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Plants are known as good biomonitors in
contaminated areas due to their tendency to accumulate
toxic metals. Methods based on direct solid sample
analysis are more favourable because they avoid
utilization of aggressive and toxic agents, which is in
line with green chemistry principles [1]. Besides non-
destructiveness, X-ray fluorescence spectroscopy
(XRF) is suitable for plant analysis because it offers
wide linearity range (from ppm level to 100 %) and
possibility of analysis of almost whole PSE (from Be to
Am) [2].

Plant sample preparation procedure for WDXRF
analysis includes grinding and drying at 60° C. After
obtaining a homogeneous mixture, the plant sample is
mixed with a certain amount of binder (Hoechst wax C
micropowder) and pressed in a hydraulic press (Retsch
PP 25) in order to obtain stable pellet (32 mm diameter).

The plants are mostly made of light elements (O, N
and C) which are transparent for X-rays. During
analysis of elements with a higher atomic number, X-
rays penetrate quite deep into the sample. It is important
to establish the minimum thickness of the pellet that
will provide reliable results during determination of the
heavier elements in the plant matrix. Samples are
measured under conditions of high vacuum and slightly
elevated temperature, and for that reason herbal matrix
is prone to physical changes after analysis. It is
important to determine ideal ratio between mass of the
sample and the binder that will provide a stable pellet
without affecting determination of elements which are
present in low concentrations.

During this study, two types of plant samples were
analysed: fir and pine needles. Samples were collected
in 2017 during autumn. The influence of pellet mass
(thickness) on elements concentration was examined by
measuring pellets prepared from 1, 2, 3, 4 or 5 g of plans
material. By preparing pellets with: 0, 5, 10, 15, 20 and
25 % of wax, the influence of binder ratio was
examined. Analysis was performed on ARL™
PERFORM’X Sequential Wavelength Dispersive X-
Ray Fluorescence Spectrometer (Thermo Fisher
Scientific, Switzerland) combined with ARL software
program UniQuant [3].

In both types of plant samples the following elements
were determined: Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti,
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Mn, Fe, Ni, Zn, Sr and Zr. Both fir and pine needles
show similar trends. As quantity of binder increases, the
concentration of Ca and K increases, because wax as
binder can contain small quantities of those elements.
Repeatability of elements that were found in higher
concentrations (Mg, Al, Si, P, S, Cl, K and Ca) is high,
while repeatability for low concentration elements (Ti,
Fe, Ni, Zn, Sr) decreases as percent of binder increases.
Reason for that phenomenon is that dilution with wax is
affecting elements in low concentration more than high
concentration elements. For light elements results show
small impact of pellet mass on the measurements
because observed X-rays have low penetration depth.
Elements with higher Z number are usually present in
smaller concentrations in plants and such measurements
are less precise, especially when the smaller pellet mass
is analyzed. We can say that UniQuant, as standardless
method of analysis, which uses the advanced
Fundamental ~parameters Algorithms for data
processing, is well adjusted and able to deal with
analysis of different sample masses.

When physical properties of pellets are investigated,
addition of 20% of wax provides the most stabile pellets
with flattest surface. For adequate pellet stability,
recommend mass of pellets should be 4 g, but it has
been shown that 3 g is acceptable in the case of a small
sample quantity. In case when we have less than 3 g, it
is recommended to carefully place sample as thin layer
on the top of 3 g of boric acid inert carrier.
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