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ABSTRACT

This article deals with the use of effect-based methods for the qualitative
assessment of the state of surface waters in the context of Directive 2000/60/
EC establishing the framework for Community activity in the field of water pol-
icy and the upcoming amendment to Directive 2008/105/EC on environmen-
tal quality standards. The implemented monitoring of priority substances and
specific pollutants is not able to capture all sources of pollution that negatively
affect surface water quality. Likewise, current practice does not allow a com-
prehensive assessment of mixtures, including emergent pollutants, metabo-
lites, and transformation products of substances on water quality. Effect-based
methods are a suitable tool for ecotoxicological evaluation of pollution, which
considers all substances contained in the sample and possible effects of mix-
tures (synergistic effects). They thus provide important additional information
for the results of the assessment of the state of surface water bodies.

INTRODUCTION

The Water Framework Directive 2000/60/EC requires the Member States of
the European Union (EU) to adopt an integrated approach to the monitoring
and assessment of surface water quality. In the Czech Republic, monitoring takes
place in accordance with the requirements of Decree 98/2011 [1] as amended by
Section 21 of the Water Act [2] and environmental quality standards throughout
the EU. However, for technical and economic reasons, the current monitoring
of the chemical state of water does not allow analysis, detection, and quantifi-
cation of all substances present in the aquatic environment [3, 4]. It is primarily
focused on monitoring selected regulated chemical substances — priority sub-
stances and other pollutants which are known to pose a danger to the aquatic
environment. However, this information does not tell us anything about their
actual cumulative effects in the aquatic environment. In addition, it is necessary
to include the action of so-called emergent micropollutants in the monitoring.
These include medicines and cosmetics, biocides, polar pesticides, endocrine dis-
ruptors, their metabolites, and transformation products. In addition, substances
present in the aquatic environment create mixtures whose final effect cannot be
predicted on the basis of chemical analysis alone.

The main goal of the project “Using effect-based methods to assess the sta-
tus of surface waters in the context of the Water Framework Directive" is to cre-
ate a methodology for the assessment of water pollution using effect-based
methods (EBM), the use of which would be appropriate to include in the Water
Framework Directive 2000/60/EC (WFD) [5]. This type of monitoring is a use-
ful ecotoxicological tool for the assessment of water pollution, serving as
a screening method, allowing to precisely target other types of monitoring
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and, subsequently, find the origin of the pollution and set measures to improve
water status. This issue is dealt with in detail, for example, by US EPA docu-
ments [6-8]. Simultaneously, an amendment to Directive 2008/105/EC is cur-
rently being discussed at the Member States level, which in Article 8a intro-
duces a new obligation to monitor the presence of estrogenic substances
in water bodies using EBM for a period of two years; in case of positive findings,
the following hormones will be monitored by conventional analytical methods:
7-beta-estradiol (E2), estrone (E1), and alpha-ethinyl-estradiol (EE2).

EBMs are analytical methods using whole organism responses (in vivo) or cel-
lular responses (in vitro) to detect and quantify the effects of different groups of
chemicals and to determine relevant toxicological endpoints [4]. Incorporation
of these methods into current monitoring would therefore allow evaluation of
the effects of complex pollutant mixtures occurring in the environment accord-
ing to the mechanism of their action [5, 7-9].

EBM can help prioritize problematic groups of substances; this can be used
for designing targeted measures to reduce their introduction and to improve
water quality. Another important aspect of their use is the potential to
reduce the burden associated with monitoring an ever-growing list of prior-
ity substances and pollutants. EBMs are suitable for linking the monitoring of
the chemical and ecological status of the aquatic environment and can help
determine the causes of the unsatisfactory ecological water status, as well
as to identify other substances that may be a threat to both aquatic ecosys-
tems and human health. Using EBM enables a cost-effective risk analysis where
the absence of an effect implies the absence of toxicological risk.

The methods used were chosen with a view to covering different mecha-
nisms of action of toxic substances based on the required sensitivity. The basic
document was the EU technical report [11] and other sources [10, 12]. Considering
the small volume of the sample after the necessary pretreatment, ecotoxicity
tests were chosen on representatives of two trophic layers of aquatic ecosys-
tems — decomposers (bacteria Aliivibrio fischeri), and primary producers (green
algae Raphidocelis subcapitata). Mutagenicity was determined using the Ames
fluctuation test [12, 14, 15]. In recent years, water quality testing has been
focused on estrogens and substances with an estrogenic effect. The YES test
(yeast estrogen screen) [16, 17] was used to determine the level of estrogens
and estrogenic substances recommended for monitoring at the EU level [12].

METHODOLOGY

Selection of profiles and sampling plan

Eleven locations in three river basins (Odra, Morava, and Labe basins) were
selected for the assessment of surface water status using EBM, based on CHMI
data and consultations with the Povodi state enterprises. Nine locations show



long-term poor water quality, which in most cases is caused by exceeding limit
of phosphorus and nitrogen concentrations, but also by an increased occur-
rence of some priority substances and other pollutants and metals (according
to Government Regulation No. 401/2015 Coll. [17]). Two locations were selected
as the reference ones with reported long-term good water quality. The selected
profiles are listed in Tab. I; the site map is shown in Fig. 1.

Tab. 1. Water profiles overview

Odra basin

Morava basin Labe basin

CHMI_3585
Hvozdnice — Usti

CHMI_3670

Bedva - Troubky CHMI_0101 Labe - Valy

CHMI_1154 Lucina —
Slezska Ostrava

CHMI_1171
Bec¢va - Choryné

CHMI_1026
Orlice — Nepasice

CHMI_1163
Odra - Bohumin

BPPVB009 Vsetinska
Becva - river mouth*

CHMI_3791 Ol3e — Ustf

CHMI_1152
Ostravice — Ostrava

CHMI_1141
Opava — Krnov*

*Reference profiles with good water quality
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Fig. 1. Map of monitored locations
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A total of six sampling campaigns took place in 2021 and 2022 (Tab. 2).

Tab. 2. Overview of abstraction dates on selected monitored profiles

Abstractions 2021

Profile
1st campaign 2nd campaign 3rd campaign

Hvozdnice — Ustf 30.06. 2021 31.08.2021 05.10.2021
Opava - Krnov 15.07.2021 19.08.2021 07.10.2021
Lucina — Slezska Ostrava 29.07.2021 31.08.2021 14.10. 2021
Ostravice — Ostrava 01.07.2021 31.08.2021 14.10. 2021
Olse - usti 07.07.2021 04.08. 2021 06.10. 2021
Odra - Bohumin 07.07.2021 04.08. 2021 06.10. 2021
Becva — Choryné 21.07.2021 24.08. 2021 25.10. 2021
Vsetinskd Becva — Usti 22.07.2021 25.08.2021 26.10.2021
Becva — Troubky 21.07.2021 24.08.2021 25.10.2021
Orlice — Nepasice 29.06.2021 X 04.10. 2021
Labe —Valy 29.06.2021 X 04.10.2021
Abstractions 2022
Profile

1st campaign 2nd campaign 3rd campaign

Hvozdnice — Usti 04.04. 2022 27.06.2022 25.10.2022
Opava - Krnov 13.04.2022 18.07.2022 13.10.2022
Lucina — Slezska Ostrava 29.03.2022 29.06.2022 03.10.2022
Ostravice — Ostrava 29.03.2022 29.06. 2022 03.10.2022
OlSe — Ustf 06.04. 2022 13.07.2022 05.10. 2022
Odra - Bohumin 06.04. 2022 13.07.2022 05.10.2022
Becva — Choryné 23.03.2022 26.07.2022 24.10.2022
Vsetinskd Be¢va — Ustf 25.04.2022 25.07.2022 24.10. 2022
Becva - Troubky 25.04.2022 26.07.2022 24.10.2022
Orlice — Nepasice 05.04. 2022 11.07.2022 04.10. 2022
Labe —Valy 05.04. 2022 08.08.2022* 04.10.2022

x sample not taken
*Labe — Valy, invalidation of July sample collection on 11/07/2022,
sampling repeated on 8/08/2022

METHOD USED

Pretreatment of samples
Pretreatment of samples consists of concentrating the pollution contained in
them. This procedure is chosen on the basis of the assumption that an increase
in the concentration of active substances will make it possible to model their
possible chronic effect within a significantly shorter exposure time, i.e., using
acute toxicity tests (the effect is influenced by the indirect dependence of
the concentration on exposure time).

Concentration of the collected samples was carried out according to TNV
75 7231 [18]. XAD resins were added to 20 litres of surface water sample and
the sample was mixed for 24 hours. The adsorbed substances were then washed
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with solvent and transferred to an aqueous 1000x concentrated sample. It was
subsequently used for evaluation using selected effect-based methods:
— Toxicity test with decomposers: Microtox test with the luminescent bacterium

Aliivibrio fisheri according to CSN EN SO 11348 standard [15].

— Toxicity test with producers: miniaturized green algae growth inhibition test
according to CSN EN 1SO 8692 standard [16].

— Endocrine disruption — evaluation of estrogenicity using a commercial kit
using the yeast Saccharomyces cerevisiae (S-YESMD New Diagnostic).

— Genotoxicity — determination of direct mutagenicity using the Ames test
with a bacterial culture of Salmonella typhimurium (strains TA 98 and TA 100)
according to 1SO 11350 : 2012 standard [21].

When performing tests, increased toxicity of blank samples was noted in
some cases. Since the influence of the solvent was ruled out, we assumed
the influence of residual toxicity after conditioning of the polymer resins (XAD
resins). XAD resins are commercially supplied and stored wet in containers with
added sodium chloride and sodium carbonate to prevent unwanted micro-
bial growth. In addition, other undesirable substances can be adsorbed onto
theresins from the production process, which can negatively affect the results of
the ecotoxicity tests themselves. The original procedure of cleaning with meth-
anol and subsequent rinsing with demineralized water was adjusted based on
the data obtained from the research. The resins were cleaned and conditioned
in Soxhlet extractors for 8 hours with methanol, followed by 8 hours with ace-
tone [22]. These are solvents that are used in the subsequent steps of testing
even during the extraction of sorbed substances and are also recommended by
manufacturers of XAD resins (e.g. Supelco, Sigma Aldrich).

In addition to the change in the conditioning of the XAD resins, there was
also a change compared to TNV 75 7231 in the extraction method. The men-
tioned standard recommends acetone for extraction. Methanol was added as
a second reagent, which is a more polar solvent compared to acetone and is
suitable, for example, for the extraction of a wide range of pesticides and phar-
maceuticals, where the extracted substances should be expanded by the men-
tioned substances with a higher polarity. Changes to the extraction procedures
included mixing the resins with the sorbates in the column with methanol for
30 minutes. The methanol extract was poured from the columns into prepared
containers. Acetone was then gradually added to the resins in the columns, in
two subsequent steps, for a period of 2x 15 minutes. The first acetone extract
also contained a small amount of methanol from the first extraction step; there-
fore, after 15 minutes the sorbed substances on the resins were extracted again
with pure acetone. The final acetone extract was created by combining the two
acetone extracts.

The resulting methanol and acetone extracts were first concentrated to
a volume of 5 ml on a Heidolph vacuum rotary evaporator (water bath temper-
ature of 50 °C, pressure of 300 mbar for the methanol extract and 550 mbar for
the acetone extract) [22-25]. The extracts were extended with nitrogen to a final
volume of 100 pl. The concentrated acetone and methanol extracts were filled
with demineralized water to a volume of 10 ml. In the last step, these samples
were mixed together and a 1,000x concentrated aqueous sample with a vol-
ume of 20 ml was created for effect-based analyses.

Determination of estrogens

Determination of selected estrogens (E2 — 173-estradiol, EE2 — 17a ethinyl estra-
diol, E1 - estrone) by LC/MS method was carried out on 15 selected samples of
concentrated surface water from 2021 on a liquid chromatograph in the labora-
tories of the Department of Hydrochemistry, TGM WRI in Prague.

Toxicity test — luminescence test with A. fischeri

Determination of the inhibitory effect of the samples on the light emission
of the marine luminescent bacteria Aliivibrio fischeri was carried out accord-
ing to CSN EN ISO 11348-2 standard. These are marine aerobic, heterotrophic,
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gram-negative bacteria capable of bioluminescence. Light emission is pro-
duced by the catalytic effects of the enzyme luciferase on the low molecular
weight substrate luciferin. Due to the toxic substances contained in the tested
sample, the luminescence emitted by these bacteria decreases. This reduced
value is recorded and compared to the control test (Figs. 2 and 3). The results
of the analyses of the bioluminescence test are shown in EC_ values (ml/l) in
Tab. 2. These values represent the concentration at which there was a 50 %
decrease in luminescence compared to the control test.

Fig. 2. Example of luminescent bacteria A. fischeri cultured on a Petri dish

.
Fig. 3. Measurement of luminescence intensity changes during the test

Toxicity test — miniaturized algae test with R. subcapitata

The freshwater green algae growth inhibition test is based on CSN EN SO 8692
standard (Fig. 4). Due to the limited number of concentrated samples obtained,
a miniaturized algae test method was used. The miniaturized version does not
take place in Erlenmeyer flasks, but in 96-well microtiter plates. The basic solu-
tions and test conditions remain identical to the already mentioned standard.
The essence of the test consists of cultivating the algal culture R. subcapitata
in samples with the addition of a nutrient medium necessary for the growth
of algae. Cultivation takes place in a test room with a constant temperature
of 22 °C, with a light intensity of over 6,000 Ix. After 72 h, the specific growth rate
of the examined samples is compared with the control sample. The resulting
values of the analysed samples are expressed in % of inhibition (or stimulation)
of algae growth compared to the control sample.
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Fig. 4. Example of miniaturized algal test (left); microalgae R. subcapitata (right);
the standard version of the algal test running in Erlenmeyer flasks (bottom).

Genotoxicity test — Ames fluctuation test

The Ames fluctuation test (ISO 11350) was used to detect the presence of sub-
stances with a mutagenic effect. Using two genetically modified bacterial
strains of Salmonella enterica subsp. enterica serotype Typhimurium TA 98 and
TA 100, this test monitors the occurrence of direct and indirect mutagens in
the aquatic environment. By using both mentioned strains (TA 98 and TA 100),
it is possible to detect substances in the samples that induce point mutations
(base substitutions and displacement mutations) in genes encoding enzymes
that participate in the biosynthesis of the amino acid histidine. A two-fold
increase in the number of revertants is considered significant (Fig. 5).

In the Ames test, evaluation of the cytotoxic effects of the samples
on Salmonella bacterial strains is also recommended, based on the eval-
uation of the growth rate of bacterial strains compared to control samples.
Detection of cytotoxicity is recommended by ISO 11350 standard only for
the Salmonella strain TA 98. With the strain TA 100, the results may be distorted
due to lower growth rate. Due to significant staining of some analysed samples
which distorted the cytotoxicity evaluation, it will be necessary to optimize
the evaluation.

Fig. 5. Ames fluctuation test on a microtiter plate
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Ames test with metabolic activation (S9+)

In 2022, samples were also tested in a variant of the Ames test with metabolic
activation S9*, monitoring indirect mutagens which require metabolic activa-
tion by liver enzymes in order to manifest their mutagenic effect. In this variant,
samples with a concentration of 500 ml/I were tested.

Test to determine estrogen potential — Yeast estrogen test

(YES test)

The YES test method is aimed at determining the estrogenic potential of
aqueous samples. The procedure is based on I1SO 19040-1 : 2018 standard [26].
This colorimetric YES test uses recombinant Saccharomyces cerevisiae yeast cells
genetically engineered to express the human estrogen receptor alpha (hER).
Depending on the presence of estrogenic substances in the sample, the col-
our of the indicator (CPRG) changes as the substance binds to the estrogen
receptor. This initiates the expression of the reporter gene and the synthesis
of B-galactosidase, which is released by the cell into the medium, in which it
catalyses the conversion of the yellow CPRG substrate to red (Fig. 6). The inten-
sity of the red colour is related to the level of estrogenic activity of the sam-
ple and is evaluated spectrophotometrically at OD,, nm. The measured optical
density (OD) is directly correlated with the amount of 3-galactosidase released,
and thus with the activity of the test substance that has bound to the receptor.
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Fig. 6. YES test

RESULTS

Determination of estrogens

Measurements were carried out on samples collected during three campaigns
in 2021 in selected profiles. None of the estrogens could be determined in
the samples as their values were below the detection limit.

Toxicity test — luminescence test with A. fischeri

From the results in Tab. 3a and 3b, it can be seen that the lowest EC,  values were
recorded in both years 2021 and 2022 during the first sampling campaign, where
EC,, values were in a range of 15-119 ml/I. Samples collected in the second sam-
pling campaign had EC_ values in a range of 40-378 ml/I, with values in 2021
being slightly higher than in 2022. In the third sampling campaign, the EC_ val-
ues ranged from 43 to 434 ml/I, while the values in 2021 were again slightly higher
compared to 2022.

In general, we can say that almost all samples during the first sampling cam-
paign had a greater effect on luminescence inhibition compared to samples from
the second and third sampling campaigns. None of the EC_ values found was
lower than 10 ml/l, i.e, the value indicating significant toxicity of the samples.

The EC, values found for samples from some profiles in individual campaigns
differed significantly. For example, the EC_ value of the sample from the Opava —
Krnov profile in 2022 from the first campaign was among the lowest, with an EC_|
value of 18 ml/l. In contrast, samples taken from this profile during the summer
and autumn campaigns were among the least toxic. In contrast, the smallest differ-
ence in EC, values was found for samples taken in 2022 on the Labe - Valy profile.
Samples from this profile showed almostidentical EC, values in all three campaigns.
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Tab. 3a. Results of the luminescent test with A. fischeri, EC, values
after 30 min in [ml/I] (2021)

EC,, [ml/I]

Profile
1st campaign 2nd campaign 3rd campaign

Hvozdnice - river mouth 25 CHT 115 125
Opava - Krnov 63 CHT 91 279
Lucina — Slezska Ostrava 119 59 CHT 88
Ostravice — Ostrava 23 CHT 84 119
Olse - river mouth 51 CHT 40 CHT 60 CHT
Odra - Bohumin 59 CHT 48 CHT 86
Becva - Choryné 40 CHT 108 306
\rﬁggsﬁké Becva - river 55 CHT 378 434
Becva — Troubky 42 CHT 263 344
Orlice — Nepasice 17 CHT X 73
Labe - Valy 17 CHT X 64

x sample not taken
CHT — chronic toxicity

Tab. 3b. Results of the luminescent test with A. fischeri, EC_ values
after 30 min in [ml/l] (2022)

Toxicity test — miniaturized algae test with R. subcapitata

Tab. 4a and 4b show the results of the analysed surface water samples collected
in 2021 and 2022. It is clear that a four-fold dilution (c 250 ml/l) of the samples
in some cases caused 100 % inhibition of algae growth. The toxicity gradu-
ally decreased with further dilution. At a 100-fold dilution (i.e. a concentration
of 10 ml/1) the samples had a toxic effect only exceptionally.

In the first sampling campaign of 2021, the sample in the Hvozdnice - river
mouth profile showed increased toxicity; in the second sampling campaign,
it was the sample in the Odra — Bohumin profile. In the third sampling cam-
paign, no significant toxic effect of any of the samples was recorded. Similarly,
in the first sampling campaign of 2022, only the sample from the Odra —
Bohumin profile showed increased toxicity in the above-mentioned concen-
tration. In the second sampling campaign, high toxicity was detected in this
concentration in a sample from the Becva — Troubky profile. In the third sam-
pling campaign, no significant toxic effect of any of the samples was recorded.
In the summer and autumn campaign, algae growth was stimulated in some of
the examined samples due to the substances contained in them.

Although the algae inhibition effect appears to be significant in some con-
centrations, it should be noted that 1,000x concentrated surface water samples
were analysed. These samples were subsequently diluted in the tests in order
to find out which concentrations still have a significant inhibitory effect on algal
growth and which, in contrast, have minimal effect.

Tab. 4a. Algae test results with R. subcapitata, EC_ in [ml/I] (2021)

Results 2021 — algae

EC,,[ml/1]

Profile
1st campaign 2nd campaign 3rd campaign

EC550 [mi/1] Hvozdnice - river mouth 30.33 HU 50.1 HU Copy 2883 %
Profile
Ist campaign 2nd campaign 3rd campaign Opava - Krnov Cypy 2468 % 2043 €.y 4325%
Hvozdnice - river mouth 24 CHT 144 55 CHT
Lucina - Slezské Ostrava Cop0 2077 % 94.8 Cyp 166 %
Opava - Krnov 18 CHT 160 224
Lucina - Slezské Ostrava 52 CHT 34 CHT 72 Ostravice - Ostrava 4701 199.2 Csgp 3-33 %
Ostravice — Ostrava 32 CHT 61 CHT 60 CHT Olge - river mouth 186.9 49.0 HU 306.9
Olse - river mouth 15 CHT 114 183
Odra - Bohumin 1321 26.5 HU 163.0
Odra — Bohumin 27 CHT 154 137
. } Becva — Choryné 1449 88.6 478.2
Becva — Choryné * 88 50 CHT
 ipos . Vsetinské Becva - river
Vsetinska Becva — river 54 CHT 341 43 CHT mouth Cypo 3648 % Copo 1477 % Copo 1159 %
mouth
Becva - Troubky 15 CHT 96 91 Becva —Troubky 1136 469.2 Copp 1953 %
Orlice — Nepasice o4 82 162 Orlice — Nepasice 3714 X 2344
Labe - Valy 65 71 70
Labe - Valy 69.3 X 116.9

* sample processed differently from other samples (different method
of resin conditioning). EC50 value was 200 ml/I.
CHT - chronic toxicity
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x sample not taken
HE — herbicidal effect
C,,, —effect at a concentration of 500 ml/|



Tab. 4b. Algae test results with R. subcapitata, EC,  in [ml/]] (2022)

Results 2022 — algae
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Tab. 6. Comparison of Ames fluctuation test results in the variant without metabolic
activation S9- and the variant with metabolic activation S9+

EC,,[ml/1]

Profile

1st campaign 2nd campaign 3rd campaign

Hvozdnice — river

Ames test variants S9- and S9+

Profile 1st campaign  2nd campaign 3rd campaign

S9- S9+ S9- S9+ S9- S9+

outh 76.2 28.5HU 101.8 Hvozdnice — river ] ] ] ] ] )
mouth
Opava - Krnov Cypp 46.8 % Copp 10.3% Cypy 29.86 % Opava Krnov ] i i i . .
éusfirgja_ slezska 108.1 543 HU 1740 Lucina - Slezska N ) ) ) ) )
Ostrava
Ostravice - Ostrava Cypp 48.08 % 2169 111.5 Ostravice — Ostrava ) . . ) ) )
OlSe - river mouth 104.3 184.6 4184 Olée — river mouth } B} B _ 4 n
Odra - Bohumin 31.9HU 1237 3224 0Odra - Bohumin B B n _ + B,
Bec¢va - Choryné Cpp 11.6% 2354 192.8 Becva - Choryné - + + , , a
ngﬂ;ﬁka Becva —river 2423 C.. 4842 % 4683 \r/‘ieetr”r‘szi tBheéva - - . : - + +
Becva — Troubky 203 HU 57.6 HU 161.1 Becva - Troubky . i n . n .
Orlice — Nepasice Cpp33.35% 4432 C.0p26.53 % Orlice — Nepasice - - - - + -
Labe - Valy 157.8 1166 107.7 Labe —Valy + + + + - -

HE - herbicidal effect

Tab. 5. Results of the Ames fluctuation test in the variant without metabolic activation S9-

Ames test variant S9-

Profile 1st campaign 2nd campaign 3rd campaign

TA98 TA100 TA98 TA100 TA98 TA100

Hvozdnice - river

mouth + . + - + -
Opava - Krnov + + - - - _
Lucina - Slezska ) N N i _ )
Ostrava

Ostravice - Ostrava + - - n - _
Olse - river mouth - - + + + -
Odra — Bohumin - - + - R -
Bec¢va - Choryné - - - - - -
Vsetinska Becva — river i i i i _
mouth

Becva - Troubky - - - - - _
Orlice — Nepasice - - X X - -
Labe —Valy - - X X + -

+ there was a significant increase in the number of revertants in the samples (2021)
- there was no significant increase in the number of revertants in the samples (2021)
x sample not taken

+ there was a significant increase in the number of revertants in the samples (2022)
— there was no significant increase in the number of revertants in the samples (2022)

Genotoxicity test — Ames fluctuation test with metabolic activation
(S9+) and without metabolic activation (S9-)

In 2021, the results of the Ames fluctuation test were obtained in the variant
without metabolic activation of S9- (Tab. 5), where only direct mutagenic sub-
stances were monitored. In the first campaign, mutagenic substances were
detected on the profiles of Hvozdnice — river mouth, Opava — Krnov, Lucina —
Slezska Ostrava, and Ostravice — Ostrava. In the summer campaign, they were
detected in the profiles Hvozdnice — river mouth, Lucina — Slezskd Ostrava,
Ostravice — Ostrava, Ol$e — river mouth, and Odra — Bohumin. In the autumn
campaign, the Hvozdnice — river mouth, Olse — river mouth, and Labe - Valy
profiles tested positive.

Tab. 6 shows a comparison of the result of the Ames fluctuation test in
the variant without metabolic activation S9- and the variant with metabolic
activation S9+ in surface water samples collected in 2022. If in the S9+ or S9-
variant of the test, at least one of the Salmonella strains showed a significant
increase in revertants compared to the control testing, the sample is marked as
positive for the presence of mutagenic substances in the sample.

In the spring campaign, the presence of direct or indirect mutagenic sub-
stances was detected in a sample taken in the Lucina - Slezské Ostrava, Be¢va —
Choryné, and Labe - Valy profiles. The sample from the Labe was positive for
the presence of mutagenic substances even in the second campaign. In this
campaign, the presence of mutagenic substances was further detected in sam-
ples from the Odra — Bohumin, Be¢va — Choryné, and Becva — Troubky profiles.
In the third campaign, samples from OlSe, Odra, Becva, and Orlice were positive.
In 2022, direct mutagens were repeatedly detected in samples from the Labe —
Valy, Odra — Bohumin, Be¢va — Choryné, and Becva — Troubky profiles.
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Test to determine estrogen potential — Yeast estrogen test

(YES test)

In the samples taken in 2021 and 2022, the YES test did not significantly record
the induction ratio (IR) of B-galactosidase > IR10 (where IR10 =10 % (IRmax of
the standard - IR of the negative control)) (Tab. 7a and 7b). The YES test did
not show results indicating the presence of substances that would cause
the expression of the reporter gene and the subsequent production of
B-galactosidase to such an extent that the sample could be significantly
marked as positive for the presence of estrogens or substances with estrogenic
effects on the hER receptor. For six samples in 2021, the IR value was above 6 %
of the maximum induction of 3-galactosidase (Tab. 7a, highlighted). In Tab. 7b,
two values in the third campaign (sample from the profiles Becva — Troubky
and Labe - Valy) are clearly marked, for which the IRmax value was above 9 %.
If the value of these samples were > 10 %, they would already be samples with
a proven agonistic estrogenic effect. To verify the obtained results, the samples
for which the maximum B-galactosidase induction value exceeded 6 % will be
reanalysed by the YES test.

Tab. 7a. Results of estrogenic activity of samples in yeast estrogen tests (YES test) (2021)

% induction IRmax

Profile
1st campaign 2nd campaign 3rd campaign
Hvozdnice - river % <4 % max. 8.2 % max.
mouth induction induction
Opava - Krmov <4 9% max. 10.5 % < 4% max.
P induction induction induction
Lucina — Slezska <4 9% max. <4 9% max. <4 9% max.
Ostrava induction induction induction
) <49 . 9 .
Ostravice — Ostrava ) 4% max * N 4% max
induction induction
. . <4 9% max. 10.9 % <4 % max.
Olse — river mouth ) ) . . ) X
induction induction induction
. < 4 9% max.
Odra - Bohumin * * ) o ne
induction
Betva — Chorvné 7.1 % max. 10.7 % 8.4 % max.
y induction induction induction
Vsetinska Becva — <4 9% max. <4 9% max. <4 9% max.
river mouth induction induction induction
Becva — Troubk <4 % max. <4 9% max. <4 % max.
Y induction induction induction
Orlice — Nepasice <4 % max. X <4 % max
P induction induction
<49 . 9 .
Labe —Valy ) 4 /or"nax X .7 bmgx
induction induction

* cytotoxicity of samples recorded
x sample not taken

DISCUSSION AND CONCLUSION

Our measurements showed that even on the reference profiles, where the rou-
tine monitoring of selected parameters (carried out by Povodi state enterprises)
showed long-term good water quality, chronic effects of pollution or their gen-
otoxicity were determined in samples from some campaigns. This fact shows
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Tab. 7b. Results of estrogenic activity of samples in yeast estrogen tests (YES test) (2022)

% induction IRmax

Profile

1st campaign  2nd campaign  3rd campaign

Hvozdnice - river < 6% max. < 6% max. < 6% max.
mouth induction induction induction
< 6% max. < 6% max. < 6% max.
Opava - Krnov : ) ) } ) .
induction induction induction
Lucina - Slezska 6.6 % max. . <6 % max.
Ostrava induction induction
) 7.2 % max. < 6% max.
Ostravice — Ostrava S * -0
induction induction
. . < 6% max. < 6% max. < 6% max.
Olse - river mouth ) ) ) ) ) )
induction induction induction
, < 6% max. < 6 9% max. 6.2 % max.
Odra — Bohumin ) ) ) ) ) :
induction induction induction
Becva — Choryné < 6% max. < 6% max. < 6% max.
Y induction induction induction
Vsetinska Becva — < 6 9% max. < 69% max. < 6% max.
river mouth induction induction induction
. < 6% max. 8.2 % max. 9.0 %
Becva - Troubky ) . . ) . .
induction induction max. induction
Orlice — Nepasice < 6% max. < 6% max. < 6% max.
P induction induction induction
Labe - Val < 6% max. < 6% max. 9.3 %
y induction induction max. induction

*cytotoxicity of samples recorded

that routine monitoring apparently did not detect the substances or their mix-
tures that could cause the given effects, and the financial resources spent on its
implementation therefore did not bring the required results for the assessment
of the ecological water status, which is significantly influenced by the effect
of pollution determined using EBM. In a situation where the list of priority
and emergent pollutants to be monitored in waters is still growing, EBM has
the potential to focus chemical monitoring on a purposeful basis, and thus to
streamline its costs.

According to the Water Framework Directive, assessment of the chemical
status and ecological status/potential of surface waters is carried out by mon-
itoring priority substances and specific pollutants defined at the national level
(in the Czech Republic according to Government Regulation 401/2015 Coll. and
CSN 75 7221 standard). However, these hazardous substances make up only
a fraction of the total water toxicity. Chemical analysis is not able to cover all
pollutants present in waters; therefore, the environmental impact of unregu-
lated substances, as well as the effects of mixtures, is not considered.

Framework Directive 2000/60/EC requires Member States to set environ-
mental objectives for each water body. If this goal is not met, the causes must
be identified so that effective measures can be taken. For this purpose, it is
necessary to have a suitable diagnostic system; however, such a tool is not
often available. Most biological methods used according to the Framework
Directive may not respond adequately to the presence of toxic substances and
their mixtures in waters, or to other types of stressors. EBMs can provide overall



information on the ecotoxicological effects of surface water pollution, and thus
help in the evaluation of possible causes of unsatisfactory water status.

Based on the experience we have gained and the test results, it can be con-
cluded that our project has demonstrated the applicability of the proposed
EBM in routine practice and fully supports their introduction not only here, but
also at the European level.
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