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Abstract The use of fertilizers, containing different
metals ions such as lead(Il), chromium(III), cadmium
(ID), copper(Il) and zinc(Il), in the soil, for sugar cane
cultivation, may cause impacts on the hydric resour-
ces of the adjacent areas. The scope of this study was
to evaluate the impacts of sugar cane cultivation
based on metal concentrations in sediments and
dragonflies (Odonata). The bioavailability of such
metals was determined in ten Neotropical streams. Six
streams were located on areas with sugar cane
cultivation, without riparian vegetation (classified as
impacted area) and four streams were located on
forested areas (reference sites). The results showed
that there are high concentrations of metals in the
sediments and dragonflies in streams located on
impacted areas. The contamination by metals of
aquatic insects of terrestrial adult life cycle, as
Odonata organisms, represents a dangerous link for
the transference of metals to upper trophic levels, as
fishes, reptiles, birds and mammals.
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1 Introduction

In Brazil, several regions of the native land cover
vegetation were removed and substituted by agricul-
ture, mainly of sugar cane. This process resulted in
deforestation, especially in the Brazilian southeast
region (Martins 2001). In Brazil, the sugar cane
cultivation passed by different periods, always pre-
senting an increasing of the cultivated area. In the last
15 years, sugar cane cultivation has been expanded,
reaching more than 338 million tons/year (Carvalho
Filho 2000), which transform the country in the main
sugar and alcohol producer in the world, it corre-
sponds to 27% of the worldwide production (Institute
of Agro-industrial Development 1998). Sugar cane is
the main source of sugar (sucrose) and alcohol
production (through a fermentative sugar cane pro-
cess). Alcohol is exported from Brazil to other
countries and it has been also used as an alternative
and renewable combustible for vehicles (Carvalho
Filho 2000). In the last 5 years, other countries have
shown interest for alcohol produced from sugar cane.
Therefore, the trend is an increment for sugar cane
production in Brazil and also in other countries.

The use of small amounts of pesticides, in addition
to the fast growth of the plant, facilitates the control
of the erosive process, which is considered positive
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points for sugar cane cultivation (Nery 2000).
However, the use of fertilizers and herbicides in this
kind of culture, in addition to the deforestation, are
the main negative points (Armas et al. 2005). The use
of fertilizers containing different concentrations of lead,
nickel, chromium, cadmium and zinc in different
periods of cultivation of sugar cane, in addition to the
deforestation of riparian vegetation, can cause impacts
on the hydric resources of the adjacent areas (Angelotti-
Netto et al. 2004). In general, these impacts can be
caused by the absence of riparian vegetation, which is
responsible for absorption of toxic products which
come from the neighboring cultivated areas (Angelotti-
Netto et al. 2004; Dudgeon 1989; Martins 2001; Nery
2000; Primavesi et al. 2002).

The metals introduced in the aquatic environment by
the sugar cane activity can be absorbed and incorporated
into the sediments (Du et al. 2007; Corbi et al. 2006;
Haus et al. 2007; Pourang 1996), and in the food
chains (Notten et al. 2005; Saiki et al. 2001; Schroder
2005). The accumulation of metals in the sediments
results in serious environmental problems to the
surrounding areas, affecting water quality, bioassimila-
tion and bioaccumulation of metals by the aquatic
organisms. As a consequence, potential long-term
implications on human health and on the ecosystems
are expected (Mertz 1986; Ip et al. 2007).

Sediments may contribute significantly to the metal
concentration in benthic invertebrates, either by ab-
sorption/adsorption from interstitial water or ingestion
(Clements 1991; Schipper et al. 2008; Vliet et al.
2005). Because of their close association with sedi-
ments, abundance in the streams (Corbi and Trivinho-
Strixino 2008), and ability of certain species to
tolerate and accumulate metals, the Odonata species
represents an important link in the transfer of metals
to higher trophic levels, like fishes, reptiles, birds,
mammals and other organisms (Wayland and Crosley
2006; Warren et al. 1998; Clements 1991). Moreover,
larvac of Odonata, as predator organisms, could
accumulate more metals than other aquatic insects,
as herbivores and detritivores. In this context, knowl-
edgement about the relationship between sugar cane
cultivation and its influence on the hydric resources of
the adjacent areas is of high importance for Brazilian
sustainable development (Ometo et al. 2000).

The metals, found in the fertilizers used in areas
with sugar cane cultivation (without riparian vegeta-
tion) could enter into the streams through a leaching
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process and contaminate the sediments and the
aquatic invertebrates. In this context, the scope of
the present study was to assess the possible impacts of
metals in sediments and dragonflies due to sugar cane
cultivation in Neotropical streams.

2 Materials and Methods
2.1 Study Sites

The ten streams were located on Jacaré-Guagu and
Moji-Guagu River Basin, situated in State of Sao
Paulo, Brazil (Table 1; Fig. 1). All streams are of low
order, have low water velocity, low depth, low width
and are located at low altitude, from 500 to 700 m.
The streams analyzed are located in the areas of
Cerrado and for the reason that, have predominantly
sand substrates (fine and coarse) (70% of the total).
The substrates of the streams located in preserved area
are also composed, although in minor fractions, by
litter and woods (Corbi and Trivinho-Strixino 2008).
The average annual precipitation in the Jacaré-Guagu
and Moji-Guacu River basin is about 1,400 mm
(Ometo et al. 2000). The wet season occurs between
October and March, while the dry season occurs from
April to September. Sites S1 to S6 are located in
extensive areas with sugar cane cultivation, without
riparian vegetation, and sites S7 to S10 are located in
the forested areas. All streams are free from other
anthropic impacts as industrial, domestic or mining
activities (Corbi and Trivinho-Strixino 2008).

2.2 Sampling and Storage

Sediments for metals analysis (Fe, Cu, Zn, Cr and Cd)
were collected in duplicate from the ten sites using a
standard Ekman-birge grab (sampling area of 255 cm?).
Larvae of Odonata for metals analysis (Fe, Cu, Zn, Cr,
Cd and Al) were collected using a D-frame (Merrit and
Cummins 1996) aquatic net (mesh sieve 250 um).
Samples were taken twice at each site, from March to
June, 2006. Sediments were stored at 4°C before
testing. Larvae of Odonata retained in the net were
transferred to acid-washed polypropylene bags and
stored in ice until delivered to the laboratory and then
frozen at —20°C in order to perform the metal analysis
(Pourang 1996). Due to the importance of the amount
of organic matter of the sediment in the metal
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Table 1 General characteristics of the ten sampling sites, showing the land use types, city and geographic coordinates

Legend Stream City Land use Coordinates

S1 Agua Sumida Araraquara Sugar cane 21°56' (S) 48°16' (W)
S2 Sao Joao Guarapiranga Sugar cane 21°57" (S) 48°15" (W)
S3 Bela Vista Araraquara Sugar cane 21°54' (S) 48°13" (W)
S4 Andes Araraquara Sugar cane 21°55' (S) 48°11" (W)
S5 Agua Preta Ribeirao Bonito Sugar cane 22°00' (S) 48°12" (W)
S6 Sao Vicente Guarapiranga Sugar cane 21°47' (S) 48°0.7" (W)
S7 Monjolinho Sao Carlos Riparian vegetation 22°00' (S) 47°50" (W)
S8 Anhumas Américo Brasiliense Riparian vegetation 21°42'(S) 48°00" (W)

S9 Fazzari Séo Carlos Riparian vegetation 21°59' (S) 47°54" (W)
S10 Espraiado Séo Carlos Riparian vegetation 21°53' (S) 47°52" (W)

absorption in the aquatic system (Rocha and Rosa
2003), three sediments sub-samples were collected
from the streams for the organic matter determination.

2.3 Analytical Procedures

For analytical analysis, deionized double distilled
water (DDDW) was used. All acids were purchased

from Merck® (analytical grade). The cleaning of the
material was performed with concentrated nitric acid
as described (Tschopel et al. 1980).

Sediment samples for metals determination were
oven dried at 65°C on glass dishes, homogenized by
using a pestle and mortar and each of the weighted
samples (about, 5.0 g) was taken to a 100 mL beaker,
to which 5.0 mL of HNO; was added and digested

Fig. 1 Location of the ten
sampling sites, State of Sado
Paulo, Brazil. (Reference:
BIOTA-FAPESP, Sao Paulo
State Research Foundation,
Brazil)
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near dryness at 90°C on a hot plate. The digested
samples were cooled at room temperature and filtered
by using filter papers and collected in 100 mL beaker.
The filter papers were washed with ca 20 mL of water
and the contents of the beaker were transferred to
100 mL volumetric flasks. The solutions were
analyzed for metals in a Pye Unicam flame atomic
absorption spectrophotometer. Analyses were under-
taken in triplicate (De Paula and Mozeto 2001).
Frozen Odonata larvae were thawed at room
temperature. Larvae were pooled to obtain at least
0.10 g of dry weight. Digestion was performed in a
similar used for the sediment analyses. The cooled
digested samples were transferred to 50 mL volumetric
flasks. Pooled samples were analyzed by an inductive-
ly coupled plasma atomic emission spectrometer.
Analyses were undertaken in triplicate (Pourang 1996).
Organic matter content, was determined by mass loss
after ignition (550°C, 4 h) in dry fractions of sediments
(dried in stove at 60°C for 12 h), in accordance to the
techniques described before (Maitland 1979).

2.4 Statistical Analysis

For each data set (metals concentration in the sedi-
ments and in the larvae of Odonata of the ten
streams), a multivariate analysis of Cluster, with
UPGMA using the Bray—Curtis similarity measure
was applied to calculate the similarity between the
sites. The sediments and larvae of Odonata, which
showed a close correlation, were identified and
grouped to a further test of similarity (ANOSIM).
The test of similarity (ANOSIM) using Bray—Curtis
similarity measure was used to detect significant
differences between the two groups. For this analysis,
5% as p-level was considered. The Cluster analysis
was calculated by using the computer software
STATISTICA (Version 5.1, StatSoft 1995) and in
order to calculate the ANOSIM, the PAST Program
(Version 1.68) was used (Hammer et al. 2001).

3 Results
3.1 Organic Matter Contents
The organic matter content was relatively low for the

ten streams analyzed, with exception of the Fazzari
one (S9). Values varied from 0.58% to 31.80%. A
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high value was detected for the Fazzari (S9) stream,
with riparian vegetation, and the lowest one was
observed for the Sao Vicente stream (S6), with sugar
cane cultivation, without riparian vegetation (Fig. 2).

3.2 Metal Concentration in the Sediments

Cadmium was not detected in the sediment of the
streams. Copper was detected with very low values
for the streams located in preserved areas. The highest
values for copper were detected for the Agua Sumida
stream (S1) and Andes stream (S4), both located in a
sugar cane cultivation area (concentration about
60 mg kg ") (Fig. 3). Iron and zinc exhibited major
concentrations for the streams sediments in opened areas
(without riparian vegetation) with sugar cane cultivation.
Iron concentrations varied from 6,000 mg kg ' in the
Agua Preta stream (S5), located in a sugar cane
cultivation area, to 900 mg’kg ' for the Fazzari stream
(S9), located in a preserved area (Fig. 3). Chromium
was detected in high concentrations for the sites S2,
S3 and S6, located in sugar cane cultivation areas.
The Sdo Jodao (S2) and Bela Vista (S3) streams
present similar chromium values of 0.80 mgkg '
(Fig. 3). Chromium was not detected for the S4, S5
and S8 sites.

3.3 Metal Concentration in the Larvae of Odonata
The larvae of Odonata presented the same pattern of
metal concentrations observed for the sediments

(Fig. 4). The streams located in sugar cane cultivation
areas presented higher values of the metals in the

35
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Fig. 2 Mean values and standard deviations of the organic
matter content of sediments from the ten sampling sites.
Legends as Table 1
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Fig. 3 Mean values and
standard deviation of metal
concentrations determined Cu
in sediments from the ten
sampling sites. Legends as
Table 1 -
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larvae of Odonata than those sites located in control
areas. Copper presented the highest values for the Sao
Vicente stream (S6), with sugar cane cultivation,
reaching 0.20 mg'kg '. The lowest value was detected
for the Espraiado stream (S10), located in a preserved
area. Simultaneously, zinc varied from 0.14 mg kg ™'
for the Sdo Vicente stream to 0.04 mg kg™ ' for the
Espraiado stream. Cadmium presented the highest
value for the Sio Jodo stream (S2), located in an
impacted area (0.0040 mg kg ') and the lowest value
for the Espraiado stream. Lead was detected in all
streams (Fig. 4), with minor values for the larvae
located in preserved streams. Iron presented the
highest values for the Bela Vista stream (S3), located
in an impacted area. Aluminum appears in all streams,
but the lowest values were observed for the forested
streams (Fig. 4).

3.4 Statistical Analysis

The Cluster Analysis applied to the values of the
metal concentrations of the aquatic sediments cluster
one group, located in preserved areas (streams S7, S8,
S9 and S10) and other group, located in an adjacent
area with sugar cane cultivation (S1, S2, S3, S5 and

S6). The test of similarity (ANOSIM) applied to the
two groups, pointed to significant differences (p=
0.005) between the situations (Fig. 5a).

At the same time, the Cluster Analysis applied to
the values of metal concentrations for the Odonata
larvae, cluster one group, located in preserved areas
(streams S7, S8, S9 and S10) and an other group,
located in an adjacent area with sugar cane cultivation
(S1 to S6).The test of similarity (ANOSIM) applied to
the two groups, showed significative differences (p=
0.0006) between the two situations (Fig. 5b).

4 Discussion

In the present study, metal concentrations in stream
sediments and in larvae of Odonata showed differ-
ences in accordance with the land use in the adjacent
areas (sugar cane cultivation or preserved area).
Streams located in areas with sugar cane activity
presented the highest values of the metals in the
sediments and in larvae of Odonata. Except by the
Fazzari stream (S9), the low values of organic matter
content detected in the sediments of the ten streams
suggest that this variable was not influence determi-
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Fig. 4 Mean values and standard deviations of metal concentrations detected in the dragonflies from the ten sampling sites. Legends

as Table 1

nation of the concentrations of the metals of the
streams. The granulometric fraction of the sediments
was similar in all streams, with the predominance of
sand substrates (fine and coarse).

Metals are considered one of the most common
contaminants in waters and their origin can be natural
or anthropic. The anthropic origin may come from the
industrial effluents and agricultural areas through the
leaching processes (Mertz 1986). As the studied
streams are located at the same hydrographic river
basin with the same geology land formation, the
highest values for metal concentrations detected for
streams located in areas with sugar cane cultivation
confirms the influence of the agriculture activity in
the streams of the adjacent areas. In Brazil, there are
no maximum or minimum standard values for metal
concentrations in sediments and for the aquatic fauna.
Nevertheless, in the present study, the concentration
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for copper, zinc and lead in the sediments located in
areas with sugar cane activity were higher than the
standard values permitted for soils in the State of Sao
Paulo (CETESB 2005). According to Santos (1999)
and Lima (1990), metal concentrations in the sedi-
ments of preserved areas in the State of Sdo Paulo
were lower than those found in this study.

Cadmium was not detected in the aquatic sediment.
However, this potentially toxic metal was detected in
small concentrations for the Odonata larvae. Charac-
terization of cadmium inputs in aquatic systems is
incomplete (Mertz 1986) but the manufacture of
cadmium-containing products (like batteries) accounts
for its largest discharge, followed by phosphate
fertilizers (Kostial 1986). Cadmium is a heavy metal,
which occurs in the nature generally associated with
other metals as zinc and lead and its extraction,
production and application in the industry and
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Fig. 5 Dendrograms of the
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agriculture were increased in the last years (Massabni
et al. 2002). This metal is widely used in several
fertilizers in sugar cane cultivation, added as NPK
fertilizers and as source of micronutrients (Angelotti-
Netto et al. 2004). Some studies have demonstrated
that this metal, in high concentrations in the aquatic
environment, can cause alterations in the growth of
some species of insects, as larvae of Chironomus
riparius (Postma et al. 1995).

Copper was detected in large amounts in the
sediments of the streams of extensive sugar cane
cultivation. Contamination by copper may have origin

from domestic and industrial sewages or from leach-
ing of agricultural products by rain (Mertz 1986).
Cooper was largely used in fertilizers as a micronu-
trient (Angelotti-Netto et al. 2004). In the same way,
the high values of zinc found in areas with sugar cane
activity can be attributed to its large use in fertilizers.
Major concentrations of zinc in the streams located in
areas with sugar cane cultivation may also be related
to burning action, a common process in this agricul-
tural activity. The low concentration values for copper
and zinc in the sediments of streams protected by
riparian vegetation are in accordance with the results
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described in the literature (Santos 1999; Lima 1990),
for Ribeirdo Anhumas and Cafund6 streams (Jatai
Ecological Station), both situated in preserved areas.

Chromium was found in the sediments of all the
streams. Chromium is rarely found in natural waters
(Mertz 1986), but it can occur as a contaminant of
waters from leather industries and is also used as
micronutrient in fertilizers for the sugar cane cultiva-
tion, being added to NPK fertilizers (Angelotti-Netto
et al. 2004).

Iron concentration is generally related to the
geologic formation of the region. In the present work,
the results confirm that the region considered is rich
in iron (Barreto 1999). The high concentration for
iron observed in the streams located in opened areas,
indicate that deforestation of riparian vegetation can
contribute to increase concentration of this metal in
the streams.

Because of technical problems, lead concentrations
were not analyzed in the sediments of the streams, but
they were analyzed and detected for Odonata larvae.
Lead in water may be originated from soils, rocks,
fallout, dust or vehicular exhausts (Quarteman 1986).
It is a heavy metal widely used in some fertilizers for
sugar cane cultivation, being added in NPK fertilizers
(Angelotti-Netto et al. 2004). Pb is generally presented
in higher concentrations in fertilizers than the other
metals cited here (see Angelotti-Netto et al. 2004).
Although not analyzed in the sediments, the detection
of lead in Odonata larvae is an indicative of the
sediment contamination, because these aquatic organ-
isms live and feed in this aquatic compartment. High
concentrations of Pb can cause severe damages to
aquatic and terrestrial animals due to bioaccumulation
processes (Quarteman 1986). Its concentration values
found in the present work can be considered high,
especially in the case of the Sao Vicente stream (S6)
where concentration are higher than the permitted
values for soils in Brazil.

5 Conclusion

The results show the problems caused in streams,
without riparian vegetation, due to the use of great
quantities of fertilizers in areas of sugar cane
agriculture. Every year, sugar cane cultivation, with
fertilizers application, is repeated. This process may
cause in a near future severe damage to the aquatic
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communities. The results also claim to the importance
of the riparian vegetation preservation in the process
of filtering and barrage of the leached products from
areas with sugar cane agriculture. In Brazil there are
no reference values for metal concentrations in the
sediments and for the aquatic fauna. However, the
results presented in this work points to high values of
Cu and Zn, for the impacted areas, when compared
with the reference values for soils. This work also
tries to show the importance of the elaboration of a
monitoring system that uses the sediment as a
compartment in the environmental studies. Moreover,
contamination of aquatic insects with a terrestrial
adult life cycle, as Odonata organisms, represents an
important link for the transference of metals to upper
trophic levels, as fishes, reptiles, birds and mammals.
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