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1 Summary

Complementary to chemical characterisation, ecotoxicological methods have been selected which allow to evaluate the environmental impact of textile effluents on receiving waters. A battery of ecological relevant tests has been selected, as they cover biological responses of 4 organisms (bacteria, green algae, invertebrate, fish) which represent different levels in the aquatic trophic chain. The selected test methods, either for acute toxicity (test duration maximum 4 days) or eventual chronic toxicity (test duration between 7 and 21 days) can be performed according to international guidelines (OECD, ISO,..). Methods for acute toxicity are preferably used for effluent characterisation, while chronic test are more appropriate to evaluate environmental impact of discharges in the receiving waters. With regard to the application of these methods for effluent characterisation, specific guidelines with regard to sample handling and boundary conditions have been defined. Moreover a methodology (score system) has been established which allows to rank waste water samples according to the measured acute toxicity, expressed as toxic units, which are derived from dose-response curves for each of the test organisms.

In addition, biological screening methods should be applied for the measurement of estrogenic activity caused by contaminants present in textile effluents and released into the environment. Two in vitro estrogen-receptor-based assays were made available at Vito for these applications. These methods, the MVLN assay (human breast cancer cell line) and the YES-assay (yeast cells) have been optimised and validated to detect the estrogenicity of pure chemical compounds (eg. pesticides, alkylphenolic compounds), which are likely to occur in textile effluents. In addition these cellular methods were used to detect estrogenic activity in complex waste water effluents and in surface waters. A solid phase extraction procedure has been developed and is validated, which does allow to simplify the matrix prior to exposure in the cellular systems. These biological screening methods are cost-effective methods which do allow to estimate the potential impact of chemicals and environmental samples on reproductive ability of natural fish populations in rivers.

These methods do offer a toolbox, consisting of a battery of tests and a guidance for data interpretation, which give the opportunity to evaluate the toxicological quality of discharges and their potential impact on receiving waters. This toolbox should be considered as a complementary effect-based instrument to the regular substance-based approach.

2 Introduction

With regard to environmental impact assessment the substance-by-substance (SbS) approach has been, and still is, a successful policy instrument (OSPAR Strategy, EC Water Framework Directive). Nevertheless it is recognised that this approach has a number of shortcomings. 

Results from chemical analysis of samples of wastewater, surface water or sediments, have indicated that only a limited number of the substances that may be present in those samples, can be analysed, identified and quantified. Moreover measured concentrations of compounds in environmental samples can poorly be related to the toxic levels for organisms present in the ecosystem, which should be protected.

This is one of the main reasons for (ongoing and growing interest) in the development and implementation of biological tests that can be applied to entire environmental samples, like effluents, surface water or sediments. These biological tests have already been performed and have shown that the measured adverse effects can only partly be explained by the substances identified by analytical methods. This means that a large fraction of the adverse biological effects in (waste) water and sediments is caused by “unknown” substances or by combinations of substances. 

An approach for whole effluent assessment can be defined as the assessment of effluents by using a range of biological methods in order to reveal (potential) effects, based on an assessment of toxicity. Since the entire effluent sample is tested, the understanding of the combined effects of all known and unknown substances within effluents, especially in complex mixtures is increased. 

By the selection of certain tests and using specific criteria for acute toxicity, chronic toxicity or presence of hazardous compounds which interfere with biological mechanisms (endocrine toxicity), point sources can be checked for their contribution (in terms of adverse effects) in emissions and discharges relevant for the receiving environment. Using this toxicity-based approach,  an additional angle of approach to fulfil the objectives of the OSPAR hazardous substances strategy and the WFD is met. Evaluation and reduction of adverse effects can be achieved by assessing and, when appropriate, take measures to reduce the adverse properties of discharges. 

Based on combined toxicity and chemical fractionation approach, a backtracking to either the process or chemicals used in industry is possible. In a number of cases, industrial processes do result in a predictable chemical composition (identity and amounts of chemicals) of the wastewater. In these cases chemicals assessment may provide sufficient information to estimate the environmental hazard of the effluent. This, however, is not the case for complex effluents, where the composition of the wastewater is less predictable and many unknown or unidentifiable substances may be present. In these situations the basic chemical analyses provides an incomplete insight, since it only covers a limited part of the substances in the effluent. The assessment can be increased by using more advanced chemical analyses techniques so that more substances can be identified, after which toxicity data can be gathered. This additional approach is more or less the current situation in the chemical sector for complex effluents. With this additional effort, the covered area from the complex wastewater increases, but is not complete. Most of the time a substantial part of the pollutants cannot be identified.  

With whole effluent assessment, the effects of all the substances in the effluent can be measured. This approach potentially provides a more complete picture of the biological effects: there is an added value compared to the substance-specific approach which moreover could be used in priority setting and contribute to identify effluents of concern. It should be recognised that whole effluent assessment always has to  be used in combination with the chemical analyses (the so-called two-leg approach) as the latter are often legally binding, as they are defined as environmental quality standards.  Some of the physical-chemical parameters (e.g. sum parameters on organic load like TOC, DOC, COD AOX, nutrients, pH, conductivity) are even necessary for interpretation of the toxicity results (salt effect, pH, ammonium-toxicity).

Together with chemical information the additional WEA results, may be used for the same purposes within licencing (BAT determination, monitoring, risk assessment, etc.).

Many different tests and protocols exist within the international context of application of whole effluent assessement. One could better speak about a toolbox of tests to measure these parameters. persistence, bioaccumulation and toxicity. 

For the purpose of this project, and within an international framework, we’ve selected those tests for effluents and receiving waters which are preferably standardised tests, and often based on international protocols (OECD, ISO). A number of European countries (UK, The Netherlands, Sweden, Germany, Belgium,..) are already involved in the development and future implementation of ‘ecotoxicological characterisation’ of waste waters. The selection of tests did take into account this experience, which is mainly driven by the OSPAR working group.

A panel of test methods, either for acute toxicity (test duration maximum 4 days), for chronic toxicity (test duration between 7 and 21 days) or for screening of estrogenic activity has been selected, optimised and validated for application to environmental samples. 

In order to make some comparative assessment of environmental impact for Italian and Belgian textile and municipal waste water plants, a classification sheme, especially for acute toxicity of effluents was developed. 

3 Ecotoxicological methods to assess acute toxicity

3.1 Short description of a battery of 4 ecotoxicological tests

3.1.1 Acute bioluminescence test with the micro-organism , Vibrio fisheri (Microtox().

Test principle: Light emission of the bacteria Vibrio fisheri is determined by a photometer as a function of time of exposure (0’, 5’, 15’ and 30 ‘) to a dilution series of the waste water. Toxic substances present in the water sample can interfere with the metabolism of the organism and the emitted light is reduced and can be detected. The endpoint for toxicity is the EC50 value, 50% reduction of light emission, which is calculated by use of a soft ware package provided with the equipment (Microbics, 1992). For samples with low osmolality, some salt is added for correction to optimal conditions. Environmental samples which are coloured or which have a suboptimal pH range , correcties are provided are the method is modified for background corrections. The procedure is described in international guidelines (ISO, 1996). 

Standard set up with Vibrio fisheri:

	4 testconcentrations & 1 control; 

1 replicate/concentration;

measurement of luminescence at 5', 15' en 30' for each testconcentration;

endpoint: EC50-bioluminiscence after 30’;

positive control: phenol and ZnSO4.7H2O 
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3.1.2 Algae growth inhibition with Raphidocelis subcapitata
Test principle: In most cases, cultures of green algae Raphidocelis subcapitata are used for these purposes, though other species such as Chlorella vulgaris or Scenedesmus subcapitata can also be recommended.  The increase of biomass of algae, and the rate of increase of algae in exponential growth is daily measured by counting the number of algae during a 3 days exposure time to a dilution series of waste water, supplemented with essential salts for optimal growth of algae. Exposure of algae can be performed in culture volumes of 100 ml or in microtiterplates. The latter methods has been shown to correlate with the flask test (100 ml) as prescribed by OECD. Boundary conditions, suach as pH or colour of the effluent should be taken into account. The endpoint of the test is the 50% inhibition of the biomass or the growth rate of algae after 3 days. In most cases, response of biomass is more sensitive compared to growth rate, and is further reported for effluent evaluation. For environmental impact analysis in receiving waters, the NOEC, being the highest concentration of the water sample with no significant effect compared to the control should be estimated. The testprotocol is based on an international guideline for testing of chemicals (OECD 201, 1984a). The procedure for use of microtiterplates has been adopted at Vito laboratories and offers the advantage of use of low volume and automatic analyses by fluorescence detection, as a measure for growth of algae. 

Standard set up with Raphidocelis subcapitata 

	at least 5 testconcentrations & 1 control; 

3-6 replicates/concentration;

temperature, pH & O2-measurements at test conditions;

measurement of growth either by algae counting or fluorescence at day 0, 1, 2 & 3;

endpoint: EC50-biomass increase and growth rate after 72 hours;

positive control: K2Cr2O7
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3.1.3 Acute immobilisationtest with the waterflea Daphnia magna
Test principle: Young waterflea,  Daphnia magna (< 24 hours old) are collected from a continuous culture in the laboratory. Organisms are exposed for 48 hours to a dilution series of the environmental sample (waste water or river water). The percentage of immobile organisms is registered at 24 and 48 hours of exposure. The considered endpoint of the test is the level of % environmental sample at which 50% of the organisms are immobile (EC50) at 24 and 48 hours of exposure. The test procotol is derived from the international guideline for testing of chemicals (OECD 202, 1984b).

Standard set-up with Daphnia magna: 

	at least 5 testconcentrations & 1 control;

4 replicates/testconcentration with 5 organisms/replicate

temperature, pH & O2-measurements at test conditions;

endpoint: EC50-immobility at 48 hours

positive control: K2Cr2O7
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3.1.4 Acute mortality test with juvenile rainbow trout, Oncorhynchus mykiss
Test principle: Juvenile fish, species rainbow trout (Oncorhynchus mykiss) are kept in a static exposure system and exposed to a dilution series of the environmental water sample. Fish mortality and abnormalities (behaviour, hyperventilation,..) are registered at 24, 48, 72 en 96 hours of exposure. The concentration of waste water which causes 50 % mortality after 96 hours of exposure is calculated. The testprotocol is derived from an international guideline for testing of chemicals (OECD 203, 1992).

Standard  set-up with Oncorhynchus mykiss : 

	at least 5 testconcentrations & 1 control;

1 replicate/testconcentration with 7 organisms each

temperature, pH & O2-measurements at test conditions;

endpoint: EC50-mortality at 96 hours

positive control: NaPCP
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3.2 Data assessment for effluent characterisation

3.2.1 Calculation of toxic effect levels 

The following effect criteria (endpoints) are considered for each of different acute toxicity tests 

Microtoxtest( with V. fischeri : inhibition bioluminescence (EC50) at 30’, 

Algae growth test with R. subcapitata : inhibition biomass (EbC50) at 72 hrs, 

Waterflea test with D. magna : immobility (EC50) at 48 hrs,

Fish test with O. mykiss : mortality (EC50) at 96 hrs. 

De EC50-values were calculated with statistical programms using probit, moving average and/or binomial method. 

3.2.2 Determination of TU (toxic units) derived from toxic effect levels. 

In order to facilitate data interpretation, the obtained EC50 values (% of environmental sample) are converted to toxic unites, according to the following formula, according to Sprague & Ramsay (1965):

T.E.= 1/L(E)C50 * 100

In this way the amount of toxicity is direct related to the value of toxic units. For example, an EC50 value of 2% gives 50 toxic units which is more toxic compared to a waste water with an EC50 of 10% resulting in 10 toxic units. 

3.2.3 Score system: class of toxicity in effluents based on most sensitive response in battery of 4 organisms

Results of acute toxicity in effluents will be ranked based on criteria for acute toxicity of the most sensitive organism (highest toxicity by comparison of 4 organisms) in major classes. 

For each class of toxicity, indicated by a specific colour, criteria are based on the range of toxic units. 

The 4 different classes are the following one (see also table below):

No acute toxicity or toxic units < 1 or 1.1
 (colour code     blue);

Low acute toxicity or toxic units from 1or 1.1 to 10 (colour code   yellow);

Acute toxicity or toxic units from > 10 - 100 (colour code     red);

High acute toxicity or toxic units < 100 (colour code   black).

It should be mentioned that EC50-values (or toxic units) are calculated values derived from a dose-response curve. This calculation does also give the 95% confidence interval, which might cover 2 classes of toxicity. In that case, and if ranking into classes of toxicity is used for regulatory purposes, it is recommended that frequent sampling should occur. 

This method of assessment of ecotoxicity of waste waters has already been applied in previous work on waste waters in Flanders for comparison of the toxicity in the organic chemistry, surface coating, waste treatment, non-ferro and finishing textile (Vandenbroele et al., 1998; Witters et al., 2002). 

3.2.4 Score system: cumulative effect score based on response of 4 organisms. 

In order to distinguish for degree of toxicity of effluents, which belong to one class, information obtained from responses of 4 organisms is used by calculating the cumulative effect score for each of tested effluents. For each class of toxicity (see table below), a number is given going from 0 up to 5 with increasing toxicity. Except for the assessment according to the response of the most sensitive organism (class, colour code), a number was given according to the result of each of 4 tests (the microtoxtest(, the algae growth test, the waterflea test and the fish test). The cumulative effect score is the sum of these. 

An example of assessment for a waste water:

· Microtoxtest(, 30’ EC50 =40%, which gives  T.U.= 2.5, and score =1

· Algae growth test, 72 hrs EbC50 = 4.3%, which gives T.U.= 23.3, and score = 3

· Waterflea test, 48 hrs EC50 > 100%, which gives  T.U.<1, and score = 0

· Fish test, 96 hrs EC50 = 24%, which gives T.U.= 4.2, and score = 1

Based on the most sensitive response of the algae, the waste water is in the class ‘acute toxicity’ (colour code red). Within this class, it gets a cumulative effect score of 5, as a result of the sum of ‘ tests, 1 + 3 + 0+ 1.

There are 4 classes of toxicity and the cumulative effect score can range from 0 to maximum 20. Effleunt can have the same cumulative effect score, while belonging to different classes to toxicity.

Table 1 - Criteria for ranking of environmental samples, based on effect parameters for acute toxicity to 4 organisms. 
	Result acute toxicity test
	Classification in 4 categories
	Cumulative effect score

	EC50/LC50

(% dilution effluent)
	Toxic units

(100 * 1/ EC50)
	based on response of most sensitive organism
	based on the sum for toxic class of each organism

	> 100% or 90% 2
	< 1 or < 1.1
	Not acute toxic
	blue
	0

	10 - ( 100%
	 (1 - 10
	Low acute toxicity
	yellow
	1

	1 - ( 10 %
	( 10 - 100
	Acute toxicity
	red
	3

	< 1%
	> 100
	High acute toxicity
	black
	5


3.3 Boundary conditions for measurement of acute toxicity

3.3.1 Measurement of physico-chemical parameters 

For each of test organisms, deviatons from general physico-chemical parameters might contribute to measured toxic effects. These physico-chemical parameters which need to be measured in each effluent upon start of the toxicity test, and which should be taken into account for interpretation of measured toxicity are pH, conductivity, hardness, chloride concentration or salinty, and ammonium concentrationshardheid, chloride- en totale ammoniumconcentratie. Standard chemical methods are used for these analyses. 
· pH-measurements: pH-electrode, and calibration with buffers pH 7 and 9. 

· Oxygen measurements: specific electrode, and calibration at 0 % and 100%

· Conductivity: specific probe, calibration with KCl standard

· Hardness: ICP measurements for  Ca+Mg, en calculation as mg CaCO3/l

· total ammonia: automatic colorimetric method (Segmented flow analyser, Skalar)

· chloride: automatic colorimetric method (Segmented flow analyser, Skalar)

3.3.2 Critical values for selected physico-chemical parameters.

The boundary conditions of physico-chemical parameters for each of the test organisms are given as ranges at which no accute effects (based on NOEC, no observed effect concentration) will occur. In most cases, based on evaluating a dilution series of waste waters, boundary conditions become fulfilled Accurate assessment of toxicity due to hazardous substances should occur when boundary conditions are in the acceptable range. In some cases, eg low oxygen levels, can be corrected by prior aeration of the waste water samples before tests are started. In the latter case, it should be taken into account that volatile hazardous compounds were lost due to this procedure. 

Table 2: Boundary conditions for critera ‘ no acute toxicity’ for test organisms in aucte toxicity test (Witters et al., 2002). 
	Testorganism
	pH
	O2
(mg/l)
	Conductivity

(µS/cm)
	Cl-
(mg/l)
	Hardness

(mg CaCO3/l)
	NH4+ 

(mg/l at pH8)

	Bacteria

Vibrio fischeri
	6.0-9.0
	>3.0
	N.C.

(< 46000)
	N.C.

(< 20000)
	N.D.
	N.D.

	Algen

Raphidocelis subcapitata
	7.0-9.0
	N.C.
	< 4000
	<1300
	< 1000
	< 25

	Invertebraten

Daphnia magna
	5.0-9.0
	>3.0
	<7500
	<2800
	N.D.
	<54

	Vissen

Oncorhynchus mykiss
	6.0-9.0
	>5.0
	<22000
	<5000
	N.D.
	<18


N.C.= not critical

N.D.= no data available

4 Ecotoxicological methods to assess chronic toxicity

4.1 Short description of 2 ecotoxicological tests

4.1.1 Chronic toxicity to the waterflea Daphnia magna
Test principle: juvenile waterflea (< 24 hours old) are exposed for 21 days to a dilution series of the environmental samples. The samples, mainly receiving waters or treated effluents, have initially been tested and did show no acute toxicity in the 48 hours immobility test with waterflea. The organisms are kept individually in test vessels and survival and reproductive outcome is evaluated each 2-3 days. The test medium is also refreshed at time of evaluation, and meanwhile algae (106 cells/ml) are given as food. The EC50 for survival of parent organisms and NOEC and EC50 for reproductive success by number of young/parent is calculated. The test protocol is derived from OECD guidelines (“OECD guidelines for testing of chemicals, OECD 202-1984b and OECD 211, adopted 21 September 1998”).

Standard set-up:

· at least 5 test concentrations, ½ diluted in optimal medium

· 10 replicates/ test concentration

· 1 organism/ vessel with 50 ml test solution

· organisms are fed 3-4 days/week with algae

· measurements of pH, temperature and O2 (at least 2x/week)

· endpoint: NOEC and EC50 for number of young/parent 

· reference substance: K2Cr2O7
4.1.2 Chronic toxicity to the fish Brachydanio rerio

Test principle: the shortened version of the fish early life stage test is performed. Development and hatching of eggs, as well as survival of eggs and fish larvae is evaluated during the period of self-feeding (yolk reserve). This means that the maximum duration of the test is about 10 to 13 days. Adult male and female fish are mated, the day before onset of the test. Fertilised eggs are collected the next morning and exposed within 2-4 hours to the test solutions. Daily observations are made, and test solutions are renewed at least 3 times/week. Observations consist of survival of eggs, development stage of eggs, hatching time of eggs, survival of larvae, development of larvae, swimming behaviour and larval deformities. Endpoints are expressed as NOEC (no observed effect concentration) or EC50 values after adequate statistical analysis. The test is performed according to the OECD protocol n° 212 (OECD, 1998) and ISO-guideline (ISO, 1996). In fact it is the shortened version of the OECD guideline n° 210, the “Fish early life stage toxicity test” with a duration of 30 days. 

Standard set-up:

· at least 5 test concentrations, ½ diluted in optimal medium

· 3 replicates/ test concentration

· 20 fertilised eggs/ vessel with 60 ml test solution

· organisms are not fed 

· measurements of pH, temperature and O2 (at least 2x/week)

· endpoint: NOEC and EC50 for survival of eggs and larvae 

· larval development and abnormalities 

· reference substance: dichloroaniline

4.2 Data assessment for environmental impact assessment

With regard to assessment of chronic toxicity in receiving waters, EC50 values and NOEC values of at least both chronic tests with fish and daphnids are taken into account. The algae growth inhibition test, as described in chapter 3 can also be considered as a chronic test because it involves the whole life cycle of the test organism. 

Surface waters are considered as of “good quality” if for none of these three tests, significant toxic effects are evaluated, or the NOEC value equals the 100% concentration of the environmental sample. 

Some general remark should be made with regard to other endpoints refering to bioaccumulation and persistency. Very specific tests which do assess these substances with bioaccumulating properties and which are persistent in the environment, were not part of this assessment. 

5 Biological methods to asses estrogenic activity

5.1 Sample treatment method

All glassware for sample storage, filtration and extraction of the water samples, and preparation of dilutions of the extracts was rinsed twice with methanol (Merck-Belgolabo, pro analyse). The samples were filtered and SPE extracted within 24 to 48 hours of collection. Crude water samples needed to be pre-filtered and membrane filtered prior to SPE treatment. A volume of approximately 2.5 litres was passed in 3 subsequent steps through (1) combined AP25 (Millipore) and GF/A glass fiber prefilters (Whatman), (2) a mixed cellulose ester filter, pore size 1.2 µm (Millipore) and (3) combined AP15 glasfiber prefilter and mixed cellulose ester filter, pore size 0.45 µm (both from Millipore). All the filters were rinsed with bidistilled water prior to use. 

For extraction and enrichment of potential estrogen-like compounds a solid phase extraction (SPE) with SDB (styrenedivinylbenzene) embedded into an Empore( disk was performed. The 47 mm SDB Empore( disks (Varian) were preconditioned with acetone (5 ml), methanol (10 ml) and bidistilled water (10 ml). A 2 litres filtered water sample was then applied to the disk and extracted (maximum flow rate: 1-litre/10 minutes. The disk was eluted with acetone (2x 10 ml). Then the eluted sample was maintained in a water bath at 30°C, while the acetone was evaporated under a gentle nitrogen stream. Shortly before the sample was dry, 100 µl DMSO was added (solvent substitution) and the remaining acetone was further evaporated. For control, the same procedure of filtration and SPE extraction was carried out using bidistilled water with some mineral salts (analytical grade) at ion concentration levels of the same order of magnitude as Flemish surface waters. This was termed the ‘procedural control’, which was analysed at the highest test concentration (20 ml equivalent/well) in the bioassay alongside each series of 4 sample extracts. 

5.2 Yeast estrogenic assay (YES-assay)

Principle: The Yes-assay  is a screening assay consisting of an estrogen-inducible expression system in yeast, Saccharomyces cerevisiae. The recombinant yeast strain was developed in the Genetics department at Glaxo (UK). The yeast was provided by Prof. J. Sumpter (University of Brunel, UK). Technical details concerning the yeast strain en the protocol were provided by Dr. N. Beresfroid (University of Brunel, UK). Routledge & Sumpter (1996) give more details on maintenance of the yeast strain, preparation of medium components and general test protocol. The recombinant yeast strain contains the DNA-sequence of the human estrogen reporter (hER) which was stably integrated  into the yeast genome, which also contained expression plasmids carrying estrogen-responsive sequences (ERE) controlling the expression of the reporter gene lac-Z. This gene encodes for the enzyme β-galactosidase. Upon binding an active ligand, the estrogene-occupied receptor modulates gene transcription, the reporter gene lac-Z is expressed producing the enzyme β-galactosidase, which is secreted into the growth medium. It then metabolises the chromogenic substrate CPRG (chlorophenol red- β-D-galactopyranoside) which was added to the medium from yellow into a red product. The color shift can be quantified spectrofotometrically (figure 1).

Procedure: Performing this assay almost no plastic material was used and all glassware used was rinsed twice with absolute ethanol. The assays were carried out in a laminar air flow cabinet in a lab which was only used to work with yeast and toxic products. The waste was removed as toxic waste.
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Figure 1: principle of the yeast assay is illustrated. 

The hER recombinant yeast was stored 10 times concentrated at -20°C for short-term storage (SOP TCELV023, Vangenechten 2000) and at -80 °C for long-term storage.

For the beginning of each test a cryovial with frozen yeast stock was thawed. Under aseptical conditions 125 µl of the stock was added to 50 ml growth medium. The yeast culture was incubated at 28°C on an orbital shaker. After approximately 24 hours the turbidity was measured. Before an assay was started, the assay medium was prepared: yeast suspension with a turbidity of ± 0.5 and CPRG-stock (10 mg/ml) were added to fresh growth medium, both diluted 1/100.

The samples were serially diluted (1:2, glass bottles) in 6 steps starting from 20 ml equivalent/well using DMSO. Since the final DMSO (dimethylsulfoxide = solvent) concentration had to be 0.5%, all the dilutions of the sample had to be diluted 200 times in assay medium. This dilutions was made in glass bottles just before the 96-well plates were filled. For each concentration which was tested 6 wells of a 96-well optically flat-bottom microtiter plate were filled with aliquots of 200µl medium per well containing the recombinant yeast, the diluted sample extract and the chromogenic substrate (CPRG) . In each series of experiments one plate with a serial dilution (1:5) of 17β-estradiol in DMSO  was added. The standard curve ranged from 10-6M to 3.2*10-10M. As for the sample, the final DMSO concentration had to be 0.5%, all the dilutions of the standard had to be diluted 200 times in assay medium. A 96-well plate was filled with 6 concentrations of 17β-estradiol, for each dilution 6 wells were filled. The final estradiol concentrations in the wells ranged from 0.5*10-8M to 1.6*10-12M. 

On each plate with sample extract or a standard curve for estradiol contained one row (6 wells) of solvent control (= assay medium + 0.5% DMSO), one row of blank (assay medium + bidistilled water) and one row of background (growth medium + 0.5% DMSO). The microtiterplate set up is given in figure 2. 
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Figure 2: Microtiterplate setup for the estradiol standard curve
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Figure 3: microtiterplate setup for environmental sample.

When the plates were filled, they were sealed with autoclave tape and placed in a naturally ventilated heating cabinet (32 °C). On the 3rd day of incubation the plates were shaken vigorously for 2 minutes and they were read at an absorbance of 540 nm (for color) and 620 nm (for turbidity) using a plate reader.

To correct for turbidity, the following equation needs to be applied to the data:

Corrected value =  absorbance (540 nm) – [absorbance (620 nm) – blank absorbance (620 nm)]

The average of the calculated values obtained for the solvent control were set as 100 %. All other values were expressed as % induction of the solvent control.

The Yes-assay was performed  following the protocol written in SOP TCELE018 (Vangenechten, 1999).

Data and statistical analysis: The standard curve for estradiol was fitted (sigmoïdal function) using Graphpad Prism (version 2.01) which allowed to calculate EC50 values and 95% confidence limits. The detection limit of the yeast assay was calculated as absorbance elicited by the solvent control plus three times the standard deviation. In order to determine estradiol equivalents (E2-eq) in samples, the absorbance of the sample extracts (calculated as % of solvent control) was interpolated in the linear range of the estradiol standard curve.

5.3 Estrogenic assay with human breast cancer cell line (MVLN-assay)

Principle: The MVLN-assay was performed using MVLN-cells. These cells are human breast cancer cells (MCF-7 cells) which were stably tranfected with the pVit-tk-Luc construct. This construct consists of the Xenopus laevis vitellogenin A2 promoter region containing one estrogen response element upstream of the Herpes simplex virus thymidine kinase promoter controlling expression of the firefly luciferase gene. This transfected cell line was developed by Dr. Pons, INSERM-Montpellier, France (Pons et al., 1990;  Demirpence et al., 1993). The tranfected cells contain an Estrogen-Responsive-Element linked to a luciferase reporter gene. Upon binding an active ligand, the estrogen-occupied receptor modulates gene transcription f.i. the luciferase reporter gene, which results in production of the luciferase enzyme. When Luciferase Assay Reagent (LAR) was added, the produced enzyme will transform  the LAR which results in light production. The principle of the test is summarised in figure 4. 
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Figure 4: principle of the MVLN- assay is illustrated. 

Procedure: The MVLN-assay consists of 6 different actions: culturing of MVLN-cells, seeding cells in 48-well plates, making of serial dilutions of samples and estradiol standard, adding the dilutions of the sample and the standard to the cells, analyzing the cells after exposure , and data and statistical analysis. 

Performing this assay, all glassware used was rinsed twice with absolute ethanol. The assays were carried out in a laminar air flow cabinet. Because unknown environmental samples were tested, the samples were treated as toxic and the waste was removed as toxic waste. 

The MVLN-cells were cultured in a 1:1 mixture of Dulbecco’s modified Eagle’s medium and Ham’s F12 medium supplemented with 1% non-essential amino acids (NEAA), 1% P/S (penicilline/streptomycine) and 5% fetal calf serum (FCS). The MVLN cells were cultured at 37°C, 5 % CO2 and 95% relative humidity. The whole procedure of culturing MVLN-cells is described extensively in SOP TCELV020 (Berckmans, 1999). Approximately 24 hours before exposing the cells, the cells were plated in 48-well plates in 1 ml OPTI MEM + 5 % charcoal stripped FCS (CS-FCS; SOP TREAG017, Berckmans, 1999) per well. The samples were serially diluted (1:2, glass bottles) in 6 steps using DMSO. In each series of experiments one plate with a serial dilution (1:5) of 17β-estradiol in DMSO was added. Therefore a serial dilution of 17β-estradiol in 6 steps ranging from 10-6M to 3.2*10-10M using DMSO had to be made. Since the final DMSO concentration had to be 0.1%, the 6 dilutions of the sample and the 6 dilutions of the standard had to be diluted 1000 times in medium. Therefore 1 µl of each dilution was added to a well containing cells and 1 ml medium, 4 replicate wells were set up for each dilution. The final concentrations in the wells ranged from 20ml eq/well to 0,6ml eq/well for the samples and from 10-9M to 3.2*10-13M for estradiol.

Each plate with sample extract or with a standard curve for estradiol contained one row (4 wells) of control (cells and medium) and one row of solvent control (cells + medium + 0.1% DMSO).

The microtiterplate set up is given in figure 5 and figure 6.
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Figure 5: microtiterplate setup for the estradiol standard curve in the MVLN-assay.
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Figure 6: microtitetplate setup for a sample using a dilution factor of 5 in the MVLN-assay. 

When the plates were filled, they were placed in an incubator at 37 °C, 5% CO2 and 95% relative humidity for 19 to 20 hours.

Analysis: The plates were inspected microscopically and abnormalities were noted. The medium was removed, the cells were rinsed with ± 1 ml phosphate buffered saline (PBS) per well. Cells were lysed in 200 µl reporter lysis buffer (RLB)/well. Lysis was carried out by gentle shaking at room temperature (RT) for 25 minutes. The microtiterplates were frozen at -80 °C for at least 1 hour (maximum 1 week). Afterwards the microtiterplates were thawed at RT and then placed on ice. The content of each 48-well was transferred to a conical 96-well. The conical 96-well plate was centrifuged at 2000 rpm for 10’ (4 °C). A 20 µl sample of the cell lysate was then transferred to a black 96-well plate. This plate was put in a luminometer with a dispenser. The dispenser injected 100µl in each well and measured the luminescence during 5 seconds before injecting the next well.

Potential cytotoxicity of the samples was controlled by measuring the protein content of the supernatants.

Data and statistical analysis: The standard curve for estradiol was fitted (sigmoïdal function) using Graphpad Prism (version 2.01) which allowed to calculate EC50 values and 95% confidence limits. The detection limit of the MVLN assay was calculated as absorbance elicited by the solvent control plus three times the standard deviation. In order to determine estradiol equivalents  (E2-eq) in samples, the absorbance of the sample extracts (calculated as % of solvent control) was interpolated in the linear range of the estradiol standard curve.

5.4 Data assessment to quantify estrogenic activity

Estrogenic activity in environmental samples is assessed by either both assays, or by the yeast assay which is more robust. It has been demonstrated that both tests give comparable results for industrial waste waters, effluents of municipal treatment plants and for surface waters. Only for water samples with very low estrogenic activity, eg. drinking water resources and rain water, the MVLN assay has been shown to be more suitable (Witters et al. 2003). 

Measurements of estrogenic activity are expressed as a concentration equivalent to the positive control, 17(-oestradiol. By comparison with in vivo tests, it can be judged that estrogenic activity of more than 5ng/l estradiol equivalent might be harmfull to fish reproduction (Van den Belt et al. , 2003). 
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� As the highest concentration of environmental samples in bacteria and algae test is 90% (instead of 100%), due to the requirement of essential medium components, the maximum effect level (EC50) to be calculated is 90% or 1.1 toxic unit. 


� EC50/LC50: concentration of compound or dilution of effluent at which for 50 % of the organisms a toxic effect (E) or lethal effect (L) does occur.


� Dissociation of NH4+/NH3 is important, which is determined by pH & temperature. In the table, pH 8 is the reference, and it should be taken into account that toxicity due to ammonia-compounds will decrease at lower pH values, and increase at levels above pH8. 
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