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Background 
A number of indicators currently under development in CORESET II relate to estrogene or environmental 

effects of these chemicals. The CORESET II 2-2014 meeting proposed developing only one ’umbrella’ 

indicator that would capture the concentration of the chemicals as well as relevant bio-effects. Such an 

indicator was believed to deliver a more comprehensive evaluation of the environment, and may also allow 

for bridging the gap of differing national monitoring programmes. STATE 1-2014 welcomed the proposal 

and also noted that several research projects on the topic are currently on-going, thus it would be valuable 

to store the data and information for further development of the indicator in the future as it might be 

premature to operationalize the indicator by the end of CORESET II. 

 
This document summarizes information on the indicators of relevance currently in the scope of CORESET II 
to form a basis for discussion at the meeting. 
 

Action required 

The meeting is welcomed to consider in detail the proposal to develop an estrogene-umbrella indicator, 
and agree on how to develop the indicator further. 
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Proposal for an indicator: Estrogenic-like chemicals and effects  
In CORESET II, several indicators are currently under consideration that relate to concentrations of 

estrogene or the effects of estrogen in the marine environment. At the second meeting of CORESET II, it 

was proposed to combine all the indicators into one ‘estrogene-umbrella’-indicator. The aim is to develop 

an indicator that accurately and inclusively evaluates the status of the environment based on the 

pharmaceutical and its effects in the environment. The proposed indicator would cover several synthetic 

chemicals with estrogenic-like activities belonging to the contaminant groups alkylphenols (nonylphenol, 

octylpholes and their ethoxylates), phthalates (DEHP) and pharmaceuticals (EE2) as well as estrogenic 

effects in fish (vitellogenin induction and intersex). 

 

Pharmaceuticals: Diclofenac, EEA2 (+E1, E2, E3 + in vitro yeast essay)  

The pre-core indicator is the only currently provisionally adopted indicator in relation to estrogene in the 

HELCOM community. In the process of first developing the indicator in CORESET I, hazardous substance 

experts screened through various pharmaceutical substances with adverse effects on the marine ecosystem 

and selected two substances: diclofenac – an anti-inflammatory substance and painkiller – and 17-alpha-

ethinylestradiol (EE2) – a synthetic estrogen. As the pre-core indicator is currently based on two 

pharmaceutical compounds, it would be appropriate to fully split the current pre-core indicator if the 

proposed ‘estrogene-umbrella’-indicator is to be developed. 

EE2 and E3 are included in the revised list of EU Priority Substances. Experts on pharmaceuticals have 

previously adviced, that in addition to 17-alpha-ethinylestradiol (EE2) also other estrogen compounds (E1, 

E2 and E3) and an in vitro yeast assay for total estrogenic activity could be included in the analysis. The 

relative amount of steroidal estrogenes vary with site, with EE2 dominating at one and E2 at another, thus 

the four substances (E1, E2, E3, EEA2) should be analysed at each site. Analytical costs of the analysis of the 

four steroidal estrogens are only marginally higher than an analysis of a single substance. The 

concentrations of steroidal estrogens could be complemented by yeast tests (total estrogenic activity), but 

the yeast tests alone may give a wrong signal of the level of estrogens in the marine environment as the 

substances have very different activities in fish than yeast and there seem to be inhibitory substances in the 

environment affecting the yeast test. 

EE2 is an active pharmaceutical ingredient used as a component of combined contraceptives and is an 

endocrine disrupter of great concern, with fish feminization induced for concentrations around 1 ng per 

litre or less. Unlike EE2, 17β-estradiol (E2), estrone (E1) and estriol (E3) are natural sex hormones and not 

as potent as EE2. Their potentials follow the order EE2>E2>E1>E3. Extensive evidence points to a causal link 

between exposure to ethinylestradiol and feminization of fish in the environment, inlcuding 

 Ethinylestradiol at sub ng/L levels cause both vitellogenin induction (Purdom et al, 1994; Thorpe et 

al, 2003; Jobling et al, 2003) and intersex/sex-change in fish (Örn et al, 2003; Parrot and Blunt, 

2005). Ethinylestradiol up to a few ng/L is found in effluents from waste water treatment plants 

and water recipients.  

 Fish exposed to waste water treatment plant effluents can bioconcentrate estrogens, including 

ethinylestradiol, very efficiently as demonstrated by extremely high levels of conjugated 

metabolites in their bile (Larsson et al. 1999). 

 Frogs have been shown to be approximately as sensitive as fish to EE2 exposures; 1.7 ng/L resulted 

in skewed sex ratios of adult frogs and malformations of their gonadal duct system (Pettersson and 

Berg 2007). 

Tentative GES-boundary in the pre-core indicator is set based on the EQS for EE2 and E2. The EU directive 

on environmental quality standards (2008/105/EC), Article 3, states that also long-term temporal trends 

should be assessed for substances that accumulate in sediment and/or biota. 
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Tentative GES-boundary EE2 (17α-ethinylestradiol) E2 (17β-estradiol) 

EQS water (AA) 0.007 ng L-1 0.08 ng L-1 

QS biota 0.067 µg kg-1 ww 0.5 µg kg-1 ww 

QS sediment   

NOEC LOEC = approximately 1 ng/L  

 

 

Vitellogenin induction 

The candidate indicator reflects exposure to estrogenic chemicals in fish. Development of the candidate has 
been carried out in CORESET II and a GES-boundary has been developed and proposed based on 
comprehensive monitoring data from Sweden. The concept is developed based on statistical distribution at 
Swedish monitoring reference sites. At present vitellogenin is only regular monitored in Sweden (to the 
knowledge of the CORESET II 2-2014 Meeting). The indicator should be tested in hot-spots, currently only 
tested in reference areas which are defined to be in GES. 
 
The most recent indicator report can be found in the ’CORESET II meeting workspace’, named VTG 
HELCOM_19092914. 
 
 
 

Alkylphenols (nonylphenol and octylphenol) 

The candidate indicator is considered to be an important bio-effect parameter, however it has not been 
actively developed in CORESET II so far. Nonylphenols (4-Nonylphenol) is a WFD priority substance as well 
as in the BSAP, while octylophenols are only included in the BSAP as being of particular concern in the Baltic 
Sea. The candidate is outlined in the CORESET I interim report BSAP 129B and some extracts are included 
here: 

 GES-boundary: based on Environmental Quality Standards for nonyl- and octylphenol 

 Preferred matrix: Herring and perch muscle, cod liver (lipid + fresh +LW%). Bivalve soft tissue (dry + 
fresh + DW%). 

 Nonylphenol and octylphenol are toxic and possibly bioaccumulating in mussels. According to the 
thematic assessment of hazardous substances (HELCOM 2010), nonylphenol exceeded EQS only in 
the southern parts of the Baltic Sea and only in sediment samples. Octylphenol exceeded the EQS 
also in the Northern Baltic Proper, but only in the sediments. The CORESET expert group for 
hazardous substances indicators noticed the lack of high concentrations in biota and noticed that 
more information should be compiled before alkylphenols could be proposed as core indicators. 

 

https://portal.helcom.fi/workspaces/CORESET%20II-67/Shared%20Documents/VTG%20HELCOM_19092014.docx
https://portal.helcom.fi/workspaces/CORESET%20II-67/Shared%20Documents/VTG%20HELCOM_19092014.docx
http://helcom.fi/Lists/Publications/BSEP129B.pdf
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Tabel 1. Existing monitoring data on Estrogenic-like chemicals and effects 

Parameters 
monitored in Baltic 
Sea 

Compartment 
/species 

Countries with 
monitoring 
activities  
and time periods 

Levels measured  
(min - max.) 

Comments 

Nonylphenols 
(sum of nonylphenol  
and 4t-nonylphenol) 

- Sediment 
-  
 

- DK: 2007 - 2012,  
- PO: 
-  

- DK: 5.7 – 1115 µg/kg dw 
- 
-- 

10
th

 - 90
th

 percentiles 

Nonylphenol 
ethoxylates 
(sum af nonylphenol 
ethoxylate and diethoxylate) 

- Sediment 
-  
 

- DK: 2007 - 2012,  
- PO:-  

- DK: 15 – 557 g/kg dw 
-- 

10
th

 - 90
th

 percentiles 

Octylphenols 
(sum of octylphenol  
and 4t-octylphenol) 

- Sediment 
-  
 

- DK: 2011 - 2012,  
- PO:  

- DK: < 1 µg/kg dw 
- 

 

Bisphenol A - Sediment 
-  

-  
-  

-  
- 

 

EE2 
(Ethinyl estradiol) 

- Sea water 
-  
 

-  
-  
 

-  
- 

 

DEHP 
(Di(2-ethylhexyl)phthalate) 

- Sediment 
-  

- DK: 2007 - 2012,  
- PO:-  

- DK: 21 - 153 µg/kg dw 
- 

10
th

 - 90
th

 percentiles 

Vitellogenin induction 
in male fish 

- Perch - SE:  
-  
 

-  
- 

 

Intersex in male fish 
(oocytes in male gonads, 
ovotestis)  

- Eelpout, 
- 
 

- DK: 2006, 2009 
- SE: 
- DE: 

- DK: 14 - 54% of males 
-  
-  

 

 

Tabel 2. Results from screening studies and projects on Estrogenic-like chemicals in the Baltic Sea (financed by 
e.g. NMC, HELCOM) 

Parameters 
monitored in Baltic 
Sea 

Compartment 
/species 

Participating 
countries and years 

Levels measured  
(min - max.) 

Reference 

Nonylphenols 
(sum of nonylphenol  
and 4t-nonylphenol) 

- Sea water 
- Sediment 
 

- DK, FI: 2006/2007 
- DK, FI, SE: 2006/2007 

<10 - 94 ng/L 
<10 – 485 µg/kg dw 

Hansen et al. 
(2008) 

Nonylphenol 
ethoxylates 
(sum af nonylphenol 
ethoxylate and diethoxylate) 

- Sea water 
- Sediment 
 

- DK, FI: 2006/2007 
- DK, FI, SE: 2006/2007 

<1 - <5 ng/L 
<0.5 – 66.9 µg/kg dw 

Hansen et al. 
(2008) 

Octylphenols 
(sum of octylphenol  
and 4t-octylphenol) 

- Sea water 
- Sediment 
 

- DK, FI: 2006/2007 
- DK, FI, SE: 2006/2007 

<1 – 5.6 ng/L 
<0.5- 24.8 µg/kg dw 

Hansen et al. 
(2008) 

Bisphenol A - Sediment 
-  

-  
-  

-  
- 

 

EE2 
(Ethinyl estradiol) 

- Sea water 
-  

-  
-  

-  
- 

 

DEHP 
(Di(2-ethylhexyl)phthalate) 

- Sediment 
-  
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Table 3. Extract from the pre-core indicator report. Concentrations of estrogenic substances from screening 
studies and scientific literature. The GES boundary for EE2 and E2 in water is 0.007 ng L-1 and 0.08 ng L-1, 
respectively, and for EE2 and E2 in biota 1 µg kg-1 ww and 0.5 µg kg-1 ww, respectively. Exceeding 
concentrations are shown by red colour. The limit of quantification (LOQ) in the Swedish screenings tudies 
was 10 ng L-1 which is two orders of magnitude higher than the GES boundary. 
 WWTP influent 

(ng/L) 
WWTP effluent (ng/L) Surface 

water (ng/L) 
Sediment (µg/kg 
dw) 

Biota (µg/kg 
ww) 

Reference 

E2 (estradiol) and 
EE2 
(ethinylestradiol), 
Sweden 

Stockholm >LOQ 
Umeå: <LOQ 
Uppsala <LOQ 

Stockholm >LOQ 
Umeå: <LOQ 
Uppsala <LOQ 

Vallentuna: 
<LOQ 
Uppsala: 
<LOQ 

 Vallentuna: 
<LOQ,  
Uppsala: <LOQ 

Fick et al. 
2011 

E3 (Estriol), Sweden Karlshamn: LOQ 
Karlskrona: LOQ 
Ronneby: LOQ 
Sölvesborg: LOQ 
Luleå: LOQ 
Piteå: 0.024 

Karlshamn:LOQ 
Karlskrona: LOQ 
Ronneby: LOQ 
Sölvesborg: LOQ 
Bollnäs: LOQ 
Hudiksvall: 0.01 
Sandviken: LOQ 
Luelå: LOQ 
Piteå: 0.06 
Ängelholm: 0.02 
Helsinborg: LOQ 
Landskrona: LOQ 
Malmö: LOQ 
Trelleborg: LOQ 
Trosa LOQ 
Skellefteå: 0.02 

   Andersson et 
al. 2006 

E2 (Estradiol), 
Sweden 

Karlshamn: LOQ 
Karlskrona:LOQ 
Ronneby: LOQ 
Sölvesborg: LOQ 
Luleå: LOQ 
Piteå: 0.0012 

Karlshamn: LOQ 
Karlskrona:LOQ 
Ronneby: LOQ 
Sölvesborg: LOQ 
Bollnäs: LOQ 
Hudiksvall: LOQ 
Sandviken: LOQ 
Luelå: LOQ 
Piteå: LOQ 
Ängelholm: LOQ 
Helsinborg: LOQ 
Landskrona: LOQ 
Malmö: LOQ 
Trelleborg: LOQ 
Trosa LOQ 
Skellefteå: LOQ 

   Andersson et 
al. 2006 

EE2 
(Ethinylestradiol), 
Sweden 

Karlshamn: LOQ 
Karlskrona: 0.05 
Ronneby: LOQ 
Sölvesborg: LOQ 
Luleå: LOQ 
Piteå: 0.0009 

Karlshamn: 0.04 
Karlskrona: LOQ 
Ronneby: LOQ 
Sölvesborg: LOQ 
Bollnäs: LOQ 
Hudiksvall: LOQ 
Sandviken: LOQ 
Luelå: LOQ 
Piteå: LOQ 
Ängelholm: LOQ 
Helsinborg: LOQ 
Landskrona: LOQ 
Malmö: LOQ 
Trelleborg: LOQ 
Trosa LOQ 
Skellefteå: LOQ 

   Andersson et 
al. 2006 

E1 (Estrone), 
Sweden 

    4.0 µg/g bile Pettersson et 
al. 2006 

E1 (Estrone), 
Germany 

 15.7 ± 2     

EE2, Inner Wismar 
Bay 

  20 (2004) 
3 (2003) 

  Beck et al. 
2006 

EE2, Eggers Wiek   9 (2004) 
2.5 (2003) 

  Beck et al. 
2006 

EE2, Outer Wismar 
Bay 

  2 (2004) 
ND (2003) 

  Beck et al. 
2006 

EE2, Salzhaff   3 (2004) 
1.5 (2003) 

  Beck et al. 
2006 
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EE2, Darss 
Peninsula 

  1.5 (2004) 
2.5 (2003) 

  Beck et al. 
2006 

E1, Inner Wismar 
Bay 

  0.4 (2004) 
0.4 (2003) 

  Beck et al. 
2006 

E1, Eggers Wiek   0.4 (2004) 
0.4 (2003) 

  Beck et al. 
2006 

E1, Outer Wismar 
Bay 

  0.15 (2004) 
0.3 (2003) 

  Beck et al. 
2006 

E1, Salzhaff   0.3 (2004) 
0.25 (2003) 

  Beck et al. 
2006 

E1, Darss Peninsula   0.1 (2004) 
0.2 (2003) 

  Beck et al. 
2006 

 


