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ABSTRACT

The Guandu River is the main source of water supply for the metropolitan region of Rio
de Janeiro and has been facing serious environmental problems due to increasing population
and industrial pollution, as well as the presence of polluted tributaries. This study analyzed
the cytotoxic and genotoxic potential of the Guandu River’s waters, through the use of the
Allium cepa test system. Collection points were chosen at the greatest confluences of pollutant
sources. The sampling included two different seasons: the rainy season (January and
February) and the dry season (June and July). The analyses of 5000 cells per treatment
showed that all the points studied had some degree of cytotoxicity and/or genotoxicity. Two
sampling locations, which receive major influxes from the polluted waters of the
Pocos/Queimados and Cabugu/lpiranga Rivers, stood out for the strong presence of
micronuclei, sticky chromosomes, mitotic spindle abnormalities, necrotic cells and nucleolar
changes compared to the negative control. At least two locations also found changes in the
mitotic index. The existence of variations in the number of cytotoxic and genotoxic changes
between periods of rain and drought indicates that the cytotoxic and genotoxic potential of the
water pollutants varies according to time, depending on the discharges of the tributary rivers
and the increase of contaminated effluents. The results highlight the importance of
bio-monitoring to assist managers in the control of effluent discharge.
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Inducéo de efeito citotdxico e genotoxico das dguas do Rio Guandu em
sistema Allium cepa

RESUMO

O Rio Guandu é a principal fonte de agua para abastecimento da regido metropolitana do
Rio de Janeiro e enfrenta sérios problemas ambientais devido & crescente polui¢do tanto de
origem populacional quanto industrial acentuada pela presenca de afluentes com aguas
poluidas. Este trabalho teve por objetivo analisar o potencial citotdxico e genotdxico das
aguas do Rio Guandu, utilizando para isto o sistema teste de Allium cepa. Foram escolhidos
pontos de coleta nos quais ocorrem as maiores confluéncias de fontes poluidoras. As coletas
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foram realizadas em duas épocas distintas: na estacdo chuvosa (Janeiro e Fevereiro) e na
estacdo de estiagem (Junho e Julho). As analises realizadas em 5000 células por tratamento
demonstraram que todos os pontos estudados apresentaram algum nivel de citotoxicidade e ou
genotoxicidade. Dois locais de coleta, os quais recebem maiores influéncias das aguas
poluidas dos rios Pocos/Queimados e Cabucu/lpiranga, se destacaram quanto a presenca
acentuada de micronucleos, aderéncia cromossémica, anormalidades no fuso mitético, células
em necrose e alteracBes nucleolares em relacdo ao controle negativo. Foram encontradas
também alteracdes no indice mitdtico em pelo menos dois locais. A existéncia de variaces no
numero de alteracGes citotoxicas e genotoxicas entre os periodos chuvosos e de seca indicam
que o potencial citotoxico e ou genotoxico dos poluentes na dgua variam em fungéo do tempo,
dependendo das descargas vindas dos afluentes e do aumento na emissdo de efluentes
contaminados. Estes resultados ressaltam a importancia de estudos de biomonitoramento que
auxiliem as ac¢bes de manejo visando o controle do lancamento de efluentes.

Palavras-chave: Allium cepa, citotoxicidade, genotoxicidade.

1. INTRODUCTION

The Guandu River is the main source of water supply for the Rio de Janeiro metropolitan
region. The Guandu River Basin, located west of the Guanabara Bay, covers an area of
3.600 km?, including 15 municipalities, and is the only water source for subsistence and for
the development of the metropolitan region of the state (Bruno, 2012). Guandu River is 48 km
long, and formed by the joining of the Santana and Ribeirdo das Lages Rivers; it discharges
into Sepetiba Bay. Much of its water comes from the Rio Paraiba do Sul, through a
transposition that occurs in the municipality of Barra do Pirai (Salamene, 2007).

Despite its importance, the Guandu River faces serious environmental problems due to
unplanned urban development in the municipalities of the Guandu Basin, the release of
domestic and industrial effluents, illegal solid waste disposal and illegal sand extraction. This
pollution is further enhanced by the joining of Guandu River with the Po¢os/Queimados and
the Cabucu/Ipiranga Rivers, the waters of which are very polluted. This joining occurs in the
Guandu Lagoon, which is formed by CEDAE dams, and which is connected to the Guandu
River and has low rate of water renewal due to its configuration (Serber, 2005; Salamene,
2007). In addition, the Paraiba do Sul River, the main water contributor to the Guandu River,
is polluted with domestic and industrial untreated effluents as well as agricultural waste
(Oliveira et al., 2011). All of these factors affect the quality of the water that is treated at the
Guandu Water Treatment Station (WTS). There are also several quality of life issues. For
example, industrial, agricultural and urban residues contain organic and inorganic compounds
that often are not degraded during the water treatment process, and some of these are
genotoxic (Nielsen and Rank, 1994; Oliveira et al., 2011). Also, the increasing reduction of
water quality may in the near future render it very difficult to treat (Serber, 2005). The Allium
cepa test system is used as a bioindicator in studies evaluating environmental genotoxic
potential (Barbério et al., 2009; Leme and Marin-Morales, 2009) and was validated by the
International Programme of Chemical Safety (IPCS, WHO) and the United Nations
Environment Programme (UNEP) as an effective test for analysis and in situ monitoring of
the cytotoxicity and genotoxicity of environmental substances (Bagatini et al., 2007), as
indicated by several authors (Nielsen and Rank, 1994; Grover and Kaur, 1999; Leme and
Marin-Morales, 2008; Hoshina and Marin-Morales, 2009; Barbério et al., 2009; Barbosa et
al., 2010; Radic et al., 2010; Oliveira et al., 2011).

This study analyzed the water of Guandu River at specific locations during the dry and
rainy seasons in order to evaluate cytotoxic and genotoxic effects.
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2. MATERIAL AND METHODS

2.1. Collection sites

Samples were collected at three locations prior to capitation by the Guandu Water
Treatment Station (WTS) and where the Guandu River receives significant influxes of water
from polluted tributaries as follows: Local A — the Ipiranga River at the point where it joins
the Guandu Lagoon (22° 48’ 10.2” S, 43° 37° 24.0” O); Local B — the Guandu Lagoon after
the joining of the Pocos and Ipiranga Rivers (22° 48’ 20.9” S, 43° 37’ 38.8” O) and Local
C -the Ribeirdo das Lages River following the influx of the Paraiba do Sul River
(22°38°27.7” S, 43° 42’ 47.1” O) (Figure 1). The collections were performed in two different
seasons: dry season (June and July 2012) and the rainy season (January and February 2013).

* PocosRiver

Ipiranga River

LA

\%

Figure 1. Collection sites - Local A (LA) — the Ipiranga River at the point that it joins the
Guandu Lagoon; Local B (LB) — the Guandu Lagoon after the influx of the Pogos and Ipiranga
Rivers; Local C (LC) — the Ribeirdo das Lages River after the influx of the Paraiba do Sul
River.

2.2. Sample collection

Samples from each site were collected with the aid of a 10 L bucket and transferred to
polyethylene flasks (1 L) that were properly identified and kept in coolers with ice for
transport to the laboratory, where they were kept under refrigeration (4°C) for further
genotoxicity and cytotoxicity analysis.

2.3. Cytotoxicity and genotoxicity tests

Commercially acquired organic cultured onion bulbs approximately 2.0 cm in diameter
were used to test performance. A stylet was used to remove external catafilo from each bulb
without damaging the root buds. Five onion bulbs were used for water samples from each
locale, as well as positive and negative controls. Initially, the bulbs were placed into a
container with distilled water for 48 hours, with daily water exchanges. The bulbs were then
transferred to tubes containing water samples collected at the locales previously mentioned,
where they remained for 48 hours. The bulbs used as negative controls were kept in distilled
water and the positive ones were placed in an ethylmethane sulfonate (EMS, 25 mM)
solution. The tests and the control bulbs were incubated at 25°C with daily water exchanges.
For each treatment, 2 and 2.5 cm roots apical meristems were removed from the bulbs after
48 hours of exposure to the solution and were processed according Iganci et al. (2006) for
slide preparation with some modifications. Meristems were fixed on ethanol: glacial acetic
acid solution in a 3:1 ratio (V/V) and stored at 4°C until slide preparation. Five meristems
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were used to prepare five slides for each bulb. For slide performance, meristems were twice
washed in distilled water for 5 min, hydrolyzed with 5 N HCI for 30 min, then again twice
washed in distilled water for 5 min and stained with 2% acetic orcein. Meristems regions were
fragmented with a scalpel blade and the coverslip was placed and pressed over the material.
Slides were observed on a 100X optical microscope. The presence of cellular and
chromosomal abnormalities was analyzed at 1000 cells/bulb for a total of 5000 cell treatment.

2.4. Analysis of the potential for the induction of cell death

Onion roots submitted to various treatments, as described above, were analyzed for the
ability to induce cell death using propidium iodide and the 33342 Hoescht staining technique
(Locke et al., 1990). Longitudinal cuts were made in the roots’ meristematic regions. A drop
of Hoescht (10 pg mL™) dye was added to each slide for the staining technique. After 10 min,
the material was transferred to another slide and submitted to a drop of propidium iodide
(30 pg mL™). Both incubations were protected from light. As a positive control, roots
submitted to fixing (ethanol: glacial acetic acid on 3:1 ratio) were used, since fixing promotes
cell death. Subsequently, the material was analyzed, evaluated and photographed by a
fluorescence microscope (Zeiss Axid Lab Al) under 365 nm and 400 nm excitation filters.
According to Locke et al. (1990) 33342 Hoescht stains intact membrane cells while
propidium iodide stains only the compromised ones. The nuclei with fluorescent blue cells
were considered alive and intact, while those with fluorescent red nuclei were considered not
intact, in a process of cell death.

2.5. Statistical design

Statistical analyses of data obtained through the Allium cepa test for the assessment of
cytotoxicity and genotoxicity of the water samples were evaluated by the y? test, using the
Yates correction, with Bioestat 5.0 software.

3. RESULTS AND DISCUSSION

The principal use of the Guandu River waters is for the intake of drinking water for
treatment. Water treated at the WTS (Water Treatment Station) has served 80% of the
metropolitan region of Rio de Janeiro’s population. However, for this treatment be effective, it
is necessary that the so-called “raw water” does not reach certain levels of pollution (Oliveira et
al., 2011).

3.1. Cytotoxicity and genotoxicity

Analysis showed the presence of micronuclei, chromosomal fragment loss, chromosomal
bridges, sticky chromosomes and abnormalities in mitotic spindle, including in this group cells
with c-metaphase, polyploide metaphase, irregular metaphase, multipolar anaphase, delayed
anaphase, vagrant chromosome of the chromatinic group and binucleated cells. Necrotic cells
and nucleolar changes, with the presence of large nucleoli cells, were also observed, this being
one of the representative changes from the positive control (Figure 2).

During the dry season (June and July), at Locale B at the Guandu Lagoon, the mixture
formed after the confluence of the Pogos/Queimados and Ipiranga Rivers presented a higher
number of necrotic and micronucleated cells in relation to the negative control (Table 1),
which is indicative of the presence of pollutants with cytotoxic and genotoxic potential.
Micronuclei are formed in dividing cells presenting acentric chromosome fragments and/or
whole chromosomes that disrupted the ability to bind to mitotic spindle, indicating the
presence of substances with clastogenic and aneugenic effects (Fenech, 2000). The locale
where the Ipiranga River joins with the Guandu Lagoon (Locale A) presented a significant
number of cells with nucleolar changes when compared to the negative control (Table 1).
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Figure 2. Allium cepa meristematic cells exposed to ethyl methane sulfonate (EMS) (M)
and water samples collected at different sites (A-L); (A) c-metaphases (arrow); (B-C) sticky
chromosomes; (D-E) spindle abnormalities (arrow); (F) vagrant chromosome (arrow); (G)
irregular metaphase; (H) chromosomal bridge; (I) micronucleated cells; (J) necrotic cells;
(L-M) nucleolar changes.

Nucleolar changes are characteristic in cells treated with the positive control EMS
employed in the present survey. EMS is a highly efficient mutagenic agent directly acting on
the DNA molecule through its alkylating activity. These sort of changes are the most common
criteria used as an indication of malignancy, differentiating normal cells from the malignant
ones with the malignant cells nuclei presenting a variable nucleoli number of different sizes
and shapes (Oshima and Forones, 2001; Filippin et al., 2006; Montanaro et al., 2008). Locale
C, the Ribeirdo das Lages River following the influx of the Paraiba do Sul River showed no
significant changes (Table 1).

During the rainy season (January and February), the sample that stood out with
significant changes was Locale A, which showed a higher number of cells with chromosomal
abnormalities in the mitotic spindle and sticky chromosomes compared to the negative control
(Table 2). Sticky chromosomes are characterized by chromatic clustering involving few
chromosomes or the whole genome, possibly resulting in chromatin degeneration and cell
death. Thus, detection of such abnormalities has indicated the presence of toxic substances at
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this site. Locale C presented a greater number of nucleolar changes (Table 2). In this season,
water samples collected at Locale B showed no significant changes when compared to the
negative control (Table 2). This result was probably influenced by a high rainfall level during
the collection time, since Locale B (the Guandu Lagoon) is formed by the confluence of the
Guandu River with the Pogos/Queimados and Ipiranga Rivers and thus, depending on the
collection site, a greater influence of the Guandu River’s waters might be possible, where
pollution indicators are lower than those of the Guandu Lagoon’s tributaries (Coelho et al.,
2012).

Table 1. Cells changes and mitotic index in A. cepa roots submitted to different
treatments during the dry season.

Treatment Concentration LN LNB NEC MC ID (%)
Negative control  Distilled water 163®  1® 13 7 6.7
EMS 25 mM 1224@  169@ 58@ 7 45
Local A 272@ 2 19 8 7.7
Local B 183 9@ 30@  200@ 5.9
Local C 95@®) o 12 2 10.4

Note: @ Significant difference compared to negative control (P<0,05) according to the x? test;
®) Significant difference compared to positive control (P < 0,05) according to the y* test; LN - one
or more large nucleoli; LNB - one or more large nucleoli and nuclear bud; NEC - necrotic cells;
MC — micronucleated cells; 1D — mitotic index. 5000 cells for each treatment were analyzed.

Mitotic index analysis of the onions’ meristematic cells submitted to different water
samples in the dry and rainy seasons was also employed for cytotoxicity evaluation. In both
seasons, Locale C presented a significantly greater mitotic index than that observed in the
negative control (Table 1 and Table 2). However, Locale A presented a significantly greater
mitotic index than that observed in the negative control, in the rainy season only (Table 2). No
significative changes were reported in regard to the mitotic index for Locale B.

Table 2. Cells changes and mitotic index in A. cepa roots submitted to diferent
treatments during the rainy season.

Treatment Concentration LN LNB SA SC ID (%)
Negative control  Distilled water 229(b) 4(b) 8 2 2.3
EMS 25 mM 5729 7% 13 8 3.4
Local A 198 13 29@ 13® 43
Local B 183 3 11 6 2.8
Local C 300” 9 14 8 55

Note: @ Significant difference compared to negative control (P<0,05) according to y° test;
®) Significant difference compared to positive control (P<0,05) according to y° test; LN - one or
more large nucleoli; LNB - one or more large nucleoli and nuclear bud; SA - spindle
abnormalities; SC - sticky chromosomes; ID — mitotic index. 5000 cells for each treatment were
analyzed.

The increase or decrease of the mitotic index might be a relevant indicator for monitoring
pollution levels of contaminated environments, especially those contaminated by potentially
toxic and cytotoxic compounds (Fernandes et al., 2007; Carita and Marin-Morales, 2008).
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Greater mitotic indices than those reported in the negative control are from the induction
of increased cell division, which characterizes cell damage, producing uncontrolled
proliferation and eventually causing further tumor development. Smaller mitotic indices than
those in the negative control might indicate that the growth and development of organisms is
being affected by components in the samples (Hoshina, 2002; Carita and Marin-Morales,
2008).

Despite the alterations induced by the water samples from Locale B during the dry
season, it no changes were observed in the mitotic index. This is because the cytotoxic agents
are able to act on the cell in a broad manner, acting on its compartments, the organization of
its components and can thus cause morphological, biochemical and physiological changes that
can affect the cell cycle or induce death cell (Kaioumova et al., 2001; Costa and Huck, 2006;
Capobiango et al., 2009). These changes may also lead indirectly to changes in the genetic
material; however, a cytotoxic effect is not necessarily associated with a genotoxic effect
(Oliveira et al., 2011), which also explains the fact that no genotoxic changes were detected in
the meristematic cells treated with the water sample from the Locale C during the dry season,
although there was a change in the mitotic index.

3.2. Induction test for cell death

Considering that water collected from Locale B during the dry period presented a
significant number of necrotic cells when compared to the negative control (Table 1), the
presence of components which induce cell death was confirmed through the 3342 Hoescht
and propidium iodide dyes. Both dyes presented a specific staining, clearly observed by the
colors red (for dead cells) and green/blue (for live cells) (Collins and Donoghue, 1999). In this
analysis, Locale B presented more extensive cell death when compared to the negative control
(Figure 3).

Figure 3. Allium cepa meristematic cells submitted to different treatments: (A) negative
control; (B) fixed cells (positive control); (C) cells exposed to water collected in drought period
from Locale B.

Necrosis is not determined by factor intrinsic to cells, but by environmental disturbances,
indicating toxic chemicals or toxins promoting cells lysis (Hoshina and Marin-Morales,
2009).

Variations in the number of cytotoxic and genotoxic changes between both seasons, such
as those observed on this survey, have also been described by other authors regarding river
water from other Brazilian locations (Caritd and Marin-Morales, 2008; Oliveira et al., 2011;
Monteiro et al., 2014). Cytotoxic and genotoxic water pollutant potentials have ranged in
accordance with time, depending on the discharges of the tributary rivers, as well as increases
in the emissions of contaminated effluents. Moreover, high rainfall in summer might promote
significant increases in organic matter and toxic compounds discharged into rivers, causing
increased cytoxicity and genotoxicity during this season (Monteiro et al., 2014).

The results obtained in this study reflect the level of pollution and indicate the presence
of pollutants with cytotoxic and genotoxic effects in the waters of the analyzed locales.
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The Pocos, Queimados and Ipiranga Rivers have water of rather dubious quality. The
Queimados River receives, untreated, the entire sewage from the urban area of Queimados
city, in addition to the effluents generated by industrial activities, and flows into the Pocos
River; while the Ipiranga River receives a significant portion of effluents from the urban areas
of Nova Iguacu and Queimados (Serber, 2005). These tributaries, which flow into the Guandu
Lagoon, present poor quality water, with values outside the limits allowed in monitored
parameters, including: dissolved oxygen, total phosphorus, nitrate, ammonia nitrogen and
biochemical oxygen demand (Weinberg, 2013; INEA, 2014)

Locale C (the Ribeirdo das Lajes River following the influx of the Paraiba do Sul River)
showed fewer changes compared to locales A and B, which conforms with the report of
Coelho et al. (2012), which noted that the values of the indicators of pollution are much
higher in the tributaries of the Guandu Lagoon than in the Guandu River upstream of the main
dam CEDAE. At this locale, the Guandu River receives a large volume of water from the
Paraiba do Sul River, which at this point has already been polluted by domestic and industrial
untreated effluents and waste from agricultural sources (Oliveira et al., 2011). However,
although this pollution is present, as also indicated by the observed changes in the mitotic
index, it may be mitigated to some extent due to the water’s transit time sedimentation
occurring in the reservoirs of Light in Barra do Pirai, where the confluence occurs.

4. CONCLUSIONS

This survey detected the existence of potential cytotoxic and genotoxic in the waters of
the analyzed locales. The observed cytotoxic and genotoxic changes reflect the state of
contamination of the tributaries and water contributors of the Guandu River, and emphasize
the importance of bio-monitoring studies to aid managers in controlling the release of
domestic and industrial effluents. These components exhibit potent cytotoxic and/or
genotoxic properties, some of which cannot be degraded during the treatment process, and
may thus render even treated water unsafe for human use or consumption.
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