabc website. Isoproturon from ESFA. For pesticides the application rate per treatment is reported in kilogram active substance (as) per hectare (kg as/ha). Only pesticides authorised in the EU are included in the table below.



Table 11 Maximum application rate per pesticide allowed in the EU (kg as/ha.).
	Substance
	Crop 

	Number of applications a year
	Kg active substance/ha

	Aclonifen[footnoteRef:8] [8:  https://circabc.europa.eu/sd/a/b55c02ff-83b1-4a39-9a66-6d36988ffd86/Aclonifen%20EQS%20dossier%202011.pdf] 

	Sunflower
	1
	2.4

	Isoproturon[footnoteRef:9] [9:  https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2015.4206] 

	Grass weeds, broadleave weeds
	1
	1.5

	Bifenox[footnoteRef:10] [10:  https://circabc.europa.eu/sd/a/9badfa79-645d-414b-a77f-03c7d6868ccf/Bifenox%20EQS%20dossier%202011.pdf] 

	broadleave weeds
	1
	Bifenox:  0.750

	Quinoxyfen[footnoteRef:11] [11:  https://circabc.europa.eu/sd/a/960dfe08-a463-44ba-aee9-d7675681e60f/Quinoxyfen%20EQS%20dossier%202011.pdf] 

	wheat and barley
	1
	0.3

	Dicolfol[footnoteRef:12] [12:  https://circabc.europa.eu/sd/a/668ff210-4c7e-44bc-8c0f-20be8424e5d7/Dicofol%20EQS%20dossier%202011.pdf] 

	fruit, vegetables, omamental crops and field cultures and as a bicode
	1
	No info in Circab

	Cypermethryn
	fruit, vegetables, omamental crops and field cultures and as a bicode
	1
	no info in Circab

	alachlor[footnoteRef:13] [13:  https://www3.epa.gov/pesticides/chem_search/reg_actions/reregistration/fs_PC-090501_1-Dec-98.pdf] 

	weed control on corn, soybeans, sorghum, peanuts, and beans
	
	1.8 (USA)

	atrazin
	No information
	
	



Note: Loss to surface water is only relevant for Member States where agricultural areas border to surface water. 

3	Conclusions
This fact sheet describes the pathways P2, P3, P4 and P5. Metals and pesticides from agricultural land will reach the surface water by one or more of the pathways P2 to P5. The loads to surface water from these pathways are related. Without detailed models, it is not possible to distinguish between pathways P2 to P5. Therefore, in this fact sheet we have chosen to discuss these pathways together. It was decided to follow the approach of trying to estimate the land-based sources and then combining these with an (average) loss to surface water.
Many factors the  transport to surface water both for metals and pesticides, such as rainfall timing and intensity, hydrology, area ratios, and the presence of surface water. 
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Annex 1

Table A1 Total Cadmium loads to agricultural land in kg/day (nd = no data).
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Table A2 Total Nickel loads to agricultural land in kg/day (nd = no data)
[image: ].


Table A3 Total Lead loads to agricultural land in kg/day (nd = no data)
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