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INTRODUCTION

Neutron activation analysis (NAA) is particularly useful for environmental studies. It
affords low detection limits for many elements, providing accurate and precise results. Its
main advantages are: high specificity, few sources of systematic errors, multi-element
capability, absence or minimization of the blank and analysis of samples up to a few
grams.

NAA is particularly useful for trace and ultra-trace analysis and, in the purely
instrumental mode. allows the determination of about 30 elements in environmental
samples (Salbu and Steinnes, 1992; Kolesov, 1995). Multi-element analysis of
compartments of the ecosystem as soils, rocks, sediments, plants and airbone particulate
matter can provide informations for environmental problems (Presley et al., 1980, Markert
and Wtorova, 1992).

Researches concerning  environmental geochemistry are very recent at the
Radiochemistry Division of IPEN-CNEN/SP. INAA was applied to the determination of
As, Cr, Hg, Sb and Zn. in sediments of Sdo Jodo de Meriti estuary, in Guanabara bay
system (Figueiredo et al.. 1994) and in sediments from the region of Serra do Navio,
Amapd (Fdvaro et al.. 1995). INAA was also employed to the detemination of rare earth
elements in soil and plants of the alkaline-ultramafic complex of Salitre (Ceccantini et al.,
1995). The reliable results obtained provided valuable informations about the geochemical
behaviour of the analysed elements in the studied ecosystems.

The aim of the present work is to present the possibilities of INAA at IPEN-
CNEN/SP for the determination of several trace elements in environmental samples. For
this purpose. the results obtained for reference materials of sediment, plant, soil and air
particulates are presented. and the precision, accuracy and detection limits of the method
arc evaluated.

EXPERIMENTAL

Standard solutions of the analysed elements were prepared by using specpure
reagents. A convenient aliquot of each standard solution was pipetted onto a 1 cm’ piece
of Whatman No. 40 filter-paper. evaporated to dryness and packed in a polyethylene vial.
In the particular case of Hg. a solution of thioacetamide (2 mg/mL) was first pipetted onto
the filter-paper. to avoid volatilization of Hg during irradiation. The certified reference
materials JB-1 (GSJ). GS-N and BE-N (IWG) were used as secondary standards.

The reference materials analysed were: Buffalo River Sediment (NIST 2704), Citrus
Leaves (NIST 1572). Soil-7 (AIEA) and Urban Particulate Matter (NBS 1648). The
reference materials were not submitted to any pre-treatment, since they were already
powdered.

[rradiation was carried out at the IEA-R1 nuclear reactor of the IPEN-CNEN/SP.
Aliguots of 100-200 mg of the reference materials were weighed in pre-cleaned
polyethylene vials and placed. with the chemical standards, inside aluminium irradiation
vessels. for long arradiatons (8 to 16 hours), or in polyethylene vessels, for short
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irradiation (1 to 30 min). Samples and standards were irradiated at a thermal neutron flux
of about 107 nem?s™.

The measurements of the induced gamma-ray activity were carried out in an hyper-
purc Ge detector (EG&G ORTEC), connected to a multichannel analyser and to a
personal computer. The resolution (FWHM) of the system was 1.90 keV for the 1332
keV gamma ray of ®Co. The gamma ray spectra were processed by using the program
VISPECT. developed at IPEN by Piccot (1989), from Saclay, France. This program
locates peak positions and calculate gamma ray energies and net areas.

Two series of counting were performed, the first one about five days after irradiation.
and the second one after a cooling time of about 15 days. The counting times were of
about 2 hours in the first series and about 10 hours in the second one

RESULTS

The results obtained for the reference materials analysed and also the certified values
and the detection limits for the analytical conditions employed, are presented at Table 1.
The reproducibility of the method was tested by replicate analysis, and the errors
associated with the data represent one standard deviation.

For Buffalo River Sediment, Soil-7 and Urban Particulate Matter, the obtained data
agreeded with the certified values. showing relative errors between 0 to 10%, and good
precision (average standard deviation less than 15%).

For the reference material Citrus Leaves, the results obtained showed good agreement
with certified values (relative errors from 0 to 15%) and good precision (less tan 20%). In
the case of Lu. the data presented less precision due to the very low concentration of this
elements in the analysed samples.

It can be seen that the detection limits achieved are adequate to determine trace
elements in the analysed matrices, most of them less than 1 ug g . For some elements, the
detection limit changed according to the sample, which is due to spectral interferences of
elements present in the matrix.

The results obtained showed appropriate accuracy and precision of the method for
multi-clement analysis, indicating good possibilities for environmental studies.
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