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Abstract

Environmental monitoring indicators guide the decision-making process of public policies. Bioassays using
seeds are a potential tool to evaluate water quality indicators, since their results can be expressed in a
phytotoxicity scale, the tests are quite simple, relatively fast, and low cost. In this context, the objectives of this
study were to evaluate the phytotoxicity of Rio Grande reservoir waters and its relationship with environmental
variables. In Brazil, this reservoir is an important water source for the public supply of the Metropolitan Region
of Sdo Paulo. In 2018, subsurface and bottom water were collected in four sampling campaigns. The
environmental variables were measured both in field and at the laboratory. In field, it was used a multiprobe
of ammonium (N-NH4*), electrical conductivity (EC), nitrate (N-NOs"), pH, dissolved oxygen (DO) and water
temperature (T); and, at the laboratory, of total nitrogen (TN) and total phosphorus (TP). Bioassays using seeds
of cucumber (Cucumis sativus), garden cress (Lepidium sativum), and mustard (Sinapis alba) were performed (n
= 6). The bioassays consisted of incubating the seeds and the water samples on Petri dishes at (20° + 2 °C) in
the absence of light for 3 days, in case of S. alba, and for 4 days, in case of C. sativus and L. sativum. ISO water
was used as a control. Afterward, the number of germinated seeds and the roots' length were determined to
calculate the Germination Index (Gl). Statistical analyses were performed, such as the Shapiro-Wilk test, the
analysis of variance (ANOVA) and the Tukey test, to verify the differences between the seeds' responses to the
environmental variables. The Principal Component Analysis (PCA) was applied to the environmental variables
and the Gl to identify the most representative variables. This study indicated that, in May of 2018, the
subsurface water was moderately phytotoxic to L. sativum (Gl = 61.3 £ 8.2%); and the bottom water was very
phytotoxic to L. sativum (Gl = 23.6 £ 14.5%) and S. alba (26.2 = 12.0%). In all other sampling campaigns, the
water samples potentiated seed germination, which can be related to nutrients concentrations The L. sativum
proved to be more sensitive, due to the lower degrees of data dispersion and the higher degrees of toxicity
when compared to the other analyzed seeds.
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Resumo

Os indicadores de monitoramento ambiental norteiam o processo de tomada de decisdo de politicas publicas.
Bioensaios com sementes sdo ferramentas potenciais como indicadores de qualidade da agua, pois seus
resultados podem ser expressos em uma escala de fitotoxicidade, os testes sdo bastante simples, relativamente
rapidos e de baixo custo. Nesse contexto, os objetivos deste estudo foram: avaliar a fitotoxicidade das aguas
do reservatério do Rio Grande e sua relagdo com as varidveis ambientais. Este reservatério € uma importante
fonte de 4gua para a Regido Metropolitana de Sdo Paulo no Brasil. Agua subsuperficial e de fundo foram
coletadas em quatro campanhas de amostragem em 2018. As variaveis ambientais foram medidas em campo
usando uma multi-sonda: amoénio (N-NH4*), condutividade elétrica (CE), nitrato (N-NOs’), pH, oxigénio
dissolvido (OD) e temperatura da agua (T); e no laboratério: nitrogénio total (NT) e fésforo total (PT). Foram
realizados bioensaios com sementes de pepino (Cucumis sativus), agrido (Lepidium sativum) e mostarda
(Sinapis alba) (n = 6). Os bioensaios consistiram em incubar as sementes e amostras de dgua em placas de
Petri a (20° £ 2 °C) na auséncia de luz por 3 dias (S. alba) e 4 dias (C. sativus e L. sativum). Agua ISO foi usada
como controle positivo. Na sequéncia foram determinados o numero de sementes germinadas e o
comprimento das raizes para calculo do indice de Germinacao (IG). Foram realizadas analises estatisticas, como
o teste de Shapiro-Wilk, andlise de variancia (ANOVA) e teste de Tukey para verificar as diferencgas entre as
respostas das sementes as varidveis ambientais. A Andlise de Componentes Principais (ACP) foi aplicada as
varidveis ambientais e |G para identificar as varidveis mais representativas. O estudo indicou que em maio de
2018 a dgua subterranea era moderadamente fitotoxica para L. sativum (IG = 61,3 + 8,2%); e a 4gua do fundo
foi muito fitotdxica para L. sativum (1G = 23,6 + 14,5%) e S. alba (26,2 + 12,0%). Em todas as demais campanhas
de amostragem, as amostras de agua potencializaram a germinagdo das sementes, o que pode estar
relacionado a concentracdo de nutrientes. A espécie L. sativum mostrou-se mais sensivel, devido ao menor
grau de dispersado dos dados e ao maior grau de toxicidade em relacdo as demais sementes analisadas.

Palavras-Chave: Bioensaios; Eutrofizacdo; Germinacdo de sementes; Monitoramento ambiental; Qualidade da
agua.

1 Introduction

Eutrophication is defined by the excessive increase in the biomass of primary
producers and it is triggered by the nutritional enrichment of the aquatic environment
(Jeppesen et al,, 2017). Human actions are directly related to the eutrophication increase of
continental aquatic ecosystems (Brasil, 2015).

The harmful consequences to the aquatic environment are: alteration of the
phytoplankton community; accumulation of organic matter from algae and aquatic
macrophyte biomass; depletion of dissolved oxygen concentration; presence of unpleasant
odour and taste in the water; landscape degradation; biodiversity reduction; the intrinsic
toxic potential of cyanobacteria presence in blooms, which is relevant when it comes to a

public supply reservoir (Beghelli et al., 2015; Brasil, 2015).
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The discharge of domestic and industrial raw sewage, or those treated only at the
secondary level and are rich in organic matter and nutrients, causes changes in the
functioning of the ecosystem with ecological, economic, and social consequences (Lépez-
Doval et al.,, 2017). In addition, the urban wastewater may contain high concentrations of
metals such as zinc, copper, arsenic, lead, nickel, antimony, selenium; amongst organic
pollutants and organochlorine compounds (Vieira, 2017) which, in high concentrations, are
toxic to plants and organisms in the water body.

Human activities in the hydrographic basin result in changes in the water body (Maia
et al, 2015). Yet, according to Pickett et al. (2011), by 2030, approximately 60% of the world
population must live in urbanized areas. This fact can result in a more intense disturbance
of the aquatic environments in the densely occupied metropolitan regions. The Rio Grande
reservoir is an isolated branch of the Billings complex which receives wastewater discharges
due to irregular occupations in its surroundings (Capobianco and Whately, 2002), tributary
dumps with a characteristic of domestic and industrial sewage (Mariani and Pompéo, 2008),
high levels of hormones and total phosphorus (Coelho et al, 2020) and application of
algaecide (e.g.: CuSO4 and H20) in the vicinity of the water catchment (Cunha et al., 2013;
Franklin et al., 2015; Pompéo, 2017). The Sanitation Company applies algicides compounds
directly in the reservoir surface to stop the algae proliferation, since algae cells can clog the
sand filters of Water Treatment Plants, as well as alter its organoleptic properties (Doederer,
Gale and Keller, 2019).

Environmental monitoring indicators emerge as a result of the growing concern with
environmental aspects, and they assist in the decision-making process of public policies
with regular monitoring of water bodies which are important to develop and apply efficient
management strategies (Meerssche and Pinckney, 2019). One of the possibilities for
monitoring is ecotoxicological tests which aim to predict and understand whether the
contaminants' effects are likely to cause damage to organisms exposed to toxic agents (Silva
and Mattiolo, 2011). The tests were carried out with aquatic species, such as the Daphnia
magna, the Desmodesmus subspicatus and the Hyalella azteca, which are widely used in

scientific studies (Paula, 2016; Cervi et al., 2019), and regulated by the competent agencies
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as parameters of water quality, sediments and effluents (Brasil, 2004; CETESB, 2017).
National agencies, such as the Brazilian Technical Standards Association (ABNT) and the
Environmental Company of the State of Sdo Paulo (CETESB); and the international agencies,
such as the United States Environmental Protection Agency (USEPA), the Environment
Canada, the Environment Ontario, and the American Society for Testing Materials (ASTM)
standardize these tests by pointing out their variation between acute and chronic. The
advantages of the acute tests are the quantification and qualification of the disturbance
degree caused by the pollutants, their reproducibility, and their short period; while the
chronic tests have more sensitive responses, such as the damage to deoxyribonucleic acid
(DNA) and the inhibition of enzymes (Paula, 2016).

Ecotoxicity tests can also be performed with plant indicators and they are widely used
in scientific studies (Belo, 2011; Cruz et al.,, 2013; Lapa, 2014; Kohatsu et al., 2018; Porto et
al., 2019; Coelho et al., 2020) due to their simplicity and low costs (Peduto et al.,, 2019). The
seed bioassays aim to determine if there is a change in seedling germination, by indicating
the toxicity degree of the sample. Plant development requires some essential chemical
elements, called micronutrients and macronutrients (Porto et al,, 2019). In Brazil, toxicity
tests based on plant indicators are not yet accepted as parameters for the quality of the
water or sediments. The Brazilian Ministry of Agriculture, Livestock and Supply regulates, for
agricultural purposes, germination tests, which are normally adopted as a basis for the
preparation of phytotoxicity tests (Brasil, 2009). In scientific terms, the species of seeds and
the samples analysed are quite variable (Fantin et al., 2009; Emami et al., 2014; Zhang et al.,
2018; Coelho et al., 2020; Matsubara et al., 2020).

Mendes et al. (2020) evaluated variations in temperature, sample volume and plate
size in bioassays with lettuce seeds (Lactuca sativa) and found a difference between these
methods, recommending in-depth knowledge about the use of seeds as bioindicators. Tests
with L. sativa, for different nanoparticle treatments, showed that the CuSOs samples
associated with N-NH4* synthesis had a low germination rate, with highly phytotoxic values;
and the ZnSOs samples did not germinated (Porto et al, 2019). Ovsyannikova and

Pryanichnikova (2019) adopted the species Lepidium sativum in the comparative assessment
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of the water ecotoxicity in oil samples, and they concluded that organic substances, such as
the petroleum hydrocarbons, caused toxicity in the samples. Inhibition of seed root growth
and a strong correlation among the germination index (Gl), the electrical conductivity (EC)
and the total dissolved solids (TDS) were observed in bioassays with Sinapis alba testing
water samples from affluents of the Rio Grande Reservoir (Kohatsu et al, 2018). The
efficiency of the Cucumis sativus seeds in bioassays was tested using two toxic compounds
- Al2(SO4)3 and Methyl Methanesulfonate (MMS) solution -, concluding that it is feasible to
use the seeds as a model in the phytotoxicity biotests, presenting some sensitivity to the
toxicity of compounds with reduced root growth (Barbosa et al., 2013). Extracts of various
materials, which are routinely used in composting, presented a moderate toxicity (rice husk)
and high phytotoxicity (chicken residues, fly ash, wheat straw and sawdust) in bioassays with
L. sativum; however, vegetation cuttings and sludge from Wastewater Treatment Plants
(WWTP) did not present any toxicity (Belo, 2011).

Thus, as the seed bioassays have a relatively quick response, low cost and enable
inferring about the toxicity of environmental samples; they should be further studied in
order to create standardized protocols and evaluate their inclusion as an additional line of
evidence in the monitoring of water and sediment quality. Finally, the objectives of this
study were: (1) to evaluate the waters phytotoxicity of an urban reservoir used for public
supply purposes, through bioassays with seeds of: cucumber (Cucumis sativus), garden cress
(Lepidium sativum) and mustard (Sinapis alba); (2) to identify possible correlations between
environmental parameters and the bioassays with seeds, raising the hypothesis that these
tests can be adopted as a parameter of water quality and, thus, contribute to public policies

of environmental management and monitoring.

2 Material and Methods

2.1 Study area

The study was conducted with water samples collected in the Rio Grande reservoir

(Figure 1), located in the southeast of Sdo Paulo state, Brazil. This reservoir is classified in
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Class Il of the Resolution 357 from Brazilian National Environment Council (CONAMA). So,
these waters can be used for public supply purposes after conventional treatment and their
quality should be maintained in accordance with what was determined in this document
(Brasil, 2005).

Figure 1 — Study area location: (a) Sdo Paulo State in Brazil; (b) Metropolitan Area of Sao
Paulo (MASP) in Sdo Paulo State; (c) Billings Reservoir location in MASP; (d) Rio Grande and

Billings Reservoirs, and (e) sampling station on the Rio Grande Reservoir
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Source: Map data © 2015 Google.

Four sampling campaigns were carried out in 2018, one in each of the following
months: February, May, August and September. The sampling station is located close to the
water abstraction of the local Sanitation Company. The rainfall (mm) and active capacity
(hm?) data were obtained in Sabesp (2020). The environmental variables, such as ammonium
(N-NH4*), electrical conductivity (EC), nitrate (N-NOz3"), pH, dissolved oxygen (DO) and water
temperature (T), were determined in situ with a multiparametric probe (Brand: Hach
Hydrolab, model: DS5X). The levels of total nitrogen (TN) and total phosphorus (TP) were
determined according to the Method 4500N C - Persulfate digestion -, the Method
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4500Norg - Titulometric (APHA, 2005) and Spectrophotometric -, and the Method 4500P B
- Persulfate digestion (APHA, 2005). These analyses were performed in triplicates.

The bioassays with seeds of cucumber (Cucumis sativus), garden cress (Lepidium
sativum), and mustard (Sinapis alba) were performed in six replicates. The bioassays
consisted in covering a 9 cm diameter Petri dish with qualitative paper substrate; applying
3 mL of sample; arranging 6 seeds of each species in a straight line with uniform and
sufficient spacing to minimize competition between the seeds germination; and wrapping
the plate with a plastic film to maintain the moisture. International Organization for
Standardization (ISO) water was used as a control and it was prepared following the OECD
(2004): calcium chloride (1.18 mg L), magnesium sulphate (0.50 mg L), sodium
bicarbonate (0.26 mg L") and potassium chloride (0.02 mg L") in their respective quantities;
added to 1,000 mL of distilled water; and stirred until the substances are fully diluted - valid
for 3 months after preparation.

The proposed tests are known as vigour tests and the seeds must germinate in the
initial incubation period, it being 4 days for the species C. sativus and L. sativum, and 3 days
for the S. alba (Brasil, 2009), under the temperature of (20 + 2 °C) in the absence of light in
a greenhouse (n = 6). After the incubation, it was visually analysed if there was a
germination; and if positive, it was analysed if the seed roots growth showed a certain
degree of toxicity, such as an irregular growth and a gray or dark colour.

The length of the germinated roots was measured with the aid of a digital caliper
(150 £ 0.01 mm) and the percentage of absolute germination rate (% AG, Equation 1), the
percentage of average root growth (% ARG, Equation 2) and the germination index (Gl,
Equation 3. The classification that determines the degree of toxicity present in the sample
can be done through several indexes found in the literature. In this study, a classification of
the germination index provided by Belo (2011) was adopted where: <30, very phytotoxic;
30-60, phytotoxic; 60-80, moderately phytotoxic; 80-100, non-phytotoxic; and >100

potentiates germination.

%AG = (S germinated_sample)/(S germinated_control) * 100 (1)
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%ARG = (L radicle_sample) /(L radicle_control) * 100 2)

GI (%) = (%AG * %ARG)/100 (3)

Where "S™ germinated_sample" is the arithmetic mean of the number of seeds
germinated in the sample; 'S germinated_control" is the arithmetic mean of the number of
seeds germinated in the control; "L radicle_sample" is the arithmetic mean of the length of
the sample's radicles; "L radicle_control" is the arithmetic mean of the radicle length of the
control.

To verify if the data fits to the normal distribution, the Shapiro-Wilk test with p-
value > 0.05 was adopted. The statistical analysis adopted to verify if there is a significant
difference between the seed species was the analysis of variance (ANOVA) (p < 0.05),
followed by the Tukey test, all in the Past® software version 4.02, with free license. The null
hypothesis was that the species are the same, and the alternative hypothesis was that at
least one species is significantly different. The principal component analysis (PCA) was
applied to the samples' environmental and Gl variables to identify the most representative
variables, using OriginPro® software version 9.6.5.169, 2019, with a license acquired for

UFABC.

3 Results and Discussion

In Table 1, the rainfall data indicated that only on February 21, 2018 - the date before
the first collection -, there was a 1.4 mm rainfall in the reservoir. The volume of the dam had
an average value between collections (92.9 hm?3), highlighting the measurement of
08/21/2018 (referring to the 3" collection) at the lowest value, 86.4 hm?. The precipitation
in the hydrographic basins that form the reservoir can directly affect the availability of
nutrients, as it carries impurities to the bodies of water (Burgos et al., 2015). The table 1
presents the results of the environmental variables and the Gl for subsurface and bottom

waters.
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In February 2018, high concentrations of N-NH4* (16.9 + 1.5 mg L"), N-NO3™ (4.6
0.2mgLT"), TN (2.9 £ 1.7 mg L") stood out and pH (7.8 + 0.1) in subsurface waters, following
the same pattern in bottom waters, N-NH4* (24.9 + 0.1 mg L"), N-NOs™ (4.6 = 0.2 mg L),
TN (23 £20mgL" and pH (6.9 + 0.1).
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Table 1 — Pluviometric index (mm) and Rio Grande Reservoir volume (hm?3) in the last and

in the sampling day (Source: Sabesp, 2020). Environmental variables (n = 3) and

Germination Index (GI) (n = 6) from surface and bottom water. Gl is represented according

to seed species: GIGC (L. sativum, garden cress), GIM (S. alba, mustard) and GIC (C. sativus,

cucumber). Bold values disagree to Brazilian legislation (Brasil, 2005)". (*missing value)

Variable

Sampling campaigns in 2018

February May August November
Rainfall Last day 14 0.0 0.0 0.0
index (mm) In day 0.0 0.0 0.0 0.0
Reservoir Last day 94.42 98.07 86.38 93.05
volume
(hm?) In day 94.25 97.90 86.38 93.05
pH 7.8 0.1 8.1+00 12.5 £ 0.0 8.6 + 0.1
T (°Q) 242 +0.2 246 + 0.1 19.6 £ 0.0 227+ 00
EC (uS cm™) 984 + 0.0 92.7 £ 34 97.0 £ 0.0 106.0 £ 1.7
DO (mg L™ 6.3+ 00 8.6 0.1 92+00 84+00
N-NOs (mg L") 46 +0.2 0.7 £ 0.0 1.5+00 1.5+02
Surface ]
water N-NH4* (mg L™ 16.9 £ 1.5 0.2+00 04 +00 0.2+00
TN (mg L") 29+ 1.7 22+09 0.7 + 0.0 *
TP (ug L) 22.7 + 3.6 25.7 £ 2.1 27.0 + 10.0 163 £ 5.8
GIGC (%) 124.7 £3.6 613+ 82 89.5 + 17.0 106.9 + 23.9
GIM (%) 1234 +78.7 102.0 £ 29.6 1624 £ 26.5 116.9 £ 19.5
GIC (%) 104.8 + 59.5 1142 + 171 145.1 + 27.0 1434 + 20.2
pH 6.9 + 0.1 75+0.0 12.6 £ 0.0 8.6+ 0.0
T (°Q) 23.0+ 0.0 238+ 0.0 184 £ 0.0 226+ 00
EC (uS cm™) 102.6 £ 0.5 90.2 £ 0.1 945 + 2.1 106.0 £ 0.0
DO (mg L™ 0.3 +0.1 7800 89+ 00 45+05
N-NOs (mg L) 42 £ 0.0 0.5+00 1.0+ 00 1.0 £ 0.1
Bottom
water N-NH4* (mg L™ 249 + 0.1 04 +0.0 0.5+0.0 03+0.0
TN (mg L) 23120 1.2+ 0.1 1.0 £ 0.1 *
TP (ug L) 63.9 + 14.7 35.4 + 0.0 57.0 £ 0.0 33.0+0.0
GIGC (%) 89.2 + 14.0 23.6 + 145 101.0 + 20.4 126.6 + 6.9
GIM (%) 1714 + 39.6 26.2 £ 120 181.8 £ 36.8 129.3 £ 289
GIC (%) 166.5 £ 18.6 116.2 £ 45.9 169.5 + 22.1 1273 + 129

T Water quality standard by the guidelines of the CONAMA N° 357/2005 for bodies of water class II: pH in 6.0
the 9.0; OD > 5.0 mg L' Oz; N-NO3 < 10.0 mg L™" N; NT < 3.7 (pH < 7.5), 2,0 (7,5 < pH < 8.0), 1.0 (8.0 < pH <
8.5)and 0.5 mg L' N (pH > 8.5); PT < 30 pg L' PT (Brasil, 2005).
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Barbieri et al. (2014) pointed out in their study that natural environments that
received wastewater, industrial waste and pesticides had high concentrations of N-NH4*.
Ammoniacal nitrogen, in large quantities in the waters, indicates that there is a
decomposing organic matter (Kindlein, 2010). In our study, the high N-NH4* content was
found only in the sample referring to February 2018, with the other months following an
average pattern of (0.4 + 0.1 mg L"). Porto et al. (2019) explain that plant cells convert the
ammonium generated by the assimilation of nitrate or photorespiration. Nitrogen, when in
excess, is one of the most important contaminants present in wastewater; and the by-
product of its oxidation generates nitrate, which can cause problems related to the toxicity
of aquatic flora and fauna, decreasing dissolved oxygen and eutrophication of bodies water
resources (Zoppas et al., 2016). With a focus on the plants, the nitrate ion is the only form
of nitrogen absorbed by plant species (Kindlein, 2010), making it important to determine
the tolerance of plant organisms to this chemical element.

The pH referring to the August 2018 collection, both in subsurface and deep waters,
showed an alkaline character of (12.5 + 0.0) and (12.6 £ 0.0), respectively, higher than the
established by the CONAMA Resolution 357/2005 (Brasil, 2005). Mariani and Pompéo (2008)
justify the alkaline character of the pH data found in the Rio Grande dam with the
photosynthetic activity that removes CO2 and HCOs™ from the water and alters the balance
of the carbonate system, resulting in an increase in pH levels. CuSO4 treatments make the
backwaters more acidic due to the copper hydrolysis (Padovesi-Fonseca and Philomeno,
2004), which may be the answer to the acidity found in the waters of February 2018. Still, in
February 2018, the waters of background showed a significant decrease in the DO value (0.3
+ 0.1 mg L"). Kindlein (2010) justifies that if there are high levels of N-NOs" in the water,
there is a decomposing organic matter or the presence of sewage and the environment is
probably low in oxygen, making DO a determining factor in the nitrogen cycle. It is also
pointed out that nitrate is one of the forms of nitrogen which assumes great importance in
aquatic ecosystems, reaching high waters and deep waters.

Temperature, in turn, is a determining factor in the reactions which alter the physical,

chemical and biological processes in the water bodies, and elevated temperatures can
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decrease the amount of dissolved oxygen, putting the water quality at risk if they receive
domestic sewage tributaries (Hermes and Silva, 2004). The TP value of bottom waters (63.9
+ 14.7 ug L") was higher than that of subsurface waters (22.7 + 3.6 ug L"), in February 2018,
pointing out that the proximity to sediments may be related to these values, since there is
an accumulation of nutrients and metals in the sediments of the Rio Grande reservoir
(Franklin et al., 2015). It is known that sediments have a high potential for accumulation,
functioning as a record of environmental information in seasonal and spatial aspects
(Franklin, 2010). However, sediment resuspension is not a constant threat, but it is a
common one and can be an important stressor for organisms (Cervi et al., 2019). The
resuspension acts on the dynamics of nutrients and contaminants that have been stored in
the sediment layers of the water body over time, causing negative impacts on the water
quality. In shallow reservoirs, this process can be intensified due to the small depth of the
water column, as is the case of the Rio Grande reservoir (minimum and maximum depth:
7.5 ~ 9.7 m between collections). In addition, the resuspension alters the turbidity, since
there are materials in suspension reducing the absorption of light (Brito Jr, 2015). Franklin
et al. (2015) found sediments extremely enriched with Mercury (Hg), Copper (Cu) and
Cadmium (Cd) in the upper layers of the Rio Grande reservoir, and the main reasons for the
high concentrations of metals found in the sediments of the Rio Grande reservoir were the
release of domestic effluents, and the frequent use of copper sulfate to control algae
development and industrial effluent deposits (Bostelmann, 2006). Copper is considered an
essential element in the structural development, compound or metabolite of the plant, since
it is essential in the flowering and fruiting stage; thus, its deficiency causes the seedling to
die and its high concentrations may present toxicity (Porto et al., 2019). Wengrat (2016)
carried out a historical paleoenvironmental assessment of eutrophication and natural
variability in the Rio Grande reservoir from sediments, and found that, between the years of
1953 and 1982, the reservoir was negatively impacted by anthropic activities, with rapid
progress in the eutrophication, presenting high TP values and TN enrichment. The Rio
Grande branch was part of the Billings dam, but as of 1982, the dam was completed,

separating it and transforming it into the Rio Grande dam. Thereafter, the dam indicated
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improvement in its waters, however, it returned to its eutrophic condition with the upstream
urbanization. Although these studies point to data only on sediments, some biotic and
abiotic reactions occur in the sediment compartments, reaffirming the importance they have
in the water quality (Stumm and Morgan, 1981). Pompéo (2017) compiled data from Cetesb
and Sabesp, regarding the application of algaecide in Brazilian reservoirs in the years of
2006, 2007 and 2011; and pointed out that the applications of CuSO4 that occurred in the
Rio Grande dam, in the years of 2006 and 2007, were significant, with estimated values of
150 ton/y and 360 ton/y, respectively, and about 40 ton/y of copper sulphate and 300 ton/y
of H202 in 2011; highlighting the importance of evaluating the Rio Grande reservoir. The
application of algaecides causes the rupture of algal cells, causing the release of metabolites
in water, including cyanotoxins (Pompéo, 2017).

As for the AG (%), the United States Environmental Protection Agency - USEPA (1989)
recommends that the AG (%) must be greater than 65% of the analyzed seeds, so that the
data are reliable. In our results, the species C. sativus, L. sativum and S. alba had a minimum
germination percentage of 66.7% and we can continue with the analysis of the results. As
for the Gl (%) of the species C. sativus, all values were higher than 100%, indicating that
seed germination was enhanced in all collections. The species L. sativum showed a toxicity
level in the collection carried out in May 2018, both in groundwater (61.3 + 8.2%) and in
bottom water (23.6 £ 14.5%). This species had the lowest degree of dispersion, with the
lowest standard deviation values. According to Mendes et al., (2020), the lowest dispersion
values of data indices should be preferred. The species S. alba showed similar results, in May
2018, with a significantly toxic value in the bottom waters (26.2 + 12.0%). Tiquia (2010)
points out that the species L. sativum is more sensitive to the toxicity of soils contaminated
with metals than other species of plants. However, the species S. alba is from the same
botanical family as the L. sativum, "Brassicaceae", pointing out a similar toxicity relationship
between these species.

The Shapiro-Wilk normality test showed that the data are normal (p = 0.13), and then
followed by the ANOVA, which resulted in a value of p = 0.06 and despite its proximity of

the significance value (a = 0.05), the test did not reject the null hypothesis at a significance
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level of 5%, pointing out that there is no statistical difference between the species of seeds.
As for the PCA for subsurface waters, the first axis - PC1 - accounted for 50.7% of the
variation in the data, and the PC2, 27.5% (Figure 2a), totaling 78.2%. For the bottom waters,
the PC1 represented 47.4% and the PC2, 32.9%, totaling 80.3% (Figure 2b). The most
important variables are those with the highest coefficients and scores, both negative and

positive, and they were highlighted in bold in Table 2.

Figure 2 — Principal Component Analysis of environmental variables and germination index
using different seed species (GIGC: L. sativum; GIM: S. alba and GIC: C. sativus) to

subsurface and bottom water samples of Rio Grande reservoir
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Table 2 — Scores and variances explained by the first two main components of the analysis
of the data of the limnological variables of the groundwater and bottom of the Rio Grande

reservoir, with the most considered and correlated values in bold

B
Subsurface ottom
Variable water

PC1 PC2 PC1 PC2

pH -0.34 +0.02 -0.07 +0.51
T +0.35 -0.16 -0.03 -0.51
EC -0.04 +0.53 +0.23 -0.02
DO -0.39 -0.16 -0.34 +0.27
N-NOs- +0.32 +0.24 +0.42 -0.15
N-NH4* +0.36 +0.14 +0.40 -0.20
TN +0.35 -028 +0.30 -0.18
TP -0.07 -0.43 +0.37 +0.15
GIGC +0.19 +0.48 +0.17 +0.29
GIM -023 +0.16 +0.33 +0.33
GIC -0.38 +0.24 +0.34 +0.29

Variance explained (%) 50.68 27.54 4745 3287

For the subsurface waters, positive variables were observed and, then, related to each
other: N-NH4* (+0.36), TN (+0.35), T (+0.35) and N-NOs" (+0.32) contrasting with DO (-0.39),
GIC (-0.38) and pH (-0.34). EC, pH and DO saturation capacity are the physicochemical
factors that follow the temperature trend (Mariani and Pompéo, 2008). The species L.
sativum presented a low correlation value (+0.19), and it was the only species of seed to be
presented here that is directly influenced by the nitrogen cycle. Although eutrophication is
intensified by the excess of nutrients (Jeppesen et al., 2017), especially of TP and TN, the
PC1 of subsurface waters was not representative for the TP (-0.07), and the TN can act as a
limiting factor in the germination of seeds. Still referring to the subsurface waters, in PC2, it
can be noted that the EC (+0.53) and the GIGC (+0.48) are positively correlated with each
other, contrasting with the PT (-0.43).

Coelho et al. (2020), in their study in the same reservoir, found a relationship between

TP, EC and Gl with the species S. alba, corroborating with this study in the seeds of S. albag,
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and indicating the same relationship in the species C. sativus and L. sativum. In the bottom
waters, the PC1 resulted in N-NOs™ (+0.42), N-NH4* (+0.40), TP (+0.37), GIC (+0.34), GIM
(+0.33) and also related the TN (+0.30) with each other, opposing it to the DO variable (-
0.34). These relationships indicated that the species of C. sativus and S. alba had more
representative values when the availability of the TP nutrient increased. The PC2 presented
the scores of pH (+0.51), GIM (+0.33), and T (-0.51), indicating an inversely proportional
relationship regarding pH and T. The T values were maintained in this study because they
influence the environmental variables, however, they were not related to the % Gl of the
seed species, since the phytotoxicological tests were performed in a stable T (20 + 2 °C) and

not with those found in the field.

4 Conclusion

Water and sediment monitoring programs are the basis for making decisions, aiming
to ensure the sustainability of the ecosystems. In this study, a few seeds were used as a
parameter for the quality of the under surface and deep water of the Rio Grande reservoir,
which was analysed from the toxicity tests, returning the following propositions: the Gl (%)
of the seeds presented toxicity in a few points, and majorly boosted the germination of the
seeds. The L. sativum species reported a more sensitive response to toxicity when compared
to other seed species and it has the lowest degree of data dispersion, which was indicated
by the standard deviation. In the under-surface waters, the TN values are higher than
allowed by law (CONAMA 357/2005, Brasil, 2005), as well as the TP values in the deep waters.
The germination of the L. sativum seeds performed a positive relationship with N-NH4*, N-
NOs™ and TN in the under-surface waters and in the deep waters. It is concluded that the
seed species have premises that can be adopted as a parameter of water quality, since they
offer valuable information for the purposes of water management and risk assessment;
highlighting, however, that more studies are required regarding the seed species
represented here, along with a long-term monitoring to confirm that the results obtained

in this study represent a consistent pattern.
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