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 Ethinylestradiol
1 Chemical identity

	Common name
	Ethinylestradiol (EE2)

	Chemical name (IUPAC)
	(8R,9S,13S,14S,17R)-17-ethynyl-13-methyl-7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthrene-3,17-diol

	Synonym(s)
	17-ethinyloestradiol

17 -ethinylestradiol,

17 -ethynyloestradiol,
17 -ethynylestradiol, EE2

	Chemical class (when available/relevant)
	Estrogen/Synthetic steroid

	CAS number
	57-63-6

	EU number
	200-342-2

	Molecular formula 
	C19H24O2

	Molecular structure
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	Molecular weight (g.mol-1)
	296.41


2 Existing evaluations and Regulatory information

	Annex III EQS Dir. (2008/105/EC)
	Not included

	Existing Substances Reg. (793/93/EC)
	Not applicable

	Pesticides(91/414/EEC)
	Not included in Annex I

	Biocides (98/8/EC)
	Not included in Annex I

	PBT substances
	No

	Substances of Very High Concern (1907/2006/EC)
	No

	POPs (Stockholm convention)
	No

	Other relevant chemical regulation (veterinary products, medicament, ...)
	Directive 2004/27/EC (European Directive for approval of medicinal products)

	Endocrine disrupter
	Yes
The endocrine disrupting properties of 17α-ethinylestradiol are the key mechanism of action of the substance.


3 Proposed Quality Standards (QS)

3.1 Environmental Quality Standard (EQS)

QS for -- is the “critical QS” for derivation of an Environmental Quality Standard

	
	Value
	Comments

	Proposed AA-EQS for [matrix] [unit]

Corresponding AA-EQS in [water] [µg.L-1]
	0.000035ug/l (0.035ng/l) (freshwater)
0.0000035ug/l (0.0035ng/l)

(saltwater)
	Critical QS is AA-QSwater,eco. 
See section 7.3

	Proposed MAC-EQS for [freshwater] [µg.L-1]

Proposed MAC-EQS for [marine waters] [µg.L-1]
	Not derived
	See section 7.2


3.2 Specific Quality Standard (QS)

	Protection objective

	Unit
	Value
	Comments

	Pelagic community (freshwater)
	[µg.l-1]
	0.035ng/l
	Derived using the SSD approach (See Section 7.3)

	Pelagic community (marine waters)
	[µg.l-1]
	0.0035ng/l
	

	Benthic community (freshwater)
	[µg.kg-1 dw]
	0.022ug/kg (dw)
0.0084ug/kg (ww)
	Derived using the EqP approach (See Section 7.4)

	Benthic community (marine)
	[µg.kg-1 dw]
	
	

	Predators (secondary poisoning)
	[µg.kg-1biota ww]
	0.067
	See section 7.5

	
	[µg.l-1]
	  0.0001ug/l (freshwater and marine waters)
	

	Human health via consumption of fishery products
	[µg.kg-1biota ww]
	0.0609ug/kg
	See section 7.6

	
	[µg.l-1]
	  0.0009 (freshwaters and marine waters)
	

	Human health via consumption of water
	[µg.l-1]
	Not derived
	


4 Major uses and Environmental Emissions

4.1 Uses and Quantities

Ethinylestradiol (EE2) is a synthetic steroid. The most frequent use is as the estrogen component of combined oral contraceptives with concentrations in the contraceptive pill varying from 20 to 50 mg. It is also used for the treatment of menopausal and post menopausal symptoms (especially the vasomotor effects), in the treatment of female hypogonadism, as a palliative treatment in malignant neoplasm of breast and prostate, in the treatment of some women with acne and in Turner`s syndrome (HSDB, 2010).
Worldwide, 61% of all women of reproductive age (aged 15–49 years) who are married or in a consensual union use contraception. In 2000, approximately 100 million women worldwide were current users of combined hormonal contraceptives (Blackburn et al., 2000 and United Nations, 2004 in IARC, 2007).
The total use of EE2 in Europe was 262 kg in 2009 (Source: IMS MIDAS, Database: ESTRO, Q4/2009) A Stakeholder associated to the dossier stated that “there was relatively little change over the last 3 years, which [they] evaluated, therefore, this figure can be assumed as representative for the use in Europe”.
A recent study (Hannah et al., 2009) gives a total sales estimate (kg/y) for 6 EU MS (BE, FR, DE, IT, NL and UK) and USA for a period from 2006-2007. Data are reported hereunder in the following table:
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In Austria about 4.3 kg 17α-EE2 are used per year (ARCEM, 2003 in Ivashechkin, 2006).
4.2 Estimated Environmental Emissions

In the Netherlands, an estimated number of 1.4 million women use contraceptive pills on the basis of which a daily emission of 50g has been calculated (Health Council of the Netherlands, 1999 in Vethaak et al., 2002 in van Vlaardingen et al., 2007).
For Germany the German advisory Council on Environment (SRU, 2007) reported the use of 50 kg per day and a the percentage of dose that is excreted unaltered as 85% which comes up to 42.5 kg per year. Another source of information states that “overall 27.3 ( 4.8% of the dose is excreted in urine, i.e.7.1 µg.d-1. Of this amount 63% is present as the glucuronide conjugate, giving an excretion value of 4.5 µg.d-1 for EE2 in urine (17%). For feces, 30% of the EE2 dose is excreted of which 77% is in the form of the parent molecule giving 6 µg.d-1. The total EE2 excreted by those ingesting EE2 is therefore estimated to be 10.5 µg.d-1. Since 8.5% of the population are ingesting EE2 (17% of women), the average excretion per head of population is considered as 0.89 µg.d-1” (Johnson and Williams, 2004).
Fate of EE2 in Sewage Treatment Plants (STPs) (Hannah et al., 2009)

In terms of the fate of EE2 in Sewage Treatment Plants (STPs) a study by Hannah et al (2009) reported that the average removal efficiency of EE2 in primary STPs was estimated to be 10% using EpiSuite 3.02 (Syracuse Research Corporation). The removal efficiency in secondary STPs (e.g., activated sludge and trickling filters) was estimated to be 82%, an average of measured values

5 Environmental Behaviour

5.1 Environmental distribution
	
	
	Master reference

	Water solubility (mg.l-1)
	11.3 at 27°C
	Yalkowsky and Dannenfelser, 1992
In HSDB, 2010

	
	4.7 at 20°C

19 at 20°C

	Norpoth et al., 1973
Schweinfurth et al., 1996 

in Young et al., 2004

	Volatilisation
	According to vapour pressure and Henry constant values, the substance is not likely to volatilise from water phase.

	Vapour pressure (Pa)
	1.5 10-7 at 25°C (calculated)
	US-EPA, 2008

	
	6 x 10-9 Pa at 25°C (GLP study)
	Schering AG, 1993a

	Henry's Law constant (Pa.m3.mol-1)
	8.04 10-7 (calculated)
	US-EPA, 2008

	Adsorption 
	The range 192 – 275 423 is used for derivation of quality standards.

	Organic carbon – water partition coefficient (KOC)
	Log KOC = 2.92 – 4.68

KOC = 192 – 2 955
	van Vlaardingen et al., 2007
Williams et al., 2001 

	
	log KOC = 3.21 – 5.44

KOC = 1 622 – 275 423
	Yu et al., 2004

	
	KOC =  4590 (GLP study)
	Schering AG, 1993a

	Sediment – water partition coefficient(Ksusp-water)
	25 – 34 429
	Calculated from KOC

	Bioaccumulation
	The BCF value 610 for fish is used for derivation of quality standards.

	Octanol-water partition coefficient (Log Kow)
	3.67
	Hansch et al., 1995

	
	4.2, 25°C, pH 7 (GLP study)
	Schering AG, 1993a

	BCF (measured)
	123
600 – 610 (Pimephales promelas)
	US-EPA, 2008
Länge et al., 2001


5.2 Abiotic and Biotic degradations
	
	
	Master reference

	Hydrolysis
	DT50= 17 days

Half life surface water = 17 – 46 d
	van Vlaardingen et al., 2007
Young et al., 2004

	
	DT50 > 365d at 25°C (buffered distilled water) (GLP study)
	Schering AG, 1999

	Photolysis
	DT50= 10 days (12 hours sunlight a day)
	van Vlaardingen et al., 2007
Williams et al., 2001

	
	Light adsorption maximum <290 nm, no adsorption at ≥300 nm
	Schering AG, 1999

	Biodegradation
	Low biodegradability

DT50 (activated sludge) = 1.3 – 12h (aerobic)
DT50 (activated sludge) = 1.0 – 8.3 d (anaerobic)

DT50 (River Thames) = 17d
	SRU, 2007
van Vlaardingen et al., 2007
Williams et al., 2001

	
	DT50 (freshwater)> 150 d (TGD default, based on lack of degradation in a ready biodegradability test) (GLP study)
	Schering AG, 1999


6 Aquatic environmental concentrations

An evaluation of measured and predicted concentrations of 17a-ethinylestradiol in surface waters of the United States and Europe was conducted in a recent study (Hannah et al., 2009) to develop expected long-term exposure concentrations for this compound. “Measured environmental concentrations (MECs) in surface waters were identified from the literature. Predicted environmental concentrations (PECs) were generated for European and U.S. watersheds using the GREAT-ER and PhATETM models, respectively. The majority of MECs are nondetect and generally consistent with model PECs and conservative mass balance calculations. However, the highest MECs are not consistent with concentrations derived from conservative (worst-case) mass balance estimates or model PECs. A review of analytical methods suggests that tandem or high-resolution mass spectrometry methods with extract cleanup result in lower detection limits and lower reported concentrations consistent with model predictions and bounding estimates. Based on model results using PhATE and GREAT-ER, the 90th-percentile low-flow PECs in surface water are approximately 0.2 and 0.3 ng/L for the United States and Europe, respectively. These levels represent conservative estimates of long-term exposure that can be used for risk assessment purposes. Our analysis also indicates that average concentrations are one to two orders of magnitude lower than these 90th-percentile estimates. Higher reported concentrations (e.g., greater than the 99th-percentile PEC of 1 ng/L) could result from methodological problems or unusual environmental circumstances; however, such concentrations are not representative of levels generally found in the environment, warrant special scrutiny, and are not appropriate for use in risk assessments of long-term exposures.”
6.1 Estimated concentrations

	Compartment
	Predicted environmental concentration (PEC)
	Master reference

	Freshwater (µg.l-1)
	0.001
	SRU, 2007

	
	No data available
	Daginnus et al., 2009(1)

	
	75 – 110 10-6 (2)
	Bayer Schering Pharma AG, 2008

	Marine waters (coastal and/or transitional)
	No data available
	Daginnus et al., 2009(1)

	Sediment
	No data available
	Daginnus et al., 2009(1)

	Biota (freshwater)
	No data available
	Daginnus et al., 2009(1)

	Biota (marine)
	No data available
	Daginnus et al., 2009(1)

	Biota (marine predators)
	No data available
	Daginnus et al., 2009(1)


(1) data originated from EU modelling-based prioritisation results
(2) based on daily dose of 20-30 µg, calculation according to EMEA CHMP/SWP/4447/00, London, 2006
6.2 Measured concentrations
The literature search undertaken by Hannah et al. (2009) uncovered 52 papers that report EE2 concentrations in surface water in 16 countries. “These papers span a range of analytical detection methods from immunoassay to MS to tandem MS methods. Individual MECs from these papers were compiled into a database along with details regarding sample location and analytical methods.

A cumulative probability distribution of all MECs (n = 1,652) is presented in the figure below.”
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“Concentrations range from nondetect to 273 ng/L. The 90th-percentile concentration is 1.7 ng/L. Approximately 70% of the measurements are nondetect with limits of detection ranging from 0.01 to 30 ng/L. Note that 24 of 1,652 reported MECs (1.5%) in surface water are greater than the maximum expected STP effluent concentration of 13 ng/L (Figure 1 above).”
For the highest MECs reported in surface water (i.e., 73 and 273 ng/L) the authors Anderson et al. (2004) concluded that they are unlikely to result from human use.

“For samples analyzed by GC-MS/MS or LC-MS/MS with an additional cleanup step following the extraction (n = 360), 87% of measurements are nondetect, with limits of detection ranging from 0.1 to 1 ng/L; concentrations range from nondetect to 4.6 ng/L; and the 90th-percentile concentration is 0.43 ng/L (Figure 2 below). A similar range of concentrations (nondetect to 5.1 ng/L; n 535) was also found without the additional cleanup step when high-resolution MS methods were employed. None of the MECs analyzed using tandem MS methods (either with or without extract cleanup) or high resolution MS methods exceed the maximum STP effluent concentration of 13 ng/L derived from mass balance estimates.”
[image: image5.emf]
	Compartment
	Measured environmental concentration (MEC)
	Master reference

	Freshwater (µg.l-1)
	2.5 10-3 – 3 10-3
(median 1 10-4)
	SRU, 2007

	
	PEC1: 1 10-3
PEC2: 5 10-2
	James et al., 2009(1)

	
	 USA
	0.073 (LOD 0.005)
	Santos et al., 2010

	
	DE
	ND (15 rivers)  LOD = 5 10-4
	Ternes et al (1999)

	
	
	Median 4 10-4
	Kuch 2001

	
	LU
	ND

(LOD 0.002)
	Pailler et al (2009)

	Marine waters (coastal and/or transitional)
	PEC1: 1 10-3
PEC2: 5 10-2
	James et al., 2009(1)

	WWTP effluent (µg.l-1)
	4 10-3 – 22 10-3

	SRU, 2007


	
	<1 10-3 – 5.2 10-3
	Andersen et al (2004) as cited in van Vlaardingen et al., 2007

	
	DE 
	16 STP
	0.001 (median)

0.015 (max)
LOD = 0.001
	Ternes et al., 1999

	
	
	20 STP
	0.017 (median)

0.062 (Max)
	Stumpff et al (1996) as cited in Johnson and Harvey (2002)

	
	
	13 STP
	ND
	Wegner et al (1999) as cited in Johnson and Harvey (2002)

	
	
	1 STP
	ND – 0.003

LOD = 2 10-4
	Hansen (1998)

	
	
	3 STP
	0.0007 (median)

0.0089 (max)
LD = 0.1
	Kuch , 2001

	
	IT
	6 STP
	0.0045 (median)

0.0017 (max)
LOD = 3 10-4
	Baronti et al., 2000

	
	
	5 STP
	nd (median)

0.0022 (max)
	Johnson et al., 2000

	
	NL
	5 STP
	nd (median)

0.0075 (max)
	Belfroid et al., 1999

	
	SP
	4 STP
	nd
	Solé et al., 2000

	
	SE
	1 STP
	0.0045
	Larsson et al., 1999

	
	UK
	7 STP
	nd (median)

0.007 (max)
	Desbrow et al., 1998

	
	
	
	0.0017 – 0.0034

LOD = <0.0005
	Rodgers –Gray (2000)

	
	
	3 STP
	nd (median)

0.00185 (max)
	Niven et al., 2001 as cited in Johnson and Harvey 2002

	
	
	2 STP
	Nd
	Kanda et al., 2001 as cited in Johnson and Harvey 2002

	
	Canada
	10 STP
	0.009 (median)

0.042 (max)

LOD = 0.001
	Ternes et al (1999)

	
	Hospital effluent (Taiwan):

0.032 (LOD= 0.025)
	Santos et al., 2010

	
	LU
	ND

LOD = 0.002
	Pailler et al (2009)

	
	South Korea
	0.0013

LOD 0.001
	Kim et al (2007)

	Sediment (µg.kg-1dw)
	Sed 2 mm
	No data (0)
	James et al., 2009(1)

	
	Sed 20 µm
	No data (0)
	

	
	Sed 63µm
	No data (0)
	

	Biota
	Invertebrates (µg.kg-1ww)
	No data (0)
	James et al., 2009(1)

	
	Fish (µg.kg-1ww)
	No data (0)
	

	
	Marine predators
	No data available


(1) data originated from EU monitoring data collection.
Hannah et al. (2009) reviewed the available literature on analytical measurements of ethinylestradiol in waters. In this review, measured concentrations including non-detects were plotted and compared to model calculations using GREAT-ER for European surface water compartments. 90th-percentile PEC at low flow was calculated with 0.3 ng.l-1, at mean flow rates it was 0.15 ng.l-1. This compared to estimated concentrations of ≤0.5 ng.l-1 (90% of MECs).
The authors concluded that EE2 concentration in surface waters is unlikely to exceed 1 ng.l-1. Higher concentrations could result from methodological problems or unusual environmental circumstances. (see footnote page 2).
EFPIA note that data on the concentrations of 17a-ethinylestradiol in European surface waters indicates that although levels in the region of 1 ng.l-1 are reported, most values (90% of those published) are below the limit of detection which is typically between 0.1 and 0.3 ng.l-1 (WRC 2002)

In German effluents maximum EE2 levels of 0.022 µg.l-1 were measured. EE2 has been detected in one study, in the outfalls of several sewage treatment plants but not in surface waters, probably because the determination limit of 1 ng.l-1 was very high compared to the anticipated substance concentration (BLAC, 2003). By contrast, in another study (Adler et al., 2001), the median concentration of unconjugated EE2 and total EE2 in raw sewage were 7 and 9.5 ng.l-1 respectively while in treated effluents, the concentration of EE2 was much lower than in the raw sewage, i.e. 0.3 ng.l-1, conjugates still contributed significantly (60 %) to the EE2 concentrations (median: 0.5 ng.l-1). In surface waters, the median concentrations of the unconjugated analytes were generally below the limit of quantification (0.05 ng.l-1).
A recent review “Ecotoxicological aspects related to the presence of pharmaceuticals in the aquatic environment” reports concentrations up to 73 ng.l-1 (Santos et al., 2010).
6.2.1 Measured Environmental Concentrations (2006-2015)

Monitoring data for the period 2006-2015 have been combined from 5 datasets (SoE, MSDAT, EMPODAT, IPCHEM, JDS3) from rivers, lakes and artificial water bodies. Data were available only from 3 countries (for whole water), and for one country in the dissolved fraction. The tables below show that the number of samples is very low: 173 for whole water and 7 for the dissolved phase; only 4 measurements were above the LOQ. 
The data were analysed considering two scenarios:

Scenario 1: only quantified data > LOD/Q were included;

Scenario 2: all data were included and non-quantified samples (< LOD/Q) were set as equal to half of the measurement limits.

	Fresh water – whole:
	
	

	Parameter
	Scenario 1
	Scenario 2

	# Countries
	1
	3

	# Stations
	3
	41

	# Samples
	4
	173

	# Samples <LOQ
	-
	169

	% Samples <LOQ
	-
	97.7

	Max (μg/L)
	0.0009
	0.00125

	99%ile (μg/L)
	0.00089
	0.00125

	95%ile (μg/L)
	0.00084
	0.0005

	Median (μg/L)
	0.00036
	0.000005

	LOQ range (μg/L)
	
	0.00001 – 0.0025

	Fresh water – dissolved:
	
	

	Parameter
	Scenario 1
	Scenario 2

	# Countries
	-
	1

	# Stations
	-
	7

	# Samples
	-
	7

	# Samples <LOQ
	-
	7

	% Samples <LOQ
	-
	100


Saltwater - whole water:
Data from costal zones (period 2006-2015) were available from 2 countries only. The two quantified concentrations (Scenario 1) were 0.0012 and 0.00012 µg/L, respectively. 
	Parameter
	Scenario 1
	Scenario 2

	# Countries
	1
	2

	# Stations
	2
	5

	# Samples
	2
	14

	# Samples <LOQ
	-
	12

	% Samples <LOQ
	-
	85.7


Biota

No data from biota (period 2006-2015) are available.

Literature data
The data collected from SoE, MSDAT, EMPODAT, IPCHEM, and JDS3 (in total 194 records in inland and coastal waters, but only 6 of them > LOQ) are not sufficient to perform a risk assessment for EE2. To get an overall scenario, available monitoring data were searched in the scientific literature. Usually these papers present summary statistics of measured concentrations or give maximum concentrations. In the majority of the studies, estrogen levels are very low or below the detection limits and E1 (estrone) is often the only or the most frequently detected estrogen in surface waters (see table below). 
Hannah et al. (2009) collected measured environmental concentrations (MECs) in surface waters from the literature. In total 1652 MECs were collected from 52 publications. Concentrations range from non-detect to 273 ng/L. The majority of these MECs are non-detects (70%). The 90th-percentile concentration is 1.7 ng/L. When considering only reliable measurements by GC-MS/MS or LC-MS/MS with additional clean-up step (n=360), 87% of measurements are non-detects, with a maximum concentration of 4.6 ng/L, and the 90th-percentile concentration is 0.43 ng/L. It should, however, be noted that “reported MECs do not represent random assessments of potential exposures of EE2 in surface waters. In general, sampling schemes were devised to target areas suspected of containing EE2, such as downstream of sewage treatment plants (STPs). Thus, MECs represent the distribution of concentrations in impacted areas rather than their overall distribution across entire watersheds.”
Hannah et al. (2009) performed also a modelling exercise to derive predicted environmental concentrations (PECs). Their 90th-percentile low-flow PEC estimate in European surface water is approximately 0.3 ng/L, which they consider as conservative estimate of long-term exposure that can be used for risk assessment purposes. Average concentrations are, however, one to two orders of magnitude lower than these 90th-percentile estimates (0.03-0.003 ng/L). 
Gardner et al. (2012) published the results of UK’s Chemicals Investigation Programme (CIP) in 162 medium sized waste water treatment plant (WWTP) effluents. Median UK WWTP effluent concentrations of E1, E2, and EE2 were 11.6 ng/L, 1.3 ng/L and 0.5 ng/L, respectively (95th-percentiles: 79 ng/L, 9.5 ng/L, and 1.4 ng/L). 
In the two small waste water impacted British rivers Erewash and Avon E1, E2, and EE2 median concentrations of 1.8, 0.19, and 0.15 ng/L were found, respectively (Williams et al., 2012).
In the Rhine River in Koblenz (DE) 0.29 ng/L E1 were detected; concentrations of E2 and EE2 were below 0.030 and 0.010 ng/L, respectively (Schlüsener et al., 2015). 
Monitoring data for estrone (E1), 17β-estradiol (E2), estriol (E3), and 17α-ethinylestradiol (EE2) in surface waters (collected from literature). f: frequency of detection; also some data before 2006 are included.
	Country / Region / River
	Median (ng/L)
	Maximum (ng/L)
	Reference

	Germany
15 rivers and streams
	
	E1: 1.6
E2: < 0.5

EE2: < 0.5
	Ternes et al., 1999

	Netherlands

Meuse and Rhine Rivers
	
	E1: 3.4
E2: 5.5
EE2: 4.3
	Belfroid et al., 1999

	S-Germany
Danube, Nau and Blau Rivers
	E1: 0.40
E2: 0.30
EE2: 0.40
	E1: 4.1
E2: 3.6
EE2: 5.1
	Kuch and Ballschmiter, 2001

	USA
Rivers
	E1: 27 (f: 7%) 

E2: 9 (f: 10%)

E3: 19 (f: 21%)

EE2: 73 (f: 16%)
	E1: 112
E2: 93
E3: 51
EE2: 831
	Kolpin et al., 2002

	Japan
Tamagawa River (Tokyo)
	
	E1: 3.4-6.6
E2: 0.6-1.0
	Isobe et al., 2003

	France
Seine River (Paris)
	E1: 1.8
E2: 2.1
E3: 2.1
EE2: 1.5
	E1: 2.7
E2: 3.2
E3: 2.5
EE2: 2.9
	Cargouet et al., 2004

	Italy
Tiber River (Rome)
	E1: 8
E2: 4
E3: 1
EE2: <0.4
	E1: 12
E2: 6
E3: 5
EE2: 1
	Lagana et al., 2004

	Germany
Coastal area of the Baltic Sea
	
	E1: 0.53
E2: < 0.3

EE2: 17

(“difficulties in quantification of EE2”)
	Beck et al., 2005

	France
Jalle d’Eysines River in Bordeaux
	E1: 5
E2: 1
	
	Labadie and Budzinski, 2005

	Denmark

Rivers/streams in urban areas, upstream

Streams/rivers, general

Lakes, general
	E2 equiv.: 0.1
E2 equiv.: 0.1
E2 equiv.: 0.4
	E2 equiv.: 1.5
E2 equiv.: 0.3
E2 equiv.: 1.7
	Danish Environment Agency, 2005

	Germany
Surface water in Ruhleben, Berlin
	E1: 0.16
E2: < 0.4

EE2: < 0.4
	
	Zuehlke et al., 2005

	South Korea
Han, Nakdong, Youngsan Rivers
	
	E1: 5.0

E2: < 1.0

EE2: < 1.0
	Kim et al., 2007

	Czech Republic
Svratka River
	
	E1: 0.4
E2: < 0.26

E3: < 0.95

EE2: < 0.22
	Matejıcek and Kuban, 2008

	France
Surface water (SW) and groundwater (GW) in the area of Rhône-Alpes
	
	E1: 0.3 (SW)

E2: < 0.01

EE2: < 0.20

E1: 3.5 (GW)

E2: 1.3 (GW)

EE2: 3.0 (GW)
	Vulliet et al., 2008

	UK
River Ray and Ock

(waste water impacted)
	
	E1: 6.5
E2: 2.5
EE2: 1.5
	Grover et al., 2009

	China
Shijing, Liuxi, Zhujiang Rivers
	
	E1: 75
E2: 7.5
	Zhao et al., 2009

	Luxembourg
Alzette and Mess Rivers
	
	E1: 27
E2: 35
EE2: < 6
	Pailler et al., 2009

	Spain
Llobregat River
	
	E1: 4.4
E2: < ca. 5

EE2: < ca. 5
	Brix et al., 2010

	Spain
Llobregat River
	
	E1: 5.8
E2: < 0.5

EE2: < 2.2
	López-Roldán et al., 2010

	USA
Mississippi River
	
	E1: 3.7
E2: 3.8
EE2: < 1.6
	Wang et al., 2012

	UK
Rivers Erewash and Avon
	E1: 1.8
E2: 0.19
EE2: 0.15
	E1: 4.1
E2: 0.57
EE2: 0.26
	Williams et al., 2012

	USA
Small streams related to livestock operations
	
	E1: 8.1
E2: < 0.8

EE2: < 0.8
	Alvarez et al., 2013

	China
Chaobai River, Beijing
	E1: 8.83
E2: 1.46
EE2: 0.52
	
	Li et al., 2013

	Spain
Jarama and Manzanares Rivers (Madrid)
	
	E1: 17
E2: < 0.037

E3: < 0.17

EE2: < 0.14
	Esteban et al., 2014

	France
Rivers Ardières, Bourbre, and Saône (Lyon)
	E1: 1.5
E2: < 0.5

E3: 26
EE2: < 1.2
	E1: 3.9
E2: < 0.5

E3: 26
EE2: < 1.2
	Gabet-Giraud et al., 2014

	China
Yangtze River estuary and East China Sea
	E1: 0.20


	E1: 1.4

EE2: 0.11
	Shi et al., 2014

	China
New Qinhuai, Yunliang, Jinchuan and Yangtze Rivers (urban rivers in Nanjing)
	EE2: 0.56

(f: 13%)
	EE2: 5.9
	Liu et al., 2015

	China
Yangtze River estuary and coastal area
	
	E1: 3.0
E2: 5.0

E3: 5.0

EE2: < 2.0
	Nie et al., 2015

	Germany

Rhine River (Koblenz)
	E1: 0.29
E2: < 0.030

EE2: < 0.010
	
	Schlüsener et al., 2015


Conclusions for the monitoring data from literature
The most recent reliable monitoring data from the literature presented in the table above shows that E1, E2, and EE2 can be detected in British WWTP effluents (Gardner et al., 2012), or small waste water impacted British rivers and that the EQS is exceeded in these rivers for EE2 for both the median and maximum concentrations, and for E2 only for the maximum concentration (Williams et al., 2012). In small French (Gabet-Giraud et al., 2014) and Spanish (Esteban et al., 2014) rivers, only E1 was detected. In the Rhine River in Germany at Koblenz concentrations are 0.29 ng/L for E1, below than 0.030 ng/L for E2, and below than 0.010 ng/L for EE2 (Schlüsener et al., 2015). Some recent  papers from China show the presence of E1 (Nie et al., 2015; Shi et al., 2014) and E2 (Nie et al., 2015) in the Yangtze River or its estuary, and EE2 in small waste water impacted rivers (Liu et al., 2015). In one case, EE2 was also found in the estuary (Shi et al., 2014). 

7 Effects and Quality Standards

The available data on the toxicity of EE2 to aquatic life has been collated and considered in a number of reviews, including RIVM (2007) and Caldwell et al (2008).  Some of the key acute and chronic studies for EE2 are outlined in the tables below.  In considering the toxicity data for EE2 both the reliability and the ecological relevance of the endpoints have had to be taken into account. Vitellogenin production endpoints for example have not been considered as key data for the derivation of a QS for EE2 as the ecological significance of these effects is uncertain.  The focus was on endpoints with the potential to effect population sustainability, eg reproductive output, hatching, fertilisation success.

7.1 Acute and chronic aquatic ecotoxicity
	ACUTE EFFECTS
	Master reference

	Algae & aquatic plants

(mg.l-1)
	Freshwater

Algae
	Desmodesmus subspicatus / 24 h

EC50 photosynthesis = 12.4
	Escher et al. (2005a,b)

	
	
	Scenedesmus subspicatus / 24 h

EbC50 = 0.84
	Kopf (1995)

	
	
	Desmodesmus subspicatus / 72h

ErC50 = 0.46
	Schering AG (2002)

	
	Marine

	Invertebrates

(mg.l-1)
	Freshwater
Cnidaria
	Hydra vulgaris / 96 h

LC50 = 3.8
	Pascoe et al. (2002)

	
	Crustacea
	Ceriodaphnia reticulata / 24h

EC50 swim inhibition = 1.814
	Jaser et al. (2003)

	
	
	Sida crystallina / 24h

EC50 swim inhibition > 4.1
	Jaser et al. (2003)

	
	
	Daphnia magna / 24h

EC50 immobilisation = 5.7
	Kopf (1995)

	
	
	Daphnia magna / 48h

EC50 6.4
	Schweinfurth et al. (1997) in SRU (2007)

	
	Marine

Crustacea
	Acartia tonsa / adult (10-12d) / 48h

LC50 = 1.1

	Andersen et al. (2001)

	
	Echinodermata
	Hemicentrotus puchelrrimus / egg-emb. / 48h

NOECdevelopment = 0.092
	Kiyomoto et al. (2006)

	
	
	Strongylocentrus nudus / egg-emb. / 48h

NOECdevelopment = 0.092, LC100 0.74mg/l
	Kiyomoto et al. (2006)

	
	Sediment

Insecta
	Chironomus riparius / 1st+2nd instar / 9d

LC50 > 0,1
	Meregalli and Ollevier, (2001)

	Fish

(mg.l-1)
	Freshwater
	Danio rerio / adult / 96h

LC50 ~ 1.7
	Schäfers et al.(2006)

	
	
	Pimephales promelas / 20d

LC50 eggs mortality > 1 10-5
	Van Aerle et al. (2002)

	
	
	Oncorhynchus mykiss / 96h

LC50 = 1.6 (GLP study)
	Schering AG (1993b)

	
	Marine

	Other taxonomic groups
	
	
	

	
	Amphibia
	Rana pipiens / stage 26 / 14d

LC50 = 0.82 – 0.89 (dose 20-25 mg)

Rana pipiens / stage 36 / 14d
LC50 = 1.24 (dose 1.0-1.2 mg)

Rana sylvatica / stage 26 / 14d

LC50 = 0.56 (dose 20-25 mg)
	Hogan et al. (2006)

	CHRONIC EFFECTS
NB.  Studies highlighted in red were used in the SSD to derive the HC5


	Master reference

	Algae & aquatic plants

(mg.l-1)
	Freshwater
	Scenedesmus subspicatus / 72h

EbC10 = 0.054
	Kopf (1995)

	
	Marine

	Invertebrates

(mg.l-1)
	Freshwater

Rotifera
	Brachionus calyciflorus / 20h old / 72h  
NOECincrease = 0.202 
	Radix et al. (2002)

	
	Mollusca
	Marisa comuarietis / adult / 6m

NOEC 5 10-5 (50ng/l)
	Schulte-Oehlman et al., (2004)

	
	
	Lymnaea stagnalis/

NOEC 5 10-5 (50ng/l)
	Segner et al (2003)

	
	
	Potamopyrgus antipodarum / adult / 9w

NOECegg production  5 10-6  (5ng/l)

	Jobling et al. (2004)

	
	Crustacea
	Ceriodaphnia reticulata / 3 generations
NOEC 0.2
	Jaser et al. (2003)

	
	
	Sida crystallina mortality/ 3 generations reproduction
NOEC 0.1
	Jaser et al. (2003)

	
	
	Daphnia magna / 21d

NOECreproduction = 0.1
	Kopf (1995)

	
	
	Daphnia magna 21d

NOEC reproduction 0.387
	Schweinfurth et al (1996)

	
	
	Daphnia magna 21d 

NOEC reproduciton  0.5
	Clubbs and Brooks (2007)

	
	
	Gammarus pulex/100d sex ratio

NOEC 0.0001mg/l
	Watts et al (2001)

	
	Ceolenterate
	Hyallela azteca/273d 

NOEC reproduction  0.0001mg/l
	Vandenbergh (2003)

	
	
	Hydra vulgaris/42d

NOEC reproduction 0.1
	Pascoe et al (2002)

	
	Marine

Crustacea
	Acartia tonsa / egg / 120h

EC10 development = 0.046
	Andersen et al. (2001)

	
	
	Tisbe battagliai / <24h / 21d

NOECreproduction ≥0.1
	Pounds et al. (2002)

	
	
	Nitocra spinipes (<24h old) / 18d

NOECaltered sex ratio, reduced fecundity ≥0.05
	Brietholz and Bengtsson (2001)

in Young et al.( 2004)

	
	Sediment

Insecta
	Chironomus riparius / eggs / 30day viability NOEC
NOECweight = 0.0001
	Watts et al. (2003)


	Fish (mg/l)
	
	Danio rerio / embryo / 3m

NOECreproduction = 1 10-6  (1ng/l)
	Van den Belt et al; (2003)

	
	
	Danio rerio / adult / 210d

NOECreproduction = 5 10-7  (0.5ng/l)
	Nash et al. (2004)

	
	
	Danio rerio / eggs (F1) / 42 – 281d

NOECgrowth, egg prod, no fertilised eggs, time to matur.= 3 10-7  (0.03ng/l)
	Wenzel et al. (2001)

	
	
	Danio rerio / 2d old / 60d

NOEChatching = 1 10-6  (1ng/l)
	Hill and Janz (2003)

	
	
	Danio rerio / 1d post hatch / 60d

NOECintersex = 1 10-5  (10ng/l)
	Örn et al. (2006)

	
	
	Danio rerio / 177d

NOECreproduction F0 = 3.1 10-7  (0.31ng/l)
	Schäfers et al. (2007)
in Caldwell et al. (2008)

	
	
	Danio rerio / 162d

NOECreproduction F1 = 3.6 10-7  (0. 36ng/l)
	Schäfers et al. (2007)
in Caldwell et al. (2008)

	
	
	Danio rerio / 8m

LOEC ≤ 1.9 10-7   (<0.19ng/l)
	Soares et al. (2009)

	
	
	Oncorhynchus mykiss / adult / 2m

LOECreproduction/2 = 8 10—6  (8ng/l)
	Schultz et al. (2003)

	
	
	Oryzias latipes / 2-5d / (4m

NOECreproduction = 2 10-7  (0.2ng/l)
	Balch et al. (2004)

	
	
	Oryzias latipes / hatchling / 2m

NOECegg reproduction = 1 10-6  (1ng/l)
	Scholz and Gutzeit (2000)

	
	
	Oryzias latipes / 1d post hatch / 60d

NOECintersex = 1 10-5  (10ng/l)
	Örn et al. (2006)

	
	
	Oryzias latipes/ 90d intersex

NOEC 1 10-6   (1ng/l)
	Metcalfe et al (2001)

	
	
	Pimephales promelas / embryo / 305d

NOECoverall =1 10-6  (1ng/l)
	Lange et al. (2001)

	
	
	Pimephales promelas / eggs / 150d

NOECfertility = 1.6 10-7  (This NOEC is calculated from a LOEC of 0.32ng/l)  (0.16ng/l)
	Parrot and Blunt (2005)

	
	
	Poecilia reticulata / juvenile < 1wk / 108d

NOECgrowth/coloration = 4.4 10-5   (44ng/l)
	Nielsen and Baartrup (2005)

	
	
	Rutilus rutilus/ 720day 

NOEC (sex reversal and morphological changes)  3 10-7  (0.3ng/l)
	Environment Agency (2007)

	
	
	Gobiocypris rarus (Chinese rare minnow)/ >90day reproduction  LOEC 2 10-7  (0.2ng/l)
	Zha et al (2008)


	Fish

(mg.l-1)
	Marine
	Cyprinodon variegatus / juvenile / max. 59d
NOECreproduction = 1.8 10-5  (18ng/l)
NOEChatching = 1.8 10-5
	Zillioux et al. (2001)

	
	
	Ptomatoschistus minutes / juvenile / 7.5 m

NOECgrowth < 6 10-6   (<6ng/l)
	Robinson et al. (2003)

	Other taxonomic groups
	Amphibia
	Xenopus tropicalis / 32d
NOECsex ratio = 2 10-6   (2ng/l)
	Petterson et al., (2007)
in Caldwell et al. (2008)

	
	
	Rana temporaria  / 40d
NOECsex ratio = 2.3 10-6   (2.3ng/l)
	Petterson et al., (2007)
in Caldwell et al. (2008)


7.2 Derivation of the MAC-QSwater,eco
Acute toxicity data is available for a range of freshwater and saltwater species including freshwater algae, insects, crustaceans, fish and amphibians and saltwater echinoderms and crustaceans.  The available data set is sufficient to derive a MAC-QS for EE2.  Based on information on the uses and sources of EE2 however, long term or continuous release into the aquatic environment is more likely than episodic releases.  Chronic exposure of aquatic organisms is therefore expected rather than acute exposure. The need for a MAC-QS is therefore questioned.  The available toxicity data (see table above) indicates that chronic exposure results in much lower effect concentrations than those arising from acute exposure, with large acute to chronic ratios being observed for the more sensitive species.  Even if acute exposures were to occur we would not expect environmental concentrations to reach levels at which acute toxicity would occur.  In addition due to the specific mode of action of EE2 the AA-QS has higher relevance as even short term exposure can have long term effects if exposure occurs during a critical life stage.
Based on the above it is not felt appropriate to derive a MAC-QS for EE2.  
7.3 Derivation of the AA-QSwater,eco
Chronic toxicity data for EE2 is available for a wide range of species including freshwater algae, rotifer, crustaceans, insects, molluscs, coelenterate, fish and amphibians and marine fish and crustaceans.  The chronic dataset for ethinyl estradiol includes data on a wide range of species and endpoints.  The data included in Table 7.1 illustrates a wide range of sensitivities among the species studied.  Fish are among the most sensitive taxonomic groups and a number of full life cycle studies have been undertaken.  The lowest reported NOECs are associated with these studies.  Due to the specific mode of action of EE2 many of the chronic studies are undertaken using non-standard methodologies and covering a wide range of endpoints including egg production and sex ratios.

As noted above chronic toxicity data is available for both freshwater and saltwater species.  According to the EQS guidance (EU 2010) freshwater and saltwater data can be pooled unless there is evidence that sensitivity of organisms differs between freshwater and saltwater environments.  The saltwater data set is much more limited than the freshwater however the available data do not point at a difference in sensitivity.  The freshwater and saltwater chronic toxicity data for EE2 can therefore be pooled in the derivation of an AA-QS.  
7.3.1 Freshwater AA-QSfreshwater,eco
7.3.1.1  Deterministic Approach

The deterministic approach involves the application of an assessment factor to the lowest reliable and relevant NOEC/EC10 with the size of the dataset influencing the size of the assessment factor applied.  

NOECs are available for algae, invertebrates and fish enabling an assessment factor of 10 to be applied to the lowest reliable NOEC, according to the EU guidance (EU 2010).  The lowest NOEC value is 0.16ng/l which is extrapolated from a chronic study on the fathead minnow  (Parrott and Blunt, 2005).  The lowest test exposure in the Parrot and Blunt (2005) study was 0.32ng/l.  This was a nominal value as the analytical techniques were unable to measure down to this level.  The paper notes that a number of effects were reported at the test concentration of 0.32ng/l.  These included decreased egg fertilisation and skewing of the sex ratio towards females.  The test concentration of 0.32ng/l is therefore a LOEC rather than a NOEC.  The REACH guidance notes that for cases where a LOEC showing between 10 and 20% effect is reported but no NOEC is given then the LOEC can be divided by 2 in order to estimate a NOEC.  Fertilisation success in the controls was reported as 81-82% but at the lowest exposure concentration of 0.32ng/l it was reported as 63%.  In terms of sex ratios the controls were approximately 45 – 55% and the 0.32ng/l test concentration was 25.5% (based on eyeballing of the results figures in the original paper).  The LOEC reported by Parrot and Blunt (2005) has been divided by 2 to give a NOEC of 0.16ng/l in a number of reviews, eg RIVM 2007.  The possibility of doing this is on the borderline of the criteria set by REACH for both the fertilisation success and change in sex ratios as the observed effects were close to the upper end of the applicable effect range for this ie 10-20%.

Using the calculated NOEC for the Parrott and Blunt (2005) study of 0.16ng/l and applying an assessment factor of 10 gives an AA-QS of 0.016ng/l for the freshwater environment.  
This derivation however does not take into account the Chinese rare minnow (Gobiocypris rarus) study (Zha et al 2008) for which a NOEC could not be derived.  The study by Zha et al 2008 investigated the effects of EE2 on several generations with many toxicological endpoints being investigated including growth, death rate, morphological changes, reproduction, plasma VTG, histopathological and ultrastructure changes in the gonad, liver and kidney.  In the F1 generation all endpoints were affected at the lower EE2 test concentrations of 0.2ng/l and 1ng/l.  Reproductive failure, plasma vitellogenin and a change in the sex ratio were all reported as major effects.  Complete spawning failure of EE2 exposed females precluded continuation of the study into the F2 generation.  A NOEC could therefore not be proposed for this study as there was complete spawning failure of EE2 exposed females at all test concentrations which precluded continuation of the study into the F2 generation.    

The LOEC of 0.2ng/l reported by Zha et al (2008) is higher than the proposed deterministic AA-QS derived based on the Parrott and Blunt (2005) study which is 0.016ng/l.  There is more than a ten fold difference between the proposed deterministic AA-QS and the LOEC.  However there is uncertainty about the concentration at which a NOEC would have been observed within this study. 
The EU EQS guidance (2010) recommends that the deterministic and SSD approaches should be used in parallel where data allows, but that the outputs from the SSD should be preferred if there is sufficient data and the requirements for an SSD approach are met.  The SSD approach is considered in Section 7.2.1.2.
7.2.1.2 Species Sensitivity Distribution (SSD) approach

Due to the size of the available dataset for EE2 the use of the species sensitivity distribution approach (SSD) has been considered.  The EU guidance (2010) notes that in order to be able to apply the SSD approach the available dataset should preferably contain more than 15, but at least 10 NOECs/EC10s from different species covering at least 8 taxonomic groups.  For estimating an AA-QSfreshwater using the SSD approach the following taxa would ideally need to be represented, ie

· a fish species

· a second family in the phylum Chordata

· a crustacean

· an insect

· a family in a phylum other than Arthropoda or Chordata

· a family in any order of insect or any phylum not represented

· algae

· a higher plant

Although a large chronic dataset is available for EE2 there are no data for a species of higher plant.  The dataset meets the minimum number of NOECs/EC10 that should preferably be available, however it does not meet the preferred range of taxonomic groups.  Given the mode of action of EE2 however, we would not expect higher plants to be sensitive taxa.  It is therefore proposed to derive an SSD despite the lack of data for higher plants.  
For several species a number of different studies have been reported.  The EU guidance on the derivation of an SSD indicates that where a number of data points are available for a species a geometric mean should be calculated to propose a single value for a species.  This approach is not appropriate for all the available data for EE2 as the studies are often non-standard and consider a range of endpoints and exposure durations and are therefore not directly comparable.  In these cases it is proposed that the lowest NOEC value is used for a species rather than calculating a geometric mean using non-comparable NOECs.  Where comparable studies are available, eg for Daphnia magna, a geometric mean has been calculated as per the EU guidance.

The SSD derived based on the whole dataset is shown below.  The distribution does not fit a log normal distribution and is discontinuous, with a break shown in the distribution.


[image: image6]
The EU EQS guidance notes that if a chemical is known to have a specific mode of action an SSD can be derived based only on those taxa that are expected to be particularly sensitive.  EE2 is known to have a specific mode of action and the available chronic toxicity data confirm the high sensitivity of certain taxonomic groups, namely fish and amphibians.  A difference in sensitivity between taxonomic groups is also evident from the distribution of the data as the fish and amphibian data are found in the tail of the distribution.  Based on this information it is proposed that an SSD is derived for EE2 based on the most sensitive taxonomic groups.  It is recognised that some invertebrate studies, eg for molluscs and crustaceans are in the more sensitive part of the SSD distribution but the majority of these studies are at the upper end of the distribution seen below the break-point and in addition the mode of action in these organisms is unclear.  It is therefore proposed that an SSD based on the most sensitive taxonomic groups, ie fish and amphibians is appropriate.
The SSD derived based only on fish and amphibian data is shown below.  The distribution was found to fit the log normal distribution.  The data points used are highlighted in red in the tabulated data in Section 7.1

[image: image7]
The HC5 from this distribution is 0.07ng/l.  The EU EQS guidance notes than an assessment factor in the range of 1-5 should be applied to the HC5 derived.  Based on the available dataset it is considered that an assessment factor of 2 is appropriate based on the data for EE2.    This AF is warranted because:-

· The mode of toxic action is well understood.  The HC5 has been derived based on data for two of the most sensitive taxonomic groups, ie fish and amphibians.  
· The available studies have considered a wide range of endpoints over various durations including population relevant endpoints such as hatching, fertilisation, changes in sex ratio.  
· In addition where several studies were available for a species the lowest reliable effect concentration has been used adding a further level of conservatism.  
These factors support the lowering of the AF from 5.  However there are still some uncertainties, eg the effect of EE2 on molluscs and the limited amphibian data, which mean an assessment factor is justified.  Applying an assessment factor of 2 to this HC5 gives a AA-QSfreshwater,eco of 0.035ng/l.
A further consideration is the study by Zha et al (2008) on the Chinese rare minnow which gave a LOEC of 0.2ng/l.  As discussed in Section 7.3.1.1 it is not possible to derive a NOEC for this study as significant effects were observed at the lowest test concentration of 0.2ng/l.  Incorporation of this study within an SSD is therefore not possible.  This study brings a degree of uncertainty to the available dataset and this uncertainty is included in the application of an assessment factor of 2.  The AA-QS derived is 0.035ng/l which is below the LOEC of 0.2ng/l for this species by a margin of approximately 6 fold.   
In considering the Chinese rare minnow study some work has been done to try and identify the ratio between NOEC and LOEC concentrations reported for a small number of fish studies exposed to EE2.  This suggest margins of 4-10 may occur (See Annex 1 (pers comm. R. Kase 2011).  As noted above there is a 6 fold difference between the AA-QS and the LOEC and this falls within this range.  It is recognised however that this information is based on a very small dataset.  If further information on the toxicity of EE2 to the Chinese rare minnow becomes available in the future this should be considered.
7.3.2 Saltwater AA-QS saltwater,eco
7.3.2.1 Deterministic approach
The data for freshwater and saltwater data have been pooled for EE2 and therefore the AA-QS for saltwater is derived based on the AA-QSfreshwater but with  the application of an additional assessment factor to account for uncertainties associated with extrapolating to the marine environment. An additional assessment factor of 10 was applied to the proposed AA-QSfreshwater to give a AA-QSsaltwater of 0.0016ng/l.  A lower assessment factor than 10 was not able to be used as no additional marine taxonomic groups were available in the dataset.

7.3.2.2 Species Sensitivity Distribution

The data for freshwater and saltwater data have been pooled for EE2 and therefore the AA-QS for the saltwater is derived based on the AA-QSfreshwater.  An additional assessment factor of 10 needs to be applied to derive the AA-QSsaltwater as the dataset does not contain at least two additional marine taxonomic groups.   This results in an AA-QSsaltwater,eco of 0.0035ng/l.
It is proposed that as an SSD has been able to be proposed for EE2 that the AA-QS values derived using this approach are taken forward as the proposed AA-QSwater,eco for EE2.

7.4
Derivation of the QSsediment
The criteria for triggering the development of a QSsediment are identified in the EQS guidance (EU, 2010).  The criteria include log Koc and log Kow properties, toxicity to benthic organisms and evidence of accumulation of EE2 in sediment.
A range of log Koc values have been reported for 17-alpha ethinyl estradiol.  These range from 2.91 – 4.68 (RIVM 2007) and 3.21 – 5.44 (Yu et al 2004).  The majority of the log Koc values reported are above the threshold of log Koc >3 indicating the need to derive a QSsediment for ethinyl estradiol.

Although only one of the criteria for deriving QSsediment is required to be met to drive the derivation of a QSsediment it is noted that the available data indicate that the threshold of Log Kow >3 is also met  with log Kow values of 3.67 (Hansch et al 1995) and 3.67 – 4.12 (RIVM 2007) being reported.
Using the EQS guidance (EU 2010) the QSsediment can be derived using sediment toxicity tests and either the deterministic or probabilistic approach depending on the size of the dataset, or by using the equilibrium partitioning (EqP) approach.  The latter is applied in those situations where no or very limited sediment toxicity data is available.
Available data on the toxicity of ethinyl estradiol to sediment dwelling organisms is limited.  A study on Chironomus riparius has been reported by Watts et al (2003).  The effect concentrations reported for the various endpoints studied however were reported as water concentrations rather than sediment concentrations.  The data from this study can therefore not be used to derive the QSsediment.  Due to the lack of sediment toxicity data the Equilibrium Partitioning approach will need to be used to derive the QSsediment for ethinyl estradiol.  
The EU EQS guidance (2010) proposes the following equations for the derivation of a sediment threshold based on the EqP approach.  These have been used, along with the default values in the guidance, to derive the QSsediment for EE2.  A log Koc of 3.4 was used to derive the QSsediment
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NB: The Ksed-water used to derive the QSsed,EqP,ww was derived using the equation and default values outlined in the EQS guidance (EU 2010)
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Based on the above the QSsediment for EE2 is 0.0000084mg/kg ww and 0.000022mg/kg dw.   

	Tentative QSwater
	Relevant study for derivation of QS
	AF
	Tentative QS

	MACfreshwater, eco
	MAC-QS not determined as not considered relevant based on the known exposure scenarios.
	
	

	MACmarine water, eco
	
	
	

	AA-QSfreshwater, eco
	SSD based on fish and amphibian data
	2
	0.035ng/l

	AA-QSmarine water, eco
	
	20
	0.0035ng/l

	AA-QSfreshwater, sed.
	-
	EqP
	  0.0084  µg.kg-1ww
  0.022 µg.kg-1dw

	AA-QSmarine water, sed.
	-
	EqP
	  -  µg.kg-1ww
  -  µg.kg-1dw


7.4 Dervation of a QS for secondary poisoning (QSbiota,secpois)
Log Kow values for EE2 have been reported in the order of 3.67 and 4.2.  Based on this data EE2 therefore meets the requirements for deriving a QS for secondary poisoning.  This is supported by the BCF of 600-610 reported for the fathead minnow is again meets the requirements to derive a QS for secondary poisoning.
The available data on the toxicity to mammals and birds was reviewed in the work that has been done by the Environment Agency (unpublished).  This data is shown below.  However since the review was undertaken additional work has been reported and reviewed.  Caldwell et al (2010) have recently considered the available data on the toxicity of EE2 to mammals.  Within this review a study by Latendresse et al (2009) was identified.  This reported a NOAEL of 0.1ug/kg/day for male rats continuously exposed from the time the F0 generation was 6 weeks of age through weaning of the F3 generation.  This is the lowest reported effect concentration and is therefore used to derive the QSbiota,secpois.
The NOAEL of 0.1ug/kg/day is converted to a NOEC using a conversion factor of 20 as outlined in the EQS guidance (2010).  An assessment factor of 30 was applied to this value to give a QSbiota,secpois of 0.067ug/kg.

To convert this value to a water concentration a BCF of 610 has been used and the default BMF values of 1 have been applied as identified in the EQS guidance (2010).

QSfreshwater = QSbiota,secpois/(BCFxBMF)


QSsaltwater = QSbiota,secpois/(BCFxBMF1xBMF2)

Using the equation within the EQS guidance gives a QSbiota,water of 0.0001ug/l in both freshwater and saltwater.
Mammalian and avian oral toxicity data for the assessment of non-compartment specific effects relevant for the food chain (secondary poisoning)

	Type of study, reference & result
	Details

	Sub-acute studies in mammals

	Garduno-Siciliano et al., 2007

Sub-acute LOAEL = 10000 μg/kg bw/day (the only dose employed)


	Male Wistar rats received 17α-ethinyloestradiol via subcutaneous injections for 5 days at a dose of 10000 μg/kg bw/day. The LOAEL was based on diminished total triglycerides, low-density lipoprotein and bile cholesterol at this dose level.

	Sikoski et al., 2007

Sub-acute LOAEL = unclear


	Adult female long-tailed Macaque monkeys received 17α-ethinyl oestradiol orally for 12 weeks at doses of 0, 2000, 4000 or 8000 μg/kg bw/day. There was an increase in uterine weight by 2- to 3-fold and breast lobular epithelial proliferation by 6-fold. The doses at which these effects occurred were not stated in the abstract.

	Chronic studies in mammals

	Zayed et al., 1998

Chronic LOAEL = 1000 μg/kg bw/day


	Groups of 3 male and 3 female Beagle dogs received 17α-ethinyl oestradiol orally. Animals were treated for 6 months at doses of 0, 1000, 1500 or 2000 μg/kg bw/day or for 1 year at doses of either 500 or 1000 μg/kg bw/day. The LOAEL was based on increased interstitial fibrous tissue at the corticomedullary junction and in the outer cortex of the kidney. Squamous metaplasia of urogenital tract epithelia, including renal cortical tubule epithelium occurred. Squamous epithelia of thyroid follicular epithelium also occurred. The doses and duration of study in which these effects were noted were not stated in the abstract.

	Reproductive and developmental toxicity to mammals

	Kirigaya et al., 2006

Reproductive LOAEL = 50 µg/kg bw/day


	C57BL/6J female mice received 17α-ethinyloestradiol in utero from day 10 to 18 of pregnancy at doses up to 100 µg/kg bw/day. Effects were analysed at 30 and 40 days of age. Survival rates of foetuses and newborns were reduced in a dose-dependent manner. The LOAEL was based on a significantly increased number of polyovular follicles in the 50 µg/kg bw/day group. In vaginal epithelia of the in utero exposed ovariectomised mice, stratification and cornification were encountered even 10 days after ovariectomy.

	Thayer et al., 2001

Offspring LOAEL = 0.002 µg/kg bw/day
	Pregnant rats received 17α-ethinyloestradiol orally during gestation day 0 through 17 at doses up to 2 µg/kg bw/day.  The LOAEL was based on increased prostate weight in males at 5 months of age in all treatment groups and was the lowest dose tested.

	Kang et al., 2003

Reproductive LOAEL = 0.03 µg/kg bw/day
	Female Sprague-Dawley rats received 17α-ethinyloestradiol for 3 consecutive days via subcutaneous injections at doses of 0, 0.03, 0.3, 1, 3 or 10 µg/kg bw/day. At doses of 0.3, 1, 3 and 10 µg/kg bw/day, the weights of the uterus and vagina of rats were significantly increased and retained fluid in the uterus was observed. At the top two doses, there was an increase in the uterine weight, hypertrophy and cornification of the vaginal epithelium.  The NOAEL was based on no treatment-related effects occurring at the lowest treatment level.

	Freyberger et al., 2001

Reproductive LOAEL = 0.3 µg/kg bw/day
	Immature female Wistar rats received 17α-ethinyloestradiol via subcutaneous injections on 3 consecutive days at doses of 0.3, 1, 3 or 30 µg/kg bw/day. The LOAEL was based on a dose-dependent increase in uterine weight being observed, as well as the occurrence of enlarged uterine lumen and hypertrophy of epithelial, stromal and myometrial cells.

	Della Seta et al., 2006

Reproductive LOAEL = 0.4 µg/kg bw/day (the only dose employed)
	Male rats received 17α-ethinyloestradiol from postnatal day 23 to 30 orally at a dose of 0.4 µg/kg bw/day. The LOAEL was based on changes to the temporal pattern of male sexual activity, reducing performance, in the adult animals. Short-term behavioural effects were observed in the treated animals.

	Ferguson et al., 2003

Reproductive NOAEL = 5 µg/kg bw/day
	Pregnant Sprague-Dawley rats received 17α-ethinyloestradiol via their diet on gestational day 7 at a series of doses with large intervals (i.e.  0, 1, 5 or 200 µg/kg bw/day.) The NOAEL was based on decreased body weight and food consumption in dams at the highest dose and decreased weight of their offspring at birth. Postweaning, offspring from the top dose weighed less and consumed less food than controls.

	Sawaki et al., 2003; Sawaki et al., 2003a

Offspring NOAEL = 5 µg/kg bw/day
	Pregnant Crj:CD(SD)IGS BR rats received 17α-ethinyloestradiol via oral gavage from gestational day 7 to day 18 at a series of doses with large intervals (i.e. 0, 0.5, 5 or 50 µg/kg bw/day). The dams showed no abnormalities. The NOAEL was based on the occurrence of cleft phallus in female offspring at the top dose and slight retardation of body weight gain in both sexes at the top dose. At 6 months of age, 6 out of 8 female offspring in the top dose exhibited abnormal cyclicity, including persistent oestrous. Histological examination showed follicular cysts and absence of corpora lutea in the ovaries of the rats with persistent oestrous.



	Yamasaki et al., 2002

Reproductive NOAEL = 10 µg/kg bw/day
	Sprague-Dawley rats received 17α-ethinyloestradiol orally in a 28-day repeat-dose toxicity study at doses of 0, 10, 50 or 200 µg/kg bw/day. The NOAEL was based on decreased prostate, seminal vesicle and pituitary weights, increased testis weight, atrophic changes of the prostate, seminal vesicle and mammary gland and degenerative changes in the testes of male rats at the top two doses. At the top dose, decreased ovary weight, increased uterine weight, atrophy of the ovary, hypertrophy or squamous metaplasia of the uterine epithelial cells and mucification in the vagina were observed in females. Dioestrous and oestrous were also prolonged at the top dose. 

	Dugard et al., 2001

Offspring LOAEL = 15 µg/kg bw/day (the only dose used)
	Pregnant rats received 17α-ethinyloestradiol via daily intraperitoneal injections between day 9 and day 14 of pregnancy at a dose of 15 µg/kg bw/day. The percentage of deaths was dramatically higher in the offspring from treated dams compared with the offspring from untreated dams. The LOAEL was based on adult offspring exhibiting abnormal behaviour such as increased spontaneous motor activity, decreased exploratory behaviour, impaired cognitive processing, qualitatively different exploratory drive and persevering behaviour, increased anxiety-like behaviour and social neophobia.

	Arabo et al., 2005

Reproductive LOAEL = 15 µg/kg bw/day (the only dose employed)
	Pregnant rats received 17α-ethinyloestradiol every day from day 9 to day 14 of pregnancy via intraperitoneal injections at a dose of 15 µg/kg bw/day. The LOAEL was based on a high percentage of abortions that occurred at this dose.

	Shibutani et al., 2005

Offspring NOAEL = 20 μg/kg bw/day
	Pregnant Sprague-Dawley rats received 17α-ethinyloestradiol via their diet from day 15 of pregnancy to day 9 after delivery at doses of 0, 20, 100 or 500 μg/kg bw/day. The NOAEL was based on histopathological changes in endocrine-like organs (such as the hypothalamus, pituitary, thyroid, parathyroids, adrenals, pineal body and the reproductive organs) that occurred in week 11 in females at the top two doses. The type of histopathological changes observed was unspecified in the abstract.

	Kinomoto et al., 2000

Reproductive LOAEL = 300 µg/kg bw/day
	Male Sprague-Dawley rats received 17α-ethinyloestradiol via subcutaneous injections for 2 and 4 weeks at doses of 0.3 or 3 mg/kg bw/day. The LOAEL was based on decreased body weight gain, food consumption, absolute weights of testis, epididymis, prostate and seminal vesicles and relative weights of epididymis, prostate and seminal vesicles following 2 weeks of dosing. Conversely, the same treatment increased absolute and relative weights of pituitary and adrenal glands and induced atrophy of Leydig cells, degeneration/necrosis of pachytene spermatocytes, vacuolar degeneration of Sertolli cells and retention of spermatids. Following 4 weeks of treatment, the changes observed after 2 weeks also occurred, as well as induced exfoliation of germinal cells, decreased spermatid and multinucleated giant cell formation and decreased relative weights of testis.

	Miyamoto et al., 2000

Reproductive LOAEL = 3000 μg/kg bw/day
	Male Sprague-Dawley rats received 17α-ethinyloestradiol orally for 2 weeks at doses of 3000 or 10000 mg/kg bw/day and for 4 weeks at a dose of 3 mg/kg bw/day. Final body weights and relative organ weights of epididymis, prostate, seminal vesicles and testes in both treatment groups were lowered than the control groups. The LOAEL was based on apoptosis of round spermatids or spermatocytes and vacuolar degeneration of Sertolli cells observed in the testis following 4 weeks of exposure. Apoptosis of pachytene spermatocytes and atrophy of Leydig cells were more marked in the 4 week treatment group compared to the 2 week treatment group. 

	Kaneto et al., 1999

Reproductive LOAEL = 10000 μg/kg bw/day
	Adult male rats received 17α-ethinyloestradiol for 3 and 5 days at a daily dose of 10000 mg/kg bw/day and at daily doses for 1, 2, 3 and 4 weeks at doses of 1000 and 10000 mg/kg bw/day. The LOAEL was based on decreased sperm motility, velocity and amplitude of lateral head displacement that occurred at the top dose (the duration was unspecified). Male fertility indices were also decreased and the cauda epididymis was reduced to about one-half that of the controls following one week treatment. 

	Toxicity to birds 

	Halldin et al., 1999; Berg et al., 1999

Reproductive LOAEL = 2 ng/g egg


	The yolks of fertilised Japanese quail eggs were injected with 17α-ethinyloestradiol at unspecified doses. After the birds had been raised to sexual maturity, significant depression of male sexual behaviour and increased testis weight asymmetry was noted at a dose of 6 ng/g egg. The LOAEL was based on all male embryos becoming feminised at 2 ng/g egg, containing ovary-like tissue in the left testis. In male embryos, persistent Mullerian ducts and in females malformations of the Mullerian ducts occurred at doses of ≥2 ng/g egg.


	Secondary poisoning of top predators
	Master reference

	Mammalian oral toxicity
	Rats / Oral / multigenerational 

NOAEL EE2 = 1 10-4 mg.kg-1.d-1
NOEC = 2 10-3 mg.kg-1feed (CF = 20)
	Latendresse et al., 2009in Caldwell et al., 2010

	Avian oral toxicity
	No data available, valid and usable giving rise to a lower NOEC than the one cited above for the derivation of a more conservative QSbiota sec pois


	Tentative QSbiota
	Relevant study for derivation of QS
	Assessment

factor
	Tentative QS

	Biota
	NOEC = 2 10-3 mg.kg-1feed
	30(1)
	0.067 µg.kg-1biota ww
corresponding to

1.1 10-4 µg.L-1 (freshwater)

1.1 10-4 µg.L-1 (saltwater)


(1) proposal made for the purpose of this dossier, according to REACH guidance on information requirements and chemical safety assessment (ECHA, 2008)

7.6 Human Health

7.6.1
Human health via consumption of fishery products

The QSbiota,hh is calculated using the following equation as noted in the EQS guidance document (EU, 2010).

QSbiota,hh = 0.1 x TL x 70
                       0.115

The TL is noted to be a TDI or ADI if available.  Neither of these are available.  In these situations the lowest effect concentration can be used with the application of an assessment factor.  If the NOAEL used for the derivation of the QSbiota,secpois is used with an assessment factor of 100 this gives an ADI of 1 10-6mg/kg d.
Using this value in the above equation gives a QSbiota,hh of 0.0000609mg/kg.  

To convert this value to a water concentration a BCF of 610 has been used and the default BMF values of 1 have been applied as identified in the EQS guidance (2010).

QSfreshwater = QSbiota,hh/(BCFxBMF)


QSsaltwater = QSbiota,secpois/(BCFxBMF1xBMF2)

Using the equation within the EQS guidance gives a QSbiota,water of 9.9 10-8mg/l in both freshwater and saltwater.  This equates to 0.09ng/l.
	Tentative QSbiota, hh
	Relevant study for derivation of QSbiota, hh
	AF
	Tentative QSbiota, hh

	Human health
	NOAEL of 1 10-4 mg/kgd
	100
	0.0609ug/kg 


7.6.2 Human health via consumption of drinking water
	Human health via consumption of drinking water
	Master reference

	Existing drinking water standard(s)
	No regulatory standard
	Directive 98/83/EC

	Any guideline
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Annex 1

Table: LOEC/NOEC ratios in different EE2 fish studies  (pers comm. R. Kase, 2011)
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Species

Duration

Endpoint

Population Relevance

LOEC in ng/L

NOEC in ng/L

Ratio LOEC/NOEC

Zha et al. (2008)

Gobiocypris rarus

90 dph

body length

yes

16

4

4

180 dph

body length

yes

16

4

4

90 dph

body weight

yes

4

1

4

180 dph

body weight

yes

1

0.2

5

180 dph

GSI male

yes

0.2

nd

not possible

180 dph

GSI female

yes

16

4

4

180 dph

sex ratio

yes

0.2

nd

not possible

hatching rate F1

yes

nd

nd

not possible

time to hatch F1

yes/likely

nd

nd

not possible

swim up failure F1

unclear

1

nd

not possible

mean egg number

yes

0.2

nd

not possible

eggs/female breeding days

yes

0.2

nd

not possible

interval of spawning eggs

yes

1

nd

not possible

fertilized rates

yes

0.2

nd

not possible

reproduction F1 minnows

yes

0.2 (100% effect)

nd

not possible

90 dph

body length F1

yes

nd

nd

not possible

240 dph

body length F1

yes

nd

nd

not possible

90 dph

body weight F1

yes

0.2

nd

not possible

240 dph

body weight F1

yes

0.2

nd

not possible

90 dph

GSI male F1

yes

nd

nd

not possible

240 dph

GSI female F1

yes

0.2

nd

not possible

240 dph

Sex ratio F1

yes

0.2

nd

not possible

Balch et al. (2004)

Oryzias latipes

4-6 m

number of copulations males

yes

10

2

5

number of copulations females

yes

?

0.2

not possible

successful fertilization males

yes

10

2

5

successful fertilization females

yes

?

0.2

not possible

reproductive behaviour, approaches males

unclear

0.2

nd

not possible

reproductive behaviour, approaches females

unclear

2

0.2?

10

egg number / female exposed

yes

nd

nd

not possible

egg number / male exposed

yes

nd

nd

not possible

percent fertilized eggs / male exposed

generally yes, but not here

0.2

nd

not possible

percent fertilized eggs / female exposed

yes

nd

nd

not possible

hatching time

yes

nd

nd

not possible

males with mixed secondary sex characteristics

unclear

10

2

5

males with gonadal intersex

yes

2

0.2

10

Nash et al. (2004)

Danio rerio

loss in fecundity in F1-generation

yes

5 (at 56% effect)

nd

not possible

population failure F1

yes

5 (100% effect)

nd

not possible

3 x 1-5 d

reproductive success F0 number of eggs /tank /day

yes

nd

nd

not possible

3 x 6-10 d

reproductive success F0 number of eggs /tank /day

yes

50 (17eggs)

5 (78 eggs)

that means 78% change at a factor of 10

3 x 11-15 d

reproductive success F0 number of eggs /tank /day

yes

50 (0 eggs)

5 (59 eggs)

that means 100 % change at a factor of 10

210 d + 3 x 1-5 d

stimulated reproductive success F1 number of eggs /tank /day

unclear

0.5 (118 eggs)

nd (89 eggs control)

not possible

210 d + 3 x 1-5 d

inhibited reproductive success F1 number of eggs /tank /day

yes

5 (40 eggs)

0.5 (118 eggs)

that means 66% change at a factor of 10

210 d + 3 x 6-10 d

inhibited reproductive success F1 number of eggs /tank /day

yes

5 (30 eggs)

0.5 (62 eggs)

that means 52% change at a factor of 10

40 d

F0- Plasma VTG concentration in males

unclear

0.5

nd

not possible

40 d

F0- Plasma VTG concentration in females

unclear

5

0.5

10

310 dpf

F0- Plasma VTG concentration in males

unclear

nd

nd

not possible

310 dpf

F0- Plasma VTG concentration in females

unclear

nd

nd

not possible


� Please note that as recommended in the Technical Guidance for deriving EQS (EU 2010, Draft Vs 6, February 2010), “EQSs […] are not reported for ‘transitional and marine waters’, but either for freshwater or marine waters”. If justified by substance properties or data available, QS for the different protection objectives are given independently for transitional waters or coastal and territorial waters.
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