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Abstract

The advanced oxidation process (AOP) is used to increase the treatment efficiency of effluents however, it is necessary
to compare the toxicity of treated and untreated effluents to evaluate if the decontamination process does not cause any
biological harm. Cultured cells have been previously used to assess the genotoxic and cytotoxic potential of various
compounds. Hence, the aim of this work was to assess the applicability of cytotoxicity assays to evaluate the toxicity
related to the AOP treatment. Samples of an industrial effluent were collected after their treatment by a conventional
method. Cytotoxicity of standard and AOP treated effluents was assessed in CRIB and HEp-2 cell line using the MTT
and neutral red assays. We observed decrease at cell viability in the both assays (50% MTT and 13% NRU) when
cells were exposed to the AOP treatment in the highest concentration. Thus, cytotoxic assays in cultured cells can be
explored as an useful method to evaluate toxicity as well as to optimize effluents treatment process.
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Ensaios de citotoxicidade na avaliaciao de efluentes de curtume
tratados por fotoeletrooxidacio

Resumo

O processo de oxidagao avangada (POA) tem sido usado para aumentar a eficiéncia do tratamento de efluentes;
no entanto, ¢ necessario comparar a toxicidade de efluentes tratados e ndo tratados para avaliar se o processo de
descontaminagdo ndo ¢ capaz de causar algum risco biologico. Cultivos celulares tém sido utilizados para avaliar o
potencial genotoxico e citotoxico de varios compostos. Assim, o objetivo deste trabalho foi avaliar a aplicabilidade de
ensaios de citotoxicidade para avaliar a toxicidade relacionada ao tratamento com POA. As amostras de um efluente
industrial foram recolhidas apos o tratamento por um método convencional. A citotoxicidade dos efluentes padrao e
tratado com POA foi avaliada nas linhagens celulares CRIB e HEp-2 usando os ensaios do MTT e do vermelho neutro.
Observou-se diminui¢ao da viabilidade celular em ambos os ensaios (50% MTT e 13% VN) quando as células foram
expostas a concentracdo mais elevada do efluente tratado com POA. Assim, os ensaios de citotoxicidade em cultivos
celulares podem ser explorados como um método util para avaliar a toxicidade, bem como para otimizar os processos
de tratamento de efluentes.

Palavras-chave: citotoxicidade, cultura de células, efluentes, fotoeletrooxidagdo, curtumes.

1. Introduction

Due to worldwide decline of water resources, treated
wastewater now represents a growing portion of the water
supply. Many surface water sources, such as rivers, lakes
and reservoirs are used for both the disposal of treated
wastewater and the withdrawal of fresh water for human
consumption (Liu and Li, 2010). The presence of organic
pollutants (Chen et al., 2000) and chemical pollution from
heavy metals, solvents, dyes, pesticides, among others
(Oller et al., 2011) in water and wastewater is one of the
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major threats to water quality as well as to human health
and the environment.

Chemicals enter the aquatic medium in several different
ways, either dumped directly, such as industrial effluents,
or from wastewater treatment plants that do not fulfill their
obligations (Oller et al., 2011). The correlation between
industrial activity and environmental pollution has been
extensively documented in recent decades (Melo et al., 2006).

53



Jaeger, N. et al.

Among the various industrial sectors, the leather
tannery industry is one of the leading economic sectors
in many countries (Szpyrkowicz et al., 2001). Some of
the agencies responsible for environmental management
consider it as one of the 10 most harmful industrial effluents
to the environment, responsible for extreme pollution of
water resources since it generates substances, which leads
to deterioration, and death of a wide range of organisms
(Kumar et al., 2008). It is of great concern since it generates
large quantities of heavily polluted wastewater because
the transformation of the raw hide into leather requires
different mechanical and chemical treatments (Singh
and Rajamani, 2003). These effluents are greatly toxic;
consequently they cannot be released into the environment
without treatment (Bajza and Vrcek, 2001).

In the last years, after the enforcement of environmental
legislation, tanneries started to treat the effluent water
discharged from their productive processes. This effluent
treatment normally consists of two stages: primary or
physicochemical treatment and secondary or biological
treatment. The conventional treatment used by the majority
of Brazilian tanneries does not reestablish the original
characteristics of normal feed water, so the effluent is
unsuitable to be reused in the productive process. Many
research reports have appeared on a special category of
oxidation techniques called advanced oxidation process
(AOP) (Sauer et al., 2006).

The AOP can promote the degradation of several
pollutant complexes within a few minutes, including
refractory composites that resist the conventional effluent
treatment (Freire et al., 2000). Two different mechanisms
can be identified for the oxidation of organics. Anodic
oxidation can occur by the direct exchange between
organic compounds and the surface of the electrode or
indirectly through oxidant species formed at the anode
(Faria et al., 1997; Simond et al., 1997; Chen, 2004).
Oxidation occurs on active electrodes (electrodes which
participate in the oxidation) due to the formation of a
higher oxide. Several processes involving hydroxyl
radical production have been studied, generally using
ozone, hydrogen peroxide, ultrasound, photocatalysis
with titanium dioxide, and reagent of Fenton’s reagent
(Cavicchioli and Gutz, 2001). The photoelectrooxidation
process (PEO) consists of a combination of electrolysis
and heterogeneous photocatalyses, using oxide-coated
electrodes, such as Ti/(30TiO,-70Ru0O,). In this process,
the only reagents involved are the photon and the electron
(Rodrigues et al., 2008).

In order to evaluate the efficiency of the decontamination
process, it is necessary to compare the toxicities of treated
and untreated effluents. Toxicity tests are very important,
especially when ozonation and photochemical processes
are employed, since toxic compounds and reactive
oxygen species might be generated during the treatment
(Melo et al., 2006).

Bioassays (fish, invertebrates, cell cultures, bacterial
or algae) have traditionally been used to assess the toxicity
of effluents. Since not all forms of toxicity are detected
in a single toxicity assay, different bioassays should be
used to screen for a variety of effects. Cultured cells
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have been previously used to assess the genotoxic and
mutagenic potential of various compounds (Filipic, 1995;
Reifferscheid et al., 2008), including chemicals, medicines
and effluents (Melo et al., 2006) since they are less expensive
and can be performed more rapidly. Another advantage
is the reduction in the use of whole animals in toxicity
testing, manly for ethical reasons (Dayeh et al., 2005).

Therefore, the aim of this study was to assess the
applicability of cytotoxicity assays not only to evaluate the
toxicity related to the PEO treatment but also to provide
toxicity data to optimize the treatment itself.

2. Material and Methods
2.1. Effluents

Effluent used in the study was collected at a discharge
point in a conventional effluent treatment plant of a
tannery located at Sinos valley (RS), which performs
out all industrial processes from raw hides to finished
leather, being the most of leather and, most of the leather
was produced by chrome tanning. The analytical methods
used followed the Standard Methods for the Examination
of Water and Wastewater, 20th ed. (Clesceri et al., 1998).

2.2. PEO experiments

All oxidation experiments were conducted in the reactor
schematically represented in Figure 1. The recirculation
batch reactor system had an entrance in the inferior part
and an exit in the superior part. In this system, the solution

Photoreactor used
(1) glass reservoir with entrance and exit of effluent;

Figure 1. in the PEO process.

(2) Ti/Ru,,Ti ,O, anode; (3) TVTiO, cathode; (4) quartz

tube; (5) mercury-vapor lamp.
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to be treated was pumped into the reactor and returned
to the tank for cooling. The glass bulb of the lamp was
substituted by one tube of quartz, allowing the passage of
UV radiation. A 400 W high-pressure mercury-vapor lamp
was used as the light source. Before each experiment, the
UV light was turned on for 15 min to allow the UV energy
to become stable. The experiments were performed using
a DC power supply. Two pairs of electrodes were used.
The cathode and anode were DSA (70TiO,/30RuO, ). Electrode
area inside the cell was 118 cm?. During the experiments
the reactor was operated in a batch recirculation mode.
Effluent was recirculated at a flow rate of 4 Lh™'and 3 L
of effluent was treated in each experiment. All degradation
tests were 3 hours. Table 1 shows the values of monitored
parameters from conventional treated tannery effluent
and PEO treated effluent. PEO1, PEO2, PEO3 and PEO4
correspond to different electric current applied: 1, 2, 4 and
6 A, respectively.

2.3. CRIB and HEp-2 cell culture

Cytotoxicity of standard and PEO treated effluents,
expressed as cell viability, was assessed in CRIB and
HEp-2 cell line representative of bovine kidney and human
laryngeal carcinoma epithelial cells, respectively. Cell lines
were grown as monolayers in Dulbecco’s modified Eagle’s
Medium (DMEM, Sigma®), supplemented with 10% fetal
bovine serum (FBS, Nutricell®) and 0.1 mg/mL gentamicin
(Schering-Plough®) at 37 °C in a humidified incubator
with 5% CO,/ 95% air.

2.4. Cell viability

Samples of effluents were collected in sterilized recipients
at each collecting time and immediately transported to the
laboratory. The pH of effluents was adjusted to 7.0 and the
solution was filtered using a 0.22 pm membrane (Sartorius
Biolab®), and stored in 45 mL falcons at 10 °C.

Cells were placed in 96-well plates at a density of
1x10* cells/ well in DMEM 10% FBS with gentamicin.
The medium was removed 24h after cell seeding and
replaced with the medium (equal preparation of seeding
medium) containing the effluents mixed in different
dilutions (1:1 up to 1:10,000, v:v). Cells were exposed to

a test medium with or without (control) effluents for 24h.
In addition, cells were exposed to PBS in the same dilutions
made for the effluents in order to test whether the dilution
itself could causes viability lost. Each concentration was
tested in six replicates and the assay was repeated twice
in separate experiments. At the end of the incubation, two
independent endpoints for cytotoxicity (MTT and NRU)
were evaluated. Morphology of the cells was observed by
an inverted microscope (Cal Zeiss®)

The tetrazolium reduction assay (MTT) was based as
described by Mosmann (1983). Then, 0.2 mL of serum-free
medium containing 0.05% 3-(4,5-dimethylthiazole- 2-yl)-
2,5-biphenyl tetrazolium bromide (Sigma®) was added to
each well. After incubation for 2h, the culture medium was
removed and 0.2 mL of DMSO (Nuclear®) was added to
each well to solubilize the formazan formed. The neutral
red uptake (NRU) was measured by the method described
by Borenfreund and Puerner (1987). After 3h of incubation
with serum-free medium containing 50 pg/mL of neutral
red (Sigma®), cells were washed twice with PBS and once
with 0.2 mL of 1% calcium chloride in 0.5% phormaldeid
solution to fix the cells. Finally, 0.2 mL of 1% acetic acid
in 50% ethanol was added and plates were gently shaken
for 10 min to solubilize the neutral red crystals. For both
assays, the final solution was transferred to another 96 well
plate and the absorbance was read at 540 nm in a microplate
spectrophotometer (TR-Reader, ThermoPlate®).

2.5. Data analysis

Statistical analysis was performed using one way-ANOVA
and the differences were evaluated by Tukey post-test,
using GraphPad Prism®. A p <0.05 value was considered
statistically significant.

3. Results

The results presented in Table 1 demonstrate that the
effluent treated by conventional method (standard) does not
reach the Brazilian Legal Standards for nitrogen compounds.
Treatment with PEO is capable of degrading compounds
present in the effluent. It is also observed that increasing the
applied electric current provides an increase in removal of

Table 1. Characterization of treated effluent by conventional process and by PEO.

Standard effluent

Parameter (Treated Conventional) Treated Effluent (PEO) Legislation
PEO1 PEO2 PEO3 PEO4
COD (mgO,/L) 240 180 120.4 83.5 60.7 160-450
BOD, (mgO,/L) 172 120.8 89.5 61 45.6 40-200
pH 7.8 7.0 7.2 7.4 7.2 6.0-8.5
Total nitrogen (mg/L) 243 201 106 89.7 20 10
Ammoniacal nitrogen (mg/L) 134 90 48.7 18.5 13.6 20
Chlorides (mg/L) 3990 3179 2801 1522 1232 -
Phosphorus (mg/L) 0.71 0.63 0.33 0.14 0.10 1.0
Total chrome (mg/L) 0.47 0,23  <0.005 <0.005 <0.005 0.5
Total calcium (mg/L) 207 123 87 43 12 -
Total magnesium (mg/L) 212 152 64,8 30.8 18.3 -
Electric current applied (A) - 1 2 4 6 -
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all species present in the effluent. These results were also
obtained by other authors, who treated textile effluents,
humic acid, synthetic phenol solution, or bleach kraft mill
effluents (Pelegrini et al., 1999; Neelavannan et al., 2007).

Two cell viability assays and cell lines were used to test
the toxicity of the effluents. Figure 2a and 2b show there
was a significant difference between treatments in the MTT
assay. Cell exposed to the lowest dilution of the effluent
treated with PEO had a viability reduction comparing
to cells exposed to effluent with the standard treatment:
95% in CRIB and 48% in HEp-2 cells (Figure 2a and 2b,
respectively). Moreover, through microscopy evaluation

it was possible to observe that cell detached from the well
when exposed to PEO treatment while cells exposed to the
standard treatment only formed vesicle in the cytoplasm,
in the lowest dilution (data not shown).

Two different cell lines were used in order to evaluate
if they would show different results due to their different
phenotype. Fortunately, both cell lines showed the same
pattern in this assay. Because of that, only one cell line
(HEp-2) was chosen to perform the NRU assay (Figure 3).
Similar results to the ones obtained from the MTT assay
were observed to PEO treatment with only 20% of viability
to the lowest dilution. However, MTT assay showed
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Figure 2. MTT assay in cell lines exposed to effluents. (a) CRIB cell line; (b) HEp-2 cell line. Evaluation of viability
loss by MTT assay after exposure for 24 hours to standard and PEO effluent treatments. Values are expressed as the mean
absorbance values + standard deviation of a representative experiment. The differences between the exposure doses were
analyzed by one-way ANOVA and Tukey post-hoc test. Asterisks indicate results that were significantly different (p <0.001)

from each other.
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around 50% of cell viability decrease when exposed to the Cells exposed only to PBS showed no viability loss
standard treatment while NRU showed a 13% decrease.  in any of the dilutions tested as well as no morphology
The results found for the PEO treatment are similar in  alterations when compared to control in both MTT

both cytotoxicity assays. (Figures 4a and 4b) and NRU assays (Figure 4c).
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Figure 3. NRU assay of HEp-2 cell line exposed to standard and PEO effluent treatment. Evaluation of viability lost by
NRU assay after exposure for 24 hours to standard and PEO effluent treatment on HEp-2 cell line. Values are expressed
as the mean absorbance values + standard deviation of a representative experiment. The differences between the exposure
doses were analyzed by one-way ANOVA and Tukey post-hoc test. Asterisks indicate results that were significantly different
(p <0.001) from each other.

150+ @ 150+ @
5 100 5 100
o =]
£ S
c c
[}] [
S 50 2 501
()] (]
o o
0 T 0 T
N O O O Q N » O O O S N
&‘o Q?Q MQ \.s R R &‘o R \9Q \Ag R N
® N N & N N:

150+ @
S
o 1001
(=]
s
c
[}
S 50-
(]
o
0
S S S O N
SO\ S A
& & NN
O N N

Figure 4. Cytotoxicity assay of cell lines exposed to PBS. (a) MTT assay of CRIB cell line; (b) MTT assay of HEp-2 cell
line; (c) NRU assay of HEp-2 cell line. Evaluation of viability loss of cell lines by cytotoxicity assays after exposure for
24 hours to PBS. Values are expressed as the mean absorbance values + standard deviation of a representative experiment.
The differences between the exposure doses were analyzed by one-way ANOVA and Tukey post-hoc test.
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Figure 5. MTT assay of cell lines exposed to standard and three different electric conditions of PEO effluent treatment.
(a) CRIB cell line; (b) HEp-2 cell line. Evaluation of viability loss of cell lines by MTT assay after exposure for 24 hours to
standard and three different periods of PEO effluent treatment. Values are expressed as the mean absorbance values + standard
deviation of a representative experiment. The differences between the exposure doses were analyzed by one-way ANOVA
and Tukey post-hoc test. Letters indicate results that were significantly different (p <0.001).

The effect the PEO treatment was also tested when
collected in different electric conditions (PEO1, PEO2
and PEO3) of the treatment process (Figure 5a and 5b).
Similar results to the previous MTT were found (95%
of reduction in viability) and also, a slight tendency, not
significant though to decrease viability loss (around 5% less)
in CRIB cells exposed to the final sample of the treatment
was observed. As previously, both cell lines presented the
same pattern for the MTT assay.

4. Discussion

In this study, we show that the MTT and NRU assays
on different cell line are efficient in vitro alternatives to
assess the citotoxicity of effluents. Viability loss was
observed in both assays when cells were exposed to the
PEO treatment of tannery effluents. The leather tannery
industry produces greatly toxic effluents that cannot be
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released into the environment without treatment (Bajza
and Vrcek, 2001). Recently, advanced oxidation processes
have been developed as an alternative to the conventional
treatment (Sauer et al., 2006). However, these processes
use different reaction systems producing hydroxyl radicals
(OH’) which has high oxidative power and can produce
by-products which may modify the toxic and mutagenic
properties of effluents (Petala et al., 2008). Furthermore,
it is known that chemical analysis of complex mixtures
offers limited information about their real toxicity since
different reactions can be occurring in the mixture like
synergistic effects and interactions during and following
discharge (Donnelly et al., 2004).

Several in vitro bioassays for the determination of
cytotoxic and genotoxic potential of wastewater samples
has been proposed using prokaryotic organism, like the
Ames test or the SOS chromotest (Zegura et al., 2009).
However, these bioassays are not able to assess all the
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possible effects on eukaryotic organisms. MTT and NRU
assays can been used to assess cytotoxicity in vitro since
they evaluate different aspects of cellular functions and,
therefore, can be useful to examine the potential hazardous
effects of effluents treatment. The reduction of MTT
evaluates the functional intactness of mitochondria based
on the enzymatic reduction of a tetrazolium salt by the
mitochondrial dehydrogenase of viable cells (Mosmann, 1983).
NRU is a measure of lysosomal integrity since it reflects
the capacity of viable cells to incorporate vital dye into
these organelles (Borenfreund and Puerner, 1987).

The AOPs degrade organic pollutants, thus they produce
free radical of oxygen species that react with hydrogen
peroxide and form hydroxyl radical. The production of
hydroxyl radicals damages all components of the cell
such as: proteins, DNA and lipid membranes; which
compromises cell integrity and interrupts its functions
(Kadiiska et al., 1994; Patlolla et al., 2009). Hence, the
viability loss seen on cells exposed to the PEO treatment
could be due to the toxic effects caused by the hydroxyl
radicals formed during the degradation of organic pollutants
present in these effluents samples. Similar results were found
by other researches such as Yuan et al. (2005), who exposed
HepG2 cells to drinking water after chlorination treatment
and observed an increased formation of malondialdehyde
(MDA) showing that the treatment caused the formation
of oxygen-derived free radicals, which led to oxidative
stress and consequently cell damage.

Similar to other studies (Weyermann et al., 2005;
Wang et al., 2010), different results were found in the
cytotoxic assays performed. MTT showed a higher cell
viability loss when cells were exposed to the standard
treatment when compared to the NRU assay. Since the
reduction of the tretazolium salt takes place only when
mitochondrial reductase enzymes are active, this assay has
some limitations influenced by the physiological state of
cells and variance in mitochondrial dehydrogenase activity
in different cell types. It is also important to consider that
if the substances present in the effluent cause too much
damage to the cell and consequently to its mitochondrias,
the cell can undergo apoptosis. Hence, the higher viability
loss seen in the MTT assay could be explained by the
mitochondrial damaged that is detected by Bcl-2 proteins,
which leads to programmed cell death mediated by caspase-9
(Adams, 2003; Marsden et al., 2004).

We also analyzed if the cytotoxic assays could identify
alterations or the reduction of cell potential damage in
different experimental conditions of the effluent treatment
by PEO. We observed that cells exposed to sample collected
in PEO3 treatment had a smaller percentage of viability
loss than cells exposed to PEO1 and PEO2 treatment.
Even though this difference was not statistically significant,
it can be useful to optimize the treatment since it indicates
that some component present in the PEO is degraded along
the process making the effluent less cytotoxic.

Numerous in vitro assays have been developed as
alternatives of toxicity tests in vivo. In vitro tests are
generally rapid, sensitive, amenable to automation,
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economic and less controversial compared to the use of
whole animals (Butler, 2004). However, only recently
researchers have started to utilize cell cultures in order
to evaluate effluents toxicity. There are still a few studies
in the literature but some examples are Shi et al. (2009)
who used HepG2 cell line and MTT assay to evaluate the
toxicity of surface water disinfected by different treatments
and Llorente et al. (2012) who used rainbow trout cells to
test the cytotoxicity and genotoxicity of sewage treatment
plants effluents.

With this study we also concluded that cytotoxicity
assays should be an integral tool in the evaluation of
toxicity of effluents treatments before the release into the
environment. Therefore, cell culture together with cytotoxic
assays could be a useful method to evaluate toxicity as
well as to optimize effluents treatment.
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