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1	Introduction
This source contains the discharges of mainly domestic[footnoteRef:1] wastewater from residential settlements/households either not connected to a sewer system or an urban wastewater treatment plant (see figure). In that case private individual/appropriate treatment systems e.g. septic tanks should be established which achieve the same level of environmental protection. Individual systems should mainly be established were a collecting system is not justified, either because it would produce no environmental benefit or because it would involve excessive cost. These emissions do not include non-domestic emissions from (small-scale) industries.  [1:  Domestic wastewater under UWWTD is defined as: “… waste water from residential settlements and services which originates predominantly from the human metabolism and from household activities”] 


Individual treated household discharges have already been considered under different European Directives and international reporting processes but with differing names:

· “non-connected dwellings” under WFD (Water Framework Directive; 2000/60/EC),
· “individual appropriate systems (IAS)[footnoteRef:2]” under UWWTD (Urban Waste Water Treatment Directive; 91/271/EEC) and  [2:  appropriate treatment under UWWTD means: “…treatment of urban waste water by any process and/or disposal system which after discharge allows the receiving waters to meet the relevant quality objectives and the relevant provisions of this and other Community Directives”] 

· “scattered dwellings” under the HELCOM (Helsinki Commission) reporting for the Baltic Sea.
But still a certain portion of the individual households don´t have appropriate systems, which means that the untreated domestic wastewater and its pollutant loads are directly discharged to surface waters or infiltrate in soil (see Figure 1). An example is sewage pits (cesspools), which drain directly to the soil without any further treatment (Figure 1; path 3). Sewage pits are still quite common in some parts of Europe or in prospective EU-MS (European Union Member States). Since there is no connection to the surface water, these sewage pits don’t need to be considered for P9. It also happens that individual households are connected to the sewer system, but the sewer system is not connected to an UWWTP (Figure 1; path 4a/4b). Here either a simple mechanical upstream treatment system could exist (path 4b) or the untreated domestic wastewater discharges directly to surface waters (path 4a).

Wastewater tanks without outlet (Figure 1; path 2) are periodically pumped down and domestic wastewater is taken to an UWWTP and treated. These individual systems don´t need to be further considered for P9. These pollutant loads are included in P8 (urban wastewater treated). 


[image: ]
Figure 1 Scheme of individual household discharges (treated and untreated). 

Septic tanks receive raw sewage, which then separates into solids and liquids (Comber 2021). Solids settle on the bottom of the tank or in a separate vault and are periodically removed as sludge and taken to an UWWTP. Liquids flow out of the system and discharges directly to a surface water (Figure 1; path 1b) or drains into the soil (Figure 1; path 1a) in which case they don’t have to be considered for P9. 

Domestic wastewater originates from dwellings, offices, shops and companies. The water primarily comprises tap water used for toilet flushing, cleaning, cooking, dish and clothes washing etc. Main pollutant sources are human excretion (faeces, urine), emissions due to corrosion of the pipe system, food remains, dishwasher detergent, cleaning agents and emissions from diverse products. Therefore, domestic wastewater contains a cocktail of different potential pollutants like: 

· Metals
· PAHs
· Perfluorocarbons (PFC)
· Biocides
· Pharmaceuticals.

2	Calculation methods
To calculate individual household discharges using the pathway-oriented approach, the main information needed is:
· substance concentration/load generated per capita and 
· the number of inhabitants per catchment area which are:
· connected to IAS/septic tanks (see Figure 1; path 1)
· connected to sewer but not connected to UWWTP (see Figure 1, path 4a/4b).
The first step is to calculate pollutant loads generated by individual households entering septic tanks or sewage systems not connected to UWWTPs (equation 1):

Equation 1: Calculation pollutant loads entering septic tanks or sewer without connection to UWWTPs

With
Lgen = load generated (entering septic tanks or sewer without connection to UWWTPs)
Ninh  = number of inhabitants connected (septic tanks or sewer without connection to UWWTPs)
Einh  = Emission per capita (g(mg)/day(year)

If national information on substance concentration/load generated per capita is not available, examples of derived values by different studies or countries (e.g. national modelling activities) are given in Table 1. Examples for emission factors per capita on the country level derived by Comber (2021) using the source-oriented approach are given in Table 2.
The information on connection rates, especially:

· inhabitants connected to IAS/septic tanks,
· inhabitants connected to sewers but not connected to UWWTP
might be available from national or at least European statistics (Eurostat: https://ec.europa.eu/eurostat/databrowser/view/ten00020/default/table?lang=en). For example Comber (2021) used percentage of people connected to a sewers system reported in Eurostat to calculate the share of people connected to septic tanks as the difference to the total population. 

If information on the entire number of inhabitants is not available, alternatively EU-UWWTD data referring to person equivalent (p.e.)[footnoteRef:3], could be used. Assuming that in IAS/septic tanks and wastewater released from household connected to sewer but not connected to UWWTP mainly domestic wastewater is collected and treated, using this information based on p.e. seems to be appropriate. Under UWWTD Member states report the rate (%) of generated load (p.e.) in agglomerations[footnoteRef:4] > 2,000 p.e. which is: [3:  p.e. under UWWTD means: “…the organic biodegradable load having a five-day biochemical oxygen demand (BOD5) of 60 g of oxygen per day”]  [4:  Agglomeration under UWWTD means: “…an area where the population and/or economic activities are sufficiently concentrated for urban waste water to be collected and conducted to an urban waste water treatment plant or to a final discharge point“.] 


· addresses via IAS; if a certain threshold is exceeded, MS have to report if the wastewater is receiving:
· primary treatment,
· secondary treatment and/or
· more stringent treatment 
· not treated as rate of generated load of agglomeration collected through collecting systems and not addressed through IAS and
· connected to sewer system but not connected to UWWTD (https://uwwtd.eu/; https://www.eea.europa.eu/data-and-maps/data/waterbase-uwwtd-urban-waste-water-treatment-directive-7).
IAS comprise septic tanks or package plants where wastewater is treated or wastewater tanks without outlet where the wastewater is completely stored and periodically transported to UWWTPs (Grebot et al. 2019). For separation MS report rate of generated load of an agglomeration which is transported to a certain UWWTP by tracks. Therefore, for each agglomeration the number of p.e. (based on the generated load of an agglomeration) treated in septic tanks can be calculated as follows (equation 2):

Equation 2: Calculation of wastewater (p.e.) treated in septic tanks (see figure; pathway 1) using the EU-UWWTD database

	

However, experience shows that the number of individual household discharges via IAS in smaller agglomerations can be higher and loads for a certain area (Member state/River Basin/Subunit) could be underestimated. But referring to total emissions of priority substances for a certain area compared to other pathways in most areas individual household discharges are of minor relevance even if it can generate high pressure locally. 

Based on the calculated load generated for each wastewater path related to individual households (septic tanks and sewer without connection to UWWTPs) the last step is to estimate the load released to surface water and to soil respectively groundwater. 
If households are connected to a sewer system but not connected to a waste water treatment plant, it can be assumed that the total load generated is transported to surface waters if no septic tank is in place before wastewaters enters the sewer (Figure 1; path 4a). That means (equation 3):

Equation 3: Load to water from households connected to sewer without connection to UWWTPs


With
Lin-sou = load in surface water from households connected to sewer but not connected to UWWTD (without upstream primary treatment)

In case an upstream septic tank is in place (Figure 1; path 4b) as well as for appropriate septic tanks (Figure 1; path 1a/1b) pollutant retention in sludge and soil need to be considered. If septic tanks are directly discharging in surface waters or infiltrate in soils is difficult to differentiate because that information is hardly available either on national and catchment level. If it is assumed, that most IAS will go to soil and not to surface water the same assumptions can be made for path 1a (see figure). Therefore, the following equation 4 can be applied.
Equation 4: Calculation pollutant loads entering surface waters or groundwater

With
R = retention in sludge or soil

For substances which tend to adsorb to particles like metals a removing rate (stored in sewage sludge) and a retention rate in soils of 95 % can be expected. For substances which are mainly dissolved retention might be very low. If no further information regarding retention in sludge or soil is available reduction efficiencies for urban waste water treatment plants might be used as a first approximation. Examples are given in Annex 1. 

3	Emission factors
The emission factor refers to the pollutant emission per inhabitant and is expressed in mg or µg per inhabitant per year or day. Examples of derived values by different studies or countries (e.g. national modelling activities) are given in Table 1. These values can be used to calculate the load entering an IAS. 

Table 1 Emission generated per capita per year/day (domestic wastewater); entering IAS e.g. septic tanks or sewers not connected.
	Substance
	Netherlands National Water Board 2011
	DE (national modelling activity)

	
	Emission (mg/capita/day)
	Source
	Emission (mg/capita/day)
	Source

	Cadmium
	0.137
	


mean value based on international studies

	0.097
	Fuchs et al., 2010, Wander, 2005; mean values based on several German studies

	Copper
	17.9
	
	16.3
	

	Mercury
	0.049
	
	0.0792
	

	Lead
	2.16
	
	1.83
	

	Nickel
	1.37
	
	1.36
	

	Zinc
	28.2
	
	43.3
	

	Anthracene
	0.0019
	
	-
	

	Fluoranthene
	0.068
	
	-
	

	Chrome
	-
	
	0.53
	

	PAH16
	-
	
	0
	



Information on emission factors given by the Netherlands National Water Board (2011) is taken from international studies about emissions from dwellings. In Germany on the national level the model MoRE (Modeling of Regionalized Emissions)[footnoteRef:5] is used to calculate emissions to surface waters using the regionalized pathway-oriented approach (see also Technical Guidance Document No. 28). Values of inhabitant specific emissions were derived based on a source-oriented approach (Wander 2005) similar to the method used by Comber (2021) to derive metal load (Cadmium, Nickel, Lead) entering septic tanks on a per capita basis on the country level (Table 2).  [5:  https://isww.iwg.kit.edu/MoRE.php ] 

Table 2 Metal load (Cadmium, Nickel, Lead) entering septic tanks on a per capita basis on the country level (Comber 2021).
	Country
	Cadmium concentration (mg/capita/day)
	Nickel concentration (mg/capita/day)
	Lead concentration (mg/capita/day)

	
	Based on calculated loads 
	Based on measured loads 
	Based on calculated loads 
	Based on measured loads 
	Based on calculated loads 
	Based on measured loads 

	Albania 
	0.172
	0.162
	1.02
	1.37
	No data
	3.26

	Austria 
	0.092
	0.072
	0.63
	0.61
	No data
	1.44

	Belgium 
	0.078
	0.055
	0.53
	0.47
	No data
	1.11

	Bosnia 
	0.073
	0.050
	0.49
	0.42
	No data
	1.00

	Bulgaria 
	0.081
	0.060
	0.56
	0.51
	No data
	1.20

	Croatia 
	0.091
	0.071
	0.61
	0.60
	No data
	1.42

	Cyprus 
	0.177
	0.171
	1.00
	1.45
	No data
	3.44

	Czech Republic 
	0.074
	0.051
	0.56
	0.43
	No data
	1.02

	Denmark 
	0.097
	0.079
	0.63
	0.67
	No data
	1.26

	Estonia 
	0.076
	0.054
	0.51
	0.46
	No data
	1.09

	Finland 
	0.127
	0.069
	0.76
	0.59
	No data
	1.39

	France 
	0.108
	0.086
	0.67
	0.73
	No data
	1.73

	Germany 
	0.083
	0.073
	0.58
	0.62
	No data
	1.47

	Greece 
	0.227
	0.225
	1.30
	1.91
	No data
	4.53

	Hungary 
	0.080
	0.057
	0.55
	0.49
	No data
	1.15

	Iceland 
	0.135
	0.120
	0.83
	1.02
	No data
	2.42

	Ireland 
	0.086
	0.065
	0.58
	0.55
	No data
	1.31

	Italy 
	0.122
	0.136
	0.78
	1.15
	No data
	2.72

	Kosovo 
	0.069
	0.045
	0.49
	0.39
	No data
	0.91

	Latvia 
	0.097
	0.078
	0.64
	0.66
	No data
	1.56

	Lithuania 
	0.065
	0.041
	0.47
	0.35
	No data
	0.82

	Luxembourg 
	0.137
	0.123
	0.81
	1.05
	No data
	2.48

	Malta 
	0.091
	0.070
	0.60
	0.60
	No data
	1.41

	Netherlands 
	0.088
	0.078
	0.57
	0.66
	No data
	1.57

	N. Macedonia 
	0.200
	0.195
	1.10
	1.65
	No data
	1.35

	Norway 
	0.152
	0.106
	0.92
	0.90
	No data
	2.14

	Poland 
	0.077
	0.053
	0.54
	0.45
	No data
	1.07

	Portugal 
	0.114
	0.097
	0.71
	0.82
	No data
	1.94

	Romania 
	0.067
	0.043
	0.48
	0.37
	No data
	0.87

	Serbia 
	0.094
	0.074
	0.61
	0.63
	No data
	1.49

	Slovakia 
	0.092
	0.063
	0.57
	0.53
	No data
	0.98

	Slovenia 
	0.068
	0.043
	0.46
	0.37
	No data
	1.27

	Spain 
	0.106
	0.088
	0.72
	0.75
	No data
	1.77

	Sweden 
	0.124
	0.083
	0.83
	0.70
	No data
	1.66

	Switzerland 
	0.089
	0.102
	0.59
	0.87
	No data
	1.96

	Turkey 
	0.086
	0.064
	0.58
	0.55
	No data
	1.30

	UK 
	0.084
	0.076
	0.60
	0.64
	No data
	1.52

	EU27 mean
	0.101
	0.081
	0.65
	0.69
	No data
	1.61


Comber (2021) used data taken from influent sewage treatment works concentrations (Comber et al. 2021). Values are based on estimations considering mean concentrations in main domestic wastewater components multiplied with daily amount of drinking water used. Methodology used, source-oriented approach, is described in Comber et al. (2021).
[bookmark: _GoBack]For substances where information on emission generated per capita is not available the emission factors presented in fact sheet P8, table 6 (Urban wastewater treated) could be used to get a first approximation on the emissions directly to surface waters or to the groundwater. Because the values already refer to treated wastewater further retention as shown in equation 3 doesn’t need to be considered.

4	Conclusions
This fact sheet describes a simple method to estimate emissions to surface waters originated from individual households not connected to waste water treatment plants. For certain substances examples for emission per capita per in generated domestic wastewater are given. Information on necessary statistical data and examples for data availability on the European scale are given in case national data are not available.
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Annex 1
[bookmark: _Hlk81399796]Substance specific cleaning efficiency in urban waste water treatment plants (literature study)

	Substance
	Cleaning efficiency (%)
	Comment
	Country
	Source

	Lead
	94
	5 UWWTP, n=93, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	90-100
	2 UWWTP
	AT
	Clara et al. (2014)

	
	90
	16 UWWTP, 2010-2011
	UK
	Gardner et al. (2013)

	Cadmium
	92
	5 UWWTP, n=93, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	92-100
	2 UWWTP
	AT
	Clara et al. (2014)

	
	88
	16 UWWTP, 2010-2011
	UK
	Gardner et al. (2013)

	Nickel
	44
	5 UWWTP, n=94, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	25-30
	2 UWWTP
	AT
	Clara et al. (2014)

	
	29
	16 UWWTP, 2010-2011
	UK
	Gardner et al. (2013)

	Mercury
	89
	5 UWWTP, n=93, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	90
	2 UWWTP
	AT
	Clara et al. (2014)

	
	79
	16 UWWTP, 2010-2011
	UK
	Gardner et al. (2013)

	4-iso-Nonylphenol
	78
	5 UWWTP, n=93, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	21,7 - 99
	literature study
	world-wide
	Luo et al. (2014)

	
	89; 81; 78
	3 UWWTP
	AT
	Clara et al. (2005)

	Di-(2-ethylhexyl)phthalat (DEHP)
	88
	5 UWWTP, n=94, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	87
	
	DE
	Schütte et al. (2017)

	
	63
	
	DE
	Schütte et al. (2016)

	
	25 - 97
	literature study
	world-wide
	Luo et al. (2014)

	Perfluoroctansulfonat 
	67
	5 UWWTP, n=12, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	38
	40 UWWTP, 2015-2016, Baden-Württemberg
	DE
	Rau und Metzger (2017)

	
	73
	
	DE
	Maus et al. (2016)

	
	40
	2 UWWTP
	AT
	Clara et al. (2014)

	Diuron
	13
	5 UWWTP, n= 42, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	49
	16 UWWTP, 2011
	ES
	Campo et al. (2013)

	
	1
	2 UWWTP
	AT
	Clara et al. (2014)

	
	26,7 - 71,9
	literature study
	world-wide
	Luo et al. (2014)

	
	46 (±16)
	Literature rReview
	
	Luo et al. (2014)

	
	10 (±16)
	n=9, 2009-2010 
	
	Margot et al. (2013)

	
	15
	
	CH
	Abegglen und Siegrist (2012)

	
	22
	
	AT
	Clara et al. (2012)

	
	0
	
	DE
	Seel et al. (1994)

	Isoproturon
	15
	5 UWWTP, n=77, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	55,8
	16 UWWTP, 2011
	ES
	Campo et al. (2013)

	
	27 (±22)
	n=16, 2009-2010
	
	Margot et al. (2013)

	
	0-35
	
	
	Abegglen und Siegrist (2012)

	
	9
	
	AT
	Clara et al. (2012)

	
	15
	
	
	Seel et al. (1994)

	Terbutryn
	29
	5 UWWTP, n=87, 2017-2019 
	DE
	Toshovski et al. (2020)

	
	1
	40 UWWTP, 2015-2016
	DE
	Rau und Metzger (2017)

	
	ca. 30
	1 UWWTP, 2015
	DE
	Schütte et al. (2017)

	
	35
	1 UWWTP
	DE
	Maus et al. (2016)

	
	<20
	6 UWWTP
	DE
	LUBW (2014)

	
	65
	16 KA, Spanien, Stichprobe oder 24-Stunden-Mischprobe, 2011
	ES
	Campo et al. (2013)

	
	49 (±25)
	24-h-Mischproben,Juni 2009- Oktober 2010, n=37
	
	Margot et al. (2013)

	
	38
	biological treatment without nitrifikation
	CH
	Abegglen und Siegrist (2012)

	
	48
	biological treatment with nitrifikation
	CH
	Abegglen und Siegrist (2012)

	
	47
	1 KA, 24v-h-Mischprobe, 2009, Schweiz, n=7
	CH
	Morasch et al. (2010)

	
	72±14
	1 UWWTP
	CH
	Singer et al. (2010)
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