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A global evaluation of wastewaters should include ecotoxicological tests to complement the chemical
characterization, with advantages especially in the case of complex wastewaters. A European project
developed in Trancdo River Basin (Portugal), integrated the ecotoxicological and physicochemical stud-
ies of wastewater samples from two municipal sewer networks and respective wastewater treatment
plants. Wastewater samples were analysed for physicochemical parameters, ecotoxicological acute and
chronic tests performed and the potential for endocrine disruption evaluated. Organic load parameters

m[de: and total suspended solids showed significant correlations with Microtox and ThamnoToxKit test results.
Wastewaters Data analysis showed that treated treatment plant effluent samples are associated with less organic con-

tamination and less toxicity in ThamnoToxKit test. Chronic toxicity test and endocrine disruption assay of
treatment plant effluent samples indicated that, in a long term, potential population effects could arise in
the receiving waters. A test battery to monitor this type of wastewaters is proposed, including tests with
a bacterium, an alga and a crustacean. In a screening phase the most sensitive test, Microtox, can be used.
The use of an ecotoxicological approach can have added value to hazard and risk assessment of discharges

Acute toxicity
Chronic toxicity
Estrogenic activity

to the receiving waters and can contribute to the environmental management of the treatment plant.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The integrated assessment of biological effects of wastewater
discharges in the ecosystems is relevant and ecotoxicity tests are
referred as extremely useful tools for the identification of environ-
mental impacts. International, national and regional authorities can
use these tools to help meet the various regulatory and legislative
goals [1]. Regulatory and discharge drivers may contribute to the
growing use of direct toxicity assessment, as a result of pressure
coming either from current and developing legislation (e.g. IPPC
[2], WED [3], REACH [4]) or from discharger concerns in supporting
decision-making. In particular, the development of thinking asso-
ciated to the Water Framework Directive is raising issues about
defining quality in the ecological domain. For countries to com-
ply with good ecological status under WFD, the ecotoxicity of the
WWTP effluent may play a significant role herein. Hence, the devel-
opment of relevant, but reliable robust test systems will be of
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importance in developing appropriate and cost-effective manage-
ment programs to (a) protect the environment and (b) comply with
EU Directives, e.g. WFD [5]. Therefore a comprehensive assessment
of wastewaters should complement the chemical characterization
with ecotoxicity tests [6]. Considering ecotoxicity testing as an inte-
gral part of the toolbox to investigate the environmental impacts
of effluents but knowing that it can be complex, time consuming
and expensive, a tiered approach is recommended when defining a
realistic assessment strategy [ 7]. In many countries ecotoxicity tests
are already used in wastewater management [8-10]. This approach
has advantages particularly in the impact assessment of complex
wastewaters, for example to protect biological treatment plants
from toxic influents and to monitor the effectiveness of wastewa-
ter treatment plants (WWTP) [11-13]. Measured concentrations of
organic wastewater contaminants in freshwaters, namely steroids
and hormones, are low [14] but little is known about the poten-
tial interactive effects in complex mixtures that may occur in
the environment and about their effect on human health [15]. It
is furthermore clear that industrial and municipal effluents are
major sources of endocrine disrupting chemicals into the aquatic
environment, thus raising concerns about the chronic toxicity.
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Desbrow et al. [16] identified natural hormones (173-estradiol
and estrone in concentrations from 1 to 80ng/l) and, at lower
levels, a pharmaceutical hormone (17a-ethynylestradiol in concen-
trations from below the detection limit to 7.0 ng/l) from human
waste as the estrogenically active compounds present in effluents
of sewage plants treating primarily domestic wastes. Exposure to
complex mixtures of estrogens and estrogen mimics in concentra-
tions observed in freshwaters has been associated with a range
of reproductive impacts, namely in fish [17]. Also, difficulties in
obtaining representative samples arise in the case of wastewater
treatment plant effluents, whose composition is highly variable,
and repeated testing is thus required [18]. A demonstration project
was developed in Trancdo River Basin (Portugal) and included the
ecotoxicological and physicochemical study of wastewaters from
two municipal sewer networks and respective WWTP. This paper
reports the results obtained for the ecotoxicological assessment,
discussing the issue of the chemical-based consent for discharges.
Data from acute and chronic tests with different species (bacteria,
an alga, crustaceans and a plant) and from an assay evaluat-
ing estrogenic activity for samples from the two systems are
discussed.

2. Materials and methods
2.1. Wastewater sampling

Wastewater samples from two sewer network systems and
respective WWTP-1 and 2, located in Loures (Portugal), were col-
lected during four sampling campaigns (November 2003, March
2004, September 2004 and December 2004). These network sys-
tems receive domestic and industrial wastewaters namely from
chemical, food, metal-mechanical, paper, printing, recycling, repair,
and surface treatment sectors. Both WWTP started working by
the end of the 90s and the characteristics of each are detailed
in Table 1. For each of the network systems, samples from influ-
ent to the WWTP (-inf) and effluent from the WWTP (-ef) as
well as from two points along the network (-A and -B) were col-
lected, making a total of 32 samples. 24-h composite samples
were collected and each sample was divided into subsamples, kept
refrigerated (4 °C) for physicochemical analysis for no more than
5 days and kept frozen (—20 °C) for ecotoxicological analysis for no
more than 1 month.

2.2. Physicochemical analysis

pH potenciometric determination, chemical oxygen demand
(COD), biochemical oxygen demand after 5 days (BODs), total
hydrocarbons and oil and grease determinations were performed
as described in the Standard Methods for the Examination of Water
and Wastewater [19]. Total suspended solids (TSS) were determined
according to standard NP EN 872:2000 [20].

The biological efficiency of WWTP can be evaluated by
biodegradability studies of inflow wastewaters. BOD5/COD ratio
can be used as a biological treatability index to analyze the
potential of wastewaters to be degraded. Fresenius et al. [21]

Table 1

Details of the WWTP including industrial/domestic ratio of wastewaters arriving
to the WWTP, population equivalent numbers, annual flow through the WWTP
(average for 2003-2004) and type of final treatment process

WWTP  Industrial/domestic ~ Population  Annual Treatment type
(%) equivalent  flow (m?)

1 65 130,000 4.6 x 106 Activated sludge

2 53 709,000 12.5 x 108 Tertiary treatment

considers BOD5/COD < 0.5 indicative of low biodegradability and
BOD5/COD > 0.5 indicative of good biodegradability.

2.3. Ecotoxicity tests

Ecotoxicological evaluation of the samples was performed using
Vibrio fischeri, Pseudokirchneriella subcapitata, Thamnocephalus
platyurus, Daphnia magna and Lemna minor as test organisms, as
well as a blend of aerobic bacteria, to assess acute and chronic
aquatic toxicity, according to the following methods.

Microtox test: Toxicity was assessed by determining the inhi-
bition of the luminescence of Vibrio fischeri (strain NRRL B-11177)
exposed for 15min (Microtox® Test, Microbics, Carlsbad, U.S.A.).
The test was performed according to the basic test procedure
[22];

AlgalTox test: Alga toxicity was assessed by measuring the
growth inhibition of Pseudokirchneriella subcapitata exposed for
72 h, according to AlgalToxKit FT™M test procedure [23] that follow
the OECD guideline 201 [24]. The inoculum is available in algal
beads with immobilized cells. Optical density (OD 670 nm) of algae
suspensions was determined.

ThamnoTox test: Crustacean toxicity was assessed by determin-
ing the mortality of Thamnocephalus platyurus exposed for 24 h
according to ThamnoToxKit FT™™ test procedure [25]. Larvae for test
were obtained by hatching of cysts.

Daphnia tests: Crustacean acute and chronic toxicity was also
assessed by determining the inhibition of the mobility and repro-
duction of Daphnia magna (clone IRCHA-5) exposed for 48 h and
21 days, respectively, according to ISO 6341:1996 [26] and ISO
10706:2000 [27]. Juveniles for testing were obtained from cultures
maintained in the laboratory.

Lemna test: Plant toxicity was assessed by determining the
growth inhibition of Lemna minor (clone ST) exposed for 7 days,
according to ISO 20079:2005 [28]. Plants for testing were obtained
from cultures maintained in the laboratory. Total frond area
was used as growth parameter, quantified by an image analysis
system—Scanalyzer (LemnaTec, Wiirselen, Germany).

Polytox test: Bacteria toxicity was also evaluated by the determi-
nation of the inhibition of respiration on a mixture of specialized
aerobic bacterial cultures after an exposure of 21 min, by mea-
suring the dissolved oxygen consumed under defined conditions
(POLYTOX® Test, InterLab, The Woodlands, Texas, U.S.A.). The test
was performed according to the procedures of InterLab [29].
Endocrine disruption potential of the samples was assessed by
Estrogen Responsive — Chemically Activated Luciferase Expression
(ER CALUX®) assay (BioDetection Systems — BDS, Amsterdam, the
Netherlands) determining estrogenic activity, analysis performed
by BDS. This assay uses a human breast carcinoma cell line (T47D)
which has been stably transfected with a plasmid containing the
luciferase gene of Photinus pyralis coupled to three estrogen respon-
sive elements, so it can act as a reporter for the presence of
compounds that activate the estrogen receptor. Prior to analysis
wastewater samples were extracted using methyltertbutylether
(MTBE) and the evaporated extracts were dissolved in dimethyl
sulfoxide (DMSO). Cells, previously grown in a medium supple-
mented with hormone-stripped serum, were exposed for 24 h and
the response measured in a luminometer. Estrogenic activity of
the samples is benchmarked against the reference estrogen 173-
estradiol and the results given in a quantitative way. This bioassay
can be used for assessing net estrogenic activity of mixtures of
estrogens.

All samples were tested with Microtox, AlgalTox, ThamnoTox,
Daphnia, Lemna and Polytox tests. Daphnia chronic and ER CALUX
tests were performed for effluent wastewater samples collected in
the last sampling campaign in December 2004.
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2.4. Data analysis

Ecotoxicity test results are expressed in ECsg or LCs, the effec-
tive concentration responsible for the inhibition or lethality in 50%
of tested population, after the defined exposure time. These values
were calculated by Probit analysis. Results are presented as ECsp-
15 min for Microtox test, EC59-72 h for AlgalTox test, LC50-24 h for
ThamnoTox test, EC5¢-48 h for Daphnia acute test, and ECsg-7 days
for Lemna test. Lower values of ECsg indicate higher toxicity to the
tested organism.

For the 21 days chronic test with D. magna significant differences
between the results in the control and in tested concentrations were
analysed by the application of Mann-Whitney test [30]. Results are
presented as NOEC-21d, the no observed effect concentration, i.e.
highest concentration for which reproduction is not significantly
different from the control.

Polytox results are expressed as percent inhibition level (% I)
at 100% of sample concentration, which is determined taking into
account the dissolved oxygen uptake rate of the bacteria exposed
to the sample, corrected for any background oxygen depletion, and
the baseline dissolved oxygen uptake rate of the bacteria. Micro-
bial populations exposed to an initial inhibition level of less than
30% can adapt to the presence of the inhibitory pollutant at the
concentration level tested and the relative toxicity in the sample is
negligible. If the Percent Inhibition Level falls between 30% and 50%
the sample is “slightly toxic”. If the Percent Inhibition Level is higher
than 50% the sample is “toxic to very toxic” to the microorganisms
[29].

Aiming to include all raw data for statistical analysis, ECsq val-
ues not determined due to low effect levels were considered as
100%. The acute tests sensitivity was assessed by Slooff’s index [31]:
each single test result (expressed as ECsq or LCsg) is divided by the
arithmetic mean of all test results for each sample, and the geo-
metric mean of these ratios for each test is calculated. The smaller
value stands for the more sensitive test. The Slooff’s index was
calculated for Microtox, AlgalTox, ThamnoTox, Daphnia and Lemna
tests.

Pearson correlations were determined using statistical analysis
software (JMP® 5.0.1) for 23 samples on the following 9 variables,
all except pH previously log transformed:

e physicochemical data from pH, COD, BOD5 and TSS analysis;
¢ ecotoxicological data from Microtox, AlgalTox, ThamnoTox, Daph-
nia acute and Lemna tests.

In order to provide a graphical description of the correlated data
and to understand its multivariate structure a principal compo-
nent analysis (PCA) was also performed (see e.g. [32]) based on
the Pearson correlation matrix (JMP®). PCA allows identifying the
major discriminating variables associated with a given principal
component (PC).

Table 2

3. Results and discussion
3.1. Physicochemical parameters

The range of results from the physicochemical analysis of
the samples is presented in Table 2. The results show variation
(coefficient of variation (cv)>80%) among samples for the physic-
ochemical parameters, except for pH.

Concerning chemical characteristics of the wastewater samples
collected in the sewer network system (-A and -B) and at the “input”
of the WWTP (-inf), and according to the Municipal Regulation [33],
emission limit values (ELV) for COD and BODs5 were exceeded in
12.5% of the samples, and the ELV for TSS and total hydrocarbons
were not exceeded. For influent wastewater samples, BOD5/COD
ratio varied between 0.41 and 0.64, with only one of the values
lower than 0.5, accounting for a good biological degradation of
organic substances entering the WWTP.

Concerning chemical characteristics of the wastewater samples
collected at the discharge of the WWTP (-ef), and according to the
Portuguese Legislation on Water Quality [34], ELV for COD and BOD5
were exceeded in most of the cases (50% and 62.5% of the sam-
ples, respectively). ELV for TSS was also exceeded in 37.5% of the
samples, but ELV for oil and grease was not exceeded. The ratio
BOD5/COD has lower values for effluents, varying between 0.22
and 0.53, than for influents. Since the values are lower than 0.5 in
75% of the effluent samples for Treatment Plant 2 that incorporates
tertiary treatment, it suggests that the treatment was effective in
biodegradation processes.

3.2. Acute toxicity tests

Direct toxicity assessment of influent and effluent wastewaters
showed a heterogeneous group of samples (Table 3), being acute
toxicity values dependent on the sample and the species tested.
ECsq values lower than 10% were obtained for Microtox test in all
sampling points, and for AlgalTox and Daphnia acute tests in sam-
pling point 2-A. The sensitivity of Microtox test and the reliability
of this test in monitoring toxicity of treatment plant wastewaters
have also been observed by other authors [12,35].

Despite the frequent use of Microtox in assessing toxicity of
wastewaters discharged into WWTP, Polytox test was also used
to compare the performances. Polytox test results from all the
input wastewater samples showed Percent Inhibition Level val-
ues lower than 30% foreseeing the good biodegradability of these
samples in the WWTP, except for one sample from sampling
point 1-B that can be said to be slightly toxic. Gutiérrez et al.
[36] in a study comparing Microtox and activated sludge oxygen
uptake inhibition found that it is impossible to state a relation-
ship between these tests for the wastewaters toxicity. It seems
that toxicity towards Vibrio fischeri does not imply toxicity to a
blend of bacteria simulating the microbial population present at
the WWTP.

Range of values for physicochemical parameters obtained for sewage network system samples

Sampling points pH COD (mgl-1) BODs (mgl—') TSS (mg 1-1) Total Hydrocarbons (mgl—') 0il and Grease (mgl-')
1-A 7.2-8.2 496-2915 303-1538 200-600 0.12-2.3 4.3-59

1-B 7.7-8.3 241-637 127-294 12-400 0.22-1.8 13-31

1-inf 6.3-6.9 518-1139 264-649 119-800 0.23-0.55 19-70

1-ef 7.8-7.9 38-634 20-186 39-300 0.02-0.13 0.39-1.0

2-A 7.5-8.2 178-647 77-372 45-144 0.50-2.4 2.2-25

2-B 8.1-9.0 455-1030 303-531 103-500 0.76-1.2 27-47

2-inf 7.5-7.7 356-965 146-609 200-500 1.3-2.0 48-72

2-ef 6.8-7.8 60-158 29-83 19-41 0.02-0.17 0.16-0.64
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Table 3

Range of values for ecotoxicological tests obtained for sewage network system samples.

Sampling Points ~ Microtox ECso-15min (%)  AlgalTox EC50-72 h (%)

ThamnoTox LCsp-24 h (%)

Daphnia acute ECsp-48 h (%)  Lemna ECso-7 days (%)  Polytox (% I)

1-A 0.90-4.2 72-n.d. 22-43
1-B 1.5-18 41-n.d. 25-64
1-inf 3.7-54 20-n.d. 14-59
1-ef 5.2-n.d. 55-n.d. 46-n.d.
2-A 5.5-28 5.6-n.d. 16-n.d.
2-B 1.8-7.1 23-n.d. 22-47
2-inf 1.6-n.d. n.d. 27-64
2-ef 1.2-n.d. n.d. n.d.

48-78 47-n.d. 0-24
28-n.d. 78-n.d. 12-35
72-n.d. n.d. 13-28
21-n.d. n.d. 0-35
6.9-n.d. 39-86 0-14
76-n.d. 59-89 8.0-21
55-n.d. 73-n.d. 0-11
40-n.d. n.d. 0-17

n.d.: not determined.

Slooff’s sensitivity index calculated for the acute tests shows
that the bacterium Vibrio fischeri is the most sensitive species,
and allows to establish the following gradient of test sensitivity,
Microtox > ThamnoTox > Daphnia = AlgalTox > Lemna, from the cor-
responding Slooff’s index values 0.2<0.7<1.1=11<14.

Using a wastewater classification proposed by Tonkes et al. [37]
that considers samples with an ECsg value for the most sensitive
species lower than 10% as toxic and samples with an ECsq value
lower than 1% as very toxic, all sampling points in this study had
toxic wastewater samples and in one of the interceptors a very toxic
sample was collected.

From the analysis of distribution of samples in classes of toxic-
ity for each toxicity test in Fig. 1, it can be seen that Microtox test
detects four classes of toxicity discriminating among tested sam-
ples and that ThamnoTox and Lemna tests detect only two classes
of toxicity in the group of samples.

Concerning correlation analysis between acute toxicity tests
and physicochemical parameters, significant correlations were
obtained (p <0.05). Organic load parameters and TSS showed sig-
nificant negative correlations with Microtox (vs. COD, r=-0.58;
vs. BODs, r=-0.56) and ThamnoTox (vs. COD, r=-0.69; vs. BODs,
r=-0.70; vs. TSS, r=—0.51) results.

The principal component analysis allowed the representation of
the data set on a bivariate plot. The two principal axes, PC1 and PC2,
explain 66% of the total variance (43% and 23%, respectively). The
plot in Fig. 2 shows the positions of the 23 samples on the plane
spanned by the two principal axes together with the projections of
the nine variables on those axes. The most discriminative variables
in differentiating among the WWTP samples were defined as those
which had at least 40% of their variance explained by PC1 or PC2
(i.e. eigenvector (v) >0.40). The first component is positively asso-
ciated with the organic load parameters and negatively associated
with the results of ThamnoTox test (COD, v = 0.45; BOD, v = 0.46;
ThamnoTox, v = —0.43); the second component is positively associ-

MEC50<1% E1%<EC50<10% O10% <EC50<100% O 100%<EC50

100

80 1

60 1

40

samples (%)

20

Microtox AlgalTox ThamnoTox Daphnia acute Lemna

Fig. 1. Distribution of samples in classes of toxicity for each toxicity test.

ated with the results of AlgalTox and Daphnia acute tests (AlgalTox,
v = 0.57; Daphnia, v = 0.58). The distribution of the samples in this
bidimensional plot, mainly along PC1, allow to group the samples
into two major clusters, the untreated and the treated wastew-
aters, with WWTP effluent samples associated with less organic
contamination and less toxicity in ThamnoTox test.

3.3. Chronic toxicity test and endocrine disruption assay

Concerning Daphnia chronic toxicity, no mortality of adult
females occurred in the control and in the lowest concentrations
of effluent samples after an exposure of 21 days (Table 4). Mor-
tality of adult females was registered in Daphnia groups exposed
during 21 days to the higher concentrations, attaining 100% mor-
tality at 22% concentration of sample 1-ef and at 5% concentration
of sample 2-ef. First brood in all females occurred between the
7th and the 9th day, but cumulative number of juveniles after 21
days exposure was lower for highest concentrations in both tests.
NOEC-21d values were 5% for sample 1-ef and 0.4% for sample 2-ef.
Acute to chronic ratios (ACR = EC59-48 h/NOEC-21d) were 4 and 250
for samples 1-ef and 2-ef, respectively (ACR{_of=21%/5%=4.2 and
ACR;_of=100%/0.4% = 250). In the case of sample 2-ef, the observa-
tion of chronic effects at low concentrations is particularly relevant
since the sample did not show acute toxicity for any of the tested
organisms. Kosmala et al. [38] in a WWTP survey using the chronic
toxicity test with the crustacean Ceriodaphnia dubia also detected
constant chronic toxicity of the effluent that revealed no acute tox-
icity to different organisms.

For ER CALUX a quantifiable amount of estrogenic activity could
be observed in both samples: 2407 +2.9 pg 17p-estradiol EEQ/I
water for sample 1-ef and 4868 + 10.0 pg 173-estradiol EEQ/l water
for sample 2-ef. Sample 2-ef showed higher estrogenic activity than
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Fig. 2. Graphical representation of the two principal axes (PC1 and PC2) from a prin-
cipal component analysis in a correlation matrix for the 23 samples on the 9 chemical
and ecotoxicological variables (M : treated effluent samples, a: other samples, ®:
variables).
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Table 4

Female mortality and reproduction exposure effects of wastewater treatment plant
effluents in 21 days Daphnia reproduction test (mean =+ S.E.M.: mean number of juve-
niles per female and standard error of the mean; Sig.: significance of differences
between concentrations in number of juveniles)

Concentration (%) Female mortality (%) Number juveniles Sig.2

(mean+S.E.M.)

Sample 1-ef
0 0 745 + 34 A
5 0 64.3 + 10.0 A
10 20 570 + 14 B
15 40 537+ 75 B
22 100 - -
33 60 41.5 £ 49 C
Sample 2-ef
0 0 74.0 + 8.2 A
0.2 0 61.6 £+ 14.6 A
0.4 0 66.4 + 11.9 A
0.9 20 61.0 + 5.7 B
2.1 40 33.0+8.7 C
5.0 100 - -

2 Concentrations with the same letter are not significantly different (p >0.05).

sample 1-ef. In vitro bioassays can estimate the total endocrine
disrupting activity of a WWTP sample because they may account
for the additive and synergistic effects of the endocrine disrupting
chemicals present. In a study using other assays to detect estro-
gen activity, E-Screen and YES bioassays, in vitro bioassays were
considered very useful in a strategy to analyze WWTP samples for
estrogens or endocrine disrupting chemicals [39]. Chronic toxic-
ity and estrogenic activity were observed in the effluents of both
WWTP, with relevant data for the WWTP effluent sample that
showed no acute toxicity.

4. Conclusions

The methodologies for ecotoxicity evaluation are available and
should be used in the control of complex wastewaters. In this
study the alert to potential problems by chemical evaluation of
samples did not always correspond to effects in tested organisms.
The reverse situation was also observed, some samples presented
effects in tested organisms with no indication of potential hazard by
chemical evaluation. This stresses the importance of complement-
ing the chemical approach with the ecotoxicological approach, to
maximize environmental protection. The validity of the use of acute
tests to drive environmental improvement has been demonstrated,
but methodologies for chronic toxicity, persistence and bioaccumu-
lation need further development [7].

When considering ecotoxicity testing as part of the toolbox
to investigate the environmental impacts of effluents, a tiered
approach is recommended, both for economical or technical rea-
sons. Concerning WWTP systems and considering the relative
sensitivity of the organisms used in wastewater testing and the
importance to consider effects at different trophic levels, the test
battery proposed would include tests with a bacterium, an alga and
a crustacean to monitor this type of wastewaters. In an ecotoxic-
ity screening phase, we propose the use of a single test, Microtox,
which turned out to be the most sensitive test. In this study Poly-
tox test, mentioned as providing rapid information on the potential
toxicity of wastewaters to the biological community of wastewaters
treatment systems, did not differentiate samples of wastewaters
arriving to the WWTP. Effluent samples collected at the discharge
of the WWTP, showed lower ratio BOD5/COD than influent sam-
ples, proving its efficiency in reducing the organic load discharged.
The principal component analysis of physicochemical and ecotox-
icological data allowed to group the samples into untreated and

treated wastewaters, with WWTP effluent samples associated with
less organic contamination and less toxicity. Nevertheless chronic
toxicity and estrogenic activity were observed in the effluents from
both WWTP, with relevant data for the WWTP effluent from Treat-
ment Plant 2, showing no acute toxicity but with higher estrogenic
activity and higher acute to chronic ratio.

Chronic toxicity and endocrine disruption evaluation allowed
obtaining additional information, indicative of potential population
effects induced by low concentrations in a long time exposure.

The use of the ecotoxicological approach has an added value to
hazard and risk assessment of discharges to the receiving waters,
and environmental management can use this tool with advantages.
Ecotoxicity tests identify the hazard and can be used in ecologi-
cal risk assessment. In Water Framework Directive, direct toxicity
assessment of WWTP discharges can contribute to attain or keep
ecological quality objectives in water masses.
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