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Calculating emissions from urban waste water treatment plants to surface waters
This activity is carried out by the European Topic Centre for Inland, Coastal and Marine Waters (ETC/ICM) for the European Environmental Agency (EEA) and is part of the Action Plan 2020: 1.5.2.3: Improving the reporting of emissions to water, Task 3. Gap-analysis for UWWTPs for less frequently monitored pollutants. This document has no legal status. The goal of the document is only to help EU Member States to improve the quantification of emissions within the existing legislation.	Comment by Nathalie Kinga Kowalski: Do you plan to publish independently, as an official EEA report or JRC report? Will it be a part of the overall project report or an own publication? 	Comment by Ullrich, Antje: Joost, Caroline – could you please add one sentence for clarification?	Comment by Caroline Whalley: No plans to publish as an EEA (or JRC) formal publication. Doc is being prepared under auspices of WG Chemicals, so will seek advice from ENV as to how best to proceed. 
In the meantime, we will be able to make the doc publically available on the Eionet Forum website
1) Background
Under the Water Framework Directive (WFDF), according to Article 5 of the Directive 2008/105/EC on Environmental Quality Standards (amended 2013/39/EU) Member States (MS) are required to report an inventory of annual emissions, discharges and losses of priority substances. The inventories should give information on the relevance of priority substances at the spatial scale of the River Basin District (RBD) or the national part of an international RBD, and on the loads discharged to the aquatic environment. This give information on the success of measures to reduce emissions and indicate whether further efforts may be needed to deliver good chemical status of surface waters. 
Pursuant to Article 5(6) of EQS Directive a “Technical Guidance Document” was prepared. This guidance document aims to help MS establish the inventory and to reduce the burden by focusing on substances that are relevant at the RBD level. Ensuring EU wide comparability of the results was another objective of the guidance. The guidance recommends a two-step analysis to assess in the first step the current relevance (applying the described three imission and two emission criteria) of each substance (EQS Directive, Annex I, Part A) at the RBD level. The aim is to identify those substances which are of high relevance to concentrate the efforts to those substances. In the second step, for the substances of high relevance a more detailed analysis using a tiered approach should be performed (EU 2012). Different approaches are described. They vary in complexity in order to account for the wide range of data sources available across MS. The level (tier) with lowest complexity and informational value about true sources is based on ‘Point source information’. To quantify point source emissions data on point sources accordingly emissions factors should be used (EU 2012).	Comment by Nathalie Kinga Kowalski: Which is good – but there may be little data to do anything with. How will these be identified – via PEC/PNEC predictions?	Comment by Ullrich, Antje: Please see guidance document (EU 2012) and the following sentences: identification is based on described relevance analysis using 3 immission and 2 emission criteria.
Results of the first reporting exercises (2nd River Basin Management Plan (RBMP) cycle) show main problems according to consistency, completeness and quality of reported emission data. The first inventory was incomparable between MS. For most substances, MS did not even reported point source emissions. Reasons might be that:
· substances were identified as not relevant or even only of minor relevance at RBD level. In that case, accordingly to the recommendations of the guidance, only river loads at the RBD level are required,
· there is still a lack ofn reliable point source data accordingly emission factors.
Point sources such as urban wastewater treatment plants (UWWTPs) and industrial dischargers can be important sources for emissions to water. Especially In particular, the urban waste water system collects a variety of pollutants coming from many different sources in urban areas (households (household domestic chemicals, pharmaceuticals…), traffic (e.g. combustion processes), facade coatings (facade wall paint) etc.). For quantifying feasible input loads, reliable monitoring data are needed. Even if some pollutants are frequently monitored and well -reported for UWWTPs, there still is a lack of data and information for a lot of pollutants. Main reasons are:	Comment by Nathalie Kinga Kowalski: In which context do you the word ‚pollutant’? 

A pollutant is a substance where negative impacts are evident. 
Anything above background is a contaminant until proven toxic. 
It seems that in the report use of ‘contaminant’ instead of ‘pollutant’ would go better.
To use pollutant is fine, if justified as it is an emotive word and should be used only where appropriate.    
	Comment by Ullrich, Antje: Caroline what do you think as a native speaker? I used the term “pollutant” because it is used in the EU technical Guidance (document No 28). 

I checked definitions and found the following:
'Contaminants' are defined as inputs of alien and potentially toxic substances into the environment; not all contaminants cause pollution, as their concentrations may be too low. 'Pollutants' are defined as anthropogenically-introduced substances that have harmful effects on the environment.

Based on the definition and on the fact that the term is used in the Guidance I prefer using pollutant but I faith in your recommendation. 	Comment by Caroline Whalley: Both comments are correct.
Here, we are talking about urban waste water. I think „pollutant“ is ok in this context.
· most pollutants contaminants  are not included in national routine monitoring programs, 	Comment by Nathalie Kinga Kowalski: see above	Comment by Nathalie Kinga Kowalski: The reason for this is that mostly there is no EQS for them, hence, no statutory driver to monitor.	Comment by Ullrich, Antje: This is actually not the reason but missing requirements in European or national legislations: e.g in German national routine monitoring programs (based on national legislation) only includes requirements for BSB, CSB N and P (See also UWWTD). The statement refers to UWWTPs only not to monitoring programs in general e.g. in surface waters.
· often very low environmental concentrations and low concentrations in waste water (effluent),
· the need for sensitive analytical methods: low limits of detection (LoD) and quantification (LoQ).
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2) Aims and Objectives
The main objective of this document is to provide recent information on substance emissions from UWWTPs. The aim is to support MS with monitoring information for quantifying at least UWWTP effluent emissions for selected relevant substances. Such information can be difficult to obtain. In earlier studies, gap-filling focused on more frequently monitored pollutants e.g. nutrients, metals and DEHP (Roovaart and Duijnhoven 2018). These calculations were based on information reported under E-PRTR - even so, these pollutants (metals and DEHP) seem to be underreported in E-PRTR. Most of less frequently monitored pollutants are nevertheless important as they can cause water quality problems (like PAHs, PFCs or different pesticides). 
This document provides recent information on both frequently monitored and on less frequently monitored substances in UWWTP effluents. Based on a literature check, recommendations on mean UWWTP effluent concentrations and available emission factors are given. Using these mean concentrations or emission factors for selected substance loads from UWWTPs to surface waters can be quantified.
According to the availability of information for calculating UWWTP effluent loads two different approaches can be applied assuming that the applied mean pollutant concentration represents the mean situation in a MS or a River Basin District (RBD). Examples are given below:
1) If information about annual treated waste water flows are available mean (median) concentration values can be applied directly for each UWWTP using the following equation (Equation 1):

Equation 1
LUWWTP(X) = Cpollutant(Y) x Feffluent-UWWTP(X)

with:
LUWWTP(x) 		– annual load of individual UWWTP (kg/year)
Cpollutant(Y) 		– mean (median) pollutant concentration (µg/l)
Feffluent-UWWTP(X) 	–  annual (mean) UWWTD effluent flow (m³/year)
Example UWWTP(X):
Feffluent-UWWTP(X) 	= 37,896,680 m3/year
Cpollutant(Y) 		= 0.0016 µg/l
LUWWTP(X),pollutant(Y) 	= 0.061 kg/year


Under UWWTD the mean annual volume of waste water treated should be reported at least for all UWWTPs with a design capacity more than 100,000 p.e. (potentially reportable in E-PRTR).	Comment by Nathalie Kinga Kowalski: Please note that there are many UWWTP less than this size	Comment by Ullrich, Antje: This fact is well known but the limiting factor here is the data availability.

2) If information about amount (number) of treated p.e. is available e.g. mean national or mean EU emission factors (mg/p.e./year) can be used to calculate annual UWWTP effluent loads. Under the Urban Waste Water Directive[footnoteRef:1] Member States have a biennial obligation to report amongst others on UWWTPs. Information about all UWWTPs serving 'agglomerations[footnoteRef:2]' > 2,000 p.e.[footnoteRef:3] generated load needs to be reported. Required information is e.g. UWWTP capacity, treated nominal load in p.e. for each UWWTP and UWWTP location. Using this information loads can be calculated for all UWWTPs both on country level or RBD level (equation 2). [1:  Council Directive 91/271/EEC of 21 May 1991 concerning urban waste water treatment as amended by Commission Directive 98/15/EC and Regulations 1882/2003/EC and 1137/2008/EC (UWWTD)]  [2:  Pursuant Article 2 (4) of UWWTD 'agglomeration' 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 ]  [3:  Pursuant Article 2 (5) of UWWTD 'p.e. (population equivalent)' means the organic biodegradable load having a five-day biochemical oxygen demand (BOD5) of 60 g of oxygen per day] 


Equation 2

LUWWTP(X) = EFpollutant(Y) x TWUWWTP(X)

with:
LUWWTP(x) 		– annual load of individual UWWTP (kg/year)
EFpollutant(Y) 		– mean (national) emission factor (mg/p.e./year)
TWUWWTP(X) 		–  annually treated amount of wastewater (p.e./year)
Example UWWTP(X):
TWUWWTP(X) 		= 100,000 p.e./year
EFpollutant(Y) 		= 1.6 mg/p.e./year
LUWWTP(X),pollutant(Y) 	= 0.16 kg/year





Question 1
Do you have further suggestions for methods used to calculate mean UWWTP effluent concentrations? 	Comment by Nathalie Kinga Kowalski: These calculations are sound and logical. 
In terms of mean effluent concentrations measured values are best.  

Via the ETAP project SOURCES AND FATE OF METALS IN WASTEWATERS (ongoing, realized by Sean Comber) we have constructed loads entering WWTP from all the main sources, based on this it is possible to generate a concentration (assuming certain removal rates) and a per capita load – however, this process is complex, relies on even more data and uses numerous assumptions – the data is reasonable for some metals, but for less well known substances this would not be a viable option. 

The only other option is to try and ‚read across‘  from a substance for which data is already known – with some factor applied for the unknown substance. This could possibly be applied for some pesticides, may be industrial chemicals as well, but confidence in the data would be low. 

There is no substitution for measured data – it is better to read across effluent data for other countries – if use pattern is similar and treatment similar,  then effluent concentrations should also be similar.   


3) Results of literature check
Related to the EQS-Directive substances[footnoteRef:4], several monitoring campaigns for different countries with varying number of UWWTPs were found. Results of the literature check on monitoring information identified different groups of pollutants.  [4:  EQS-Directive, Annex I, Part A] 

A) Several substances were measured in a number of monitoring programs/studies. Most studies found this group of substances in a large number of samples with varying mean/median concentrations (Table 1 and Annex 1). 	Comment by Nathalie Kinga Kowalski: Is there no specific interest in some pollutants?  	Comment by Ullrich, Antje: I do not understand this question. We focused on all substances of the EQS-Directive while monitoring programs included differ regarding the substances they focused on.
Table 1
	Number[footnoteRef:5] [5:  Substance number – EQS-Directive (Annex I, Part A) ] 

	CAS-number
	Parameter
	Number
	CAS-number
	Parameter

	(20)
	7439-92-1
	Lead
	(19)
	34123-59-6
	Isoproturon

	(6)
	7440-43-9
	Cadmium
	(45)
	886-50-0
	Terbutryn

	(23)
	7440-02-0
	Nickel
	(25)
	140-66-9
	4-tert.-Octylphenol

	(21)
	439-97-6
	Mercury
	(28)
	50-32-8
	Benzo[a]pyrene

	(24)
	-
	4-iso Nonylphenols
	
	205-99-2
	Benzo[b]fluoranthene

	(12)
	117-81-7
	DEHP
	
	191-24-2
	Benzo[g,h,i]perylene

	(35)
	1763-23-1
	PFOS
	
	193-39-5
	Indeno[1,2,3-cd]-pyrene

	(15)
	206-44-0
	Fluoranthene
	(22)
	91-20-3
	Naphthalene

	(13)
	330-54-1
	Diuron
	
	
	


For some substances monitoring results vary significantly between different studies and Member States. In some studies, some substances can be found in UWWTP effluents quite often while in other studies they cannot be found with values > LoQ. Reasons might be:	Comment by Nathalie Kinga Kowalski: Important to register if total or dissolved concentrations are reported (it will make a big difference!). 	Comment by Ullrich, Antje: See the additional text below.
· emissions are caused by regional or even local conditions/emission situations, 
· special selection of UWWTPs,
· differing monitoring strategies (according to sampling procedures e.g. frequency, timeframe (short-term or long-term samples)) and preparation of samples) and 
· differing analytical methods applied e.g. regarding sensitivity (LOD/LOQ) or analyzing of dissolved or total concentration.
Unfortunately, not all this information is available for all studies.
For these substances it will be tested to see if reliable mean concentrations can be derived. 
Two MS (NL and DE) derived mean emission factors for several substances (see Annex 1). For German UWWTPs, emission factors were calculated only if more than 50 % of measured values were above LoQ. For the Netherlands, a method is used in which the number of observations lower than the LoQ is expressed as a percentage of the total number of observations. The larger this percentage, the lower the LoQ value is valued. 	Comment by Nathalie Kinga Kowalski: There should be few <LOD available. 	Comment by Ullrich, Antje: Nanette, Joost – can you please answer this comment.	Comment by Joost van den Roovaart: I’m afraid I don’t understand the comment.

B) Some substances, especially some of the new substances of the EQS-Directive, were measured in different monitoring programs/studies but could not or at least only with a few values be found with concentrations > LoQ in UWWTP effluents in all studies (Table 2, and Annex 1). For these substances UWWTP effluent does not seem to be a relevant pathway for emissions to surface waters. Therefore, no mean concentrations or emission factors have been derived for these substances. 	Comment by Nathalie Kinga Kowalski: According to our expert Sean Comber, pesticides would really fit in this category – they are very sporadically used for amenity use of poured down the sink by households. 

The sporadic use of pesticides means it is difficult to detect them in wastewater. Their presence would tend to coincide with rainfall immediately after application.  
	Comment by Ullrich, Antje: Some substances are also used as a biocide – in that case they might be also used e.g. in house painting…..
The conclusion given in the text are based on monitoring results.	Comment by Caroline Whalley: Indeed, routine monitoring does not capture pesticides very well. See chapter 3 in EEA Chemicals in European Waters and new ETC ICM technical report Pesticides in European rivers, lakes and groundwaters
For some of these substances (shown in bold in Table 2), analytical methods might still not be sensitive enough to assess the relevance of UWWTP effluent as pathway for emissions to surface waters. Analytical LoQs are > than EQS values (Annex 1).
Table 2
	Number[footnoteRef:6] [6:  Substance number – EQS-Directive (Annex I, Part A) ] 

	CAS-number
	Parameter
	Number
	CAS-number
	Parameter

	(28)
	207-08-9
	Benzo[k]fluoranthene
	(34)
	115-32-2
	Dicofol

	(2)
	120-12-7
	Anthracene
	(41)
	52315-07-8
	Cypermethrin

	(3)
	1912-24-9
	Atrazine
	(44)
	1024-57-3
	cis-Heptachlorepoxide and trans-Heptachlorepoxide

	(43)
	-
	HBCDD
	(38)
	74070-46-5
	Aclonifen

	(40)
	28159-98-0
	Cybutryne
	(39)
	42576-02-3
	Bifenox

	(44)
	76-44-8
	Heptachlor
	(36)
	124495-18-7
	Quinoxyfen

	(42)
	62-73-7
	Dichlorvos
	
	
	



C) For some substances only very few monitoring information were found (Table 3 and Annex 1). Reasons might be the following:
· In different MS some substances were identified as not relevant or even to be of minor relevance at RBD level. Reasons might be the ban on production and application. In that case according to the recommendations of the guidance detailed analyses are not required.
· For some substances UWWTP effluent is not a relevant pathway because of their specific use and application e.g. pesticides like DDT, which was mainly used in agricultural sector.	Comment by Nathalie Kinga Kowalski: And other pesticides	Comment by Ullrich, Antje: See additional text

Table 3
	Number[footnoteRef:7] [7:  Substance number – EQS-Directive (Annex I, Part A) ] 

	CAS-number
	Parameter
	Number
	CAS-number
	Parameter

	(1)
	15972-60-8
	Alachlor
	(16)
	118-74-1
	Hexachlorobenzene

	(4)
	71-43-2
	Benzene
	(17)
	87-68-3
	Hexachlorobutadiene

	(5)
	32534-81-9
	BDE
	(18)
	608-73-1
	Hexachlorocyclohexane

	(6a)
	56-23-5
	Carbo-tetrachloride
	(26)
	608-93-5
	Pentachlorobenzene

	(7)
	85535-84-8
	C10-C13 Chloralkanes
	(27)
	87-86-5
	Pentachlorophenol

	(8)
	470-90-6
	Chlorfenvinphos
	(29)
	122-34-9
	Simazine

	(9)
	2921-88-2
	Chlorpyrifos
	(29a)
	127-18-4
	Tetrachloroethylene

	(9a)
	309-00-2,        60-57-1,         72-20-8,        465-73-6
	Cyclodiene pesticides
	(29b)
	79-01-6
	Trichloroethylene

	(9b)
	-
	DDT total
	(30)
	36643-28-4
	Tributyltin compounds

	
	50-29-3
	para-para-DDT
	(31)
	12002-48-1
	Trichlorobenzenes

	(10)
	107-06-2
	1,2-Dichloroethane
	(32)
	67-66-3
	Trichloromethane

	(11)
	75-09-2
	Dichloromethane
	(33)
	1582-09-8
	Trifluraline

	(14)
	115-29-7
	Endosulfan
	
	
	


For these substances mean concentrations have not been derived.



Question 1

Can you provide further information/data/results from monitoring campaigns? 
· Measured mean and median effluent concentrations including information about
· Number of UWWTPs
· Analytical methods
· LoQ/LoD 
· Total or dissolved concentration
· Number of samples below LoQ/LoD
· …

· Emission factors including information about methodology used




4) Recommendations for mean effluent concentrations and emission factors for load calculation
4.1) Mean effluent concentrations
In some cases, mean concentrations differ quite a lot between different monitoring studies (see Annex 1). Reasons might be:
· a specific national or even local emission situation,;
· differences in applied sampling strategies; and
· differences in applied analytical methods, especially concerning sensitivity (LoQ) etc.
First, it needs to be considered that statistical values of monitoring studies listed refer to the whole group of investigated UWWTPs in each study. Further information about UWWTPs (meta data like size or treatment type) were not available for all studies. Therefore, based on the available information further differentiation e.g. for treatment types was not possible.
Bearing this in mind calculated UWWTP effluent loads using the mean concentrations derived from all these different studies should only be seen as a first approximation. Regional peculiarities or even special situations for single UWWTPs (regarding e.g. treatment type, sewage composition) can not be considered. Nevertheless, in case no other data is available the loads calculated using the derived mean concentrations should provide an indication of the relevance of UWWTPs as emission pathway to surface waters.	Comment by Nathalie Kinga Kowalski:  Would that exclude natural background concentrations as well? 

It is important that in the interpretation of the data it is reminded that such variability is not considered.	Comment by Ullrich, Antje: In my opinion for UWWTP effluents natural background is of low importance. Waste water treated in UWWTDs is mainly coming from households, indirect industries, discharge from sealed urban areas…
As far as I understand natural background is mainly relevant for the pathway groundwater.

…special situation for single UWWTPs… means special treatment types, sewage consistence entering the UWWTP…	Comment by Caroline Whalley: The background load entering the UWWTP shouldn’t influence the added load that a common emission factor would provide – unless the emission factors were heavily weighted by data from eg metalliferrous areas. That seems unlikely?

To derive mean concentration supporting MS the following predefinitions are recommended: 
· For statistical reasons the median concentration values from the studies instead of mean concentration values should be used. 	Comment by Nathalie Kinga Kowalski: Are these means based on country data/ regional data (depending on size) or European wide? As last time recommended, some regional specification may be necessary.
If the number of results are very limited then the a median may not be the best metric.	Comment by Ullrich, Antje: It depends on the study – please see Annex 1
· More than two median values need to be available.
· Only studies not older than 2010 should be considered because both substance application and (average) UWWTP treatment efficiency changes over time. 	Comment by Nathalie Kinga Kowalski: This may cause a low number of resources as for most substances the data will be older. 	Comment by Ullrich, Antje: I agree but we want to be sure to focus on recent emission situations.
· If measured median concentration is < LoQ the value ½ LoQ should be used.	Comment by Ullrich, Antje: See also the comment from Italy: The use of LOQ/2 should be limited to substances that have less than 30% of censored data. If not, the emission should appear very high despite that data are all <LOQ 
	Comment by Ullrich, Antje: Unfortunately, we do not have this information for all studies. We use this criteria only to derive mean concentrations thought as a requirement for MS without their own information.	Comment by Nathalie Kinga Kowalski: Half LoQ or LOD? Depending on the LOD/LoQ you have to be mindful of using ½ LOD/LoQ as you can end up with very high loads with no rational reason for it.  
	Comment by Ullrich, Antje: LoQ is meant because we do not have information about LOD in any case. 
An example how to proceed deriving a mean concentration is given in the following Table 4.

Table 4:	Example on deriving a mean UWWTP effluent concentration for lead 
	Parameter
	Median (µg/l) concentration	Comment by Nathalie Kinga Kowalski: Total or dissolved? See above 	Comment by Ullrich, Antje: See above – this is not known for every study	Comment by Caroline Whalley: We are looking into this and would welcome clarifications from MS 
	Reference
	Comment

	Lead, and its compounds

	0.14
	Toshovski et al. (still unpublished); 49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	

	
	0.2
	Engelmann et al. (2016); 91 UWWTP, 2001-2010, DE, Saxony	Comment by Nathalie Kinga Kowalski: The data seems older than 10 years, would it be then still valid to be used?	Comment by Ullrich, Antje: This indeed is a borderline case but I recommend to keep the data because of the limited number of studies.
	

	
	1.1
	Clara et al. (2009); LoQ 1.4 µg/l, LoD 0.7 µg/l
	deleted because study is older than 2010

	
	1.2
	Clara et al. (2012); 9 UWWTP, 1 year, AT
	

	
	
	Clara et al. (2017); 8 UWWTP, AT (LoQ 0.5µg/l; 22 out of 32 values < LoQ)
	Deleted because no median value available – ask colleagues from AT to provide median values 

	
	0.64
	Data base NL; 25 UWWTP, 2015-2018
	

	
	0.62
	Gardner and Jones (2018); 600 UWWTP, 2015-2017, UK
	

	
	0.86
	Gardner et al. (2014); 162 UWWTP, 2010-2013, UK
	

	Result mean concentration lead (µg/l)
	0.61
	Range1): 0.14 – 1.2 µg/l; 6 different studies, 4 MS


1) Range of median values of different single studies

Using the described criteria mean UWWTP effluent concentrations have been derived for the following substances:
· Lead, Cadmium, Nickel, Mercury, Nonylphenols, DEHP, PFOS, Fluoranthene, Diuron, Isoproturone and Terbutryne (Table 5).

Table 5. Derived mean (median) concentrations for UWWTP effluents
	Parameter
	Mean (median) concentration (µg/l)
	Comment

	Lead 
	0.61
	Range1): 0.14 – 1.2 µg/l; 6 different studies, 4 MS	Comment by Nathalie Kinga Kowalski: According to our ETAP project (via Sean Comber): UK ~0.8 ug/l total, 0.4 ug/l dissolved. 
	Comment by Ullrich, Antje: The results of the monitoring programs in UK are included (see table 4 and Annex 1).

	Cadmium 
	0.0216
	Range1): 0.006 – 0.05 µg/l; 5 different studies, 4 MS	Comment by Nathalie Kinga Kowalski: Our calculations at the moment: UK median 0.05 ug/l tends to throw up <LOD

	Nickel
	4.19
	Range1): 3.8 – 4.8 µg/l; 5 different studies, 4 MS	Comment by Nathalie Kinga Kowalski: We found as well limited variability across all datasets – 1.6 to 6.8 ug/l and mostly dissolved. 


	Mercury
	0.00434
	Range1): 0.0007 – 0.01 µg/l; 5 different studies, 4 MS	Comment by Nathalie Kinga Kowalski: UK median 0.016 ug/l Total, 0.011 ug/l dissolved
- throwing up <LOD.  

	4-iso-Nonylphenols 
	0.113
	Range1): 0.01 – 0.2 µg/l; 6 different studies, 4 MS

	DEHP
	0.66
	Range1): 0.24 – 1.7 µg/l; 6 different studies, 4 MS

	PFOS
	0.00575
	Range1): 0.003 – 0.122 µg/l; 4 different studies (one European wide)

	Fluoranthene,
	0.00478
	Range1): 0.0021 – 0.01 µg/l; 5 different studies, 3 MS

	Diuron
	0.0191
	Range: 0.004 – 0.059 µg/l; 6 different studies (one European wide)

	Isoproturone
	0.0186
	Range1): 0.0004 – 0.056 6 different studies (one European wide)

	Terbutryne
	0.021
	Range1): 0.005 – 0.035 3 different studies, 2 MS


1) Range of median values of different single studies


4.2) Emission factors
The available emission factors are listed in Table 6. These factors refer to UWWTPs with at least secondary and tertiary levels of treatment. Both UWWTPs equipped with primary level treatment only and those with more advanced levels of treatment (e.g. targeted micropollutant elimination e.g.such as activated-carbon filter or ozonisation) are not represented in the listed studies. If any, iIn most EU countries, the number of UWWTPs with more advanced level treatment levels beyond tertiary is very limited. On the other hand, urban waste water treatment has improved in all parts of Europe over the last 30-40 years (EEA 2020). In 2017, most European countries collected and treated sewage to tertiary level from most of their population. In EU-27 countries, 69 % of the population were connected to tertiary level treatment and 13 % to secondary level treatment (EEA 2020, not yet published). Nevertheless, in Roovaart and Duijnhoven (2018) emission factors for UWWTPs with only primary level treatment only had been derived even if it is based on a very limited number of plants. That is why the results are less reliable. 	Comment by Nathalie Kinga Kowalski: This contradicts your statement later. UWWTD data suggest 19 EU countries have more than 50% of population with tertiary treatment. Maybe an editing error?	Comment by Ullrich, Antje: Here more advanced treatment than tertiary treatment is meant. See explanation in brackets.	Comment by Caroline Whalley: Have edited to clarify	Comment by Caroline Whalley: Not yet published (September)	Comment by Caroline Whalley: Is this that only UWWTPs with primary treatment were considered in the calculation of emission factors, or that primary treatment plants were included in the mix of plants? We need to make this sentence clearer.	Comment by Ullrich, Antje: It is the second 
The available emission factors also may differ quite a lot (Table 6 and Annex 1). Reasons might be:
· differences in used data base,
· differences in used method to derive the emission factor etc.
[bookmark: _Hlk44943490]As described for the mean concentrations, calculated loads using mean emission factors can only be seen as a first approximation. Regional peculiarities or even special situations of single UWWTPs can´t be considered. 

Table 6. Emission factors for UWWTP effluents (results from a literature study)(	Comment by Nathalie Kinga Kowalski: This will be based only on NL data? Other data to expect?	Comment by Ullrich, Antje: Changed the header
	Parameter
	Emission factor (µg per capita per day)	Comment by Ullrich, Antje: See comments from Italy
	Emission factor (g/ per p.e./. per year)

	
	Italy (TT, ST), Castiglioni et al. 2015
	Germany (TT, ST)[footnoteRef:8], Toshovski et al 2020 (still unpublished) [8:  Based on monitored concentration of 49 UWWTPs of different size and number (mean value for three years) of treated p.e. in Germany ] 

	Netherlands (TT, ST); national data base
	PRTR (EU)[footnoteRef:9] (differentiated by treatment type) [9:  Based on PRTR data 2011-2015, differentiated by treatment type (Roovaart and Duijnhoven 2018)] 


	
	
	
	
	TT
	ST

	Lead 
	-
	0.0116
	0.018
	0.29

	Cadmium 
	-
	0.0005
	0.000521
	
	0.07

	Nickel
	-
	0.365	Comment by Nathalie Kinga Kowalski: We have for connected population a mean value for Europe of 0.337; close to this one.	Comment by Ullrich, Antje: Please note that this emission factor refers to treated p.e. and not to connected population. I wonder if for metals (especially because a high amount still comes from sealed urban areas (atmospheric deposition) via combined sewers) it is more appropriate to use treated p.e. to derive the emission factor.	Comment by Caroline Whalley: Antje, i don’t understand your comment. 	Comment by Ullrich, Antje: I changed the comment – is it better now?
	0.284
	
	0.47

	Mercury
	-
	0.0002
	0.000255
	
	0.01

	4-iso-Nonylphenols 
	-
	0.0036
	-
	
	-

	DEHP
	-
	0.141
	-
	
	0.04
	0.36


	PFOS
	1 – 8 
	0.0002
	-
	
	-

	Fluoranthene,
	-
	0.0002
	-
	
	-

	Diuron
	-
	0.0013
	0.0012
	
	-

	Isoproturone
	-
	0.0016
	0.0016
	
	-

	Terbutryne
	-
	0.0029
	0.000389
	
	-


TT – tertiary treatment; ST – secondary treatment

Depending on data availability and the specific situation the derived mean UWWTP effluent concentrations or the presented emission factors can be used to calculate UWWTP effluent pollutant loads emitted to surface waters as a first approximation on a national or a River Basin District level.


 


Question 32
Do you agree with the recommendations (assumptions) made to derive mean UWWTP effluent concentrations: 
· using median concentrations[footnoteRef:10] instead of mean concentrations (see Annex 1 and table 4), [10:  Study specific ] 

· using mean concentration instead of median concentrations,	Comment by Nathalie Kinga Kowalski: A geometric mean or median make more sense depending on the data set size.
	Comment by Ullrich, Antje: There was a mistake in the question. We wanted to recommend to use median concentrations instead of mean concentration. Actually the text is correct (see page 8).
· using studies not older than 2010 and 
· using the value ½ LoQ if median concentration is < LoQ	Comment by Nathalie Kinga Kowalski: It is common practice to define LOD and LoQ so one can follow what is being used from an analytical point of view.	Comment by Ullrich, Antje: Unfortunately, we do not have this information in any case.
or do you have any further suggestions to derive mean UWWTP effluent concentrations based on the results of literature study?

Question 4  
Are there further substances to be selected to derive mean UWWTP effluent concentrations? 


5) Summary
Based on the results of a literature check for a small number of “priority substances” EQS pollutant, recommendations for mean UWWTP effluent concentrations for calculating UWWTP effluent loads can be given.
For the remaining priority substances, mean concentrations have not been provided as for some pollutants there is insufficient still a lack of information,  while for others UWWTPs don´t seem to be a relevant pathway to surface waters.
In a next step we would like to improve the document including further studies and its results to help MS establish the inventory, basically to provide information on UWWTP effluent loads entering surface waters. 	Comment by Nathalie Kinga Kowalski: You may also consider a gap analysis. 	Comment by Ullrich, Antje: As far as I understand – the results of the literature check already show data gaps.
To improve the work done, so far MS are were kindly asked to provide further information/results of monitoring studies for UWWTPs. This updated version 
This draft document will be distributed on June 18th. Comments and datasets are welcome until July 10th. On August 15th an update of the document will be shared with the working group as a preparation of the web-based meeting on September 9th. 
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Annex 1	Comment by Nathalie Kinga Kowalski: As mentioned above it is important to distinguish between total and dissolved concentrations. 	Comment by Ullrich, Antje: See comment above and below
Statistical values of EQS Directive substances frequently found in UWWTP effluents
	Parameter
	Median (µg/l)
	Mean (µg/l)
	Min - Max (µg/l)
	Emission factor (mg/p.e.)
	Comment
	Reference

	Category A substances (see chapter 3), page 5 in this document)

	Lead, and its compounds
(EQS: 1.2 µg/l (bioavailable fraction))
	0.14
	0.18
	0.05 - 7
	11.6
	49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples); total concentration	Comment by Ullrich, Antje: Information added if known
	Toshovski et al. (still unpublished)

	
	0.2
	7.9
	
	-
	91 UWWTP, 2001-2010, DE, Saxony
	Engelmann et al. (2016)

	
	1.1
	1.2
	< LoQ – 3.7
	-
	LoQ 1.4 µg/l, LoD 0.7 µg/l; total concentration
	Clara et al. (2009)

	
	1.2
	
	
	-
	9 UWWTP, 1 year, AT; total concentration
	Clara et al. (2012)

	
	
	0.069 – 0.38
	0 – 0,5
	-
	8 UWWTP, AT (LoQ 0.5µg/l; 22 out of 32 values < LoQ)
	Clara et al. (2017)

	
	0.64
	1.118
	0 - 27
	18
	25 UWWTP, 1990-2015, NL
	Data base NL)

	
	0.62
	0.87
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	
	0.86
	
	
	
	162 UWWTP, 2010-2013, UK
	Gardner et al. (2014)

	Cadmium and its compounds
(EQS: 0.08 – 0.25 µg/l)
	0.006
	0.009
	< 0.001 (LoQ) - 1
	0.5
	49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	not found
	LoQ 0.1 – 0.5 µg/l
	Clara et al. (2009)

	
	
	0.00083 - 0.013
	
	
	2 UWWTP, AT
	Clara et al. (2014)

	
	< 0.03 - 0.5
	
	n.n. - 24
	
	91 UWWTP, 2001-2010, DE (Saxony)
	Engelmann et al. (2016)

	
	0.010
	0.094
	
	
	9 UWWTP, 1 year, AT
	Clara et al. (2012)

	
	
	0.0056 – 0.028
	0 – 0.05
	
	8 UWWTP, AT (LoQ 0.05 µg/l; LoD 0.02 µg/l; all values  <LoQ)
	Clara et al. (2017)

	
	< LoQ
	0.0297
	0 – 0.56
	0.521
	25 UWWTP, 2015-2018, NL; LoQ 0.03 µg/l
	Data base NL

	
	0.027
	0.044
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	
	< LoQ (0.1)
	
	
	
	162 UWWTP, 2010-2013, UK
	Gardner et al. (2014)

	Nickel and its compounds
(EQS: 4 µg/l (bioavailable fraction))
	4.4
	4.786
	0.5 - 18
	365
	49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	4.5
	8.1
	<LOD - 41
	
	LoQ 1 – 2.3 µg/l
	Clara et al. (2009)

	
	
	4.4 - 4,7
	
	
	2 UWWTP, AT
	Clara et al. (2014)

	
	4.3
	
	n.n. - 200
	
	91 UWWTP, 2001-2010, DE (Saxony)
	Engelmann et al. (2016)

	
	4.1
	5.6
	
	
	9 UWWTP, 1 year, AT
	Clara et al. (2012)

	
	
	7 – 8.2
	0 - 30
	
	8 UWWTP, AT (LoQ 4 µg/l; LoD 1 µg/l, 16 out of 36 values <LoQ)
	Clara et al. (2017)

	
	3.8
	6.304
	0 – 57
	284
	25 UWWTP, 2015-2018, NL
	Data base NL

	
	3.85
	4.9
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	
	4.8
	
	
	
	162 UWWTP, 2010-2013, UK
	Gardner et al. (2014)

	Mercury and its compounds
(Biota EQS)
	0.002
	0.006
	0.0005 - 1.1
	0.2
	49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	
	
	n.n. - < LOD
	
	LoQ 0.1 – 0.25 µg/l
	Clara et al. (2009)

	
	
	0.01
	
	
	2 UWWTP, AT
	Clara et al. (2014)

	
	
	0.019
	0.0055 – 0.067
	
	8 UWWTP, AT (LoQ 0.001 µg/l, LoD 0.0003 µg/l, all values (35) > LoQ)
	Clara et al. (2017)

	
	< 0.02 - 0.2
	
	n.n. - 0.5
	
	91 UWWTP, 2001-2010, DE (Saxony)
	Engelmann et al. (2016)

	
	0.01
	
	
	
	9 UWWTP, 1 year, AT
	Clara et al. (2012)

	
	< LoQ
	0.01075
	0 – 0.12
	0.255
	32 UWWTP, 2015-2018, NL, LoQ 0.01 µg/l
	Data base NL

	
	0.004
	0.0057
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	
	0.0007
	
	
	
	162 UWWTP, 2010-2013, UK
	Gardner et al. (2014)

	4-iso-Nonylphenols 
(EQS: 0.3 µg/l)
	0.043
	0.115
	0.02 - 3.4
	3.6
	49 UWWTP, n=999, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	
	
	< 0,03 - 7.8
	
	world wide, Literature study
	Luo et al. (2014)

	
	
	0.267
	
	
	7 samples
	Miropoll project (CH, in Loos et al. 2012)

	
	0.22
	0.34
	n.n. – 1.8
	
	LoQ 0.09 µg/l
	Clara et al. (2009)

	
	0.18
	0.25
	
	
	9 UWWTP, 1 year, AT
	Clara et al. (2012)

	
	0.14
	0.19
	0.025 – 0.77
	
	3 UWWTP, 2013, DE (Baden-Württemberg)
	Lambert et al. 2014

	
	< LoQ
	0.0004651
	0 – 0.02
	
	11 UWWTP, 2015-2019, NL (found only in a few samples); LoQ 0.02 µg/l
	Data base NL

	
	
	0.364
0.37
0.285
	
	
	3 UWWTP, AT
	Clara et al. (2005)

	
	0.105
	0.15
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	
	0.2
	
	
	
	162 UWWTP, 2010-2013, UK
	Gardner et al. (2014)

	Di(2-ethylhexyl)-phthalate (DEHP)
(EQS: 1.3 µg/l)
	1.7
	3.12
	0.05-12 
	141
	49 UWWTP, n=999, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	
	< 2
	
	
	
	Schütte et al. (2017)

	
	
	
	0.0001 - 54
	
	world wide, literature study
	Luo et al. (2014)

	
	< LoQ
	0.1474
	0 – 3.2
	
	17 UWWTP, 2015-2018, NL (found in only a few samples (10 out of 94)); LoQ 0.5 µg/l
	Data base NL

	
	0.24
	0.32
	0.05 – 2.3
	
	3 UWWTP, 2013, DE (Baden-Württemberg)
	Lambert et al. 2014

	
	0.5
	1.6
	<LOD – 6.6
	
	LoQ 0.12 -0.26 µg/l
	Clara et al. (2009)

	
	0.52
	
	
	
	9 UWWTP, 1 year, AT
	Clara et al. (2012)

	
	0.45
	0.76
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	
	0.78
	
	
	
	162 UWWTP, 2010-2013, UK
	Gardner et al. (2014)

	PFOS
(EQS: 00001.3 µg/l)
	0.003
	0.008
	0.0005 - 0.82
	0.2
	49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	
	
	0.005 - 0.04
	
	40 UWWTP, 2015-2016, DE (Baden-Württemberg)
	Rau und Metzger (2017)

	
	
	0.007
	
	
	
	Maus et al. (2016)

	
	
	0.013
	
	
	2 UWWTP, AT
	Clara et al. (2014)

	
	
	0.015
	0.0005 – 0.12
	
	8 UWWTP, AT (LoQ 0.001 µg/l; LoD 0.0005 µg/l, 1 value out of 34 < LoQ)
	Clara et al. (2017)

	
	
	
	
	1-8 µg per capita per day
	6 UWWTP, 2010-2013, IT
	Castiglioni et al. (2015)

	
	
	
	0.016 – 0.303
	
	7 UWWTD, CH
	Huset et al. (2008)

	
	0.0122
	0.0625
	2.101 (max)
	
	Summary of analytical results for chemicals in EU UWWTP effluents (91 UWWTP)
	Loos et al. 2013

	
	< LoQ
	0.01926
	0 – 0.43
	
	40 UWWTP, 2015-2018, NL (found in 74 samples out of 220)), LoQ 0.005 µg/l
	Data base NL

	
	
	0.114
	
	
	7 samples
	Miropoll project (CH, in Loos et al. 2012)

	
	0.0053
	0.062
	
	
	600 UWWTP, 2015-2017, GB
	Gardner and Jones (2018)

	
	
	
	0.0073 - 0.017
0.096 - 0.462
	
	2 UWWTP, 2006 - 2007, Singapore
	Yu et al. (2009)

	Fluoranthene
(EQS: 0.0063 µg/l)
	0.0021
	0.0037
	0.0005 - 0.11
	0.2
	49 UWWTP, n=999, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	not found
	LoQ 0.2 µg/l
	Clara et al. (2009)

	
	
	0.000071-0.0023 
	0 – 0.005
	
	8 UWWTP, AT (LoQ 0.005 µg/l, LoD 0.0022 µg/l, all values < LoQ)
	Clara et al. (2017)

	
	< LoQ
	0.0005195
	0 – 0.02
	
	22 UWWTP, 2015 - 2018, NL (found in only a few samples (2 out of 77)), LoQ 0.005 µg/l
	Data base NL

	
	0.003
	0.003
	0.002 – 0.005
	
	3 UWWTP, 2013, DE (Baden-Württemberg)
	Lambert et al. 2014

	
	0.01
	0.013
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	
	0.0063
	
	
	
	162 UWWTP, 2010-2013, UK
	Gardner et al. (2014)

	Diuron
(EQS: 0.2 µg/l)

	0.016
	0.023
	0.005 - 0.59
	1.3
	49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	0.041
	0.06
	n.n. – 0.21
	
	LoQ 0.0063 – 0.015 µg/l
	Clara et al. (2009)

	
	
	0.094
	
	
	2 UWWTP, AT
	Clara et al. (2014)

	
	
	0.32.
	
	
	30 UWWTP, 2011, Andalusia
	Barco-Bonilla et al. (2013)

	
	
	
	0.002 - 2.53
	
	world wide, Literature study
	Luo et al. (2014)

	
	0.014
	
	n.n. – 6.6
	
	92 UWWTP, 2001-2010, DE (Saxony)
	Engelmann et al. (2016)

	
	0.059
	0.073
	0.03 – 0.3
	
	3 UWWTP, 2013, DE (Baden-Württemberg)
	Lambert et al. 2014

	
	
	0.127
	
	
	3 UWWTP, 2007-2009, Catalonia
	Köck-Schulmeyer et al. (2013)

	
	
	0.07±0.041
	
	
	1 UWWTP, 2009 - 2010, CH
	Margot et al. (2013)

	
	0.040
	0.073
	
	
	9 UWWTP, 1 Jahr, AT
	Clara et al. (2012)

	
	
	0.19±0.23
	
	
	1 UWWTP, 2009, CH
	Morasch et al. (2010)

	
	0.0116
	0.0617
	1.426 (max)
	
	Summary of analytical results for chemicals in EU UWWTP effluents (91 UWWTP)
	Loos et al. 2013

	
	< LoQ
	0.01687
	0 – 0.32
	1.2
	32 UWWTP, 2015-2018, NL, LoQ 0.02 µg/l
	Data base NL

	
	
	1.379
	
	
	7 samples
	Miropoll project (CH, in Loos et al. 2012)

	
	
	0.025±0.004
0.182±0.015
	
	
	2 UWWTP, 2009, DE (Koblenz)
	Wick et al. (2010)

	Isoproturon
(EQS: 0.3 µg/l)
	0.019
	0.047
	0.005 - 5.2
	1.6
	49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	
	0.084
	
	
	88 UWWTP, 2001-2010, DE (Saxony)
	Engelmann (2016)

	
	
	0.012
	n.n. – 0.05
	
	LoQ 0.0092 – 0.026 µg/l
	Clara et al. (2009)

	
	
	
	0.0063 - 0.031
	
	2 UWWTP, AT
	Clara et al. (2014)

	
	
	0.050
	
	
	30 UWWTP, 2011, Andalusia
	Barco-Bonilla et al. (2013)

	
	0.056
	0.059
	0.005 – 0.16
	
	3 UWWTP, 2013, DE (Baden-Württemberg)
	Lambert et al. 2014

	
	0.009
	
	n.n. - 15
	
	92 UWWTP, 2001-2010, DE (Saxony)
	Engelmann et al. (2016)

	
	
	0.039±0.032
	
	
	1 UWWTP, 2009 - 2010, CH
	Margot et al. (2013)

	
	
	0.013
	
	
	3 UWWTP, 2007-2009, Catalonia
	Köck-Schulmeyer et al. (2013)

	
	0.022
	
	
	
	9 UWWTP, 1 year, AT
	Clara et al. (2012)

	
	
	0.34±0.47
	
	
	1 UWWTP, 2009, CH
	Morasch et al. (2010)

	
	< LoQ
	0.003576
	0 – 0.16
	1.6
	33 UWWTP, 2015-2018, NL, LoQ 0.01 µg/l
	Data base NL

	
	0.0004
	0.0101
	0.27 (max)
	
	Summary of analytical results for chemicals in EU UWWTP effluents
	Loos et al. 2013

	
	
	0.058±0.005
0.05±0.002
	
	
	2 UWWTP, 2009, DE (Koblenz)
	Wick et al. (2010)

	Terbutryn
(EQS: 0.0065 µg/l)
	0.035
	0.044
	0.005 - 0.29
	2.9
	49 UWWTP, n=1,000, 2017-2019, DE (emission factor is based on median effluent concentrations of 49 UWWTPs (found in more than 50% of samples)
	Toshovski et al. (still unpublished)

	
	
	0.190
	
	
	
	Schütte et al. (2017)

	
	
	
	0.029 - 0.095
	
	40 UWWTP, 2015-2016, DE (Baden-Württemberg)
	Rau und Metzger (2017)

	
	
	0.041
	
	
	94 UWWTP, 2001-2010, DE (Saxony)
	Engelmann (2016)

	
	
	0.0078 – 0.033
	0 - 0.05
	
	8 UWWTP, AT (LoQ 0.05 µg/l, LoD 0.025 µg/l, all values < LoQ)
	Clara et al. (2017)

	
	
	0.054
	
	
	
	Maus et al. (2016)

	
	0.024
	
	n.n. - 0.64
	
	94 UWWTP, 2001-2010, DE (Saxony)
	Engelmann et al. (2016)

	
	
	0.019±0.016
	
	
	1 UWWTP, 2009 - 2010, CH
	Margot et al. (2013)

	
	< LoQ
	0.00307
	0 – 0.07
	0.389
	32 UWWTP, 2015-2018, NL, LoQ 0.01 µg/l
	Data base NL

	
	
	0.39±0.53
	
	
	1 UWWTP, 2009, CH
	Morasch et al. (2010)

	
	
	0.028±0.004
0.0123±0.007
	
	
	2 UWWTP, 2009, DE (Koblenz)
	Wick et al. (2010)

	4-tert.-Octylphenol
(EQS: 0.1 µg/l)

	not found
	LoQ: 0.005 – 2 µg /l
	Data base NL

	
	not found
	LoQ 0.08 µg/l
	Clara et al. (2009)

	
	
	
	
	
	3 UWWTP, 2013, DE (Baden-Württemberg), found in only a few samples (4 out of 23); (LoQ: 0.025 µg/l)  
	Lambert et al. 2014

	
	< LoQ
	< LoQ
	< LoQ - 0.2 
	
	49 UWWTP, n=1000, 2017-2019, DE, found in 27% of 1,000 values > LoQ); (LoQ: 0.02 µg/l)
	Toshovski et al. (still unpublished)

	
	0.05
	0.042
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	Benzo[a]pyrene
(EQS: 0.0017 µg/l)

	not found
	LoQ: 0.00001 - 0.2 µg /l
	Data base NL

	
	not found
	LoQ: 0.05 µg/l
	Clara et al. (2009)

	
	
	0.00011 – 0.0005
	0 – 0.0029
	
	8 UWWTP, AT, found in only a few samples; (LoQ: 0.001 µg/l, LoD 0.0004 µg/l, all values < LoQ)
	Clara et al. (2017)

	
	
	
	
	
	3 UWWTP, 2013, DE (Baden-Württemberg), found in only a few samples (1 out of 17); (LoQ: 0.005 µg/l)
	Lambert et al. 2014

	
	< LoQ
	0.0007
	< LoQ - 0.057
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only 33% of 1,000 values > LoQ; (LoQ: 0.0005 µg/l)
	Toshovski et al. (still unpublished)

	
	0.0035
	0.0049
	
	
	600 UWWTP, 2015-2017, UK
	Gardner and Jones (2018)

	
	0.0011
	
	
	
	162 UWWTP, 2010-2013, UK
	Gardner et al. (2014)

	Benzo[b]fluoranthene
(PNECwasser: 0.017 µg/l)

	not found
	LoQ: 0.00002 - 0.1 µg /l
	Data base NL

	
	not found
	LoQ: 0.03 µg/l
	Clara et al. (2009)

	
	
	0.00013 – 0.00094
	0 – 0.0032
	
	8 UWWTP, AT, found in only a few samples; (LoQ: 0.001 µg/l, LoD: 0.00086, 1 value out of 31 > LoQ)
	Clara et al. (2017)

	
	
	
	
	
	3 UWWTP, 2013, DE (Baden-Württemberg), found in only a few samples (4 out of 17); (LoQ: 0.005 µg/l)
	Lambert et al. 2014

	
	< LoQ
	0.001
	< LoQ – 0.083
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only 15% of values > LoQ; (LoQ: 0.001 µg/l)
	Toshovski et al. (still unpublished)

	Benzo[g,h,i]perylene
(PNECwasser: 0.0082 µg/l)

	not found
	LoQ: 0.00002 - 0.2 µg /l
	Data base NL

	
	
	
	
	
	found only in 1 sample out of 15; (LoQ: 0.002 µg/l)  
	Clara et al. (2009)

	
	
	0.00049 – 0.001
	0 – 0.013
	
	8 UWWTP, AT, (LoQ: 0.001 µg/l, LoD 0.00059 µg/l, found in 30 out of 31 samples > LoQ)
	Clara et al. (2017)

	
	
	
	
	
	3 UWWTP, 2013, DE (Baden-Württemberg), found in only a few samples; (5 out of 17); (LoQ: 0.0005 µg/l)  
	Lambert et al. 2014

	
	< LoQ
	0.0006
	< LoQ – 0.05
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only 27% of 1,000 values > LoQ; (LoQ: 0.0005 µg/l)
	Toshovski et al. (still unpublished)

	
	
	0.001
	
	
	
	Gardner et al. (2014)

	Indeno[1,2,3-cd]-pyrene
(PNECwasser: 0.0027 µg/l)

	not found
	LoQ: 0.00002 - 0.2 µg /l
	Data base NL

	
	not found
	LoQ: 0.002 µg/l
	Clara et al. (2009)

	
	
	0.00017 – 0.00069
	0 – 0.0022
	
	8 UWWTP, AT, (LoQ: 0.001 µg/l, LoD 0.00057, found in only a few samples (2 out of 31) > LoQ)
	Clara et al. (2017)

	
	
	
	
	
	3 UWWTP, 2013, DE (Baden-Württemberg), found in only a few samples (8 out of 17); (LoD: 0.0005 µg/l)  
	Lambert et al. 2014

	
	< LoQ
	0.0006
	< LoQ – 0.053
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only 23% of 1,000 values > LoQ (LoQ: 0.0005 µg/l)
	Toshovski et al. (still unpublished)

	
	
	0.0014
	
	
	
	Gardner et al. (2014)

	Naphthalene 
(EQS: 2 µg/l)

	
	
	
	
	found in only a few samples (2 out of 85); (LoQ: 0.001 - 10 µg /l)
	Data base NL

	
	not found
	LoQ: 0.05 µg/l
	Clara et al. (2009)

	
	
	0.01 – 0.012
	0 – 0.054
	
	8 UWWTP, AT, (LoQ: 0.0074 µg/l, LoD 0.002, found in 17 out of 31 samples > LoQ)
	Clara et al. (2017)

	
	
	
	
	
	3 UWWTP, 2013, DE (Baden-Württemberg), found in 11 of 17 samples (LoQ: 0.01 µg/l)  
	Lambert et al. 2014

	
	< LoQ
	0.01
	< LoQ - 0.065)
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only 43% of 1,000 values > LoQ (LoQ: 0,001 µg/l)
	Toshovski et al. (still unpublished)

	Category B substances (see chapter 3), page 6 in this document)

	Benzo[k]fluoranthene
(PNECwasser: 0.017 µg/l)

	not found
	LoQ: 0.00001 - 0.2 µg /l
	Data base NL

	
	not found
	LoQ: 0.03 µg/l
	Clara et al. (2009)

	
	
	0.00014 – 0.00055
	0 – 0.003
	
	8 UWWTP, AT, (LoQ: 0.001 µg/l, LoD 0.00044 µg/l, found in only a few samples (2 out of 31) > LoQ)
	Clara et al. (2017)

	
	not found
	3 UWWTP, 2013, DE (Baden-Württemberg), LoQ: 0.005 µg/l
	Lambert et al. 2014

	
	
	
	
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only a few samples (46 out of 1,000); (LoQ: 0.001 µg/l)
	Toshovski et al. (still unpublished)

	Anthracene
(EQS: 0.1 µg/l)

	not found
	LoQ: 0.00001 - 0.1 µg /l
	Data base NL

	
	not found
	LoQ: 0.05 µg/l
	Clara et al. (2009)

	
	
	0.000032 – 0.0016
	0 – 0.018
	
	8 UWWTP, AT, (LoQ: 0.018 µg/l, LoD 0.00049, found in 13 out of 31 samples > LoQ) 
	Clara et al. (2017)

	
	
	
	
	
	3 UWWTP, 2013, DE (Baden-Württemberg), found in only a few samples (1 out of 17); (LoQ: 0.005 µg/l)  
	Lambert et al. 2014

	
	
	
	
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only a few samples (38 out of 999); (LoQ: 0.001 µg/l)
	Toshovski et al. (still unpublished)

	Atrazine 
(EQS: 0.6 µg/l)


	
	
	
	
	found in only a few samples (9 out of 158); (LoQ: 0.001 – 2 µg /l)
	Data base NL

	
	
	
	
	
	found in only a few samples (4 out of 33 samples > LoQ); (LoQ: 0.0084 – 0.24 µg/l)
	Clara et al. (2009)

	
	
	
	
	
	3 UWWTP, 2013, DE (Baden-Württemberg), found in only a few samples (3 out of 23); (LoQ: 0.01 µg/l)  
	Lambert et al. 2014

	
	
	
	
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only a few samples (41 out of 1,000); (LoQ: 0.01 µg/l)
	Toshovski et al. (still unpublished)

	
	0.0022
	0.0042
	
	
	Summary of analytical results for chemicals in EU UWWTP effluents; varying LoQs
	Loos et al. 2013

	
	
	
	
	
	12 UWWTPs, found in 11 UWWTPs (LoQ: 0.0084-0.24 µg/l)
	Danube Countries; unpublished study

	Hexabromocyclododecanes (HBCDD)
(EQS: 0.0016 µg/l)

	not found
	
	Data base NL

	
	not found
	8 UWWTP, AT, (LoQ: 0.05 µg/l, LoD 0.025 µg/l)
	Clara et al. (2017)

	
	
	
	
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only a few samples (8 out of 1,000); (LoQ: 0.005 µg/l)
	Toshovski et al. (still unpublished)

	
	0.0074
	0.011
	
	
	600 UWWTP, 2015-2017, UK, LoQ: 0.0016 µg/l
	Gardner and Jones (2018)

	Cybutryne
(EQS: 0.0025 µg/l)

	not found
	
	Data base NL

	
	not found
	8 UWWTP, AT, (LoQ: 0.05 µg/l, LoD 0.025 µg/l)
	Clara et al. (2017)

	
	
	
	
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only a few samples (35 out of 1,000); (LoQ: 0.005 µg/l)
	Toshovski et al. (still unpublished)

	Heptachlor
(EQS: 0.0000002 µg/l)
	not found
	LoD: 0.0001 – 0.05 µg /l
	Data base NL

	
	not found
	AT, LoD: 0.004 µg/l
	Clara et al. (2009)

	
	not found
	49 UWWTP, n=1,000, 2017-2019, DE, LoQ: 0.004 µg/l)
	Toshovski et al. (still unpublished)

	Dichlorvos
(EQS: 0.0006 µg/l)
	not found
	LoQ: 0.0001 – 0.05 µg /l
	Data base NL

	
	not found
	8 UWWTP, AT, (LoQ: 0.05 µg/l, 0.025 µg/l)
	Clara et al. (2017)

	
	
	
	
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only a few samples (4 out of 1,000); (LoQ: 0.01 µg/l)
	Toshovski et al. (still unpublished)

	
	not found
	12 UWWTPs, (LoQ: 0.02 µg/l)
	Danube Countries; unpublished study

	Dicofol
(EQS: 0.0013 µg/l)
	not found
	LoQ: 0.001 – 0.1 µg /l
	Data base NL

	
	
	0.000097 – 0.00058
	0 – 0.0031
	
	8 UWWTP, AT, (LoQ: 0.001 µg/l, LoD 0.0005 µg/l, found in only 1 sample (1 out of 32) > LoQ)
	Clara et al. (2017)

	
	not found
	49 UWWTP, n=1,000, 2017-2019, DE, (LoQ: 0.02 µg/l)
	Toshovski et al. (still unpublished)

	Cypermethrin
(EQS: 0.00008 µg/l)
	not found
	LoQ: 0.003 – 0.06 µg /l
	Data base NL

	
	not found
	8 UWWTP, AT, (LoQ: 0.001 µg/l, LoD 0.0005 µg/l)
	Clara et al. (2017)

	
	not found
	49 UWWTP, n=1,000, 2017-2019, DE, (LoQ: 0.005 µg/l)
	Toshovski et al. (still unpublished)

	
	0.00014
	0.00034
	
	
	600 UWWTP, 2015-2017, UK, LoQ: 0.00008 µg/l
	Gardner and Jones (2018)

	cis-Heptachlorepoxide and trans-Heptachlorepoxide2
(EQS: 0.0000002 µg/l)
	not found
	LoQ:0.0001 – 0.05 µg /l
	Data base NL

	
	not found
	49 UWWTP, n=1,000, 2017-2019, DE, (LoQ: 0.004 µg/l)
	Toshovski et al. (still unpublished)

	Aclonifen
(EQS: 0.12 µg/l)
	
	
	
	
	found in only 1 sample (1 out of 123); (LoQ: 0.002 – 1 µg /l)
	Data base NL

	
	not found
	8 UWWTP, AT, (LoQ: 0.05 µg/l, LoD 0.025)
	Clara et al. (2017)

	
	
	
	
	
	49 UWWTP, n=1,000, 2017-2019, DE, found in only 1 sample (1 out of 1,000); (LoQ: 0.01 µg/l)
	Toshovski et al. (still unpublished)

	Bifenox
(EQS: 0.012 µg/l)
	
	
	
	
	found in only a few samples (2 out of 110); (LoQ: 0.002 – 0.2 µg /l)
	Data base NL

	
	not found
	8 UWWTP, AT, (LoQ: 0.001 µg/l, LoD 0.0005)
	Clara et al. (2017)

	
	not found
	49 UWWTP, n=1,000, 2017-2019, DE, (LoQ: 0.004 µg/l)
	Toshovski et al. (still unpublished)

	
	not found
	12 UWWTPs, (LoQ: 0.001 µg/l)
	Danube Countries; unpublished study

	Quinoxyfen
(EQS: 0.15 µg/l)
	not found
	LoQ: 0.01 – 0.05 µg /l
	Data base NL

	
	not found
	8 UWWTP, AT, (LoQ: 0.05 µg/l, LoD 0.025)
	Clara et al. (2017)

	
	not found
	49 UWWTP, n=1,000, 2017-2019, DE, (LoQ: 0.01 µg/l)
	Toshovski et al. (still unpublished)

	
	not found
	12 UWWTPs, (LoQ: 0.001 µg/l)
	Danube Countries; unpublished study

	Category C substances (see chapter 3), page 6 in this document)

	Alachlor
(EQS: 0.3 µg/l)
	not found
	LoQ: 0.05 µg/l
	Clara et al. (2009)

	Benzens
(EQS: 10 µg/l)
	not found
	LoQ: 0.879 µg/l
	Clara et al. (2009)

	BDE
	
	
	
	
	LoQ: 0.24 – 1.4 µg/l, found in only a few samples
	Clara et al. (2009)

	
	
	
	
	
	LoQ: 0.0001 µg/l, found in only a few samples
	Lambert et al. (2014)

	C10-C13 Chloralcanes
(EQS: 0.4 µg/l)
	not found
	LoQ: 0.1 µg/l
	Clara et al. (2009)

	Chlorfenvinphos
(EQS: 0.1 µg/l)
	not found
	LoQ: 0.011 – 0.022 µg/l
	Clara et al. (2009)

	Chlorpyrifos
(EQS: 0.03 µg/l)
	
	
	
	
	LoQ: 0.005 µg/l, found in only a few samples (2 out of 15 and 9 out of 18))
	Clara et al. (2009)

	Cyclodiene pesticides
(EQS: Sum 0.01 µg/l)
	not found
	LoQ: 0.005 – 0.01 µg/l
	Clara et al. (2009)

	DDT total
(EQS: 0.025 µg/l)
	not found
	LoQ: 0.015 µg/l
	Clara et al. (2009)

	para-para-DDT
(EQS: 0.01 µg/l)
	not found
	LoQ: 0.005 µg/l
	Clara et al. (2009)

	1,2-Dichloroethane
(EQS: 10 µg/l)
	not found
	LoQ: 1.252 µg/l
	Clara et al. (2009)

	Dichloromethane
(EQS: 20 µg/l)
	
	
	
	
	LoQ: 1.328 µg/l, found in only a few samples (2 out of 15)
	Clara et al. (2009)

	Endosulfan
(EQS: 0.005 µg/l)
	not found
	LoQ: 0.01 µg/l
	Clara et al. (2009)

	
	not found
	LoQ: 0.001 µg/l
	Lambert et al. (2014)

	Hexachlorobenzene
	not found
	LoQ: 0.005 µg/l
	Clara et al. (2009)

	
	not found
	LoQ: 0.002 µg/l
	Lambert et al. (2014)

	Hexachlorobutadiene
	not found
	LoQ: 0.005 µg/l
	Clara et al. (2009)

	
	not found
	LoQ: 0.005 µg/l
	Lambert et al. (2014)

	Hexachlorocyclohexane
(EQS: 0.02 µg/l)
	not found
	LoQ: 0.02 µg/l
	Clara et al. (2009)

	
	0.004
	0.0043
	0.0023 -0.01
	
	LoQ: 0.005/0.002 µg/l; only found ƴ-Hexachlorocyclohexane in all samples (3 UWWTD, 17 samples)
	Lambert et al. (2014)

	Pentachlorobenzene
(EQS: 0.007 µg/l)
	not found
	LoQ: 0.01 µg/l
	Clara et al. (2009)

	Pentachlorophenol
(EQS: 0.4 µg/l)
	not found
	LoQ: 0.66 – 1.4 µg/l
	Clara et al. (2009)

	
	not found
	LoQ: 0.1 µg/l
	Lambert et al. (2014)

	Simazine
(EQS: 1 µg/l)
	
	
	0 – 0.22
	
	LoQ: 0.041 – 0.18 µg/l, found in only 1 sample (out of 15 and out of 18)
	Clara et al. (2009)

	Tetrachloroethylene
(EQS: 10 µg/l)
	not found
	LoQ: 0.01 µg/l
	Clara et al. (2009)

	Trichloroethylene
(EQS: 10 µg/l)
	not found
	LoQ: 1.463 µg/l
	Clara et al. (2009)

	Tributyltin compounds
(EQS: 0.0002 µg/l)
	
	0.0018 and 0.00022
	0.0052 and 0.002
	
	LoQ: 0.0002 µg/l, found 6 out of 15 samples > LoQ and 15 out of 45 samples > LoQ
	Clara et al. (2009)

	
	< LoQ
	0.00004
	< LoQ – 0.00014
	
	LoQ: 0.00005 µg/l, found in only 4 sample (out of 19)
	Lambert et al. (2014)

	Trichlorobenzenes
(EQS: 0.4 µg/l)
	not found
	LoQ: 1.622 µg/l
	Clara et al. (2009)

	Trichloromethane
(EQS: 2.5 µg/l)
	
	
	
	
	LoQ: 1.483 µg/l, found in only 1 sample (out of 15)
	Clara et al. (2009)

	
	not found
	LoQ: 0.1 µg/l
	Lambert et al. (2014)

	Trifluraline
(EQS: 0.03 µg/l)
	not found
	LoQ: 0.005 µg/l
	Clara et al. (2009)



