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ABSTRACT

Many hydrographic basins have been impacted by anthropogenic sources, the Piracicaba River Basin of the
State of São Paulo, is one of that. The total concentrations of chemical elements in deep sediments of basin may
be indicate those available in ecossystem. Therefore, in this research concentration of chemical elements on
deep sediment profile sampled of Piracicaba River Basin was determined by k0-Instrumental Neutron
Activation Analysis. After collecting the 60 cm depth profile, samples were obtained by sectioning the sediment
profile in 5 cm layers, totalizing 12 samples. Analytical portions were transferred to polyethylene vials for
neutron irradiation at the Nuclear Research Reactor IEA-R1 from the Instituto de Pesquisas Energéticas e
Nucleares  IPEN/CNEN. After waiting for radiation safe levels, irradiated samples were transported to the
Radioisotopes Laboratory from the Centro de Energia Nuclear na Agricultura  CENA/USP. High Resolution
Gamma-Ray Spectrometry using HPGe detectors was applied to measure the induced radioactivity. The
chemical element mass fractions and their respective expanded analytical uncertainties (95% confidence level)
were determined by k0-INAA using the in-house software Quantu. Geological reference materials were
analyzed with samples to evaluate the quality of the analytical procedure. Results indicated the presence of
enriched  surface  sediments  (0-10  cm  depth)  for  As,  Ba,  Ca,  Co,  Cs,  Fe,  Sb,  Sc,  Sr,  Yb  and  Zn,  despite  no
alteration was observed for Eu, Ta and Tb. Therefore, the evaluation of deep sediment profile afford the
chemical element dynamics for the Piracicaba Basin.

1. INTRODUCTION

Hydrographic basins are areas with uneven terrain that allow water flowing from the
precipitation to river and its tributaries [1]. The Piracicaba river basin are one of principal
hydrographic basin of São Paulo State, measuring thereabout 12.400 km², it is located in an
urbanized area with industrial and agricultural poles. Wherefore the anthropogenic impact
mainly occurs through of chemical elements release in their effluents without proper
treatment [2].

The contaminating chemical elements emitted by the anthropogenic activities may be stored
in various compartments of ecosystem, often in a dynamic of high deposition and low
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removal, being stored in the compartments at a higher concentration than that observed in the
environment [3].

The sediment is one of the aquatic compartments of rocks and minerals deposits, besides
organisms not totally decomposed. The analysis of this compartment in its vertical deposition
is a tool in environmental impact studies. The history of environmental imbalance of the
sediment can be observed according to the concentration of the chemical elements in vertical
profiles [4].  Moreover, the deep sediment of hydrographic basins with abiotic influence, can
remobilize the chemical elements found to the water body making them available to other
compartments [5].

In environmental matrices to quantify chemical elements use analytical techniques, one of the
technique that stands out are Instrumental Neutron Activation Analysis (INAA). This
technical show well established results and can analyses multielement without requiring
chemical digestion on samples [6; 7]. Therefore, this study aimed quantify in deep sediment
of Piracicaba River Basin chemical elements concentration with different depths.

2. MATERIALS AND METHOD

These data were collected in 2009 during the term of project e
Ecossistemas Úmidos na Bacia do Rio Piracicaba: Interface Sedimento  Solo Vegetação

iomonitoring wet
ecosystems for determination of chemical elements by Instrumental Neutron Activation
Analysis (INAA).

2.1. Sampling

The samples collected in area around water museum on Piracicaba River Basin, with draga, a
60 cm depth profile. Obtained by sectioning the sediment profile in 5 cm layers, totalizing 12
samples (0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm, 20-25 cm, 25-30 cm, 30-35 cm, 35-40 cm,
40-45 cm, 45-50 cm, 50-55 cm, 55-60 cm). After lyophilized until drying and homogenized
in a titanium rotor, milling and prepared for analysis the samples followed for the preparation
for analysis.

2.2. Procedure for sample analysis

Approximately 100 mg of samples transferred to polyethylene vials for neutron irradiation.
For quality control purposes analytical portions of 200 mg of the reference materials of
International Atomic Energy Agency (IAEA) (Soil 7) and National Institute Standards and
Technology Standard Reference Material (NIST SRM) (2710 Trace Elements in Montana
Soil) were analyzed. Fragments of Ni-Cr of 10 mg alloy were place interleaving the samples
for monitoring thermal neutron flux.

The irradiation with a thermal neutron flux of approximately 1013 cm-2 s-1 for 4 h in the
Research Nuclear Reactor IEA-R1 of the Instituto de Pesquisas Energéticas e Nucleares,
Comissão Nacional de Energia Nuclear (IPEN/CNEN), São Paulo, Brazil. Then, the
irradiated sample was transported to the Radioisotopes Laboratory from the Centro de
Energia Nuclear na Agricultura  CENA/USP (after high half-lives time). The measurement



INAC 2017, Belo Horizonte, MG, Brazil.

of the induced radioactivity was use two detectors of hyperpure germanium Ortec with
efficiency of 45% e 50% on photopic 1332 keV of 60Co [8].

2.3. Statistical analysis

The chemical elements were determined using the k0-INAA, which allows to estimate the
limit of detection and the analytical uncertainties [9], from the Quantu computer program
[10].

The quality of the analytical procedure was evaluated for En number. The determination is
made by the difference between the values obtained on the reference values, in relation to
their respective expanded uncertainties with confidence level of 95%. As recommended by
ISO 13528/2005 [11] presented in the following formula:

(1)

= mass fraction value observed in the analysis of the reference material;
= certified mass fraction value for the reference material;
= analytical uncertainty at 95% confidence level of the value obtained from the

analysis of reference material;
= Expanded analytical uncertainty at 95% confidence level of the certified value for

the reference material.

3. RESULTS AND DISCUSSION

Results indicated in Fig. 1 the presence of chemical elements with low (Fig.1 a) (As, Cs, Eu,
Sb, Sc, Ta, Tb and Yb) and high (Ba, Sr and Zn) concentration (Fig. 1 b).

According CONAMA [12], based on document from Canadian environmental quality
guidelines  CEQG, for evaluation of toxicological data (Threshold effect level -TEL and
Probable effect level-PEL), maximum results observed in this research for As (2,46 mg kg-1)
and Zn (192,21 mg kg-1), both found on surfacing sediment (0-10 cm) are classified as

bom , respectively. Thus showing that the mass fractions observed were within
the range expected for the deep sediment toxicological capacity.

The high concentration observed for Ba in Fig 1 a). Shows a peak in 25-30 depth
(1603.53 mg kg-1), demonstrating an anthropogenic or naturally environmental change [13].
Also, present an enrichment in surface (293 mg kg-1), this concentration are higher than
highest observed for Luiz-Silva et al. [14]  (40  mg  kg-1) on estuarine sediment of Santos,
suggesting an anthropogenic pressure on the environment.
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Figura 1: Chemical elements with different concentrations, low (a) and high (b).

The Fig. 1 present enriched surface sediments (0-10 cm depth) for Cs, Sb, Sr and Yb (1.38;
1.20, 111 and 1.91 mg kg-1, respectively). However, according Savenko [15] in the average
concentration of major and trace elements in the suspended sediment of world rivers the
concentration for Cs, Sb and Sr (5.2; 1.4; 150 mg kg-1, respectively) are low than expected.
The same were observed according Mortatti et al. [16] for Yb (3.9 mg kg-1).

The mass fraction observed in this study for Eu and Tb (0.54 and 0.40 mg kg-1, respectively),
presented low concentration that highest observed in suspended sediments for Mortatti et al.
[16] (Eu - 2.7 mg kg-1and Tb - 1.4 mg kg-1), indicating no alteration on surface sediment for
this chemical elements. For Ta (0.84 mg kg-1) no high concentration was observed on the
surface as well as the average for Ta (0.88 mg kg-1) in the suspended sediment of world rivers
[15], suggesting that the results present mass fraction as expected.

Results in Fig. 2 shows concentrations for microelements (Co and Sc) and macroelements
(Ca and Fe), with concentration higher than others macro e microelements quantified in this
study. These highest concentrations in these chemical elements are present and expected for
geological earth formation, mainly Ca e Fe [17].
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Figure 2: Chemical elements with high concentrations (at least 7 times higher) for
microelements (a) and macroelements (b).

However, the maximum concentration of Sc (6.91 mg kg-1) in surfacing sediment (0-10 cm),
comparing to Sartoretto [13] results (Sc-6.78 mg kg-1) in estuarine area on depth 198-206 cm
show a similar concentration. Nevertheless, it is an estuarine environment, where the
concentration of chemical elements may be highest that river and ocean sediment in reason
due their formation, suggesting a mass fraction more enriched in surface of Piracicaba River
Basin.
.
The concentration observed for Fe (22349.96 mg kg-1) in surfacing sediment (0-10 cm) have
concentration higher (19747.4 mg kg-1) that observed for Sartoretto [13]. Even suggest more
enriched surface sediments of Piracicaba River Basin, according to Mudroch and Azcue [18],
this concentration (17000-25000 mg kg-1) are considered a Moderately Polluted sediment.

The values observed for Co (7.29 mg kg-1) have concentration lower than observed for
Teixeira et al. [19] (16.1  111 mg kg-1) in river sediments from impacted areas to Rio
Grande do Sul. Even unknown toxicity, the result observed in this study to
Ca (12686.06 mg kg-1) is about 63 times higher than the highest concentration obtained in a
study of Sampaio [20] in Basin of Alto Paraguai River, Mato Grosso (44  200 mg kg-1).
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4. CONCLUSIONS

Through present study, was quantify chemical elements that in high concentration may be
generate environmental impact for Piracicaba River Basin. For Eu, Ta e Tb do not were
observed different concentration than expected for sediments. For As e Zn results
demonstrate according TEL/PEL factors, that the environmental is not affected. Nevertheless
regarding the surface layer, the concentration of Cs, Co, Sb, Sr and Yb, showed enrichment,
yet within the established for sediments. For chemical elements Ca, Fe and Sc, highest values
than expected were observed. However, according established values for hydrographic basin,
the Fe concentration are insert of moderately polluted category. For Ba, the highest peak
observed in 30 cm depth may be a naturally or anthropogenic change in Piracicaba River
Basin.
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