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ABSTRACT
Aquatic insects as bioindicators of heavy metals in sediments in Cerrado streams

Aquatic insects are the most widely used organisms in freshwater biomonitoring of human impacts and can provide reliable
information on habitat and water quality. The Brazilian Cerrado has received strong anthropogenic impacts over the last
decades, including the massive use of fertilizers in agriculture containing different concentrations of metals, with high potential
of aquatic ecosystem contamination. In this context, this paper compared bioaccumulation of heavy metals among four trophic
groups of aquatic insects from Cerrado streams. Sampling of sediments and aquatic insects for metal analysis (Cu, Mn, Cd and
Zn) and for the bioaccumulation factor (BAF) calculation was performed from April to July, 2012. All metals were found in
the stream sediments. Analysis of variance (ANOVA) showed no differences in metal concentrations among feeding guilds for
Zn and Cu (F3,8 =0.045; p > 0.005; H=4.641; p > 0.005 respectively). With respect to manganese, the predators accumulated
significantly lower concentrations than collector gatherers (F3,8 =20.416; p <0.05, Tukey < 0.05). Cadmium was not detected
in the fauna. The results of the present study suggested that the use of aquatic insects as bioindicators might be an important
strategy to detect metal pollution in aquatic environments.
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RESUMO
Insetos aqudticos como bioindicadores de metais pesados em sedimentos em corregos de Cerrado

Os insetos aqudticos sdo os organismos mais utilizados no biomonitoramento de ecossistemas aqudticos e podem fornecer
informagoes confiaveis sobre o habitat e a qualidade da dgua. O Cerrado brasileiro recebeu fortes impactos antrdpicos nas
ultimas décadas, incluindo o uso intenso de fertilizantes na agricultura contendo diferentes concentragées de metais pesados,
com alto potencial de contamina¢do aquatica. Neste contexto, este trabalho comparou a bioacumulagdo de metais entre quatro
grupos troficos de insetos aqudticos de corregos de Cerrado. A coleta de sedimentos e insetos aqudticos para andlise de metais
pesados (Cu, Mn, Cd and Zn) e para calculo do fator de bioacumulacdo (BAF) foi realizada de abril a maio de 2012. Todos os
metais foram encontrados nos sedimentos dos riachos estudados. A analise de variancia (ANOVA) ndo mostrou diferencas de
concentragdo de metal entre os grupos tréficos para zinco e cobre (F3,8 = 0.045; p > 0.005; H=4.641; p > 0.005, respectiva-
mente). Em relagcdo ao manganés, os predadores acumularam concentragdes significativamente mais baixas do que os coleto-
res (F3,8 = 20.416; p < 0.05, Tukey < 0.0500). O cadmio ndo foi detectado na fauna. Os resultados do presente estudo
sugerem que o uso de insetos aqudticos como bioindicadores pode ser uma estratégia importante para detectar a contamina-
¢do de metais em ambientes aquaticos.

Palavras chave: macroinvertebrados bentonicos, bioacumulagdo, poluigdo por metais, grupos troficos funcionais, sedimentos
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INTRODUCTION

The Cerrado is the second largest Biome in South
America, occupying 22 % of the Brazilian territo-
ry, where the sources of the three major river
basins of South America (Amazon/Tocantins, San
Francisco and Prata) are found (MMA, 2013). The
Brazilian Cerrado is considered a hotspot of biodi-
versity, which is a priority area to be conserved,
since it presents high biodiversity and strong envi-
ronmental impacts (Myers et al., 2000).

The conversion of natural areas of Cerrado
into agricultural fields, as well as the pollution
and/or impoundment of waters, have reduced the
occurrence of many species in the biome (Alho &
Martins, 1995; Corbi & Trivinho-Strixino, 2017).
The use of fertilizers, containing different
concentrations of metals such as lead, nickel,
chromium, cadmium, aluminum and zinc (Ange-
lotti-Netto et al, 2004) in different kinds of
agriculture cultivation, in addition to the deforest-
ation of riparian vegetation, have caused impacts
on the water resources of the adjacent areas,
leading to the contamination of the aquatic
sediments as pointed out by Corbi et al. (2008;
2010; 2013; 2018).

Several studies conducted in contaminated
aquatic systems have reported a correlation
between the concentration of metals in sediment
and in the resident fauna (Pourang, 1996; Sola et
al., 2004; Murphy & Davy-Bouker, 2005; Sola &
Pratt, 2006; Dural et al., 2006; Corbi et al., 2011)
as a result of bioaccumulation and biomagnifica-
tion processes (Corbi ef al., 2010). Toxic effects
of metals can occur at the individual level, for
example, increasing mortality of sensitive species
and also changing other vital processes such as
growth and reproduction (Casper, 1994; Amisah
& Cowsx, 2000; Chanu, et al., 2017).

Aquatic insects represent 90 % of aquatic
invertebrate fauna, and they are essential
elements in lentic and lotic trophic webs, influ-
encing energy flow and nutrient cycling (Ferring-
ton, 2008; Strayer, 2013; Nicacio & Juen, 2015).

Patterns of diversity and distribution of aquatic
insects can be related to several factors in the
aquatic environment, such as type of substrate,
water flow, organic matter availability, oxygen
concentration as well as environmental conditions

Limnetica, 38(2): 575-586 (2019)

surrounding the watercourse (Ward et al., 1995;
Buss et al., 2004). Other factors besides those
related to the local aquatic environment might also
interfere in the distribution of the macroinverte-
brates, such as dispersion processes, watercourse
size (scale) and latitudinal gradients (Heino ef al.,
2003; Johnson et al., 2004; Soininen et al., 2004;
Mykri et al., 2007; Molozzi et al., 2012).

Because aquatic insects reflect environmental
changes, these organisms and other benthic
invertebrates are the most widely used organisms
in freshwater biomonitoring of human impact
and can provide reliable information on habitat
and water quality in different approaches from
the suborganismal to the ecosystem level (Bona-
da et al., 2006; Woodcock & Huryn, 2007; Corbi
et al., 2013; Strayer, 2013; Ceneniva-Bastos et
al.,2017).

Aquatic insects can be considered sentinels in
aquatic environments and are highly suitable to be
used in biomonitoring programs of organic pollu-
tion (Zelinka & Marvan, 1961; Zamora-Muioz &
Alba-Tercedor, 1996) and heavy metals (Winner
et al., 1980; Poulton et al., 1995; Smolders et al.,
2003). In watercourses polluted by metals, species
richness and diversity of benthic macroinverte-
brate communities can be reduced by direct and
indirect impacts of contaminants (Gray, 1989;
Winner et al., 1975; Smolders et al., 2003; Carter
et al., 2017). Oligochaetes, chironomids, and
Hydropsychid caddisflies are relatively tolerant to
metal, whereas some genera of Ephemeroptera,
mainly within the family Heptageniidae, are
considered highly sensitive to metals (Winner et
al., 1980; Clements et al., 2000).

For a given metal, the uptake proportions of
water and food by insects will depend both on the
bioavailable concentration of the metal associat-
ed with each source and the mechanism and rate
by which the metal enters the insect bodies.
Besides this, the quantities of metals accumulated
by an individual reflect the net balance between
the rate of metal influx from both dissolved and
particulate sources and the rate of metal efflux
from the organism (Hare, 1992).

In this sense, metal bioaccumulation can also
be related to the trophic level of the aquatic
insects considered. Studies conducted by Santoro
et al., (2009) and Corbi et al., (2010) showed
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high bioaccumulation in collector organisms,
suggesting that biological absorption through
immediate contact with the sediment is the most
effective form of metal contamination. On the
other hand, bioaccumulation of metals could
occur in a cascading process with higher concen-
trations in organisms at higher trophic levels,
such as fishes and other vertebrates (Hamilton &
Buhl, 2004).

Considering the ecological and biomonitor-
ing relevance of aquatic insects, it is important to
identify more specific aspects in relation to the
bioaccumulation process, which can occur in
diverse ways for different trophic groups. How-
ever, a comparative study of metal bioaccumula-
tion considering all trophic functional feeding
groups (filter feeders, collector-gatherers, preda-
tors and shredders) of aquatic insect fauna occur-
ring in the Cerrado is not yet available in the
literature. Thus, the aim of this paper is to com-
pare the bioaccumulation among four feeding
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guilds of aquatic insects that occur in tropical
Cerrado streams contaminated by metals, under
the hypothesis that there is higher bioaccumula-
tion of heavy metals in the collectors, as obtained
by Santoro et al. (2009) when evaluating this
theme in the functional trophic groups of temper-
ate regions.

MATERIALS AND METHODS
Study area

The study was performed in low order streams
(Marimbondo, Sucupira Cassu and Capim
Branco; among these, the first two are first order
streams) in the Triangulo Mineiro region, Minas
Gerais state, Brazil (Fig. 1). The local climate is
tropical and, according to the Kdppen climate
classification, is of Aw type, megathermic, with
summer rains between October and March and
winter drought from April to September.
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The Triangulo Mineiro region was marked by
extensive cattle ranching until the end of the 60s.
In the late 70s, soybean cultivation was intro-
duced. The flat topography and the ease of access
to limestone deposits in the area were factors that
favored agricultural expansion and with it, the
intense use of pesticides. Tax incentives also
stimulated pine and eucalyptus plantation (Sch-
neider, 1996). More recently, large areas of the
region have been dedicated to sugarcane cultiva-
tion (Brito & Dos Reis, 2012).

All streams are very similar in physical struc-
ture and local land use. They present low water
velocity (< 1 m/s), shallow depth (< 1 m), small
width (< 1.5 m) and have predominantly sand and
fine gravel substrates. They are located in agricul-
ture and pasture areas and are free from other
anthropogenic impacts such as industrial, domes-
tic or mining activities.

Sampling and storage

Sediments for metal analysis (Cu, Mn, Cd, Zn)
were sampled, in triplicate, from the three sites
and were collected from April to July 2012. Sedi-
ments were frozen until testing. Aquatic insects
were collected in the same period using a D-frame
aquatic net (mesh sieve 250 pm) and sampled
exhaustively until there was enough biomass for
metal analysis. Each sample, from each food
guild, consisted of 0.1 g (dry weight), and three
samples from each guild were collected in each of
the three sampled streams. Three streams were
considered for fauna collection in order to obtain a
sample size sufficient for statistical analysis.

Guimaraes et al.

Insects captured in the net were transferred to
polypropylene bags and stored in ice during
transportation to the laboratory. Then, they were
identified and frozen wuntil analysis. Three
sediment sub-samples were collected from the
streams for organic matter analyses.

Analytical procedures

Sediment samples for metal determination were
lyophilized and homogenized with a pestle and
mortar. Each of the weighed samples, of approxi-
mately 3.0 g, were placed in 100 mL beakers, to
which 5.0 mL of HNO3 and 5.0 mL of distilled
water was added and digested to near dryness at
90 °C on a hotplate. The digested samples were
filtered - after cooling - through filter papers and
collected in 100 mL beakers. The filter papers
(filters Whatman 42) were washed with 20 mL of
distilled water and the contents of the beakers
were transferred to 100 mL volumetric flasks.
The solutions were analyzed for metals in a
PyeUnicam flame atomic absorption spectropho-
tometer. Digestion and detection were undertaken
in triplicate (Corbi et al., 2010).

Frozen insects were lyophilized and homoge-
nized with a pestle and mortar. Aquatic insects
were pooled to obtain at least 0.10 g of dry
weight, and then placed in a 100 mL beaker, in
which 5.0 mL of HNO3, 5.0 mL of distilled water
and 1.0 mL of HyO, was added and digested to
near dryness at 90 °C on a hotplate. Digested
samples were cooled at room temperature,
filtered using filter papers (and collected in 25
mL beakers). Pooled samples were analyzed by

Table 1. Concentration of metals in sediments: mean concentration values + standard deviation (n = 3) (mg/Kg). Concentrag¢ao de
metais em sedimentos: médias das concentrag¢oes + desvio padrao (n-3) (mg/Kg).

Metal/Streams Marimbondo
Zn 22.407+1.675
Cu 28.059+3.753
Mn 221.843+72.024
Cd 1.218+0.041

Capim Branco

26.169+12.396

Sucupira Cassu

8.789+3.281
37.216+26.666 3.009+2.162
283.3814+36.286 54.200+1.612

1.543+0.257 0.509 £ 0.88

Limnetica, 38(2): 575-586 (2019)



Aquatic insects as heavy metal bioindicators

579

Table 2. Stream macroinvertebrate community and the respective feeding guilds. Comunidade de macroinvertebrados bentonicos e

respectivas guildas alimentares.

Collector gatherers (CG)  Filter feeders (F)  Shredders (SH) Predator (P)
Ephemeroptera Trichoptera Coleoptera Megaloptera
Bacetidae Hydropsychidae Ptylodactilidae Odonata
Caenidae Pyralidae Gomphidae
Leptophlebiidae Libellulidae
Protoneuridae
inductively coupled plasma-atomic emission RESULTS AND DISCUSSION

spectrometry (ICP-AES). Digestion and detec-
tion were undertaken in triplicate. The detection
limits were: Cd — 0.0002 mg/L; Cu — 0.001
mg/L; Mn — 0.0005 mg/L; Zn — 0.0004 mg/L
(Corbi et al., 2010).

Organic matter was determined by mass loss
after ignition (550 °C, 4 h) in dry fractions of
sediments - dried in a stove at 60 °C for 12 h —
(Maitland, 1979).

Data analysis

We calculated the bioaccumulation factor (BAF),
in order to test metal bioaccumulation in aquatic
fauna (Klavins et al., 1998). The bioaccumulation
factor (BAF) is the ratio of the substance concen-
tration in the body and the substance in the envi-
ronment. It is considered bioaccumulation when
metal concentrations in organisms are larger than
the concentrations of the aquatic sediment. Thus,
for values > 1, bioaccumulation is accepted. The
BAF is described by the following formula:

Organism metal concentration

BAF = Sediment metal concentration

To test differences in bioaccumulation of
metals among different feeding guilds, Univariate
Analysis of Variance and Tukey's t test were
performed (in the condition of the data presenting
variance homogeneity), using the Systat Software.
In the absence of variance homogeneity, the
Kruskal-Wallis test statistic was used. All differ-
ences were considered significant if p < 0.05.

Metals in sediments

All metals were detected in the sediments but
without significant concentration differences
among streams (Zn: F3 g = 4.498, p > 0.0639; Cu:
F3,8=3.8666; p=0.0832; Mn: F3g=1.1537,p =
0.3779; Cd: F3 8 =2.9632, p = 0.1271) (Table 1).
The concentrations found can be considered
relatively low when compared to the concentra-
tions found by Corbi et al (2010) in tropical
streams located in areas under the influence of
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Figure 2. Mean values and standard deviation of organic matter
in sediments — CB: Capim Branco Stream; MA: Marimbondo
Stream and SC: Sucupira Cassu Stream. Valores médios e
desvio padrdao da matéria orgdnica nos sedimentos — CB:
corrego Capim Branco;, MA: corrego Marimbondo e SC:
corrego Sucupira Cassu.
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agricultural crops - streams with absence of ripar-
ian vegetation. In our study, the three studied
streams present relatively well conserved riparian
vegetation (Gongalves, 2012), which gives them
some protection against the input of metals from
the agricultural and livestock activities that occur
in their surroundings, since, according to Low-
rance et al. (1997), riparian forest provides effec-
tive control (buffer systems) in some types of
agricultural watersheds.

The organic matter content was significantly
different among streams (F 9 = 99.37; p <0.001)
with levels ranging from 2.36 % (Capim Branco
stream) to 3.85 (Sucupira Cassu stream) and the
highest concentration was detected in Sucupira
Cassu stream (Fig. 2). This is an important
parameter because the amount of organic matter
of the sediment influences metal absorption in the
aquatic system (Rocha & Rosa, 2003).

Metals in aquatic insects

The aquatic insect communities were composed
of four feeding guilds - filter feeders, collector
buffer systems-gatherers, predators and shredders
- in all streams (Table 2). Of the four metals

analyzed, three (Cu, Mn and Zn) were detected in
the aquatic fauna (Table 3).

The analysis of variance (ANOVA) showed
no differences of metal concentrations among
feeding guilds for Zn (F3 g = 0.045; p > 0.005)
and the Kruskal-Wallis One-way Analysis of
Variance also showed no differences in metal
concentrations among feeding guilds for Cu (H =
4.641; p > 0.005). For manganese, the predator
species accumulated significantly lower concen-
trations than collector gatherers (F3 g = 20.416; p
<0.05, Tukey < 0.0500) (Fig. 3).

In Sucupira Cassu stream, all metals bioaccu-
mulated in the biota. Zinc was also bioaccumulat-
ed in the other streams and the bioaccumulation
of manganese for Marimbondo stream was only
observed in shredders (Table 4).

Similarly, Santoro ef al., (2009) and Besser et
al. (2001), found metal bioaccumulation in
benthic macroinvertebrates from several trophic
groups. However, in our study bioaccumulation
was mainly detected in the Sucupira Cassu
stream, which had the highest values of organic
matter. This show the importance of organic com-
pounds in metal bioaccumulation process, as
pointed by Rocha & Rosa (2003). It is known that

Table 3. Mean values + standard deviation concentrations (n = 3) (mg/Kg) of metals in stream macroinvertebrate community. Média
+ desvio padrdo das concentragoes de metais em macroinvertebrados bentonicos.

Trophic Functional

Groups/ Site Cd Mn Zn
Collector gatherers
CB nd 20.99 +4.17 181.77+£33.14 8525+9.84
M nd 17.66 +4.45 216.10+50.21 84.09+ 12.71
SC nd 11.89+8.17 166.13 £50.33  79.45+£5.73
Filter feeders
CB nd 25.67+£2.50 150.02+£51.79 63.16 +12.53
M nd 21.40+1.37 179.90+52.84 92.29+4093
SC nd 8.10£4.02 157.18£20.88  92.31+£7.43
Shredders
CB nd 11.63 £2.53 126.02£43.97  73.83 +£6.81
M nd 11.37+6.38 22459+11.29 74.53+6.73
SC nd 6.70 = 3.95 160.67 £35.65 106.24 +1.39
Predator
CB nd 20.39+4.26 113.47+17.88 91.11+10.39
M nd 18.39+4.59 101.16+18.19  73.08 £4.35
SC nd 16.77 +7.66 70.62 +1.92 9437 +11.27

*CB: Capim Branco Stream; MA: Marimbondo Stream and SC: Sucupira Cassu Stream.
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metal availability is related to the kind of chemi-
cal compound in which it is present, and the
bioavailable fraction could varies depending on
the environmental characteristics (Rocha & Rosa,
2003; Corbi et al., 2006).

Unlike Santoro et al. (2009) and Corbi et al.
(2010), who found significantly high metal
concentrations in collectors, our study, consider-
ing other functional trophic groups, pointed to
different patterns of bioaccumulation depending
on the metal analyzed. We could consider that the
distinctive level of bioaccumulation may not only
be related to the feeding guilds, but also to the
specific characteristics of each family, genus or
even species of aquatic insects.

Metal accumulation could be related, for
example, to specific metabolism, since the
processes that affect the toxicity and the bioaccu-
mulation can differ between species and some
can regulate the bioaccumulation of some metals
by absorption and loss, maintaining low concen-
trations of intracellular metals, thus preventing
the toxicity of the metal (Cain, 2004).

Another issue to consider is that metal accu-
mulation could be related to specific diet differ-
ences. Goodyear & Macnell (1999) indicated
consistent variation in the diet of species of a
feeding guild. Hare (1992) addresses an impor-
tant example: the broad "predator" -category
includes insects that (1) consume their prey

Cu concentration
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whole (including gut contents and exoskeleton,
e.g. some Trichoptera) or (2) pierce their prey and
suck only internal parts, for example, Hemiptera.
Both the metal content of the food consumed and
the efficiency of metal assimilation by the two
types of predators are likely to differ, potentially
affecting metal accumulation. Supporting this
line of thought, the research of Cain et al., 2004
showed high concentrations of metals in two
herbivore and detritivore species of Ephemerop-
tera, while in a third herbivore species (Baetis
spp.) relatively low concentrations of Cu were
found, thus depicting the difficulty in assigning
metal bioaccumulation standards based on func-
tional food category, since differences in bioac-
cumulation of rate metals at the same trophic
level may be a consequence of differences in
eating habits.

Another hypothesis for explaining patterns of
accumulation was proposed by Smock (1983),
who predicts that accumulation of metals in
aquatic invertebrates decreases with the increase
of body size. Corroborating these results, Kiffney
& Clements (1994) observed variation in effects
of metals among species and life stages of
Ephemeroptera, with younger stages showing
high sensitivity. According to Powlesland &
George (1986), the highest initial lipid content or
a high specific metabolic rate facilitates the
absorption of toxic substances. Considering this
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Figure 3. Values of metal concentrations (mg/Kg) in functional trophic groups of benthic macroinvertebrates (n = 3). CG- Collector
Gatherers; F — Filter feeders; SH- Shredders and P- predator. a — Copper; b -Manganese; ¢ — Zinc (data pooled up from all the streams) *
Means followed by the same letter do not differ significantly. Valores da concentragdo de metais (mg/Kg) em grupos troficos funcionais
de macroinvertebrados bentonicos (n = 3). CG- Coletores catadores; F — Filtradores, SH- Fragmentadores e P- predadores. a — Cobre;
b —Manganés ¢ — Zinco (dados agrupados de todos os riachos). ¥ Médias indicadas pela mesma letra ndo diferem significativamente.
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reasoning, in a study like ours in which the main
objective is to compare the bioaccumulation of
metals in different feeding guilds, it would be
necessary to standardize the larval instar of the
organisms considered for the analysis.

Also, regarding bioaccumulation (BAF > 1),
it was observed that accumulation of zinc by
fauna was quite distinct. Besser et al. (2001),
who studied the bioavailability of metals in the
food chain, also found high concentrations of
zinc in benthic fauna compared to other metals.
Zinc is an essential element in small quantities
for plants and animals, according to Wood’s
(1974) classification.

In the present study, manganese was less
efficiently transferred to upper trophic levels, so
predators had significantly lower concentrations
of this metal than the other trophic groups, where-
as zinc and copper showed high transfer efficien-
cy among trophic levels. In the same way, Besser
et al. (2001) found wide variation in the bioaccu-
mulation of different metals in aquatic inverte-
brates, suggesting that the routes of exposure for
the biota differ among different metals.

The high bioaccumulation of zinc, copper and
manganese by aquatic insects reflects the sensi-
tivity of these organisms and also points to possi-
ble sub-lethal effects in the aquatic fauna — when
in high concentrations in the environment - such
as the occurrence of morphological, physiologi-
cal, biochemical, behavioral and reproductive
changes in the organisms (Connell & Miller,
1984). As an example, a study conducted by
Wentsel et al. (1977) pointed to the reduction and
delay in adult emergence of Chironomus larvae
exposed to sediments containing high concentra-
tions of Cd, Zn and Cr. Sildanchandra & Crane
(2000) also showed a reduction in the weight of
C. riparius larvae as well in the survival, growth,
development and emergence when exposed to
high concentrations of Cd. In the study conducted
by Ducrot et al. (2004), when Chironomus ripari-
us larvae were exposed to different concentra-
tions of copper, disturbances in reproduction
were observed, with reduction in the number of
eggs. These effects may have consequences not
only for the community of aquatic insects, but
also for higher trophic levels such as fish,
amphibians and birds that feed on these organ-

Limnetica, 38(2): 575-586 (2019)

isms. Another issue to be considered is the possi-
bility that the metals accumulated by insects in
the aquatic phase migrate to the terrestrial phase
(Rossaro et al., 1986). Thus, there might be also
implications in the adult ecology and the metal
transfer to upper trophic levels in terrestrial food
chains. These are issues that require attention
from the scientific community since the expecta-
tion is that by 2025, demand for fertilizers in
Brazil will grow more than twice the world aver-

Table 4. Bioaccumulation Factor (BAF) for benthic macroin-
vertebrate samples from streams. Values correspond to the ratio
of metals concentration in the fauna and metals concentration in
the sediment (mg/Kg). Fator de Bioacumula¢do (BAF) nos
macroinvertebrados bentonicos. Valores correspondem a razao
da concentragdo de metais na fauna e nos sedimentos (mg/Kg).

Cu Mn Zn
Capim Branco
CG 0.564051 0.641441 3.257667
F 0.68965  0.529404 2.413856
SH 0.312402 0.444722 2.821188
P 0.548125 0.400423 3.481881
Marimbondo
CG 0.629587 0.974149 3.753028
F 0.762777 0.810973 4.11905
SH 0.405248 1.012398 3.326197
P 0.655616 0.455989 3.261484
Sucupira Cassu
CG 3.953104 3.065146 9.040051
F 2.691618 2.900045 10.50249
SH 2227759 2.964336 12.0869
P 5.574032 1.302893 10.73628

*CG: collector gatherers; F: filter feeders;
SH: shredders and P: predator.
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age (Vale, 2014) placing the watercourses of the
Cerrado (sites of remarkable biodiversity) at the
center of a disturbing environmental scenario.

Considering the results of the present study
and many others concerning metal accumulation
in streams, the use of aquatic insects as bioindica-
tors could be an important complementary strate-
gy to detect metal pollution in aquatic environ-
ments in a more realistic way. However, this
study brings to light that the process of bioaccu-
mulation of metals in aquatic insects in tropical
streams is complex to understand and involves
many aspects, like physiological, morphological
and ecological aspects, and demands more invest-
ments in research with a toxicological focus (in
the field and in the laboratory), so that the
responses of different species to the exposure of
different metals can be known.

It will help to create a database to generate a
model that allows the prediction of bioaccumula-
tion of metals in communities of invertebrates
under certain concentrations of metals in water
and sediments. This predictive model could help
us to develop a national freshwater metal moni-
toring program, especially in waters under the
influence of agriculture, and would be a valuable
tool for preventive and remediation actions.
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