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Endocrine disruptors: 
measurement, assessment 
and reduction
Endocrine-disrupting compounds, which enter surface waters mainly via wastewater 

discharges, can have adverse effects on aquatic organisms. Ecotoxicological test methods 

improve the measurement of these substances and the assessment of water quality, 

 providing valuable decision support for reduction measures. For example, these methods 

can be used to evaluate additional treatment steps at wastewater treatment plants.

In the early 1990s, British researchers were puzzled by the dis-

covery of hermaphrodite fish, i. e. individuals with both male and 

female sexual characteristics (Fig. 1). How were these abnormal-

ities to be explained? The fish occurred particularly frequently 

in river stretches downstream of wastewater treatment plants 

(WWTPs), where treated effluent made up a large fraction of 

the river water. Subsequent investigations revealed that treated 

wastewater contained estrogenic substances which could lead to 

the feminization of male fish [1].

As well as natural estrogens of animal or human origin, estro-

genic substances include synthetic compounds such as ethinyl 

estradiol (from contraceptives) or bisphenol A, which is widely 

used in the manufacture of plastics. These compounds act in a 

similar way to natural female sex hormones and can mimic or 

block their effects. Estrogenic substances adversely affect the 

development, reproduction and health of aquatic organisms. Fish, 

in particular, are affected, as their endocrine system is similar to 

that of humans. What is striking is that effects may be observed in 

fish even if the concentrations of estrogenic substances are very 

low – less than a nanogram per litre (the equivalent of a kilogram 

of active substance in Lake Biel).

Also a matter of concern in Switzerland. Endocrine disruptors 

enter surface waters from a variety of sources. The main source, 

however, is municipal wastewater, as in most cases these sub-

stances are not adequately eliminated at WWTPs. In the “Fisch-

netz” (Declining Fish Yields) project, estrogenic substances were 

identified as one of the factors that had contributed to a decline 

of more than 60 per cent in trout stocks in Switzerland since the 

early 1980s. A national research programme (NRP 50) carried out 

from 2002 to 2007 was designed to assess the risks of endocrine 

disruptors in the environment. It was found that estrogen concen-

trations were considerably higher downstream of WWTPs than 

upstream (Fig. 2). In some cases, elevated vitellogenin concentra-

tions were also observed in male brown trout [2]. The occurrence 

of vitellogenin – an egg yolk precursor protein – in male fish 

indicates exposure to estrogenic substances. This protein is only 

produced naturally in mature female fish. Among the conclusions 

reached by NRP 50 were the following:

E endocrine disruptors represent a problem in Swiss rivers and 

streams where treated wastewater is insufficiently diluted;

E WWTPs in Switzerland are to be reviewed in terms of their 

elimination performance and technical optimization potential;

E support is to be provided for the rapid development of inter-

nationally standardized methods for the detection of endocrine 

disruptors and the assessment of water quality;

E for practical application, scientifically based quality criteria 

should be established for endocrine activity in the aquatic envir-

Fig. 1: A cross section of testicular tissue from a male roach from Lake 

Geneva: an oocyte is visible in the middle of the image.
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treatment with ozone gas or activated carbon removed more than 

80 per cent of the remaining micropollutants. These results were 

confirmed by chemical analysis.

Reduced toxicity thanks to the advanced treatment steps 

was also shown by the in vivo bioassays involving rainbow trout: 

hatching rates and embryo weight were increased and mortality 

was decreased. The other in vivo assays did not yield consistent 

results. This was partly due to the lack of sensitivity of these 

systems. A comparison of the bioassays evaluated indicates that 

there is no single test which could be used for an overall assess-

ment of the toxicity of wastewater samples. However, for the 

monitoring of micropollutant elimination, the in vitro bioassays 

proved to be more suitable than the in vivo bioassays at the pilot 

plant studied. They are also easier to handle and can therefore be 

recommended for routine monitoring purposes.

The evaluation of the bioassays not only showed that ozon-

ation or activated carbon treatment can eliminate a broad spec-

trum of micropollutants and significantly reduce concentrations 

of endocrine disruptors in wastewater. In addition, no evidence of 

stable transformation products of ecotoxicological concern was 

seen when ozonation was combined with biological treatment. 

Accordingly, to minimize the risks of such compounds being re-

leased into surface waters, ozonation should always be followed 

by a final filtration step with biological activity.

What kinds of measurements and monitoring are appro-

priate? In view of these findings, the federal authorities have 

decided that selected WWTPs should be upgraded in order to 

protect drinking water resources and aquatic organisms. Together 

with various partners, they have therefore elaborated a financing 

solution at the national level, in accordance with the “polluter 

pays” principle. Work on the necessary amendments to the Water 

Protection Act is currently underway.

Despite the upgrading of WWTPs, it will still be necessary to 

monitor surface water quality and carry out regular measurements 

of endocrine disruptors. As estrogenic substances are biologically 

active at extremely low concentrations, the scope for chemical 

detection of individual substances is limited. In addition, the value 

of chemical analysis is limited because different substances with 

the same mode of action can have additive effects. Thus, a combi-

nation of estrogens, each present in insignificant concentrations, 

may produce a biological effect overall. To permit sensitive detec-

tion of the overall effects of estrogenic substances, it is advisable 

to use in vitro bioassays in addition to chemical analysis.

On behalf of the FOEN, we are currently collaborating with rep-

resentatives of the federal authorities, water protection agencies, 

academia and private consultancies to develop a concept for rou-

tine assessment of water quality based on bioassays. Tests which 

are suitable for the measurement of, for example, estrogenic 

activity need to meet numerous requirements: they should be 

sensitive, mechanism-oriented, easy to perform and inexpensive.

In an initial measurement campaign, we determined the 

concentrations of estrogenic substances in a number of Swiss 

rivers containing a high fraction of treated wastewater. For this 

purpose, we used two in vitro bioassays whose value had already 

been demonstrated in the “MicroPoll Strategy” project. The first 

of these was the yeast estrogen screen (YES): here, genetically 

modified yeast cells indicate estrogenic effects by undergoing 

a (yellow-to-red) colour reaction if an estrogenically active sub-

stance binds to the human estrogen receptor in the cell. This sim-

ple test is inexpensive, freely available and already widely used. 

The second bioassay is known as ER-Calux – a commercially 

available test based on a human cell line containing the gene for 

the human estrogen receptor. Because it involves cell lines, the 

ER-Calux system is more complex and costly to use than YES, but 

it is also more sensitive.

Essentially, both of these test systems were suitable for 

determining whether or not water samples complied with the eco-

toxicologically based quality criterion specified for 17b-estradiol 

(0.4 nanograms per litre). This value represents the environmen-

tal quality standard proposed under the EU Water Framework 

Directive and recommended by the Ecotox Centre. With both 

tests, higher estrogenic activity was detected downstream than 

upstream of wastewater discharge points in the river sections 

studied. By contrast, it was not possible for water quality to be 

fully assessed in terms of estrogenicity by means of chemical 

analysis.

As a pragmatic approach for the measurement of estrogenic 

activity in surface waters, we recommend that the YES sys-

tem should be used. With this value, the final concentration in 

receiving waters can be estimated on the basis of the dilution 

factor (Fig. 4). While YES is less sensitive than the ER-Calux sys-

tem, it is suitable for assessing samples with relatively high con-

centrations of estrogenic substances. The main advantage of this 

method lies in its suitability for routine use: it is easy to apply and 

inexpensive.

The methods and concepts described here are very promising, 

and our studies show that bioassays are a valuable tool for the 

Cornelia Kienle and Petra Kunz of the Ecotox Centre discuss the results of a 

YES assay.
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