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Geno- and cytotoxicologic assessment of
wastewater effluents with mussel micronucleus
assay and with flow cytometric sperm toxicity
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Abstract— Several pharmaceutical drugs have potential
harmful effect on wildlife such as aquatic toxicity, genotoxicity,
or endocrine disruption effect. Removal rates of pharmaceuticals
from municipal sewage during waste water treatment is
questionable, several studied drugs are insufficiently or not
removed while passing through the sewage treatment plants
(STP).The analytical monitoring of potentially harmful drugs
and especially drug residues in influent and effluent of STP are
rather costly and not always possible on a day to day basis.
Toxicity bioassays, on the other hand, are relatively cost-effective
short-term tests, estimating the aggregate genotoxicity of the
samples on different taxonomic levels. In our study the cyto- and
genotoxicity of the pre-treated potentially pharmaceutical
containing influent and the effluent sample of a Hungarian STP
were estimated with mussel (Unio pictorum) micronucleus (MN)
assay and flow cytometric boar spermatozoa assay. The influent
induced in the flow cytometric assay significant changes in
mitochondrial transmembrane potential, oxidative DNA lesions
and DNA fragmentation, but no significant genotoxic effect was
detected by the MN assay. These results point to deficiencies of
present wastewater treatment systems and remind us to choose
carefully among available toxicity assays.
Keywords— genotoxicity, cytotoxicity, pharmaceutical
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Introduction

It is one of the major challenges in the wastewater
treatment industry to remove pharmaceuticals from
effluents.
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At present, removal rates of pharmaceuticals from
municipal effluents during waste water treatment is
questionable, several studied drugs are insufficiently or not
removed while passing through the sewage treatment plants
(STP). Drugs or their metabolites are already present in
freshwater ecosystems [1], they have even been found to
occur in the sediment at concentrations much higher than in
the water column or wastewater treatment plants effluents
[2].
Several pharmaceutical drugs have potential harmful
effect on wildlife such as aquatic toxicity, genotoxicity, or
endocrine disruption effect [3, 4, 5] The environmental
importance of mixtures of pharmaceutical residues are
reviewed by Vasquez et al. [6].
The analytical monitoring of potentially harmful drugs and
especially drug residues in influent and effluent of STP are
rather costly and not always possible on a day to day basis.
Toxicity bioassays, on the other hand, are relatively costeffective short-term tests, estimating the aggregate
genotoxicity of the samples on different taxonomic levels.
In our study the performance of a Hungarian STP was
estimated with mussel (Unio pictorum) micronucleus (MN)
assay and flow cytometric boar spermatozoa assay. The STP
collects and treats municipal effluent (from a medium-sized
town) and also receives the pre-treated effluent of a
pharmaceutical firm.
The mussel micronucleus assay is based on the ratio of
micronuclei formation which indicates mitotic chromosome
breakage or chromosome mis-segregation [7] It has been
successfully applied for assessing the genotoxic potential of
selected drugs, of treated effluents [8, 9] or in case of
freshwater environments receiving urban effluents [10]. On
the contrary, the boar spermatozoa biosensor, which was
first used for toxin detection in dust samples [11], has never
been applied for wastewater genotoxicity assessment.
II.

Materials and methods

Sewage samples were collected in a Hungarian
municipal treatment plant. Sample 1 was taken from the pretreated pharmaceutical wastewater which goes to the
treatment plant, together with the municipal raw wastewater.
Sample 2 was taken from the effluent. The micronucleus test
was initiated directly after sampling. The sample was kept at
-18°C until cytometric boar spermatozoa assay was
performed.
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A.

MN test

MN test was performed on Unio pictorum specimens
with length of 5-8 cm collected from Lake Balaton. Prior to
the testing, animals were acclimatized for 4 weeks (t=1824°C, DO=85-93%). The assay was performed based on the
protocol described by Wozniczki et al. [12], with some
modifications. Treatments were performed in 3 replicates,
on five animals, in 3 l water volume each. Aquaria were
aerated during the experiment, temperature was set at 22 °C.
Exposure time was 4 days. 10x, 20x, 30x and 40x dilutions
were set. For dilution and for control water from Lake
Balaton was used. A semi-static test arrangement was
chosen, to avoid organic compound degradation induced
toxicity, so the test solution was changed after 2 days of
exposition.
After 4 days, haemolymph was taken from the posterior
adductor muscle using the non-lethal technique described by
Gustafson et al. [13]. Sample fixation and Giemsa staining
method is described by Eck-Varanka et al [14].
Photos were taken by a Zeiss AxioScope A1 microscope
with an AxioCam ICC1 camera and Zen 2011 program at
400x magnification. Micronuclei were identified according
to Fenech [15].
B.

Semen samples

Boar sperm samples extended with commercial extender
(Androstar Plus - Minitube) to approximately 30 million
spermatozoa per ml were acquired from a local pig breeding
farm. Actual cell concentrations were montiored with a
Minitube SDM-1 photometer, calibrated for porcine sperm.
Cells were used within 2-3 days after collection.
C.

Flow cytometric boar sperm assay

Flow cytometric assay was performed according to
Anderson et al. [16]. Briefly: 200-200 μl extended boar
semen was exposed to 20-20 l PBS supplemented (one
PBS tablet (Sigma) dissolved in 200 ml sample) sewage
samples, and incubated at room temperature for 30 minutes
in dark. Cells were evaluated by a Beckman Coulter FC500
flow cytometer (Beckman Coulter, Inc., Brea, CA, USA)
equipped with a 488 nm 20 mW Ar ion laser and a 635 nm
25 mW HeNe laser . The acquisition record settings were
300 sec or 20.000 events. Cells were identified by light
scatter (FSC-SSC) properties and non-sperm related events
were gated out. Files were stored as list mode (LMD) files.
List mode files were analysed with Flowing Software
(Version 2.5.1, http://www.flowingsoftware.com).
D.

mitochondria proportion, which is a relative measure of the
mitochondrial membrane potential changes
E.

Oxidative DNA lesions

Oxidative DNA lesions were detected with the OxyDNA
test (Argutus Medical BIO81DNA) based on a FITCconjugated 8-oxoguanine specific antibody. Test was carried
out according to the test manual [18].
F.

Nicoletti DNA fragmentation assay

DNA fragmentation assay was carried out according to
Riccardi and Nicoletti [19]. Cells were washed in PBS, and
resuspended in equal volume of Fluorochrome solution
(0.1% sodium citrate,0.1% Triton X-100 and 50 mg l–1
Propidium Iodide in distilled water). Cells were incubated
at (4 °C) for 1 h, than measured with the previously
described cytometer, according to Kakasi et al.[20].
G.

Statistical analysis

For MN test 1000 cells were counted from each animal.
One-way ANOVA with Tukey post hoc test was used to
compare the mean MN numbers between the treatments.
For flow cytometric analysis results were compared
to control using Yates corrected Chi-square to determine the
relations of the data. The statistical analysis was performed
using
GraphPad
QuickCalcs
software
(http://graphpad.com/quickcalcs).
III.

Results

Genotoxic response in mussel micronucleus test was
expressed as number of micronuclei/1000 cells. No
significant differences between the number of micronuclei in
samples compared to control was detected, (ANOVA: df=2
F=0.5402 p=0.5918; influent-control Tukey post hoc:
p=0.8477, effluent-control Tukey post hoc: p=0.8774)(Fig
1).

Mitochondrial
transmembrane
potential measurement

Mitochondrial transmembrane potential was evaluated by
Mitotracker Green FM (MitoTracker® Green FM Molecular Probes) and Mitotracker Deep Red dye
(MitoTracker® Deep Red FM - Molecular Probes) stains: 55 µl (0.1 mM in DMSO) of the probes were added to the test
tubes, incubated in dark at room temperature for 10 minutes,
and measured, according to Ajao [17]. The median
fluorescence intensities of the of FL4Log/FL1Log ratio was
presented on a histogram, showing the events of sperm
population, indicating the active mitochondria/all

Figure 1. Results of MN test with the influent and effluent sewage samples.

In Nicoletti assay a slight fragmentation of control sperm
DNA was detected (0.02 ± 0.02%). Fragmentation increased
slightly in response to the incubation with influent sewage
samples, but fragmented DNA percentage was rather low
(Table 1). Fig 2 shows the ratio of fragmented DNA in
control (A) and in influent (B) sewage sample. Effluent had
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no significant DNA fragmentation effect in spermatozoa.
(Table 1)

Figure 4. Oxidative DNA lesions in spermatozoa after 30 minutes
exposure in the control (A) and in the influent sewage sample (B)

IV.

Discussion

The release of pharmaceuticals from sewage effluents to
the environment is a growing concern. The presence of
pharmaceuticals in municipal sewage during waste water
treatment can lead to reduced overall performance due to
the toxicity of drugs to the microbial community of the
STP [21]. Due to insufficient removal potentially harmful
active components can be often detected in various
concentrations in STP effluents, greatly endangering the
organisms in the recipient waters [21, 22]. Chemical
evaluation of complex waste water samples did not
always correspond to ecotoxicity, so it is essential to
complement chemical evaluation of municipal waste
waters with ecotoxicological testing on different trophic
levels [23].

Figure 2. Flow cytometric histogram of sperm cells analysed for
propidium iodide fluorescence (DNA content) in the control (A) and in the
influent sewage sample (B)

Influent samples had more severe impact on mitochondrial
activity and oxidized DNA percentage in sperm cells - after
30 minutes exposure the ration of oxidized DNA increased
from 3.19 ± 1.61 to 14.57 ± 2.46 in case of influent sample,
and mitochondrial activity decreased from 87.18 ± 0.91 to
34.59 ± 5.59 respectively (Table 1, Fig, 3 Fig 4)

In our study the pre-treated pharmaceutical wastewater
influent and the effluent of a Hungarian STP were
evaluated with the micronucleus (MN) test - a well
known method in environmental toxicity testing - and
with a new boar spermatozoa flow cytometric assay,
analysing DNA fragmentation, oxidative DNA lesions
and mitochondrial activity.

Exposure to effluent sewage sample caused no increment in
oxidized DNA percentage, and alteration in mitochondrial
activity was not detectable in spermatozoa (Table 1).

Although flow cytometric boar spermatozoa assay
indicated significant oxidative DNA lesion induction and
drastic mitochondrial activity decrease in the influent
sample, there was no significant MN ratio increase to
either of the sewage samples examined in our study. The
mussel MT test is a widely used genotoxicity biomarker
in aquatic environment, and its sensitivity to genotoxic
pharmaceuticals and genotoxic effluents is proved with
the endpoint of DNA breakage and chromosome loss
during mitosis [24, 8, 9]. In corresponds to this result, the
Nicoletti assay resulted only in low DNA fragmentation
increment in boar spermatozoa. Thus negative genotoxic
response of MN test indicates that for this type of
wastewaters, the endpoint is inadequate.
According to these result we describe a new, not
commonly applied and very sensitive test to evaluate
ecotoxicity of treated waste water samples on eukaryote
models, unfortunately the high costs of flow cytometric
measurements prevents the application of this technology
in day to day wastewater ecotoxicity testing.

Figure 3. The ratio of active and inactive mitochondria
indicating mitochondrial membrane potential alteration in case of the
control (A) and influent sewage sample (B)
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