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ABSTRACT: This study aimed to evaluate metal contamination in sediments of the Tridngulo Mineiro
watercourses and also analyze the toxicity of the sediments using Chironomus xanthus larvae, as test organisms. We
collected sediments from three streams (P1, P2 and P3) and collected sediments in three points of the Uberabinha River
(P4, PS5 and P6). We analyzed Cu, Cr, Mn, Mg and Zn, and also performed acute and chronic toxicity tests. Acute tests
were categorized into toxic (death > 50%), toxicity signs (10 < mortality < 50%) and non-toxic (mortality < 10), according
to common protocols. In the chronic toxicity tests, the surviving larvae were stored for body size measurements. Of the
five metals analyzed, all were found in the six sampling points, but only Cu and Zn were present at higher levels than the
“Threshold Effect Level” (TEL). The sediments of the six sites have some level of toxicity and the mortality in the acute
and chronic toxicity tests was 100%. No statistically significant differences, between treatment and the control were found
in the larval growth. Based on the metal contamination and the toxicity bioassay results, we consider it important to

monitor sediments and to evaluate changes in land use in the adjacent water courses.
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INTRODUCTION

The contamination of aquatic ecosystems by
xenobiotic compounds has increased in recent years
because of anthropogenic impacts (ARIAS et al,
2007). The main point sources of water pollution are
domestic waste and chemical residues of industrial
and agricultural activities (MATEO-SAGASTA et
al.,, 2016). Agricultural systems are the principal
source of disturbances in water ecosystems
(PARRIS, 2002). Among the main impacts are the
distinct soil erosion, deforestation and non-point
water pollution by fertilizer and pesticide residues
(ZIA et al., 2013; CORBI et al.,, 2018). Water
pollution represents risks to aquatic ecosystems and
human health (UNEP, 2016).

Several fertilizers contain in their
composition different concentrations of lead, nickel,
chromium, cadmium and zinc that, due to soil runoff
process, reach the adjacent water systems (CORBI
et al., 2010). This situation becomes more serious in
the absence of riparian vegetation, which can
minimize the surface runoff of toxic substances into
aquatic environments (ANGELOTTI-NETTO et al.,
2004; AMBUMOZHI et al., 2005; CORBI et al.,
2006;). The toxicity of metals can be observed at the
individual level, for example, increasing the
mortality rate of the most sensitive species and

altering other important processes such as growth
and reproduction (CASPER, 1994; AMISAH;
COWX, 2000).

Considering the input of metals into aquatic
ecosystems and their deleterious effects on aquatic
fauna, for high concentrations it becomes important
to monitor the presence in and effects of these
compounds on aquatic organisms. Toxicological
tests are an important tool for monitoring and are
designed to assess the toxicity of substances,
industrial effluents and environmental samples
(water and sediment). Test-organisms are exposed
to different concentrations of a sample and toxic
effects are observed and quantified (COSTA et al.,,
2008). Acute toxicity tests are used to measure the
effects of toxic agents on test organisms over a short
period of time relative to the life cycle of the test
species (COSTA et al., 2008), which can be
determined by lethal concentration (LC50). Chronic
toxicity tests are used to evaluate the potential toxic
effects of chemicals under conditions of prolonged
exposure to sub-lethal concentrations, that allow the
survival of organisms, but which affect their
biological functions, such as reproduction, egg
development and growth (BUIKEMA; VOSHELL,
1993; BAPTISTA et al., 2002; COSTA et al., 2008).

Sediments are important compartments of
aquatic environments, since they can accumulate
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substances such as metals and pesticides, becoming
a sink of these elements. However, under certain
environmental conditions such as changes in pH and
conditions of anoxia, sediment can release toxic
substances into the water column, causing
disturbances in the aquatic systems (DORNFELD,
2006). Thus, ecotoxicological tests of sediments
provide valuable information about the level of
contamination and about the possible effects on the
aquatic biota.

In this context, this study aimed to analyze
metals contamination and assess the potential
toxicity of sediments of water courses contaminated
by metals using Chironomus xanthus as the test
organism.
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MATERIAL AND METHODS
Study Area

Sediments were collected in three streams
previously analyzed for metal contamination
(GUIMARAES-SOUTO et al., 2014). In these
streams, the occurrence of zinc, manganese,
cadmium and copper (P1, P2 and P3) was recorded.
Sediment was also collected in three points of the
Uberabinha river, the main watercourse of the city
of Uberlandia, in the state of Minas Gerais. Point 4
is located in the Sucupira water reservoir, the water
supply source for Uberlandia. Point 5 is located in a
densely urbanized section of the river (confluence of
the Uberabinha with Liso stream) and point 6 is
located downstream of the sewage treatment station
- ETE Uberabinha (Figure 1).
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Figure 1. Localization of the sampling sites.

Sediment Sampling for Toxicity Bioassays and
Metal Analysis

At each sampling point, two sediment
samples were collected using a plastic spatula. Each
sample was composed of sediments from the right
and left watercourse edges, each with a volume of
500 mL. The samples were packed in plastic pots,

transported to the laboratory under refrigeration (in
an isothermal box with ice) and maintained at 4°C
until analysis. Sediments were collected in
December / 2013 and, as proposed by Burton-Jr
(1992), the toxicity bioassays (January / 2014) did
not exceed the maximum time of six weeks after the
material collection.
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Sediment Metal Analysis

Metal analyses were conducted following
the methodology described by Corbi et al. (2010)
and adapted to the weight of the sediment samples.
About 3.0 g of sediment in natura were placed in a
100 ml beaker, and then 5.0 ml of nitric acid
solution and 5.0 mL of distilled water were added.
The mixture was kept for 2 hours in a shaking table
with horizontal circular motion rotation at 200 rpm.
The material was filtered on Whatman 42 filter
paper and then transferred to 50 ml volumetric
flasks which were kept at 4° C until analysis. The
extracts of total metal were analyzed by atomic
absorption spectrophotometry (PyeUnicam) (Perkin
Elmer Analyst 300).

Metal concentrations were compared with
the Canadian Environmental Quality Guidelines
Protocol (EQGs), which establishes guide values for
the concentration of metals in sediments. According
to this protocol, TEL (Threshold Effect Level) and
PEL (Probable Effect Level) concentrations which
reflect the likelihood of deleterious effects on biota
are due to its exposure to these concentration levels.
The TEL value represents the concentration below
which adverse effects to aquatic organisms are
rarely expected. The high limit (PEL), on the other
hand, is the concentration above which adverse
effects on the organisms are often expected. In the
range between TEL and PEL are values in which
such effects are expected to occur (SILVERIO,
2003). Also, EUT values were considered (Effects
Upper Threshold), indicating levels above which
adverse  biological  effects are  expected
(BUCHMAN, 1999).

Larvae Cultivation

The Chironomus xanthus species was
chosen because it is easily obtained and maintained
in laboratory culture (DORNFELD, 2006) and
because it has been widely used in ecotoxicological
studies (FONSECA, 1997; PAMPLIM, 1999;
DORNEFELD, 2002; 2006; CAVALCANTI, 2010).
The larvae were derived from Chironomus xanthus
cultures of Biological Processes Laboratory (LPB) -
USP / Sao Carlos. The C. xanthus life cycle lasts an
average of 14 days and may vary from 12 to 16 days
(SANTIAGO, 2012).

Acute Toxicity Tests

The acute toxicity test was conducted using
the methodology described in Fonseca (1997),
which consists of exposing six organisms of IV
instar in 60 g of sediment and 240 ml of deionized
water. For each sampling point, bioassays were
performed in triplicates. New plastic pots (500mL)
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were used for testing. The temperature was
maintained in the range of 23 to 27° C and
photoperiod of 12/12 hours. The larvae were fed
with Tetramin® (20 ml per pot) at a concentration
of 2 g/ 1000 ml of distilled water. Test analyses
were performed after 96 hours and living organisms
were recorded. The sites were categorized into toxic
(death > 50%), toxicity signs (10 < mortality <
50%) and non-toxic (mortality < 10), as proposed by
Barbosa (2000). This test was also performed in
triplicate in control sediment (inert sand subjected to
furnace - temperature of approximately 400° C - for
a period of 4 hours).

The water used for the tests had the
following physical and chemical characteristics:
Conductivity between 25-55 pS cm’, hardness
between 12 and 16 mg L' for CaCOs, pH between
6.5 and 7.5 and temperature of 22 + 2°C.

Chronic Toxicity Tests

For the chronic toxicity test, the same
procedures for the acute toxicity bioassay were
conducted, but using larvae of the second instar:
generally young larvae (first and second instar) are
more sensitive than the third and fourth larvae instar
(EBAU et al., 2012).

The permanence of the larvae in contact
with the sediment had a duration of nine days, and
the samples were continuously aerated. The larvae
were fed with Tetramin® and distilled water at a
ratio of 2g/1000ml. In each pot, 20 ml of this
solution were added every 2 days. At the end of the
experiment, the surviving larvae were quantified
and stored for later body size measurements
(longitudinal axis). The measurements were
conducted using a stereomicroscope and ocular
micrometer. This test was also performed in
triplicate in the control sediment using inert sand
subjected to furnace at temperature of
approximately 400° C for a period of 4 hours
according to the methodology proposed by
CALLISTO; ESTEVES (1996).

The larvae body length data and the control
sediment were compared with the Analysis of
Variance (ANOVA) using the statistical program
Systat 12.

RESULTS AND DISCUSSION

Metals in Sediments

All metals were found in the six sampling
points. Metal analyses in sediment control (Control -
CTR) showed the absence of magnesium and copper
and very low levels of zinc, manganese and
chromium (Table 1).

Biosci. J., Uberlandia, v. 34, n. 6, p. 1714-1723, Nov./Dec. 2018



Metal evaluation...

The lowest concentration was recorded for
chromium (Cr), and in all sampling points the levels
were lower than TEL. The presence of chromium is
related to tanneries, fertilizers and ceramics
industries, manufacture of paints and pigments,
wood preservative and electroplating (CETESB,
2012a). Low Cr levels found in this study are
probably related to the absence of these activities in
the studied water systems. Manganese contents
ranged from 87 to 873.3 mg / kg, and all values less
than EUT Manganese is an essential nutrient in
small quantities to many living organisms, including
humans, particularly in reproductive processes,
maintaining bone structure and function of the
nervous system (CETESB, 2014). For magnesium,
the concentration ranged from 163.3 to 578 mg / kg.
There are still no reference values for this element.

Copper concentration values detected were
between TEL and PEL at the three sampling points:
P1, P3 and P6. Whereas contamination by Cu can
arise in domestic and industrial sewage or leachate
agricultural products through rain (PELAEZ-
RODRIGUES, 2001; CORBI et al., 2006), Cu
values in the intervals between TEL and PEL reflect
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the presence of pollution sources at the points P1,
P3 and P6. These watercourses are probably
subjected to illegal waste dumps from urban areas.
These same watercourses also have sections in rural
areas possibly receiving fertilizer residues used in
agriculture, which may be rich in metals
(MORAES, 2009). Zinc was found in high
concentration - above EUT - in P6. According to
Poleto and Castilho (2008), the main sources of Zn
are tire wear, automotive oils, galvanized materials,
abrasion vehicles, hydraulic fluids and industrial
effluents. This point located after the wastewater
treatment plant receives waste from upstream areas
subject to numerous impacts: agriculture, industrial
effluents and urban areas.

High concentrations of zinc in sediments
can cause deleterious effects to aquatic life. In fish
species Catostomus commersoni (Catostomidae) it
can reduce the development and also in
invertebrates it can suppress the occurrence of
sensitive groups such as Plecoptera, Ephemeroptera,
Trichoptera and amphipods (MUNKITTRICK et al.,
1991; EISLER, 1993; USDOI, 1998).

Table 1. Determination of metals in sediment samples (mg.Kg™"). Bold values above UET; underscores, values

between TEL and PEL.

Samples Zn Cu Mn Mg Cr
Control 1.100 0 0.05 0 0.005
P1 57.917 67.833 873.333 395.166 1.265
P2 11.150 6.65 87 222.333 12.34
P3 41.367 45.95 233.166 249.166 1.396
P4 33.916 28.3 273.333 163.333 1.658
P5 28.150 18.133 190.166 214.5 0.647
P6 799.166 47.766 112.166 578 1.074
TEL 123.100 35,7 - - 37.3
PEL 315.000 197 - - 90
UET 520 86 1100 - 95

Acute Toxicity Bioassays

Four points in this study (P1, P2, P4 and P5)
were classified as evidence of toxicity and two
points (P3, P6) as toxic, according to the
classification of Barbosa (2000) (Table 2).

Toxicity is possibly related to the
concentration of metals in sediments at points 1, 3
and 6, in which metal contents above TEL were
found. However, a number of other compounds not
evaluated in this study can adversely affect the
survival of aquatic organisms such as
organochlorines and persistent toxic substances in
general, dioxins, organophosphates, phenols
(HEWITT et al., 1996; SANTOS, 2009; CETESB,

2012b) among many other substances in domestic
and industrial effluents.

In this study, the acute toxicity of points 3
and 6 stands out, and had 72.22% and 100%
mortality, respectively.  Possibly in  these
watercourses deleterious implications of sediment
contamination occur in the aquatic fauna, especially
for the community of benthic macroinvertebrates,
which  respond  directly to  surrounding
environmental quality (KARR, 1991;
ROSEMBERG; RESH, 1993). Guimaries-Souto
(2014) found a high diversity of aquatic insects in
point 3, such as Leptophlebiidae (mayfly) and
Lepidoptera, groups considered very sensitive to
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environmental degradation. The findings of this
study point indicates the risk of impact on these
groups, which are highly sensitive to environmental
pollution.

Another point was the evidence of
toxicity found in the P4 sediments, the Sucupira
reservoir, which is the main source of water supply
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for the city of Uberlandia, in the state of Minas
Gerais. Although with low metal concentrations,
other pollutants may be present, such as 4.4 DDE, a
type of organochlorate that was found in the
sediment at this point, in concentrations above the
maximum limit allowed (see GUIMARAES-
SOUTO et al., 2014)

Table 2. Acute toxicity of sediment for Chironomus xanthus species. Mortality average percentage (n= 3).

Samples % Mortality Toxicity

Control 11.1 No toxicity

P1 27.78 Evidence of toxicity
P2 27.78 Evidence of toxicity
P3 72.22 Toxic

P4 27.78 Evidence of toxicity
P5 27.78 Evidence of toxicity
P6 100 Toxic

Chronic Toxicity Bioassays
The survival rate ranged from 77.77%
(point 3) to zero (point 6). These results corroborate

the acute toxicity data indicating high toxicity of the
sediments, particularly in P6, in which the mortality
rate was 100% (Table 3).

Table 3. Bioassay result of chronic toxicity - average percentage of survival (n = 3)

Samples % Survival
Control 88.90
Point 1 55.55

Point 2 50.00
Point 3 77.77
Point 4 27.77
Point 5 55.55
Point 6 0

While growth is widely used as a parameter
for the study of chronic toxicity for general
pollutants (KOSALWAT; KNIGHT, 1987), in this
study no significant differences were found in
relation to body size (Figure 2). However, all larvae
are significantly larger than the control (Fsg =
19.103, p< 0.000) which may be due to the organic
matter present in the sediments.

The high mortality of Chironomus xanthus
larvae exposed to sediment also indicates the
toxicity to this species. This pattern can be inferred
to other benthic macroinvertebrates, especially the
most sensitive, such as Ephemeroptera, Plecoptera
and Trichoptera (EPT), which when subjected to

negative changes in water quality have their
richness reduced (WALLACE; ANDERSON, 1996;
BUENO; BOND-BUCKUP; FERREIRA, 2003) and
may cause impoverishment of species (Karp et al.,
2012).

Considering these issues, monitoring the
sediment quality in the Tridngulo Mineiro streams is
of fundamental importance for the maintenance of
aquatic biodiversity and for environmental quality.
We also emphasize the need for special attention in
monitoring metals in the Sucupira reservoir, the
main source of water supply for the Uberldndia-MG
municipality.
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Figure 2. Body length of Chironomus xanthus submitted to the chronic toxicity test. CTL: control; P1 — Capim
Branco stream; P2: Marimbondo stream, P3: Sucupira Cassu stream; P4: Uberabinha river - Maria
Resende; P5: Uberabinha river — Sucupira reservoir. Different letters represent statistically significant
difference.
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RESUMO: Este estudo objetivou avaliar a contaminagdo de metais nos sedimentos de cursos de dgua do
Tridngulo Mineiro e também analisar a toxicidade desses sedimentos utilizando larvas de Chironomus xanthus como
organismo teste. Foram coletados sedimentos de trés riachos (P1, P2 e P3) e também em trés pontos do rio Uberabinha
(P4, P5 e P6). Foram analisados Cu, Cr, Mn, Mg e Zn, e também realizados testes de toxicidade aguda e crdnica. As
amostras submetidas aos testes agudos foram categorizadas como téxicas (mortalidade > 50%), evidéncias de toxicidade
(mortalidade entre 10% e 50%) e ndo téxicas (mortalidade <10%). Nos testes de toxicidade crdnica, as larvas
sobreviventes foram armazenadas para medidas do tamanho corporal. Dos cinco metais analisados, todos foram
encontrados nos seis pontos amostrais, mas apenas Cu e Zn estavam presentes em niveis mais altos que TEL - Threshold
Effect Level. Os sedimentos dos seis locais apresentam toxicidade ou indicio de toxicidade e a mortalidade nos testes de
toxicidade aguda e cronica foi de 100%. Nao foram encontradas diferengas estatisticamente significativas, entre o
tratamento e o controle, no crescimento larval. Com base na contaminagdo verificada e nos resultados dos bioensaios de
toxicidade, consideramos importante monitorar os sedimentos e as mudancas no uso dos solos adjacentes aos cursos de
agua.

PALAVRAS-CHAVE: Toxicidade aguda. Toxicidade cronica. Tamanho corporal. Zinco.
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