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PROBLEMS AND OPPORTUNITIES OF SELENIUM ANALYSIS
BY INDUCTIVELY COUPLED PLASMA MASS
SPECTROMETRY IN PLANT AND SOIL SAMPLES

Bsla KOVACS - Eva SZELES - Jozsef PROKISCH

Institute of Food Science, Quality Assurance and Microbiology, Centre of Agricultural Sciences. University
of Debrecen

Abstract: Methods are suggested to decrease the error of selenium analysis from plant and soil samples. To
analyse selenium in agricultural samples (plant, food, feed and soil), the most appropriate inductively coupled
plasma mass spectrometer is a quadrupole mstrument applying a collision cell technique (CCT). The extgnt of
interfering effect of carbon content depends on the type of compounds. The carbon content significantly
affects the measured concentration (intensities) of Se, which can be corrected using internal standard (arsenic
or tellurium).
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Introduction

For analysis of elements in different samples (plant, soil, food raw material, food, feed,
organic fertiliser, irrigation- and soil-water, sewage. sewage sludge), generally a flame
atomic absorption spectrometer (FAAS). a graphte furnace atomic absorption
spectrometer (GF-AAS). an inductively coupled plasma optical emission spectrometer
(ICP-OES) (_Montaser-Golightly. 1987.. Boss-Fredeen, 1997.) and an inductively
coupled plasma mass spectrometer (ICP-MS) (Montaser, 1998.) are applied. All the
analytical instruments have different physical and chemical interfering effects analysing
plant and soil samples. The smaller the concentration of an analyte and the larger the
concentration of the matrix the larger the interfering effects. Nowadays there 18 very
important to analyse growingly smaller concentrations of elements. From the above
analytical instruments generally the inductively coupled plasma mass spectrometer is
capable of analysing the smallest concentration of elements. The applied 1CP-MS
instrument has Collision Cell Technology (CCT) also. Using CCT mode certain
elements have better detection limits with 1-3 magnitudes comparing to a normal 1CP-
MS analytical method. The CCT mode has better detection limits mainly for analysis of
selenium (arsenic, germanium, vanadium and chromium).

To elaborate an analytical method for selenium with an inductively coupled plasma
mass spectrometer the most important interfering effects (problems) were evaluated: 1)
isobaric elemental. 2) isobaric molecular and 3) physical interferences (Www.cpa.gov;
Montaser. 1998.). Analysing plant and soil samples an other (new) interfering effect
emerged in [CP-MS. namely the effect of various matrixes having different evaporation
and nebulization effectiveness. morcover having different quantity ol carbon content of
plant and soil samples. In our research work the effect of different water-soluble
compounds furthermore the effect of various quantity of carbon content (as sample
matrix) were examined on changes of intensity of selenium. S0 finally we could find

“opportunities” to decrease the error of selenium analysis.

Materials and methods

In our research work an X7 type (Thermo Elemental. Winsford, UK) inductively
coupled plasma quadrupole mass spectrometer (ICP-QMS) was used t0 perform the
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selenium analyses (Table 1.) from plants and soils. Table 1. shows the setting values of
parameters of the applied ICP-MS instrument (Montaser. 1998.).

Table 1. ICP-MS operating and data acquisition parameters

Inductively coupled plasma: Data acquisition:
RF power: 1400 W Dwell time per isotope: [0 ms
Nebuhizer gas flow: (84 L/mm Number of sweeps: 21
Auxiliary gas flow: 0.95 L/min Number of replicates: 3
Cool gas flow: 13.0 LYmmn Sample uptake and wash time: 35 s
Sample uptake rate: 0.88 mL/min Calibration mode: Peak jump
Interface: Xi interface cones (Ni) Number of integration: 3/sample,

* 5 for blank

Isotopes measured:

. s T MRe . 2¢
in CCT mode: "Se, "Se, "Se, "Se. “Se
n normal mode: "Se, "'Se, "Se, MSe

Results and discussion

Combs (2001) has estimated that the total number of Se-deficient people in the world is
approximately in the range of 500-1000 million. The vast majority of people appear to
be Se undernourished, which Se deficiency can play a significant role in different
diseases: eg. heart disease, I-deficiency disorders, hepatitis, influenza. cancer and HIV-
AIDS. To increase Se intakes improving the public health is very important. Hence to
know the selenium content in mainly food, food raw material, feed, plant and soil
samples also (Kadar-Radics, 2005; Kadar, 2005a; Kadar, 2005b; Toth et al., 2005, Sipos
et al., 2007; Katai et al., 2006.). As the selenium concentration in the above samples 1s
very low, the most appropriate analytical method is the ICP-MS (Kovacs et al., 2006).
The ICP-MS instrument was operated in collision cell (CCT) (using 7% (v/v) H, in He
as the collision gas) and standard modes. CCT mode is the preferred method for
acquiring data for selenium concentration ("Se, "Se, "“Se, "'Se, “Se). CCT can
eliminate the *"Ar*Ar™ and YAr””Ar” interferences on *'Se and "*Se, respectively. The
instrument was operated with a Peltier cooled impact bead spray chamber, single piece
quartz torch (1.5 mm i.d. injector) and a conventional glass concentric nebulizer.

An ICP-MS has good detection limit of selenium: appr. 0.07 ng/l for *Se (normal
mode=without CCT). However the applied X7 type [CP-MS using CCT has much better
detection limit for analysis of selenium: approximately 0.001 ug/l for *'Se isotope.
Using CCT we can apply the most abundant *'Se isotope (Table 2.), as the isobaric
elemental (in certain cases) and the isobaric molecular unwanted interferences
(polvatomic adducts=dimers and trimers) can be eliminated with application of collision
and reaction gases (6-8 mL/min. 7% (v/v) H, in He gas) (Table 3.). This better detection
limit origins from using the collision and reaction gases to reduce the interfering effects
on selenium peak using the most abundant selenium species. As plant or mainly soil
samples contain high amount of other elements, we have to deal with the matrix effects.
For element analysis of agricultural samples the best choice i1s an [CP-MS mstrument
that uses a collision cell which can eliminate the unwanted interferences. The 3"
interference effect (physical: eg. density. viscosity, surface stress. volatility and
temperature of a sample, physical parameters of the ICP-MS) can be eliminated if we
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