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This study examines the influence of matrix effects on the detection limits of individual components
in inductively coupled plasma mass spectrometry (ICP-MS) analysis. A comparative evaluation of
sample preparation techniques, including dilution and mineralization, was conducted to assess their
effectiveness in mitigating matrix-related interferences. The investigation considered multiple elements
in analytical solutions, revealing that a reduction in throughput within certain parts of the analyzer is
associated with the narrowing of sampler and skimmer orifices due to the presence of organic solvents.
To minimize the impact of organic components on analytical accuracy, two strategies were explored:
microwave digestion and conventional digestion. While simple dilution offers specific advantages, oxidative
mineralization was found to be the most effective approach for biological fluids such as whole blood,
as it efficiently eliminates complex organic matrices and reduces biological hazards. Additionally, the
potential application of internal standards for correcting results and mitigating matrix effects is discussed.
These findings contribute to improving the accuracy and reliability of elemental analysis in complex matrices,
benefiting both experimental analysts seeking enhanced data precision and medical professionals involved
in restoring essential elements in patients undergoing dialysis.
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Introduction

There is an increasing interest in medicine
regarding the role of trace elements in the human

development of analytical methodologies for various
biological samples using ICP-MS [5,6]. Despite the
existence of general methodological approaches for

body. An excess of toxic trace elements, along with
a deficiency of essential trace elements in the diet,
can lead to the development of various diseases [1].
These elements play a key role in enzymatic systems
and are components of many proteins involved in
regulating vital metabolic processes in the body.

Modern medical diagnostic methods, including
inductively coupled plasma mass spectrometry
(ICP-MS), actively investigate the relationship
between the levels of trace elements in human tissues
and biological fluids, as well as their role in increasing
the risk of developing various diseases [2]. Due to its
high sensitivity and ability to conduct multi-element
analysis across a wide range of concentrations,
ICP-MS currently holds a leading position in the field
of elemental analysis of biological materials.

The method of inductively coupled plasma mass
spectrometry (ICP-MS) is recognized as one of
the most reliable analytical tools for addressing
complex analytical challenges. Its main advantages
include [3,4]. Over the past 10-15 years, numerous
publications have emerged dedicated to the
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many types of samples, working with specific samples
presents unique challenges related to both their
composition and the conditions of their collection and
preparation. For instance, the analysis of blood and
urine from patients with renal failure, which is a focus
of part of this work, is often complicated by difficulties
in reproducible sample collection and the small volume
of biological material.

The scientific novelty of this study lies in the
proposal of new approaches to the analysis of matrix
effects in biological fluids using ICP-MS. In contrast
to traditional methods, this study showed that the
use of a helium collision cell and optimization of
sample preparation methods such as mineralization
and simple dilution can significantly reduce spectral
and non-spectral matrix interferences, improving the
accuracy and reproducibility of the results.

Comparative analysis of different sample
preparation methods (mineralization vs. dilution)
and the use of an internal standard such as rubidium
to correct for instability are important aspects that
have not been sufficiently investigated in previous
studies. For example, studies [5,6] demonstrated
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without the use of internal standards.
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