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Preface
For the fourteenth time we welcome the participants of the international student
conference “Modern Analytical Chemistry” in Prague at – as it can be already
called – the traditional meeting of Ph.D. students of analytical chemistry.
Participants from six countries (Belarus, Czech Republic, Germany, Poland,
Russia, and Slovakia) are coming to present the results of their research, to master
their presentation and language skills and to enjoy international community of
analytical chemists. We believe that, like all previous ones, this year will be an
interesting, beneficial and enjoyable encounter.
Forty eight contributions are presented in this volume of the conference
proceedings, assorted by the sequence of their delivery, accompanied with the
indexes at the end of the proceedings enabling easy navigation through its pages.
Let’s express our hopes that all contributions will be found interesting and will
prove that analytical chemistry is trendy, multifaceted, steadily developing
science with new, unsuspected ways of its innovation and application. And this is
what makes the organization of this meeting very fulfilling and satisfactory.
We are very grateful to the Division of
Analytical Chemistry of EuCheMS for its
long-lasting auspices of our conference.
Also, we are thankful to our sponsors, not
only for their kind financial sponsorship
making the conference possible, but also
for all their support and cooperation in
many of our other activities.

prof. RNDr. Vě ra Pacá ková , CSc.

doc. RNDr. Karel Nesmě rá k, Ph.D.
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Jandovská V., Duš ek M.: Behavior and fate of pesticides
during beer brewing ................................................................................................................................................ 181
Bakhytkyzy I., Hewelt-Belka W., Kot-Wasik A.: Design of Experiment approach for lipid
extraction optimisation in lipidomics ................................................................................................................ 188
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Determination of volatile organic
compounds in headspace above saliva
specimens using SPME-GC/MS technique
MACIEJ MILANOWSKI*, JOANNA RUDNICKA, TOMASZ LIGOR, BOGUSŁAW BUSZEWSKI
Nicolaus Copernicus University in Toruń, Faculty of Chemistry, Department of Environmental
Chemistry and Bioanalytics, Gagarina 7, 87-100 Toruń, Poland * bbusz@chem.uni.torun.pl
Keywords
HS-SPME-GC/MS
preconcentration
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volatile organic
compounds

Abstract
The aim of this study was to apply headspace-solid phase microextraction-gas chromatography/mass spectrometry (HS-SPME-GC/MS) to
evaluate profiles of volatile organic compounds from saliva of nonsmokers and smokers. Also different types of SPME fibres were used
and influence of such factors as sample volume, incubation, and
adsorption time were evaluated. We found that 75 µm Carboxen/PDMS fibre gave the highest abundances and the greatest
number of extracted volatile organic compounds from saliva. Volume
of 2 mL and incubation time 20 min were chosen as the best parameters of conducted experiments. In the typical profile of salivary
headspace we found at least ten compounds such as: acetaldehyde,
propanal, 2,3-butanedione, ethyl ether, dimethyl sulphide, and pyrrole. Daily variations of salivary constituents were investigated. The
great diversity of compounds were observed in the afternoon.
Comparison of smokers and nonsmokers revealed the presence of
pyridine in salivary samples of persons smoking cigarettes.

1. Introduction
Volatile organic compounds can emanate from many different biological specimens including blood, urine, feces, saliva and skin secretions. They contain volatile organic compounds of various functional groups such as aldehydes, alcohols,
alkanes, esters, fatty acids, and ketones [1]. Analyses of volatile profiles and
subsequent comparison of normal and pathological states may provide important
information as to the etiology, pathogenesis or diagnosis of certain diseases. Saliva
can be collected noninvasively by individuals with modest training, and it offers
a cost-effective approach for screening of large populations [1, 2]. Saliva provides
a large number of volatile biomarkers such as volatile sulphur compounds responsible for halitosis [3], nonanal for celiac disease [4] and benzophenone for
lung cancer [5]. The typical method for enrichment of volatile organic compounds
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in salivary headspace are solvent extraction, stir-bar extraction and solid phase
microextraction (SPME) [1]. The purpose of our study was to apply SPME-GC/MS
technique to evaluate volatile profiles in the headspace above saliva. We have
tested different types of polymers for SPME preconcentration. Influence of storage conditions, sample volume, incubation and adsorption time was evaluated.
Volatile organic compounds were extracted using 75 μm Carboxen/PDMS fibre
and analysed by GC/MS. Daily variation of salivary profiles and comparison of
smokers and nonsmokers were also investigated.
2. Experimental
2.1 Reagents and chemicals
The 15 mL sterile polypropylene tubes (ISOLAB, Wertheim, Germany) were used
for collection of saliva specimens. 22 mL headspace crimp top vials and
PTFE/butyl septa for HS-SPME-GC/MS experiments were purchased from
PerkinElmer (Waltham, MA, USA). SPME fibres: 75 µm Carboxen/PDMS, 100 µm
PDMS and 65 µm PDMS/DVB were from Supelco, Bellefonte, PA, USA.
2.2 Instrumentation
Gas chromatograph 7890 A (Agilent) coupled with a spectrometer TruTOF (Leco).
Column CP-Porabond-Q (Varian) 25 m × 0.25 m × 3 μm. The oven temperature
programme: the initial 40 °C were kept for 2 min, and ramped at 10 °C/min to
140 °C and then again ramped at 5 °C/min to 270 °C and kept for 5 min. The
temperature of the split-splitless injector was 235°C. The acquisition was
performed at the mass range 30–350 m/z, the acquisition rate was 50 spectra/sec.
The ion source and line transfer temperatures were set at 250 °C. The collection of
chromatographic data was performed by means of ChromaTOF software (Leco).
Compounds were identiﬁed by comparing their mass spectra with those
contained in spectral library; each peak was searched manually (including
baseline subtraction and averaging over a peak). Forward and reverse match
quality of at least 800/1000 was used as the lower match threshold, otherwise
a compound was labelled unknown.
2.3 Selection of SPME fibre
Three SPME fibres: 75 µm Carboxen/PDMS, 100 µm PDMS and 65 µm PDMS/DVB
were tested to maximize the peaks responses. Selection was carried out with fixed
extraction and adsorption conditions for all three fibres. A fibre providing the
highest abundances and the greatest number of extracted volatile organic compounds was chosen.
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2.4 Collection of saliva
Saliva samples were collected in a non-stimulated fashion from eleven healthy
volunteers (8 males, 3 females), including two active smokers. They were asked to
refrain from eating and drinking at least 1 h before collection of saliva samples.
Participants were instructed to rinse their mouths with tap water prior to sampling, without brushing their teeth or using any mouthwashes. After 10 min, saliva
samples were taken in glass vial by spitting.
2.5 Incubation and extraction conditions
Saliva samples were incubated finally for 20 min at 40 °C, extracted for 20 min at
40 °C with preconditioned 75 µm Carboxen/PDMS fibre and analysed with GC/MS
system.
3. Results and discussion
3.1 Choosing of SPME fibre
Among three tested SPME fibres we chose 75 µm Carboxen/PDMS fibre as a device
used for conducted experiments. This fibre was characterized by the highest
abundances and the greatest number of extracted volatiles from saliva samples.
3.2 Influence of sample volume and incubation time
Influence of sample volume is demonstrated in Fig. 1(A). The results for 2 mL of
saliva shows the highest abundances and comparable number of extracted

Fig. 1 Influence of two factors affecting volatile organic compounds analysis: (A) effect of sample
volume on the number volatile organic compounds released from 1 mL, 2 mL, and 3 mL of saliva
samples. (B) influence of incubation time and the following extractions on the level of volatile
organic compounds from single saliva sample.
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Fig. 2 The reproducibility of SPME-GC/MS method for 1 mL of saliva sample.

compounds. An effect of subsequent volatile organic compounds adsorptions
from one sample with increasing incubation time from 20 min to 195 min is
presented in Fig. 1 (B). It can be found that after 195 min of incubation the most
noticeable observation is a decrease of 2,3-butadieone and significant raise of
lactic acid level after 145 min of incubation. For further experiments we used
20 min of incubation because excessive extension of maintaining time led to
appearance of compounds from bacterial metabolism in obtained salivary profiles, like ethanol. Our goal was to analyse profiles from “fresh” saliva, hence both
incubation and adsorption steps were carried out at 40 °C for 20 min both. We
tried to reduce the contribution of volatile organic compounds from putrefactive
activity of microorganisms in mouth by shortening the time of preconcentration,
but leaving sufficient time to differentiate the distinct volatile organic compound
profiles of individual subjects.
3.3 Reproducibility of method and characteristic of typical profile
The reproducibility of the method for triplicate samples of 1 mL is shown in Fig. 2.
Usage of SPME provided satisfactory level of reproducibility. Typical chromatogram of volatile organic compounds obtained from single female subject is presented in Fig.3. We were able to detect ten volatile organic compounds in obtained
profile. They were: acetaldehyde, ethanol, propanal, dimethyl sulphide, 1-propanol, ethyl ether, 2,3-butanedione, 1-propen-2-ol, acetate, ethyl acetate and
pyrrole.
3.4 Daily variations of salivary constituents and comparison of smokers and
nonsmokers
Fluctuations in daily salivary composition is demonstrated in Fig. 4 (A). Samples
from single man were taken three times per day, e.g., in the morning, afternoon
and evening. Subject did not have any dietary restrictions that day and was
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Fig. 3 SPME-GC/MS chromatogram of saliva sample from single female subject.

Fig. 4 (A) daily variations of volatile organic compounds from single subject. (B) frequency of
occurrence of volatile organic compounds calculated for eleven healthy subjects.

allowed to perform ordinary daily routine. The great diversity of compounds were
observed in the afternoon. However, the peaks of 2,3-butadienone were higher in
the morning and evening. Possible origin of these fluctuations may be meals and
interferences of environment.
Nineteen volatile organic compounds were identified in altogether samples
from healthy non-smoking subjects. The classes of volatile organic compounds
were: three alcohols and phenols, three volatile sulphur compounds, two
aldehydes, two ketones, two esters, two acids, two volatile nitrogen compounds,
one hydrocarbon, one ether, and an oxide (Fig. 4 (B)). 2,3-butadienone was the
most frequently observed substance found in the samples. Ethyl acetate was
detected in seven samples. Propanal and dimethyl sulphide were the third most
seen compounds in volatile organic compound profiles. Fig. 5 demonstrates that
in chromatograms obtained from active smokers (M8 and F3), one volatile from
cigarette smoke was detected and it was pyridine.
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Fig. 5 Distribution of volatile organic compounds across the salivary profiles from eleven individuals,
including two smokers (M8 and F3).

4. Conclusions
Application of 75 µm Carboxen/PDMS fibre allowed the extraction of the greatest
number of compounds with the highest abundances, in contrast to the results
from 100 µm PDMS and 65 µm PDMS/DVB fibres. Moreover, the proposed SPMEGC/MS method allows to obtain reproducible salivary volatile organic compound
profiles that can be used for differentiation of individuals. Prolongation of time of
incubation can influence the composition of salivary headspace by increasing
of abundances of volatiles. Comparison of volatile organic compound profiles
from eleven healthy subjects revealed significant differences in their salivary compositions as well as the diversity of distribution of certain volatiles. Pyridine was
found in chromatograms of two participants in this study that were active
smokers. The possible origin of this compound is tobacco smoke. Daily variations
in salivary profiles were observed. The number of compounds and their different
abundances can be associated with meals eaten before the collection of saliva.
References
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M.: A review of the volatiles from the healthy human body. J. Breath Res. 8 (2014), 014001.
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Separation of linear and cyclic
poly(dimethylsiloxanes) with interactive
chromatography
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a

b

Wacker Chemie AG,
Johannes-Hess-Straße 24, 84489, Burghausen, Germany * bernhard.durner@wacker.com
Department of Chemistry and Pharmacy, University of Regensburg,
Universitätsstraße 31, 93040, Regensburg, Germany

Keywords
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Abstract
Due to their attractive properties, siloxanes have found many applications in various industrial areas, e.g. cosmetics, health care or construction industries are in recent years. Therefore, a method for separation of linear and cyclic poly(dimethylsiloxane), applying liquid
chromatographic techniques was developed and optimized. By interactive chromatography, oligomer resolution and separation of linear
from cyclic poly(dimethylsiloxane) could be achieved for poly(dimethylsiloxane) with up to 30 monomeric units. Results of investigations of the underlying separation mechanism pointed out that
a combination of fractionated-re-dissolution and adsorption effects
primarily depending on the adequate choice of the eluent system was
essential.

1. Introduction
Siloxanes are used in a broad variety for different application areas. In general,
siloxanes consist of alternating silicone-oxygen bonds in the backbone and different types of functional groups. An important class of siloxanes is poly(dimethylsiloxane) containing only methyl and methylene groups bounded to the polymer
backbone. The basic notation of poly(dimethylsiloxane) depends on the nominal
number of oxygen bonded to silicon: the basic building blocks M, D, T and Q
present one, two, three or four oxygen(s) bonded to silicone, respectively.
Therefore, the molecular architecture is clearly defined by the nomenclature,
e.g. D4 stands for the cyclic tetramer [1–4].
The unique characteristics of siloxanes, like high flexibility in their backbone,
low intermolecular forces between methyl groups or low surface energies make
applications in cosmetics, medicine as well as in construction industries very
attractive. Especially in case of poly(dimethylsiloxane), the usage in release
agents, antifoams, heat transfer liquids or coatings demonstrate the importance of
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this type of polymer [5, 6]. Concerning applications in pharmaceuticals or medical
care products, comprehensive analytical methods are necessary. Therefore,
investigations of low molecular weight oligomer, linear and cyclic poly(dimethylsiloxane) are mainly done with gas chromatography [7, 8]. Moreover, linear and
cyclic poly(dimethylsiloxane) can also be separated with liquid chromatography
at critical conditions, where the separation only depends on chemical functionalities [9]. A major drawback of liquid chromatography at critical conditions is the
high susceptibility to small changes in analytical conditions, e.g. mobile phase
composition, temperature changes or small variations of the investigated polymer
sample [10]. Apart from liquid chromatography at critical conditions , interactive
chromatography, focusing on differences in the chemical structure of macromolecules, is an appropriate alternative. Compared to conventional HPLC, peculiarities
like small diffusion coefficients in solution, reduced solubility or a more complex
retention mechanism on the stationary phase, occur. Thus, polymer elution is
controlled by different types of interactions of various separation mechanisms,
caused by adsorption, partition or solubility effects. Consequently, optimizing
various parameters in method development, e.g. choice of mobile and stationary
phase, LC flow rate, temperature, are necessary for explaining the main separation
mechanism [11–13]. The present contribution is concerned with corresponding
method developments.
2. Experimental
2.1 Reagents and chemicals
All solvents used were HPLC grade. Acetonitrile, acetone, methanol, ethanol, isopropanol, and non-stabilized tetrahydrofuran were purchased from Merck
(Darmstadt, Germany) and used without further purification. Water of a Milli-QAdvantage A10 water system (Merck Millipore) was used. All used analytical
stationary phases applied in this study are summarized in Table 1. For fraction
collection of single linear and cyclic oligomers a Thermo-Fisher (Waltham, USA)
Accucore C30 (150×4.6 mm, 2.6 µm) was used. The used linear and cyclic
poly(dimethylsiloxane) samples were obtained from Wacker Chemie AG
(Burghausen, Germany). As reference material for linear poly(dimethylsiloxane)
a silicone oil with a viscosity of 10 mPa s and for cyclic poly(dimethylsiloxane)
a mixture of D8–D17 was used.
2.2 Instrumentation
The investigations were performed on a 1100 series LC system of Agilent (Waldbronn, Germany) with a tetrahydrofuran-resistant 3215α degasser from ERC
(Riemerling, Germany) and a 385 ELSD of Agilent equipped with an enhanced
parallel-path MiraMist® poly(tetrafluoroethylene) nebulizer from Burgener
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Table 1
Overview of investigated stationary phases for the separation of poly(dimethylsiloxane); columns
were purchased by Agilent (Waldbronn, Germany), Macherey-Nagel (Düren, Germany), MicroSolv
Technology Corporation (Leland, USA), Thermo-Fisher (Waltham, USA), Phenomenex (Aschaffenburg, Germany), and YMC (Dinslaken, Germany).
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Manufacturer

Name

Particle type

Dimensions / mm

Thermo-Fisher
Thermo-Fisher
Thermo-Fisher
Phenomenex
YMC
Thermo-Fisher
Agilent
Phenomenex
MicroSolv Technology
Macherey-Nagel
Macherey-Nagel
Thermo-Fisher
Phenomenex
Thermo-Fisher
Macherey-Nagel
Macherey-Nagel
Macherey-Nagel
Macherey-Nagel
Self-prepared

Accucore C18
Accucore C8
Accucore C30
Kinetex PFP
Carotenoid C30
Accucore C18 aQ
Eclipse C18
EVO C18
Cogent Bidentate C18
Nucleosil 100 C18
Nucleodur Pyramid C18
Hypersil BDS C18
HyperClone BDS C18
HyPurity C18
Nucleosil C18 EC
Nucleosil C18 EC
Nucleosil C18 EC
Nucleosil C18 EC
Silica beads

2.6 µm, 80 Å
2.6 µm, 80 Å
2.6 µm, 150 Å
2.6 µm, 100 Å
3 µm, 80 Å
2.6 µm
5 µm, 80 Å
2.6 µm, 100 Å
4.2 µm, 100 Å
5 µm, 100 Å
5 µm, 110 Å
2.4 µm, 120 Å
5 µm, 130 Å
5 µm, 190 Å
5 µm, 50 Å
5 µm, 100 Å
5 µm, 300 Å
7 µm, 1000 Å
75 µm

100×4.6
100×4.6
50×4.6
100×4.6
100×4.6
100×4.6
150×4.6
100×4.6
150×4.6
125×4
150×4.6
100×4.6
150×4.6
150×4.6
100×4.6
100×4.6
150×4.6
150×4.6
50×7.0

Research (Mississauga, Ontario, Canada) at 40 °C evaporator temperature, 90 °C
nebulizer temperature and 1.2 SLM (standard liter per minute) gas flow. All test
measurements were done with a linear gradient from 100% A to 100% B in
40 min, unless otherwise stated. Changing column dimensions, the gradient parameters were adapted to obtain the same effective linear gradient. The final
method development was done on an Accucore C30 (50×4.6 mm, 2.6 µm) at a LC
flow rate of 2 mL∙min–1 starting at (methanol:water (75:25, v/v)): acetone 50:50
and ending at 100% acetone in 160 min. Applying silica beads the stepwise
gradient was performed with 5% step height, 5 min step length with water and
acetone as eluent system.
3. Results and discussion
3.1 Optimization of stationary phase
According to common literature for poly(dimethylsiloxane) separation [9] with
RP-Polymer-HPLC, acetonitrile as adsorption promoting solvent and tetrahydrofuran as desorption promoting solvent were chosen in preliminary experiments.
Thus, a C8 stationary phase was selected separating linear and cyclic poly(dimethylsiloxane), Fig. 1. The separation performance of this system is limited by repea-
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Fig. 1 Separation of linear and cyclic poly(dimethylsiloxane) with (a) acetonitrile/tetrahydrofuran
on an Accucore C8 column (100×4.6 mm, 2.6 µm) and with (b) methanol:water (75:25)/acetone on
a Kinetex pentafluorophenyl column (100×4.6 mm, 2.6 µm); cyclic poly(dimethylsiloxane) is
annotated as D plus monomoric number, and linear poly(dimethylsiloxane) is annotated as Si plus
monomeric number.

ted peak overlap of linear and cyclic siloxanes. Following a classical HPLC
approach, different stationary phases (Table 1) were tested for improving the
separation performance. With a pentafluorophenyl (PFP) column an improvement of the separation could be achieved by replacing the adsorption promoting
solvent from acetonitrile to an adequate mixture of methanol:water (75:25) – the
triple bond of acetonitrile prevents the interaction of analyte and stationary
phase. Finally, the determination could considerably be improved when using an
Accucore C30 stationary phase in combination with the eluent system methanol:
water/ acetone (Fig. 2).
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Fig. 2 Optimized separation of poly(dimethylsiloxane) applying an Accucore C30 (50×4.6 mm,
2.6 µm) a LC flow rate of 2.0 mL min–1, methanol:water (75:25) as adsorption promoting solvent and
acetone as desorption promoting solvent, the chromatogram in detail highlights the oligomeric
separation of linear and cyclic oligomers up to 30 repetition units.

3.2 Optimization of mobile phase composition
Using acetonitrile, methanol or water as adsorption promoting solvent and
acetone, ethanol, isopropanol or tetrahydrofuran as desorption promoting solvent and mixtures thereof, allowed the investigation of various solvent
combinations while optimizing the stationary phase for separating poly(dimethylsiloxane). The choice of an appropriate mobile phase composition interfered
with separation improvement in terms of polymer solubility in stationary and
mobile phase. Consequently, the originally used eluent system for the pentafluorophenyl column considerably improved the analysis method on other more
robust stationary phases, too, e.g. Accucore C30 (Fig. 2). This particular combination of stationary and mobile phases enabled an extended separation range,
mainly caused by precipitation-re-dissolution and adsorption of the polymer at
the column.
3.3 Explanation of separation mechanism
According to the aforementioned findings, a more detailed description of the
predominant separation mechanism was possible. Particularly, when
investigating low molecular weight poly(dimethylsiloxane) (up to 3000 g mol–1)
liquid adsorption chromatography is the prominent separation mode because
separation efficiency was highly depending on the applied stationary phase. Apart
from this, the significance of well-defined mobile phase composition suggested
that an adsorption mechanism is superimposed by a mechanism of precipitation
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Fig. 3 Separation of a silicone oil with a viscosity of 10 mPa s, containing only linear poly(dimethylsiloxane) oligomers, when applying a stepwise gradient (step length 5 min and step height 5%)
using water and acetone as mobile phase on a silica beads (75 µm) column excluding HPLC adsorption effects of the stationary phase.

and re-dissolving. Further measurements were performed with a silica beads
column (Fig. 3), which showed no useful HPLC separation due to absence of stationary phase modifications. Applying a stepwise gradient, the poly(dimethylsiloxane) (viscosity of 10 mPa s) polymeric distribution was measured primarily
to fraction re-dissolution mechanism. Fractionated re-dissolving elution overlaying HPLC adsorption effects indicated the significance of mobile phase
composition. With ideal settings, resolving various molecular weight oligomers
become possible.
4. Conclusion
An interactive chromatography method was developed for separating linear and
cyclic poly(dimethylsiloxane) up to 30 repetition units (D30). Therefore, the
mobile phase composition and selection of stationary phases were optimized.
Applying preparative HPLC, pure single oligomeric standards of linear and cyclic
poly(dimethylsiloxane) can be obtained for improving quantitative analyses in
interactive chromatography as well as in gas chromatography. Based on the
combination of precipitation-re-dissolution and adsorption mechanisms various
other types of polymers might be analyzed with interactive chromatography.
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Abstract
The determination of analytes usually requires the calibration procedure to be carried out. To do this the calibration curve method is
commonly met in laboratory practice. However, its use is faced with
serious problems. For instance, the final result might be affected by
serious systematic error in the case when the interference effects are
present. In this work it is shown how the calibration curve method can
be modified in order to eliminate the additive interference effect. The
concept is based on the measurements of both the standard solutions
and the samples at two various wavelengths selected so to keep the
signals measured for an interferent constant. As the result, the analyte
in a sample is determined with the use of two calibration curves more
accurately than in the conventional way. In contrast to the alternative
H-point standard addition method the proposed approach allows the
calibration curves to be used for analysis of a series of samples. The
method was verified on the example of the spectrophotometric
determination of Fe(II) in the presence of Fe(III) as the interferent.

1. Introduction
Over the last few decades various calibration methods were proposed with the
aim of obtaining the result that is accurate, meaning that it reflects the true
amount of the analyte in the sample. Unfortunately, most of those methods is not
used in laboratory practice and the calibration curve method is still the most
popular one. However, when this method is employed, the final result is affected
by a serious systematic error since the composition of the sample’s matrix is not
taken into considerations. Moreover the interference effects might cause the
calibration relationship to be changed. The standard addition method is also wellknown calibration approach and might be used for elimination of the interference
effect when the change of the analytical signal is proportional to the analyte
concentration (it is caused because all calibration solutions contain the analyte in
the environment of all sample components). The standard addition method,
however, doesn't allow elimination of the additive interference effect, which cause
a constant change of a measured signal regardless of the analyte concentration.
The other drawback is that the calibration curve has to be constructed for each
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analysed sample separately making the calibration procedure laborious and timeconsuming [1–2].
The one of the calibration method which is not popular in laboratory practice,
but compensates both the multiplicative and additive interference effect is
H-point standard addition method [3]. This approach is based on the analytical
measurements carried out according to the standard addition method at two
different wavelengths. The conditions has to be selected to measure the analytical
signal with different sensitivities but to keep the signals produced by the
interferents constant. Under such conditions calibration graphs are crossed at the
H-point indicating both the additive effect and the analyte concentration.
However, as for the case of the standard addition method, the requirement of
preparing several working solutions for each sample needs to be met.
To overcome this issue a new approach is presented in this work. Namely, it is
proposed to prepare two calibration curves according to the calibration curve
method at two wavelengths (selected as above) and to measure the signals for the
sample in the same conditions separately from the standard solutions. When both
calibration graphs are linear (Ri= Ai + Bicx, i = 1, 2) and the additive effect is constant
at both wavelengths (A1 = A2 = A), the concentration cx of an analyte in a sample and
the value A of the additive interference effect are calculated from the equations:
cx = (R1 – R2)/(B1 – B2)

(1)

A = (R2B1 – R1B2)/(B1 – B2)

(2)

where Ri and Bi (i = 1,2) are the signals for the sample and the slopes of the
calibration graphs, respectively.
The suitability of this approach was verified on the example of the spectrophotometric determination of Fe(II) in the presence of Fe(III), which played the
role of the interferent (as in [4]).
2. Experimental
2.1 Reagents and samples
The reagents, all of which were analytical grade chemicals, were used to prepare
the appropriate solutions: phenantroline monohydrate (Lachner, Czech Republic), salicylic acid (Fabryka Odczynnikó w Chemicznych, Gliwice, Poland), iron (III)
nitrate nonahydrate (Sigma Aldrich, Germany), ammonium iron(II) sulphate
hexahydrate (Chempur, Poland), 37% fuming hydrochloric acid (Merck, Germany) and potassium hydrogen phthalate (Fabryka Odczynnikó w Chemicznych,
Gliwice, Poland).
Stock iron solutions containing 1000 mg L–1 Fe(II) and Fe(III) were prepared by
water dissolving of an adequate amount of Fe(NH 4 ) 2 (SO 4 ) 2 ·6H 2 O and
Fe(NO3)3·9H2O, respectively. Stock solution of mixture of 1,10-phenantroline
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Fig. 1 Scheme of the constructed flow-injection manifold: (S) sample, (ST) standard solution,
(P1) and (P2) peristaltic pumps, (IV) injection valve (MC) mixing coil, (W) waste, (r1, r2, r3) flow rates.

monohydrate and salicylic acid was prepared by dissolving 0.843 g and 0.575 g
of these reagents, respectively, in 10,0 mL of ethanol and adjusting the volume to
100 mL with distilled water. The use of ethanol was utilized to increase the
solubility of salicylic acid. Buffer solution (pH = 3.0) was prepared by mixing
appropriate volume of 0.2 mol dm–3 solutions of potassium hydrogen phthalate
and hydrochloric acid [5]. All stock solutions were prepared fresh daily. The
solutions were prepared in distilled water. The distilled water from an HLP 5
system (Hydrolab, Poland) was used throughout the work.
2.2 Instrumentation
The instrumental flow-injection manifold dedicated to the proposed calibration
method is presented in Fig. 1. It consisted of an eight-port injection valve equipped
with a homemade, electric switching system, two peristaltic pumps (Minipuls 3,
Gilson, France) and 16–channel controller UVCTR-16 (KSP Electronics Laboratory, Poland). Lambda 25 spectrometer (Perkin Elmer, USA) equipped with a glass
flow cell with path length equal 10 mm, was utilized as the detector. The work of
pumps and injection valve was controlled by Valve and Pump Controller Software
(KSP Electronics Laboratory, Poland).
2.3. Procedure
Samples or standard solutions were prepared by adding 1 mL of buffer solution
and 7 mL of samples or appropriate volume of stock solutions of Fe(II) and Fe(III)
to 10 mL volumetric flask and made up to mark with deionized water. The concentration of Fe(II) in the calibration solutions was in the range of 0–5 mg L–1 (with
1 mg L–1 step). The sample or standard solution was injected into a stream of water,
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Fig. 2 Absorption spectra of( a) 5 mg L–1 Fe(II), and (b) 10 mg L–1 Fe(III) with the mixed reagents
at pH = 3.

which was connected with a stream of mixture of phenantroline and salicylic acid,
resulting in formation of an orange or purple derivative complex of Fe(II) and
Fe(III), respectively. The formed product was directed towards the detector where
absorbance was recorded at two selected set wavelengths. Height of recorded
characteristic peaks was treated as an analytical signal. Each determination was
repeated three times in the same instrumental conditions.
3. Results and discussion
Working parameters of the flow-injection manifold, such as: flow rate, reaction
loop length and the volume of injected sample, were optimized. The following
parameters were chosen: flow rates 2.0 mL min–1, the length of the reaction coil
100 cm and the volume of injected sample 200 µL. The linearity range of the
proposed method is 0–25 mg L–1 for both analytes.
Based on the spectra of 1,10-phenantroline and salicylic acid complexes with
Fe(II) and Fe(III) (Fig. 2) three pairs of wavelength were chosen in accordance
with principle of the method: 530 and 573 nm, 542 and 549 nm, 542 and 551 nm.
Table 1 presents the results of analysis of several synthetic samples with
different concentrations of Fe(II) (analyte) and Fe(III) (interferent). The results
obtained by the proposed method are compared with these obtained
conventionally, i.e. using the calibration curve method. The results obtained with
the calibration curve method in terms of the relative error are unacceptable. This
is due to the presence of Fe(III) that acts as an interferent. The calibration curve
method evidently cannot deal with the interference effect. However, the use of the
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Table 1
Results obtained by the calibration curve method (CCM) and the proposed method (PM) in three
synthetic samples (A is additive effect in absorbance).
Sample

λ / nm

Concentration / mg L–1
Expected

CCM

Relative error / %
PM

CCM

PM

1.10
1.13
1.01
4.88
4.89
4.86
4.58
4.66
4.71

520.0
219.0
262.0
178.4
75.8
80.4
347.2
146.0
154.2

10.0
13.0
1.0
–2.4
–2.2
–2.6
–8.4
–6.8
–5.8

A

Fe(II) / Fe(III) Fe(II)
I

II

III

530/573
542/549
542/551
530/573
542/549
542/551
530/573
542/549
542/551

1.00 / 5.00

5.00 / 10.00

5.00 / 20.00

6.20
3.19
3.62
13.92
8.79
9.02
22.36
12.30
12.71

0.0498
0.0498
0.0529
0.0935
0.0947
0.0953
0.1861
0.1910
0.1895

proposed method is able to take into account such effect and, as it can be seen in
Table 1, the results are quite satisfactory. The exception are the results obtained
for Fe(II) in sample I at two pairs of wavelengths. It can be caused by the fact that
selected concentration of Fe(II) is nearby the limit of detection and the influence
of interferent is especially strong in this case. In addition, the values of the additive
effect caused by Fe(III) were calculated. The validity of these parameters is
evident when compared with the increasing value of interferent’s concentration –
the higher the concentration the higher the additive effect.
4. Conclusions
The presented study shows that the presented calibration method is an effective
and helpful analytical tool. It offers determination of an analyte with improved
accuracy due to elimination of the additive interference effect. Furthermore, it
allows the value of this effect to be estimated. As the method is faster and simpler
in comparison with H-point standard addition method, it can be recommended to
be used in routine analytical practice.
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Abstract
The separation of Cr(III) and Cr(VI) by reversed-phase ion pairing
liquid chromatography for a specific purpose has been investigated.
Chromium(III) was chelated with EDTA at pH = 6.0 prior to analysis.
The mobile phase (pH = 6.0) consisted of a 0.32 mmol L–1 EDTA and
0.83 mmol L–1 tetrabutylammonium hydroxide. The method showed
that Cr(III) and Cr(VI) were effectively separated at low mobile phase
flow rate which is suitable for a future experiment design of isotopic
ratio measurements. The most difficult task was not only to ensure the
effective separation but also to avoid any possible inter-conversion
between two chromium forms. For a better detection of chromium
species, the chromatographic system was coupled with a typical
quadrupole inductively coupled plasma mass spectrometry.

1. Introduction
Chromium with different oxidation states exhibits widely different behaviours in
terms of potential toxic effects on environmental and biological system. Chromium(VI) is toxic and known as carcinogenic while Cr(III) is a trace essential
element for the proper functioning of living organism [1, 2]. Because chromium is
used widely in industrial activates such as electrical plating, Cr(VI) is easily
released into the environment, especially in surface water and groundwater and
could pose a health risk. Therefore, extraction and chemical treatment of contaminated groundwater in order to remove Cr(VI) become an important issue.
Chromium (VI) can be reduced into immobile Cr(III) form which is much less
toxic. It was reported that Cr(VI) reduction is often associated an isotopic fractionation and is the dominant process causing the change of 53Cr/52Cr ratio [3, 4]. As
a result of which, Cr stable isotopic ratios can be served as indicators to quantify
the extent of Cr(VI) reduction in environmental remediation efforts.
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According to our best knowledge, there has not been any published article yet
which studies the isotopic ratio of each chromium form Cr(III) and Cr(VI) existing
simultaneously in an analytical sample. Therefore, the aim of this work is to
develop a method to separate two forms of chromium: Cr(III) and Cr(VI) by using
reversed-phase ion pairing liquid chromatography. The separation method
should be capable for coupling with a multicollector inductively coupled plasma
mass spectrometry (MC ICP-MS) in a future experiment design which allows
chromium isotopic ratio measurement.
2. Experimental
2.1 Reagents and chemicals
Reagents were analytical grade chemicals and were used without any further
purification. Standards and other solutions including a mobile phase were
prepared with deionized water (18,2 MΩ cm) obtained by Milli-Q System (Merck
Millipore, Germany). Standard solutions of 10 mg L–1 Cr(III) and Cr(VI) were
prepared by diluting the standard stock solution of Cr(NO3)3 and K2CrO4 at
1000 mg L–1 (Merk, Germany). The mobile phase was obtained by dissolution of an
appropriate amount of ethylenediaminetetraacetic acid disodium dehydrate
(EDTA, EDM Millipore, Germany) in deionized water and by an addition of
tetrabutylammonium hydroxide (40% in water, Sigma-Aldrich, USA). For adjusting pH sodium hydroxide (NaOH 50%, Fisher Scientific, USA) and acid nitric
(HNO3 65% Suprapur®, Merck, Germany) were used.
2.2 Instrumentation
An Agilent 1200 Infinity series high-performance liquid chromatography (Agilent
Technologies, USA) equipped with a peltier-cooled autosampler tray, quaternary
pump, a peltier-heated column oven, and an UV/ VIS detector with variable
wavelength was used. A reversed-phase Agilent Zorbax C8 (2.1×150 mm, 1.8 µm)
was utilized as the separation column, its temperature was set at 35 °C. Mobile
phase in isocratic mode consisted of 0.32 mmol L–1 EDTA and 0.83 mmol L–1
tetrabutylammonium hydroxide; its pH was maintained to 6.0. The separation
was carried out within total analysis time of 16 min with the flow rate of mobile
phase 0.25 ml min–1 and sample injection volume 20 µL. The ICP-MS detector was
a model of Elan 6100 DRC (Perkin-ElmerSCIEX, Canada). The operational conditions for ICP-MS were: RF power 1200 W, nebulizer gas (argon) flow 0.92 L min–1,
lens voltage 15 V. Monitored ion was 52Cr+.
2.3 Procedure
Working standards with different concentrations containing Cr(III) and/or Cr(VI)
were prepared by mixing an appropriate volume of standards solutions of Cr(III)
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and Cr(VI) with EDTA 0.05 or 0.1 mol L–1 at pH = 6.0 (adjusted by NaOH) in glass
vials (volume ratio of 1/1). The obtained volume then was brought up to 500 µL by
adding the mobile phase. The solutions were kept at an ambient temperature for
1 hour prior to analysis or were incubated at 40 °C/60 °C in a water bath for
15–60 minutes to allow formation of Cr(III)-EDTA.
For the optimization of chromatographic conditions, several factors which
affect the separation such as the concentration of EDTA and tetrabutylammonium
hydroxide in the mobile phase as well as the pH (adjusted by HNO3) were
investigated to get the best separation.
3. Results and discussion
In this work, reversed-phase ion-pairing chromatography was used for the separation of Cr(III) and CrO42– . Firstly, EDTA was used to chelate and stabilize Cr(III)
in the form of [Cr-EDTA]–, which is also an anionic ion as CrO42– . These anionic ions
interacted with tetrabutylammonium as the cation ion-pairing reagent, which in
turn interacted with reversed phase C8 column.
It was reported that the inter-conversion between chromium species occurs at
acidic pH, and Cr(VI) is much more stable in neutral and basic pH [5]. The
Cr(III)-EDTA chelation is pH dependent. A high pH favours the complexation,
however, Cr(III) can be precipitated in a form of chromium hydroxide [6].
Therefore in this work, the chelation of Cr(III) with EDTA prior to analysis was
carried out at pH = 6.0 which allows to keep Cr(VI) stable and avoid Cr(III)
precipitation. To examine the effect of temperature on the chelation efficiency, the
complexation was performed at ambient room temperature and at 60 °C. The
results showed that, after several hours Cr(III)-EDTA was not formed at room
temperature while an intensive violet colour was obtained when the solution was
heated at 60 °C for 30 min, which indicated the formation of Cr(III)-EDTA.
Therefore, unlike other works [7, 8] heating was required because of Cr(III)-EDTA
complexation reaction kinetic.
The mobile phase flow rate of 0.25 ml min–1 was used due to the planning
utilization of a desolvating nebulizer system designed for the MC ICP-MS. This
value is almost maximum for the sample flow rate at which the nebulizer can still
operate. The future experiment design for isotopic ratio measurements by
coupling HPLC with MC ICP-MS will not discussed in this work. However, to be
capable for being coupled with MS ICP-MS, the separation by using reversedphase ion pairing liquid chromatography should fulfil some criteria such as: good
resolution and acceptable long retention times. The best separation was obtained
with mobile phase (pH = 6.0) containing 0.32 mmol L–1 EDTA and 0.83 mmol L–1
tetrabutylammonium hydroxide. A typical obtained chromatogram is shown in
Fig. 1.
The most difficult task in this work was to avoid inter-conversion between two
chromium forms during the experiment. As aforementioned the Cr(VI) reduction
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Fig. 1 Typical chromatogram obtanied for the separation of Cr(III)-EDTA and Cr(VI). Concentration
of chromium was 500 µg L–1. Mobile phase (pH = 6.0) contained 0.32 mmol L–1 EDTA and
0.83 mmol L–1 tetrabutylammonium hydroxide. Detector UV/VIS, detection wavelength 540 nm
(continuous line) and 370 nm (dotted line).

is often associated with an isotopic fractionation, hence the inter-conversion
between two forms is not beneficial for the further isotopic ratio analysis. The
oxidation of Cr(III) to Cr(VI) did not occur at the optimal chromatographic conditions. Unfortunately, Cr(III)-EDTA peak was observed in the chromatogram of the
Cr(VI) standard solutions. This could be caused by the reduction of Cr(VI). Other
investigations were carried out in order to confirm whether the reduction of
Cr(VI) to Cr(III) occurred before or during the experiments. The effect of EDTA
concentration, temperature and time in the chelation step was examined (see
procedure). It was observed that after heating the Cr(VI) working standard
solutions containing equal chromium concentrations with EDTA 0.05 mol L–1 or
0.1 mol L–1 at 40 °C or 60 °C for 15–60 min, in all cases the same peak areas for
Cr(VI) were obtained. Interestingly, Cr(III)-EDTA peak was also observed when
experiment was performed without any pre-treatment (Fig. 2), and the same peak
area was also obtained for Cr(VI). These results implied that the EDTA concentration, temperature and time were not the reasons for the observation of Cr(III)
in Cr(VI) standard solutions. The effect of the pH of mobile phase was also tested.
The results showed that the more acidic the mobile phase was, the bigger
Cr(III)-EDTA peak area was obtained. However, for pH bigger than 5.5 (6.0, 6.5 and
7.0) Cr(III)-EDTA peak areas were the same. Calibration curves (Fig. 3) show
a very good regression coefficient (R2 > 0.99) for both Cr(VI) and Cr(III). One
possibility explaining this phenomena could be that Cr(III) already exists in the
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Fig. 2 Chromatogram of 52Cr(VI) standard solution obtained when no sample pre-treatment was
carried out. Concentration of Cr(VI) was 100 µg L–1. Mobile phase (pH = 6.0) contained 0.32 mmol L–1
EDTA and 0.83 mmol L–1 tetrabutylammonium hydroxide. Detector ICP-MS.

Fig. 3 Calibration curves of chromium standard solutions obtained by using the optimized HPLC
procedure: Cr(VI) = dotted line, Cr(III)-EDTA = continuous line.
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initial standard stock solution of chromate (1000 mg L–1) due to the reduction
(about 25%). The reduction might occur during transportation and/or storage.
4. Conclusions
In this work, reversed-phase ion pairing liquid chromatography was shown to be
a good technique with easy sample preparation for effective separation of two
different chromium forms Cr(III) and Cr(VI). The mobile phase (pH = 6.0) containing 0.32 mmol L–1 EDTA and 0.83 mmol L–1 tetrabutylammonium hydroxide
and the used low flow rate 0.25 ml min–1 ensured the good separation resolution
and acceptable long retention times, which are required for the future experiment
design of isotopic ratio measurements. However, 25% of Cr(VI) was found to be
reduced into Cr(III) even when there was no pre-treatment prior to analysis
carried out. The experiments showed that the reduction of Cr(VI) might occur in
the initial standard stock solution due to an inappropriate transportation or
storage. However, further work needs to be done in order to find the exact problem
causing this transformation.
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Abstract
Mass spectrometry–based proteomics is recognise as an useful procedure for large-scale identification and quantification of proteins in
natural samples. Here, we present the label-free proteomic approach
for liver tissue samples obtained from lambs fed with the diet
enriched with inorganic compounds of Se(VI) and organic selenium
compounds (selenomethionine in selenium yeast). The study aimed
to examine how the presence of inorganic and organic forms of
selenium in the lambs’ forage affects the expression of the proteins, in
particular, those containing selenium. In the course of the study,
protein tissue homogenates were in-solution digested by trypsin.
Peptide analysis was performed using high-resolution electrospray
mass spectrometer equipped with Orbitrap mass analyser coupled to
ultra-high performance liquid chromatography (nano-UHPLC-ESI(ORBITRAP)-MS/MS). Based on registered data, using the appropriate proteomic software (Mascot, MaxQuant) with access to the
SwissProt protein database, qualitative and quantitative analysis of
proteins was achieved.

1. Introduction
Selenium is an essential element for the proper function of human and animal
organisms. Selenium is a component of many proteins, thus contributing to biochemical processes. For many years, research has continued on the role of
selenium in both physiological and pathological processes of living organisms
[1, 2]. It is suggested that the beneficial effects of selenium on living organisms is
mainly caused by the activity of a low molecular compound Se-methyl-Selenocysteine and selenoproteins (containing selenium in the form of selenocysteine),
enzymes that protect the body from oxidative stress by reducing free radicals [3].
Dietary supplementation with selenium compounds may lead to an increase in the
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concentration of these enzymes and affects the expression of the proteins. Identifying a specific protein in tissues, then comparing its concentrations between
physiological and pathological states of tissues can support the detection of those
associated with the specific disease and contribute to the development of new
drugs and therapies.
The study aimed to examine how the presence of inorganic and organic forms
of selenium in the lambs’ forage affects the expression of the proteins, in particular, those containing selenium. Here, we present the complete label-free
proteomics methodology for identification and quantification of the proteins
using nano-UHPLC-ESI-(ORBITRAP)-MS/MS and the appropriate proteomic software (Mascot, MaxQuant) with access to the SwissProt protein database [4].
2. Experimental
2.1 Examined objects
The subject of the study was lamb liver from animals on an experimental diet
supplemented with selenium. Breeding of animals and tissue collection was
carried out by the Regulation of the Council of the European Union (EC) No. 130
1099/2009 of 24 September 2009 on the protection of animals at the time of their
killing [5]. Thirty Corriedale male lambs of similar and age after a 3-week
standard diet were divided into control and two diet groups enriched in selenium
compounds (0.35 mg of Se(VI)/1 kg standard diet and 0.35 mg of selenomethionine/1 kg standard diet). After 35 days of experimental dietary enrichment and
decapitation of animals, the liver tissue were collected. The samples of tissues
were freeze-dried (below –40 °C) and stored at 4 °C before conducting proper
sample preparation.
2.2 Reagents and chemicals
Analytical reagent grade chemicals were purchased from Sigma Aldrich (Germany), Baker (USA), Promega (USA) and Bio-Rad (USA). Solutions including
a mobile phase for UHPLC-ESI-MS/MS were prepared with LC MS grade water
(Baker, USA).
2.2 Instrumentation
The separation of supernatants from liver tissue residue was achieved using the
centrifuge 5804/5804R (Eppendorf, USA). The vacuum centrifuge (Eppendorf,
USA) was used for concentration of the extracts solution. The measurements were
carried out using the nano-UHPLC system equipped with Accucore® column
(75 μm ×500 mm; C-18; 2.6 μm) purchased from Thermo Scientific coupled to the
ESI-MS/MS mass spectrometer (Orbitrap Fusion Tribrid™ Mass Spectrometer,
Dionex Ultimate Series UHPLC, Thermo Scientific, USA).
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Fig. 1 Scheme of the analytical procedure.

2.3 Procedure
Around 100 mg of tissues were extracted with 1 mL of lysis buffer (1% SDS, 0.05%
lipase, 1 mmol L–1 phenylmethylsulfonyl) in room temperature over 6 hours
supported by mixing and ultrasonic baths. The supernatant was separated from
the residue by centrifugation for 30 min at 20 000× g. Total protein concertation
was determined using the Bradford method [6]. All extracts were kept at −80 °C
before the proteins digestion. The 5 µL of protein extracts were reduced with
75 µL of 5 mmol L–1 1,4-dithiothreitol for 45 min at 56 °C, then alkylated with 75 µL
of 55 mmol L–1 iodoacetamide for 30 min in the dark. The samples were subjected
to enzymatic digestion for 18 hours at 37 °C with 75 µL of 20 ng L–1 trypsin and
100 µL of 50 mmol L–1 ammonium bicarbonate. The reaction was quenched with
the addition of 150 µL 5% formic acid. The solutions containing the eluted peptides were purified by the Zip Tip C18 clean-up procedure (EMD Millipore,
Germany) and concentrated in a vacuum centrifuge at 20 °C and resuspended in
0.1% formic acid. The samples were injected (1 µL) into UHPLC system in a reverse phase at a flow rate of 300 nL min–1 using gradient elution consisted of 0.1%
formic acid in water (solvent A) and 0.1% formic acid in acetonitrile (solvent B) for
360 min. Scheme of the procedure is presented in Fig. 1.
3. Results and discussion
Figure 2A shows an example of Total Ion Current (TIC) chromatogram from the
group supplemented in selenium organic compounds. Registered MS/MS spectra
of peptides were analysed to identify selenium-containing proteins using Mascot
software (Matrix Science, USA). Mascot is a powerful search engine which uses
mass spectrometry data to identify proteins from primary sequence databases.
The program searches all possible peptides from the theoretical digestion of
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Fig. 2 (A) TIC chromatogram for peptide extracts from lambs supplemented in organic form of
selenium. (B) Evaluation of MS/MS spectra by Mascot for peptide LKQPAMPR.

available protein sequences in the database and then, indicates those, which mass
and fragmentation spectra correspond to the result of experimental MS analysis.
Search parameters used during research were followed: SwissProt database,
mammalian taxonomy, fixed modification: cysteine carbamidomethylation,
variable modifications: Se-cysteine, Se-methionine and oxidation of Se-cysteine,
Se-methionine and carbamidomethylation of Se-cysteine. About 30 proteins
containing selenium in the form of selenomethionine or selenocysteine with
various modifications were found in the studied liver lambs’ samples (score
parameter above 23). In order to confirm the protein identification proposed by
the Mascot, the registered isotopic pattern for the identified selenium-containing
peptide was compared manually to the theoretical one. Manual verification of
experimental isotopic pattern allowed the confirmation of the presence of selenium in only one of them: dipeptidyl peptidase. Figure 2B shows the evaluation of
the MS/MS spectrum for the peptide LKQPAMPR with Se-methionine modification from dipeptidyl peptidase protein. The differences in experimental and
theoretical isotopic patterns observed for others may be related to a very low
concentration of those selenium-containing proteins in the examined liver
samples, which have been already reported by others [7, 8].
Quantitative analysis was performed manually by comparing the intensities of
a given unique peptide, which correlates with a given protein, on the TIC
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Fig. 3 Volcano plot chart showing differing in the proteins expression between the control group and
groups with selenium supplementation.

chromatograms using MaxQuant. For determining the variations between the
proteome expressed in various conditions, it is necessary not only to identify the
proteins present but also to perform statistical tests to determine if the observed
expression changes are statistically significant (Principle Component Analysis,
PCA). Perseus was used for statistical analysis and visualisation of the received
data. Fig. 3 shows the quantitative analysis revealed that the selenium supplementation of lambs’ diet, both in organic and inorganic forms, changes the expression
of some proteins (comparisons of groups A and B vs group 0). In contrast, no
expression change was observed when two groups with selenium supplementation were compared to each other (comparison of group A vs group B). It can be
concluded that whereas selenium presence itself in the diet has some influence on
the protein expression in the liver cells of lambs, the selenium form (organic or
inorganic) is not so crucial.
4. Conclusions
The applied analytical procedure allows automatic identification of thousands of
proteins. Nearly 30 proteins containing selenium in the form of selenomethionine
or selenocysteine with various modifications were found in the studied liver
lambs' samples (score parameter above 23). Manual verification of experimental
isotopic pattern allowed the confirmation of the presence of selenium in only one
of them. Quantitative analysis revealed that the selenium supplementation of
lambs' diet, both in organic and inorganic forms, changes the expression of some
proteins, but no expression change was observed when two groups with selenium
supplementation were compared to each other. Further studies of protein expression in other tissues of lambs (muscles, brain, serum, etc.) are in progress.

30

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Acknowledgments
The study was carried out at the Biological and Chemical Research Centre, University of Warsaw
established within the project co-financed by European Union from the European Regional
Development Fund under the Operational Programme Innovative Economy 2007–2013.
References
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Abstract
In the course of this research the distance-based microfluidic paper
analytical devices (µPADs) were investigated. Prussian blue was used
as a sensing substrate, deposited in the working zone of the system. As
a result of the capillary action, the sample introduced on the dry paper
surface was transported along the channel, and the analyte was
reacting with Prussian blue. As effect the discolorization of the sensing zone, proportional to the analyte concentration was observed.
using created µPADs the calibration curves for ascorbic acid was
recorded within the experiment and optimization of the dye deposition was provided.

1. Introduction
Modern analytic trends are focused on the miniaturization, cost-effectiveness,
and portability of the created systems or methodologies [1]. The ability to perform
qualitative and quantitative analysis in source limited conditions or in the field is
one of the significant factors that caused the growth of the idea of quick papermade tests. Microfluidic paper-based analytical devices (µPADs), were introduced
as fully utilize platforms capable of performing complete analytical procedures,
providing results comparable to these one obtained using standard laboratory
equipment. Minimal, user-friendly operation and versatility stay in excellent
agreement to the challenges they forced, and for this reason, paper based-system
are intensively investigated.
With years, simple tests evolve to more complicated planar or even three-dimensional systems, where sample could proceed with many individual operations
providing the opportunity for simultaneous testing or analyte multistep
derivatization within one µPAD [2]. Development of this devices was connected
with the possibility to cover the paper matrix with hydrophobic substances. The
paper patterning allows for remote sample splitting or mixing within one microfluidic system without user intervention. Wax-printing technique is one of the
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most used for µPAD preparation [3] due to computer designing, simple preparation with solid ink printers and good reproducibility.
The most problematic in a matter of µPAD usefulness is the signal detection
step. Colorimetric schemes show the greatest popularity because of the fast signal
readout and a plurality of available colorimetric procedures dedicated to the
determination of common analytes. However, the biggest concern is still focused
on color intensity evaluation because this kind of measurements requires reliable
photosensitive devices. The unaided eye color intensity detection, which is the
unquestionably most convenient to perform in the source-limited localization is
disrupted with user individual attributes and impressions [4] and is not recommended in quantitative analysis. To solve this problem the different idea for
colorimetric signal quantification with the naked eye was proposed by Zuk et al.
[5]. This idea applied in flow paper-based system utilize the effect of the analyte
consumption during sample flow through the system. When the flow channel is
covered with the reagent in advance, the analyte from the sample is reacting with
the reagent in the restricted zone. If the reaction product is colored, a color band
proportional to the analyte concentration present in the sample is generated. The
quantification of the signal is accomplished by simply measuring the length/size
of the colored zone. Extremely facile readout of the signal with the absence of the
electronic equipment is described with proper reproducibility and accuracy [6].
This kind of detection has been already used in the aspect of environmental
pollution analysis [7] and point of care testing [8] where its application potential
in real scenarios was confirmed.
2. Experimental
2.1 Reagents and chemicals
All used solutions were prepared using deionized water (Mili-Q Purification
System) and analytical grade reagents. The Prussian blue deposition was carried
from the 1-M hydrochloric acid solutions of the iron(III) chloride and potassium
hexacyanoferrate(III) (Sigma-Aldrich). The concentrations of the applied solutions were experimentally adjusted. The stock 0.1 mol dm–3 standard of ascorbic
acid was prepared daily form the pure reagents of the Ascorbic Acid (PoCH,
Poland) to limit the storage time and avoid breakdown of the analyte. Working
standards of the ascorbic acid in 2–10 mmol dm–3 was prepared with an appropriate dilution of the stock standard with water.
2.2 Instrumentation and research methodology
Paper-based systems were prepared using Whatman Qualitative paper Grade
No. 1 as a support. Using solid ink printer (Xerox 8580DN) the patterns, which
design is presented on the Fig. 1, were printed and then heated in standard
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Fig. 1 The system design used during the
experiments. The Prussian blue was deposited
along the channel described with S = 5 mm
diameter, W = 3 mm, and L = 50 mm.

laboratory drier for 2 min in 120 °C. The heat treatment ensure the paper penetration with wax, causing that obtained barriers were fully impermeable for
aqueous solutions. In the next step, patterns were covered with Prussian blue. The
solutions used for Prussian blue deposition were mixed together equally just
before the introduction into the paper surface. The 25 µL of the mixture was
spread along the channel using the pipette, and soaked systems were left for the
deposition for 24 h. After that time, systems were washed with deionized water
and dried in the open air. The sample was placed in the S part of the system using
the pipette. For signal readout, the colored band length was measured using
conventional ruler.
3. Results and discussion
The first part of the work was devoted to examining the influence of the Prussian
blue amount deposited on the sensitivity and resolution of the created systems.
Because the distance-based detection uses the analyte consumption effect, as
a primary reason why the signals for different standard concentration are observed, the amount of the dye deposited in the channel has significant importance.
The decolorization occurs only in the zone where the sensing dye was able to react
with the reductant (in this contribution as a model reductant an ascorbic acid was
chosen). The amount of the Prussian blue deposited into the paper can be easily
controlled by the concentration of the iron(III) chloride and potassium hexacyanoferrate(III) solutions used for its fabrication. Higher concentrations provide
enhanced Prussian blue deposition, what is manifested with lower sensitivity but
the wider linearity of the calibration curves, as presented in Fig. 2.
As can be noticed from the Fig. 2, when the channel is modified with a high
amount of Prussian blue, the signals (measured distance) obtained for low concentrations of analyte are low, due to the high rate of the ascorbic acid oxidation at
the beginning of the channel. For diluted standards, a small amount (a mixture of
the 10 mM standards) of the dye is preferable, because it provides high sensitivity

34

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Fig. 2 The different sensitivity of the systems obtained using different concentrations of FeCl3 and
K3[Fe(CN)6] applied for Prussian Blue deposition.

and high measurement resolution. Form the other hand, for highly concentrated
samples, a significant amount of the dye (a mixture of 25 mM solutions) deposited
on the systems provide constant decolorization during the sample flow, thus
expanded calibration curves linearity can be observed, but also lower sensitivity
is noticeable. Based on the results the mixture of the 2.5×10–4 mol dm–3 of Fe3+ and
[Fe(CN)6]3– solutions was chosen as optimal for distance-based paper analytical
systems preparation. All further investigations will be conducted with the
Prussian blue deposited in this description.
The systems prepared using optimized conditions were used to record calibration curve for ascorbic acid. The obtained calibration curve is presented in
Fig. 3. The calibration shows good linearity in all respected range of ascorbic acid
applied. The system also is characterized by high reproducibility and facile signal
readout. The error bars represent the standard deviation for three-time repeated
measurements for the same standard solution.
4. Conclusions
In the course of these preliminary investigations, the fully working distance-based
microfluidic sensoric system was developed. The system allows ascorbic acid
determination in the millimolar range of concentrations with good reproducibility and accuracy. Moreover, due to its chemical properties, Prussian blue can
be used as hydrogen peroxide sensor. After the reduction into Prussian white form
it is sensitive to any oxidizing agent present in the sample. Using this property,
presented platform will be in the future reduced with ascorbic acid and then
modified with enzymes to provide high-selectively devices dedicated to the
specified analyte recognition. The oxidases generate the hydrogen peroxide
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Fig. 3 Calibration graph for ascorbic acid obtained under optimized conditions.

during its catalytic activity and show great potential to be involved in distancebased sensors development.
Distance-based detection shows excellent application possibility in the aspect
of the paper-based microfluidic systems due to its simplicity and device-free
readout. However, this kind of detection still requires an evaluation of the factors
influencing the signal generation, e.g., the geometry and deposited reagent
concentration.
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Abstract
This work deals with electrochemical detection of citalopram,
commonly used antidepressant. the comparison of two electrochemical techniques: cyclic voltammetry (CV) and staircase voltammetry (SCV) are presented. the measurement parameters, influencing
peak currents recorded using both studied technics, i.e. scan rate for
CV, and potential step and step time for SCV were verified and
examined. The research has shown that employing SCV technique
allowed to obtain larger calibration slope in comparison to CV, and
consequently better sensitivity of the analytical method. Employing
SCV instead of standard CV seems to provide better opportunities for
more sensitive electrochemical detection of organic compounds.

1. Introduction
Citalopram (Fig. 1) is known chemically as
(±)-1-(3-dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carbonitrile. It is a selective serotonin-reuptake
inhibitor and exhibits broad spectrum of
therapeutic activity against depressive
disorders [1]. Citalopram is one of the most Fig. 1 Chemical structure of citalopram.
commonly used antidepressants, hence there
is a great need to develop fast and reliable methods for its determination in
tablets, biological fluids or even in the environment. The application of
voltammetric techniques for this purpose could be very promising due to the low
cost of the apparatus, the simplicity, rapidity and high sensitivity of voltammetric
measurements [2].
Cyclic voltammetry (CV) is one of the most commonly used voltammetric
technique for analytical and mechanism of electrochemical reactions studies of
organic and inorganic compounds. Its effectiveness is limited by the charging
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current, always occurring due to the continuously changing potential. Staircase
voltammetry (SCV), the equivalent technique in the pulse version, allows to
separate the Faradaic current from the non-Faradaic and thus to eliminate the
charging current [3].
According to Randles-Sevcik equation (1) peak current depends only on one
measuring parameter: the speed of changing potential applied to the working
electrode, commonly known as a scan rate
Ip =kz3/2AD1/2v1/2c

(1)

where: Ip is peak current, k constant value, z number of electrons involved in the
redox process, A electrode surface, D diffusion coefficient, v scan rate, and c is
concentration of electroactive compound.
In cyclic voltammetry, potential is changed linearly, therefore scan rate does
not depend on any other parameters. During staircase voltammetric measurements, potential of working electrode is changed in the form of intervals, so-called
stairs, with a certain potential value (step potential) and the specified duration
(step time). Therefore, the scan rate in SCV technique is determined by these two
parameters [4].
The aim of this work was to compare two electrochemical technics: SCV and CV
in citalopram determination. For this purpose, the CV and SCV measurements at
different experimental conditions were carried out. The influence of experimental parameters on recorded signals was compared, particularly in terms of
analytical method sensitivity.
2. Experimental
2.1 Reagents and chemicals
The following reagents were used: MicroPolish Alumina suspension with grain
size 0.5 µm (Buechler, USA); potassium chloride 99.5% (Poch, Poland); sodium
nitrate 99.5% (Merck, Germany); nitric acid 65% (Merck, Germany); disodium
hydrogen phosphate 99% (Poch, Poland); sodium dihydrogen phosphate 99.5%
(Chempur, Poland); citalopram hydrobromide (LGC Standards, Canada); distilled
water derived from a HLP 5 system (Hydrolab, Poland).
2.2 Instrumentation
The voltammetric measurements were conducted with the M161 electrochemical
analyzer (Mtm-Anko, Poland). The EALab 2.1 software was used for data acquisition. The measurements were carried in three-electrode system in quartz vessel
of 5mL volume covered with a plastic cover with four holes that matched the size
of each electrode and an additional hole for adding standard solution. The role of
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Fig. 2 Voltammograms recorded for 10 µmol L–1 citalopram in phosphate buffer solution (pH = 8.00;
100 mmol L–1) using cyclic (solid line) and staircase voltammetry (dotted line) techniques.

working electrode played glassy carbon electrode consisting of 3 mm silver wire
covered by glassy carbon layer placed in teflon holder (MTM Anko M10X1). Silver
chloride electrode with double coat (Ag/AgCl, saturated KCl/2 mol L–1 NaNO3;
MTM Anko M6) was used as a reference electrode and platinum plate placed in
teflon holder was used as an auxiliary electrode. Also ultrasonic bath Sonic-3
(Polsonic, Poland) and magnetic stirrer MS 11 (Wigo, Poland) were used.
3. Results and discussion
According to Randles-Sevcik equation peak current recorded in cyclic voltammetric measurements depends on square root of scan rate. To confirm this
relationship cyclic voltammograms were registered using different scan rates:
12.5, 25, 50, 100, 200, 250 and 500 mV s–1. The measurements were conducted in
phosphate buffer solution (pH = 8.00; 100 mmol L–1) containing citalopram at
concentration of 10 µmol L–1 in potential range from 300 to 1100 mV. The example
of recorded CV voltammogram is presented in Fig. 2. As can be seen, citalopram
undergoes an irreversible oxidation process, therefore oxidation peak current
was taken as analytical signal in further stages of research. The obtained dependence of peak current in function of scan rate is presented in Fig. 3. As shown in
this chart, the correlation of peak current and square root of the scan rate assumed
the linear function, which is consistent with the Randles-Sevcik equation and
proves that the citalopram oxidation is a process controlled by diffusion [5].
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Fig. 3 Dependence of peak current in a function of square root of the scan rate obtained in cyclic
voltammetry measurements.

Fig. 4 Dependence of scan rate from step time (black points with solid line) or potential step (grey
points with dotted line) achieved in staircase voltammetric measurements.

To study the impact of the change in the potential step and step time on recorded
signal SCV voltammograms were registered using various values of the potential
step (1, 2, 3, 4, 6, 8, and 10 mV) and constant value of step time (40 ms).
Subsequently, one value of the potential step (8 mV) was selected and
voltammograms using different values of step time (8, 16, 20, 40, 80, 160 and 320
ms) were recorded (Fig. 4). The measurements were conducted in the same
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Fig. 5 Influence of potential step (grey points with dotted line) and step time (black points with solid
line) on registered peak current in staircase voltammetric measurements.

electrolyte solution as CV measurements were carried out with the corresponding
potential range and citalopram hydrobromide concentration. The graph presented in Fig. 4 proves the growing linear relationship between the potential step and
scan rate. With the increase of the potential step, the number of registered points
decreased, thus the scan rate grew up. Therefore, due to decreasing measurement
resolution, it is recommended to apply potential step not higher than 10 mV. If the
step potential is not higher than 8 mV, the SCV measurements correspond to the
CV technique [4]. For step time the reverse relationship was observed: the scan
rate decreased with the growth of the each step duration, which can be described
as inversely proportional relationship. Registered values of peak current for
different potential steps and step times are shown in Fig. 5. It can be seen that peak
current increased with the growth of potential step and decreased with growing of
step time. According to obtained correlations between scan rate and step
parameters it was observed that dependences of peak current on potential step
and step time were consistent with the Randles-Sevcik equation (1).
In order to verify the influence of applied voltammetric technique on citalopram calibration graphs measurements were performed using both CV and SCV
methods. For this purpose, the appropriate volumes of 1.0 mmol L–1 citalopram
solution were gradually added to the measuring vessel filled with 5 mL of
phosphate buffer solution (pH = 8.00; 100 mmol L–1), obtaining citalopram
concentrations of 0, 10, 20, 30, 40 and 50 µmol L–1. For both techniques,
measurements were conducted in potential range from 300 to 1100 mV and scan
rate equal 100 mV s–1. For SCV, potential step equal 8mV and step time 40 ms, was
applied, which correspond to mentioned scan rate value. For each analyte
concentration voltammograms were registered three times and peak current
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Fig. 6 Calibration graphs obtained from cyclic voltammetric (black points with solid line) and staircase voltammetric (grey points with dotted line) measurements conducted in phosphate buffer
solution (pH = 8.00; 100 mmol L–1) containing citalopram with potential range 300–1100 mV and
scan rate equal 100 mV s–1.

value was calculated as the average of performed repetitions. The peak current
was read from the maximum of the oxidation peak and then the value from base
voltammogram (registered for buffer solution) was subtracted. The results of this
experiment are presented in the Fig. 6. Both calibration graphs exhibit good
linearity, however estimated linear function achieved for SCV measurements is
characterized by a greater slope value than calibration graph obtained by CV
technique. The phenomenon may be related to the fact that SCV method
eliminates the charging current which is responsible for the high background in
CV method, especially disturbing at high potential values: the citalopram oxidation peak is recorded near to 900 mV, were noticeable increasing of background
current in CV measurements was observed (Fig. 2).
4. Conclusions
The conducted preliminary studies proved that staircase voltammetry can be
applied for electrochemical determination of citalopram instead of cyclic voltammetry. In SCV measurements scan rate, so also peak current, depends on potential
step value and step duration. Appropriate selection of these parameters allows for
the modification of the measurement resolution: higher potential step value
decreases number of recorded points and the resolution is descending. Thus, the
values of the step potential greater than 10 mV are not recommended in the
quantitative analysis. It was observed that SCV technique allowed to obtain
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calibration graph with a larger slope than using CV and so improved sensitivity of
determination. According to literature, also the point in the step duration, when
the current starts to be measured, seems to have significant impact on registered
value of peak current [3]. The investigation of this parameter’s impact on the peak
current would be an important part of further research.
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Abstract
Atherosclerosis can be described as narrowing the lumen of an artery
due to the build-up of plaque. Chemical composition of an atherosclerotic plaque strongly depends on its clinically important stability.
The aim of a study was elemental analysis of atherosclerotic plaque by
using inductively coupled plasma mass spectrometry (ICP-MS) and
creating the elemental distribution maps by using laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS). Elements such as Li, Mg, Ca, V, Mn, Fe, Co, Cu, As, Se, Rb, Sr, Ag, Cd, Pb were
successfully quantified, with the greatest content of typical calcification components: Ca and Mg. LA-ICP-MS analysis was performed
with no need of sample mineralization. Inhomogeneous distribution
of several elements was observed, again mainly in case of calcification
(Ca, Mg, Sr, P). Moreover, the influence of sample preparation was
stated. Lyophilisation enhanced analytes concentration, but also
caused the loss of several elements, such as Pb or S.

1. Introduction
According to statistical reports vascular diseases remain the first cause of death in
Poland, responsible for nearly 46% of deceases in 2013 [1]. That kind of decease is
usually associated with atherosclerosis, defined as narrowing the lumen of an
artery due to the build-up of plaque [2]. Atherosclerotic plaque is composed of
glycolipoprotein part and inorganic part, mainly calcium compounds [3]. The
most clinically important differentiation of atherosclerotic plaque distinguishes
two types: stable and unstable plaque [4]. Stable plaque has small lipid pool and
thick fibrous cap. It can grow in many years without any symptoms. In turn, bigger
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lipid pool and thinner fibrous cap in unstable plaque make it much more
vulnerable and easier to rupture. Chemical composition of a plaque can vary
depending on its stable or unstable character. Currently, there are no drugs
available to stabilize unstable atherosclerotic plaque [5]. However, it is important
to quickly diagnose the stability or instability of the plaque in order to decide
about surgery and to plan further treatment.
2. Experimental
2.1 Reagents and chemicals
Stock solutions were prepared by diluting ICP multi-element standard Merck VI
(Merck, Germany). Certified Reference Materials (CRM) were used: MODAS-4,
cormorant tissue (MODAS, Poland), MODAS-3, herring tissue (MODAS, Poland),
NIST 1577c, bovine liver tissue (NIST, USA). For sample mineralization 65% nitric
acid, analytical grade, was used (Merck, Germany). Samples and standards were
diluted with deionized water obtained by Milli-Q System (Merck, Millipore,
Germany).
2.2 Instrumentation
The measurement were carried out using inductively coupled plasma mass
spectrometer NexION 300D (Perkin Elmer, USA). Laser ablation was performed
with LSX-213 (Cetac Technologies, USA). Instruments conditions are presented in
Table 1. Sample lyophilisation was executed with Liofilizator Alpha model 1-2
LDplus (Donserv, Germany).
Table 1
Laser ablation inductively coupled plasma mass spectrometry and inductively coupled plasma mass
spectrometry instrumentation conditions.

Sample introduction system
Number of ablation lines
Laser energy / mJ
Laser shot frequency / Hz
Spot size / μm
Scan rate / μm s–1
Plasma power / W
Carrying gas (Ar) flow / dm3min–1
Dwell time / ms
Shutter delay / s

LA-ICP-MS

ICP-MS

LSX-213 (CETAC)
5
2.5
20
100
50
1400
0.9
5
30

Meinhard nebulizer
–
–
–
–
–
1350
0.8
50
–
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Fig. 1 Scheme of used analytical procedure.

2.3 Analytical procedure
Scheme of the analytical procedure is presented in Fig. 1. Atherosclerotic plaque
taken intraoperatively from the patient’s femoral artery was divided into two
pieces (Plaque 1 and Plaque 2). The first piece remained unchanged (Plaque 1)
and the second (Plaque 2) was lyophilized (temperature: –15 °C, pressure: 1 mbar,
time: 6 h). A half of lyophilized material (Plaque 2a) was treated with microwaveassisted mineralization in the closed system (65% HNO3, 220 °C) and analysed by
using inductively coupled plasma mass spectrometry (ICP-MS). The unchanged
piece (Plaque 1) and the second half of lyophilized sample (Plaque 2b) were
analysed by using laser ablation inductively coupled plasma mass spectrometry
(LA-ICP-MS). After laser ablation it is still possible to mineralise the sample and
that is why Plaque 2b could be transferred to the solution and also analysed by
ICP-MS.
3. Results and discussion
In order to estimate total elemental content in atherosclerotic plaque, the
screening ICP-MS method was used. Preliminary screening analysis relies on mass
spectrum registration in a wide range mass to charge ratio. Then, the results are
interpreted by using mathematical algorithm with automatic correction for
typical isobaric and multielemental interferences. Registered signal intensities
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Fig. 2 Laser ablation inductively coupled plasma mass spectrometry screening method results for
two samples of atherosclerotic plaque.

are compared with available table of results for each element and presented as
approximate concentrations.
Results obtained by using ICP-MS screening method are presented in Fig. 2.
Preliminary testing allowed to narrow down the list of elements designed for
further quantitative analysis by external standard calibration. The results were
referred to CRM in order to prove the reliability of the method. Chosen elemental
content in atherosclerotic plaque is presented in Table 2 (next page). Elements
such as calcium (above 10% of plaque dry matter) or magnesium (above 0.1%)
can be considered as typical components of calcified plaque areas. Significant iron
content (above 0.01%) comes probably from the rest of morphotic component of
the blood. Apart from these elements, quantitative results for cobalt, copper, lead
and cadmium were achieved that may be a starting point for investigation about
metal accumulation in atherosclerotic plaque.
Direct analysis of elemental distribution in atherosclerotic plaque was performed using LA-ICP-MS. Linear laser ablation was chosen in order to obtain the
information of elemental content on sample surface. Signals reconstruction
allowed visualising elemental distribution in chosen area (1.35 mm2) of a plaque
(Fig. 3, page 49). For each element, signal intensities were normalised and
presented as percent of maximum signal intensity. Most of the elements are
inhomogeneously distributed, particularly characteristic components of calcification (Ca, Mg, Sr, P). A correlation between high content of these elements can be
observed in the maps. It is worth mentioning that phosphorus not only is the
component of calcified parts, but also it occurs in phospholipids. Additionally,
phosphates may be not the only anions in calcification.
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LOD
LOQ

0.012 15
0.016 15

126672
0.9

Plaque 2b 0.024 1819
CV / % 3.1
0.8

Ca
230361
3.8

Mg

3454
0.6

Li
1.39
2.0

Mn

0.02
0.02

0.09
0.13

<LOD <LOD
2.6
0.7

4.86
5.2

V

Quantification / mg kg–1 dry matter

Plaque 2a <LOD
CV / % 644

Sample

4.7
7.6

485.3
0.7

1179
2.0

Fe

0.003
0.005

0.287
1.4

0.206
4.8

Co
1.01
6.4

As
0.986
14.5

Se

1.07
1.76

0.21
0.25

0.018
0.029

<LOQ <LOD 0.251
1.1
1.0
5.0

5.65
4.3

Cu

0.196
0.210

0.206
1.2

0.668
18.2

Rb

0.2
0.2

39.8
1.5

53.5
1.5

Sr

0.024
0.037

< LOD
4.8

0.097
112.6

Ag

0.003
0.004

0.059
0.5

0.397
3.6

Cd

0.062
0.079

0.928
0.9

2.088
1.8

Pb

Table 2
Chosen elemental content in atherosclerotic plaque quantified by using external standard method (CV – coefficient of variation,
LOD – limit of detection, LOQ – limit of quantitation).
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Fig. 3 Elemental distribution maps of chosen elements in atherosclerotic plaque with no preparation
(Plaque 1) and in lyophilized sample (Plaque 2b) performed by using laser ablation inductively
coupled plasma mass spectrometry

Multielemental composition of an atherosclerotic plaque from heart vessels
was performed for the first time by Zhuravskaya et al. in 2016 [6]. Authors used
synchrotron radiation–induced X-ray fluorescence (SRXRF) method and also
stated the correlation between calcium and strontium distribution, as in
presented research. Moreover, in the cited study [6], the association between
calcium, zinc and iron was observed.
Sample preparation was considered as an important factor influencing LA-ICPMS measurements. Lyophilisation has many advantages, such as increasing
stability and inhibition of metabolic processes [7]. There are reports that lyophilisation preserves tissue cellular structure [8, 9]. Concentration of the analytes
increases after removing water that make it possible to determine trace contents.
However, there are also some limitations of the process, among others being
a consequence of sample specificity. Atherosclerotic plaque is composed of
cellular rests rich in water, but it contains also lipid pools and calcification with
much lower water contribution. For such inhomogeneous samples, results
calculated as percent of dry matter may not be the best way of measurement data
presentation. The second considerable drawback of lyophilisation observed
during the preliminary research was losing the information about several elements (mainly sulphur and lead). Average signal for these elements was much
lower for lyophilized sample in comparison with unprepared samples that is in
opposition to normally observed effect of increasing content after removing
water.
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4. Conclusions
Atherosclerotic plaque analysis by using mass spectrometry techniques is complementary in relation to histological examination that provides only the
information about cellular composition of the sample. ICP-MS method gives
a possibility to analyse elemental content and its combination with laser ablation
allows visualizing superficial distribution of many elements. Inhomogeneous
distribution of several elements was observed mainly in case of calcification (Ca,
Mg, Sr, P) that can become an important tool in atherosclerotic plaque differentiation. The influence of sample preparation was stated, seeing that lyophilisation
enhances analytes concentration, but also causes the loss of several elements,
such as Pb or S. Presented study can be a good starting point for further research
leading to chemical differentiation of atherosclerotic plaque in clinical practice.
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Abstract
In this study herbicide difenzoquat is determined by differential pulse
voltammetry at a mercury meniscus modified silver solid amalgam
electrode. The optimal medium for the determination is BrittonRobinson buffer pH = 11.0. At this pH difenzoquat gives one cathodic
signal at –1.33 V (vs. Ag|AgCl|3M KCl reference electrode). An addition
of a few drops of gelatin as a surface-active compound greatly improves repeatability of determination of difenzoquat and removes sharp
maxima in voltammograms. Under these conditions it is possible to
achieve limits of quantitation in submicromolar range.

1. Introduction
Recently, there has been a decrease in the use of mercury electrodes caused by the
fear of its toxicity that prompted research of novel electrode materials with similar properties. Mercury electrodes are generally considered as the best for studies
of reducible substances. Non-toxic amalgam electrodes proved to be a worthy
replacement of mercury electrodes with similarly wide potential window, comparable sensitivity and they also offer advantage of better mechanical stability [1].
They were introduced by Novotny and Yosypchuk [2] and since then they have
been widely used for voltammetric determination of various organic compounds,
environmental pollutants and pesticides [3–7]. A mercury meniscus modified
silver solid amalgam electrode (m-AgSAE) is
considered to be the most similar to a mercury
electrode with its wide potential window and
high sensitivity [8].
The analyte in this study is a herbicide
difenzoquat (Fig. 1), a quaternary ammonium
salt, usually distributed as 1,2-dimethyl-3,5diphenyl-pyrazolium methyl sulfate. This Fig. 1 Structural formula of difenzoquat
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herbicide is used for wild oat (Avena fatua) control in barley and wheat. It bears
almost no acute or chronic threat to avian, water or mammalian species [9]. This
compound was studied by electrochemical methods at mercury electrodes with
either pure organic or mixed solvents and the determination was unsuccessful in
aqueous media [10, 11]. In this work, a studied herbicide difenzoquat has been
determined by differential pulse voltammetry at m-AgSAE in aqueous medium.
2. Experimental
2.1 Reagents and chemicals
A stock solution of difenzoquat (1 mmol L–1, 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, CAS number: 43222-48-6, 99.9% from Sigma Aldrich) was
prepared in deionized water. Britton-Robinson buffers were prepared by mixing
0.04 mol L–1 phosphoric, acetic, and boric acid with 0.02 mol L–1 sodium hydroxide
(all p.a., Lach-Ner).
2.2 Instrumentation
All voltammetric measurements were carried out on Eco-Tribo Polarograph
controlled by Polar Pro 5.1 software (both Polaro-Sensors, Czech Republic).
Voltammetric measurements were carried out in a three-electrode system with
working m-AgSAE (0.5 mm diameter, Eco-Trend Plus, Czech Republic),
Ag|AgCl|3 mol L–1 KCl reference electrode (Elektrochemicke detektory, Turnov,
Czech Republic) and a platinum wire auxiliary electrode (Eco-Trend Plus, Czech
Republic). Samples for voltammetric measurements were prepared by measuring
an appropriate amount of the stock solution of difenzoquat into a 10.0 mL
volumetric flask, two drops of 0.5% gelatin solution were then added and the
volumetric flask was filled with Britton-Robinson buffer pH = 11.0 to the mark.
The solution was purged with nitrogen for 5 min and corresponding voltammogram was recorded. The purging was repeated for 30 s before every single
measurement. Working m-AgSAE was pre-treated as described in [12]. The
m-AgSAE was activated before every series of measurements by applying
potential –2.2 V for 300 s in 0.2 mol L–1 KCl. differential pulse voltammetry parameters were: scan rate 20 mV s–1, pulse width of 100 ms, pulse amplitude –50 mV,
and sampling time 20 ms.
3. Results and discussion
Voltammetric response of difenzoquat was investigated in the Britton-Robinson
buffer. Reduction at m-AgSAE was observed only at pH = 8.0 and more alkaline
buffer solutions; in neutral and acidic pH the reduction response coincided with
the hydrogen evolution. The potential of reduction was constant at –1.33 V in the
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Fig. 2 Differential pulse voltammograms of difenzoquat (0 (1); 2 (2); 4 (3); 6 (4); 8 (5); and 10 (6)
μmol L–1) at m-AgSAE in Britton-Robinson buffer pH = 11.0 medium in the presence of gelatin
(25 µg mL–1). The calibration curve is shown in the inset.

pH range 8.0–12.0. The peak current response did not significantly change in the
pH range 10.0–12.0 and the value in the middle of this range pH = 11.0 was chosen
as optimal for the voltammetric determination of the compound. A few drops of
gelatin were added to the measured solution because it eliminated some sharp
maxima that were observed in voltammograms at more negative potentials than
the reduction peak. Under these conditions it was possible to measure 20 curves
with good reproducibility after the activation of m-AgSAE without any regenerating step in-between measurements.
Difenzoquat was at first successfully determined in the Britton-Robinson
buffer with the addition of two drops of 0.5% gelatin solution. Voltammetric
curves and a calibration dependency for the concentration range 2–10 μmol L–1
are shown in Fig. 2. Difenzoquat was also determined in real matrices (drinking
and river water) spiked with concentrated difenzoquat solution and in the presence of 10% Britton-Robinson buffer of pH = 11.0 and the surface-active
compound gelatin. Parameters of calibration curves for the linear dynamic range
of the method are summarized in Table 1. At higher concentrations of the
Table 1
Calibration straight line parameters for differential pulse voltammetry determination of difenzoquat in linear dynamic range of 0.2–10 µmol L–1 at m-AgSAE in various matrices using BrittonRobinson buffer pH = 11.0 as a supporting electrolyte and after the addition of gelatin (25 µg mL–1) to
suppress observed maxima.
Matrix

Slope / mA L mol–1

Intercept / nA

R

LOQ / µmol L–1

Deionized water
Drinking water
River water

–1.78±0.05
–2.14±0.04
–1.59±0.06

+0.13±0.15
–0.36±0.14
–0.55±0.09

–0.9978
–0.9983
–0.9946

0.46
0.34
0.47
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herbicide (more than 10 µmol L–1) slopes of the concentration dependencies were
significantly different (lower) in case of all matrices.
4. Conclusions
The herbicide difenzoquat was successfully determined by differential pulse
voltammetry at the m-AgSAE in the Britton-Robinson buffer buffer solution
(pH = 11.0) and in real matrices of drinking and river water with limits of quantitation in submicromolar range. An addition of gelatin eliminated some sharp
maxima that were present in aqueous medium.
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Abstract
Ammonia based selective catalytic reduction systems are the most
widely used technology for reduction of nitrogen oxide emissions
from lean-burn engines such as diesel engines. However, at low
exhaust temperatures the selective catalytic reduction process is
limited by difficulties in decomposition of the ammonia precursor
urea, which is carried on-board using an aqueous solution “AdBlue”. In
previous work the nickel species NiOOH was shown to be catalytically
active in decomposing urea at low temperatures, for the case of highly
concentrated potassium hydroxide in AdBlue. Since this approach is
difficult to apply in practice, in the present study the electrochemical
behaviour of a nickel surface in ammonium carbonate was compared
to that in sodium hydroxide using cyclic voltammetry. It was found
that the electrochemical behaviour changes significantly when
changing the electrolyte.

1. Introduction
In order to counteract environmental air pollution, legislation worldwide increasingly limits the permitted amounts of exhaust gases from internal combustion
engines. Nitrogen oxides (NOx), meaning the sum of nitrogen monoxide NO and
nitrogen dioxide NO2 have attracted attention in recent years in connection with
the discussions about the diesel-engine’s NOx emissions. In contrast to gasoline
engines, diesel engines are in general operated with a lean combustion mixture,
meaning that a stoichiometric excess of oxygen compared to the amount of fuel is
present inside the combustion chamber [1]. For this case, the on-board chemical
reduction of NOx is a complex process due to undesired reactions of exhaust’s
potential reducing agents (unburned hydrocarbons, carbon monoxide) with the
oxygen present in the lean exhaust gas. Therefore, vehicles operated by diesel
engines require an additional technology for reduction of NOx emissions since the
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introduction of the EURO VI standard. Besides the lean NOx-trap catalyst, which is
mainly used for light duty applications, the selective catalytic reduction process is
the most commonly used technology for elimination of NOx emissions from lean
exhaust gas [2]. The selective catalytic reduction process requires ammonia as
external reducing agent and must be carried on-board as additional operating
material. However, as ammonia is a toxic gas at ambient conditions, the reducing
agent is carried on-board in form of the precursor urea. Therefore, urea as 32.5%
by mass solution in water (“AdBlue” or “DEF”) is used as external reducing agent.
The process of NOx reduction is thus preceded by the process of urea decomposition to ammonia. While modern SCR catalytic coatings reach 90% NOx reduction
at exhaust temperatures of 165 °C [2], for the case of available ammonia, the
decomposition of urea to ammonia requires temperatures of at least 180–190 °C
even when applying a hydrolysis catalyst (e.g., TiO2) [3]. Since modern diesel
engines have become more and more efficient over the last years, a decline of
exhaust temperature could be observed concurrently [4]. Hence, in case of lowload driving like in city traffic, the decomposition process of urea to ammonia
limits the applicability of the overall selective catalytic reduction system. Consequently, methods enabling preparation of ammonia at lower temperatures would
reduce NOx emissions of diesel vehicles at low exhaust temperatures [5].
One electrochemical approach for decomposing urea in the liquid phase at low
temperatures was presented by Lu et al. [6]. In their study they showed that
a nickel-based electrode was able to increase the rate of ammonia generation by
a factor of ~28 in comparison to the thermal hydrolysis of urea at a temperature as
low as 70 °C. The investigations were carried out in AdBlue containing 7 M KOH. In
a further publication the same authors presented mechanistic studies on this
electrochemically induced conversion of urea to ammonia [7]. They concluded
that nickel oxyhydroxide, NiOOH is the species catalytically active in the decomposition of urea on the nickel surface [8]. However, since all these studies were
carried out in urea solutions containing potassium hydroxide at relatively high
concentrations, the experiments represent an approach which is difficult to
implement in practice. The most desirable approach in terms of practicability
would be to use AdBlue without any additives or in general without changing its
composition. Along with the decomposition of urea in aqueous solution, the
evolution of carbon dioxide takes place in addition to the formation of ammonia. If
the reaction is carried out in aqueous solution, an ammonium carbonate solution
is formed by dissolution.
Because of that, in this study the electrochemical behaviour of a nickel
electrode in ammonium carbonate solutions was investigated by cyclic
voltammetry studies and compared to the behaviour of the nickel electrode in
sodium hydroxide solution.
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2. Experimental
2.1 Reagents and chemicals
Sodium hydroxide, purity “p.a.”
was purchased from Merck. Ammonium carbonate, purity “pure
food grade” was purchased from
AppliChem. Millipore water was
used throughout the experiments.
2.2 Instrumentation
A laboratory-made nickel-disc
electrode was used in the experiments. A nickel wire (diameter
0.5 mm) was embedded into the tip
of a glass pipette, using epoxy resin.
For the cyclic voltammetry studies Fig. 1 Schematic setup of the electrochemical cell
configuration.
a three electrode configuration
was applied consisting of the working electrode (nickel disc) which was polished before each experiment, the auxiliary electrode (platinum wire) and the reference electrode (Ag/AgCl/3 M KCl).
The schematic setup is shown in Fig. 1.
A 797 VA Computrace of Metrohm was used as potentiostat. To enable cyclic
voltammetry experiments at elevated temperatures, a reaction vessel with
a thermostat jacket and a Haake D8 thermostat were used. To keep the reference
electrode at a constant temperature and thereby enable comparability of the
potentials in the different experiments, the reference electrode was placed in an
external compartment, connected to the reaction vessel via a salt bridge filled
with 3 M KCl. The experiments were performed with the following voltammetric
parameters: sweep rate: 50 mV s–1, voltage step: 0.001 V, number of sweeps: 30.
3. Results and discussion
Since signals in the cyclic voltammograms of ammonium carbonate were growing
during the experiments, cyclic voltamograms in both electrolytes were repeated
30 times and the 30th sweep of each experiment is shown in Figs. 2 and 3. First, the
behaviour of the nickel electrode in sodium hydroxide solutions of different
concentrations (0.1 M, 0.5 M, 1.0 M, 2.0 M and 4.0 M) was investigated at 25 °C and
40 °C. The results of each cyclic voltammetry experiment are shown in Fig. 2.
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Fig. 2 Cyclic voltammograms of a nickel-disc electrode (d = 0.5 mm) in sodium hydroxide solutions of
various concentrations, left: at 25 °C, right: at 40 °C.

Fig. 3 Cyclic voltammograms of a nickel-disc electrode (d = 0.5 mm) in ammonium carbonate solutions of various concentrations, left: at 25 °C, right: at 40 °C.

As can be seen for all investigated concentrations, at 25 °C and 40 °C there is
a signal of oxidation and reduction for the nickel surface. According to literature
the process can be attributed to the oxidation of Ni2+ to Ni3+ [9] by
Ni(OH)2 + OH– → NiOOH + H2O + e–

(1)

thereby forming NiOOH which was shown to be catalytically active concerning the
decomposition of urea [7].
In the next step the cyclic voltammetry experiments were carried out in ammonium carbonate solutions of different concentrations (0.1 M, 0.5 M, 1.0 M, and
2.0 M). The experiments were again carried out at 25 °C and 40 °C. The results of
these experiments are shown in Fig. 3.
Regarding the 0.1 M ammonium carbonate solution, two oxidation signals at
potentials of about 0.9 V and 1.1 V and one reduction signal at about 0.65 V were
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found in the cyclic voltammetry experiments for both temperatures. The reduction signal was of similar size as the oxidation peak at 0.9 V. The oxidation, as well
as the reduction, signals were growing with the number of sweeps during the
experiment, meaning the signals did not reach a steady state even after the
recording of 30 cyclic voltammograms. As can be seen, the intensity of the signals
at 0.65 V and 0.9 V was most pronounced in the experiments with low ammonium
carbonate concentrations. In the experiments with 0.5 M, 1.0 M and 2.0 M
ammonium carbonate at 25 °C and 40 °C, these signals were much weaker. This
finding was additionally confirmed by an experiment with a 0.05 M ammonium
carbonate solution. Literature indicates that these signals could be related to the
transition Ni2+/Ni3+ [10]. However, as visible in Fig. 3 the intensity of the second
oxidation peak increased by increasing the ammonium carbonate concentration,
which can be an indication that the oxidation peak at about 1.1 V is due to the
oxidation of ammonia on the nickel surface [10]. Besides the experiments shown
in Fig. 3, the cyclic voltammetry experiment with 0.1 M ammonium carbonate was
also carried out with the upper vertex potential being 1.0 V instead of 1.4 V. In this
case the signals at 0.65 V and 0.9 V could not be detected. This observation shows
that this process cannot proceed independently of processes occurring at
potentials >1.0 V. One possible explanation might be a local acidic pH shift at the
nickel electrode, which is associated with the formation of oxygen at high
potentials with progressing experiment.
4. Conclusions
The presented results show that the behaviour of the nickel electrode studied by
cyclic voltammetry experiments changes significantly by changing the electrolyte
from sodium hydroxide to ammonium carbonate. Oxidation of the nickel surface
might also occur in the ammonium carbonate solutions. However, further detailed
studies are necessary. Experiments with urea dissolved in sodium hydroxide as
well as ammonium carbonate solutions are planned in order to evaluate possible
interactions between the species formed on the nickel surface and urea.
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Abstract
A fluorimetric method for simultaneous determination and quantification for of the synthetic food azo dyes Sunset Yellow (E110) and
Ponceau 4R (E124) in soft drinks is proposed, which is characterized
by high sensitivity and selectivity. These dyes are widely used in soft
drinks, as they have a bright and attractive orange color. For determination of the dyes in beverages the working conditions for the analysis
were selected: excitation wavelength is 330 nm, logging interval is
from 350 to 500 nm for Ponceau 4R; the excitation wavelength is
250 nm, logging interval is from 280 to 450 nm for Sunset Yellow. The
possibility of simultaneous determination of two dyes of a red shade
in a mixture is proved, as well as the repeatability of measurements of
food azo dyes determination in non-alcoholic beverages by fluorimetric and spectrophotometric methods of analysis.

1. Introduction
The most frequently used of synthetic food colours is the group of azo dyes [1],
which is characterized by the presence of one or more azo groups –N=N– in the
molecule. Unfortunately, azo dyes are often potential carcinogens [2].
“Ponceau”, identical to “Crimson” (food additive E124) is a dye of synthetic
origin, which exhibiting a red colour [3]. Sunset Yellow (food additive E110) is
used to coloration of many products in orange colours [4]. A mixture of synthetic
dyes E110 and E124 is often used to produce caramel shades in the production of
fruit fillings “Rowan with cognac” and soft drinks “pear”.
Feketea et al. [5] commissioned by the Food Standards Agency of the United
Kingdom (FSA) conducted studies that showed that the use of products containing
azo dyes leads to increased hyperactivity and reduced attention concentration in
children.
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This encouraged us to develop rapid, inexpensive and accurate methods to
determination of dyes in food as an urgent task for solving problems of quality
control and food safety. To date, many analytical methods are used to analyze the
synthetic dyes [6]: chromatographic, spectrophotometric, electrochemical and
capillary electrophoresis. But among the listed methods of determination of
several dyes in a mixture is possible only with the help of expensive and time
consuming chromatographic methods.
In the literature, there are also references concerning the application of the
fluorimetric method for the determination of dyes [7, 8]. However, despite
a number of merits of fluorimetric analysis, such as high sensitivity, a wide range
of detectable concentrations, simplicity of instrumentation, the application of this
method to dye studies has not been paid enough attention.
The aim of this research was to develop a fluorimetric technique for the simultaneous determination of synthetic food dyes Ponceau 4R (E124) and Sunset
Yellow (E110) in a mixture in model solutions and non-alcoholic beverages. As
a comparison method, a spectrophotometric analysis method was used.
2. Experimental
2.1 Reagents and chemicals
Work solutions of the dyes Ponceau 4R and Sunset Yellow (c = 10.00 mg dm–3)
were prepared using a reference substance of dye with 95% purity. Soft drinks
were chosen as the main target of the research for the determination of synthetic
food colors of Ponceau 4R (E124) and Sunset Yellow (E110): “Japanese pear”,
manufacturer of TM Irbis, Russia, Novokuznetsk; “Mirinda”, manufacturer of
PepsiCo, Spain; “Irn-Bru” (Iron brew), manufacturer of A.G. Barr p.l.c., Scotland.
2.2 Instrumentation
The investigations were carried out on a Fluorat-02-Panorama Fluid Analyzer.
The principle of the analyzer is based on measuring the intensities of the light
fluxes from the object under investigation, which arise under the action of exciting
optical radiation of the selected spectral range and recorded by the optical
receivers of the device.
Spectrophotometric determination of Ponceau 4R and Sunset Yellow in
beverages was carried out using the Agilent Technology Cary 60 UV-Vis spectrophotometer. The quantitative concentration of E124 and E110 dyes in the beverages studied was determined using a calibration curve of the dependence of the
optical density of beverage solutions on the concentration of standard dye
solutions. Sample preparation of the beverages for spectrophotometric determination was carried out in accordance with GOST P 52470-2005 “Food products.
Methods for identification and determination of the mass concentration of
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Fig. 1 Synchronous scanning of a mixture of azo dyes (c = 10 mg dm–3, V = 3 ml) with a monochromator displacing 60 nm: E110 – Sunset Yellow, E124 – Ponceau 4R, and water.

synthetic dyes in alcohol products” and GOST P 52671-2006 “Food products.
Methods for identification and determination of the mass concentration of
synthetic dyes in caramel”.
2.3 Sample preparation
The sample preparation of the beverages studied consisted of diluting the initial
sample 1:100 with distilled water, which made it possible to get rid of the harmful
influence of other components in the beverages. The quantitative concentration of
the test dyes in the samples of soft drinks was determined using a calibration
curve of the dependence of fluorescence signal intensity on the concentration of
the dye, which was constructed using standard solutions.
3. Results and discussion
At the first stage of the work, the dyes Sunset Yellow (E110) and Ponceau 4R
(E124) were synchronously scanned in order to search for all potential excitation
wavelengths at which the dye luminescence process is possible [9]. The investigation showed that the highest signal intensity is observed at an excitation
wavelength of 330 nm for Ponceau 4R and 250 nm for the Sunset Yellow. In this
regard, the synchronous scanning mode was subsequently used as the major
mode for simultaneous identification of two dyes E110 and E124 in the
mixture (Fig. 1).
With the benefit of the addition option of fluoride-02-Panorama is “Analysis of
a multicomponent mixture”, mixtures of two dyes Ponceau 4R and a Sunset Yellow
in different splits were investigated (Table 1). As the Table 1 shows, using fluorimetric analysis, it is possible to quantitatively determine synthetic food dyes in
a mixture without constructing a calibration curve with a single standard solution
of each dye in the mixture.
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Table 1
Fluorimetric analysis of the simultaneous determination of dyes E110 – Sunset Yellow and
E124 –Ponceau 4R (ctotal = 10 mg dm–3).
Dyes ratio (Е110:Е124) cadded / mg dm–3

cassay / mg dm–3

3:1
1:3
3:3

8.00:2.20
3.58:7.22
5.45:4.43

7.50:2.50
2.50:7.50
5.00:5.00

Fig. 2 Luminescent spectrums of aqueous solutions of dye standards (c = 10 mg dm–3): E110 – Sunset
Yellow, E124 – Ponceau 4R, and water.

It can be seen from Fig. 2 that a maximum of fluorescence is observed at a detection wavelength of 420 nm for Ponceau 4R and 347 nm for a Sunset Yellow. The
obtained wavelengths are used as operating fluorescence wavelengths to
determine the dyes in the test beverages.
To determine the dyes to be studied in beverage samples, a series of standard
dye solutions of various concentrations were prepared using a calibration plot
and the fluorescence intensity of dyes under the same conditions was measured.
According to the calibration graph in the concentration range from 0.10 to
1.00 mg dm–3 with regression equation for Sunset Yellow (E110)
I = 0.0442 x + 0.1478
R2 = 0.9919

(1)

and for Ponceau 4R (E124)
I = 0.0355 x + 0.0081
R2 = 0.9922

(2)
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Fig. 3 Absorbance spectrums of aqueous solutions of dye standards (c = 10 mg dm–3): E110 – Sunset
yellow, E124 –Ponceau 4R, and water.

a quantitative determination of the dyes in non-alcoholic beverages has been
carried out. As a comparison method, a spectrophotometric method for the
analysis of synthetic food dyes was used.
To determine the wavelength corresponding to the maximum of absorptivity,
the spectrums of standard solutions of the Sunset Yellow and Ponceau 4R and the
research beverages were recorded in the wavelength range 400–650 nm (Fig. 3).
From the figure becomes obvious that the absorption maximum, both for the
standard solution and for the test beverage, corresponds to the Sunset Yellow is
482 nm, and for the Ponceau 4R is 505 nm, which corresponds to GOST R and
literature [10].
For the quantitative determination of food dyes in the research samples of
beverages, the calibration curve for the dependence of the optical density of the
solution on the concentration of standard solutions E110 and E124 at a wavelength of 482 nm and 505 nm, respectively, was constructed. The calibration graph
is linear in the concentration range 1.00–10.00 mg dm–3 with the regression
equation for Sunset Yellow (E110)
A = 0.0579 x + 0.0923
R2 = 0.9972

(3)

and for Ponceau 4R
A = 0.0391 x + 0.0827
R2 = 0.9995

(4)

The results of the determination of the synthetic food dyes of the Sunset Yellow
and Ponceau 4R in soft drinks by two methods of analysis are presented in Table 2.
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Table 2
Results of the determination of the E110 –Sunset Yellow and E124 –Ponceau 4R in soft drinks by
fluorimetric and spectrophotometric methods of analysis (n = 3, p = 0.95, ttable = 4.3).
Soft drink

Dye

Fluorimetric method

Spectrophotometric method

cdye/ mg dm–3

sr

cdye/ mg dm–3

sr

0.02
0.01
0.03
0.02

44.78±1.86
30.03±0.03
–
–

0.03
0.02
–
–

“Mirinda”
E110 45.29±1.42
“Japanese pear” E124 30.05±0.09
“Irn-Bru”
E110 21.18±0.07
E124 17.08±1.06

tcalc.

1.37
1.41
–
–

From the table it is seen that the repeatability measurements of fluorimetric and
spectrophotometric analysis is appeared. Besides, it was found that the concentration of dyes in all samples of beverages studied does not exceed the permissible
norm of 50 mg dm–3.
4. Conclusions
The investigations carried out show the possibility and usefulness of fluorimetric
method for the simultaneous analysis of qualitative and quantitative determination of synthetic food dyes Sunset Yellow (E110) and Ponceau 4R (E124) in
a mixture in soft drinks without using complex and prolonged sample
preparation. Compared to the spectrophotometric analysis for the determination
of dyes in food products, the fluorimetric analysis are characterized by higher
sensitivity, selectivity and simple sample preparation, and also allows the simultaneous detection of two dyes of red shades in the mixture.
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Abstract
Adhesion to the capillary surface and uncontrolled aggregation of
bacterial cells is a significant drawback of capillary electrophoresis. In
our study, the influence of the Lactococcus lactis surface modiﬁcation
by zinc ions at different concentration was determined. Results of the
study indicated that using a Zn2+ caused the uncontrolled aggregation
of bacterial cells and new peaks of microbial agglomerates were
observed in the electropherogram. Capillary electrophoresis was performed in an isotachophoretic mode using Tris + boric acid + hydrochloric acid (inlet) and Tris + boric acid (outlet) buffers at pH = 7.3 and
8.0, respectively. In addition, data from fluorescence microscopy
pointed out if capillary electrophoresis does not cause the death of
microbial cells but only their damage. Therefore, CE may be a potential method for evaluating the aggregation activity of different types of
metal ions against microbial cells.

1. Introduction
Nowadays, the use of capillary electrophoresis (CE) for the analysis, identification,
and characterization of different types of microorganisms has received much
attention. This technique has been found to provide many advantages such as high
separation efficiency, short analysis time or the possibility of direct analysis of
biological samples [1, 2]. There is a few examples of the CE use for the determination of bacterial pathogens [3], yeast cells [4] or various types of viruses [5].
Unfortunately, this analytical method has limitations such as uncontrolled
aggregation of bacterial cells and their adhesion to the capillary surface [6].
Microorganisms are often consider as a biocolloids, mainly due to the complex
structure of their cell wall, and the understanding of the electrophoretic process is
more complicated for such a particles. The cell wall composition is characteristic
for various types of bacterial species, they have different content of proteins,
phospholipids, polysaccharides or another organic components [7]. All compounds present in the bacterial cell wall structure strongly affects the surface
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charge of microorganisms. It can be explained by the presence of many functional
groups undergoing the protonation process. Therefore, it is important to develop
a method allowing to eliminate the aggregation and adhesion problem. Some
research groups have proposed the addition of poly(ethylene oxide) to the buffer
solution [8, 9] which functioned as a focussing agent. Another approach is capillary surface modification by the chemicals such as divinylbenzene or trimethylchlorosilane acrylamide [10, 11]. Recently, the new approach was suggested; it is
based on the modification of the bacterial surface by specific divalent metal ions
such as, e.g. calcium [12]. Application of this method may result in the controlled
aggregation of microorganisms cells. Although several surface modifications by
calcium ions have been evaluated for the separation of microorganisms [12], there
is a lack of papers described bacteria surface modification via another types of
divalent metal ions, e.g. zinc ions. Therefore, understanding the influence of different ions on microorganisms surfaces and their potential use for further
modifications, is pivotal for analytical chemistry. Such a problem led our research
group to the main task of the conducted experiment. The main aim of this study
was to investigate the electrophoretic behavior of lactic acid strain of Gram(+)
Lactococcus lactis during CE analysis and to examine the influence of Zn2+ ions at
different concentration on the bacterial cells aggregation. Additionally, the
viability of Lactococcus lactis before and after CE analysis by using fluorescence
microscopy was performed.
2. Experimental
2.1. Sample preparation for CE analysis
The required number of cells in 1 mL of the suspension was achieved by the serial
dilution. The bacterial pellet were then suspended in the solution of zinc nitrate at
1, 3 or 10 mM concentration and incubated for 1 hour at the room temperature.
After the incubation, the suspension was centrifuged (20 °C, 9000 rpm, 15 min)
and the obtained precipitate was washed twice with distilled water and
transferred to the outlet TB buffer (Tris and boric acid; pH = 8.0). As a control,
unmodified Lactococcus lactis cells were used.
2.2 Capillary electrophoresis analysis
Capillary electrophoresis nalysis were performed using PA 800 plus (Beckman
Coutner system, Brea, USA) equipped with a DAD with the use of fused silica
capillary (i.d. = 75 μm; Ltot = 33.5 cm; Leff = 25 cm; Composite Metal Services,
Shipley, UK). The bacterial samples were injected into the capillary with a pressure mode (10 psi, 8 s) and the analysis were performed at a constant voltage
(20 kV) and the temperature at 23°C. As the inlet buffer, TBH (Tris, boric acid and
hydrochloric acid; pH = 7.3) were choose. The samples were detected at
λ = 214 nm.
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2.3.Fluorescence microscopy analysis
Determination of Lactococcus lactis cells viability after the CE analysis was
performed by using fluorescence microscopy approach according to the [13].
During the CE analysis, fractions of bacterial cells not and modified with zinc ions
were collected. Obtained bacterial samples were then stained using acridine
orange (0.12 μg/mL) and ethidium bromide (0.4 μg/mL) and analyzed using
a Zeiss Axiocom D1 (Germany) fluorescence microscope with the set of filters
(43 He and 38). Recorded images were analyzed with Axio Vision 4.8. software.
3. Results and discussion
In this study, Gram(+) Lactococcus lactis modified with the different concentration
of zinc ions (1, 3, and 10 mM) were examined in an applied voltage of 20 kV.
Bacterial strain without any surface modification was tested as a control sample
(Fig. 1A). The electromigration time of the probiotic strain modified by the zinc
nitrate solution at concentration of 1, 3 and 10 mM was 2.026 (RSD = 0.784%),
2.064 (RSD = 1.287%) and 2.083 (RSD = 0.512%) min respectively. Application of
electrophoretic buffers with different ionic strength (TB and TBH) allowed
focusing the zone of control sample at the electromigration time of 1.670 min (RSD
= 1.794%). It is in a good correlation with the results obtained by Pomastowski et
al. [14], who have observed the peak of Lactococcus lactis ATCC 11454 at
migration time of about 2 minutes. All electrophoretic analysis were reproducible
because of the migration times low standard deviation values (Table 1). Moreover,
the value of Lactococcus lactis electrophoretic mobility non- and modified with
zinc ions, were decreasing with the increasing CE duration time (Table 1).
Outcomes of our study show that after the Lactococcus lactis surface modification
by Zn2+ ions, the formation of bacterial aggregates with different size and surface
charge occurred; it was observed by an increasing number of signals in the
electropherograms (Fig. 1B, C and D). The number of bacterial agglomerates rises
with an increasing concentration of modifier. In the case of 1 and 3mM
modification, the number of CE zones occurred at 18, whereas using of 10mM zinc
nitrate resulted in the observation of 23 signals. The observed differences in the
intensity, number and time of some signals, can be a consequence of the various
sorption and interaction of zinc at different concentration level with bacterial
proteins. Kró l et al. [15] have observed that addition of 3mM zinc nitrate to the
probiotic strain (Lactobacillus paracasei LB3) have resulted in the intracellular
formation of zinc oxide nanocomposites which could also form aggregates and be
observed as a multiplied signals on the CE electropherogram. According to their
data from FT-IR analysis, the main groups involved in the ZnO biosynthesis were
carboxyl and amid groups derived from bacterial proteins. It is strongly related
with results obtained in our study.
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Fig. 1 Electropherogram of (A) non-modified Lactoccocus lactis, and modified Lactoccocus lactis by
(B) 1 mM, (C) 3mM, and (D) 10 mM of Zn(NO3)2. Conditions: inlet buffer: TBH (pH = 7.3), outlet
buffer: TB (pH = 8.0), suspensive buffer: TB (pH = 8.0); I = 100 μA, U = 20 kV, t = 23 °C, λ = 214 nm,
L = 33.5 cm, Leff= 25 cm, φ= 100 μm, injection: 10 psi, t = 8 s.

RSD / %
0.784
0.981
0.713
1.397
0.802
0.899
1.494
1.494
0.878
0.197
2.005
2.725
0.169
1.886
1.430
0.557
1.359
0.930

μ / cm2V–1s–1
2.07×10–2
1.93×10–2
1.88×10–2
1.35×10–2
1.22×10–2
9.38×10–3
9.11×10–3
9.04×10–3
7.89×10–3
7.74×10–3
7.51×10–3
7.15×10–3
6.65×10–3
6.18×10–3
5.18×10–3
4.87×10–3
4.46×10–3
4.31×10–3

t / min
2.026
2.173
2.230
3.093
3.427
4.464
4.598
4.631
5.309
5.410
5.580
5.862
6.299
6.773
8.082
8.591
9.400
9.712

1mM Zn2+

2.064
2.241
2.372
3.024
3.182
3.455
3.539
3.656
3.908
4.451
5.546
5.685
5.859
6.524
6.788
7.812
8.188
8.635

t / min
2.03×10–2
1.87×10–2
1.77×10–2
1.38×10–2
1.32×10–2
1.21×10–2
1.18×10–2
1.15×10–2
1.07×10–2
9.41×10–3
7.55×10–3
7.37×10–3
7.15×10–3
6.42×10–3
6.17×10–3
5.36×10–3
5.11×10–3
4.85×10–3

μ / cm2V–1s–1

3mM Zn2+

1.287
1.427
1.490
0.705
0.670
2.063
1.664
1.744
0.412
1.315
1.554
0.842
1.342
2.135
1.245
1.499
1.430
1.286

RSD / %
2.083
2.143
2.407
2.896
3.306
3.430
3.642
3.920
4.062
4.198
4.496
4.725
5.166
5.542
5.704
5.945
6.059
6.212
6.310
6.709
7.560
8.752
9.639

t / min
2.01×10–2
1.95×10–2
1.74×10–2
1.45×10–2
1.27×10–2
1.22×10–2
1.15×10–2
1.07×10–2
1.03×10–2
9.98×10–3
9.32×10–3
8.86×10–3
8.11×10–3
7.56×10–3
7.34×10–3
7.04×10–3
6.91×10–3
6.74×10–3
6.64×10–3
6.24×10–3
5.54×10–3
4.78×10–3
4.34×10–3

μ / cm2V–1s–1

10mM Zn2+

Table 1
Migration times and electrophoretic mobility of Lactoccocus lactis modified with different concentration of zinc ions.

0.512
0.498
0.443
1.473
0.164
0.927
0.246
0.272
1.008
1.519
0.828
0.451
0.883
1.056
0.935
0.717
1.252
0.087
0.252
1.508
1.195
0.113
1.019

RSD / %
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Fig. 2 shows the FT-IR spectra of Lactococcus lactis unmodified and modified by
Zn2+ ions. It indicated that the main groups involved in the bacterial cells
aggregation process are deprotonated carboxyl groups (spectral bands at
1530–1560 cm–1) which can derive from both amino-acids of bacterial proteins
and peptidoglycan of their cell wall [16]. The spectra band at 1610–1670 cm–1
corresponds with amide groups of bacterial proteins. Another characteristic band
appears at 1440 cm–1 may derives from the stretching vibration of C–N and N–H
bond from surface microbial proteins. Furthermore, as a result of the modification, the increase of the signal at 1720 cm–1 intensity can be observed. It is
related with the stretching vibration of carbonyl groups (C=O). Additionally, it can
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Fig. 2 FT-IR spectra for (A) non-modified Lactoccocus lactis, and modified Lactoccocus lactis by
(B) 1 mM, (C) 3mM, and (D) 10 mM of Zn(NO3)2. Spectral bands: (1) 1420–1480 cm−1,
(2) 1530–1560 cm−1, (3) 1610–1670 cm−1, and (4) 1710–1740 cm−1.

be observed that the most significant changes occur in the spectrum of the
Lactococcus lactis modified by 10 mM zinc nitrate. Among the common use of
capillary electrophoresis in the identification of pathogens, yeast cells and various
types of viruses [3–5], a CE approach has also been applied for the direct detect of
the cell viability determination. Szumski et al. [17] have performed the
assessment of the viability of Staphylococcus aureus and Escherichia coli cells
during capillary electrophoretic process. They have tested two different applied
voltage (20 kV and 30 kV) and collected bacterial zones after CE were cultivated on
the Broth Agar. In comparison to the control sample (without electric treatment),
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Fig. 3 Fluorescent microscopy analysis after the capillary electrophoresis (A) Lactoccocus lactis nonmodified, and Lactoccocus lactis modified by (B) 1 mM, (C) 3mM, and (D) 10 mM of Zn(NO3)2.

only 3.4% and 0.7% of the Escherichia coli cells survived the applied voltage treatment of 20 kV and 30 kV, respectively. Staphylococcus aureus strains were found to
be more resistant to the electric field, results of the experiment have shown that
about 35% and 20% Staphylococcus aureus cells survived voltage of 20 kV and
30 kV, respectively. Szumski et al. [17] have emphasized such a significant
differences is related to the different cell wall composition of treated strains. The
bigger peptidoglycan layer of Gram(+) (Staphylococcus aureus) cell wall make
them more tough and resistant to capillary electrophoresis conditions. It is in
a good correlation with data received in our study. In the fluorescence microscopy
assay the amount of total cells before CE were compared to the control after the CE
analysis (Fig. 3). The results of the fluorescent microscopy analysis indicated that
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capillary electrophoresis do not cause the death of microbial cells but only their
damage. It can be explained by the fact that Lactococcus lactis is the Gram(+) strain
with the thick peptidoglycan layer in its bacterial cell wall. Application of the
fluorescence microscopy confirmed also that the modification of the bacterial cell
surface with 1, 3 and 10 mM zinc ions causes their uncontrolled aggregation
(Fig. 3B, C and D). The results obtained during the experiment also indicate that
zinc ions with the highest concentration (10 mM) caused the greatest aggregation
of the Lactococcus lactis.
4. Conclusions
In this work, CE was used to evaluate the effect of zinc ions at different
concentration level (1, 3 and 10 mM) on the Lactococcus lactis cells aggregation.
This study confirms the occurrence the formation of bacterial cells agglomerates
under the specific surface modification. According to the FT-IR data, the main
groups involved in those process are carboxyl and amid groups which may derive
from surface bacterial proteins. The results of the fluorescence microscopy
showed that Lactococcus lactis cells stay alive after surface modification and
during capillary electrophoresis. In comparison with previous papers focussed on
the microbial surface modification by calcium ions, it can be concluded that Zn2+ is
not sufficient for the Lactococcus lactis controlled clumping in CE approach.
However, the described work shed new light on several important issues,
including an interpretation of probiotic bacteria aggregation process and understanding the influence of zinc ions on microorganisms surfaces and their potential
use for further modifications, which seems to be crucial for separation science
field.
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Abstract
A voltammetric method for the sensitive determination of acemetacin
using carbon paste electrode is proposed. Under the optimum conditions, the calibration curve was linear in the concentration range from
3.0×10–8 to 1.0×10–6 mol L–1. The limit of detection and limit of quantification were calculated and were equal to 6.45×10–9 mol L–1 and
2.15×10 –8 mol L –1 , respectively. The developed method was
successfully applied for the determination of acemetacin in the
pharmaceutical formulations.

1. Introduction
Since the date of their invention in 1958, carbon paste electrodes underwent
a very impressive development, pursuing the progress in electrochemistry,
electroanalysis, and instrumental analysis as such. This year, 60 years have passed
since the design of the carbon paste electrodes by R. N. Adams [1]. Over the past six
decades, carbon paste – a mixture of graphite powder and a binder (pasting
liquid), has become one of the most popular electrode materials used for the
preparation of various electrodes and sensors [2]. Graphite is commonly used in
the electrochemical studies due to its low background current and wide potential
window. Moreover, the graphite paste electrodes have high sensitivity and low
cost which makes them more and more popular [3, 4]. Carbon paste electrodes are
used as working electrodes in voltammetry for the determination of electrochemical active compounds, such as pharmaceuticals [5] or pesticides [6]. Typical
properties of the respective carbon paste mixture depends on the type and quality
of used graphite, as well as its amount in the mixture. The paraffin oils are the most
popular binding agents used for preparation of carbon paste mixtures[2].
Acemetacin, the glycolic acid ester of indometacin, is non-steroidal antiinflammatory drug, which is commonly used in rheumatoid arthritis treatment.
Acemetacin may inhibit prostaglandin synthesis and produce anti-inflammatory,
analgesic, and antipyretic effects [7]. The drug is practically insoluble in water.
In this paper, the voltammetric method of acemetacin determination in
pharmaceuticals was developed.
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2. Experimental
2.1 Reagents and chemicals
All chemicals were provided from commercial sources. These materials were used
without further purification. The standard solutions of acemetacin were made
daily by appropriate dilution of the stock solution (c = 1.0×10–3 mol L–1), which
was made by dissolving appropriate amount of the compound in acetone. The
0.04M Britton–Robinson buffer was used in experiments as the supporting
electrolyte. The pharmaceutical formulation (Rantudil Retard, 90 mg) was
obtained from local pharmacy store and used as received. The content of six
capsules was mixed with proper amount of acetone and then diluted to receive
appropriate acemetacin concentration.
2.2 Instrumentation
Electrochemical experiments were conducted using Multi Autolab potentiostat/galvanostat with Nova 1.10 software and electrode stand M164 type (mtm-anko)
with three-electrode system consisting of carbon paste electrode as a working
electrode, Ag/AgCl (3 mol L–1 KCl) as a reference electrode and Pt wire as an
auxiliary electrode. The carbon paste electrode was made by placing the paste
(300 μL of paraffin oil and 1.0 g of graphite) in a piston-driven carbon paste
electrode holder with inner diameter 6 mm. Before each set of measurements, the
surface of electrode was refreshed by polishing on wet filter paper. All
measurements were carried out at room temperature.
3. Results and discussion
The Britton-Robinson buffer in wide pH range (1.5–9.0) was tested as supporting
electrolyte for acemetacin determination. The highest signals of acemetacin were
recorded in Britton-Robinson buffer pH = 2.1 (Fig. 1), therefore Britton-Robinson
buffer pH = 2.1 was selected for further studies as supporting electrolyte. Next,
parameters of square wave voltammetry were chosen (Table 1) according to
acemetacin signals’ shape and height.
Using the optimized parameters of square wave voltammetry technique, the
calibration curve of acemetacin determination was found in the range from 0.03 to
1.0 μmol L–1 (Fig. 2). The limit of determination (LOD) and limit of quantification
(LOQ) for acemetacin were calculated from the calibration curve using the
following equations:
LOD = 3 SD/b
LOQ = 10 SD/b

(1)
(2)

where SD is standard deviation and b is a slope of the linear calibration curve.
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Fig. 1 Relationship between the acemetacin peak current and the pH of Britton-Robinson buffers in
(A) pH range 1.5–9.0, and (B) pH range 1.5–2.5.
Table 1
Optimum parameters of square wave voltammetry technique for acemetacin determination
Parameter

Examined range Optimal value

Step potential / mV
Amplitude / mV
Frequency / Hz

1–15
10–100
2–100

Fig. 2 Square wave voltammograms for acemetacin calibration curve. Acemetacin concentrations: 0.03, 0.05, 0.07, 0.10, 0.30, 0.50, 0.70, and
1.00 μmol L–1. Voltammograms recorded in
Britton-Robinson buffer pH = 2.1.

7
20
20

80

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Table 2
Regression data of the calibration curve for the determination of acemetacin in Britton-Robinson
buffer pH = 2.1.
Parameter

Value

Linear range / mol L–1
Linear regression equation
R2
LOD / mol L–1
LOQ / mol L–1

3.0×10–8–1.0×10–6
I [A] = 5.66 c [mol L–1] + 3.55×10–7
0.9993
6.45×10–9
2.15×10–8

Limit of determination and limit of quantification were equal to 6.45 and
21.5 nmol L–1, respectively (Table 2). To check the correctness of the developed
method, the accuracy and precision of square wave voltammetry were calculated
for increasing concentrations of acemetacin in the linear range. The CV was equal
in the range of 4.5–9.0%. From the obtained results, it can be concluded that the
proposed method provides good sensitivity and repeatability for the acemetacin
determination.
Because the acemetacin is frequently used as anti-inflammatory drug in
rheumatoid arthritis, its determination in real samples is very important. The
determination of acemetacin in pharmaceutical formulations was conducted
using triple standard addition method under the optimum conditions of
experiment. For analysed pharmaceutical formulation with declared amount of
90.00 mg of acemetacin, the found amount was 90.09 mg of acemetacin; the
recovery was 100.11% and CV 1.70%. Developed method gave satisfying results of
recovery. It was observed that pharmaceutical formulation matrix do not produce
additional signals and do not interfere in acemetacin determination.
4. Conclusions
An innovative, simple and low-cost method for the acemetacin determination was
developed. The calibration curve was obtained for acemetacin concentration in
range 0.03 to 1.0 μmol L–1. The carbon paste electrode was applied for acemetacin
determination in real samples with good recovery (100.1% for Rantudil Retard).
To our knowledge, this is the first study to demonstrate the possibility of
electrochemical determination of acemetacin based on oxidation process.
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Abstract
HPLC with electrochemical and spectrophotometric detection (ED/UV) after solid phase extraction (SPE) was used for determination of
vanillylmandelic acid in human urine. HPLC-ED was performed at
a glassy carbon electrode in a “wall-jet” arrangement in acetate-phosphate buffer at pH = 2.5 and gradient elution (increasing content of
acetonitrile from 5 to 25% in 10 minutes) was used. Optimized parameters were following: flow rate of mobile phase 1 mL min−1,
detection potential +1.1 V, detection wavelength 279 nm, injected
volume 20 µL. Dependence of the peak current on the analyte
concentration was linear in the concentration range from 10 to
150 µmol L−1, with obtained limits of detection 2.6 µmol L−1 (calculated from peak height) and 1.9 µmol L−1 (calculated from peak area)
for HPLC-ED, and 11.0 µmol L−1 (calculated from peak height) and
9.8 µmol L−1 (calculated from peak area) for HPLC-UV.

1. Introduction
Vanillylmandelic acid (DL-4-hydroxy-3-methoxybenzeneacetic acid) is found in
urine with other catecholamine metabolites (homovanillic acid, metanephrine,
and normetanephrine). Normal concentrations of vanillylmandelic acid in urine
described in the bibliography are from 11.6 to 28.7 µmol L–1 [1]. Increased urinary
vanillylmandelic acid level is found in patients with tumors, pheochromocytoma
and neuroblastoma [2]. The most common methods for determination of vanillylmandelic acid are HPLC and ELISA (enzyme-linked immunosorbent assay) [3].
Due to hydroxyl group on aromatic system, vanillylmandelic acid is electrochemically oxidizable and thus suitable for electroanalytical determination.
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In this work, determination of vanillylmandelic acid in human urine using
HPLC with electrochemical and spectrophotometric detection (ED/UV) with solid
phase extraction (SPE) will be presented. The aim of this study was to determine
vanillylmandelic acid in human urine without difficult sample pre-treatment.
Solid phase extraction was used for filtration of samples to protect the HPLC
column from clogging.
2. Experimental
2.1 Reagents and chemicals
For testing experiments, the stock solution (1000 µmol L–1) of vanillylmandelic
acid was prepared by dissolving 4.95 mg of the pure substance in 25 mL of
deionized water and then diluted to 100 µmol L–1 solution containing 25% of
acetonitrile. To obtain high recovery during the SPE procedure, 10% acetic acid
was added to each sample of urine. Acetate-phosphate buffer (0.05 mol L–1 in
phosphoric acid and 0.05 mol L–1 in acetic acid with the appropriate amount of
0.2 mol L–1 sodium hydroxide solution) at pH = 2.5 was used as a mobile phase.
2.2 Instrumentation
HPLC-ED measurements were performed in a “wall-jet” arrangement with
a glassy carbon working electrode (3 mm, Metrohm, Switzerland), a reference
argentochloride electrode (3 mol L–1 KCl, Monokrystaly, Czech Republic), and
a platinum counter electrode (Monokrystaly, Czech Republic). Apparatus for
HPLC-ED/UV consists of high pressure pump Beta 10 (Ecom, Czech Republic),
injection valve with a 20 µL loop (Ecom, Czech Republic), degasser DG 4014
(Ecom, Czech Republic), UV/VIS detector Sapphire 800 (Ecom, Czech Republic),
and amperometric detector ADLC 2 (Laboratornı́ př ı́stroje, Czech Republic)
connected in series. A Kromasil Eternity-5-PhenylHexyl 4.6×150 mm (AkzoNobel,
Netherlands) HPLC column was used for separations. Apart from vanillylmandelic
acid, other tumor biomarkers (5-hydroxyindole-3-acetic acid and homovanillic
acid) were added into human urine for separation and detection. For simultaneous separation, a gradient elution program was used, linearly increasing the
content of acetonitrile in the mobile phase from 5 to 25% in 10 minutes. Optimum
conditions for obtaining best results were as follows: flow rate of mobile phase
was 1 mL min–1, detection potential for ED was set up to +1.1 V, and for UV
detection, wavelength 279 nm was used.
Sample pre-treatment included only SPE as a filtration technique with commercially available SPE columns (LiChrolut EN 200 mg 3 mL standard PP-tubes,
Merck Millipore, Germany), where methanol was used as a SPE eluent.
Software Clarity 2.3 (DataApex, Czech Republic) was used for recording HPLC
chromatograms, Microsoft Office Excel 2010 (Microsoft, USA) and OriginPro 8.0
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(Origin Lab, USA) were used for calculating calibration curve parameters and
graphic expressions of results. The limit of detection (LOD) was calculated
according equation
LOD = 3s/a

(1)

where s is the standard deviation of three repetitive measurements of the lowest
measurable concentration and a is the slope of the calibration curve [4].
3. Results and discussion
Firstly, pilot experiments with buffer (composition of the used buffer was adopted
from paper [5]) were done. Mobile phase was a mixture of acetate-phosphate
buffer at pH = 2.5 and acetonitrile, where the content of acetonitrile linearly
increased from 5 to 25% in 10 minutes. Calibration dependences for biomarkers
in buffer were linear in the whole tested concentration range (0.5 to 10 µmol L–1).
Relative standard deviations for 10 measurements (concentration of vanillylmandelic acid was 100 µmol L–1) were not higher than 16% for HPLC-ED and not
higher than 3.5% for HPLC-UV.
Next step of this research was to develop the optimum SPE procedure. Methanol
provided better extraction recovery (almost 100%) in comparison with acetonitrile. The SPE column was used only for filtration to avoid destruction of the
HPLC column. Activation of the SPE column and elution were performed with 5 mL
of methanol, and also injection of samples (20 µL) was performed from 5 mL of
each sample.
Last part of this research was devoted to application of this method for
determination of vanillylmandelic acid in human urine. Fig. 1 shows HPLC-ED
recordings of urine and urine with addition of 1 mL of the stock solution of
vanillylmandelic acid, 5-hydroxyindole-3-acetic acid , and homovanillic acid (each
of 1000 µmol L–1) into a 7 mL urine sample. Fig. 2 then depicts HPLC-UV recordings of the same analysis as in Fig. 1. There were no problems with interferences
in HPLC-ED; found native concentrations (⁓13 µmol L–1) in urine fully correspond
with published concentrations (from 11.6 to 28.7 µmol L–1) [1]. On the other hand,
there were some interferences observed in HPLC-UV, and found native concentrations are thus not corresponding with the published values. For the
determination of the concentration of the analyte, the standard addition method
was used. Dependences were linear in the tested concentration range from 10 to
150 µmol L–1; obtained LODs were 2.6 µmol L–1 (calculated from peak height) and
1.9 µmol L–1 (calculated from peak area) for HPLC-ED, and 11.0 µmol L–1 (calculated from peak height) and 9.8 µmol L–1 (calculated from peak area) for HPLC-UV.
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Fig. 1 HPLC-ED recordings of urine and urine with addition of vanillylmandelic acid (VMA),
5-hydroxyindole-3-acetic acid (5-HIAA), and homovanillic acid (HVA), each 100 µmol L–1. Glassy
carbon electrode, acetate-phosphate buffer at pH = 2.5, gradient elution (increasing content of
acetonitrile from 5 to 25% in 10 minutes), flow rate of mobile phase 1 mL min–1, detection potential
+1.1 V, injected volume 20 µL.

Fig. 2 HPLC-UV recordings of urine and urine with addition of of vanillylmandelic acid (VMA),
5-hydroxyindole-3-acetic acid (5-HIAA), and homovanillic acid (HVA), each 100 µmol L–1. Acetatephosphate buffer at pH = 2.5, gradient elution (increasing content of acetonitrile from 5 to 25% in
10 minutes), flow rate of mobile phase 1 mL min–1, detection wavelength 279 nm, injected volume
20 µL.
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4. Conclusions
HPLC-ED/UV after SPE was successfully used for determination of vanillylmandelic acid in human urine. Solid phase extraction procedure replaced filtration of samples of human urine to avoid problems with clogging an HPLC column;
any other sample pre-treatment was not used. Presented method could be used
for screening of human urine, especially of infants, because HPLC-ED is very
sensitive method and allows simultaneous determination of all three tumor
biomarkers, vanillylmandelic acid, 5-hydroxyindole-3-acetic acid, and homovanillic acid .
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Abstract
The inductively coupled plasma mass spectrometry (ICP-MS) method
for the iodine determination was developed. The instrumental limit of
detection (3σ) for 127I was 0.28 ng l–1, recoveries 100–118%, repeatabilities 1.23–4.99 %. Iodine in the certified reference material NCS
ZC81002b (human hair, the certified value 0.96±0.2 μg kg–1) was
found 1.15±0.07 μg kg–1. The method was used for the evaluation of
the sorption based removal of iodinated contrast agents from water
and artificial urine using activated carbon, humic acids and dry
biomass of green algae Chlorella kessleri. The tested iodinated
contrast agents were Iomeron and Xenetix. Potassium iodide was
used to evaluate the sorption of inorganic iodine in order to assess
fully the applicability of proposed approaches in real hospital wastewaters containing iodine in various forms.

1. Introduction
The presence and ecotoxicological effects of medicinal products in the water
environment are one of current problems in environmental chemistry. More than
eighty pharmaceutically active substances, including iodine X-ray contrast agents,
were found up to the level of μg L–1 in sewage, surface, and ground water. Their
increased abundance in the water environment is connected to the improvement
of health care over the past fifty years. From tens up to hundreds grams of
iodinated contrast agents are required for one diagnostic test. Then iodinated
contrast agents are eliminated from human body in the urine in non-metabolized
form, which is not completely removed in water treatment plants and leads to the
enhanced adsorbable organic halides formation [1].
Analytical techniques suitable for the determination of single iodinated
contrast agents are, e. g., high performance liquid chromatography or capillary
electrophoresis with suitable detection as UV-Vis, photometric and mass spectrometry. Liquid chromatography connected to mass spectrometry using electro-
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spray ionization, in the comparison with the others, allows performing not only
quantification but also identification of iodinated contrast agents in unknown
samples [2–4]. Total iodine can be determined using spectral techniques such are
inductively coupled plasma optical emission spectrometry and inductively coupled plasma mass spectrometry (ICP-MS) [5].
In case of our laboratory research experiments, iodinated contrast agents can
be monitored as iodine.
2. Experimental
2.1 Reagents and chemicals
The deionized water purified using the system Milli-Q (Merck, Germany) was used
in this work. All reagents were of analytical-reagent grade. Nitric acid 65% (v/v),
analytical grade (LachNer, Czech Republic) was distilled in sub-boiling distillation
equipment (BSB 939 IR, Berghof, Germany). For stabilization of iodine solutions,
25% tetramethylammonium hydroxide (analytical grade, Sigma-Aldrich, Germany) was used.
The stock artificial urine was prepared according to Dawson [6]: 3.9 g
NH4H2PO4, 5.08 g NaCl, 2.86 g KCl, 0.312 g CaCO3, 0.418 g MgCl2.6H2O, 18.1 g of
urea, 8.7 mL 35% HCl, and 0.67 mL 96% H2SO4 to the final volume of 100 mL (all
analytical grade from Lach-Ner, Czech Republic). For next experiments, the stock
artificial urine was ten times diluted.
The iodine calibration standard solutions of concentrations 0.1, 0.5, 1.0, 5.0,
and 10.0 μg L–1 were prepared from potassium iodide (analytical grade, Lach-Ner,
Czech Republic) in 1% tetramethylammonium hydroxide. However, tetramethylammonium hydroxide was used only at the method developing and validating
stage. For the iodine determination in samples from sorption experiments, tetramethylammonium hydroxide was not used and calibration standards were
prepared fresh right before analysis.
The single element standard solution of tellurium 1.000±0.002 g L–1 (SCP
Science, Canada) was used for the internal standard preparation.
The certified reference material NCS ZC81002b (human hair, China) with the
certified value of iodine 0.96±0.2 μg kg–1 was used for the method validation.
The evaluated sorbents were activated carbon Hydraffin CC 8X30 (Donauchem, Czech Republic), the Chlorella kessleri algae biomass (Institute of Botany of
the Czech Academy of Sciences, Czech Republic) and humic acids (sodium humate,
Humatex, Czech Republic).
2.2 Sample preparation
The tested iodinated contrast agents (structures in Fig. 1; [7, 8]) were Iomeron
containing jomeprol (400 g L–1 of iodine, Bracco Imaging Deutschland, Germany)
and Xenetix containing jobritridol (350 g L–1 of iodine, Guerbert, France).
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(b)

Fig. 1 Chemical structures of (a) Iomeprol, and (b) Iobitridol.

Samples of liquid phase from sorption experiments were taken after the
centrifugation (5 minutes) and subsequently 1000fold diluted for analysis.
The original iodinated contrast agents were mineralized using the microwave
oven: 1 mL of 1000fold diluted sample in 6 mL of 65% HNO3, (i) 160 °C at 50 bars,
(ii) 200 °C at 75 bars, (iii) 50 °C at 75 bars, filled up to 100 mL and subsequently
1000fold diluted for analysis.
About 0.3 g of the CRM NCS ZC81002b was mineralized under the same conditions as were the iodinated contrast agents, filled up to 25 mL and diluted to get
the theoretical iodine concentration 4 µg L–1 for Iomeron and 3.5 µg L–1 for Xenetix.
Wastewaters obtained from the Pardubice Hospital were stabilized in 1%
tetramethylammonium hydroxide and then: (i) filtrated and hundred times
diluted, (ii) filtrated and five hundred times diluted for a series of spiked samples
with potassium iodide (1, 2 and 4 μg L–1) for standard addition approach, and (iii)
digested (1 ml of raw wastewater, the same conditions as for the iodinated
contrast agents, filled up to 50 mL, four times diluted).
2.3 Instrumentation
The inductively coupled plasma orthogonal acceleration time-of-flight mass
spectrometer (oaTOF-ICP-MS) Optimass 9500 (GBC Scientifc Equipment,
Australia) equipped with the concentric nebuliser MicroMist (0.4 mL min–1) and
a 70 mL thermostatted (10 °C) cyclonic spray chamber (both Glass expansion,
Australia) was used for the determination of iodine.
The microwave system Speedwave Xpert (Berghoff, Germany) was used for
mineralization of samples.
The sorption experiments were realized using the laboratory shaker Heidolph
Vibramax 100 (Heidolph Instruments GmbH & CO. KG, Germany) and the
Eppendorf Centrifuge 5804 R (Eppendorf AG, Germany).
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3. Results and discussion
3.1 The ICP-MS method validation
Iodine was measured on the isotope 127I. Based on the literature [9], 125Te was
added as an internal standard (10 µg L–1) in calibration standards and mineralized
samples of certified reference material NCS ZC81002b.
The reliability of the ICP-MS method was proven by recoveries and repeatabilities obtained from the repetitive analysis of iodine standard solutions, which
were 101–112% and 1.08–4.91% when using the internal standard 125Te and
100–118% and 1.23–4.99% without the internal standard.
The determined iodine concentration in certified reference material NCS
ZC81002b was 1.15±0.07 mg kg–1 (n = 4) complied with the certified value
0.96±0.2 mg kg–1.
The limits of detection calculated as the concentration related to three times the
standard deviation of the integrated peak area measured near the monitored ion
peak for the standard solution containing 0.1 µg L–1 of I in three replicates were
0.28 ng L–1 (instrumental) and 0.28 µg L–1 (procedural for sorption experiments).
3.2 The analysis of iodinated contrast agents
The diluted or mineralized iodinated contrast agents were analysed in order to
assess the ICP-MS method applicability for the monitoring of sorption experiments. Tetramethylammonium hydroxide was not used for the stabilization of
these samples because they are considered to be very stable.
The iodine concentration for Iomeron was 371±18.2 g L–1 (diluted) and
385±44.7 g L –1 (digested) and for Xenetix 287±12.9 g L –1 (diluted) and
294±39.1 g L–1 (digested). The lower recoveries were probably caused by the
sample matrix in case of only diluted iodinated contrast agents and by analyte
losses during digestion in case of digested samples. Possible systematic errors in
sorption experiments were overcome by relating of actual to origin concentration.
For the sorption monitoring, the samples were only diluted and no tetramethylammonium hydroxide or technetium was added.
3.3 Sorption experiments
The sorption experiments were realized using activated carbon, biomass of algae
Chlorella kessleri and humic acids as sorbents for iodinated contrast agents
Iomeron and Xenetix and potassium iodide removal from water and the artificial
urine. The sorption experiments were performed in 15mL centrifuge tubes with
0.1; 0.2; 0.5; 1.0 g of sorbents and tested substances with iodine concentration
20 mgL–1 for Iomeron and potassium iodide and 17.5 mg L–1 for Xenetix. The
testing tubes were placed on laboratory shaker for 2 hours. Then, samples of
liquid phase were taken for iodine analysis.
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Table 1
The percentage efficiency of iodinated contrast agents removal from chosen media using evaluated
sorbents (ms – mass of used sorbent).
ms /g Removal efficiency / %
Water
Activated
carbon
Iomeron
0.1
88
0.2
98
0.5
99
1.0
98
Xenetix
0.1
62
0.2
95
0.5
96
1.0
97
Potassium iodide
0.1
46
0.2
31
0.5
75
1.0
90
a

Artificial urine
Biomass of
Chlorella kessleri

Humic acid

Activated
carbon

Biomass of
Chlorella kessleri

Humic acid

5
16
10
11

7
3
8
11

69
73
89
89

6
–a
–a
–a

4
–a
1
9

2
–a
4
–a

–a
2
2
–a

–a
–a
–a
–a

–a
–a
–a
–a

–a
–a
–a
–a

–a
–a
1
–a

–a
1
–a
–a

67
79
89
89

–a
–a
–a
–a

–a
–a
–a
–a

Impossible to evaluate; no sorption has occurred.

The sorption experiments were carried out for every combination of tested iodinated contrast agents with sorbents used in water and artificial urine. The results
are presented in Table 1. For the experiments showing very low iodine removal
efficiency, the iodine removal percentage could not have been calculated because
the determined iodine concentration at the end of the experiment was slightly
higher than the starting one. This situation may have occurred from several
reasons and their combinations: (i) memory effects for iodine at sub µg L–1 levels
were noticed during ICP-MS measurements, (ii) severe iodine memory effects
occurred during sample preparation and manipulation, which was diminished
but not completely avoided using disposable laboratory equipment, and (iii) the
absence of internal standardization, which may have led to the short time
nebulizing efficiency changes and the instrument signal instability.
3.4 Analysis of real hospital wastewater
The iodine concentrations in the real hospital wastewater were:
(i) 0.85±0.02 mg L–1 for filtered and diluted, (ii) 1.07±0.04 mg L–1 for filtered,
diluted and quantified using the standard addition approach, and
(iii) 0.71±0.03 mg L–1 for mineralized samples. The obtained results support the
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idea of analyte loses during microwave digestion and mild matrix interference
when external calibration standards used for quantification.
4. Conclusions
The developed ICP-MS method provided sufficient sensitivity (LODprocedure =
= 0.28 µg L–1) for iodine monitoring in the sorption experiments and real samples
of hospital wastewater. The results revealed that the best of sorbents used was
activated carbon with the removal efficiencies 99, 97, and 90% for Iomeron,
Xenetix and potassium iodide in water and 89% for both Iomeron and potassium
iodide in the artificial urine. The Chlorella kessleri algae biomass and humic acids
revealed significantly lower removal efficiencies: 11, 2, and 1% for Iomeron,
Xenetix and potassium iodide in water and 9 % for Iomeron in the artificial urine
when the difference between these two sorbents was insignificant. Activated
carbon seems to be a suitable sorbent for the removal of iodine in both organic and
inorganic forms even in the presence of complex matrix.
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Abstract
The influence of a different pH on Saccharomyces cerevisiae yeast cells
modified with calcium ions was investigated by the capillary zone
electrophoresis. The obtained results indicate that the modification of
surface functional groups by calcium ions significantly affected the
efficiency of electrophoretic mobility. Moreover, the microscopic and
spectrometric analysis shows that the pH value of the calcium ions
solution has a significant effect on the intensity yeast cells clumping.
However, these changes did not affect on the accuracy of S. cerevisiae
identification by MALDI equipment with BioTyper platform. These
results form the analytical solution for coupling of electrophoresis
and MALDI-TOF MS technique.

1. Introduction
Capillary zone electrophoresis (CZE) is a well known and widely used technique
enabling the separation, and identification of microorganisms [1]. Despite such
widespread use of CZE, this technique is in the process of evolution and requires
the development of new methods for sample preparation. In recent years a lot of
interest has been focused on the possibility of applying this technique to
electroanalysis to provide the identification of wild stains of microorganisms in
diagnostics laboratory. However, the electrophoretic analysis of such complicated
systems as microorganisms can cause many difficulties associated with uncontrolled cell aggregation and adhesion to the inner surface of the capillary. The new
approach to eliminate this problem involves changes of functional groups on the
microbial surface by divalent metal ions resulting in controlled cells clumping [2].
Saccharomyces cerevisiae can be called a model organism because they are
small with a short generation time and can be easily cultured [3]. The yeasts cell
wall structure is composed of polysaccharides and proteins [4]. Such a construction of the yeast cell wall results in there being many functional groups on its
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surface such as phosphate, carboxyl and amino groups. Under appropriate
conditions of pH, these groups are deprotonated, which allows their interaction
with positive charged metal ions results in cells flocculation [5]. Many metal ions
such as Mg2+ or Zn2+ have been described as yeast cell aggregation inducers.
However, calcium ions are known as the most effective in flocculation promotion [6].
The aim of this study was to investigate the impact of the cells surface
modification by calcium ions on its clumping and on the effectiveness of the
electrophoretic mobility. The novel approach of the microbial sample preparation
for the CZE analysis may constitute a significant contribution to the future use of
this technique in diagnostics laboratory. Moreover, the spectrometric analysis of
yeast modified by calcium ions may be a foundation for the coupling of capillary
electrophoresis and MALDI-TOF MS analysis to eliminate the preconcentration
problem of microbiological samples.
2. Experimental
All solvents and materials were purchased from Sigma Aldrich (Poznan, Poland).
Ultra-pure water was purified using the Milli-Q RG system (Bedford, USA).
In order to preparation of yeast cells modified by calcium ions at different pH
S. cerevisiae samples were suspended in 5 mM Ca(NO3)2 adjusted to the desired pH
by the addition of Ca(OH)2. After 60 minutes of incubation, the suspension was
centrifuged. The resulting precipitate was washed twice with water to remove
unbound calcium ions.
In order to performed microscopic analysis, sample of modified yeast was
dropped on the watch glass and observed using stereoscopic fluorescent
microscope with Cell software (Olympus, SZX16, Shinjuku, Tokyo, Japan).
For the spectrometric analysis the sample of modified and non-modified yeast
was analyzed according to the previously described methodology [7].
To performed capillary zone electrophoresis analysis modified and nonmodified S. cerevisiae cells were transferred to the outlet TB buffer of pH = 7.98
(4.5 mM tris(hydroxymethyl)aminomethane, 50 mM boric acid) as the inlet buffer
was used TBH of pH = 7.31 (4.5 mM tris(hydroxymethyl)aminomethane, 50 mM
boric acid, 3.31 mM hydrochloric acid). Directly before the CZE analysis the
obtained yeast sample was sonificated. The CZE analysis was performed using PA
800 plus (Beckman Coutner system, USA) equipped with a DAD detector with the
use of fused silica capillaries (id = 75 μm; Ltot = 33.5 cm; Leff = 25 cm; Composite
Metal Services, UK).
3. Results and discussion
To determine the effect of the surface modification of S. cerevisiae on the
electrophoretic mobility, the electrophoretic analysis was conducted. Fig. 1 shows
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Fig. 1 Electropherogram of (A) non-modified Saccharomyces cerevisiae, and (B) and modified
Saccharomyces cerevisiae by Ca(NO3)2 at pH = 6.0, 7.0, 8.0 and 9.0.

the electropherograms of the yeast unmodified and modified by calcium ions at
different pH conditions. The electromigration time of the yeast modified by the
calcium solution of pH = 6.0, 8.0 and 9.0 was 3.099, 4.013 and 4.099 min,
respectively. The results indicate that the surface modification of (bio)colloid has
a significant impact on its electrophoretic mobility. This phenomenon was also
observed by Pomastowski et al. [7] in the case of bacteria. Moreover, after the
modification, the sharpening of the peaks and improvement of the shape of the
base line on the electropherogram as well as the reduction in the number of
aggregates and the improvement of the reproducibility can be observed. Another
interesting observation is the effect of pH on modified (bio)colloid behavior
during the electrophoretic analysis. With the increase in the pH of medium in
which sorption was conducted, the increase in the electromigration time of
modified yeast cells and as a decrease in the electrophoretic mobility. The highest
reproducibility (RSD < 5%) of the electrophoretic analysis was obtained for
S. cerevisiae which was modified at pH = 9.0. This phenomenon is probably
connected with the total deprotonation of surface functional groups.
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Fig. 2 MALDI-TOF MS spectra of Saccharomyces cerevisiae suspended in Ca(NO3)2 solution at
(A) pH = 6.0, (B) pH = 8.0, (C) pH = 9.0, and (D) native S. cerevisiae.

Fig. 3 MSP dendrogram for MALDITOF MS spectra of Saccharomyces
cerevisiae modified with Ca(NO3)2
solution at pH = 6.0, 8.0, 9.0 and
native S. cerevisiae.

In order to highlight the changes on molecular profile of (bio)colloids under
different pH conditions, the influence the electrophoretic properties, microscopic
and spectrometric studies of modified yeasts were performed. On the MALDI
spectra (Fig. 2) for calcium-modified yeast, can be observed many significant
changes in comparison to spectra of native cells. However, cluster analysis of MSP
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Fig. 4 Microscopic images of Saccharomyces cerevisiae suspended in 5 mM Ca(NO3)2 solution at
(A) pH = 6.0, (B) pH = 8.0, and (C) pH = 9.0.

(Main Spectrum Profile) spectra (Fig. 3) of control and yeasts incubated in calcium
solution at pH = 6.0, 8.0 and 9.0 show that the greatest change in molecular
profiles, as compared to the control sample, was observed for the yeast incubated
in calcium solution at pH = 9.0. The changes were observed at molecular level of
ribosomal, cytosol and membrane proteins. It is known that presence of the Ca2+ in
the culture medium may strongly influence the expression of proteins in
S. cerevisiae cells, mainly ribosomal or ribosome-associated proteins as well as
proteins related to the cell wall. High concentrations of Ca2+ leads to overexpression of cell wall integrity regulators as a response to the osmotic and ionic changes
that occur in the media [8] which can explain the observations in this work
changes of protein profiles during MALDI TOF/MS analysis.
The microscopic observation shows that the highest aggregation of the yeast
cells was achieved for the system, where solution at pH = 9.0 was used. In the case
of the calcium solution at pH = 6.0, cluster formation wasn't observed (Fig. 4).
Moreover, microscopic results prove that the yeast surface changes with a calcium
ion affect the aggregates formation. A similar phenomenon was observed by
Dziubakiewicz et al. for the bacterial cells [2]. As a result of the bacteria surface
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charge modification by calcium ions, the cells created a compact aggregates,
whereby, fewer high-intensity signals on the electropherograms were observed.
They attributed this score to the bridging effect of calcium ions between bacterial
cells. According to the well-known theory of dicationic bridges, carboxyl and
amine surface groups are involved in the formation of aggregates. Partially
deprotonated carboxyl groups and protonated amino groups are not able to form
bridges between (bio)colloids. After yeast centrifugation from calcium salt
solution and suspended in TB buffer, probably borate ions associate and/or
complex adsorbed calcium ions. The created ions of TB buffer respectively
associate components of the microorganisms surface. In turn, yeast suspended in
a calcium solution at pH = 8.0 form aggregates with part-compact structure
(Fig. 4).
4. Conclusion
Capillary zone electrophoresis allows for the determination of a variety of
biological systems. However, the complexity of the microorganism surface
morphology forced us to carry out a series of research on the physicochemical
properties in order to interpret the phenomena occurring at the interface of
(bio)colloids. The microscopic and spectrometric studies performed for nonmodified and modified S. cerevisiae have shown that under specified conditions
the tested system tends to aggregate. This phenomenon explains the stability of
(bio)colloid subjected to the biosorption process in electrophoretic separation
conditions. In addition, it was observed that along with the increasing pH of
modifier the weight and surface of particles of colloidal system increases, which
results in the reduction of the (bio)colloid electrophoretic mobility. Obtained
results indicate that the proposed new sample preparation approach of wild
microorganisms strains may be a foundation for the application of capillary
electrophoresis in diagnostics laboratory in the future. Moreover, the results show
that the different pH and modification of the cells by Ca2+ influence the molecular
profiles of yeast cells but do not affect the identification quality by the MALDI-TOF
MS equipment with the BioTyper database. Such results may provide a basis
enabling for coupling of capillary electrophoresis and the MALDI-TOF MS analysis.
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Abstract
This article deals with optimization of conditions of photochemical
vapor generation of molybdenum. The volatile species of molybdenum were generated in the flow arrangement, when sample was
injected to a stream of a reaction medium. Efficient generation was
accomplished using a 19W high-efficiency flow-through photoreactor
using formic acid as the reaction medium. The generated volatile
product (most probably molybdenum hexacarbonyl) was introduced
to an inductively coupled plasma mass spectrometer for sensitive
detection. Irradiation time, formic acid concentration and effect of
additives were carefully studied with the aim to reach the highest
generation efficiency. Interferences from inorganic anions (NO3– , Cl–,
SO42–, NO2– , and ClO4– ) were also in detail investigated. The limit of
detection achieved at optimal conditions was 1.2 pg mL–1.

1. Introduction
Photochemical vapor generation is an expanding and promising sample introduction technique for analytical atomic spectrometry. In photochemical vapor
generation, an analyte is converted to the volatile species through the action of
UV-radiation. The presence of a photochemical agent in the liquid phase is
required (e.g., formic acid). The photochemical generator usually consists of
a source of UV-radiation, most often a mercury UV tube lamp (emitting mainly at
254 nm), and a reaction coil that is tightly wrapped around and where the sample
is converted to the volatile species. The material of the reaction coil must be made
of a material transparent for UV (quartz or teflon). The advanced photoreactors
(high-efficiency flow-through photoreactors) utilize a modified mercury UV lamp
where the sample is irradiated in the inner channel (quartz tube) that passes
through the discharge of the UV lamp. Since UV light has to transmit only a quartz
wall of the inner channel, these photoreactors were shown to irradiate the sample

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

101

Fig. 1 Schematic diagram of the flow injection-photochemical vapor generation system hyphenated
to ICP-MS for vapor introduction of volatile molybdenum species

with photochemical agent more efficiently. Photochemical vapor generation is
applicable not only to mercury and hydride forming elements (Se, As, Sb, Te, Pb,
Bi) but also nonmetals (I, Br, Cl, S) and some transition metals (Ni, Fe, Co, Cu, Cd,
Os) [1–4]. In this work, we present the photochemical vapor generation of
molybdenum, which has never been earlier reported.
2. Experimental
A schematic diagram of the UV-photochemical vapor generation system in a flowinjection mode hyphenated to ICP-MS is depicted in Fig. 1. Photochemical vapor
generation was accomplished using a 19W high-efficiency flow-through photoreactor (Beijing Titan Instruments, China). The generated volatile product was
directed by an argon carrier gas to a plastic gas-liquid separator (50 mL) and
introduced into a spray chamber of an Agilent 7700x inductively coupled plasma
mass spectrometer (ICP-MS). A solution of 1% nitric acid mixed with a solution of
rhodium internal standard was nebulized into the spray chamber creating robust
wet plasma conditions. The typical conditions of ICP-MS used for detection are: RF
power 1600 W, nebulizer Ar 1.02 L min–1, dilution Ar (via HMI) 0 L min–1, Ar
chemifold for photochemical vapor generation 100 mL min–1, ICP-MS pump
0.35 mL min–1 carrier liquid and 0.06 mL min–1 internal standard, spray chamber
temperature 2 °C, He collision cell gas 4.1 mL min–1, measurement mode: time
resolved analysis, measured isotopes (dwell time): 95Mo (0.1 s), 98Mo (0.1 s),
103
Rh (internal standard, 0.05 s).
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3. Results and discussion
Firstly, a flow rate of Ar (chemifold) for photochemical vapor generation was
optimized but it had no significant influence on sensitivity in the range between
100 and 500 mL min–1. The important aspect for photochemical vapor generation
is an irradiation time. The influence of irradiation time of analyte was investigated
by changing the flow rate of the reaction medium (30% formic acid). The highest
sensitivity was found at 1.25 ml min–1. This flow rate of the reaction medium is
equal to irradiation time of 39 s in the photoreactor. The flow rate 1.25 ml min–1 of
the reaction medium is reflected in a total time of the measurement of 350 s per
one sample injection. Afterward, a concentration of formic acid as the reaction
medium was optimized. The works published on photochemical vapor generation
of Ni so far suggest that the higher generating efficiency is achieved by using
formic acid as a reaction medium for photochemical vapor generation [5–6]. In
this work, the maximum sensitivity at 50% formic acid was found for molybdenum. However, this concentration was not used further due to an inevitable
dilution of sample, instability of the signal baseline, increase in signal baseline
level due to contamination and formic acid vapors load into plasma. Hence, 30%
formic acid was chosen as a compromise for further experiments. An influence of
various additives (transition metals Fe3+, Ni2+, Cu2+ ions or acetic acid, etc.) as well
as adjustment in pH of the reaction medium with respect to potential enhancement in generation efficiency was also investigated. Only Fe3+ ions increased
significantly generation efficiency by a factor of around 1.4. A part of the research
was targeted on interference from common inorganic acids and their salts (Fig. 2).
Especially nitric acid and nitrates were found serious interferents during
photochemical vapor generation of molybdenum.

Fig. 2 Relative effects of added inorganic acids and salts on photochemical vapor generation of
1 ng mL–1 molybdenum in 30% formic acid.
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Table 1
Concentrations of molybdenum in water certified reference materials determined by flow injection
photochemical vapor generation ICP-MS using standard addition technique.
Certified reference material

Concentration of molybdenum / ng mL–1
Certified

SRM 1643e (Fresh water)
121.4±1.3
NASS-7 (Seawater)
9.29±0.4
CASS-6 (Nearshore seawater) 9.15±0.52

Found
127.7±18.9
9.51±0.37
8.98±0.07

Table 2
Concentrations of molybdeum in dietary supplement samples (µg per 1 tablet) determined by flow
injection photochemical vapor generation ICP-MS (FI-PVG-ICP-MS) using standard addition technique and by nebulization-ICP-MS using external calibration.
Dietary supplement

Concentration of molybdenum / µg per tablet
declared

Centrum AZ
50
Supradyn CoQ10 energy 50

FI-PVG-ICP-MS

nebulization-ICP-MS

56.8±5.1
45.7±2.9

56.7±1.9
46.8±1.6

The achieved limit of detection at chosen optimal conditions was 1.2 pg mL–1.
Repeatability of the measurement at 1 ng mL–1 of molybdenum was better than
3%. The accuracy and feasibility of this sensitive methodology was successfully
verified by analysis of certified reference materials: one fresh water (SRM 1643e)
and two seawater materials (NASS-7 and CASS-6). Due to nitric acid presence used
for stabilization of the certified reference materials, the materials had to be
diluted and measured using standard addition technique (Table 1). The flow
injection photochemical vapor generation ICP-MS was also successfully applied
on two samples of dietary supplements. The tablets purchased at a local pharmacy
were dissolved in 30% formic acid, sonicated at 50 °C and further diluted with
30% formic acid (for photochemical vapor generation ICP-MS) or with 1% nitric
acid (nebulization-ICP-MS). All the results are compared in Table 2.
4. Conclusion
Photochemical vapor generation of molybdenum has been thoroughly investigated using ICP-MS as a detector. The method is extremely sensitive with a very
good repeatability. Molybdenum hexacarbonyl is supposed to be the generated
volatile product. Very high efficiency of photochemical vapor generation has been
reached using 30% formic acid. Further enhancement can be achieved with
addition of Fe3+ ions. Accuracy of the developed method has been verified on
water certified reference materials and on two samples of dietary supplements.
Photochemical vapor generation is prone to serious interferences from nitrates
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but also chlorides which have to be taken into account with respect to real sample
preparation.
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Abstract
The aim of this study was to develop a miniaturized extraction
method for a fast screening of non-volatile nitroso compounds using
gas chromatography with a nitroso specific chemiluminescence detection. According to a final methodology, the samples were prepared by
extraction of grinded malt using a mixture of pyridine and acetonitrile
in ratio 60:40 (v/v). To enhance volatility of the determined analytes,
the two-step derivatization using hexamethyldisalazane and
N,O-bis(trimethylsilyl)trifluoroacetamide was used. The total volume of the sample was 200 μl and the preparation time after optimization was 80 min. The extraction method was connected to a classification method, which can divide chromatographic peaks into the
groups of N-nitroso and C-nitroso compounds, and interfering substances. After application of the methods mentioned above to real
malt samples, the specific chromatographic peaks of C-nitroso and
N-nitroso compounds were selected.

1. Introduction
Volatile N-nitrosamines are well-known carcinogens, which were detected in
food, cosmetic products, beer, and malt. The determination of volatile N-nitrosamines in a malt and beer are routinely measured by a gas chromatography with
mass spectrometric (GC-MS) or a nitroso specific chemiluminescence detection
(GC-NCD). The sum of all nitroso groups in the sample is characterized by apparent total nitroso compounds. Volatile N-nitrosamines forms less than 5% of
apparent total nitroso compounds in malt [1]. The rest of apparent total nitroso
compounds consisted of non-volatile nitroso compounds of unknown structure.
Study of these compounds more deeply would reveal their health effect.
The aim of this study was to develop a miniaturized extraction method for
screening of non-volatile nitroso compounds using the GC-NCD. An extraction
method consists of the preparation of a malt sample, namely an extraction and
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a derivatization by hexamethyldisilazane and N,O-bis(trimethylsilyl)trifluoroacetamide [2].
For a total GC-NCD screening of the non-volatile nitroso compounds in malt,
used extraction method is coupled with a classification method [3], that can
distinguish chromatographic peaks into the groups of N-nitroso, C-nitroso, C-nitroso/nitro compounds and interfering substances.
2. Experimental
2.1 Reagents and chemicals
Used chemicals: pyridine (≥99.8%), acetonitrile (≥99.9%), ethyl acetate
(≥99.5%), N,O-bis(trimethylsilyl)trifluoroacetamide with trimethylchlorosilane
(99:1, v/v), hexamethyldisilazane (≥99.0%), and trifluoroacetic acid (≥99.0%), all
from Sigma-Aldrich, chloroform (≥99.8%, Merck), diethyl ether (99.9%), acetone
(99.97%), and toluene (≥99%) all from Lach-Ner.
2.2 Instrumentation
Extraction and derivatization steps were performed on a heating block Pierce
Reacti-Therm I. The samples were analysed on the chromatograph Thermo Trace
1310, equipped with capillary column TG-200 MS (30 m, 0.25 mm ID and 0.25 μm
df, trifluoropropyl methylpolysiloxane). Sample injections of 2.0 µl were performed at 210 °C by a split technique (1:10). A constant flow of argon, as a carrier gas,
was maintained at 0.6 ml min–1. A temperature programme was chosen as follows:
50 °C (1 min); 20 °C min–1; 150 °C (5 min); 10 °C min–1; 210 °C (3 min); 10 °C min–1;
320 °C (6 min). Detection was carried out by Ellutia 820 TEA NCD at different
temperatures of a pyrolytic tube (500, 650, 700, 750 and 800 °C) to obtain related
pyrolytic profiles. An oxygen flow for ozone generation was 3.2 ml min–1.
2.3 Sample preparation
Used malts were pilsner, munich, caramel, wheat and coloured type. Barley grains
were also used. Ground malt or husk or malt flour (50 mg) was extracted by 50 μl
of a mixture of pyridine: acetonitrile (60:40, v/v) for 10 min at 65 °C. Hexamethyldisilazane (100 μl) and trifluoroacetic acid (1 μl) was added, and after 30 min at
65 °C, N,O-bis(trimethylsilyl)trifluoroacetamide (50 μl) was added. Samples were
established for 30 min at 65 °C and subsequently were cooled for 10 min at
laboratory temperature. The extract was transferred to a new vial insert and
analysed by the GC-NCD.
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2.4 Data processing
Experimental designs were evaluated by the ANOVA with a back elimination
strategy. Data were analysed by the principal component analysis (PCA), the
ANOVA and hierarchical clustering with Euclidean distance and Ward method.
Data were evaluated at a significance level of 0.05.
3. Results and discussion
3.1 Development of the extraction method
In primary experiment, ground malt husks were extracted by 100 µl of solvent and
derivatized by 100 µl of N,O-bis(trimethylsilyl)trifluoroacetamide for 60 minutes
at 65 °C. In the first three samples, the pyridine, chloroform, and N,O-bis(trimethylsilyl)trifluoroacetamide were used as solvents. Resulting chromatograms
showed satisfying peak intensities of the extracted analytes, therefore, other
aprotic solvents were tested in the next experiment. Causentively, pyridine,
chloroform, acetone, acetonitrile, diethyl ether, ethyl acetate and toluene were
used and tested as solvents, separately. After comparing intensities of the chromatographic peaks, the samples extracted using pyridine, acetonitrile, and ethyl
acetate had the highest analytes’ abundance. To find out the best mixture of these
three solvents, the 3-factor mixture design was applied. The samples were
prepared using 100 μl of the mixture of the different solvents ratio and 100 μl of
the N,O-bis(trimethylsilyl)trifluoroacetamide and analysed by GC-NCD. Because
of the difference of the chromatographic peaks’ intensities, the data were divided
into two blocks as follows: Block 1 includes peaks eluting in the range of retention
times 4–16 min and Block 2 in the range of retention times 23–27 min. The sum of
the chromatographic peak area of the blocks was used as a response (y) in the
mixture design experiments described by a linear mathematical model
y = Σβi(±εi) xi + Σβij(±εij) xi xj

(1)

where βi is the regression coefficient of the factor xi, and βij is the regression
coefficient of the ij interaction between the factors xi and xj, and εi, εij are standard
errors of the regression coefficients βi, βij, respectively. The linear mathematical
model with evaluated regression coefficients and their standard errors are
described by the equation (2) for Block 1, and equation (3) for Block 2
y = 18.66 (± 5.86) xp + 10.11 (± 5.86) xa + 4.91 (± 5.86) xe +
+73.66 (± 27.00) xp xa + 24.19 (± 27.00) xp xe + 10.90 (± 27.00) xa xe

(2)

y = 321.40 (± 89.42) xp + 157.00 (± 89.42) xa + 223.70 (± 89.42) xe +
+ 1024.60 (± 412.14) xp xa + 184.20 (± 412.14) xp xe–
– 255.10 (± 412.14) xa xe

(3)
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Fig. 1 The contour plot of the 3-factor mixture design.

where factors xp, xa and xe represents the volume ratio of the pyridine, acetonitrile
and ethyl acetate, respectively. The coefficients of determination of these models
were 81.04% and 76.20%, respectively. The models projected into the contour
plots are in Fig. 1. According to both linear mathematical models, the optimum
mixture of pyridine: acetonitrile: ethyl acetate is 60:40:0 (v/v/v).
In the next step of the method development, acetone and chloroform were
tested, in addition to the previous solvents by a 5-factor mixture design. The sum
of classified chromatographic peak area was used as a response. The linear
mathematical model with the evaluated regression coefficients and their standard
errors are in equation
y = 191.00 (± 51.51) xac + 283.00 (± 56.00) xa + 42.00 (± 56.00) xch +
+ 448.00 (± 56.00) xp + 322.00 (± 56.00) xe –
– 2690.00 (± 821.87) xa xe + 1344.00 (± 821.87) xch xp

(4)

where factors xac, xa, xch, xp and xe represents volume ratio of the acetone,
acetonitrile, chloroform, pyridine and ethyl acetate, respectively. The coefficient
of determination for this model was 89.46%. The model projected into the
contour plot is in Fig. 2, where factors of acetone and acetonitrile were constant.
According to the linear mathematical model, the optimum mixture of acetone:
acetonitrile: chloroform: pyridine: ethyl acetate is 0:0:35:65:0 (v/v/v/v/v).
Two optimum mixtures were obtained and compared in the following
experiment (simultaneously tested the effect of ultrasound on the extraction). The
samples were treated in the ultrasound bath for 0, 1, 5 and 15 min before the
derivatization. The sum of all chromatographic peak areas was used as response
values, which were evaluated by the two-way analysis of variance (ANOVA) for the
six repeats. According to two-way ANOVA, the effect of ultrasound on the
extraction was statistically significant (α = 0.05). The samples extracted by the
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Fig. 2 The response area plot of the 5-factor
mixture design.

mixture of pyridine: acetonitrile (60:40, v/v) showed decreasing response with
increasing ultrasound treatment time. Samples extracted by the mixture of
pyridine: chloroform (65:35, v/v) showed constant responses in the whole time
range of the ultrasound treatment. The mixture of pyridine: acetonitrile shows at
least two-times higher response area than the mixture of pyridine: chloroform.
This observation leads to a conclusion, that the mixture of pyridine: acetonitrile
had a higher extractivity for target analytes.
According to Wainwright [4], the most abundance of nitroso compounds are
located in the husk. The next experiment tested the differences among the
samples prepared from the extraction of malt husk, malt flour, and malt grain. The
chromatographic peak areas of selected 14 peaks eluting in all samples were used
as response values and were evaluated by PCA. Fig. 3 depicts the biplot of PCA
analysis, where 14 variables are represented by a vector. The samples were
divided into three clusters according to a used matrix. Points of malt husk and malt

Fig. 3 The biplot of PCA of samples prepared
by extraction of malt grain, malt husk and
malt flour. Vectors represent retention time of
selected peaks.
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Fig. 4 The chromatograms of the samples prepared by one-step (dashed line) and two-step derivatization (solid line).

grain matrices are in the area of higher peak areas. The samples from malt grains
were chosen as the optimal matrix, due to the simpler preparation in comparison
with malt husk.
So far, only N,O-bis(trimethylsilyl)trifluoroacetamide was used for the derivatization. A new derivatizing agent hexamethyldisilazane was added and revealed
some new analytes (Fig 4). The ratio of extraction solution: hexamethyldisilazane:
N,O-bis(trimethylsilyl)trifluoroacetamide (50:100:50, v/v/v) were choose according to previously published method [2]. The whole process including the twostep derivatization was optimized using the Plackett-Burman design. The sum of
standardized chromatographic peak area was used as the response (y) in the
Plackett-Burman design experiments described by a linear mathematical model
y = β0(±ε0) + Σβi(±εi) xi

(5)

where β0 is an intercept, and βi is a regression coefficient of the factor xi and εi is
standard error of the regression coefficients. Linear mathematical model, with
evaluated regression coefficients and their standard errors, is described in
equation
y = 3.67 (± 0.63) + 0.33 (± 0.63) xex – 0.67 (± 0.63) xH + 0.83 (± 0.63) xB +
+ 0.00 (± 0.63) xst

(6)
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where factors xex, xH, xB, and xst represent times of extraction, 1st and 2nd
derivatization and time to the stabilization of the solution. This model was
evaluated as very poor (R2 = 0.3082), therefore the decision about significance
level of the factors would be inaccurate. All prior factors were maintained at
30 min (in total 120 min) and after the optimization, only factor xex and xst were cut
down for 10 min (in total 80 min).
3.2 Real sample application
The developed extraction method together with the classification method was
applied to nine pilsner, three munich, three caramel, one wheat, one coloured, and
two artificially nitrosated malts, and three samples of barley grains. Result
classified peaks into the groups of N-nitroso, C-nitroso, C-nitroso/nitro compounds and interferences are depicted by a heat map in Fig. 5 (on page 112).
According to the similar classification, the samples were clustered into three
groups (A, B, C). There was observed an association between the N-nitrosodimethylamine concentrations in malts of particular groups and characters of
clusters: the group A includes malts with N-nitrosodimethylamine concentration
≥0.9 ppb and it is characterized by a high number of detected C-nitroso compounds, the cluster B contains malts of N-nitrosodimethylamine concentration
≤0.9 ppb and it is characterized by the lower number of C-nitroso compounds but
the higher number of C-nitroso/nitro compounds. The cluster C contains mostly
the barley samples and the special malt, in which the concentration of N-nitrosodimethylamine is ≤0.2 ppb, this cluster is characteristic with no or very low
number of the nitroso compounds detected.
4. Conclusions
Miniaturizes extraction method for the screening of the non-volatile nitroso
compounds in malt samples, using the GC-NCD, was developed. For the sample
preparation, the grained malt was chosen to be appropriate for the screening
analysis. The method uses 50 μl of the pyridine: acetonitrile mixture in ratio 60:40
(v/v) and none ultrasonication treatment are required. Two-step derivatization is
also suitable. The optimum ratio of extraction solution: hexamethyldisilazane:
N,O-bis(trimethylsilyl)trifluoroacetamide is 50:100:50 (v/v/v). The total time of
sample preparation is 80 min (including 10 min of the extraction at 65 °C, twotimes 30 min of the two-step derivatization at 65 °C and 10 min of stabilizing at
20 °C). The real sample application reveals the association between N-nitrosodimethylamine concentration and the characteristic classification of the nitroso
compounds among the samples within the same clusters.
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Fig. 5 The heat map of peak classification in malt samples.
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Abstract
A new simple chromato-desorption method for the preparation of
calibration gas mixtures containing microconcentrations of volatile
organic compounds is proposed. Various methods for the preparation
of calibration mixtures are considered. The possibility of obtaining
calibration gas mixtures in the concentration range 3–10 mg m–3
(δmax = 15%) is shown. A comparative evaluation of the proposed and
standardized methods is carried out. It is proved that the chromatography-desorption method allows to increase the accuracy of preparation of calibration mixtures, and also to reduce the total error of the
analysis by 13–15%.

1. Introduction
To date, the environmental situation in the world can be characterized by a high
level of anthropogenic impact on the natural environment. In addition, recently,
human habitat has dramatically changed, including in connection with pollution
with mutagenic and teratogenic factors of various origins, which puts the vast
majority of the population in other conditions of existence than in previous
generations [1].
World over wide chemical, metallurgical, oil refining and gas processing industries are widespread, which lead to an increase in the release of industrial waste.
One of the most common production-related air pollutants is acetone, whose high
content in the air can cause serious harm to the human body.
Despite the fact that acetone is a natural metabolite of the human body,
exceeding its permissible concentrations in the blood with prolonged external
action is accompanied by a disturbance of metabolic processes, a manifestation of
signs of liver dysfunction [2]. The liver is the central body of neutralization and
utilization of foreign compounds of exogenous origin and further the severity of
damage to its metabolic systems may depend on the subsequent toxic effects
of ecotoxicants on all organs and systems of the body [3].
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At present, gas analyzers and gas chromatographs are used to reliably and
systematically control the level of environmentally hazardous substances in air
environments [4]. At the same time, the accuracy of the measurements depends
on the efficiency of calibration and calibration of gas analyzing equipment [5],
which is associated with the use of liquid, gas and vapor-gas mixtures with
a standardized content of volatile organic compounds.
The purpose of this work is the development of new methods and devices to
improve the accuracy and adequacy of the preparation of calibration mixtures for
the subsequent quantification of volatile organic compounds in air environments.
2. Experimental
2.1. Preparation of liquid and gas-vapor grading mixtures
Liquid acetone calibration mixtures in the range of measurable concentrations
from 0.05 to 5.00 mg m–3 were prepared by the volumetric method, by successively diluting the pure substance.
Vapor-gas calibration acetone mixtures in the range of measured concentrations from 0.0005 to 5.0000 mg m–3 were obtained using static gas extraction [6].
2.2 Gas mixtures obtained by dynamic chromatography-desorption method
To build the calibration characteristics, also used gas mixtures of acetone, obtained by the chromato-desorption method. This method is based on the equilibrium
saturation of the inert gas flow of volatile organic compounds as it passes through
the chromato-desorption microsystem [7]. The system is a medical needle (length
32 mm, internal diameter 0.5 mm) filled with a sorbent with a known amount of
volatile organic compounds. In this study, the following sorbents: Chromaton
N-AW-DMCS/25% CaCl 2 , Chromaton N-AW-DMCS/25% CoCl 2 and Fiberglass/50% PEG.
To obtain gas mixtures of acetone by a chromatographic-desorption method,
a outline was implemented, the algorithm of which is shown in Fig. 1.

Fig. 1 Preparation of gas mixtures by a chromato-desorption method.
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The process of obtaining gas mixtures was carried out in two stages [7]:
1. The chromato-sorption stage includes the preparation of a sorbent, the filling of
a column, and the equilibrium saturation of the sorbent with impurities of
volatile substances. In this case, there is a multiple redistribution of the analyte
in the volume of the sorbent, so that an insignificant concentration gradient of
the analyte can be achieved during the use of chromato-desorption microsystem. Thus, by changing the temperature, by adjusting the value of the
distribution constant of substances in the system, it is possible to obtain gas
flows containing micro-quantities of volatile components.
2. The chromato-desorption stage consists in the equilibrium desorption of
volatile substances at temperatures equal to the sorption temperature.
2.3 Calibration of analytical equipment
The experiment was carried out on a gas chromatograph Crystal 5000.1 with
a flame ionization detector. To separate the sample components, a quartz capillary
column 50 m long, 0.32 mm inner diameter and 0.5 μm thick non-polar stationary
phase OV-351 film was used. The measurements were carried out under the
conditions of programming the temperature from 600 °С (for 7 minutes) to 200 °С
with a gradient of 20 °С min–1, temperature of the detector 220 °С, evaporator
temperature of 100 °С. As the carrier gas, nitrogen was used (osm., GOST 909374), consumption 20.9 cm3min–1, hydrogen and air consumption 20 cm3min–1 and
200 cm3min–1, respectively. In the case of chromato-desorption microsystem, the
column temperature ranged from 50, 70 or 100 °C to provide gas mixtures with
different concentrations of the target component.
3. Results and discussion
Estimation of convergence limit and reproducibility limit of the calibration
mixtures preparation are presented in Table 1. It should be noted that the use of
liquid calibration mixtures is limited by the level of purity of the solvent, which has
matrix microimpurities in its composition, which makes it impossible to directly
determine the analyte at the level of microconcentrations and at values close to
Table 1
Estimation of convergence limit (r), reproducibility limit (R), and correlation coefficient (K) of the
calibration mixtures preparation.
Calibration mixtures

r/%

Liquid
6.1
Vapor-gas
10.2
Gas, obtained by a discrete chromato- 12.4
desorption system method

R/%

K

7.7
15.8
17.6

0.90
0.93
0.95
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the threshold of the sensitivity of the detector. To reduce the measurement error, it
is possible using the subtraction method of the solvent background, but even in
this case it is not possible to achieve the required accuracy.
The use of chromato-desorption microsystem makes it possible to obtain
calibration gas mixtures with an acetone content of 3 to 10 mg m–3 when operating
in the temperature range 50-100 °С.
It was experimentally established that when discrete dosing of a gas mixture
containing a standardized microcumulative amount of acetone, the operating life
of chromato-desorption microsystem is at least 6 cycles with a standard deviation
of δ = 15%. At the same time, the renewable resource of the system was at least
3 cycles. Fig. 2–4 shows relation between acetone concentration and the number
of consecutively obtained gas mixtures with the use of chromato-desorption
microsystem filled with different type of sorbents.
An important advantage of chromato-desorption microsystem is the
possibility of obtaining multi-point calibrations, without additional dilution of the
flow, by varying the desorption temperature.
Comparison of data on calibrations obtained using standard methods and
using chromato-desorption microsystem shows that the application of the
developed systems makes it possible to improve the accuracy of the linear
dependence description by reducing the total error of the analysis when using
chromato-desorption microsystem by 13–15%.

Fig. 2 Dependence of acetone concentration on duration of use chromato-desorption microsystem
(Chromaton N-AW-DMCS/25% CoCl2) at temperatures (1) 50 °С, (2) 70 °С, and (3) 100 °С.
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Fig. 3 Dependence of acetone concentration on duration of use chromato-desorption microsystem
(Chromaton N-AW-DMCS/25% CaCl2) at temperatures (1) 50 °С, (2) 70 °С, and (3) 100 °С.

Fig. 4 Dependence of acetone concentration on duration of use chromato-desorption microsystem
(Fiberglass/50% PEG) at temperatures (1) 50 °С, (2) 70 °С, and (3) 100 °С.

4. Conclusions
A new simple method for obtaining calibration gas mixtures containing known
constant microconcentrations of volatile organic compounds is proposed. The
experimental verification of the proposed method showed the expediency of its
practical use. Gas mixtures obtained by the chromatographic-desorption method
are applicable for calibration and calibration of gas analytical equipment for the
quantitative analysis of organic and inorganic contaminants in ambient air,
workplace air, and also for other purposes, for example, in the analysis of biomarkers in exhaled air. It should be noted that the use of developed microanalytical
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systems has several advantages, the main of which are simplicity of hardware
design, universality, efficiency, exponentiality and the possibility of automation of
analysis.
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Abstract
The work is focused on the development of a new method for fatty
acid methyl ester analysis in diesel. The method allows rapid analysis
of individual fatty acid methyl ester in diesel. The linearity of the
method is in the range of 0.5% to 40% for biodiesel, providing
comparable results with the GC-FID method with a 10-fold shorter
analysis time. Unlike the standard method (STN EN 14078), with this
new method it is possible to identify individual methyl esters in diesel
and due to high selectivity, the analysis is not burdened by the
interference of other components present in diesel. The content of
fatty acid methyl esters in diesel obtained from the local gas station at
the level 6.1% with a relative standard deviation of 3% was determined.

1. Introduction
Interest in biodiesel, as an alternative to fossil fuels, is continuing to increase, what
is a result of population growing, exhaustion of fossil fuels, global warming and oil
price fluctuations [1]. Biodiesel is an acceptable alternative fuel for diesel engine,
due to its technical, environmental and strategic advantages. Biodiesel, defined as
the monoalkyl esters of long chain fatty acids, is produced from several types of
conventional and non-conventional vegetable oils and animal fats [2].
In addition to its renewability, other advantages of biodiesel include non-carcinogenic and non-mutagenic properties, biodegradability, miscibility with
petroleum diesel, lubricity, high flash point and cetane number and absence of
aromatic compounds [1]. Biodiesel can be used pure or mixed with petroleum
distillates to attain blends defined with the abbreviation BXX, where XX stands for
the biodiesel percentage (v/v) [3]. It can be used for industrial processes and
transport engines. In Slovakia at present, the minimum content of bio-compo-
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nents in diesel is 6%, with the percentage of biodiesel being increased as amended
by the EU regulation [3].
The content of biodiesel in fuel is possible to determine using various methods,
whereby to the most preferred belong gas chromatography with flame ionization
detector (GC-FID) or mass spectrometric detector (GC-MS). These methods are
able to determine the content of the individual fatty acid methyl esters in the
samples, what makes it possible to determine the origin of the oil used to prepare
fatty acid methyl ester [4]. The disadvantage of these methods is the relatively
long analysis time, which in some cases takes almost an hour. A more rapid and
inexpensive method for determining bio-components in diesel is the use of
infrared spectroscopy, where the presence of the C=O group is monitored. The
limitation of infrared spectroscopy method is that for correct bio-compound
content determination in diesel is necessary to know the origin or the composition of the individual fatty acid methyl esters. Furthermore, other components
containing C=O group present in diesel can provide a positive signal, not necessarily belonging to the bio-components. By default, the biodiesel content in diesel
is determined according to STN EN 14078 by infrared spectroscopy.
The aim of this work is to develop a new method, which combines the benefits
of the previously proposed methods, as rapid analysis (infrared spectroscopy)
and high reliability (as GC-FID; GC-MS methods), where the possibility of interference with other substances present in fuel is minimized.
2. Experimental
2.1 Chemicals and sample preparation
Samples of plant oils (rapeseed, sunflower, palm oils) were bought on local market
and biodiesel was purchased from local gas station. Sodium methoxide, oxalic
acid, methanol, hexane were purchased from Sigma-Aldrich (Steinheim,
Germany). The methyl esters of fatty acids were prepared using basic transesterification by adding 100 mm3 of a 0.5 mol dm–3 solution of sodium methoxide in dry
methanol to the samples in 1000 mm3 hexane. Samples were mixed and reacted at
40 °C for 15 minutes. In the next step 60 mm3 of oxalic acid (0.5 g in 15 cm3 of
diethyl ether) was added to the solution, it was mixed thoroughly and centrifuged
at 2000 r min–1 for 3 minutes to settle the precipitated sodium oxalate. The
samples of biodiesel were prepared at the concentration 100 µg mm–3 in hexane
with diethylphtalate as internal standard with concentration 10 mg mm–3.
2.2 Instrumentation
GC-MS/MS analyses were performed using a Trace GC Ultra gas chromatograph
with a TriPlus autosampler and a TSQ Quantum XLS mass spectrometer (Thermo
Fisher, Austin, TX, USA). The injector temperature was set to 350 °C. Samples with
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injection volume of 1 mm3 were injected in a 2 m long fused-silica capillary with
50 μm I.D., with a deactivated surface (restrictor) (Agilent Technologies, PaloAlto,
CA, USA). Helium was used as a carrier gas with constant flow of 0.01 cm3min–1 in
splitless mode. The temperature of the chromatographic oven and transfer line
was 350 °C. The main parameters related to the mass spectrometer setup were:
the ion source temperature was 230 °C, the collision gas was argon with pressure
of 1.5 Pa in the collision chamber, electron energy 70 eV, emission current 50 µA.
The mass spectra in SCAN mode were obtained in the range m/z = 33–350, MS/MS
detection was performed using Selected Reaction Monitoring (SRM) transitions
experimentally optimized for the selected analytes. The used SRM transitions
were m/z 270→101 and 270→73 for C16:0, m/z 292→121 and 292→33 for C18:3,
m/z 294→81 and 294→95 for C18:2, m/z 296→101 and 296→81 for C18:1,
m/z 298→101 and 298→73 for C18:0, m/z 326→121 for C20:0 with collision
energy set to 15 V, and for diethyl phthalate as internal standard 177→149 with
collision energy 15 V, with a scan time of 20 msec each.
Comparative analyzes were performed using GC-FID 6890N (Agilent Technologies, PaloAlto, CA, USA). The injector temperature was set to 300 °C. Volume of
1 mm3 of samples were injected in split mode (70:1). Helium was used as a carrier
gas at constant pressure 255.1 kPa. Chromatographic separation was carried out
on a DB-23 60 m × 0.25 mm × 0.25 μm capillary column. The oven temperature
was set to 70 °C for 2 min and gradually increased to 150 °C at a rate of 25 °C min–1,
than the temperature was increased to 240 °C at a rate of 5 °C min–1 and held 5 min.
The detector temperature was 280 °C. Total analysis time was 28.2 min.
3. Results and discussion
To study the suitability of the newly developed method for the fatty acid methyl
esters determination in diesel, methyl esters of most used oils in the production of
biofuels were prepared. Table 1 shows the percentages of individual fatty acids in
Table 1
Fatty acid compositional profiles of fats and oils (as fatty acid methyl ester) in percentages.
Fatty acid

Palm oil

Rapeseed oil

Sunflower oil

Name

Abb.

tr / min

meas.

publ.

meas.

publ.

meas.

publ.

Myristic acid
Palmitic acid
Palmitoleic acid
Stearic acid
Oleic acid
Linoleic acid
Linolenic acid
Arachidic acid
Gondoic acid
Behenic acid
Erucic acid

14:0
16:0
16:1
18:0
18:1
18:2
18:3
20:0
20:1
22:0
22:1

12.0
14.5
14.9
17.2
17.6
18.3
19.2
20.0
20.3
22.6
23.0

1.1
44.3
0.5
4.4
39.9
9.9
0.0
0.0
0.0
0.0
0.0

1.1
42.5
0.2
4.1
41.3
9.5
0.3
0.3
0.1
0.1
0

0.1
4.8
0.5
1.9
63.3
19.2
7.7
0.6
1.5
0.3
0.3

0
4.2
0.1
1.6
59.5
21.5
8.4
0.4
2.1
0.3
0.5

0.1
6.2
0.1
3.7
23.8
64.5
0.3
0.4
0.2
0.7
0.0

0.1
6.4
0.1
3.6
21.7
66.3
1.5
0.3
0.2
0.6
0.1
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Fig. 1 GC-FID chromatogram of diesel purchased on local gas station.

Fig. 2 GC-MS/MS chromatographic record of oleic acid in biodiesel and diesel without bio-components. The methyl esters of rapeseed oil are marked with abbreviation MERO.

oils obtained by GC-FID analysis after basic transesterification. The individual
fatty acid contents (percentages) vary significantly depending on the oil used. In
Central Europe, rapeseed oil is most often used for biodiesel production. For this
reason, we observed a mixture of methyl esters obtained mainly from rapeseed
oil. Fig. 1 shows the GC-FID chromatographic record of diesel purchased on a local
gas station.
Using a given separation system, bio-components (biodiesel components
originating from plant oils) can be reliably distinguished from those derived from
crude oil (Fig. 1). Total GC-FID analysis time is 25 minutes plus several minutes to
cool and equilibrate the chromatographic system.
Fig. 2 shows a GC-MS/MS chromotographic record of oleic acid in diesel
containing bio-component and without bio-component. From Fig. 2 is apparent,
that it is possible to clearly distinguish diesel with fatty acid methyl ester addition
(biodiesel) from diesel without fatty acid methyl ester addition. The individual
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Table 2
Characteristics of the calibration curves for rapeseed fatty acid methyl ester.
Fatty acid methyl ester SRM

a (slope)

b (intercept) R2

C16:0

925
9600
9320
1510
42900
22900
2460
9730
2220
460
–1500

18900
7970
8030
4730
21300
10350
20480
17800
10700
4780
3740

C18:3
C18:2
C18:1
C18:0
C20:0

270-101
270-73
292-121
292-93
294-81
294-95
296-101
296-81
298-101
298-73
326-101

0.996
0.992
0.993
0.995
0.994
0.994
0.995
0.996
0.995
0.993
0.995

SRM transitions, characteristics of the calibration curves for the individual fatty
acid methyl ester originating from rapeseed oil are shown in Table 2.
The newly developed method based on MS/MS detection without chromatographic separation allows to monitor the content of individual fatty acid methyl
ester in diesel at a concentration range of 0.5–40.0% (v/v) with a high linearity of
the method (R2 in the range 0.992–0.996). From the calibration curves listed in
Table 2 we calculated the content of bio-components in diesel purchased at the
local gas station. The determined biodiesel contents were 5.9% (v/v) using GC-FID
method and 6.1% (v/v) using the GC-MS/MS method. The average RSD of the
individual fatty acid methyl ester in biodiesel is 3.1%.
4. Conclusion
The newly developed analytical method makes it possible to determine the fatty
acid methyl esters content in the range of 0.5–40.0% (v/v) in diesel. The advantage
of this method compared to the official method based on infrared spectroscopy is
the possibility to determine the content of individual fatty acid methyl ester
in diesel, what means that the type of plant oil used as bio-component can be
determined. Also, the high selectivity of the method makes it possible to filter out
various impurities that give positive response using infrared spectroscopy.
Compared to the classic GC-FID or GC-MS method, our method provides comparable data about the composition of fatty acid methyl ester, however is 10 times
faster.
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Abstract
Biosensor matrices based on titania gel modified with carbon nanomaterials: multi-walled carbon nanotubes (MWCNTs) and mesoporous carbon CMK-3 were examined. Matrix composites were
additionally enriched by poly(diallyldimethylammonium), gold
nanoparticles, Nafion® and glutaraldehyde. Tyrosinase was used as
model active biological component. To choose the optimum matrix
composite, cyclic voltammetry measurements were carried out in
a catechol solution. Sensitivity of each biosensor toward catechol and
corresponding value of Michaelis-Menten constants, an indicator of
biological affinity of biosensor to substrate, were estimated. The morphology of matrix nanocomposites was characterized by SEM images.

1. Introduction
A biosensor is a small measuring
device which allows the biological
response to be transformed into
analytically useful signal, most
commonly electrical [1]. The
scheme of biosensor is shown in
Fig. 1. Biosensors based on tyrosine are the most sensitive
sensors used for the determination of phenolic compounds.
Tyrosinase is a copper containing
enzyme belonging to the class of
oxidoreductases (EC 1.14.18.1). Fig. 1 Scheme of electrochemical biosensor.
Tyrosinase catalyzes the oxidation of monophenols by molecular oxygen to form o-diphenols, which are then
transformed by dehydrogenation to o-quinones. The resulting o-quinones can be
reduced at the electrode surface by generating a signal (current) enabling the
electrochemical determination of phenolic compounds [2].
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Crucial step in the development of new biosensors is the immobilization of
bioelement in the receptor layer in the way to retain its catalytic activity [3, 4].
Additionally, the matrices should provide easy access of analyte to bioreceptor,
resulting from developed surface area, be characterized by high mechanical
strength and, for electrochemical biosensors, the excellent electron transfer [5].
There are several methods of immobilizing biocatalytic elements on the transducer surface like physical adsorption, covalent binding, matrix entrapment, inter
molecular cross-linking and encapsulation [6].
In the scientific reports various kinds of biosensors using tyrosinase-enzyme
as a biocatalytic element have been reported, like screen-printed carbon
electrodes modified by gold nanoparticles [7], graphene modified carbon working
electrodes by cross-linking with glutaraldehyde [8], or graphene-gold nanoparticles [9].
Currently, carbon materials including multiwalled carbon nanotubes
(MWCNTs) and mesoporous carbon CMK-3 are very promising materials in biosensing research [10, 11]. Both mentioned carbon materials are very attractive
because of its applications and properties. Carbon materials are characterized by
high specific pore volume (CMK-3), large surface area, hydrophobicity, thermal
stability and chemical inertness [6, 12]. Moreover, the use of carbon nano and
mesoporous materials have become important due to their excellent conductivity
resulting in the improvement of electron transfer between the enzymes and the
electrode surfaces [10, 13].
The goal of the presented research was to develop, study and compare various
matrices of tyrosinase biosensors based on titanium dioxide gel modified with
two type of nanostructured carbon materials: multiwalled carbon nanotubes and
mesoporous carbon CMK-3. Matrix composites were additionally enriched with
gold nanoparticles (AuNPs), Nafion®, glutaraldehyde (GA) or polycationit, poly(diallyldimethylammonium) chloride (PDDA). For verification purposes, multicomponent matrices deposited on the graphite electrode surface were examined
with respect to the mechanical durability. Sensitivity of each biosensor toward
catechol, the model substrate of enzyme, and corresponding value of MichaelisMenten constants, an indicator of biological affinity of biosensor to substrate,
were estimated.
2. Experimental
2.1. Reagents and chemicals
Catechol (≥99%), tyrosinase from mushroom (EC1.14.18.1; 1881 U mg–1 and
3130 U mg –1 ), poly(diallyldimethylammonium chloride) PDDA (average
Mw< 100,000, 35 wt% in water), glutaraldehyde (70%), Nafion (5%, w/v, solution
in mixture of low aliphatic alcohol and water) and multi-walled carbon nanotubes
were purchased from Sigma-Aldrich (USA); mesoporous carbon CMK-3 was
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synthesized in Department of Chemical Technology at the Jagiellonian University
in Krakow, ethanol (96%), HNO3 (65%), 2-propanol, L-(+)-ascorbic acid, KH2PO4
and Na2HPO4.2H2O were obtained from Avantor Performance Materials Poland
S.A. (Poland); HCl (35%), NH3 (25% aqueous solution), and acetone were purchased from Lach-Ner (Czech Republic); 0.3 mm alumina powder was from
Buehler MicroPolish (USA); acetic acid (100%) was from Merck (Germany).
Phosphate buffer solutions of pH = 6.0 in a concentration of 0.1 M were prepared
by mixing appropriate volumes of KH2PO4 and Na2HPO4 solutions. Tyrosinase
(0.048 mg/10 μL) solution was prepared in 0.1 M phosphate buffer solution
pH = 7.0. Ultrapure water was used throughout. All chemicals were analyticalgrade reagents.
2.2 Instrumentation
Measurements by means of cyclic voltammetry were realized with using of M161
electrochemical analyzer (mtm-anko, Poland) in thermostatic cabinet (Pol-EkoAparatura, Poland). All experiments were carried out with using a conventional
three-electrode electrochemical cell equipped with the saturated silver/silver
chloride reference electrode, a platinum wire as a counter electrode and a graphite working electrode coated with enzymatic matrix composite. As a supporting
electrolyte phosphate buffer solution of pH = 6 (0.1 M) was used. The studies were
performed in potential range from –0.3 to 0.5 V (vs. saturated Ag/AgCl) at a scan
range of 62.5 mV s–1 and at temperature of 25 °C.
2.3 Biosensor preparation
To prepare all tyrosinase-based biosensors, titania sol was synthesized by acid
hydrolysis and then polycondensation of titanium(IV) isopropoxide [14]. In order
to prepare the Tyr/TiO2/CNTs/Nafion composite MWCNTs were dispersed in
TiO2 solution. Then, the mixture of tyrosinase was added to the remaining
suspension and shaken. In the last step, Nafion was added to the composite and
then all mixture was shaken. To receive homogenous composite, the mixture was
sonicated. For the others of prepared matrix composites the method of preparation was similar. However, also the modification of the order of addition the
titania sol and tyrosinase have been examed. The amounts of each components of
the studied matrix composites are presented in Table 1.
To prepare biosensor two 10 μL portions of nanocomposite were deposited on
the surface of the graphite electrode, drying after each portion in air for 10 min.
Afterwards, the electrodes were left to dry over saturated disodium phosphate
solution for 20 h at 4 °C. Biosensors were stored at 4 °C in 0.1 M phosphate buffer
solution (pH = 6.0).
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Components
TiO2/μL

–
–
–
–
–
–
–
0.04
0.06
0.04
0.04
0.04
0.04
0.04

CMK-3/mg

0.04
0.04
0.04
0.04
0.04
0.04
0.04
–
–
–
–
–
–
–

MWCNTs/mg

5.7
5.7
5.7
5.7
5.7
5.7
5.7
5.7
–
5.7
5.7
5.7
5.7
5.7

Nafion/μL

–
–
–
–
–
2.0
–
–
–
–
–
–
–
–

AuNPs/μL

–
–
1.0
1.0
1.4
–
–
–
0.95
–
0.6
1.0
1.0
1.4

PDDA/μL

–
–
–
–
–
–
5.0
–
–
1.0
–
–
–
–

GA/μL

Table 1
The composition of the studied biosensor matrices with the corresponding quantities of each component for one electrode (CMK – mesoporous
carbon CMK-3, MWCNTs – multiwalled carbon nanotubes, AuNPS – gold nanoparticles, PDDA – poly(diallyldimethylammonium), GA – glutaraldehyde.
Matrices
Tyrosinase/μL
7.15
7.15a
6.12
6.12a
5.70
8.16
7.15
7.15
9.5
7.15
6.5
6.12
6.12a
6.12

Modification of the order of addition the titania sol and tyrosinase (MWCNTs or CMK-3 were dispersed in TiO2 or tyrosinase solution).

Tyr/TiO2/CNTs/Nafion
7.15
7.15
Tyr/TiO2/CNTs/Nafion/PDDA 7.15
7.15
7.15
Tyr/TiO2/CNTs/AuNPs/Nafion 7.15
Tyr/TiO2/CNTs/Nafion/GA
7.15
Tyr/TiO2/CMK-3/Nafion
7.15
Tyr/TiO2/CMK-3/PDDA
9.5
Tyr/TiO2/CMK-3/Nafion/GA
7.15
Tyr/TiO2/CMK-3/Nafion/PDDA 7.15
7.15
7.15
7.15
a
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Fig. 2 SEM images of (A) TYR/TiO2 /CNTs/Nafion, (B) TYR/TiO2 /CNTs/Nafion/PDDA,
(C) TYR/TiO2/CMK-3/Nafion, (D) TYR/TiO2/CMK-3/PDDA, (E) TYR/TiO2/CMK-3/Nafion/GA, and
(F) TYR/TiO2/CMK-3/Nafion/GA composites supported on the graphite electrode surface.

3. Results and discussion
3.1 SEM images of matrices composites
To characterize the morphology of developed matrix composites scanning
electron microscopy have been employed. The obtained images are presented in
the Fig. 2. Each modification of the matrix composite noticeably change the morphology of biosensor surface. Three-dimensional porous structure for each
biosensor layer with visible convexities inside the cracks can be observed.
3.2 Analytical characteristics of biosensors
The analytical characterization of the prepared biosensors included calculation
the Michaelis-Menten constant and sensitivity to the catechol used as the reference substance. The aim of the above-mentioned tests was to examine and
compare both parameters for biosensors based on different multi-component
composites immobilizing the enzyme and selecting a matrix characterized by the
highest sensitivity and the lowest value of the Michaelis-Menten constant.
All the constructed biological sensors based on MWCNTs were characterized by
good mechanical strength. Whereas, the mechanical strength of the one biosensor
based on mesoporous carbon CMK-3 was poor (TYR/TiO2/CMK-3/PDDA).
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Fig. 3 Comparison of voltammograms recorded for biosensors with different composition of matrix
composites at the catechol solution of 78 μM.

To estimated sensitivity of prepared biosensors the cyclic voltammetry
measurements were carried out, first in a supporting electrolyte, and then in
a catechol solution of different concentrations in the range of 8 to 80 μM. Based on
the obtained results the calibrations graphs were drafted and the sensitivity of
each biosensor as a slope of the linear calibration curve were read out.
For the biosensors containing in the matrix composite multiwalled carbon
nanotubes the best result of the sensitivity was obtained for the biosensor based
on Tyr/TiO2/CNTs/Nafion/PDDA (1.4 µL for one electrode) in a value of
817.0 μA mM–1cm–2. Analysing the results of sensitivity of the biosensors based on
mesoporous carbon CMK-3, definitely higher values of sensitivity, in comparison
to the same matrices based on MWCNTs, were observed. Biosensor based on
Tyr/TiO2/CMK-3/Nafion/PDDA solution in volume of 1.0 µL (for one electrode)
was characterized by the highest value of sensitivity 1247.0 μA mM–1cm–2 toward
catechol. At the Fig. 3 a comparison of five voltammograms is shown. Each of the
voltammogram registered in the catechol solution corresponds to different
biosensor. It can be noticed that the composition of the matrix layer had not only
a significant impact on the analytical parameters of the tested biosensors, but also
on the shape of voltammetric curves.
The dependence of the enzymatic electrode response as a function of the
analyte concentration (catechol), by the Michaelis-Menten equation was also
described, whereas the enzyme activity is characterized by the Michaelis-Menten
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constant (KM). Michaelis-Menten constant value determines the substrate concentration at which half of the active site of molecules in the enzyme structure is
occupied. Low value of the Michaelis-Menten constant means the strong affinity of
the enzyme to the substrate, while a high value indicates a reverse tendency. For
all constructed biosensors the Michaelis-Menten constant was calculated using
the Lineweaver-Burk equation, which converts the Michaelis-Menten equation to
linear form [15]

(1)

where the ccat is the concentration of catechol, Icat–Ibuf is a current corrected by the
value registered in the supporting electrolyte, Imax is the maximum current
measured at the moment of complete saturation of the enzyme substrate. The first
step of the KM value estimation was based on the relationship of the inverse
current 1/(Icat–Ibuf) as a function of the inverse catechol concentration 1/ccat. To
the designated measurement points trend lines were adjusted in the form of the
equation

(2)

Then, knowing that b =1/Imax, and a = KM/Imax, Michaelis-Menten constants were
calculated. In case of CNTs-based biosensors the best results of KM constant were
obtained for biosensor based on TYR/TiO2/CNTs/Nafion/PDDA(1.0 µL), that was
not correlated to the best sensitivity. For the biosensors based on CMK-3, the lover
value of Michaelis-Menten constant was received for biosensor based on
TYR/TiO2/CNTs/Nafion/GA did not agreeing with the highest sensitivity.
Considering all obtained results that the best biosensor was based on composite
of Tyr/TiO2/CMK-3/Nafion/PDDA (1.0 µL for one electrode). The biosensor was
characterized by the highest value of sensitivity 1247.0 μA mM–1cm–2 toward
catechol and relatively low Michaelis-Menten constant, 105.2 µM, as well as
exhibited good mechanical strength.
4. Conclusions
The biosensor matrices for tyrosinase immobilizing based on titanium dioxide gel
modified with nanostructured carbon materials, additionally enriched with gold
nanoparticles, Nafion®, glutaraldehyde or polycationit PDDA (poly(diallyldimethylammonium)chloride) were examined. The performed experiments proved
that the carbon materials were an essential components of the matrix composites
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influencing the electrochemical biosensor response. Some of the constructed
biosensors were characterized by good mechanical strength, high sensitivities
and relatively low Michaelis-Menten constant values indicating the high affinity of
catechol to the tyrosinase immobilized in these matrix composites. Sensitivities
of biosensors and Michaelise-Menten constant values could suggest entrapped of
a larger amount of tyrosinase in its catalytically active form suggesting larger
surface area of mesoporous carbon CMK-3 in comparison to MWCNTs.
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Abstract
This paper deals with the modification of a glassy carbon electrode
with aryldiazonium iodate salts (with different functional groups) by
the spontaneous formation of organic layers for different electroanalytical purposes. The results were obtained by cyclic voltammetry,
scanning (raster) electron microscopy and IR spectroscopy. The
optimal conditions of modification were established. Obtained
surfaces could be used for the further development of biosensors.

1. Introduction
Chemically modified electrodes are effective for electrochemical analysis due to
its utility in a wide range of investigations, such as, electrostatic phenomena at
electrode surfaces, the relationship of heterogeneous electron transfer and
chemical reactivity to electrode surface chemistry, and electron and ionic
transport phenomena in polymers. Moreover, chemically modified electrodes are
beneficial for the design of electrochemical sensing systems, electro-organic
syntheses, energy storage, molecular electronics, corrosion protection. Compared
with other electrode concepts in electrochemistry, the distinguishing feature of
a chemically modified electrode is that a generally quite thin film (from a molecular monolayer to perhaps a few micrometers-thick multilayer) of a selected
chemical is bonded to or coated on the electrode surface to endow the electrode
with the chemical, electrochemical, optical, electrical, transport, and other
desirable properties of the film in a rational, chemically designed manner [1].
Therefore, the search of novel electrode modifiers is extremely necessary for
electroanalysis.
The iodate aryldiazonium salts are prospective as electrode surface modifiers.
The salts allows the covalent bonding of aryl functional groups [2] with the
electrode surface under electrolysis. The first application of diazonium aromatic
salts for surface modification was carried out by Delamar et al. [3]. Traditionally
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Fig. 1 Structural formulas of aryldiazonium salts: (A) 4-carboxybenzodiazonium iodate, (B) iodate
aryldiazonium; (C) 4-cyanobenzodiazonium iodate, (D) 4-hexadecylbenzodiazonium iodate,
(E) 4-nitrobenzodiazonium iodate, (F) 4-(phenyldiazenyl) benzodiazonium iodate.

aryldiazonium salts are used for the modification of solid electrodes. Nevertheless, the control of modifier layer on electrode surface is difficult while electrochemical modification. Therefore, the modifier layer could essentially grow and
block the conductive electrode surface [4]. The novelty of present work is obtaining of optimal conditions for nonelectrochemical modification.
2. Experimental
2.1 Reagents and chemicals
The following iodate salts of aryldiazonium were chosen as modifiers of the
electrode surfaces of the glassy carbon electrodes: [HOOCC 6 H 4 N 2 ]IO 3 ,
[NCC6H4N2]IO3, [O2NC6H4N2]IO3, [C6H5N2]IO3, [H33C16C6H4N2]IO3. Their structures
are depicted in Fig. 1. All reagents were of analytical grade. The water was
obtained by water purification system Milli-Q Direct; water resistivity was
18.2 MΩ cm. Silver chloride electrodes were used as auxiliary electrode and
reference electrode. To select the optimal conditions for spontaneous modification of glassy carbon electrode with iodate salts of aryldiazonium, the concentration of the modifier (mg l–1) and the time of aging of the glassy carbon electrode
in the solutions of the corresponding modifiers (sec) were varied. The working
concentrations of diazonium salt solutions for modification were 10, 30, 60 mg l–1.
The time for the maintenance of glassy carbon electrode in the solutions of the
modifiers was 2, 5, 10, 30, 60, 120 seconds. To evaluate the reversibility of
electrode processes on the glassy carbon electrode, cyclic voltammograms of
hexacyanoferrate salts [Fe(CN)6]3–/4– of concentration 0.25 M (background 0.5 M
KCl) were recorded before and after chemical modification.

136

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

2.2 Instrumentation
A universal electrochemical workstation TA-2 (Tomanalyt, Tomsk, Russian
Federation) with a three electrode cell was used. Silver chloride electrodes and
glassy carbon electrodes for modification were purchased from LLC Tomanalyt
(Tomsk, Russian Federation). Investigations of the cutoffs of the electrode were
carried out using a scanning (raster) electron microscope JEOL JSM-7500FA. To
further confirm the presence of organic functional groups on the glassy carbon
electrode surface, IR reflection spectra were obtained. The investigations were
carried out using the Cary 660 IR spectrometer (manufactured by Agilent).
3. Results and discussion
To assess the effectiveness of modifying the glassy carbon electrode with different
modifiers under the conditions of changing the concentration of the modifier and
the time of aging of the glassy carbon electrode, the value of ΔI (%) was calculated
(1)
where I0 is current of [Fe(CN)6]3–/4– without modifier, I1 is current of [Fe(CN)6]3–/4–
after aging in the solution of the modifier.
In the course of the study (Fig. 2), it was established that the oxidation and
reduction currents of [Fe(CN)6]3–/4– are maximal for 4-carboxybenzodiazonium
iodate of the glassy carbon electrode modifier at the time of holding the electrode
in its solution for 5 seconds and the modifier concentration 10 mg l–1 (ΔI = 230%
cathode scan and ΔI = 185% anode scan).

(A)

(B)

Fig. 2 Dependence of the change in the currents of [Fe(CN)6]3–/4– (ΔI, %) on the time of aging of SEM in
the solution of the 4-carboxybenzodiazonium iodate modifier at different concentrations:
1−10 mg l–1; 2−30 mg l–1; 3−60 mg l–1: (A) cathode potential sweep, (B) anode potential sweep. The
background electrolyte is KCl 0.5 M, v = 80 mV s–1.
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Fig. 3 Scanning electron microscopy of glassy carbon electrode surfaces and corresponding cyclic
voltamograms: (A) glassy carbon electrode without a modifier; (B) glassy carbon electrode after the
addition of the reversible [Fe(CN)6]3–/4– pair to the cell; (С) glassy carbon electrode after
modification of the solution of the 4-carboxybenzodiazonium iodate modifier (10 mg l –1) for 5 sec.

For a more accurate description of the mechanism of the processes occurring at
the electrode, a study of the morphology of the electrode surface was required
(Fig. 3). The first sample is the surface of pure glassy carbon electrode, before the
reversible [Fe(CN)6]3–/4– pair is added to the cell. On the sample surface, selective
microporosity is observed (Fig. 3A). The pore size does not exceed 10 μm. On the
surface there is a slight contamination with an extraneous phase, which has the
form of globular particles. Presumably, this phase is a particle of salt, which is part
of the background electrolyte. The second sample is the surface of the glassy
carbon electrode after introducing a reversible [Fe(CN)6]3–/4– pair into the cell. On
a microscopic photograph, [Fe(CN)6]3–/4– aggregates are observed on the surface
of the electrode, covering the micropores of glassy carbon. Areas with inclusions
of a spherical shape are observed (Fig. 3 B). Presumably, this phase corresponds to
iron-containing hexacyanoferat. The third sample is the surface of the glassy
carbon electrode after modification of 4-carboxybenzodiazonium iodate
(10 mg l–1 ) for 5 seconds. On a microscopic image (Fig. 3C), laminated aggregates
of irregular shape are observed confirming the flow of adsorption on the surface
of the electrode substrate, which proves the fact of the chemical reaction on the
glassy carbon electrode surface between the carbon and the diazonium modifier.
It is obvious that a covalent modification of the glassy carbon electrode is possible
without imposing a potential in a very short period of time. In addition, after the
modi-fication, the current-conducting properties of the SEM are increased due to
an increase in the currents of the reversible [Fe(CN)6]3–/4– pair at the potentials of
0.15 V and 0.35 V under the optimum modification conditions.
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Fig. 4 The transmission spectrum of the IR surface of the glassy carbon electrode: (1) modifier
4-carboxybenzodiazonium iodate (c = 10 mg l–1); (2) the initial surface of the glassy carbon
electrode; (3) surface of the glassy carbon electrode after modification.

To further confirm the presence of organic functional groups on the glassy
carbon electrode surface, IR reflection spectra (Fig. 4) were obtained: 1) 4-carboxybenzodiazonium iodate modifier with a concentration of 10 mg l–1; 2) the initial
surface of the glassy carbon electrode; 3) the surface of the glassy carbon
electrode after modification. The absorption bands at 3659, 1685, 1590, 786 cm–1,
corresponding to the carboxyl group and the phenyl nucleus are observed in the
spectrum.
4. Conclusions
Thus, it has been established that the most suitable material of the working
electrode is the glassy carbon electrode, and the maximum values of the currents
are achieved using the 4-carboxybenzodiazonium iodate modifier. The optimum
modification conditions were: concentration of 4-carboxybenzodiazonium iodate
10 mg l–1, electrode holding time 5 sec.
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Abstract
Morphological, spectral and electrochemical characterization of
boron-doped diamond (BDD) electrode deposited by microwave
plasma enhanced chemical vapour deposition process with linear
antenna delivery apparatus was performed by scanning electron
microscopy, Raman spectroscopy and cyclic voltammetry. Fast
electron transfer kinetics was confirmed for studied redox markers at
as-deposited hydrogen-terminated BDD surface (H-BDD) and also
after applying anodic activation resulting in oxidized surface.
Moreover, the voltammetric behaviour of dopamine, an essential
biologically active compound of which abnormal levels in physiological fluids are associated with neurological disorders, was
examined. Due to the substantial fouling of the H-BDD film during
dopamine oxidation process, anodically activated BDD film was
chosen to perform further experiments with this neurotransmitter.
Concentration dependency for dopamine in phosphate buffer
pH = 7.4 was constructed and detection limit of 1.22 μmol L−1 was
achieved.

1. Introduction
Boron-doped diamond (BDD) has become a well-established electrode material
for neurotransmitters detection, especially biogenic amines, due to its exceptional
characteristics including biocompatibility, resistance to fouling, and sufficiently
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wide potential window in the region of positive potentials for sensitive
electrochemical sensing of dopamine, (nor)adrenaline, and serotonine [1].
Boron-doped diamond thin films can be grown by using one of several energyassisted chemical vapour deposition methods, the most popular being hotfilament and microwave plasma enhanced (MW-PECVD) [2]. However, typical
cavity based MW-PECVD are restricted to an area of diameter of 15 cm and high
growth temperatures above 600 °C. Conversely, MW-PECVD system with linear
antenna delivery (MW-LA-PECVD) enables growth with good homogeneity over
large areas at low temperatures (< 600 °C) [3], therefore making it more attractive
for many applications, including coverage of glass platforms for microelectrode
arrays (MEA) used favourably for neurotransmitters sensing. Nevertheless, in
such linear antenna systems the addition of oxygen species, typically in the form of
CO2, is necessary which leads to, on one hand, enhanced growth rates and
diamond quality, but on the other hand, reduced active boron incorporation
manifested by decreased electrical conductivity [4].
Hence, within this study, nanocrystalline BDD samples deposited by MW-LAPECVD system were characterized by scanning electron microscopy (SEM),
Raman spectroscopy and electrochemically by cyclic voltammetry (CV) using
different redox probes. The possibility of dopamine determination was also
verified.
2. Experimental
2.1 Reagents and chemicals
Analytical grade reagents were used as-received without any further purification:
dopamine hydrochloride, hexaammineruthenium chloride (both Sigma-Aldrich,
Darmstadt, Germany), potassium chloride, potassium hexacyanoferrate trihydrate, sodium dihydrogen phosphate dihydrate (all Lach-Ner, Neratovice, Czech
Republic), sodium hydroxide and sulfuric acid (both Penta, Chrudim, Czech
Republic). All aqueous solutions were prepared with deionized water (Millipore
Mili plus Q system, Billerica, USA) with resistance of not less than 18.2 MΩ.
2.2 Instrumentation
A MW-LA-PECVD system was used for the preparation of BDD samples, further
details are reported in [3]. The surface morphology of deposited layers was
observed by SEM using a Tescan FERA 3 tool. Raman spectroscopy was carried out
at room temperature using a Renishaw InVia Raman Microscope at a wavelength
of 488 nm and a laser power of 6 mW at the sample to assess the quality and
diamond layer composition.
Cyclic voltammetry measurements with a scan rate of 100 mV s−1 were carried
out by a computer-driven Eco-Tribo Polarograph with PolarPro 5.1 software (EcoTrend Plus, Prague, Czech Republic). A three-electrode set-up was used in which
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linear antenna BDD sample was placed in a laboratory-made Teflon electrode
body [5] to form a working electrode. A silver chloride electrode
(Ag│AgCl│3 mol L−1 KCl) and a platinum wire (both Elektrochemické detektory,
Turnov, Czech Republic) served as a reference and counter electrodes, respectively. pH measurements were performed using a digital pH meter 3510 with
a combined glass electrode (Jenway, Essen, UK). All electroanalytical experiments
were carried out at laboratory temperature (23 ± 1°C).
The concentration dependency was constructed from the average of four
replicate measurements for each dopamine standard solution and evaluated by
the least squares linear regression method. Limit of detection (LOD) was calculated as a threefold and limit of quantification (LOQ) as a tenfold of the standard
deviation of the peak currents (ten runs) of the lowest measurable concentration,
divided by the slope of the concentration curve k.
3. Results and discussion
SEM images of investigated layers were found to be closed and free of pinholes.
Layers exhibited a distinct crystalline structure with grains consisting of a mixture
of orientations. Raman spectra showed peaks related to sp3 carbon at 1332 cm−1
as well as broad features relating to transpolyacetylene lying in grain boundaries
at 1150 cm−1 and 1490 cm−1. Furthermore, additional peaks were observed at
1360 cm−1 and 1585 cm−1 belonging to sp2 carbon, and two peaks at 500 cm−1 and
1230 cm−1 related to boron incorporation.
Electrochemical characterization of the linear antenna BDD electrode was
performed by recording CVs of the inner-sphere [Fe(CN)6]3−/4− and the outersphere [Ru(NH3)6]3+/2+ redox markers (both of 1 mmol L−1 in 1 mol L−1 KCl). BDD
film was tested as-received with hydrogen-terminated surface (H-BDD) directly
after the deposition procedure, and also after its anodic activation (performed in
acidic medium of 0.5 mol L−1 H2SO4 by applying highly positive potential EACT
+2.4 V for 20 min; in the region of water decomposition leading to the hydroxyl
radical evolution and subsequently the oxygen formation) resulting to the
introduction of various oxygen-functionalities at the BDD surface (O-BDD) [6].
Evaluated ∆Ep values were 81 mV and 66 mV at H-BDD, and 87 mV and 64 mV at
O-BDD for [Fe(CN)6]3−/4− and [Ru(NH3)6]3+/2+, respectively, indicating that conversion to oxidized surface did not significantly altered the redox behaviour of
studied probes. Hence, fast electron transfer kinetics was confirmed at H-BDD as
well as at O-BDD surface.
The electrochemical behaviour of 1 mmol L−1 dopamine in 0.1 mol L−1 phosphate buffer pH = 7.4 was investigated by cyclic voltammetry. Dopamine oxidation
on H-BDD occurred at +0.35 V and the peak heights continuously decreased by
57% within the set of five consecutive scans, confirming electrode fouling.
Noticeably higher positive oxidation potential of +0.44 V was observed at O-BDD
surface, and repeatable signals were obtained because anodic activation was
applied between the individual scans (EACT +2.4 V for 30 s) ensuring resistance
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Fig. 1 Cyclic voltammograms of dopamine in 0.1 mol L−1 phosphate buffer pH = 7.4 recorded at
anodically activated BDD film. Following dopamine concentration levels were measured:
(1) 4 μmol L−1, (2) 6 μmol L−1, (3) 8 μmol L−1, (4) 10 μmol L−1, (5) 20 μmol L−1, (6) 40 μmol L−1,
(7) 60 μmol L−1, (8) 80 μmol L−1, and (9) 100 μmol L−1. Dotted line represents supporting electrolyte.

towards electrode surface passivation. The reversibility of dopamine oxidation
process was suppressed at O-BDD which was manifested by indistinctive cathodic
peak in the reverse scan of the recorded CVs. Clearly, the oxidation of dopamine is
strongly influenced by surface termination of the BDD sample. Consecutively,
on anodically activated BDD sample the concentration dependence of dopamine
in 0.1 mol L−1 phosphate buffer pH = 7.4 was recorded by cyclic voltammetry
(Fig. 1) within the linear range from 4 to 100 μmol L−1 and it can be described by
the following equation
Ip (nA) = 29.9±22.5 (nA) + 23.6±0.5 (nA μmol−1 L) × c (μmol L−1)
R = 0.9985

(1)

The calculated LOD and LOQ values are 1.22 μmol L−1 and 4.06 μmol L−1, respectively.
4. Conclusions
Within this study, BDD electrode produced by MW-LA-PECVD process was characterized by using a range of techniques and preliminary results with neurotransmitter dopamine were obtained, which suggest that linear antenna BDD is
a perspective material for dopamine sensing and it may be used advantageously
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for many applications such as fabrication of BDD based MEA device. The
comparison of linear antenna BDD samples with other types of BDD, including
conventional planar and nanostructured samples prepared by MW-PECVD
apparatus will be performed.
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Abstract
A fluorometric method of creatinine determination was investigated.
As a reagent 3,5-dinitrobenzoic acid is employed. The fluorometric
3,5-dinitrobenzoic acid-creatinine complex is formed in alkaline conditions with excitation and emission maxima at 410 nm and 480 nm,
respectively. The conditions of the assays like solvent for 3,5-dinitrobenzoic acid, base concentration and reaction time were optimized.
A linear calibration curve in the range from 10 to 500 µmol L–1 of
creatinine was obtained. However, the substrate (3,5-dinitrobenzoic
acid in organic solvent) is unstable, which limits application of proposed method.

1. Introduction
Creatinine is one of most common analytes in the clinical analysis [1]. It is formed
in muscles in one of two possible processes: either in nonenzymatic dehydration
and dephosphorylation of creatine phosphate or in enzymatic creatine dehydration. Creatinine serves no biological functions in the organism and is filtrated by
kidneys and removed with urine. However, due to the fact that creatinine is
synthesized in muscles, its level is related to the muscle mass as well as it is
regarded to be a renal function marker [2]. The physiological range of creatinine is
0.6–1.3 mg dL–1 in serum and 800–2000 mg in 24-hour urine.
A commonly used method for creatinine determination in biological samples is
Jaffé method, proposed by Max Jaffé in 1886 [3] and adapted for clinical analysis
purposes by Otto Folin [4]. It bases on an orange complex formation when creatinine reacts with picric acid in alkaline solution. Although Jaffé method dominates in clinical laboratories, it is highly nonspecific. Compounds such as glucose,
pyruvate, bilirubin, albumin, cephalosporins and many others are causing a bias
in determined creatinine level [5]. To overcome these obstacles, a kinetic variant
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of Jaffé method is widely employed, which bases on a two-point absorbance measurement. The difference between obtained values is treated as an analytical
signal. This approach allows to eliminate the influence on the measurement of
compounds reacting with picric acid with a different rate than creatinine.
As another solution to the problem of many interferences, in 1936 three groups
– Bollinger [6], Langley and Evans [7], and Benedict and Bahre [8] independently
proposed an alternative method for the determination of creatinine. Instead of
picric acid, 3,5-dinitrobenzoic acid was employed as a chromophoric residue.
Since then only a few papers have been published on this matter [9–13]. The
3,5-dinitrobenzoic acid-based method is reported to exhibit fewer interferences
than Jaffé assay. However, a systematic and comprehensive research in this area is
still missing from the literature. It will be a subject of further investigation in our
group and will be published elsewhere.
Furthermore, the reaction between creatinine and 3,5-dinitrobenzoic acid is
suitable not only for colorimetric but also for fluorometric determination of
creatinine [14]. Inorganic base in a concentration above 0.25 mol L–1 promotes the
formation of fluorescent product with the excitation and emission maxima
410 nm and 475 nm, respectively. 3,5-dinitrobenzoic acid (0.05 mol L–1) was
dissolved in an organic solvent. According to [14], solvents like 1,4-butanediol,
isopropanol, dimethylsulfoxide (DMSO), dimethylformamide (DMF) and ethanol
can be employed to prepare 3,5-dinitrobenzoic acid solution and facilitate
fluorescence. The greatest sensitivity was achieved in 1,4-butanediol solution.
However, the greatest fluorescence intensity was observed in DMSO solution. The
linear range of the assay is up to 800 µmol L–1 of creatinine and the limit of
detection is below 1 µmol L–1. This method of creatinine determination was patented [15]. In this contribution, we verify results obtained by Blass and optimize the
conditions to potentially apply fluorometric creatinine assay to a single-point
creatinine determination.
2. Experimental
2.1 Reagents and chemicals
The creatinine and 3,5-dinitrobenzoic acid were pure grade and obtained from
Sigma Aldrich (USA). Other reagents like 1,4-butanediol, sodium hydroxide,
ethanol, methanol, DMSO of analytical grade were obtained from Avantor
Performance (Poland). Water used in all experiments was the first level of purity.
2.2 Instrumentation
For fluorometric measurements, a Scinco FS-2 (South Korea) fluorimeter was
employed. In all experiments disposable, polystyrene fluorometric cuvettes
obtained from Sarstedt (Germany) were used.
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3. Results and discussion
A solution of 0.05 mol L–1 3,5-dinitrobenzoic acid was prepared in various
solvents: 1,4-butanediol, DMSO, ethanol, methanol, and 0.45 mol L–1 NaOH. The
kinetics were recorded for 410 nm and 480 nm excitation and emission wavelengths, respectively. The measurements were conducted in a volume ratio of
3,5-dinitrobenzoic acid solution:NaOH:sample equal to 1:1:2. As shown in Fig. 1
out of all five solvents, a fluorescent signal after addition of creatinine was developed only in 1,4-butanediol, contrary to Blass’ findings. In case of 3,5-dinitrobenzoic acid dissolved in DMSO, a purple colour was developed and a rise in the
solution temperature was noticed after creatinine addition. However, the product
was not fluorescent. For further experiments, 1,4-butanediol was selected as
a solvent for 3,5-dinitrobenzoic acid.
Next, the effect of NaOH concentration on 3,5-dinitrobenzoic acid-creatinine
complex fluorescence was investigated. According to original publication [13], the
increase of base concentration resulted in faster development of signal. Kinetics
shown in Fig. 2 confirm these observations. A higher signal is obtained with the
increase of NaOH concentration. However, a faster decay in fluorescence intensity
is also observed. For 3 mol L–1 NaOH a steady-state is reached instantly. For further
measurements, 1 mol L–1 was chosen due to the highest fluorescence intensity of
formed product. The highest emission of the product is reached after 9 minutes
after reaction initiation by mixing 3,5-dinitrobenzoic acid in 1,4-butanediol with
NaOH and creatinine standard.

Fig. 1 Kinetics of fluorescent product formation after reaction of 0.05 mol L–1 3,5-dinitrobenzoic acid
dissolved in 1,4-butanediol, ethanol, methanol, DMSO or 0.45 mol L–1 NaOH with 500 µmol L–1 of
creatinine standard and 1 mol L–1 NaOH recorded at 410 nm excitation wavelength and 480 nm
emission wavelength.

148

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Fig. 2 Kinetics of fluorescent product formation after reaction of 0.05 mol L–1 3,5-dinitrobenzoic acid
dissolved in 1,4-butanediol with 500 µmol L–1 of creatinine standard in different concentrations of
NaOH: 0.5, 1.0, 2.0 and 3.0 mol L–1 recorded at 410 nm excitation wavelength and 480 nm emission
wavelength.

Fig. 3 Emission spectra (left) of consecutive creatinine standards (10, 50, 100, 250 and 500 µmol L–1)
and a corresponding calibration curve (right).

A calibration curve for creatinine was prepared in the concentration range from
10 to 500 µmol L–1 and is shown in Fig. 3 with the emission spectra of consecutive
creatinine standards.
However, a significant decay in obtained signal was noticed after storing
3,5-dinitrobenzoic acid in 1,4-butanediol for several hours in a closed volumetric
flask. A 50% decrease in signal was achieved after 48 hours of storing the reagent
and an 80% decrease after 72 hours of storage in a closed volumetric flask, as
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Fig. 4 Kinetics of fluorescent product formation after reaction of 0.05 mol L–1 3,5-dinitrobenzoic acid
dissolved in 1,4-butanediol with 500 µmol L–1 of creatinine standard and 1 mol L–1 NaOH recorded at
410 nm excitation wavelength and 480 nm emission wavelength. The reagent was freshly prepared,
stored for 48 hours or stored for 72 hours.

Fig. 5 Kinetics of fluorescent product formation after reaction of 0.05 mol L–1 3,5-dinitrobenzoic acid
dissolved in 75%, 50% or 25% 1,4-butanediol solution in water with 500 µmol L–1 of creatinine
standard and 1 mol L–1 NaOH recorded at 410 nm excitation wavelength and 480 nm emission
wavelength. The reagents were freshly prepared or stored for 120 hours.

shown in Fig. 4. This is a major obstacle to implementing this method in real
samples analysis. An attempt to stabilize the substrate by addition of water was
undertaken The results are presented in Fig. 5. Even then, not only a smaller signal
was developed than in pure 1,4-butanediol, but also similar decay in signal was
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observed in case of 75% and 50% 1,4-butanediol solution in water used as
a solvent for 3,5-dinitrobenzoic acid. An opposite trend is noticed in case of 25%
1,4-butanediol solution in water. A possible explanation of this is that 3,5-dinitrobenzoic acid was not completely soluble in 25% butanediol and its storage for
120 hours resulted in the increase of the amount of 3,5-dinitrobenzoic acid
dissolved.
4. Conclusions
Despite the fact, that the conditions were successfully optimized and a linear
calibration curve was obtained, this fluorometric creatinine assay is not suitable
for real samples analysis and found as highly unpractical. A new batch of 3,5-dinitrobenzoic acid in 1,4-butanediol is required for every set of measurements
because the substrate is not stable in such a solution. What is more, a reaction that
lasts 9 minutes is not an attractive alternative for creatinine determination according to Jaffé protocol, which lasts up to 1 minute.
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Abstract
The present study is focused on separation and detection of pesticides
residues in apple ciders. The main target of this experiment was not
only to determine the concentrations of these residues carrying over
from apple peels into the beverages but also to evaluate their
potential risk to consumer’s health. For the extraction the QuEChERS
method was used in combination with additional column SPE sample
clean-up to achieve the lowest detection limit possible due to low
concentrations of pesticide residues. The samples were analysed
using a high-resolution accurate-mass (HPLC-HR/AM) instrument
and this applied method assured the quantification of pesticide
residues in the ciders possible at 0.2 ppb level for most of fifty target
pesticides. Additionally, non-target screening mode enabled to verify
presence of over 300 pesticides using comprehensive library
including retention times, empirical formulas, and verified fragments.

1. Introduction
The pesticides have very important the role in the agriculture [1–2]. They help to
increase efficiency profitability and quality products. On the other hand, their
application to farmland increasing rapidly over the world, and the contamination
occurs of agricultural produce, water, air, and soil. The apples belong to commodities treated wide scale of various agrochemicals. The most used pesticides for
treatment of apples are insecticides, such as acetamiprid, chlorpyrifos-methyl,
methoxyfenozide, pirimicarb and fungicides, such as boscalid, carbendazim,
cyprodinil, dithiocarbamate, fluopyram, and mandipropamid [3–4].
Based on the trend of increasing consumption of apple ciders in the Czech
Republic, especially ciders produced in domestic craft cider houses, we designed
an experiment which provides information about levels of pesticides residues in
these kinds of beverages. The samples were obtained mainly from local ciders and
several foreign ciders were involved into the study. Several organic ciders were
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also analysed in order to confirm the pesticide free declaration. In this study, the
QuEChERS based extraction method in combination with column SPE addition
sample clean-up to achieve the lowest detection limit of pesticide residues in the
samples [5]. The Q-Exactive instrument and this applied method made quantification of pesticide residues in ciders possible at 0.2 ppb level for most of fifty
target pesticides.
2. Experimental
2.1 Reagents and chemicals
Acetonitrile, methanol, formic acid and ammonium formate (all LC-MS grade),
sodium citrate tribasic dihydrate and sodium hydrogencitrate sesquihydrate
were and purchased from Sigma-Aldrich (Steinheim, Germany). Sodium chloride
(anal. grade) was obtained from Lach-Ner (Neratovice, Czech Republic). Magnesium sulfate (anal. grade, >98%) was obtained from Penta (Prague, Czech Republic).
Pure water was obtained from a Milli-Q purification system (Merck-Millipore).
Pesticide standards abamectin, acephate, acetamiprid, ametoctradin, azoxystrobin, bifenthrin, boscalid, bupirimate, carbendazim, chlorantraniliprole, chlorpyrifos, clothianidin, cyazofamid, cymoxanil, diflubenzuron, dimethomorph,
etoxazole, fenpropimorph, fenpyroximate, flonicamid, fludioxonil, fluopicolide,
fluopyram, hexythiazox, imazalil, imidacloprid, indoxacarb, malaoxon, malathion,
mandipropamid, mepanipyrim, metalaxyl, methoxyfenozide, metrafenone,
myclobutanil, oxadiazon, penconazol, pendimethalin, pirimicarb, propamocarb,
propargite, propiconazol, pyraclostrobin, pyridaben, quinoxyfen, spirodiclofen,
spirotetramat, spiroxamine, tebuconazole, tebufenozide, tebufenpyrad, thiabendazole, thiacloprid, thiamethoxam, triadimefon, triadimenol, trifloxystrobin,
triflumizole, and internal standards azoxystrobin-d4, thiamethoxam-d3,
triphenyl phosphate were purchased from Sigma Aldrich (St. Louis, USA).
Standard and internal standard stocks solutions (1.0 mg mL–1 for all except
0.2 mg mL–1 for ametoctradin, carbendazim and chlorantraniliprole) were prepared in acetonitrile or, in case of solubility problem, in methanol or acetone and
stored at –20°C. A standard mixture solution, with all 58 pesticides, was prepared
in acetonitrile at 1 µg mL–1 of each pesticide.
2.2 Instrumentation
HPLC-MS was carried out using a Dionex UltiMate 3000 UHPLC system (Thermo
Scientific, Germering, Germany) consisted of a binary pump (HPG-3400RS), an
autosampler (WPS-3000TRS), a degasser (SRD-3400) and a column oven (TCC3000RS). Detection was carried out by a Q Exactive hybrid quadrupole-orbitrap
mass spectrometer (Thermo Scientific, Waltham, MA, USA). Analytes were
separated on a reversed-phase C18 Atlantis T3 column (2.1×100 mm, 3 µm) from
Waters (Milford, MA, USA) with a corresponding guard C18 column (Security-
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Guard ULTRA) from Phenomenex (Aschaffenburg, Germany). The LC-MS system
was equipped with a heated electrospray ionization source (HESI-II) and TraceFinder software version 4.1. Chromatographic separation was realized using
gradient elution with 2 mM ammonium formate containing 0.1% formic acid in
water as solvent A and methanol as solvent B; LC gradient: 0 min: 85% of solvent A
+ 15% of solvent B, 0.5 min: 85% A + 15% B, 9 min: 5% A + 95% B, 15 min: 95% A
+ 5% B with a flow rate of 340 µL per minute was used. The column oven was
heated to 40°C and injection volume was 2 µL.
In the positive electrospray ionization (ESI) mode, the ion spray voltage was set
at 2.8 kV, the sheath gas flow was at 32 arbitrary units, the auxiliary gas flow rate
was kept at 7 arbitrary units, the capillary temperature was set at 295 °C and the
auxiliary gas heater temperature was set at 295 °C. In the negative ESI mode, the
ion spray voltage was set at –2.5 kV. Nitrogen was used as both sheath and
auxiliary gas.
The mass spectrometer was generally operated in parallel reaction monitoring
(PRM). The precursor ions in the inclusion list were, within the retention time
window ±0.3 min, filtered in the quadrupole at isolation window (target m/z ± 0.7
amu), fragmented in HCD collision cell, product ions were collected in the C-trap at
17,500 resolution (FWHM, full width at half maximum, at m/z 200), AGC target
value of 2e5, and maximum ion injection time of 40 ms and finally two specific
pairs of precursor-product ion transitions were monitored for each compound of
interest. A mass tolerance of 5 ppm was employed. The normalized collision
energy (NCE) was optimized for each compound. The instrument was externally
calibrated prior to each measurement using the mixture of mass calibrants.
2.3 Standard preparation
Stock solutions (1 mg mL–1) of each compound of interest were prepared by
adding 10 mg (corrected for purity) of the analytical grade compound to separate
10 mL volumetric flasks and bringing up to volume with acetonitrile (except carbendazim, which was diluted with methanol). The stock solutions were stored
generally at –20 °C. A high level fortification solution was prepared by taking
0.1 mL aliquots of each stock solution and diluting up to volume in a 100 mL
volumetric flask with acetonitrile, resulting in a 1 μg mL–1 mixed solution.
2.4 Cider sample preparation
Fifteen samples of the apple ciders originally from Czech Republic (CZ) were:
Cider Hop Hop; Cider Magnetic Apple – chmelený ; Tá tů v sad – chmelený ; BB cidre;
Cider Bohemia; Cider Magnetic Apple – original; 12PragCider; Cider DRY; Tá tů v
sad cider; Prvnı́ Prajzské jablko; Ceskorá jský cider; Redbrook cider; Rychnovský
cider; Johannes cyder; Cidre 99 dry, and five foreign ciders: Val de Rance (FR);
Dunkertons (GB); Aspoll Suffolk (GB); Sidra Bere (ESP); Opre’Cidery (SK) were
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involved in the experiment. The samples were prepared using a modified
QuEChERS method: (1) 10 mL of degassed sample was added into a 50 mL PFTE
centrifugation tube, 50 µL of internal standard solution (triphenyl phosphate,
c = 10 mg L–1) was added and the tubes were mixed thoroughly; (2) 10 mL of acetonitrile was added (the tubes were tightly closed) and 1 minute mixed on the Vortex
shaker; (3) then was added the mix of salts (4 g MgSO4, 1 g NaCl, 1 g sodium citrate
tribasic dihydrate, 0.5 g sodium hydrogencitrate sesquihydrate) and (4) the samples were manually shaken for 1 minute; (5) The samples were centrifuge 7 minutes at 4500 rpm; (6) 6 mL of organic phase from sample was took into the centrifugation tubes (15 mL) with 0.9 MgSO4 and the tubes were again centrifugation for
7 minutes at 4500 rpm. In the second step, the samples were cleaned-up using SPE
technique. A SPE columns with PSA sorbent (200 mg, 3 mL tube; Supelco) was
conditioned with 2 mL acetonitrile priors clean-up. Then was added 2 mL sample
(from 15 mL centrifugation tube). The eluent was collect into the heart shaped
flask and subsequently the SPE columns were washed with 10 mL of acetonitrile.
Then the samples were evaporated to dryness on the evaporator (40 min/35 °C).
At the last, the samples were dissolved with 1 mL 0.1% formic acid in mixture of
50% methanol in water.
3. Results and discussion
In this study, 12 pesticides residues were found in twenty samples of apple ciders
that were reliably quantified. At least two pesticides residues were detected in
each sample. The most occurring pesticide was pirimicarb, an insecticide for
aphid control in a wide range of crops. It was detected in seventeen samples, in
four samples was quantified, and the highest concentration was 3.6 ppb in
“Johannes Cyder” (CZ). The second most occurred pesticide was boscalid, a fungicide active against a wide range of fungal pathogens. It was detected in fourteen
samples, in eight samples was quantification, and the highest concentration was
14.1 ppb in “Bohemia cider” (CZ). The frequently found pesticide residue was also
methoxyfenozide, an insecticide used to control various insect moths, butterflies.
It was detected in eleven samples, in seven was quantification, and the highest
concentration 1.2 ppb was in apple cider with hops addition “Cider Magnetic
Apple – chmelený ” (CZ). Acetamiprid (an insecticide used for the control aphid)
was pesticide residue found quite often in ciders and it was quantification in five
samples at the highest concentration was 4.5 ppb in dry cider “Cider Magnetic
Apple – original” (CZ), and in other five samples were only detected. Fluopyram,
a broad-spectrum fungicide for use as a foliar application and as a seed treatment
to control various diseases, was detected in eight samples with the highest concentration 1 ppb in “Cider Bohemia” (CZ) and mandipropamid were detected in
four samples, in two samples at the highest concentration 2.1 ppb. The remaining
pesticide residues (for example abamectin B1A, carbendazim, imazalil,
myclobutanil, pyraclostrobin, thiacloprid) were only detected due to their low
concentration.
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Fig. 1 Selected ion chromatograms of pesticides residues in sample apple cider “Tátův sad – chmelený”: (a) acetamiprid (m/z = 223.0745, tr = 4.69 min), (b) boscalid (m/z = 343.0399, tr = 7.88 min),
(c) methoxyfenozide (m/z = 369.173, tr = 8.09 min), (d) fluorpyram (m/z = 397.0537, tr = 8.23min),
(e) pirimicarb (m/z = 239.1503, tr = 5.51 min), (f) triphenyl phosphate, i.e., internal standard
(m/z = 327.0780, tr = 8.83 min).

We had in our experiment also three organic ciders (“Cider hop hop” (CZ);
“Apple cider dry” (CZ); “Dunkertons” (GB)). In “Cider hop hop” were detection
boscalid (0.5 ppb) and mandipropamid (<0,5 ppb), in the “Apple cider dry” were
boscalid (1 ppb) and myclobutanil (<0.5 ppb), and in “Dunkertons” were
identified abamectin B1A (0.6 ppb) and pirimicarb (<0.5 ppb).
Five samples of apples ciders were made with hops addition for bitter taste and
aroma. Unfortunately, hops belong between commodities treated by wide scale of
the agrochemicals. Thus, hops as a raw material could be a potential donor of
pesticides residues carried over into ciders. The cider “Opre’ dry hopped cider”
originate from Slovakia contained a quite high concentration of imidacloprid
(5.3 ppb) and imazalil (2.6 ppb). Presence of imazalil suggests that the apples
could be determined for post harvest storage originally. The sample “Cider
Magnetic Apple – chmelený ” (CZ), which contained acetamiprid at 1.2 ppb, boscalid at 2.6 ppb, methoxyfenozide at 1.2 ppb, fluopyram at <0.5 ppb,
mandipropamid at 2.1 ppb, and pirimicarb at <0.5 ppb. In samples “Tá tů v sad –
chmelený ” were acetamiprid at <0.5 ppb, boscalid at 1.1 ppb, methoxyfenozide at
0.9 ppb, fluopyram at <0.5 ppb, pirimicarb at 1.1 ppb, and mandipropamid at
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<0.5 ppb. The selected ion chromatograms of pesticides residues in sample for
this sample is in Fig.1. In the sample “Cider Hop Hop” were detected only boscalid
(0.5 ppb) and mandipropamid (<0.5 ppb), and in the sample “BB cidre” were
detected boscalid (<0.5 ppb) too and pirimicarb (<0.5). The occurrence of mandipropamid was observed only in case of ciders with hop, thus this pesticide residue
coming from the hop most probably. The apples quality is not the only influencing
factor for the occurrence of pesticides residues.
4. Conclusions
The found concentrations of pesticide residues in cider as a processed food were
evaluated base on acceptable daily intake (ADI, mg kg–1bw day–1) for each
pesticides. The result showed that the even highest determined concentration of
boscalid at 14.1 ppb represent only small part of ADI for 80 kg weigh man. The
levels of found pesticide residues thus could not be risk for consumers health.
Nevertheless, the monitoring of pesticide residues in this type of beverages
products is important because they contain various pesticide residues, which
long-term consumption could be potentially hazardous for consumer’s health.
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Abstract
Chromato-desorption microsystems have been developed in this
research work. They can be used to increase the accuracy of
quantitative determination of biomarkers in the exhaled air. The
evaluation of the accuracy determination of acetone in model gas
mixtures shows an advantage in comparison with standard methods.

1. Introduction
Analysis of exhaled air is an attractive area of non-invasive medical diagnostics,
because this method excludes invasive interventions and can be implemented
repeatedly. It provides an opportunity to study thoroughly the dynamics of
physiological processes. Also, the analysis of exhaled air allows to reveal a pathology at those stages of development, when other methods of diagnostics are
insensitive, nonspecific and uninformative.
The exhaled air contains about three thousand volatile organic compounds [1],
which are the products of physiological and biochemical processes in the
organism. Many of them are biomarkers of functional disorders of human body,
about 20 of them are used as predictors of some diseases. The acetone is one of the
selective biomarkers. It is formed as a result of the oxidation of fats. Increased
concentration of acetone in the exhaled air signals about excess level of glucose in
the blood [2, 3].
The development of non-invasive diagnostics is hampered by the lack of an
optimized method for the quantitative determination of micro quantities of biomarkers in the exhaled air. The limiting factors which determine the accuracy and
the rate of measurements are appropriate sampling and sample preparation that
eliminate the possibility of additional sample contamination.
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The purpose of the research is the development of methodological techniques
and the quantitative determination of acetone in the exhaled air.
2. Experimental
2.1 Reagents and chemicals
We have chosen four types of sorbents for micro systems: Chromaton N-AWMCS+25% CaCl2, Chromaton N-AW-MCS+25% CoCl2, Al2O3, fiberglass+50%
polyethylene glycol and filled with them developed chromato-desorption microsystems. We have used acetone as a target component to conduct experiment.
2.2 Instrumentation
Developed chromato-desorption microsystems and methods allow to concentrate trace contaminants of aliphatic volatile organic compounds from exhaled air
samples by solid phase microextraction technique. Chromato-desorption microsystems have been made from medical needles (inner diameter 0.5 mm) and filled
with sorbents. Fig. 1 shows stages of chromato-desorption microsystem preparation. We have used scanning election microscope Tescan VEGA for analysis of
sorbent surface microstructures (Fig. 2).

Fig. 1 Stages of chromato-desorption microsystem preparation: (1) filling with a sorbent, (2) saturation chromato-desorption system with a target component, (3) preparation procedure.

(a)

(b)

(c)

(d)

Fig. 2 Microphotograph of sorbent surfaces: (a) Al2O3, (b) Chromaton N-AW-MCS+25% CaCl2,
(c) Chromaton N-AW-MCS+25% CoCl2, (d) fiberglass+50% polyethylene glycol.
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(a)

(b)

Fig. 3 Acetone concentration in dependence on use chromato-desorption microsystem filled with
(a) Cromaton N-AW-DMCS + 25% CaCl2, (b) fiberglass+50% polyethylene glycol.

3. Results and discussion
It is known that surface-layer sorbents, modified with sorption-active inorganic
salts, have a large adsorption capacity, chemical inactivity and thermal stability,
allow the process of concentrating a sample with direct thermal desorption of
impurities to transfer them to a gas chromatograph, thereby shortening the time,
increasing the sensitivity analysis . In this connection, it is expedient to study the
potential use of sorbents of this type for the manufacture of chromatographic
desorption microsystems designed to produce gas mixtures containing microquantities of acetone. Chromaton N-AW-DMCS with modification of 25% CaCl2
and Chromaton N-AW-DMCS with modification of 25% CoCl2 acquire a strongly
developed surface structure, which greatly increases its surface area, moreover
sorbent particles are small and have irregular geometric form, whereby the
packing density of chromato-desorption microsystem increases. The cumulative
effect of these factors makes it possible to predict an increase in sorption capacity
of the system. A similar effect of increasing the sorptive capacity of the system due
to the large surface area and is shown to Al2O3, the capacity reduction is not
observed.
The system with fiberglass+50% polyethylene glycol showed high throughput.
The salt is planted partially on the fiberglass. This sorbent has a special
configuration, so the dead volume is almost absent. It was established experimentally that chromato-desorption microsystem life of dispensing discrete gas
mixture of at least six cycles with a standard deviation δ = 15% (Fig. 3).
4. Conclusions
Analytical micro concentrating systems and methods for concentrating trace
aliphatic hydrocarbons from exhaled air samples have been developed.
Characteristics of chromato-desorption microsystems filled with Chromaton NAW-DMCS+25% CaCl 2 , Chromaton N-AW-DMCS+25% CoCl 2 , Al 2 O 3 , fiberglass+50% polyethylene glycol have been determined. It is reasonable to use
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chromato-desorption microsystem filled with Chromaton modified with
sorption-active inorganic salts and with fiberglass+50% polyethylene glycol to
concentrate volatile organic compounds from breath air samples. Chromatodesorption microsystem method meets green chemistry principles as it reduces
dramatically chemical agent consumption.
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Abstract
The iteration method of volatile compounds concentrations and calibration coefficients calculation in water-ethanol standard solutions
was proposed. It lies in the gravimetric preparation of a mixture
which contains impurities at much higher concentrations than those
in initial ethyl alcohol applied as a blending agent. The “Ethanol as
Internal Standard” method is then used for the calculation of Relative
Response Factors of zero-order approximation for each analysed
volatile. Ethyl alcohol used for preparation is then measured by gas
chromatography and the adulterants concentrations in it are determined. Further the volatiles concentrations in standard solution and
Relative Response Factors are specified. Finally the process of taking
into consideration the adulteration of initial ethanol allows correct
determination of low volatiles concentrations in prepared standards
solutions. The efficiency of the method was demonstrated experimentally.

1. Introduction
Each and every quantification analysis undoubtedly cannot proceed correctly
without preliminary calibration process. Speaking about water-ethanol mixtures
excellent exponents of their application sphere are alcoholic beverages and the
materials of their origin, such as distillates. Among lots of control tests of this
output volatile compounds quantification is the topmost quality parameter, as
chemical content of alcoholic beverage influence both organoleptic parameters
(flavour and taste) and safety. Consequently analytical chemists challenge is to
establish the concentrations of volatile compounds in the testing sample as
accurately as possible.
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Table 1
Limits of volatile concentrations in ethyl alcohol.
Component(s)

acetaldehyde (+ acetal)
methanol
higher alcohols/other volatiles

Concentration limit of absolute alcohol / mg L–1
EP monograph EC 110/2008

Open commercial sources

8
165
240

8–40
80–300
80–240

50
300
50

Separation and detection of components in ethanol-containing products is
mainly performed with gas chromatography (GC) method as the most robust,
rapid and modern. Thus, lots of international legislative documents establish the
GC way of quantitative determination of volatile compounds in alcoholic products
[1–5]. But the standard solutions preparation algorithm differs from document to
document. European regulation [1] concerns the GC method of volatile compounds quantification in spirit drinks and describes the whole procedure of
standard solutions gravimetric preparation from water and ethyl alcohol free
from volatile impurities. Oppositely, the European Pharmacopeia (EP) monographs concerning ethanol (96%) and anhydrous ethanol analysis establish the
preparation of reference solutions on the basis of testing substance [5]. In
addition, the authors of a major part of research articles concerning the determination of contaminants in alcoholic products prepare standard solutions in their
own way, applying methods different from those described in the legislative
documents. In this case both External and Internal standard methods are applied
although the latter is predominant.
Eventually let us describe the problem which unavoidably exists during
standard solutions preparation. The fact is that ethyl alcohol cannot be 100% pure
as it always contains volatile impurities. And the challenge is to take the ethanol
adulterants concentrations into consideration during final calculation of standard
solutions composition. Table 1 includes the information about limits of volatiles
concentrations in ethyl alcohol found in both legislative documents and open
official commercial sources, such as Sigma-Aldrich. Finally in some cases the concentrations of volatiles in standard solutions are comparable with those in the
initial ethyl alcohol. This phenomenon causes a problem of incorrect establishment of certified values. The problem can be solved by the proposed iteration
method.
Firstly, a standard solutions which contains analysed volatile compounds at
the concentrations near to 500 mg l–1 absolute alcohol (AA) is to be prepared
gravimetrically according to ASTM recommendations [6]. Zero-order approximated concentration (mg l–1 AA) of i-th volatile in the prepared standard solution
cist (0) is determined according to the formula
(1)
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where ρeth = 789300 mg l–1 is the ethanol density; cii and mist are the purity of i-th
compound in the i-th substance (mg mg–1) and recorded mass of added i-th
st
substance; ceth
is the mass concentration (mg mg–1) of ethanol in prepared
standard solution and mst is the mass (mg) of standard solution. Further the zeroorder approximated Relative Response Factors (RRF) are determined according
to the “Ethanol as Internal Standard”method [7–8] by the following equation
(2)
s
where Aist and Aeth
are the values of GC response to i-th volatile and ethanol, for
instance, peak area. Hereafter it is necessary to establish volatiles concentrations
in the initial ethyl alcohol, that is why it should be measured by GC. The
concentrations of impurities are then calculated according to the following
formula

(3)
The obtained mg l–1 AA concentration units fully comply with the international
regulatory documents [1–5]. Most common volatiles presented in pure ethyl
alcohol are acetaldehyde, ethyl acetate, methanol and higher alcohols (fusel oils).
Then the volatiles concentrations in standard solutions must be clarified by taking
into consideration the amount of impurities established according to the Eq. (3). It
is done according to the following formula

(4)

This is how the iteration circle is closed. Further it is necessary to make one or two
additional iterations by subsequent usage of Eqs. (2)–(4). After this the quantitative analysis of a test sample proceeds according to the Eq. (3) but with clarified
RRFieth values.
In order to show the influence of ethanol spoilage on the establishment of certified concentrations values the relative bias is applied
(5)
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2. Experimental
2.1 Reagents and chemicals
Initial high-purity ethanol was purchased from JSC “Dyatlovo Wine and Distillery
Plant Algon” (Belarus).
2.2 Instrumentation
The samples were analysed with a Chromateс-Kristall 5000 gas chromatograph
equipped with FID and an autosampler. Instrument control and data analysis were
performed with UniChrom software (New Analytical Systems, Minsk, Belarus).
The gas chromatograph was fitted with capillary column Rt-Wax, 60 m × 0.53 mm
with 1 μm phase thickness. The oven temperature was the following: the initial
isotherm at 75 °C for 9 min was raised to 130 °C at a rate of 5 °C min–1 then raised to
180 °C at a rate of 10 °C min–1 with final isotherm of 155 °C for 5 min. The carrier
gas was nitrogen (≥99.99 % purity); the gas flow was 6.9 ml min–1; the injector
temperature was 160 °C; the detector temperature was 200 °C; the injector
volume was 1 μL; the split ratio was 1:7. Analytic balance OHAUS PA-214C with
a precision of 0.2 mg was used for gravimetric preparations.
2.3 Standard solutions preparation and analysis
Six standard water-ethanol solutions with 40% ethanol by volume were prepared
gravimetrically according to [6] recommendations by subsequent addition of
individual chemical substances or solutions into initial water-ethanol mixture.
The added individual chemical substances were: acetaldehyde, methyl acetate,
ethyl acetate, methanol, 2-propanol, 1-propanol, isobutyl alcohol, 1-butanol, and
isoamyl alcohol.
3. Results and discussion
The concentrations of volatiles in the prepared standard solutions were nearly the
following: 3, 10, 50, 200, 250 and 500 mg l–1 AA. Each sample was measured triply
in repeatability conditions. The standard solutions “WES-B”, which contained
nearly 500 mg l–1 AA of each component was used as a calibration solution. Then
the RRF(0) values were calculated according to the Eq. (2) and initial ethyl alcohol
was also triply measured by GC. It was found that initial ethanol contained only
three impurities, which were acetaldehyde, methanol and 2-propanol (Fig. 1).
Then the abovementioned iterations were done in accordance with Eqs. (2)–(4).
The detailed results of iterations are given in Table 2. Then the biases were
calculated according to the Eq. (5) and transferred into graphical form (Fig. 2). As
there were only three impurities in the initial ethyl alcohol, there are three lines on
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Fig. 1 The chromatogram of ethyl alcohol used for standard solutions preparation.
Table 2
The establishment of volatiles concentrations in standard solutions and the specification of Relative
Response Factors (RRF).
Component

Concentration of absolute alcohol / mg L–1 Average RRF(0) RRF(I) RRF(II)
detector
Zero-order
In the initial Specified in response
approxima- ethyl alcohol SS WES-B
/nA min
tion in standard solutions WES-B

acetaldehyde
methyl acetate
ethyl acetate
methanol
2-propanol
ethanol
1-propanol
isobutyl alcohol
1-butanol
isoamyl alcohol

435.9
487.2
476.1
526.2
512.2
789300
532.4
553.0
531.8
555.7

1.85
–
–
18.16
1.15
789300
–
–
–
–

437.8
487.2
476.1
544.3
513.3
789300
532.4
553.0
531.8
555.7

4.80
4.54
5.04
6.32
8.26
11210
11.32
12.34
11.96
12.64

1.290
1.524
1.342
1.182
0.881
1.000
0.668
0.636
0.631
0.624

1.295
1.524
1.342
1.222
0.883
1.000
0.668
0.636
0.631
0.624

1.295
1.524
1.342
1.223
0.883
1.000
0.668
0.636
0.631
0.624

the corresponding diagram. It can be seen, that in case of standard solutions with
volatiles at very low concentrations, e.g. solutions with 3 and 10 mg l–1 AA volatiles contamination, biases reach extremely high values. As methanol concentration in ethyl alcohol is the biggest among other volatiles, its corresponding
graph is the most rapid of all. It is clear that the relative bias constantly decreases
when speaking about more saturated solutions but still takes rather great values
for methanol.
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Fig. 2 The diagram of relative biases caused by disregarding of ethanol spoilage.

4. Conclusions
The current study revealed the problem of the correct establishment of standard
solutions certified values as ethyl alcohol initially contains analysed volatiles. The
successive iterations method of volatile compounds concentrations and calibration coefficients calculation in water-ethanol standard solutions was proposed
and experimentally tested. The analysis of obtained results shows that the method
allows the accuracy of volatile compounds certified values increase greatly. The
most intelligent application of the method seems to be during preparation of
standard solutions with congeners at low concentrations. There is no necessity in
any expensive materials, additional instruments or labour-cost operations, that is
why the proposed method can be applied as an easy, accurate and cheap problem
solution.
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Abstract
The way of Sn(II) quantitative determination in the presence of Sn(IV)
in acid electrolytes which are used for the tin electrodeposition is
proposed. The method is based on the analysis of current density in
the maximum of the first stage of Sn(II) reduction.

1. Introduction
Tin coatings are widely used as a finishing coating for food industry equipment
working surfaces, for storage packs from steel, in electronics, in the production of
printed circuit board, in the automotive industry and the production of details
used in friction.
Strongly acidic electrolytes for industrial electrochemical deposition of tin are
demanded mostly due to the possibility to obtain shiny decorative coatings and
due to high stability and deposition rate in comparison with the known weakly
acidic and alkaline electrolytes. Strongly acidic electrolytes consist of: Sn(II)
sulphate or chloride as a metal sources; citrate-, tartrate-ions as ligands for the
increasing of solution stability owing the formation of Sn(II) bidentate complexes.
pH of solutions is regulated by using a sulphuric, methanesulphonic or hydrochloric acid [1]. Different surfactants such as 2-naphthol, gelatin, polyethylene glycol,
peptone [1, 2] are used in the electrolytes for fine-crystalline closely-packed coatings electroplating. Sn(IV) is formed during the electrolytes storage and exploitation both by reaction of Sn(II) oxidation by dissolved oxygen and anodic
oxidation of Sn(II). In order to prevent partly these processes the usage of antioxidants, such as quinones, ascorbic acid, is needed.
Sn(II) ions could exist in high mentioned sulphuric electrolytes in next forms:
Sn2+, SnSO4, Sn(SO4)22–, SnL2, SnL+, which are presented simultaneously at the
pH = 0.5–2.0 (ref. [3]), as well as Sn(IV) compounds. The presence of different
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Sn(II) forms in the solution causes the complicate (for example two stage) process
of its reduction.
During the electrolyte exploitation Sn(II) concentration reduces with coating
deposition and the usage of soluble tin anodes does not compensate the decrease
in Sn(II) concentration. The adjustment of Sn(II) concentration and other solution
components is needed for the long-term electrolytes exploitation. Correction of
the solution composition is required if the residual concentration of Sn(II) close to
30–40% of the initial concentration.
Quantitative determination of Sn(II) compounds in aqueous solutions can be
proceeded by chemical methods such as: iodometric titration [4]; precipitation
with insoluble Sn(II) sulphide formation; complexometry titration, based on the
formation of a sufficiently stable Sn(II) complex with ethylenediaminetetraacetic
acid. Physicochemical methods such as atomic absorption spectroscopy and
inductively coupled plasma atomic emission spectroscopy [5] are also used for
quantitative tin analysis. Chemical methods require a lot of time and may be
inaccurate if there are many components in the solution. Physicochemical
methods are two or three orders of magnitude more accurate than chemical
methods, but require special equipment and specially trained personnel.
The purpose of the work was to analyse the possibility of quantitative analysis
of Sn(II) compounds in a multicomponent solution in the presence of Sn(IV)
compounds by cyclic voltammetry (CV).
2. Experimental
2.1 Reagents and chemicals
Model solutions for Sn-coatings electrodeposition are presented in Table 1. All
chemicals were purchased from Sigma-Aldrich.
Table 1
Compositions of model solutions for tin deposition.
Component

SnSO4
SnCl2.2H2O
SnCl4.5H2O
Thiourea
Hydroquinone

Concentration / mol dm–3
Sulphate solution

Chloride solution Chloride solution
with Sn(IV)

0.020–0.100
–
–
0.053
0.005

–
0.020 – 0.100
–
0.053
0.005

–
0.020 – 0.075
0.020 – 0.030
0.053
0.005
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Fig. 1
(a) CV curves for chloride solutions with Sn(II) concentration 0.050 mol dm–3 (curve 1) and
0.100 mol dm–3 (curve) and sulphate solutions with Sn(II) concentration 0.05 mol dm–3 (curve 2)
and 0.10 mol dm–3 (curve 4)
(b) The dependences between maximum anodic current density and Sn(II) concentration in
chloride (curve 5) and sulphate (curve 6) solutions.

2.2 Instrumentation
Voltammetric measurements were carried out in three-electrode cell with carbon
working electrode (with working square 0.38 cm2). Ag/AgCl/KCl(sat) electrode
and a platinum wire were used as reference and counter-electrodes correspondingly. All potentials are referred to the Ag/AgCl/KCl(sat) electrode. Cyclic
voltammetry was carried out at scan rate 10 mV s–1 with the usage of programmer
PR-8 and potentiostat PI-50-1.1 (Russia) controlled by software. The surface layer
of carbon working electrode was delayed mechanically before each experiment.
3. Results and discussion
For the analysis of the possibility of usage cyclic voltammograms for the quantitative determination of Sn(II) concentration CV curves were received for the
sulphate and chloride solutions (Fig. 1а). It is possible to allot three areas of CV
curves perspective for the data comparison for quantitative analysis of Sn(II).
Such areas are the maximum current density of anodic peak of the volt-ampere
curves (area A) characterizing the dissolution of tin deposited on the working
electrode; the potentials of the Sn(II) reduction beginning (area B); the maximum
current density of the peak on the cathodic branch of the volt-ampere curves
characterizing Sn(II) reduction on the first stage which is in the range from –0.50 V
to –0.52 V for sulphate solutions and in the range from –0.53 V to – 0.57 V for
chloride solution (area C).
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Fig. 2 The dependence of Sn(II) concentration on the current density in the maximum of Sn(II) reduction (area C) for sulphate (1) and chloride (2) solutions.

The dependence of Sn(II) concentration in sulphate and chloride solutions on
current density at the maximum of the anodic branch of volt-ampere curves is
shown in Fig.1b. The abovementioned dependences were not linear and could not
be used as a calibrator. There was no any dependence of Sn(II) concentration in
the electrolyte on the potentials of the Sn(II) reduction beginning (area B). Area C
is suitable for the quantitative analysis of Sn(II). Insert in Fig 1a is the cathodic
scans of volt-ampere curves in the range of potentials from –0.48 V to –0.67 V for
sulphate and chloride containing 0.050 and 0.100 mol dm–3 Sn(II). It was found
that the dependences between maximum cathodic current and the Sn(II) concentration for sulphate and chloride solutions are linear. Calibration curves are
presented in Fig. 2.
Mixed chloride solutions containing SnCl 4 .5H 2 O in concentrations
0.010–0.030 mol dm–3 and Sn(II) in concentration equal to 0.100 mol dm–3 were
prepared in order to analyse the possibility of quantitative Sn(II) determination in
the solutions with Sn(IV). Cathodic branches of CV curves are presented in Fig. 3.
According to the analysis of the cathodic branch of CV curve for chloride solution
containing only Sn(IV) (Fig. 3, curve 3) it is obvious that reduction potential of the
Sn(IV) is equal to –0.63 V. It is necessary to note that in case of highest concentration of Sn(II) (0.100 mol dm–3) in chloride electrolyte the maximum of current
density is observed at –0.57 V that is more positive in comparison with Sn(IV)
reduction.
In case of mixed chloride solutions the maximum of the current density of Sn(II)
reduction is observed at the –0.65 V potential and the process of Sn(IV) reduction
is started at –0.63 V. So, in the presence of Sn(IV) it is impossible to observe the
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Fig. 3 Cathodic branches of CV curves for sulphate (curve 1) and chloride (curve 2) electrolytes
containing Sn(II) in concentration 0.100 mol dm–3; the solution containing Sn(IV) in concentration
0.020 mol dm–3 (curve 3).
Table 2
The results of quantitative determination of Sn(II) in the presence of Sn(IV) in the chloride model
solutions.
c(Sn(IV))
/mol dm–3

c(Sn(II))
/mol dm–3

mole ratio
Sn(II):Sn(IV)

j/mA cm–2

cdefined
Relative errora
/mol dm–3 /%

0.02
0.02
0.02
0.03
0.03
0.03

0.040
0.050
0.075
0.040
0.050
0.075

2:1
2.5:1
3.75:1
1.3:1
1.7:1
2.5:1

0.696
0.840
1.251
0.712
0.872
1.257

0.042
0.051
0.075
0.043
0.053
0.075

a

4.8
1.9
–
6.9
5.7
–

calculated by mean-squire error method

current density peak of Sn(II) reduction. The comparison of the current densities
corresponding to the maximum of cathode currents densities in solutions without
Sn(IV) allows to determine Sn(II) concentrations in mixed chloride electrolyte.
The results of quantitative determination of Sn(II) in the presence of Sn(IV) are
given in Table 2. It is necessary to note that concentration of Sn(IV) ions in case of
electrolyte exploitation for electrochemical tin deposition in manufactory is one
order of magnitude less than for Sn(II).
The results of the experimental work show that in case of Sn(II):Sn(IV) mole
ratio equal to 3.75:1 the relative error is minimal. With the decreasing of Sn(II)
concentration when Sn(II):Sn(IV) = 1.3:1 the relative error reaches 6.9%.
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4. Conclusions
The express way of Sn(II) concentration determination in sulphate and chloride
solutions for electrochemical tin deposition was found. It is based on the analysis
of the current density in the maximum of the first stage of Sn(II) reduction. The
analysis could be held in the presence of Sn(IV) compounds accumulated in the
solution during its exploitation. The relative error reaches the highest value of
6.9% in the case of Sn(II):Sn(IV) mole ratio equal to 1.3:1 and the lowest one of
1.9% at 2.5 : 1 mole ratio. The Sn(II) : Sn(IV) ratio is 10 : 1 in the conditions of
electrolytes exploitation in manufactory. That is why it is possible to conclude that
proposed method is applicable for the high accuracy tin (II) quantitative
determination.
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Abstract
Oxidized multiwalled carbon nanotubes (CNT-COOH) has been
recently proposed for separation and preconcentration of scandium
ions from water samples. In the present study adsorption behaviour
of scandium cations on CNT-COOH have been invastigated. The results
show that at pH > 4 removal of Sc(III) form solution can be mainly
attributed to precipitation of insoluble scandium hydroxide, while
dominating mechanism in the pH range 1–3 is adsorption. Properties
of CNT-COOH as excellent sorbent are confirmed by sorption capacity
of 40.1 mg g–1 at pH = 3.0 and 25 °C. As far as the adsorption parameters is concerned, equilibrium data are in good agreement with
Freundlich isotherm. Adsorption kinetics is best represented by
pseudo-second order model with film diffusion as main controlling
factor.

1. Introduction
Scandium together with yttrium and lanthanides are counted among rare earth
elements. Scandium and its compounds, due to its interesting properties is more
and more widely applied among others in optical, chemical, laser, superconductor,
medical treatment industries [1]. Growing use of scandium in high-tech poses
a threat for its release and accumulation in environment. Due to these facts there
is a need for simple and accurate analytical methods for determination of scandium in environmental samples, such as water. The main obstacle for application
of methods that are used for metal determination in water samples, namely
inductively coupled plasma optical emission spectrometry and mass spectrometry (ICP OES and ICP MS, respectively) is low concentration of scandium. For
this reason application of preconcentration techniques that allow for separation
of analytes from matrix, with solid phase extraction as the most popular, are
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essential for obtaining accurate results. Carbon nanotubes (CNTs) have been
proven to be effective sorbents for the removal of a wide variety of organic and
inorganic pollutants dissolved in aqueous media [2]. Oxidized CNTs, obtained
after introduction of oxygen containing functional groups (such as –OH, –C=O and
–COOH) on their surface with several show exceptionally high sorption capacity
and efficiency for removal of heavy metal ions [3]. They have been applied for
preconcentration of scandium form water samples [4, 5].
2. Experimental
2.1 Reagents and chemicals
Solutions of scandium were prepared from 1000 mg L–1 stock solution from Merck
by stepwise dilution. Multiwalled carbon nanotubes carboxylic acid functionalized (purity > 95%, length 1–5 μm and average diameter of 9.5 nm) were
purchased from Sigma Aldrich and were used without further purification.
2.2 Instrumentation
A Thermo Scientific iCAP 6000 ICP OES spectrometer was used for scandium
determination. The pH values were measured using Hanna Instruments HI221001 pH-meter supplied with glass-combined electrode. Boehm titrations were
made using Metrohm Titrando automatic titrator. Porous structure of CNT-COOH
was evaluated using the Micrometrics ASAP 2010 analyzer.
2.3 Characterization of CNT-COOH
Content of surface carboxylic groups was evaluated using Boehm titration. The
specific surface area was calculated by the Brunauer-Emmer-Teller (BET)
method. The pore size distribution was obtained using the Barrett-Joyner-Halenda method. The pore volumes were obtained from the volume of N2 adsorbed at or
near P/P0 = 0.99. The porous structure of CNT-COOH was evaluated by nitrogen
adsorption isotherms at 77 K.
2.4 Kinetic study
The adsorption kinetics experiments were carried out in order to establish the
kinetics of the adsorption process for an initial Sc(III) concentration of 2 mg L–1
and a pH = 3.0 as a function of contact time in the range of 1–50 min.
2.5 Adsorption studies
The sorption studies were conducted by equilibrating 50 mg of CNT-COOH with
10 mL of 5 mg L–11 of Sc(III) solution having specified acidity for 4 h at room

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

177

temperature. The supernatants were then decanted and the concentrations of
Sc(III) was measured. The amount of retained metal ions were calculated as the
difference between the initial and final concentration at equilibrium. The results
are based on at least three replicate experiments for each pH value. Simultaneously, to check the possibility of scandium removal by precipitation in the studied
pH range, similar experiments but in the absence of carbon nanotubes were
conducted. The solutions containing 5 mg L–1 of Sc(III) and appropriate pH were
passed through a 0.2 μm filter (Whatmann) to trap a possible precipitate.
Subsequently, scandium from the filter was eluted by HNO3 and determined by
ICP OES.
For estimation of the sorption capacity, 50 mg of CNTs was mixed with 10 mL of
Sc(III) solution at pH = 3.0 and concentration range of 1–300 mg L–1. After shaking
the solution for 4 h, the metal concentration was determined. The sorption
capacity qe (mg g–1) were calculated using the following equation
qe = [(co – ce)V]/m

(1)

where co and ce are the initial and equilibrium Sc(III) concentrations (mg L–1),
respectively, V the volume of solution and m is the weight of an sorbent.
3. Results and discussion
3.1 Characterization of CNT-COOH
The N2 adsorption-desorption isotherm of CNT-COOH is of type IV, typical for
mesoporous materials. The specific surface area was calculated to be 352 m2g–1
and total pore volume 0.72 cm3g–1. The content of surface acidic groups evaluated
by the Boehm titration method was 2.41 mmol g–1.
3.2 Effect of solution pH
As the acidity influences not only the adsorbent surface charge but also the metal
species present in solution it is one of the most important parameters in the
adsorption of metal ions. The adsorption of Sc(III) ions on CNT-COOH was investigated at pH in the range of 1–7. The experimental results, shown in Fig. 1 (next
page), indicate that adsorption quickly increases at pH ranging from 1 to 4 and
remains almost constant at higher pH values and removal of Sc(III) is quantitative.
The results obtained for experiments without CNT-COOH were presented also
in Fig. 1. For pH values up to 3, there was a little or no precipitation but significant
increase of scandium removal was observed in the pH range of 3–7. Precipitation
of scandium hydroxide from our solution (0.11 mmol L–1) is effective at pH = 4.77
based on its Ksp value of 2.22×10–31. Until pH = 3 Sc(III) is the predominant species
present in the solution and in the pH range of 4–9 it exists simultaneously as
Sc(OH)2+, Sc(OH)3 and Sc2(OH)24+.
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Fig. 1 Effect of pH on the sorption and precipitation of Sc(III). Metal concentration 5 mg L–1; 50 mg of
CNT-COOH.

The results of both series indicated that removal of Sc(III) in the pH range of 1–3
could be mainly attributed to its sorption on carbon nanotubes, while at pH > 4 the
results obtained in the presence of CNT-COOH overlap with the precipitation,
indicating insignificance of adsorption. Therefore, further experiments were
performed at pH = 3.0. It is the advantage in the view of application of CNT-COOH
for separation of Sc(III) from heavy metal ions as they exhibit very low affinity for
carbon nanotubes under these conditions [6].
3.3 Kinetic study
Results for kinetics showed that the adsorption rate rapidly increased during the
first 10 min and then, as the number of surface sites for sorption comes down,
gradually tended to equilibrium and adsorption of Sc(III) was over 95% during
the first 2 min, which indicated that kinetics adsorption equilibrium was very fast.
In order to investigate mechanism of Sc(III) adsorption four different kinetic
models were applied to test the experimental data. Estimated models and kinetic
parameters are listed in Table 1 (next page). It can be concluded, that adsorption
of Sc(III) follows pseudo-second order kinetic model and the mechanism of that
process might be chemisorption. Furthermore, intra-particle diffusion model was
used to investigate the contribution of intraparticle and film diffusions into
adsorption process. The linear plot of experimental data to Weber-Morris
equation shows early adsorption step up to 10 min the process is generally controlled by both factors. The subsequent adsorption step, characterized by lower
slope, is mainly controlled by the film diffusion.
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Table 1
Parameters of various kinetic models fitted to experimental data.
Kinetic model

Equation

Parameters

Pseudo-first order kinetic

ln(qe – qt) = ln qe – k1 t

k1 = 0.0643 min–1
R2 = 0.8488
k2 = 0.032 g mg–1min–1
R2 = 1.000
α = 4.4×1092 mg g–1min–1
β = 0.0019 g mg–1
R2 = 0.9785
ki = 0.393 min–1
θ = 0.3930
R2 = 0.8845

Pseudo-second order kinetic t/qt = 1/k2qe2 + (1/qe) t
Elovich equation

qt = β ln(αβ) + β ln t

Intra-particle diffusion

qt = θ + ki t0.5

3.4 Adsorption studies
In order to describe Sc(III) adsorption behaviour on carbon nanotubes, the experimental data was analyzed by three isotherm models. The Freundlich model
describes adsorption on heterogeneous surfaces and is represented by equation
qe = KFCe–1/n

(2)

where KF and n are the Freundlich isotherm constants related to adsorption capacity and intensity, respectively.
The Langmuir model, which assumes monolayer coverage is described by the
equation
qe= qmaxKLCe(1 + KLCe)–1

(3)

where qmax and KL are the maximum monolayers adsorption capacity and the
adsorption energy related constant, respectively.
The Tempkin isotherm assumes that sorption energy decreases linearly with
surface coverage and has been generally applied in the following form
qe = RT/bln(ATCe)

(4)

where AT is the Tempkin isotherm equilibrium constant, b is the Tempkin constant
related to heat of sorption and T is the absolute temperature.
The adsorption data for Sc(III) a little better fit the Freudlich equation
(R2 = 0.9974) than for Langmuir isotherm model (R2 = 0.9881) as well as Tempkin
model (R2 = 0.7476) reflecting multilayer adsorption. Freudlich isotherm is often
used for cases of heavy metal adsorption onto carbon materials [3].
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4. Conclusions
CNT-COOH has high adsorption ability towards scandium ions for their preconcentration and removal from aqueous solutions. The multilayer adsorption of
Sc(III) was observed at pH = 3.0. The adsorption kinetics onto carbon nanotubes
was fast and the removal of Sc(III) was over 95% during the first 2 min. The obtained data were fitted using the pseudo-second order kinetic model and the film
diffusion is the main controlling factor. As compared with other reported methods
regarding the adsorption of Sc(III) on different solid materials, carbon nanotubes
offer high adsorption capacity and fast sorption kinetics.
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Abstract
The article deals with studying of the fate of 16 pesticides, commonly
used to treat hops in Czech Republic during beer, brewing to estimate
their risk of their carryover into beer. Organic hops were contaminated using pesticides in the level of 20 ppm and the beer was brewed
with thus spiked hops on laboratory scale. The samples were taken
after each stage of brewing for determination of pesticide residues
and the analysis was carried out using by LC/HR-MS in positive and
negative mode. The percentages of residues carryover into hopped
wort and the percentages of decay reduction relative to the amount
spiked on hops were calculated. The pesticide residues were divided
into three groups, that characterized behavior of pesticides, among
other things, based on their partition coefficients n-octanol–water
(log P values).

1. Introduction
Raw materials used for beer brewing are water, malt, hops and yeast. The quality
of beer bases on the quality of these raw materials [1]. The hop, Humulus lupulus, is
a poplin plant belong to the family Cannabaceae, whose female gender produces
cones, strobiles. This hop cones contain compounds that are used in brewing for
their aromatic and flavoring properties, especially as a bittering agent. The cost of
hops is related to the yield per plant, because growers must combat bacterial
diseases, fungus and mildew, virus diseases, as well as pests and parasitic invasion
to produce a commodity that is both high in yield and quality with using pesticides [2].
And the main sources of pesticides in beer are hops and barley as well as.
Pesticides are applied at many stages of barley cultivation and during postharvest storage especially against microbial pathogens and insects, fungi and for
weed control [1]. Malting process includes several stages, during some of them
may occur to reduce of some pesticide residues, especially in the case of water-soluble residues during the steeping [3]. The hop belongs to agricultural crops with
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intensive protection by pesticides. These compounds have prominent or
potentially negative health effect [4] and they can persist in the crop for a long
time. Based on that the maximum residue levels (MRLs) of pesticide residues were
established for dried hops (but not for beer) and the control of these chemical
agent and their residues became necessity. The aim of this work is answer the
question: what is the fate of some commonly used pesticides during beer
brewing?
2. Experimental
2.1 Chemical and material
Pesticide standards of abamectin, azoxystrobin, boscalid, cymoxanil, fenpyroximate, flonicamid, hexythiazox, imidacloprid, mandipropamid, metalaxyl,
pyraclostrobin, quinoxyfen, spirotetramat, tebuconazole, thiamethoxam, triflumizole and internal standard azoxystrobin-d4, thiamethoxam-d3, triphenyl
phosphate (TPP) were purchased from Sigma Aldrich (St. Louis, MO, USA).
Standard and internal standard stocks solutions (1.0 g L–1 for all) were
prepared in acetonitrile or, in case of solubility problem, in methanol or acetone
and stored at –20 °C. A standard mixture solution, with all 16 pesticides, was
prepared in acetonitrile at 1 mg L–1 of each pesticide.
Acetone (99.9% purity), acetonitrile, methanol, formic acid, amonnium
formate (LC-MS grade) were purchased from Sigma Aldrich (USA). Sodium
chloride (analytical grade) was obtain from Lach-ner (Neratovice, Czech Republic) and magnesium sulfate (analytical grade) was obtain from Penta (Prague,
Czech Republic). Sodium citrate tribasic dihydrate (99% purity), disodium
hydrogen citrate sesquihydrate (99% purity) were purchased from Sigma-Aldrich
(Germany). Pure water was obtain using by Milli-Q purification system (MerckMillipore).
For beer brewing in laboratory scale a malt, organic hops (Saaz variety, Czech
Republic, The Hop Research Institute Co.) and yeast (Saccharomyces pastorianus,
RIMB 95, The Research Institute of Brewing and Malting, Prague PLC) were used.
2.2 Preparation hops spiked with pesticides
For spiking the organically grown, pesticide-free, dried hop cones were used.
A 10 g portion of these ground hop cones were applied to Petri dish in thin layer
and subsequently spiked by pesticide mixture contains 200 μg of the each above
pesticide. For spiking was used 100 ml glass bottle with spray head. After
application of pesticides the bottle was added 3 ml of acetonitrile to rinse the rest
of pesticides. Thus prepared hop sample was dried at room temperature
overnight. Next day the hop sample was ground again.
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Table 1
Temperature program for infusion mashing (the rate of heating 1 °C min–1 ).
t/°C

Heating time at the Process
temperature/min

50
62
71
78

20
30
20
20

Protein rest
Lower saccharification rest
Higher saccharification rest
Mash-off rest

2.3 Brewing beer with experimental prepared hops
Infusion mash was prepared using mashing device. Into each of 5 mashing beakers
was mixed 73.5 g of ground malt with 400 mL of brewing water heated on 44 °C.
The mashing device was controlled by a computer software with setup of
temperature gradient showed in Table 1. During whole process the mash was
mixing. Thus prepared mashes in beakers were cooled down on 60 °C and filtered
by using a folder paper filter (type), which was in advance rinsed by hot water. The
wort from the beakers were combined, the total volume of wort was
approximately 1700 mL and the original gravity was established to 12.25 °P. After
addition of 380 mL of brewing water, the original gravity of sweet wort was
adjusted at 10.04 °P. Hopped wort was transferred into boiling flask (4 L) and
heated under reflux, when the wort started to boil then 5 g (2.5 g per liter of sweet
wort) of the spiked hop was added. Hopping of wort was carried out for 90 min.
Subsequently, the hop wort was left at room temperature for 30 min with
occasional rounded mixing to precipitating solid particular in cooled down wort.
The cold wort was filtered by using folder filtration paper rinsed in advance with
hot water. The spent hops were kept for further analysis. Clear hopped wort was
cooled rapidly to 15 °C. Then 10 g of activated yeast in wort was added and the
primary fermentation was concluded in a fermentation vessel with air access at
12 °C for 7 days. The process of maturing carried out in 2L tightly closed bottle at
3°C for 6 weeks.
2.4 Sample preparation and extraction
Prepared samples for analysis can be divided to two groups: hop samples and
liquid samples. Group of hop samples include spiked hops and spent hops, to
liquid samples belong to hopped wort, green beer and finish beer. The spent hops
were transferred on original filtration paper onto Petri dish and spread in thin
layer. The dish was covered by a filtration paper and let dry at room temperature
for two days. Dried spent hops were gently minced to crush lumps.
A 1 g portion of hops or spent hops samples was placed into a 50 mL centrifuge
tube, 10 mL of water was added and the sample was mixed using vortex for 1 min
and let to soak for next 30 min. Then 10 mL of acetonitrile and 50 µL of internal
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standard (1 mg L–1) were added and the content was mixed by vortex for 1 min.
Subsequently, the mixture of 4 g of anhydrous magnesium sulfate, 1 g of sodium
chloride, 1 g trisodium citrate dehydrate, and 0.5 g disodium hydrogen citrate
sesquihydrate were added, the tube was thoroughly capped and shaken
vigorously by hand for 1 min. After 7 min of centrifugation at 4500 rpm 6 mL of
upper acetonitrile layer was transferred to a 15mL centrifuge tube with 900 mg
of magnesium sulfate. The tube was mixed for 30 s using vortex and centrifuged
for 7 min at 4500 rpm. Finally, a 2 mL portion of the QuEChERS extracts were
diluted with acetonitrile in 20mL volumetric flasks.
A volume of 10 mL of liquid samples were pippeted into 50ml centrifuge tube,
10 mL of acetonitrile were added, and the process of extraction was the same like
in case of hops samples. Liquid samples were analyzed undiluted.
2.6 Standard addition method
The method of standard addition was used for quantification of pesticides.
Dilution extract (hop samples) of volume of 200 µL was pipetted in four 2 mL vials
for each sample. The standard solution (1 mg L–1) was added to three of these vials
at volume corresponding 50, 100 and 150% or original amount. The acetonitrile
of the appropriate volume was added to make a final volume of 600 µL in each vial.
For analysis of liquid undiluted samples, the volume of 400 µL was pipetted in four
2 mL vials for each sample and the standard solution was added in the same ration
as the previous case.
2.6 Analysis using LC-MS/MS
LC/HR-MS consisted of the chromatographic system Dionex UltiMate 3000
UHPLC (Thermo Scientific, Germany) included a binary pump HPG-3400RS, an
autosampler WPS-3000TRS, a degasser SRD-3400 and a column over TCC3000RS, and mass spectrometer Q Exactive hybrid quadrupole-orbitrap (Thermo
Fisher Scientific Inc. Waltham, USA) with a heated electrospray ionization source
(HESI II). TraceFinder software version 4.1 was used for evaluation of results.
Analytes were separated on a reverse-phase C18 Atlantis T3 column (2.1 ×
100 mm, 3 µm) (Waters Milford, USA) with corresponding guard C18 column
SecurityGuard ULTRA (Phenomenex, Aschaffenburg, Germany). Separation was
realized using by gradient elution: 0 min: 85% of solvent A + 15% of solvent B,
0.5 min: 85% A + 15% B, 9 min: 5% A + 95% B, 15 min: 95% A + 5% B with a flow
rate of 340 µL min–1, when the solution 2 mM ammonium formate containing 0.1%
formic acid in water was used as solvent A and methanol was used as solvent B.
The column temperature was 40 °C and injection volume was 2 µL.
Ions were ionized in positive and negative electrospray ionization mode and the
ion spray voltage was set at 2.8 kV and –2.5 kV, respectively. The sheath gas flow
was at 32 arbitrary units, the auxiliary gas flow rate was kept at 7 arbitrary units,
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the capillary temperature was 295 °C and the auxiliary gas heater temperature
was set at 295 °C. Nitrogen was used as sheath and auxiliary gas.
The mass spectrometer was generally operated in parallel reaction monitoring
(PRM). The precursor ions from scheduled inclusion list were, within the
retention time window ±0.3 min, filtered in the quadrupole at isolation window
(target m/z ± 0.7 amu), fragmented in HCD collision cell, product ions were
collected in the C-trap at 17.500 resolution (FWHM, full width at half maximum, at
m/z = 200), AGC target value of 2e5, and maximum ion injection time of 40 ms and
finally two specific pairs of precursor-product ion transitions were monitored for
each compound of interest. A mass tolerance of 5 ppm was employed. The
instrument was externally calibrated prior to each measurement using the
mixture of mass calibrants.
3. Results and discussion
The QuEChERS method used for extraction of pesticides from hop matrix was
modified and validated [5]. The concentration of spiked pesticides was chosen to
be 20 mg kg–1 to allow dilution to overcome matrix effects that are massive for this
type of matrix. The amount of hop for hopping was modified to set up the pesticide
residue concentration to 35–40 μg L–1 of wort.
Analytes were quantified using by standard addition method.
The transfer rates (in percentages) of each pesticide determined in spent hops
and hopped wort to the original residue concentration in the pesticide enriched
hops were calculated (Table 2). All analytes were then sorted info three groups
based on their behavior during the beer brewing: (group A) the carryover
percentages into hopped wort against the amount in contaminated hop were at
least 55%; (group B) pesticides remained in spent hop or that were extracted less
than from 45%; (group C) pesticides which were not detected at all or were
detected at trace level.
The results clearly showed that 90 min boil has a significant influence on
amount of a few pesticides sorted into group A and B as well. These carryovers of
pesticides could be relating to their partition coefficients between n-octanol and
water (log P values) [1, 6] and solubility in water. The results show that water
soluble pesticides (log P < 3) were extracted at >70% and pesticides that have low
log P value, being <2, were almost fully extracted from hops to hopped wort.
Pesticides in group B were not extracted at all or only minimally (0.001 mg L–1 for
hexythiazox and quinoxyfen in hopped wort), corresponding to their log P value.
Total amount of pesticides such as triflumizole (71%), was reduced more than
about 50% due to unspecified thermal decomposition, pyrolysis, hydrolysis
or/and adsorption onto insoluble components which represent the dominant and
common reason for loses pesticides during hopping worth [7]. Percentages of
these losses were calculated and are listed in Table 2 for each pesticide. The ability
of pesticides to be carried over into hopped wort was expressed as residual ratio
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Table 2
Concentration for each pesticide in spiked hops, spent hops, hopped wort, green beer and beer, and
wort (Rw) and residual ratio of pesticide in beer to the original residue concentration in hopped wort
Group

Compound

Concentration
Concentration
in hops/mg kg–1 in spent hops
/mg kg–1

Transfer rate
to spent hops
/%

Concentration
in hopped
wort/%

A

Azoxystrobin
Boscalid
Flonicamid
Imidacloprid
Mandipropamid
Metalaxyl
Tebuconazole
Thiamethoxam
Abamectin B1A
Fenpyroximate
Hexythiazox
Quinoxyfen
Cymoxanil
Pyraclostrobin
Spirotetramat
Triflumizole

15.54
15.16
12.35
15.86
16.67
16.31
14.41
13.70
12.54
16.18
14.21
14.41
13.04
15.53
18.76
6.65

14
28
–
3
25
3
–
–
46
62
84
66
–
–
–
17

0.028
0.025
0.032
0.037
0.024
0.043
0.024
0.036
n.d.
n.d.
0.001
0.001
n.d.
n.d.
n.d.
0.002

B

C

2.17
4.28
n.d.
0.51
4.11
0.54
n.d.
n.d.
5.81
9.98
11.91
9.47
n.d.
n.d.
n.d.
1.11

(Rw;Table 2) and calculated on the basin of pesticide amount in hopped wort
compared to the sum of amounts of the pesticide in spent hops and hopped wort.
From the brewing trial conducted with pesticide spiked hops, the concentrations
of pesticide residues were determined in hopped wort prior the addition of yeast,
after seven days of fermentation and finally after 4 weeks of fermentation in
tighten plastic bottle. All 8 pesticides carried over into hopped wort (group A)
were found in green beer and remained in beer at various rates of initial to final
concentration (Rb values; Table 2), which seemed to be also related to log P values
of these pesticides. Results shows that pesticides with a log P values (<3) tended to
remain in the final beer.
4. Conclusions
In the study, a brewing trial simulated the preparation of a beer from pesticide
spiked hops as in mass production scale. The results showed that half of the
analyzed pesticides (group A) were carried over at an appreciable level. The
pesticide residue transfer rates were calculated from hops to final beer for most
analytes. The above results confirmed that the transfer rate of pesticide residues
mainly depends on its octanol-water partition coefficient (log P) and water
solubility. If the pesticides log P values less than 3.75, they tended to be carried
over to final beer. Otherwise, the high log P values (>4) of pesticides indicate that
these pesticides such as fenpyroximate (log P = 5.01), quinoxyfen (log P = 4.66),
largely remained in spent hops. The list of 16 LC-amenable pesticides involved in
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their log P and water solubility values. The calculated residual ratio of pesticide after hopping of
after fermentation (Rb), transfer rates (carryovers) and decomposition rate during wort hopping.
Concentration
in hopped
wort/%

Transfer rate
to hopped
wort/%

Decomposition
rate/%

Concentration
in green beer
/mg L–1

Concentration
in beer
/mg L–1

Rw/%

Rb/%

log P

Solubility
in water
/mg L–1

0.028
0.025
0.032
0.037
0.024
0.043
0.024
0.036
n.d.
n.d.
0.001
0.001
n.d.
n.d.
n.d.
0.002

71
65
103
93
57
105
68
105
–
–
3
4
–
–
–
13

15
7
0
4
18
0
32
0
54
38
13
31
100
100
100
71

0.029
0.022
0.028
0.033
0.024
0.035
0.017
0.033
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

0.024
0.018
0.027
0.033
0.019
0.036
0.018
0.032
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

0.84
0.70
1
0.97
0.70
0.97
1
1
–
–
0.03
0.05
–
–
–
0.43

0.88
0.72
0.86
0.89
0.81
0.84
0.75
0.89
–
–
–
–
–
–
–
–

2.50
2.96
–0.24
0.57
3.20
1.65
3.70
–0.13
4.40
5.01
2.67
4.66
0.67
3.99
2.51
4.77

6.7
4.6
5200
610
4.2
8400
36
4100
n.a.
0.023
0.1
0.047
780
1.9
29.9
10.5

this study cover majority of commonly used pesticides for treatment hop plants in
Czech Republic. Based on the data gathered from the measurements shown in
Table 2, the carryover of pesticide residues found on commercially treated hops
can be easily estimated.
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Abstract
Lipidomics is a lipid targeted metabolomics approach that aims at
comprehensive analysis of lipids in given sample. Lipids are structurally and functionally diverse group of small molecules that play
multiple important roles in biological systems. The large diversity in
structure and function of lipids makes it a huge challenge to develop
a comprehensive lipid extraction method. In the study, an optimization of lipid extraction method based on Design of Experiments has
been described. A two level full-factorial experimental design was
used as a multivariate strategy for the evaluation of the effects of
varrying several variables at once. The effects of four different
variables elution solvent, ratio of stationary phase, extraction and
elution vortexing time, on the number of extracted molecular features
have been investigated. From these studies, certain variables showed
up as significant.

1. Introduction
Lipidomics is a part of “omics” science that allows to study the biochemical and
molecular characterisation of lipids present in a given biological system, fluid, cell
or tissue [1], and lipid changes that were inducted by some factors [2–3]. Lipids
are a large number of structurally and functionally diverse molecular species that
cover a broad range of polarity, from non-polar (e.g., triacylglycerides) to polar
(e.g., phospholipids) [4–5]. In a biological sample, lipids sometimes are present in
significantly ranging levels, from femtomole level up to micromole level [6]. These
differences in lipid structures and levels of presence in biological sample introduce considerable challenges to complete efficient lipidome extraction. Careful
sample preparation is a critical step in analytical chemistry to generate sample for
a chemical measurement accurately. It is critical to develop sample preparation
methods for lipidomics that are reproducible, fast, and enables extraction of
a wide range of analytes with different polarities and concentration [7].
Conventional methods of optimising a process require varying one parameter
per trial [8]. This approach is very time-consuming [9–10]. Taking into account
the vast number of parameters that can affect a successful lipid extraction, it is
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clear that the implementation of Design of Experiment approach is needed to be
economical, by saving time and money on chemicals.
The important features of designing an experiment using statistical tools are to
be time effective, enhance capability, and increase process feasibility. The main
intent of using Design of Experiment in this work is to simultaneously examine the
various factors affecting the lipid extraction efficiency. This approach helps to
eliminate the less significant factors and focus on optimising only the most
important ones. The full factorial design is a commonly used two-level design. It is
described as 2k design where 2 stands for the number of factor levels and k is the
number of factors, each with a low and high value [12].
The goal of this research is to optimise human breast milk lipid extraction
process using Factorial Design. Human breast milk is used as a model biological
matrix because it is complex and contains lipid classes with considerable
difference in abundance and chemical structure.
2. Experimental
2.1 Reagents and chemicals
LC–MS grade methanol, HPLC grade hexane were purchased from Merck (Germany), 2-propanol and ammonium formate (99.9% purity) were purchased from
Sigma–Aldrich (USA). Deionized water was purified by an HLP5 system (Hydrolab, Poland).
2.2 Experimental design
Four variables affecting the extraction efficiency were selected to define the
experimental domain. These variables were:
1. elution solvent,
2. stationary phase ratio (HybridSPE-Phospholipid and C18 both from (SigmaAldrich, USA)),
3. extraction time,
4. elution time.
Four variables at 2 levels give 24 full factorial design. The total number of experiments including replicates and one control sample for each set was 48. The
variables considered, the code used, the low and high levels studied, and
responses are shown in Table 1 (next page).
2.3 Samples and sample treatment
The pooled sample, which was prepared by mixing 150 μL of previously collected
(n = 71) human breast milk samples, was used for lipid extraction method
development and optimization using factorial design. Milk samples were stored in
polypropylene tube at –80 °C prior to analysis.
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Table 1
Experimental variables, levels, design matrix, and responses in the 24 fractional factorial design for
lipid extraction from human breast milk.
Variable

Coded

elution solvent, methanol:2-propanol:NH3
stationary phase ratio
extraction vortex time
elution vortex time

X1
X2
X3
X4

Level
Low (–)

High (+)

81:14:5 (v/v/v)
9:1 (w/w)
1 min
1 min

14:81:5 (v/v/v)
1:9 (w/w)
5 min
5 min

Run

X1

X2

X3

X4

Number of molecular features

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

–
+
–
+
–
+
–
+
–
+
–
+
–
+
–
+

–
–
+
+
–
–
+
+
–
–
+
+
–
–
+
+

–
–
–
–
+
+
+
+
–
–
–
–
+
+
+
+

–
–
–
–
–
–
–
–
+
+
+
+
+
+
+
+

415
531
439
732
388
604
431
777
415
579
413
749
368
578
422
782

Sample preparation was based on the extraction of lipids contained in human
breast milk with the use of Solid Phase Dispersive Extraction technique. First,
30 mg of an apropriate stationary phase was weighed in 1.7 mL Eppendorf
microtubes (VWR International, Poland). Protein precipitation was done as
follows: 100 µL of human breast milk sample was transferred to 15 mL polypropylene tube and mixed with 900 µL of 1% formic acid in methanol. After vortexing
for 30s, sample was centrifuged for 5 min at 10 000 rpm. 900 µL of supernatant
was transferred to the Eppendorf microtubes and vortexed. After the stationary
phase was precipitated, the supernatant was carefully discarded using Glass
Pasteur Pipette (150 mm, VWR International, Gdansk, Poland). Then, 1000 µL of
elution solvent was added to the stationary phase and vortexed. The supernatant
was carefully collected using a syringe with needle (1 mL, Terumo, Laguna
Technopark, Binan, Laguna, Philippines), filtrated and analysed.
2.4 Instrumentation
The HPLC system used was an Agilent 1290 LC system equipped with a binary
pump, an online degasser, an autosampler and thermostated column
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compartment coupled to a 6540 Q-TOF-MS with a dual electrospray ionization
(ESI) source (Agilent Technologies, USA).
The chromatographic separation method was previously developed in our
group and described in an article which is still in press. Briefly, the separation was
carried out by using an Agilent Poroshell 120 EC-C8, (150×2.1 mm I.D., 1.9 μm
particle size) column with 0.2 µm in-line filter. The elution program was generated
with a mixture of 5 mM ammonium formate in water and methanol (1:4, v/v)
(component A) and a mixture of 5 mM ammonium formate in water, n-hexane and
2-propanol (1:20:79, v/v/v) (component B) as follows: 0 to 15 min, B (%) 10 to 50
(lineal increase); 15 to 20 min, B (%) 50 to 100 (lineal increase). Subsequently,
column was washed for 0.5 min at 100% B and the gradient returned to starting
conditions and system was re-equilibrated for 10 min. The flow rate was
0.5 mL min–1 and the injection volume was 0.5 μL. The column was kept at
constant temperature of 45 °C. Data were acquired in ESI+ (SCAN) mode in the
range from 200 to 1700 m/z in the high-resolution mode (4 GHz). The ESI source
condition applied was optimized earlier and described in detail elsewhere [11].
2.5 Data Analysis
The TIC chromatograms were first visually examined to detect any retention time
shift. Then, data processing was done using molecular feature extraction option in
MassHunter Workstation Software Qualitative Analysis, B.03.01 version (Agilent
Technologies, USA). Parameters for the molecular feature extract were as follows:
extraction algorithm, small molecule; input data range, restricted retention time
0.90−20.00 min, restricted m/z = 200−1700; peak filters; peak with hight ≥ 1000,
ion species, + H, –H; peak spacing tolerance 0.0025 m/z plus 7.0 ppm; isotope
model, common organic molecules charge state, 2. molecular feature extract
resulted in a list of all molecular entities, which included the full TOF mass spectral
data for each sample.
Identification of lipids compounds was performed by comparing the mass
accuracy of obtained MF against online database - LipidMAPS. Mass error was set
to 5 ppm.
3. Results and discussion
We applied screening factorial design to evaluate the factors (variables)
influencing lipid extraction efficiency. The factors considered in this study were:
elution solvent, stationary phase ratio, extraction time, elution time. The variables
were chosen according to their importance in extraction process. Number of
molecular feature was used as response.
Obtained results of molecular features for each experimental setup are
presented in the last column of Table 1. The highest number of molecular features
s were observed in experimental runs 4, 8, 12 and 16. In these experimental setups

192

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Fig. 1 Main Effects Plot.

X1 and X2 variables were at the same level, whereas X3 and X4 were different. It can
be assumed that vortexing time (X3 and X4) did not influence the number of
extracted molecular features. To check the effect of individual factors on the
number of extracted molecular feature s, the main effect (ME) of each factor was
calculated using equation

(1)

Fig.1 displays the main effects plot. The slope of the line is proportional to the
size of the effect, and it confirms that vortexing time did not influence the number
of extracted number of molecular features. Elution solvent and stationary phase
ratio positively influenced the number of molecular features. These parameters
can be further considered in the optimization design, to obtain optimum conditions.
4. Conclusions
Factorial design is a fast and universal tool for evaluating the significance of
a given parameter towards observed response. As could be shown, elution solvent
and stationary phase ratio had more impact on the number of extracted molecular
features in this extraction method and should be considered during the further
optimization designs.
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Abstract
Catheter-associated urinary tract infections are the result of catheterization of the bladder. The risk of infection increases with
lengthening time required for catheterization. Bacterial cells can to
adhere and create the biofilm on the surface of catheter materials.
Microbes that are the integral part of the biofilm show greater
resistance to agents used for their degradation. The treatment of
urinary tract infections are associated with require the oral administration of large amounts of antimicrobial drugs. An alternative may
be the use of antimicrobial release coatings on the surface of
catheters. These coatings can to allow target drug delivery and
contribute to reducing the dose and improving a drug availability.
HPLC-MS system is a very good solution to analysis of release the drug
from antimicrobial coatings and it is used in this studies.

1. Introduction
Urinary catheters are used when the natural urinary output is hindered. One of the
indication for catheterization of the urinary bladder is an accurate assessment of
the amount of urine output. Catheterization is given to patients undergoing some
surgical procedures. Another indication for catheterization is the state of urinary
retention occurring involve in bladder inflammation. Catheters are used after
urological procedures to heal the urinary tract, when it is necessary. The most
frequently complication reported after catheterization are urinary tract
infections [1]. Urinary tract infections are the most common infections associated
with healthcare and constitute about 40% of all infections in hospitalized
patients. Catheter-associated urinary tract infections) are 80% of urinary tract
infections and are result from the presence of catheters in the urinary tract [2].
Catheterization may contribute to the disruption of the natural defense system
of the urinary tract and can allowing the colonization of bacteria, leading to the
creation of biofilms and the development of infections. Microbes have the ability
to adhere and create a biofilm on the surface of the catheters materials. It is
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importance when the catheters are placed in body for a long time [3]. The risk of
developing urinary tract infections is directly proportional to the length of stay of
the catheter in the urinary tract. Short-term catheterization (less than 7 days) is
the cause of infections in almost 50% of patients. For patients undergoing longterm catheterization (up to 28 days), the risk of infection increases to 100% [2].
Bacteria’s biofilm provides protection for the bacteria against antimicrobial
agents, antibodies and defences of the human body. It is a serious problem
because bacterial cells that are an integral part of biofilm are up to 1000-fold more
resistant to antimicrobial agents compared to planktonic form of bacteria [4]. In
addition catheter colonized by microbes must be replaced resulting in increased
morbidity for the patient and increased cost to the healthcare system [3].
From a prevention urinary tract infections standpoint, the most important
aspect are develop catheters with materials that prevent microorganism
attachment and biofilm formation [3]. The most effective choice seems to coating
of catheter surface with antimicrobial agents or polymer coating loaded with antimicrobial agents [4]. The polymer coating should be degradable, so that during
the implementation gradually release the drug substances.
The aim of this study was to prepare antimicrobial coatings from polyvinylpyrrolidone (PVP) with clindamycin which were choose like polymer to prepare
the coatings and antimicrobial agent, respectively. Antimicrobial activity of PVPclindamycin coatings were tested against Staphylococcus aureus (Gram-positive
bacteria) which is the microorganism most frequently involved in catheterrelated infections [3].
2. Experimental
2.1 Chemicals and reagents
Polyvinylpyrrolidone was purchased from Sigma-Aldrich (USA). Clindamycin was
purchased from Pfizer (USA) in form of tablets labeled to contain 300 mg clindamycin per tablet. Saline solution (0.9%) was purchased from Polpharma (Poland).
Acetonitrile (HPLC grade) and formic acid (>98%) were purchased from Merck
(Germany). Acetonitrile (LC-MS grade) was purchased from VWR Chemicals
(USA). Ultrapure water was prepared using HPL5 system from Hydrolab (Poland).
2.2 Sample preparation
PVP coatings were prepared by dissolving the appropriate amount of polymer in
deionized water. These solutions consisted 1, 3, 5 and 7% of PVP, respectively.
After the dissolution of the entire PVP (using mixing and heating), the solutions
were poured into Petri dishes for drying. The coating with the best properties was
then selected and shells were prepared with the addition of clindamycin,
respectively, 1, 3, 5% for the selected concentration of PVP.
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2.3 Characterization of PVP coatings
Coatings with different PVP concentrations were observed using Optical Microscopy from company Bresser to assess their homogeneity. The degradation of
coatings after the impact of 0.9% NaCl was also tested.
2.4 Chromatography and mass spectrometry
An Agilent G1379B LC system consisted with binary pump, an on-line degasser, an
autosampler and a thermostated column compartment coupled with 1100 Series
LC/MSD. Purospher® STAR RP-C18e (125×3 mm, 5 µm; Merck, Germany) column
was used during analysis. The flow rate was 1 mL min–1, injection volume was 5 µL,
column temperature was 30°C. The mobile phase gradient was 0–2 min: 15.0% B,
2–4 min: increase of eluent B to 30.0%, 4–6,5 min: 30.0% B and between 6.5 and
6.6 min change to start conditions (15.0% B), where A was water and B was
acetonitrile, both of solvents included of 0.1% formic acid addition. The ESI source
was operated with positive ion mode. The fragmentator voltage was set at 80 eV.
Nebulizer gas was set at 35 psi and drying gas temperature was set at 300 °C.
2.5 Clindamycin release studies
Drug release studies were conducted for the clindamycin modified coatings (5%
addition of clindamycin in coatings). The prepared coatings were cut into squares
(5×5 mm) and were weighted. In the next stage, the prepared samples were placed
in 0.9% NaCl solution for 15, 30 and 60 minutes, respectively. After a predetermined time, a sample solution was taken and tested by HPLC-MS (procedure 2.4).
2.6 Microbiology
Antibacterial activities of clindamycin-PVP based coatings (3% PVP coatings with
1, 3 and 5% addition of clindamycin) were evaluated against Staphylococcus
aureus, Gram-positive bacteria, using disk agar diffusion method. The bacterial
cells were refreshed by growing in Luria-Bertani broth medium (10 g NaCl, 10 g
peptone, and 5 g yeast extract per liter of distilled water), and incubated at 37 °C
for 24 h. Then, the bacterial cultures were diluted 10-fold using Luria-Bertani
medium, and 0.1 mL of the bacterial suspensions were spread over the LuriaBertani agar plates an incubated at 37 °C for 24 h. The polymeric coatings were
cut, sterilized with 70% ethanol and followed by drying under UV lamp (30 min).
The coatings were gently placed on the agar plates using forceps, and the plates
were incubated at 37 °C for 24 h. After incubation, zones of inhibition of bacterial
growth were observed.
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Fig. 1 The growth inhibition zones
of Staphylococcus aureus subjected to
interaction with antimicrobial coating
containing 1, 3 and 5% of clindamycin.

3. Results and discussion
3.1 Characterization of PVP coatings
Polymeric coatings containing 1, 3, 5 and 7% of PVP were prepared. In the case of 1
and 3% of PVP coatings, a homogeneous structure was observed while for 5 and
7% amount of PVP in coatings, homogeneity was not obtained. The coating
containing 1% PVP turned out to be brittle and unstable in contact with 0.9% NaCl
(too fast solubility), which means that it cannot be used in next studies. The
remaining coatings (3, 5, 7%) showed good flexibility and sufficient durability.
Degradation of these three coatings were slower. In this step coating which
include 3% of PVP was choose to prepare coatings with addition of clindamycin.
3.2 Microbiology test
Polymeric coatings containing 3% of PVP and different amount of clindamycin (1,
3, 5%) subjected to interaction with the Staphylococcus aureus bacterial strain.
The growth inhibition zones of this bacteria are shown in Fig. 1.
Based on the drawing, it is easy to notice that the higher the concentration of
antibiotic in the coating, that the growth inhibition of Staphylococcus aureus
increases. But for 5% of drug amount the inhibition zone is not very much bigger
than to 3% containing of clindamycin.
3.3 Clindamycin release from antimicrobial coatings
The analysis of the clindamycin release rate from coatings containing 3% of PVP
was carried out at various time intervals (15, 30, 60 min). This is the time from
placing the antimicrobial coating fragment in saline solution to take a sample of
the solution for analysis by HPLC-MS. The release profile of clindamycin from
coatings was defined as the dissolution of PVP with the simultaneous release of
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Fig. 2 Release of clindamycin from
polyvinylpyrrolidone-based coatings.

clindamycin at three different time intervals (15, 30, 60 min). The results are
shown in Fig. 2 and are presented as the ratio of the peak area to the mass coating
immersed in the solution as a function of time.
Release of clindamycin from PVP coatings was occurred immediately. After the
first time interval (15 min) was eluted approximately 80% of clindamycin. After
30 minutes was observed maximally concentration of drug in saline solution.
After the third point of time (60 min) approximately 90% of clindamycin was
released from coating.
At the beginning, release of clindamycin from PVP-based coatings happens
quickly and reaches maximum concentration after just 30 minutes. Then there is a
slow decrease in the concentration of drug in saline solution. That mechanism
releasing of clindamycin can provide a quick counteracting the growth of bacteria.
It may help to reduced the risk of infection. In addition, the use of antimicrobial
coatings should contribute to the immediate release of antimicrobial agents
through targeted delivery and maintenance of high concentrations for a long time.
4. Conclusions
The conducted study proved that the PVP can be used as drug eluting coating. This
polymer facilitates quick release of the antimicrobial agent, like clindamycin.
Coatings made based on the 3% content of PVP containing antimicrobial drug can
be used in medical applications. PVP-clindamycin based coatings prepared in this
studies show growth inhibition for Staphylococcus aureus. The possibility of using
PVP as a catheter’s coating will be tested in the next studies.
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Abstract
Making a proper decision in multifacitated situation is very challenging task. Especially, if there are many alternatives and criteria, even
contradictory ones. The support tools may be application of MultiCriteria Decision Analysis methods. In this study the application of
PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluations) as one of Multi-Criteria Decision Analysis method
in selection of the most preferable analytical procedure for polycyclic
aromatic hydrocarbons determination in smoked products is presented.

1. Introduction
The most common analysts’ considerations involve the selection of appropriate
methods of sample preparation, reagents, analytical techniques, and conditions
for analytical determination. Unfortunately, there is a huge number of alternatives, thus making a proper decision is not an easy task. It is necessary to know the
decision problem, the need and purpose of the analysis, as well as the criteria of
the decision and the available alternatives. It is a difficult task to judge clearly,
which of the analytical procedures is the best in a given case. In this situation the
application of Multi-Criteria Decision Analysis methods may be a useful and
desirable solution. These tools allow describing a given problem using numerical
values, and enable to obtain final results also as numerical values. The scores are
presented in a form of a full ranking of available options, which allows selecting
objectively the best alternative. Moreover, the decision is made in a systematic
way. Detailed information about Multi-Criteria Decision Analysis usage in area of
chemical sciences, especially analytical chemistry may be found in [1].
One of the most popular tools is PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluations). In this work selection of the most
preferable analytical procedure for polycyclic aromatic hydrocarbons (PAHs)
determination in smoked products using PROMETHEE is presented and discussed.
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2. Experimental
2.1 Polycyclic aromatic hydrocarbons in smoked products
Polycyclic aromatic hydrocarbons are a large class of organic compounds that are
composed of two or more fused aromatic rings [2]. Mainly they are formed
through incomplete combustion or pyrolysis of organic matter and during various
industrial processes. Additionally PAHs are also formed during food preparation
methods such as grilling, roasting and smoking. In Europe about 15% of fish
products for consumption are prepared using smoking process [3]. In food
industry mostly benzo[a]pyrene is controlled as a marker of the carcinogenic
PAHs in food with maximum limits in certain foods in the EU [4]. Analytical
procedures may involve variety of sample preparation techniques, for instance
Soxhlet extraction, solid-phase extraction, and liquid–liquid extraction, pressurized liquid extraction and QuEChERS, etc. [5]. Therefore, which of the analytical
procedures is the best for this given purpose?
2.2 Components of Multi-Criteria Decision Analysis
2.2.1 Main goal of analysis
Main aim of the analysis is finding the greenest analytical procedure for PAHs
determination in smoked products such as meat and fish. Analysis includes
assessment only for benzo[a]pyrene, as a marker of carcinogenic PAHs in food. In
case of analytical procedure consideration, also metrological factors have to be
satisfactory but mainly environmental factors are considered.
2.2.2 Criteria of assessment
In Multi-Criteria Decision Analysis methods criteria are factors that are allow to
make an evaluation of a given problem, and describe alternatives. Technical
evaluation of analytical procedure involve limit of detection (LOD) and precision,
expressed as relative standard deviation (RSD). Criteria as amount of sample, total
time needed to perform analysis and number of procedural steps are involved. The
information on reagents are designate in a reference to Analytical Eco-Scale
approach [6]. On the other hand, solvents evaluation is based on calculations
proposed by Tobiszewski and Namieś nik [7]. Criteria with preferences functions
are LOD, RSD, Amount of sample, Time of analysis, Score for solvents, Score for
other reagents, Number of procedural steps, all with preference function “the
lower the better”. It is possible to differentiate the importance of criteria by
assessing appropriate weight values to all criteria. In this particular case study we
assumed that all criteria influence similarly on the main goal.
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Table 1
Analytical procedures of benzo[a]pyrene determination in smoked meat and fish.
Number

Matrix

Abbreviation

Ref.

1
2
3
4
5
6
7

Smoked fish
Cold-smoked fish (mackerel)
Cold-smoked fish (salmon)
Smoked meat
Smoked meat
Smoked fish
Smoke-cured fish products

ASE-GC-MS
LLE-GC-MS
LLE-HPLC-FLD
SPE-GC-FID
MAE-RP-HPLC-FLD
MAE-DLLME-GC-MS
Sox.-GC-MS

[8]
[9]
[10]
[11]
[12]
[13]
[14]

2.2.3 Alternatives
Alternatives are the subject of considerations. They represent possible analytical
procedures that may reach the stated goal. Proposed analytical procedures for
PAHs determination in smoked products are summarized in Table 1.
2.3 PROMETHEE analysis
All the data values are taken directly or indirectly from indicated above scientific
papers (Table 1.). Indirectly means, that some of them are calculated into numerical values. The set of data prepared for PROMETHEE analysis consists of
alternatives described by criteria. In this work PROMETHEE algorithm is used as
commercial computer software - VisualPROMETHEE software.
3. Results and discussion
For PAHs determination in smoked fish and meat, all introduced criteria are define
as being equally important. With such assumptions, it is possible to obtain result
as a complete ranking of alternatives, what is presented in Table 2. Phi presented
in Table 2 is a balance between the positive and negative preference flows and it
includes both of them and presents as a single score. As it is presented, the best
Table 2
Final results of PROMETHEE analysis.
Rank

Alternatives

Number (cf. Table 1)

Phi

1
2
3
4
5
6
7

MAE-RP-HPLC-FLD
ASE-GC-MS
MAE-DLLME-GC-MS
LLE-HPLC-FLD
LLE-GC-MS
SPE-GC-FID
Soxhlet-GC-MS

5
1
6
3
2
4
7

0.6190
0.1905
0.0714
0.0000
–0.0714
–0.3571
–0.4524
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analytical procedure for PAHs determination in smoked meat and fish is technique
based on high performance liquid chromatography with spectrofluorometric
detection, preceded by microwave-assisted extraction. MAE-RP-HPLC-FLD procedure is characterized by the most desired criteria's values in response to other
alternatives. On the other hand, the worst analytical procedures are Soxhlet-GCMS and SPE-GC-FID. Their low positions in the ranking are due to high score for
solvents. Thus, highly toxic and hazardous solvents are used, involving their huge
amounts. In procedure with Soxhlet extraction as a pre-treatment over 300 mL of
dichloromethane is used. Moreover, Soxhlet-GC-MS is characterized by the
highest value for limit of detection, what is not desired.
4. Conclusions
Many chemical decision problems are complex and are characterized by interdisciplinary nature. Thus there is a need of comprehensive assessment that includes
environmental, economic and metrological point of view. Multi-Criteria Decision
Analysis methods combine multioutput information into single value, that is easy
to be compared other possibilities. They allow solving complex problems (with
many criteria and alternatives) in a technically valid and practically useful way. It
was found that the best procedure for PAHs determination in smoked meat and
fish is MAE-RP-HPLC-FLD.
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Abstract
Metals are important in the human diet. However, the excessive intake
may be toxic to human body. That is way monitoring of metals in food
products and beverages, including wines is of high importance. The
aim of given study is to characterize wines coming from different
region in Poland, in terms of metal content. Due to desired features
like: sensitivity, low limit of detection as well as speed of analysis, the
inductively coupled plasma-mass spectrometry (ICP-MS) and the
inductively coupled plasma-optical emission spectrometry (ICP-OES)
techniques were used to determine the metal concentration in wine
samples. Results were satisfied showing allowable concentrations of
examined metals according to the toxic levels for metals reported in
the literature. Additionally, chemometric analysis was performed in
order to find possible correlation between the wine samples or
between chemical variables. The chemometric analysis found specific
correlation.

1. Introduction
Metals are important in human diet however, the excessive intake of metals may
be toxic and very harmful for human health [1]. Thus, monitoring of metals is
crucial in the control of the quality of food products and beverages. Due to the
increasing consumption of wines from year to year the monitoring of metal
content in given alcoholic beverages is of high importance. The law already
established the acceptable levels of particular metal concentrations and in most
oenological laboratories it is routinely performed. The accepted limits of metals
content in wine is presented in Table 1, on next page, [2]. Metals are strongly
impacting the quality of wines due to taste and organoleptic properties changing,
what also encourage their controlling [3]. Moreover, the content of some metals
might be used to identify the origin of wine (vineyard and regional levels) due to
its correlation with the soil type [4]. There was a lot of research performed in this
field. However, there is still a lot to study. For the practical issues of legal fingerprinting of wines the multi-element dataset is needed, multivariate statistical
techniques are required for data analysis. What is more, inductively coupled
plasma – mass spectrometry (ICP-MS) is promising analytical methods for trace
and ultra-trace element fingerprinting of wines, which is inexpensive, fast, routine
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Table 1
The accepted limits of the metals content in wine in different countries and given by International
Organization of Vine and Wine (OIV).
Country

Australia
Germany
Italy
Poland
OIV

Concentration of metals (mg L–1)
Al

As

Cd

Cu

Na

Pb

Ti

Zn

–
8.00
–
–
–

0.10
0.10
–
0.20
0.20

0.05
0.01
–
0.03
0.01

5.00
5.00
10.00
–
1.00

–
–
–
–
60

0.20
0.30
0.30
0.30
0.15

–
1.00
–
–
–

5.00
5.00
5.00
–
5.00

and accurate. Following work is focused on the determination of selected metals
in wines from different Polish vineyards. Two analytical techniques were applied:
ICP-MS and ICP-OES. Moreover, chemometric analysis were performed using
cluster analysis (CA, hierarchical and non-hierarchical with K-means algorithm)
and principal components analysis (PCA) to search for the specific relationships
between the wine samples or between the chemical variables.
2. Experimental
2.1 Reagents and chemicals
Metals were analyzed with the use of Certified Reference Material ERM CA713
(sample 125) trace elements in waste water (IRMM – Institute for Reference Materials and Measurements). Calibration involved the ICP IV multi element standard
usage (Merc, USA) and single standards: As, Sb, Se, Mo and V (Sigma-Aldrich, USA),
Hg (Merc, USA) and internal standards: Sc, Rh, Tb and Ge standards in supra pure
1% HNO3 (Merc, USA) and deionized water from the Milli-Q Direct 8 Water
Purification System (Merc Millipore) for the sample (pre)treatment and sample
dilution. To prepare the calibration standard the Sigma Aldrich (USA) stock
solution containing Ca, Mg and K (1000 mg L–1 for each element) were used.
2.2 Instrumentation
44 bottles of wine from 9 different vineyards form Poland were analyzed using
ICP-OES (Shimadzu ICPE-9820, Japan) by which Ca, K, Mg concentration were
investigated. However, ICP-MS analytical technique (ICP-MS 2030 Shimadzu,
Japan) was used to determine concentration of: Ag, Al, As, B, Ba, Bi, Cd, Co, Cr, Cu,
Fe, Hg, Li, Mn, Mo, Na, Ni, Pb, Sb, Se, Sn, Sr, Ti, Tl, V, Zn, Zr. Morever, the chemometric
tools of multivariate data interpretation, cluster analysis (CA, hierarchical and
non-hierarchical clustering) were used [5].
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3. Results and discussion
In order to characterise Polish wines, coming from different region, in terms of
metal content, 30 elements were selected to be analyzed. Almost all chosen metals
were determined in Polish wine samples, excluding Ag, Co, Cu, Sn and V, not
detected in some samples. The amount of particular element was dependent on
the type of specific wine sample. The highest concentrations were observed for:
K (97 to 3250 mg L–1), Mg (42.7 to 161 mg L–1), Ca (32 to 137 mg L–1), B (0.333 to
12.1 mg L–1) and Mn (0.329 to 9.219 mg L–1). Moreover: Mn (18.61 µg L–1 to
9.219 mgL–1), Fe (0.1558 to 2.775 mg L–1), Na (5.33 µg L–1 to 3.823 mg L–1), Al
(64.12 µg L–1 to 2.729 mg L–1) and Zn (74.71 µg L–1 to 2.339 mg L–1) were at high
concentration levels. The lowest concentrations were noted for such metals as: Hg
(0.31 to 0.51 µg L–1), Ag (<0.001 to 4.92 µg L–1), Co (<0.002 to 6.98 µg L–1 ), Cd
(0.023 to 2.54 µg L–1), and Ti (0.54 to 2.37 µg L–1).
There is observed a correlation between the color of wine sample and the
concentration level of marked metals. This is well visible on the example of silver,
which the concentration is higher in the white wine than in the red wine samples.
The same relationship is observed in case of: As, Bi, Co, Sb, Se, Sn, V and Zn. And
opposite for: B, Ba, Fe, K and Mn, which were present at higher concentration in
samples of red wines. Chemometry analysis was applied to find more complex
correlations. It was used to examine specific correlations between 44 wine (red
and white) samples (object of the study), coming from different regions of Poland
like West Pomerania, Kyuavian Pomerania, Subcarpathia, Lesser Poland and
Masovia) and between 30 metal concentrations, variables in order to classify the
wines according to their metal content in a way being discriminating chemical
indicators for each cluster group of wine type.
The hierarchical cluster analysis (HCA) was used to group chemical variables,
Fig. 1 (next page). The unsupervised clustering lead to the formation of 4 clusters:
∎ K1: Zn, Pb, Cu, Co
∎ K2: Cd, Mg, Ca, K, Mn, Ba
∎ K3: Ni, Fe, Li, Cr, Sr, B, V, Na, Zr, Al
∎ K4: Tl, Ti, Se, Sb, Mo, Sn, Bi, As, Hg, Ag.
Later, the principal components was used to explain over 80% of the total variance
of the system:
∎ PC1(27%) – indicates high correlation between Ag, As, Bi, Hg, Mo, Sb, Se, Sn, Tl
and Ti – one can noticed it is entire K4 from HCA;
∎ PC2 (>10%) showing high factor loading for Al, V and Zr.
∎ PC3 (~10%) pointing out significant loading factor of Ba, K, Mg, Ti.
∎ PC4 (~7%) showing the relationship between B, Na and Sr.
∎ PC5 (9%) indicating correlation between Ca, Co, Cu and Zn.
∎ PC6 (7%) showing high loading factor of elements like: Cr, Fe, Li, Ni.
∎ PC7and PC8 (explaining together >10% of total variance) pointing out the
simple impact of Cd and Pb.
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Fig. 1 Hierarchical dendrogram for 30 chemical variables analyzed in wine samples.
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Fig. 2 Hierarchical dendrogram for 44 wine samples, coming from different region in Poland.
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PCA broaden the information about the relationship of analyzed variables,
showing similar trend as in HCA demonstrated before, at the same time.
Next step included the more important task which was to detect the similarity
groups of wine samples. The results are present on Fig. 2, where 3 significant
clusters were created:
∎ K1: 10w, 11w, 12w, 7r, 8r, 9r, 20r
∎ K2: 18w, 19w, 20w, 24w, 10r, 11r, 13r, 14r, 15r, 16r, 17r, 18r
∎ K3: 2w, 3w, 4w, 5w, 6w, 7w, 8w, 9w, 13w, 14w, 15w, 16w, 17w, 21w, 22w, 23w,
1r, 2r, 3r, 4r, 5r, 6r, 12r, 19r
1w is an outlier.
It shows, that K1 the smallest cluster consists of equal number of white and red
wines, including the Subcarpathia wines. K2 is dominated by red wines in the
relation of 2:1 to the white wines, from Masovia. K3, the biggest cluster, consists
mostly of white wines in relation of 2:1 to the red wines, from West Pomerania,
Pomerania and Kyuavian Pomerania.
Furthermore, the supervised classification by the use of K-means nonhierarchical cluster method was used to determine the discriminant chemical
variables. The analysis entirely confirned the results from the HCA. One outlier
was obtained and three clusters having the same number of wine samples.
Outlier (1w) is a wine sample of a specific characteristic: highest level of Ag, As,
Bi, Hg, Mo, Sb, Se, Sn, Ti, Tl (those are metals having high factor scores in PC1 which
could be conditionally named “toxicated” by soil conditions) and lowest levels of
Al, V, Zr (elements from PC2), B, Ba, K, Mg, Mn (PC3), i.e. earth constituents or
“specific” soil conditions). It is much different wine sample from West Pomerania
than others from the same region.
Cluster 1 is of the same characteristic as K3 in HCA and includes all different
Pomeranian wines. No discriminating species were detected. It characterized by
“background” levels of all metals. It can be concluded, that the soil conditions are
very appropriate for the grapes ensuring high wine quality.
Cluster 2 is the same as K2 in HCA and includes Masovian wines and is
characterized by similar quality as Pomeranian wines. The soil conditions may be
considered as good (no “toxic” or “specific” soil conditions impacting the wine
quality).
Cluster 4 is the same as K1 in HCA and consists of Subcarpathian wines. Their
characterization is closer to the outlier wine sample than Masovian or
Pomeranian wine samples. There were enhanced levels of Al, B, Co, Fe, Li, Na, Ni, Sr,
Zr observed, thus becoming subject to soil specificity (of natural, nor
anthropogenic origin) in the region.
4. Conclusions
Almost all 30 selected metals were determined in Polish wine samples, excluding
Ag, Co, Cu, Sn and V. However, the type of analyte and quantity depends on the

210

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

specific wine sample. K, Mg, Ca, B and Mn were present at highest amount,
whereas Hg, Ag, Co, Cd and Ti were present at lowest concentrations. The content
of metals in all analysed wine samples was within the acceptable limits according
to the toxic levels of metals stated in the literature. Polish wines may be
considered as safe in terms of metal content. The level of selected metals strongly
depends on the colour of wine, specific elements content in a particular wine
sample. There were higher concentrations of metals like: Ag, As, Bi, Co, Sb, Se, Sn, V
and Zn in white wine samples than red ones. However, B, Ba, Fe, K and Mn were
present at higher concentrations in red wine samples than white. In order to see
more complex correlations the chemometric analysis were performed which
helped to find , that wine quality strongly depends on soil natural composition as
well as soil toxic metals content. Wine would be successfully separated on
geographic objectives and to discriminate metal variables for each region. Further
research would be helpful to find possible sources of the metal content both
natural and anthropogenic.
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Abstract
Global profiling analysis of human breast milk lipids is hindered by
complex composition of human breast milk. This problem is huge
from analytical point of view, since due to that detection of all human
breast milk lipids during one analytical run is limited. Thus, sample
preparation step constitutes a crucial step in untargeted lipidomic
analysis of human breast milk, especially when semi-quantitative
analysis is assumed. Herein, we present a comparison of published
and proposed by us sample preparation procedures used in lipidomic
study of human breast milk, including indication of advantages,
drawbacks and possible application.

1. Introduction
Human breast milk is considered as the gold standard in nutrition of the newborn [1]. Despite a huge contribution of human breast milk lipids to the total
amount of human breast milk nutrients and their impact on the proper child
development, they remain the least understood part of milk. Due to the inefficiency and time-consuming of prior available traditional analytical methods for
lipid analysis, the extension of knowledge about human breast milk lipids was
limited. The application of untargeted lipidomics that offers investigation of lipids
in a fast and precise way allows for detailed characterization of an enormous
number of human breast milk lipids species, even those unidentified previously, in
one analytical run.
One of the main concerns in untargeted lipidimic study is to achieve high
lipidome coverage using simple, reproducible sample preparation strategy and
limited number of analytical techniques. In human breast milk, the significant
variety in concentration level of lipid species occurs. Some lipid classes are
dominant with concentration (μM to mM range) in contrast to other one, which
are much less abundant (pM–nM range). This applies primarily for low abundant
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glycerophospholipids and sphingophospholipids [2], and compared with
glycerophospholipids and sphingophospholipids high abundant glycerolipids [3].
This problem is important from analytical point of view, since due to that
detection of all human breast milk lipids during one analytical run is limited. Low
abundant lipids require enriching step to break the limit of detection, whereas
lipids at high concentration levels frequently require dilution step to avoid
saturation of MS signal. Therefore, the proper sample preparation is the crucial
step in lipidomics analysis of human breast milk.
2. Experimental
2.1 Reagents and chemicals
LC-MS-grade methanol and HPLC-grade chloroform and hexane were purchased
from Merck (Germany), and HPLC-grade 2-propanol, ammonium formate (99.9%
purity) formic acid and ammonia p.a were purchased from Sigma-Aldrich (USA).
Deionized water was purified on an HLP5 system (Hydrolab, Wiś lina, Poland).
2.2 Sample preparation procedure
For the global lipidomics of human breast milk we developed two sample
preparation protocols. First one has been based on solid-phase microextraction
(SPME) technique [4] and the second one involves combination of solid-phase
extraction (SPE) and liquid-liquid extraction (LLE) techniques [5]. The flowcharts
of sample preparation strategies for global lipidomic of human breast milk are
presented on Fig. 1 and 2 respectively.
The first sample preparation protocol was described in details in previous
research [4]. In short, prior to adsorption, the SPME tip that consisted of a fiber
coated with a silica-based sorbent modified with C18 groups (Supelco, SigmaAldrich, USA) was preconditioned in a mixture of solvents (MeOH/H2O) .Then, it

Fig. 1 Optimized protocol for human breast milk lipid extraction using SPME technique [4].
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Fig. 2 Lipid extraction by SPE and LLE based approach [5].

was immersed in 1 mL of human breast milk. After lipid adsorption, the SPME tip
was transferred to a LC vial containing a glass insert filled with 2-propanol for
lipid desorption. After desorption with shaking, the SPME tip was removed. The
obtained lipid extract was subsequently analyzed using LC-Q-TOF-MS.
The second developed sample preparation strategy for comprehensive
characterization of human breast milk lipids with used LLE and SPE technique [5]
included two basis steps:
1. SPE based phospholipids enrichment: 100 μL of human breast milk sample has
to be mixed with the solution of 1% formic acid in methanol and subsequently
vigorous vortexing and centrifuged in order to precipitate proteins. Next
supernatant has to be loading to the HybridSPE-Phospholipid cartridge
(Supelco, Sigma Aldrich, USA). After stationary phase washing, phospholipids
can be eluted with 5% ammonia in methanol. The obtained extract has to be
evaporated to dryness and dissolved with the use of lipid extract obtained in
the second step of sample preparation procedure.
2. LLE based lipid extraction, where just 225 μL of human breast milk sample has
to be mixed with the chloroform/methanol mixture and vortexed. Next,
appropriate volume of chloroform and water has to be added and after vigorous vortexing sample has to be centrifuged to separate aqueous and organic
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phase. The lower organic phase containing lipids has to be diluted and next,
100 μL of diluted extract has to be used as a dissolving solution for enriched
phospholipid fraction (obtained in the first step).
Finally, the prepared human breast milk lipid extract can be transferred to the
chromatographic vial and analysed by LC-Q-TOF-MS
2.3 Instrumentation
The RP-LC-Q-TOF-MS analysis of obtained extract was performed using Agilent
1290 LC system equipped with a binary pomp, an online degasser, an autosampler
and thermostated column compartment coupled with a 6540 Q-TOF-MS with
a Dual electrospray ionization (ESI) source (Agilent Technologies, USA).
Lipid extracts obtained by SPME based strategy were chromatographically
separated on an Agilent ZORBAX SB-C18 column (50×2.1 mm, 1.8 μm particle
size) in the condition described in details in previous research [4].
To reduce time of analysis lipid extracts obtained by SPE and LLE based strategy
were chromatographically separated on a reversed-phase column (Poroshell 120
EC-C8, 150×2.1 mm, 1.9 µm particle size, Agilent) with a 0.2 µm in-line filter. The
column and autosampler temperature throughout the analysis were maintained
at 45 °C and 4 °C, respectively.
In both cases the injection volume was 0.5 µL and mobile phase consisted of
mixture of 5 mM ammonium formate in water and methanol (1:4, v/v) as component A and a mixture of 5 mM ammonium formate in water, hexane and 2-propanol
(1:20:79, v/v/v) as component B). The mobile phase was pumped at 0.5 mL min–1
within a total run time of 30.5 min. The gradient elution program was initiated
with 10% eluent B during the first 10 minutes and was then ramped from 10% to
50% B from 10 to 15 minutes and 50% to 100% B from 15 to 20 minutes. Then,
after 0.5 minute, the gradient was switched to 10% eluent B for 10 min for
equilibration prior to the next run.
The ESI source condition and data analysis parameters were described in
details elsewhere [8].
3. Results and discussion
Human breast milk lipid analysis is hindered by huge diversity of this compounds
and their wide range of concentration. Due to that the sample preparation step is
crucial. According to available literature data, previously reported methods for
human breast milk lipid analysis by HPLC-MS approach including LLE [6] and
single phase extraction [6], [7] as sample preparation step. We developed two
another methods for lipid extraction, one based on SPME technique, and second
one based on SPE and LLE techniques.
Sample preparation method, based on SPME technique allows for rapid and
simple comprehensive characterization of lipids in human breast milk samples.
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Our sample preparation method offers significant improvements over other
published methods for human breast milk lipid extraction. It does not require
protein precipitation (extraction is performed directly from human breast milk
samples), what minimizes sample preparation step time and significantly reduces
the organic solvents use. Moreover, the development of a SPME method in
combination with LC-Q-TOF-MS enables detection of broad range of human breast
milk lipids. Comparison of the individual lipid classes extracted from human
breast milk using different extraction procedures revealed that all extraction
procedures provide similar lipidome coverage [4]. However, due to the low
precision it can be only use for qualitative purpose. The relative standard
deviation of the 69% of molecular feature volumes (detected in three extraction
replicates of the same human breast milk sample) was higher than 20%, which
does not meet the criteria for semi-quantitative analysis. We assumed that main
reason of low precision of develop extraction method, may be high level of
glycerolipids concentration, which can cause nonlinear isotherm. Sample dilution
may improve precision of extraction procedure, but low level of concentration of
some other lipids, limits it. Moreover, due to the wide concentration range
of different lipid classes in the human breast milk samples, the MS signal obtained
for some of lipids was saturated and required dilution for quantification, and the
MS signals for other lipid classes were very low and limit dilution. Thus, the
simultaneous quantification of all detected lipid classes in one analytical run was
limited also for this reason. However, in our study we focused on developed
method for rapid qualitative analysis and for this purpose, developed sample
preparation method, even with low repeatability, is sufficient.
To overcome drawbacks of previously evaluated method, we have developed
sample preparation method, based on SPE and LLE techniques. The combination
of these two extraction techniques enables the enrichment of low abundant
human breast milk lipids containing the phosphate moiety (glycerophospholipids
and sphingomyelins), and dilution of human breast milk lipids that are at the high
concentration level in human milk (glycerolipids). To confirm usefulness of
developed lipid extraction protocol the human breast milk lipid chromatograms
obtained with the previous and developed method are presented on Fig. 3.
The lipidome coverage obtained by implementation of this enrich-dilute
strategy was higher than those described in previously reports [8, 10, 11], particularly in the term of phospholipids content (approximately fourfold more human
breast milk lipids containing phosphate moiety were identified. This extraction
procedure enables both highly effective separation of phospholipids and
glycerolipids. Thus, the developed sample preparation strategy represents
valuable tool for comprehensive analysis of human breast milk lipids.

216

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Fig. 3 Lipid chromatograms obtained
with the previous and developed
method based on SPE and LLE and LCMS techniques.

4. Conclusions
Preparation of human breast milk sample to lipid analysis performed in untargeted manner is a challenge. Many of available lipid extractions are not suitable for
isolation of human breast milk lipids, due to the huge diversity of this compounds
and their wide range of concentration. We have developed two sample
preparation procedures and compared them with other sample preparation
strategy used in analysis of human breast milk lipids. One of them ensures similar
lipidom coverage to those described in previous reports, but is not suitable for
quantitative analysis. However, second one provides higher lipidom coverage
than those described in previous reports and is suitable for both qualitative and
semi-quantitative lipid analysis performed in untargeted manner.
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Abstract
Determination of chosen antibacterial antibiotics: amikacin and
ciprofloxacin was carried out by hplc-uv after derivatization with
9-fluorenylmethyl chloroformate and in their native form by HPLCMS/MS. Developed methods have been applied to control the kinetics
of antibiotic release from polymer-based controlled drug delivery
system.

1. Introduction
Amikacin and ciprofloxacin are the most commonly used antibiotics used to fight
bacterial infections mainly caused by Escherichia coli [1]. Thanks to their efficiency these antibiotics are used to prevent possible infections in the case of a transrectal prostate biopsy. Nowadays, for this purpose, medicine willingly uses the
“controlled drug delivery systems”, i.e., polymer-based drug-eluting biopsy
needles. This approach allows administration of antibiotics during the biopsy
directly into the tissue, elimination of onerous antibiotic therapy and decrease
possibility of infection complications.
Amikacin is an aminoglycoside antibiotic especially effective against GramNegative bacteria. Chemically amikacin consist of aminosugars (D-glucosamine,
D-kanosamine) which are connected to aminocyclitol by glyosidic bonds.
Ciprofloxacin is a second generation quinolone derivative. In comparison to
amikacin, ciprofloxacin is characterized by completely different chemical properties such as lower polarity and water solubility (Table 1).
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Table 1
Selected properties of amikacin and ciprofloxacin (dissotiation exponents predicted from ChemAxon).
Name

Molecular formula M/g mol–1 Log P Water solubility

amikacin
ciprofloxacin

C22H43N5O13
C17H18FN3O3

585.6
331.3

pKa

–7.40 185 g L–1 (25 °C) 12.1
0.28 30 g L–1 (20 °C)
5.76

pKb
9.79
8.68

As a result of the aforementioned differences, the chromatographic determination of amikacin and ciprofloxacin may cause problems due to their completely
different retention behaviour during separation. In addition, due the lack of
chromophores and high polarity, direct analysis of amikacin in its native form,
especially under reversed phase conditions is difficult and the derivatization step
is required [2]. Derivatization of antibiotics with amino-groups is realized mainly
with: 9-fluorenylmethyl chloroformate, 6-aminoquinolyl-N-hydroxysuccinimidyl
carbamate, ortho-phthaldialdehyde with 3-mercaptopropionic acid, etc. However, derivatization often results in the decrease of precision and increase of costs
and time of analysis [2–4]. The procedure for precolumn derivatization of amikacin and ciprofloxacin with 9-fluorenylmethyl chloroformate was proposed.
Additionally obtained results were compared with direct analysis of the antibiotics in their native forms using high performance liquid chromatography
coupled with tandem mass spectrometry (HPLC-MS/MS). Proposed procedure
was applied to control the kinetic of antibiotics release from polymer-based
controlled drug delivery system, namely the trans-rectal biopsy needle.
2. Experimental
2.1 Reagents and chemicals
Amikacin and Ciprofloxacin were purchased from Interquim (Cuautitlá n Izcalli,
Mexico) and Aarti Drugs Limited (Maharashtra, India) respectively. 9-fluorenylmethyl chloroformate (≥ 99%), acetonitrile (LC-MS grade) and glycine were
purchased from Sigma Aldrich. Ultrapure water was prepared using HLP5 system
from Hydrolab (Wiś lina, Poland). Formic acid was purchased from Merck. Boric
acid, phosphoric acid, sodium hydroxide and potassium chloride were purchased
from POCH (Gliwice, Poland). Borate buffer was prepared by titrating the water
solution of boric acid (0.2 M) and potassium chloride (0.2 M) with sodium hydroxide to pH = 7.3. Polymer-coated biopsy needles with different concentrations of
hydrophilic polymers and antibiotics were prepared in cooperation with Department of Polymer Technology (Gdań sk University of Technology, Poland).
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Table 2
Multiple reaction monitoring mode parameters.
Analyte

Multiple reaction
monitoring

Declustering
potential/V

Collision
energy/V

amikacin

586.4–163.1
586.4–425.3
332.3–288.1
322.3–231.0

81
81
91
91

47
27
27
49

ciprofloxacin

2.2 Instrumentation
HPLC-UV determination of antibiotic was performed using an Agilent 1200 LC
system consisting of degasser, binary pump, ALS autosampler, thermostated
column compartment and diode array detector (DAD) detector. The separation of
antibiotics was carried out using Kinetex C18, 1.7 µm (50×2.1 mm) chromatographic column working at 40° C. As a mobile phase water (component A) and
acetonitrile (component B) both with 0.5% (v/v) of diluted phosphoric acid (in
a mass ratio 1:1 with deionized water) were used in following gradient elution:
0 min – 20% B, 15 min – 95% B, 20 min – 95% B, 20.1 min – 20% B, 24.5 min – 20%
B. Flow rate of 0.3 mL min–1 was used and the injection volume was 2 µL.
HPLC-MS/MS determination of antibiotics in multiple reaction monitoring
mode (Table 2) was performed using an Agilent 1200 Series Rapid Resolution LC
system (USA) consisting of an online degasser, a binary pump, a high-performance
SL autosampler and a thermostated column compartment. The system was
coupled to the Q-Trap 4000 triple quadrupole mass spectrometer (AB SCIEX, USA)
with electrospray ionization (ESI) source working in positive ion mode. Other
parameters of ESI source were as follows: curtain gas pressure: 20 psi, source
temperature: 550 °C, nebulizer gas pressure: 30 psi, heater gas pressure: 30 psi
and capillary voltage: 4000 V. For separation ZORBAX Eclipse XDB-C18 1.8 µm
(50×4.6 mm) chromatographic column was used. Temperature of column was
maintained at 35 °C. Separation was carried out in isocratic conditions with
mixture of acetonitrile and water (85:15, v/v) with 0.1% of formic acid as a mobile
phase. Flow rate of 0.8 mL min–1 was used and the injection volume was 2 µL. The
time of analysis was 3 minutes.
2.3 Sample preparation
Two sets of biopsy needles were prepared with two different compositions and
thickness of coatings (8 needles for each set) and injection simulation test was
performed. For this purpose, pork prostates obtained from a local slaughterhouse
were used. Prostates were frozen and heated to approx. 37 °C on the test day.
Additionally, in order to simulate the real biopsy procedure, the special biopsy gun
was used. For each of 8 needles from a given series (with the same coatings),
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Fig. 1 Calibration curve of (a) amikacin (5–150 µg ml–1), and (b) ciprofloxacin (0.5–100 µg ml–1).

a different number of tissue injections were performed: 0 (without injection –
reference sample), 1, 3, 5, 7, 9, 11 and 12 injections. Subsequently, each needle was
immersed in 5.5 mL of deionized water in dedicated test-tube for 40 min. After
that, the solution was transferred into Eppendorf vials and vortex for 5 minutes.
The clarified solution was transferred to the vials and analysed by HPLC-MS/MS.
In the case of HPLC-UV analysis, the modified Chang’s [4] procedure was
applied. The clarified solution was mixed with acetonitrile in volume ratio 1:1. The
200 µL of this mixture was introduced in to the vial with 200 µL borate buffer
(0.2 M, pH = 7.3). For derivatization, 200 µL of 9-fluorenylmethyl chloroformate
acetonitrile solution (2.5 mM) was added and mixed. After 20 minutes, the 50 µL
of glycine (0.1 M) was added and mixed for stopping the derivatization reaction.
After all, samples were analysed by HPLC-UV.
2.4 Calibration curves
Stock solution of amikacin (10 mg mL–1) and ciprofloxacin (1 mg mL–1) were
prepared in deionized water. Working standard solutions were prepared freshly
by mixing volumes of stock solutions with water in graduated flasks. Amikacin and
ciprofloxacin LC-MS/MS calibration standard solutions of 0.5, 1, 5, 15, 25, 50,
100 µg mL–1 were prepared. In the case of LC-UV method, calibration standards of
5, 20, 40, 75, 150 µg mL–1 for amikacin and 0.5, 2, 4, 7.5, 15, 30, 60, 100 µg mL–1 for
ciprofloxacin after derivatization with 9-fluorenylmethyl chloroformate were
used.
3. Results and discussion
In the case of derivatization procedure, the buffer pH (7.3 and 8.5), concentration
of 9-fluorenylmethyl chloroformate (1, 2.5, 3.5, 5 and 25 mM) and time of reaction
(1, 3, 5, 15, 20 and 45 minutes) were optimized (data not shown). The optimal
conditions were summarized in section 2.3.
Validation of pre-column derivatization HPLC-UV method was performed. It
consisted of estimation of linearity, limits of detection (LOD) and limits of

222

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Table 3
Comparison of amikacin and ciprofloxacin content in polymer-based coatings after injection
simulation test obtained by pre-column derivatization HPLC-UV and derivatization-less HPLCMS/MS methods (n = 3).
Coating
number

Injection
number

c(amikacin)±SD/μg mL–1

c(ciprofloxacin)±SD/μg mL–1

HPLC-UV

HPLC-MS/MS

HPLC-UV

HPLC-MS/MS

1

0
1
3
5
7
9
11
12

68.4±6.2
44.2±7.1
28.7±4.8
17.1±1.3
20.9±2.1
6.86±0.88
n.a.
5.0±1.1

60.9±1.8
39.2±1.3
26.23±0.67
13.27±0.55
17.50±0.92
3.96±0.52
1.60±0.63
2.84±0.58

48.63±0.51
37.60±0.46
23.85±0.47
15.61±0.57
25.2±2.2
4.53±0.33
0.55±0.13
1.56±0.22

45.1±1.6
35.0±1.7
24.0±1.6
16.8±1.4
23.5±1.9
4.82±0.65
n.a.
1.46±0.35

2

0
1
3
5
7
9
11
12

59.9±4.1
44.5±8.3
35.6±1.1
42.0±4.1
16.24±0.37
n.a.
9.69±0.71
6.86±0.24

44.92±0.32
38.9±1.5
25.50±0.54
34.75±0.97
14.08±0.31
1.051±0.051
11.19±0.75
7.24±0.61

39.42±0.72
40.83±0.84
36.3±2.2
35.52±0.73
20.15±0.17
0.96±0.21
13.99±0.51
8.95±0.28

42.1±1.3
40.0±1.9
33.7±2.1
37.3±2.4
19.0±1.5
0.92±0.11
16.4±1.9
10.79±0.56

quantification (LOQ). Both calibration curves (Fig. 1) were linear within the studied concentration ranges. Determination coefficients were satisfactory.
Also the limits of detection (LOD = calibration curve intercept standard deviation multiplied by 3.3 and divided by the slope of the calibration curve) and limits
of quantitation (LOQ = 3×LOD) were established. For amikacin the LOD =
= 3.2 µg mL–1 and LOQ = 9.6 µg mL–1, whereas for ciprofloxacin 0.65 and
1.95 µg mL–1 respectively.
Results of real-world sample analysis (with and without pre-column derivatization) are summarized in Table 3. Developed HPLC-UV method can be applied
for determination of antibiotics in polymer matrix. Both HPLC-UV and HPLCMS/MS methods produces similar results. For ciprofloxacin, HPLC-UV method
involving the derivatization step gives more precise results while the accuracy
remains similar. In case of amikacin results obtained with the help of HPLC-UV
method are less precise than those provided by direct HPLC-MS/MS method. This
is most probably caused by inconsistent derivatization reaction efficiency. On the
other hand we can observe that the results obtained with the HPLC-MS/MS
method are slightly lower than those produced by HPLC-UV. This phenomenon
can be explained by the fact that amikacin was not retained on C18 stationary
phase and eluted in a dead time together with other signal suppression causing
components.
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4. Conclusions
The results obtained with the developed HPLC-UV method are similar to those
obtained by HPLC-MS/MS analysis of the antibiotics in their native forms. It can be
used to study the kinetics of amino-antibiotic drug release from drug's controlleddelivery systems. In relation to amikacin it is slightly less sensitive than HPLCMS/MS method but seemingly the accuracy is better. With regard to ciprofloxacin
the developed method seems to be superior over the HPLC-MS/MS since the
precision of the results is higher while accuracy stays the same. Also the
instrumentation is simpler, cheaper and widely available.
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Abstract
In order to safeguard the well-being of the consumers, it is important
to accurately determine the shelf life of poultry and poultry-based
products. In this work, it was evaluated whether the measurement of
the concentration of cadaverine, putrescine, histamine and tyramine
can be used to assess the shelf-life of poultry meat stored in the
different types of the containers. Based on the results it can be
concluded that the collective measurement of the biogenic amines can
be successfully used in the poultry meat freshness assessment and
could potentially supplement more traditional methods of quality
and shelf-life evaluation.

1. Introduction
Poultry meat is an important part of most diets due to its being a source of
a wholesome protein essential for proper functioning of the human body. In terms
of the nutritional value, poultry meat surpasses pork and beef, as it contains more
proteins and less fat. It is an easily digestible source of minerals, such as
potassium, calcium, phosphorus and iron [1]. As a result, poultry is one of the most
popular types of meat and its consumption is steadily increasing. It is established
that it constitutes 40% of the overall meat consumed in European Union [2].
Moreover, poultry meat is becoming an important component of the diet of Poles.
Since the year 2000, its annual consumption increased by as much as 63.3% and at
the present moment reaches 29 kg per capita [3, 4].
The growing demand for safe meat products has caused an increased interest
in new methods of poultry's spoilage assessment, both at the industrial and retail
levels. The quality evaluation is necessary to ensure the consumers’ satisfaction,
as well as their safety since the consumption of spoiled meat, can be a cause of
serious health hazards [5].
It was reported that the deterioration of meat’s quality due to chemical
changes accompanying bacterial growth can be quantified by the measurement of
total volatile basic nitrogen. This method is used mostly for the evaluation of fish
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freshness since the volatile nitrogenous bases that are primarily formed in the
process of the enzymatic decarboxylation of certain amino acids are often
associated with the aroma of spoiled fish [6, 7]. However, it was determined that
the value of total volatile basic nitrogen increases with the poultry meat’s spoilage
and thus may be used as one of the meat freshness indicators [8–10].
The alternative approach to meat quality evaluation is the measurement of
concentration values of biogenic amines. As volatile nitrogenous bases, they are
predominantly formed by the decarboxylation of amino acids due to the activity of
various microorganisms. Even though there are several polyamines occurring in
fresh meat, biogenic amines such as cadaverine and histamine are mainly formed
during processing and storage of meat and thus may serve as quality indicators of
poultry and poultry-based produce [11–14]. Moreover, there is a growing interest
in their determination not only because of their potential use in meat spoilage
assessment but also due to the toxicological effect that can be related to the
ingestion of biogenic amines. It was reported that the consumption of products
with high levels of certain amines (e.g., tyramine and histamine) may cause food
poisoning and migraines [15–16].
Since the concentration of individual biogenic amines may differ depending on
the numerous factors, meat quality assessment may yield a better result with the
application of methods based on the measurement of the levels of several amines.
Veciana-Nogué s et al. [17] proposed the use of biological amines index in which
the values of histamine, cadaverine, putrescine and tyramine are added up. This
method is employed primarily in fish freshness evaluation; however, it has found
an application in the spoilage assessment of poultry and poultry-based products [18].
2. Experimental
2.1 Samples
Fresh chicken breast muscle, pork loin and beef loin were sourced from a local
distribution centre in Gdań sk, Poland. Animals were slaughtered on the evening
prior to the first day of the analysis and then transported to the distribution
centres, in which the carcasses were processed. On the first day of the experiment,
meat was transported in a portable cooler to the laboratory, where it was
refrigerated at 4 °C. Samples of each meat were stored in three different
containers: polypropylene co-polymer vacuum food box, aerobically in a standard
polypropylene co-polymer food box and aerobically in a standard high-density
polyethylene refrigerator bag. On the 1st, 3rd, and 5th day of the experiment, the
concentration of the four biogenic amines was determined using a previously
described method [14].
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2.2 Reagents
Standards of cadaverine, histamine, putrescine, tyramine, as well as the internal
standard (hexylamine) were supplied by Sigma Aldrich. For derivatization, isobutyl chloroformate (Sigma Aldrich) was used. As extractive solvent, chloroform
of high purity HPLC analysis grade, also supplied by Sigma Aldrich, was used. Both
hydrochloric acid and high-purity grade dispersive solvent methanol were
obtained from Fluka. In order to prepare the solution of alkaline methanol,
potassium hydroxide was dissolved in methanol until saturation.
2.3 Biogenic amines determination
In situ derivatization with isobutyl chloroformate coupled to dispersive liquidliquid microextraction was used as sample preparation methodology prior to the
final determination with gas chromatography-mass spectrometry.
2.4 Multivariate data analysis method
Data analysis was performed using a dedicated Python toolbox Orange v. 3.13
[19]. The concentration values of the four biogenic amines were normalised and
used as inputs for both principal component analysis and for supervised machine
learning algorithms. The performance of the latter was assessed using a stratified
10-fold cross-validation. Hierarchical cluster analysis was performed based on
Euclidean distances between the data points with Ward linkage.
3. Results and discussion
The aim of the experiment was to determine whether it is possible to assess the
freshness of poultry meat stored in different containers based on the concentration of cadaverine, tyramine, putrescine and histamine. During the course of
the experiment, the overall concentration of biogenic amines in all samples (listed
in Table 1) has increased significantly. The differences between the results obtained for the samples stored in different containers were noticeable, but not
prominent.
The averaged concentration of biogenic amines has been used as input values
for chemometric analysis. Frist of all, principal component analysis (PCA) has
been performed. First two principal components covered 99% of variance.
A scatter plot obtained with the use of PCA is presented in Fig. 1. As it can be seen,
data points corresponding to samples analysed on different days of storage form
distinctly separated groups. Moreover, the within-group variance increased after
the first day of storage, as the differences between the concentrations of biogenic
amines in the samples stored in various containers become more pronounced
over time.

227

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Table 1
Information on concentration of biogenic amines in samples on different days of storage: (I) food
box, (II) vacuum food box, (III) high-density polyethylene refrigerator bag. Averaged concentration
100 mg g–1.
Biogenic amine

cadaverine

tyramine

putrescine

histamine

Storage Concentration/mg g–1

I
II
III
I
II
III
I
II
III
I
II
III

Day 1

Day 3

Day 5

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
98.84±0.19
98.86±0.17
99.140±0.040
148.14±0.46
148.00±0.47
148.46±0.05

870.6±4.4
781.8±1.2
915.0±1.9
311.6±1.3
241.8±1.5
413.0±1.1
111.60±0.17
103.3±1.7
115.0±0.2
433.2±3.2
411.4±3.0
507.8±4.8

1041.4±4.8
980.6±4.7
1104.2±3.2
410.0±2.1
305.0±3.8
531.4±3.6
179.58±0.58
153.78±0.52
197.7±1.4
380.6±4.7
365.4±3.7
338.0±1.9

Fig. 1 Results of PCA analysis refrigerated over the period of 5 days.

In Fig. 2, the dendrogram of hierarchical clustering is shown. Data points are
grouped primarily based on the time of storage. However, samples stored in
different types of containers form separate clusters within the groups. It is also
worth noting that the result for the meat stored in a food box and in a bag form
a group separated from the results of poultry meat kept in a vacuum food box
(a distinct group at the 0.33 cluster analysis cut-off). This is likely due to the fact
that limited oxygen access in vacuum food box affects the microbial development.
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Fig. 2 The dendrogram of hierarchical clustering with a cut-off line at 33% of the range.
Table 2
Classification parameters.

Method

AUC

CA

Precision

k-nearest neighbours
classification Tree
support vector machines
random forest
Naive Bayes

1.000
0.981
1.000
1.000
1.000

1.000
0.977
1.000
1.000
0.955

1.000
0.398
1.000
1.000
0.960

Furthermore, the classification accuracy of five different algorithms, namely
k-nearest neighbours, classification tree, support vector machines, random forest
and Naive-Bayes, was assessed. As it can be seen in Table 2, it was possible to
classify the samples based on the storage time with satisfactory results. It is worth
noting that the perfect classification (AUC 1.000, CA 1.000, precision 1.000) was
achieved with the use of three out of five algorithms.
4. Conclusions
Based on the results of the experiment, it is possible to conclude that the collective
measurement of the concentration of cadaverine, putrescine, histamine and
tyramine can be used to assess the shelf-life of meat. The biological amines index
proposed by Veciana-Nogué s et al. [17] enables the classification of meat based on
the duration of storage even when the samples are stored in different types of
containers. This suggests that this technique could be used as a supplementary
method in production or distribution centres using more traditional methods of
quality assessment, such as Total Viable Count.
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Starič , A., Stajdohar M., Umek L., Zagar L., Zbontar J., Zitnik M., Zupan B.: Orange: Data mining
toolbox in Python. J. Mach. Learn. Res. 14 (2013), 2349–2353.

230

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

High resolution liquid chromatography and
time of flight mass spectrometry in perfume
analysis
DAGMARA KEMPINSKA*, AGATA KOT-WASIK
Department of Analytical Chemistry, Faculty of Chemistry, Gdańsk University of Technology,
11/12 Gabriela Narutowicza Street, 80-233 Gdańsk, Poland * dagkempi@student.pg.egu.pl
Keywords
HILIC-Q-TOF-MS
perfumes
RP-HPLC- Q-TOF-MS

Abstract
Perfumes consist of a wide range of natural and synthetic compounds
that belongs to different chemical classes. Most of these compounds
are generally determined by GC. However, in this study RP-HPLC-QTOF-MS and HILIC-Q-TOF-MS technique was applied for the
determination of ingredients of original perfumes and their imitations. Antioxidants and compounds specific to fragrances of animal
origin were found in original perfume samples, whereas carrier oils
components were generally determined in their imitations.
Furthermore, some components of essential oils were also detected.
This research confirmed the theory that results obtained in the
analysis of perfume using HPLC can be complementary to those one
obtained during GC analysis.

1. Introduction
Perfumes have been used for thousands of years and nowadays they are considered as an essential part of human life [1, 2]. On average, every 43 hours a new
female fragrance appears, while the male one appears once every 96 hours. As
a result, it is assessed that the perfume business is a billion-dollar industry [3].
Perfumes have complex matrices that consist of a wide range of natural and
synthetic compounds belonging to different chemical classes. Hence, the risk of
contact allergy induced by their ingredients is still being the object of scientific
debate [1]. Furthermore, due to the adverse effects of some of perfumes
components on human health and their potential bioaccumulation, they present
a clearly growing threat to health and environment. Besides, the high prices of
essential oils cause that fragrance dealers more and more often decide to falsify
their products by adding cheaper materials, but still asking for the same price for
the mixture. According to these reasons, the use of analytical techniques to assess
allergenic properties of perfume components, environmental contamination or
adulteration of perfumes is inevitable [4]. Due to the fact that the most perfume
ingredients have apolar and (semi-) volatile character, gas chromatography (GC)
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is the most popular technique used for perfume application. However, reversedphase high performance liquid chromatography (RP-HPLC) is technique than can
be applied for the determination of non-volatile perfumes ingredients that have
low thermostability. Between the variety of detectors, mass spectrometer (MS) is
superior for either GC or HPLC, because of its high sensitivity and outstanding
identification possibilities. Electronic nose is another popular device used for
determining the perfume ingredients [3, 4].
The aim of this study was to show the potential of HPLC-MS technique in direct
analysis of original perfumes and their imitations. Two different types of liquid
chromatography were presented and compared. Furthermore, the identification
of several perfumes ingredients has been done.
2. Experimental
2.1 Reagents and chemicals
Acetonitrile (HPLC grade) and formic acid (>98%) were obtained from Merck
(Germany). Acetonitrile (LC-MS grade) was purchased from VWR Chemicals
(USA) and ultrapure water was prepared using HPL5 system from Hydrolab
(Wiś lina, Poland).
2.2 Instrumentation
Both HILIC-Q-TOF-MS and RP-HPLC-Q-TOF-MS analyses were performed using
the Agilent 1290 LC system equipped with a binary pump, an online degasser, an
autosampler and a thermostated column compartment coupled with the 6540
Q-TOF-MS with a Dual ESI ion source (Agilent Technologies, Santa Clara, USA). The
ESI source was operated with positive and negative ion ionization mode. The
fragmentor voltage was set at 100 V and the mass range was set at 100–1500 m/z
in MS. Furthermore, nebulizer gas was set at 35 psig, capillary voltage was set at
3500 V, and drying gas flow rate and temperature were set at 10 L min–1 and
300 °C, respectively. The TOF-MS system was calibrated on a daily basis.
In case of RP-HPLC, LiChrospher 100 RP-18e (125×4 mm, 5 μm; Merck,
Germany) column was used in order to separate analytes. Two different solvent
mixtures were examined and applied as a mobile phase: one mixture was based on
acetonitrile and water mixture with formic acid (0.05%, v/v) and the second one
was based on acetonitrile acidified with formic acid (0.05%, v/v). In both case, the
isocratic elution was performed (100% B). The flow rate of mobile phase was
0.8 mL min–1 and the injection volume was 20 µL. The column temperature
throughout the separation process was kept at 25°C.
In case of hydrophilic interaction liquid chromatography (HILIC), Kinetex
HILIC 100A (150×4.6 mm, 2.6 μm; Phenomenex, USA) column was used in order to
separate analytes. The mixture of acetonitrile and water mixture with formic acid
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Fig. 1 Fragrance pyramids of original perfumes analyzed by HPLC-MS technique.

(0.05%, v/v) was used as a mobile phase. The other parameters have been set as
above.
2.3 Sample and sample preparation
In case of this research, two samples of perfumes for men (A, B), two samples of
perfumes for women (C, D) and four samples of perfume imitations were analyzed. The original ones were bought in popular perfumery in Gdań sk, whereas
their cheaper versions were bought in Chinese shop. The scent compositions of
original perfumes are shown at Fig. 1.
Both original and cheaper perfume samples (250 μL) were diluted in 250 μL of
acetonitrile containing 3% of water. Such prepared samples were injected (20 μL)
directly into the HPLC-Q-TOF-MS system.
3. Results and discussion
In this presented study, different chromatographic system has been used in order
to determine perfumes components. The samples of original perfumes and their
imitations were analyzed by SCAN mode. Each obtained chromatogram LC-HRMS
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Fig. 2 The relationship between the mass of chemical species detected in perfumes samples and the
retention time.

were processed with Molecular Feature Extraction (MFE) mode. The results
achieved for sample A (both ESI modes) are shown in Fig. 2. In case of RP-HPLC-QTOF-MS, low molecular compounds (200–500 Da) and medium molecular weight
compounds (500 Da < ) were generally detected. In case of HILIC-Q-TOF-MS, the
same situation was observed. However, the use of HILIC enabled to determine
more compounds with mass higher than 700 Da.
The next step was to identify the perfumes ingredients. Perfumes contain
various chemicals that can be classified in six categories: solvents, essential oils,
dyes, modifiers, blenders, and fixatives [5]. It was decided that the identification
would be based on information about perfumes composition, which is partially
available, and the list of compounds used in perfumery published by International
Fragrance Association (IFRA). Some compounds detected in the perfume samples
were presented in Table 1. The results for two types of perfumes are shown in
Table 2.
Compounds belong to fatty acids were detected in all samples. They are the
components of carrier oils that are used to dilute essential oils and absolutes.
Compounds specific to fragrances of animal origin (musk, ambergris) were found
in both original perfume samples. These substances are not only used as base
notes in perfumery, but also as fixatives. Due to the limited amount of natural
musk and ambergris available on the market, they are very expensive. Furthermore, antioxidants (avobenzone, diethylamino hydroxybenzoyl hexyl benzoate)
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Table 1
Basic information about compounds detected in perfumes samples.
Compound

Molecular
formula

Monoisotopic
mass/ Da

Ionization mode

Theoretical m/z

ambroxide
atranol
avobenzone
dimethyl benzyl
carbinyl butyrate
diethylamino hydroxybenzoyl hexyl benzoate
mintlactone
muscone
oleic acid
palmitic acid
pentadecanoic acid
stearic acid
vanillin

C16H28O2
C8H8O3
C20H22O3
C14H20O2

236.2140
152.0473
310.1569
220.1463

Positive
Negative
Positive
Positive

237.2213
151.0401
311.1642
221.1536

C24H31NO4

397.2253

Positive

398.2326

C10H14O2
C16H30O
C18H34O2
C16H32O2
C15H30O2
C18H36O2
C8H8O3

166.0994
238.2296
282.2559
256.2402
242.2246
284.2715
152.0473

Positive
Positive
negative
Negative
Negative
Negative
Positive

167.1066
239.2369
281.2486
255.2329
241.2173
283.2642
153.0546

that are added to perfumes to protect their color and scent composition were
detected in original perfumes. In case of perfume A, atranol, dimethyl benzyl
carbinyl butyrate and vanillin were detected. These compounds are characteristic
for some essential oils. The first one can be determined in oak moss essential oils,
the second one in plum essential oils, whereas the third one is specific to vanilla
essential oils. In case of its imitation, atranol was only detected. This compound
has been identified as the allergen, so its concentration in perfumes should be
regulated. Mintlactone was identified in both samples C and C’. It is a fragrance
compound that can be found in Tonka bean oils. Coumarin is the second
compound that can be detected in this essential oil.
4. Conclusions
The price of perfumes is affected by the cost of their production. Because of the
usage of small availability components, some of the perfumes are expensive and
still very desirable. For this reason, many perfume imitations are reaching the
markets. Most of compounds that vary perfumes and their imitations are
commonly detected during GC analyses. However, the determination of essential
oil components, musk and other fixatives confirmed that the LC-MS can be used as
a complementary technique to GC or GC-MS. Two different chromatographic
systems were applied for perfume analysis. In both cases low molecular weight
compounds (from 200 Da to 500 Da) were generally detected. Nonetheless, most
identified perfumes ingredients were only determined in samples analyzed with
RP-HPLC-Q-TOF-MS system.
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Table 2
Compounds detected in original perfume samples (A, C) and their imitations (A’, C’) using two
different chromatographic system (+ = detected under used conditions, – = not detected under used
conditions).
Sample

Compound

Experimental Mass accuracy
m/z
/ppm

RP-HPLC

HILIC

A

ambroxide
atranol
dimethyl benzyl
carbinyl butyrate
diethylamino hydroxybenzoyl hexyl benzoate
oleic acid
palmitic acid
pentadecanoic acid
stearic acid
vanilin
atranol
palmitic acid

237.2217
151.0410

1.81
–5.96

+
+

–
+

221.1537

0.45

+

+

398.2331
281.2480
255.2332
241.2178
283.2639
153.0539
151.0406
255.2339

1.26
–2.13
1.76
–2.07
–1.06
–4.57
3.31
3.92

+
+
+
+
+
+
+
+

+
–
+
+
+
–
–
–

ambroxide
avobenzone
mintlactone
muscone
oleic acid
palmitic acid
stearic acid
coumarin
mintlactone
oleic acid
palmitic acid
pentadecanoic acid
stearic acid

237.2214
311.1644
167.1067
239.2372
281.2494
255.2336
283.2647
147.0441
167.1064
281.2491
255.2338
241.2180
283.2648

–0.42
0.64
0.56
–1.25
2.84
2.74
1.77
0.00
–1.20
1.78
3.53
2.90
2.12

+
+
+
+
+
+
+
+
+
+
+
+
+

–
–
–
–
–
+
+
–
–
–
+
+
+

A'

C

C’
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Abstract
Fruit hybridization is a process that has been used for many years and
results in formation of fruits with new organoleptic and healthpromoting properties. The purpose of hybridization is also to improve
the fruit’s functional properties. The paper presents the comparison
of the content of terpenes of hybrid fruit namely oroblanco and its
parent fruits, grapefruit and pummelo. By the use of two-dimensional
gas chromatography coupled with mass spectrometry it was possible
to determine the most abundant terpenes in the volatile fraction of
sweetie, grapefruit, and pummelo. Α-terpineol and limonene were
selected as main terpenes compounds determined in the headspace
of sweetie and grapefruit. In the case of pummelo, it was possible to
determine only one chemical compound, namely limonene.

1. Introduction
In recent years, there has been an increasing interest in health food, which is why
new varieties of plants with a high content of pro-health substances such as
vitamins, minerals and bioactive substances are being sought for. From the point
of view of fruit producers, the new varieties should have specific functional
properties, such as those associated with greater resistance to climatic factors,
higher yields or lack of seeds [1]. One of the popular solutions in recent years is the
creation of hybrid plants. Fruit hybridization, or cross-breeding, is the process of
botanical mating of two different plant species in order to create hybrids that have
all the best qualities of mother plants and none of its disadvantages [2].
One of the commonly available hybrid fruit in recent years is oroblanco called
sweetie (Citrus paradisi×Citrus grandis), hybrid between grapefruit (Citrus paradisi) and the giant orange, called pummelo (Citrus grandis). It is seedless fruits,
less acidic and less bitter than the grapefruit [3], which is related to the different
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content of terpenes, aldehydes, esters, ketones and carboxylic acids. According to
the literature, terpenes are the most abundant compound in most of citrus fruits
[4]. These are compounds belonging to the group of bioactive compounds, showing antioxidant, antibacterial activity, etc. Their presence also determines the
taste and aroma of newly-created fruits, which affects their consumption by
consumers.
Due to the complex composition of the matrix for the determination of volatile
compounds, an analytical technique to give rise to improved resolution and peak
capacity is required. In line with the principles of green analytical chemistry, the
aim is also to use solvent-free extraction techniques, therefore HS-SPME-GC×GCTOFMS is pure foreign performed [5]. The aim of the conducted research was to
compare the content of terpenes in samples of oroblanco and its parents fruits
using two-dimensional gas chromatography.
2. Experimental
2.1 Reagents and chemicals
Standards of terpenes: α-pinene, limonene, ocimene, myrcene, γ-terpinene,
α-terpineol (Sigma-Aldrich, USA) were diluted in methanol (Avantor Performance
Materials Poland). The fruits for testing were purchased at local distribution
points in the Pomeranian Voivodship. Due to the complex composition of the
matrix, which are fruits and varied structure and properties of the compounds
identified to eliminate the matrix effect, the standard addition method was used.
2.2 Instrumentation
An Agilent 6890A gas chromatograph (Agilent Technologies, USA) equipped with
a split/splitless injector and a liquid nitrogen-based dual stage cryogenic modulator, coupled with Pegasus IV time-of-flight mass spectrometer. In case of
isolation and enrichment of analytes solid phase microextraction was used.
3. Results and discussion
The identified compounds were divided into eight chemical classes. As it can be
seen at Fig. 1. the dominant class in the fruit samples tested are terpenes. The high
content of terpenes can determine the bitter taste of citrus [6]. A significant chemical class, regarding to the amount of identified substances, was the group of
alcohols, esters, aldehydes and ketones. These are chemicals with a specific, often
intense odour. Their presence and synergistic interactions cause intense aroma of
fruits.
Table 1 presents all terpenes identified and quantified in sweetie, pummelo
and grapefruit samples. Based on the results it can be stated that pummelo is the

238

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

Fig. 1 Content of selected classes of chemicals in samples of sweetie, pummelo and grapefruit.
Table 1
Quantitation of selected terpenes present in the volatile fraction of sweetie, pummelo, and grapefruit.
Compound

α-Pinene
Limonene
Ocimene
β-Myrcene
γ-Terpinene
α-Terpineol

R2

0.999
0.996
0.995
0.991
0.997
0.992

Concentration/μg g–1
sweetie

pummelo

grapefruit

0.8241±0.0096
5.298±0.058
1.600±0.097
4.1±0.14
7.27±0.34
20.96±0.70

<LOQ
2.057±0.092
<LOQ
<LOQ
<LOQ
<LOQ

2.851±0.015
15.79±0.30
2.057±0.078
3.224±0.0293
2.566±0.026
87.9±2.0

LOQ/μg g–1

LOD/μg g–1

0.664
1.431
1.519
2.098
1.163
1.947

0.219
0.472
0.501
0.692
0.384
0.643

least aromatic one. Despite the use of GC×GC technique, it was possible to quantify
only one substance, namely limonene, in the fruit pulp. In contrast, in the
grapefruit and sweetie samples, six chemical compounds, belonging to the
terpenes group, were identified and determined. In both cases, the highest
content of α-terpineol was indicated. The four fold more amount of this substance
was noted in grapefruit than in sweetie samples. The earthy odor description of
α-terpineol is one of the reasons for the bitter taste of the fruit. The highest
content of limonene was noted in the grapefruit, namely 15.79±0.30 μg g–1.
Moreover, sweetie contains more myrcene and γ-terpinene with pleasant citrus
aroma which may explain its sweet and less bitter taste compared to grapefruit.
Considering the content of individual terpenes in the samples of the sweetie pulp
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and its parent fruit, it can be concluded that the hybrid fruit correlates to grapefruit. Due to the high content of chemical compounds in this chemical class,
sweetie is a rich source of health-promoting ingredients.
4. Conclusions
Using the analytical procedure during the presented studies, it was possible to
determine the content of selected terpenes in the sweetie and its parent fruits
samples and to find the reasons for the less bitter and acidic sweetie taste
compared to the grapefruit. It was also shown that the high content of terpenes
with bioactive activity is a feature that sweetie inherited from the grapefruit
during the hybridization process.
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Abstract
The average concentrations of pollutants in the arctic water, snow and
the atmosphere are much lower than those observed in the temperate
climate. Specific conditions occurring in the polar regions have
a potential to accumulate the pollutants transported from other parts
of the world. In this study, attempts were made to find a correlation
between selected chemical components and the bacterial population.
The analysis involved 11 samples of water collected from rivers and
streams flowing into Isfjorden and Billefjorde in summer 2017
(Spitsbergen, Svalbard). Water samples were analysed in order to
determine the concentration of various substances such as PAHs,
metals, main cations, and anions. Additionally, parameters such as pH,
SEC, TOC, number, average size and biomass of bacterioplankton were
also measured. On the basis of the obtained results, it was impossible
to determine the relationship between the measured substances and
the bacterial community.

1. Introduction
The interest in the subject of pollution in the Arctic has increased when compounds, whose nearest potential source of emission was several thousand
kilometers away, were detected there. Since then, the main focus has been on the
impact of pollutants on the higher-order organisms found in this region, and little
attention has been paid to microorganisms.[1] It is assumed that the contamination in the polar regions are derived mainly from the emission sources located in
regions with temperate climates. It is believed that the transport of the chemicals
over large distances is caused by the grasshopper effect. This phenomenon is
concerning mainly the light organic compounds characterized by low vapor
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pressure. The mechanism of this effect is as follows: volatile compounds evaporate intensely into the atmosphere and then they are transported with warm
masses of air to Arctic. In polar regions, the temperature decreases significantly,
which leads to the condensation and deposition of pollutants. Solid particles, on
which nonvolatile substances can be absorbed, are also carried with warm masses
of air. Moreover, pollutants can be transported by sea and river, as well as ice
forming on the coast of Siberia [2]. In addition, in some parts of the Arctic local
sources of pollution such as human settlements, hard coal mines, power plants,
and means of transport may be located [3]. However, concentration of the
pollutants is not the only factor that affects the bacterial community. In order to
assess its condition, concentration of naturally occurring compounds and
elements should also be measured [4]. Moreover, specific climatic conditions such
as low average annual temperature, the occurrence of polar night and day, low
insolation, presence of ice and snow may contribute to the increase of durability of
organic compounds. The global warming and, in effect, rapidly changing climatic
conditions in the Arctic caused by global warming can cause remissions of the
compounds accumulated in this region [5]. It may create a threat to the fauna and
flora of the region. In addition, organisms and microorganisms adapted to life in a
colder climate can be supplanted by organisms better adjusted to higher temperatures [6].
2. Experimental
2.1 Study area
The samples were collected from rivers and streams flowing into Isfjorden and
Billefjorde in summer 2017 (Spitsbergen, Svalbard). Water samples can be
divided into two categories based on the different research areas: three water
samples were collected from rivers and lakes that go out to the Billefjorden fjord,
and remaining eight were collected from the Isfjorden fjord. Both of these fjords
are located in the western part of Spitsbergen. The exact geographical locations
are presented on the Fig. 1.
2.2 Sampling
In order to obtain samples representative of the whole watercourse, sampling
places were chosen carefully, with morphological and hydrological characteristics
of the watercourse, as well as the proximity of the local pollution sources taken
under consideration. Samples were collected to hermetically clean 1 L containers
with the use of manual sampling technique.
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Fig. 1 The map of sampling area with the location of sampling points.

2.3 Instrumentation
The following methods were used to determine the analytes: PAHs – gas
chromatography (GC Shimadzu 2010 plus) coupled with a mass spectrometry
(MS Shimadzu TQ8050), fitted with a detector with the electron ionization Ion
chromatography coupled with a conductivity detector (DIONEX ICS-3000) was
used in order to analyse the ions, while – while metals were analysed with
Inductively Coupled Plasma Mass Spectrometry (Thermo Scientific XSERIES 2
ICP-MS). Sum of phenols and formaldehyde was measured with SpectroquantPharo 100 Spectrophotometer, TOC – catalytic oxidation with oxygen at 680 °C
with non-dispersive infrared spectroscopy (Total Organic Carbon Analyser TOCVCSH/CSN). Measurements of pH and electrical conductivity (EC) were performed with the use of microcomputer pH-meter and conductivity meter CPC-411
(Elmetron) equipped with an EC60 conductivity sensor. Microbiological analysis
consisted in the estimation of the number, average size and biomass of bacterioplankton. The direct counting method was used to perform the analysis. The
measuring apparatus consisted of a Nikon 80i epifluorescence microscope,
a Nikon DS-5Mc-U2 color digital camera. Pre-counting of bacteria was carried out
using the NisElements and Multiscan programs. Then the preliminary results
were entered into Microsoft Excel and converted into a suitably configured
macrodefinition.
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Fig. 2 The relation between the content of magnesium ions, calcium and elemental strontium, and
sulphate ions for samples from rivers and streams flowing into Isfiorden.

3. Results and discussion
Due to the presence of the suspension obscuring the bacterial cells, the total viable
count could not be measured in several samples. The measurement was carried
out for 6 out of 11 tested samples. The lack of results prevented a meaningful
interpretation of the relationship between the chemical composition of water and
bacterial communities.
However, it was possible to find correlations between the concentration of
some chemical compounds. In Fig. 2, the interconnection between the content of
magnesium ions, calcium, elemental strontium, and sulphate ions in samples from
rivers and streams flowing into Isfiorden, can be seen. By setting the trend line for
calcium content, the sample taken at point L1 was not taken into account because
of the possibility of too much sewage from Barentsburg. The L1 sample was
marked on the graph as - Rejected point. The linear relationship between the
above-mentioned analytes suggest that they may come from the same origin. It is
most likely that they come from the dissolution of local rocks.
The Principal components analysis was performed for selected variables.
Variables taken into account are: pH, electrical conductivity, total organic carbon,
sum of anion concentrations, sum of cation concentrations, sum of concentrations
of polycyclic aromatic hydrocarbons, and sum of selected metals (Ag, As, Bi, Cd, Co,
Cr, Cu, Fe, Hg , Mo, Ni, Pb, Sb, Se, V). Some variables have been logarithmized to
better show distributions. First two principal components covered 82% of the
variance.A scatter plot obtained using PCA is presented in Fig. 3. As it can be seen,
samples from two groups: the first of them includes samples L6, L8, Pi1, Pi2, Pi3
taken from rivers and streams occurring near the coal mine, while the second
cluster includes samples L2, L3, L5, and L7 collected from rivers and streams
around which there are no identified local sources of pollution.
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Fig. 3 The result of the PCA analysis.

4. Conclusions
During the course of the experiment, several analysis have been performed: determination of PAHs, ions, formaldehyde, sum of phenol TOC, and selected metals, as
well as the measurement of pH, EC, total count and average volume of bacterial
cells and biomass. However, no significant correlation between the concentration
of the analytes and the condition of bacterial community has been found. Lack of
dependence can be caused by the complexity of bacterial metabolism, species
diversity of microorganisms, and their environmental adaptation. The lack of full
results could make it impossible to observe dependence. However, the analysis of
the composition of the tested samples made it possible to find the linear
relationship between elements such as calcium, magnesium and strontium, and
sulphate ions, which may suggest that they originate from the same source, e.g.,
local rocks. The analysis of the main components made it possible to visualize the
similarity between the samples taken from rivers and streams.
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Abstract
The aim of this study was to investigate air quality in hairdresser
salons, focusing on terpenes determination. Terpenes are known
reactive volatile organic compounds that contribute to secondary
organic aerosol formation. Those compounds are frequently found in
cosmetic products as fragrance agents. Hairdresser salons are special
kind of environment, where secondary organic aerosol concentration
may be elevated. One hairdresser salon in Gdynia was chosen to carry
out preliminary research. Indoor air samples from the salon were
collected using diffusive samplers and sorbent tubes, which were
later desorbed and analyzed by TD-GC-FID and TD-GC-MS. Determined limonene concentration varied between 6–74 µg m–3.

1. Introduction
According to United States Environmental Protection Agency 90% of the time
people spent in closed spaces, which makes indoor air an important factor that
influences human health [1–3]. The problem of indoor air quality arose in late
1960s and 1970s, when the term “sick building syndrome” appeared [4]. This
term refers to symptoms like: irritation of upper airway, eyes, mucous membranes
and skin [5]. It is believed that sick building syndrome is caused by volatile organic
compounds [6] with terpenes as one of the contributors. Terpenes are produced
mostly by conifer plants [7–8], however they are also emitted into indoor air from
cleaning agents, perfumes, air fresheners and cosmetic products [9–11]. Terpenes
most commonly present in indoor air are: d-limonene, α-pinene and β-pinene
[12]. Products formed due to the series of reactions initiated by terpenes
oxidation may cause human health deterioration [6; 13–15]. The reason why the
presence of terpenes in indoor air may be considered as a threat to human health
is because products of their transformations undergo condensation and form
secondary organic aerosol [17]. Secondary organic aerosol nanosized particles
are able to penetrate deeply human respiratory track and even reach the
bloodstream [18].
There were already a lot of studies on terpenes presence in indoor air, but to the
best of our knowledge, there was no research concerning terpenes determination
in hairdressers salons published yet. In this work we present the preliminary
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Table 1
Thermal desorption, GC-MS and GC-FID parameters applied during analysis.

Column
Column flow
Temperature program

Detector temperature
Thermal desorption
prepurge
tube desorption
trap desorption

GC-MS

GC-FID

DB5MS 60 m × 0.25 mm × 1 µm
(Agilent J&W)
0.5 ml min–1
70 °C held for 1 min, ramped at
15 °C min–1 to 120°C and held for
1 min, ramped at 10 °C min–1 to
280 °C and held for 5 min
Ion source: 250 °C
Quadrupole: 150 °C

DB1 30 m × 0.32 mm × 5 µm
(Agilent Technologies)
2.2 ml min–1
40 °C held for 1 min, ramped at
10 °C min–1 to 125 °C, ramped at
15 °C min–1 to 240 °C and held for
5 min
250°C

1 min (split ON)
10 min at 300 °C (split OFF)
Trap low: 1°C
Trap high: 300 °C (split OFF)

1 min (split ON)
10 min at 300 °C (split OFF)
Trap low: 1°C
Trap high: 300 °C (split OFF)

research concerning indoor air quality of this type of public service space. The aim
is to determine chemical composition of indoor air, with a special attention paid to
terpenes concentration, and its variability in hairdresser salon.
2. Experimental
2.1 Reagents and chemicals
Methanol (gradient grade for LC, Sigma-Aldrich), (R)-(+)-limonene (Sigma-Aldrich), calibration solutions were of following concentrations: 10; 100; 200 and
500 ng µl–1.
2.2 Instrumentation
Radiello® diffusive passive samplers with Carbograph® sorbent and tubes filled
with Tenax® were applied to sample the indoor air. Passive samplers and sorbent
tubes were desorbed using thermal desorption (TD) unit Markes®. Gaseous
samples were analyzed by gas chromatography coupled to mass spectrometry (GC
Agilent Technologies 6890, MS Agilent Technologies 5973) and flame-ionization
detector (GC-FID Agilent Technologies 7820A). Parameters of thermal desorption
unit and two chromatographic units are presented in Table 1.
2.3 Methodology of analytical procedure
All of analytical proceeding stages are presented in Fig.1. Location of Radiello®
and active sampling with sampling tubes is presented in Fig. 2.
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Fig. 1 Analytical proceeding steps applied in this research.

Fig. 2 Location of passive samplers and sorbent tubes
sampling points at hairdresser salon.
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Table 2
Limonene concentration determined in a chosen hairdresser salon.
Day of sampling

Limonene concentration/µg m–3

Total concentration
of organic compounds/µg m–3

09.06.2018
16.06.2018
20.06.2018

6
74
69

322
2246
5122

3. Results and discussion
Sampling with Radiello® samplers last 5 hours (ca. since 10 a.m. to 3 p.m.) each
day of sampling, whereas sampling with sampling tubes was performed around
2–3 p.m. each day. Sampling was carried out during the working days and at the
weekend. Limonene concentrations calculated on the basis of the mass adsorbed
on sampling tubes and determined by TD-GC-FID are presented in Table 2.
According to obtained results, limonene concentrations determined in hairdresser salon were sometimes higher in comparison to an exemplary studies
carried out in Germany, which indicated limonene concentration at homes at
a level of 15–20 µg m–3 [19–22]. All differences in concentration could be caused
by activities performed in the salon during the day. For example at 09.06.2018
limonene concentration was the lowest and sampling was carried out very close
(1 meter) from the client with a hair dye. The type of hair dyes used in chosen salon
does not have terpenes indicated in International Nomenclature of Cosmetic
Ingredients and no noticeable scent. The highest concentration determined on the
16.06.2018 may be related to the fact that sampling occurred while hairdresser
was using hair spray and other cosmetics in the form of aerosols, with relatively
large amount of scented chemicals included. Chromatograms obtained by
desorption of Radiello® samplers present more precise picture of the complicity
of indoor air composition, which can be seen on an exemplary chromatograms
obtained by TD-GC-FID and TD-GC-MS (Fig. 3) analysis.
MS detector was applied in order to carry out qualitative analysis and
determine components of the indoor air. On the GC-MS chromatogram limonene
peak intensity is relatively low in comparison to siloxanes (Fig. 3B). There are also
alcohols peaks of high intensity visible at the beginning of chromatogram and
their presence is justified due to the fact that they are common cosmetic ingredients. FID detector was applied mainly to get quantitative information about
analytes present in the sample. Chromatogram obtained by GC-FID proves that
indoor air from hairdresser salon is a complex sample containing a set of different
chemicals (a lot of chromatographic peaks on Fig. 3A). Siloxanes are not visible on
FID chromatogram, because FID is selective towards compounds that possess C–H
bonding in a structure.
Such high concentration of siloxanes in indoor air of hairdresser salon may be
explained by the fact that siloxanes are common ingredients of hair cosmetic
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Fig. 3 Chromatogram obtained by (A) GC-FID, and (B) GC-MS analysis of the sample collected on the
fourth day of sampling.

products. Such high concentration of siloxanes may also be considered as a threat
for workers and clients health, because according to the literature, siloxanes were
determined as components of atmospheric aerosol and may irritate human respiratory system [23].
4. Conclusions
In this paper we proved that indoor air of hairdresser salons contains precursors
for secondary organic aerosol formation. It is necessary to continue this research
in order to improve analytical approach and obtain more data. It would be very
helpful to use in the future particle counters like SMPS (Scanning Mobility Particle
Sizers) to determine the exact dependence between the amount of terpenes in
indoor air and the amount and spatial distribution of created secondary organic
aerosol particles.
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Abstract
In order to ensure the proper quality of food products, it is important
to detect food contaminations. The aim of this work was to present the
possibility of using ultra-fast gas chromatography technique to detect
the adulteration of raspberry juice. The subjects were Not From
Concentrate raspberry and chokeberry juices, as well as mixtures of
these juices. Classification of juice samples was carried out using
unsupervised statistical method – Hierarchical Cluster Analysis.
Based on the results it can be concluded that the using ultra-fast gas
chromatography technique coupled with Hierarchical Cluster
Analysis method allowed to distinguish adulterated and unadulterated raspberry juice.

1. Introduction
Consumer awareness is increasing in recent years. They pay more and more
attention to the health-promoting properties of food products. Consumers drink
more and more pure and naturally cloudy fruit juices, which belong to the group of
Not From Concentrate juices. According to the European Fruit Juice Association,
the demand for Not From Concentrate juices has increased of about 14.0% (over
the past five years) [1]. The most commonly consumed Not From Concentrate
juice is orange juice [2], however, it can be noticed that the popularity of juices
produced from berries, such as raspberries, blueberries, blackberries and
chokeberry increased. These juices are characterized by a high content of
bioactive compounds, such as polyphenols, carotenoids or anthocyanins [3–5].
Therefore, the ingestion of these juices as a part of the diet can have a positive
effect on health and the human body. Luo et. al. [6] exhibit that consuming
raspberry juice may result in improved metabolism. Hatcher [7], on the other
hand, has proven that raspberry juice has a positive effect on bone health and
protects it against osteoporosis. In Poland, there was a problem with the
utilization of chokeberry fruit. Therefore, according to experts’ opinions, these
fruits can be used as an addition to juices produced from other berries.
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In order to provide consumers with safe and high-quality food products, it is
extremely important that food does not contain additives. In the case of fruit
juices, impurities may be water, dyes or the addition of other cheaper juices [8, 9].
A very important element of this type of products is their aroma, which directly
affects the flavour. For this reason, the gas chromatography technique is used to
evaluate the aroma profile of raspberry juices [10]. On the other hand, liquid
chromatographic techniques are the most commonly used to detect adulteration
of these juices [11, 12]. The use of these methods is often labour- and timeconsuming. On this account, new rapid procedures to detect adulteration of fruit
juice samples are sought.
2. Experimental
2.1 Samples
Raspberry and chokeberry Not From Concentrate juices were obtained at local
distribution centres in Gdansk. The juice mixtures (5 / 10 / 30 / 50% v/v addition
of chokeberry) were prepared immediately after their purchase. Samples of
5.0±0.1 grams were poured into 20 cm3 glass vials and sealed with a cap with
a silicone-PTFE membrane. Samples were refrigerated at 4 ¯C for 24 hours. For
each type of samples, the analyses were performed in ten replicates.
2.2 Instrumentation
Headspace analysis of fruit juice samples was performed using an ultra-fast gas
chromatograph Heracles II (Alpha MOS, Toulouse, France) equipped with the HS
100 autosampler (Gerstel, Mü lheim, Germany). The analytes are transferred in
a carrier gas stream (hydrogen) to a sorption trap filled with 10 mg of TenaxTA
sorbent. Then, the analytes are desorbed and put into two parallel chromatographic columns whose stationary phases are characterized by different polarity
(non-polar MTX-5 and medium-polar MXT-1701). After the elution of analytes
from chromatographic columns, they were transferred to the flame ionization
detectors measuring cells (μFID). Parameters of the chromatographic system that
were used are summarized in Table 1. AlphaSoft 12.4 software was used to
process the data.
2.3 Multivariate data analysis
Data analysis was performed using Orange Canvas Data Mining v. 3.3.9 software
(Bioinformatics Lab, University of Ljubljana, Slovenia). The chromatographic
peak area values were normalised and used as input data for Hierarchical Cluster
Analysis.
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Table 1
Ultra-fast GC parameters used during analysis.
Element

Operation

Autosampler HS-100 Incubation

Heracles II

Agitation
Injection
Adsorption/desorption
of analytes
Analysis
Detection of analytes

Parameter
Incubation temperature: 40 °C
Incubation time: 120 s
Agitation speed: 500 rpm
Sample volume: 2.5 cm3
Injector temperature: 200 °C
Trapping temperature: 40 °C
Trapping duration: 30 s
Temperature program: from 40 °C with
speed 4 °C min–1 to 200 °C
Detector temperature: 270 °C

Fig. 1 The dendrogram of hierarchical clustering (cut-off
line at 7.0% of the range).
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3. Results and discussion
The aim of the research was to determine, whether it is possible to distinguish
between adulterated and unadulterated samples of raspberry juice based on its
headspace. The changes in the volatile fraction of samples were monitored using
an electronic nose device which based on the ultrafast gas chromatography
technique. The chromatographic peak areas from the detectors were treated as
signals of gas sensors. These results were used as input data for chemometric
analysis, namely Hierarchical Cluster Analysis. It is a method of combining groups
of the most closely related samples. In the study, the Euclidean distance was used
to determine the similarity between the objects. In addition, Ward's linkage
method was applied. The result of Hierarchical Cluster Analysis is the dendrogram
(Fig. 1), which takes into account the cutoff point (mean distance less than 3.0). In
this way, 5 clusters were formed.
The composition of the aroma for 100.0% chokeberry juice samples (marked as
100.0) and 100.0% raspberry juice samples (marked as 0.0) forming two single
clusters. Subsequently two separated clusters were obtained for samples of
mixtures of raspberry and chokeberry juice containing 50.0% and 30.0% of
chokeberry juice (samples 50.0 and 30.0). However, for data for samples
containing between 5.0% and 10.0% of chokeberry juice, the distinction is
difficult because one cluster has been created for this data. This means that the
Hierarchical Cluster Analysis method makes it possible to distinguish samples of
unadulterated raspberry juice from samples adulterated with chokeberry juice,
however, for some samples this method is insufficient to determine the percentage of chokeberry juice.
4. Conclusions
Based on the obtained results, it can be concluded, that it is possible to classify
between adulterated and unadulterated raspberry juice samples based on its
volatile fraction. This suggests that the use of Hierarchical Cluster Analysis
method could be used to determine the authenticity of Not From Concentrate
raspberry juice. However, in order to indicate the percentage of the chokeberry
juice in raspberry juice with greater precision, supervised statistical methods
should be used.
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Abstract
Excess sewage sludge produced in any, municipal or industrial wastewater treatment plant becomes a serious problem due to its
increasing amount. This increase is related, e.g., to the improvement
of treatment technologies. The use of sewage sludge in building materials eliminates some of the expensive and energy-intensive stages of
utilization, therefore the final product obtained is often stable and
safe. Heavy metals are not leach out from obtained materials while
strange properties are considered satisfying. Due to the occurrence of
heavy metals in sewage sludge, their stabilization with mineral and
hydraulic binders becomes a promising method of development. This
paper presents the results of research on the content of metals in
sewage sludge from various steps of the technological process
provided in sewage treatment plant. This is one of the key parameters
responsible for the durability and strength of cemented products.

1. Introduction
Sewage sludge management is a challenge for municipal wastewater treatment
plants in terms of social, ecological and economic aspects. Their production in
recent years shows an upward trend. It is estimated that by 2020 in Europe, the
amount of generated sewage sludge on a dry matter basis will reach approx.
13 million tones DM of sludge [1]. There are many methods for their management
and the quality of stabilized final products depends mainly on the characteristics
of the sewage sludge produced in the treatment plant. The most commonly used
methods of management include direct soil application, biological-chemical
stabilization (methane fermentation, composting) or thermal neutralization
(mono- or co-incineration, gasification, pyrolysis) [2]. In the case of using compost
obtained through biological stabilization, concerning legal requirements, the
limiting aspect is the content of heavy metals. Therefore, other methods of
utilization are sought. One of Best Available Technologies is thermal stabilization,
which allows the sludge to be hygienized while reducing their volume. The end
product is ash, which due to heavy metal concentration may be considered as
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Fig. 1 Example of sewage sludge treatment technological line.

a hazardous waste. In addition, the process can be energy-consuming due to the
drying of sludge before being incinerated [3].
In developed countries, the construction industry plays a significant role. The
use of raw sludge as an additive for mortars, concretes or ceramic products is
a pro-environmental approach. On the one hand, the environmentally harmful
waste is disposed of, on the other hand, a good quality building material is
produced, saving raw material at the same time. In addition, such an approach
promotes a circular economy [4, 5].
The addition of excess sludge to raw cement and mortar products may be an
alternative to the existing methods of its management. In the literature, one can

260

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

find approaches using of unhydrated sewage sludge (1–2% DM) to mortar or
concrete as a substitute for water. On the other hand, dehydrated sludge can be
used as a substitute for fine aggregates [6]. However, significant presence of heavy
metals in sewage sludge may negatively affect the bonding reactions of cement
products. It is possible to use raw sewage sludge from various steps of the
technological process. An example of a sewage treatment plant with emerging
sludge is presented in Fig. 1. The purpose of this work was to determine heavy
metals (Cd, Cu, Ni, Pb, Zn, Cr, Mg, Mn, Fe) in the primary sludge, dehydrated sludge,
digested sludge and excess sludge to check and compare heavy metal content. The
obtained data can be used to optimize the production process of cement products
that contain raw sewage sludge, and confirm the environmental safety of
proposed approaches.
2. Experimental
2.1 Reagents and chemicals
Sewage sludge was collected from one of the municipal sewage treatment plant in
Gdań sk. In order to determine the content of heavy metals in various obtained
sludge, dry masses were initially determined. For this purpose, about 2 g of each
sludge was weighed, placed in a porcelain crucible and dried at 105 °C to constant
weight. Each analysis was done with 3 repetitions. Determination of pseudo total
metal concentration consisted in weighing about 1g of each type of sediment into
a special vessel (Teflon bomb) and subjecting them to wet pressure mineralization
using microwave energy. The Digestion mixture was concentrated with HNO3 and
HCl in a 1: 2 by volume ratio. The mineralization was carried out for 1.5 hours at
a maximum temperature of 150 °C. The obtained solutions were quantitatively
transferred into 25 cm3 graduated flasks and made up to volume with deionized
water.
Analysis of heavy metals in obtained solutions was carried out using Atomic
Absorption Spectrometry with flame atomization. Calibration solutions were
prepared from stock solution (1000 mg dm–3). Depending on the determined
element (Cd, Cu, Ni, Pb, Zn, Cr, Mg, Mn, Fe) proper calibration solutions were
prepared (from 0.1 to 5.0 mg dm–3). If the concentration of the element was above
the range of the calibration curves, the sample solutions were appropriately
diluted. Each measurement was repeated 3 to 4 times for uncertainty calculation.
On the basis of the results of dry matter and the concentration of heavy metals, the
content of heavy metals in particular sewage sludge from various steps of
technological line was calculated.
2.2 Instrumentation
Microwave assisted mineralization was carried out using the Anton Paar
Mineralization system, model Multiwave GO.
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Table 1
Heavy metals concentration in sewage sludge collected at different step of treatment and processing.
Element

Preliminaly
sludge
/mg kg–1 DM

Dehydrated
sludge
/mg kg–1 DM

Fermented
sludge
/mg kg–1 DM

Excess sludge
sludge
/mg kg–1 DM

Limit of
detection
/mg kg–1 DM

Cd
Cu
Ni
Pb
Zn
Cr
Mg
Mn
Fe

6.189±0.093
186.0±9.4
<LOD
<LOD
129.0±3.5
<LOD
660±179
<LOD
2069±224

10.88±0.15
269±12
<LOD
<LOD
1216±47
<LOD
8147±1947
208±24
27113±2932

<LOD
230±11
<LOD
<LOD
110.4±3.2
<LOD
853±190
<LOD
2230±244

<LOD
257±13
<LOD
<LOD
188.9±5.9
<LOD
2395±565
14.3±1.2
6649±938

1.8
–
5.0
6.8
1.9
24
–
5.8
–

The Atomic Absorption Spectrometer from GBC SCIENTIFIC EQUIPMENT model
SensAA was used to analyze heavy metals in the samples. Hollow cathode lamps
for every element determination was also supplied by GBC SCIENTIFIC
EQUIPMENT.
3. Results and discussion
In Table 1 the results of determination of selected metals are presented.
Concentrations of metals such as Cu, Cr, Pb or Ni do not differ significantly. The
concentrations of the remaining elements vary depending on the purification
stage. Differences in content may be related with the formation of stable metalorganic compounds, which can be built-in sewage sludge biota tissues. Mentioned
compounds are degraded during mineralization. In addition, unit processes and
operations preceded in different steps of the treatment plant technological line
causes the sludge to differ significantly, which can also affect the differences in
metal content. This is most evident in the case of Fe and Mg. Fe and Al salts are
often used as coagulants, thanks to which dewatering of sewage sludge is easier.
They are also used to remove phosphates from wastewater, as well as other
alkaline salts (Ca(OH)2), which simultaneously promotes the precipitation of
Mg(OH)2 [6]. Moreover, mentioned reagents may be added during, previously
mentioned, different steps of sludge treatment.
The presence of Fe in the end product is undesirable, due to the fact it may
adversely affect the pozzolanic activity of mortar or concreate with additives (e.g.,
coal burn ash) [7]. The biggest problem of sewage sludge in building industry use
is the fact, that the Fe based salt are most commonly used precipitating reagent.
Alternatively used Al based reagents are used seldom because of economic
aspects (Al based reagents prices are significantly higher). Concentrations of
more toxic metals (Cd, Ni, Pb, Cr and Mn) are relatively low and at the same time
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comparable with literature values. However, since those could cause environmental hazard and pollution, their concentrations have to be monitored [8–10].
4. Conclusions
Sewage sludge can be considered as a potentially attractive addition to building
materials mainly due to, their physicochemical properties. The main mineral
components of sewage sludge include: calcium, iron and aluminum and phosphorus compounds, which, in the form of oxides, are included in cement mortars
and other commercially used building materials. Thanks to this, there is the
possibility of pro-ecological use of sewage sludge, which is very beneficial in the
context of the circular economy. When designing a new method of management, it
is important to determine broad range of heavy metals due to their possible
impact on bonding of cement binders and also for ecological reasons. In addition,
such products must meet the strength and leaching criteria included in legislative
standards. The effect of the addition of raw sewage sludge on the durability and
the risk of leaching of heavy metals from the final products are the target of future
research.
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[9] Sč anč ar J., Milač ič R., Straž ar M.,Burica O.: Total metal concentrations and partitioning of Cd, Cr,
Cu, Fe, Ni and Zn in sewage sludge. Sci. Total Environ. 250 (2000), 9–19.
[10] Antunes E., Schumann J., Brodie G., Jacob M. V., Schneider P. A., Biochar produced from biosolids
using a single-mode microwave: Characterisation and its potential for phosphorus removal.
J. Environ. Manage. 196 (2017), 119–126.

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

263

Estimation of the odour intensity of air
samples undergoing biofiltration process
using electronic nose and artificial neural
network
BARTOSZ SZULCZYNSKI*, PIOTR RYBARCZYK, JACEK GĘBICKI
Department of Chemical and Process Engineering, Faculty of Chemistry, Gdansk University
of Technology, Narutowicza Street 11/12, 80-233 Gdansk, Poland * bartosz.szulczynski@pg.edu.pl
Keywords
biofiltration
biotrickling
electronic nose
odour intensity
toluene

Abstract
Biofiltration is one of the techniques used to reduce odorants in the
air. It is based on the aerobic degradation of pollutants by
microorganisms located in the filter bed. The research presents the
possibility of using the electronic nose prototype combined with
artificial neural network for estimation of the odour intensity of
toluene contaminated air samples. The study was conducted using
3-section biotrickling filter settled with selected environmental
isolates of Candida fungi during 21 days. As a result of the studies, it
was found that the electronic nose prototype along with the proposed
artificial neural network can be successfully used to estimate of the
odour intensity of toluene contaminated air samples undergoing
biofiltration process.

1. Introduction
Municipal services as well as the industrial activities are the main sources of
emissions to the atmosphere of odorous compounds. The dominant group of such
compounds are volatile organic compounds. Such compounds are both unpleasant and dangerous for people. Therefore, odorous substances should be
effectively removed from air.
There are several air cleaning technologies devoted to the removal of odorous
compounds, i.e., catalytic combustion or adsorptive and absorptive methods.
Biological methods, including biofiltration, are interesting group of odor
abatement technologies. Biofiltration consists in the decomposition of pollutants
by means of bacteria and other microbes inhabiting the porous packing of a filter.
The mechanism of the process takes advantage of the diffusion of pollutants from
gaseous phase to a liquid phase of a biofilm covering the elements of a filter
packing. The purified stream of air leaves the biofilter whilst the adsorbed
pollutants undergo the process of biodegradation. As a result, pollutants
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Table 1
Odour intensity scale described in German Standard VDI 3940.

Odour strength

Odour Intensity level

Not perceptible
Very weak
Weak
Distinct
Strong
Very strong
Extremely strong

0
1
2
3
4
5
6

previously harmful to human health are transformed mainly into CO2, water and
biomass, depending on the polluted air composition [1, 2]. Biofiltration is a highly
efficient method for the treatment of large volumes of air polluted with low
concentrations of odorants. The most frequently used techniques to evaluate
effectiveness of biofiltration process are gas chromatography techniques. They
enable separation and determination of concentrations of individual components
of the mixture. In terms of the evaluation of the odour quality of purification, such
information is not directly useful. Therefore, electronic noses – devices enabling
holistic analysis of gas samples – are increasingly used to assess the effectiveness
of biofiltration in terms of odour intensity reduction [3]. Odour intensity is one of
the most common determined feature of the smell. It is defined as the perceived
strength of odor sensation that will be triggered by a specific stimulus. Typically,
intensity is assessed by sensory analysis using point scales. An example of a scale
according to the German standard is shown in Table 1.
The evaluation of the odour intensity is also possible with the use of electronic
noses – devices that are supposed to imitate the human sense of smell. The
electronic nose system consists of four main components:
█ Sampling system which provides stable and reproducible measuring conditions (temperature, humidity, gas flow velocity) and eliminates all undesirable
factors that can affect the sensor response;
█ Detection system which is built from the set of sensors located in the measuring chamber. The most commonly used type of sensors are commercially
available sensors for detection of volatile organic compounds, e.g., Metal Oxide
Sensors [4]. They show different selectivity and sensitivity, but as a whole,
produce a characteristic chemical image of the gas mixture (“fingerprint”);
█ Data processing system;
█ Pattern recognition system which assigns the received set of signals to one of
the pattern classes.
As pattern recognition system various chemometric algorithms are used, e.g.,
Principal Component Analysis, Linear Discriminant Analysis, Support Vector
Machine or Partial Least Square. But the most valuable method used in the e-nose
system in Artificial Neural Network (ANN). Artificial neural networks are now
considered the best method of analyzing data from artificial senses, mainly due to
the fact that ANNs in their architecture and functioning resemble the nervous
system in humans. The simplest, having only one neuron, ANN is called the
perceptron. The main and most important element of the perceptron is the
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Fig. 1 Similarity of neuron cell and Artificial Neural Network construction.

McCulloch-Pitts neuron, which is a simplified model of the biological nerve cell.
The similarity in the construction of both neurons is presented in Fig. 1.
The use of ANN for data analysis is possible only after prior collection of the
training data set – examples of inputs along with defined, corresponding output
values. Neural network learning process involves changing its internal parameters (weight coefficients and neuron activation thresholds). This is done using the
appropriate algorithm, usually learning under supervision. The most frequently
used algorithm for this purpose is the back error propagation algorithm [5]. Its
operation consists in the modification of weights and threshold values based on
training data in such a way as to minimize the error made by the network while
performing its assigned tasks for all data included in the training set.
The article presents estimation of the odour intensity of air samples (contaminated with toluene) undergoing biofiltration process using electronic nose and
artificial neural network. The obtained results were compared with the results of
sensory analysis.
2. Experimental
2.1 Biofiltration unit
The studies used a three-section biotrickling filter. The installation diagram is
shown in Fig. 2. The biofilter was filled with 10×2.4 mm Rashig ceramic rings
(section A) and 6×1.5 mm (sections B and C). The biofilter bed, after sterilization,
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Fig. 2 Biotrickling filter system used during the research.

was settled with selected environmental isolates of Candida fungi. The medium
with yeast, containing K2HPO4, MgSO4.7H2O, KH2PO4, NH4Cl and microelements, in
a volume of 1.5 dm3 was poured into the bioreactor and then circulated for 5 days
(at a flow rate of 50 cm3 min–1). After this time, the supply of air contaminated with
toluene was started. The toluene concentration in the inlet air stream corres
ponded to the odour intensity equal to 3. Every third day, approx. 20% of the
trickling liquid volume was changed to fresh. Six gas samples were collected at the
inlet and outlet of the installation for each day. Samples were collected to the
Tedlar bags (with a volume of 1.5 dm3). Three of them were analyzed by an electronic nose, while the other three were analyzed by sensory analysis.
2.2 Sensory analysis
Sensory evaluation of odor intensity was carried out by 4 persons, selected according to the procedure described in [6]. Each member of the panel was responsible
for assigning the appropriate odour intensity value to a given sample using a
7-step scale described in German Standard VDI 3940 (Table 1).
2.3 Electronic nose analysis
The prepared samples were analyzed using a constructed electronic nose
prototype. The device was equipped with eight metal oxide sensors manufactured
by Figaro Engineering: TGS2104, TGS2106, TGS2180, TGS2600, TGS2602,
TGS2201A, TGS2201B and TGS2611.
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Fig. 3 Architecture of the Artificial Neural Network.

Fig. 4 Changes in the removal efficiency of toluene as a function of the duration.

The collected samples were sucked by a membrane pump into the e-nose
chamber for 15 seconds. The sample was then kept in the chamber for 30 seconds.
The purified air was then directed into the chamber for regeneration of the
sensors. For data analysis the maximum signal value of each sensor was used.
The odour intensity of the sample was determined using previously designed
Artificial Neural Network (topology: 8-7-1). Architecture of the network is
presented in the Fig. 3. Three layer neural network was designed. The weights
were modified until the error between the measured and predicted values are
minimized. RStudio Desktop (v. 1.0.143) software was used as the computational
software.
3. Results and discussion
The results of sensory analysis compared to the electronic nose with artificial
neural network analysis obtained during 21 days of biofilter’s work are presented
in the Fig. 4. On the basis of the obtained results, the removal efficiency (RE) of the
tested samples was determined, according to the dependence
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(1)
where: OIin are odour intensities at the inlet, and OIout are odour intensities at the
outlet of the biofiltration system.
The results obtained using the electronic nose combined with Artificial Neural
Network are characterized by a large convergence with the results of sensory
analysis. In most cases, they are overestimated, so removal efficiency is lower.
4. Conclusions
As a result of the studies, it was found that the electronic nose prototype along
with the proposed Artificial Neural Network can be successfully used to estimate
of the odour intensity of toluene contaminated air samples undergoing
biofiltration process. The research has shown that the use of e-noses instead of
sensory analysis is possible which is advantageous due to significantly shorter
time and costs of a single analysis. In addition, it is also possible to work this type
of devices in on-line mode, which can also be used for continuous monitoring and
control of the air biofiltration process, which is now increasingly used
deodorization method.
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[3] Szulczyń ski B., Namieś nik J., Gębicki J.: Monitoring and efficiency of biofilter air deodorization
using electronic nose prototype. Chem. Pap. 72 (2018), 527–532.
[4] Szulczyń ski B., Gębicki J.: Currently commercially available chemical sensors employed for
detection of volatile organic compounds in outdoor and indoor air. Environments 4 (2017), 21.
[5] Rumelhart D.E., Hinton G.E., Williams R.J.: Learning representations by back-propagating errors.
Nature 323 (1986), 533–536.
[6] Gębicki J., Dymerski T., Rutkowski Sz.: Identification of odor of volatile organic compounds using
classical sensory analysis and electronic nose technique. Environ. Prot. Eng. 40 (2014),
103–116.

Proceedings of the 14th ISC Modern Analytical Chemistry ▪ Prague 2018

269

Supercritical carbon dioxide extraction as
a crucial step in the enriching sample in
desired group of bioactive compounds
OLGA WRONAa, b, *, KATARZYNA RAFINSKAb, c, CEZARY MOZENSKIa,
BOGUSŁAW BUSZEWSKIb, c
a

b

c

New Chemical Syntheses Institute, Al. Tysiąclecia Państwa Polskiego, 24-110 Puławy, Poland
* Olga.Wrona@ins.pulawy.pl
Interdisciplinary Centre of Modern Technologies, Nicolaus Copernicus University, Wilenska 4,
87-100 Toruń, Poland
Department of Environmental Chemistry and Bioanalytics, Faculty of Chemistry,
Nicolaus Copernicus University, Gagarina 7, 87-100 Toruń, Poland

Keywords
carbon dioxide
fatty acids
GC-MS
goldenrod (Solidago
gigantea L.)
isolation
response surface
methodology
supercritical fluids
extraction

Abstract
The main goal of this study was to obtain the optimal conditions of
supercritical carbon dioxide extraction of Solidago gigantea (goldenrod) at the quarter-technical plant. Criterion for the selection of those
conditions was the highest amount of fatty acids methyl esters in
obtained extract. Fatty acids, especially unsaturated fatty acids, are
valuable compounds due to their health-promoting properties. Fatty
acids methyl esters was determined by GC-MS. For optimization
purpose, Box-Behnken design was used to analyze the effects of three
independent process parameters (pressure, temperature, and flow
rate of CO2) on selected criterion. Box-Behnken design allows to
analyze of obtained results by Response Surface Methodology.
A second-order quadratic polynomial model was suitable for the
experimental data and obtained results (R2 for fatty acids methyl
esters was 0.90). Therefore, the response surface methodology can be
applied to optimize the supercritical carbon dioxide extraction of
Solidago gigantea. Response Surface Methodology results and ANOVA
indicate that the highest amount of desired group is achieved by
extracting at 318 K, 35 MPa and the flow of CO2 6.3 kg h–1.

1. Introduction
Solidago gigantea (commonly known as goldenrod) is widely spread in Poland
and has traditional usage in the diet and as a medicinal plant. Genus of Solidago
includes over 100 species mainly inhabiting America, Asia and Europe. Two of the
most popular species: S. canadensis and S. gigantea are very invasive and now
considered among the most aggressive plant in Europe. Therefore, it is very
reasonable to find additional application for those plants. Also literature study
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had shown that preparations obtained from goldenrods have a diuretic,
spasmolytic, hypotensive, anti-inflammatory, bacteriostatic and analgesic
properties [1–4]. All of the properties of the goldenrod preparation are a results of
their composition. Goldenrods are rich in secondary metabolites: flavonoids,
monoterpenes, diterpenes (clerodane-type), saponins and different nitrogencontaining compound [5, 6].
Supercritical fluid extraction (SFE) is a green technology, providing efficient
isolation of valuable components from plant materials. Supercritical fluid
extraction offers several advantages over conventional solvent extraction, render
higher selectivity and shorter extraction time. The qualitative and quantitative
composition of the final extract is determined by the physicochemical properties
of the solvent and parameters of the process. Hence the necessity to optimize the
process conditions for individual plant materials.
Sample preparation is a crucial first step in the analytical chemistry which may
cause an errors in further analysis. At the isolation stage (SFE) it is possible to
control the composition of the sample and enrich it with the desired group of
compounds. As a result of SFE, free of contamination and enriched product is
obtained and sample can be analyzed directly by dissolution of the extract.
2. Experimental
2.1 Chemicals and reagents
All chemicals and reagents were of analytical grade and were purchased from
Sigma Aldrich, Germany.
2.2 Plant material
Solidago gigantea used in this study were harvested in Choceń , Poland. Goldenrods were dried and ground into 2–3 cm pieces.
2.3 Experimental program
In our case, Box-Behnken design was used to analyze the effects of three
independent variables on selected criterion. Complete design consisted of 15
experimental steps at the different conditions (Table 1). Three independent
variables were: temperature (K) pressure (MPa) and solvent flow rate (kg h–1). To
evaluate the effect of those factors, fatty acids methyl esters (FAME) were
determined. All the results and statistical analysis were accomplished using
Design Expert 9.0. Optimal extraction conditions were determined based on the
concentration on selected compounds as a response.
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Table 1
Results of Box–Behnken design for the supercritical carbon dioxide extraction of Solidago gigantea.

NwOE1
NwOE2
NwOE3
NwOE4
NwOE5
NwOE6
NwOE7
NwOE8
NwOE9
NwOE10
NwOE11
NwOE12
NwOE13
NwOE14
NwOE15

T/K

P/MPa

S/kg h–1

FAME/mg g–1 DM

333.15
353.15
353.15
313.15
333.15
353.15
333.15
333.15
313.15
333.15
313.15
313.15
333.15
333.15
353.15

80.00
80.00
20.00
50.00
50.00
50.00
50.00
50.00
80.00
20.00
20.00
50.00
80.00
20.00
50.00

7.00
5.00
5.00
3.00
5.00
3.00
5.00
5.00
5.00
3.00
5.00
7.00
3.00
7.00
7.00

22.37
41.31
36.23
114.13
102.43
95.77
48.42
72.11
157.25
101.21
211.94
217.16
134.24
157.22
56.91

2.4 Extraction of the plant material
Extractions were carried out at the quarter-technical plant placed in New
Chemical Syntheses Institute in Puławy, according to the Box-Benhken design (the
process parameters are included in the Table 1). Briefly, 150 g of plant material
were loaded into the 1 L extraction basket (vessel). When equilibrium was
reached, CO2 was fed to the extractor through a high pressure pump. The extract
laden CO2 was sent to a separator. At reduced T and P conditions, the extract
precipitated in the separator, while CO2 was recycled to the extractor. At the end,
after finishing the extraction, the extract contained in the separator was carefully
collected in a container and tightly-closed.
2.5 Determination of fatty acids methyl esters
Qualitative and quantitative identification of fatty acids methyl esters (FAME) in
obtained extract of Solidago gigantea was carried out using a Trace GC Ultra gas
chromatograph coupled with Thermo Scientific TSQ Quantum XLS mass
spectrometer. 10 mg of extract was weighed, 500 μL of t-butylmethylether and
250 μL of TMSH were added, and the mixer was placed in magnetic stirrer for
15 minutes at 40 °C. The prepared sample was left for 30 minutes to establish the
equilibrium. After the set time, the sample was analyzed. The analysis was carried
out on the TR-FAME polar column (30 m × 0.25 mm × 0.25 um). Other operating
conditions of the gas chromatograph: column temperature control: 90 °C for
1 min, then heated to 140 °C at a rate 4°C min–1, hold up at 140 °C for 5 min., then
heated to 180 °C at a rate 2°C min–1, isothermal at 180 °C for a 5 minutes, and
heated to 220 °C at a rate 10°C min–1 and maintained at 220 °C for 2 min; carrier
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Fig. 1 MS mass spectrum of Solidago gigantea extract: palmitic acid methyl ester (tr = 15.56 min),
stearic acid methyl ester (tr = 20.56 min), oleic acid methyl ester (tr = 21.23 min), linoleic acid methyl
ester (tr = 22.79 min), and α-linolenic acid methyl ester (tr = 24.78 min).

gas flow 1.1 mL min–1; split 100:1; injection volume 1 μL; electron energy 70 eV;
ion source temperature 230 °C; temperature of sample inlet 230 °C.
The sample components were identified by comparing obtained results to mass
spectra from NIST mass database. The quantitative analysis was made on the basis
of the previously prepared curves for the five methyl esters fatty acids standard.
3. Results and discussion
GC-MS is very useful technique for separation and identification of compounds
extracted from complex matrix. As a result of qualitative analysis, by comparing
obtained results to mass spectra from NIST mass database, palmitic, oleic, stearic,
linoleic and α-linolenic acids methyl esters were identified (with the highest
accuracy, over 99.9%) (Fig. 1).
The quantitative analysis was made on the basis of the previously prepared
curves for those five methyl esters fatty acids standard. The results are listed on
the Table 1. The concentration of those compound is high despite the fact that
goldenrod is non-oily plant material). This is due to the fact that fatty acids are
non-polar compounds, which are very easily extractable by non-polar carbon
dioxide.
Box-Behnken design allows analyzing obtained results by Response Surface
Methodology (RSM). RSM is a statistical tool that can be used to evaluate the effect
(correlation) between responses and independent variables as well as their
interactions which allows finding the levels of input variables (P, T, S) that
optimize a particular response of a extraction process. The obtained results
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Fig. 2 Dependence on the concentration of FAME in extract on the pressure and temperature.

Fig. 3 Dependence on the concentration of FAME in extract on the flow rate of carbon dioxide and
temperature.

showed the influence of the process parameters on concentration of fatty acids
methyl esters (Fig. 2–4). All of the process parameters have a great impact on the
response; the slopes of the response surface at P, T, S are significant.
Regression coefficient of 0.90 indicates that the adopted model explains 96%
the dependence of responses on input variables. High values of regression
coefficient and the adjusted coefficient prove the accuracy of the adopted model.
Non-statistically significant lack of fit and statistically significant p-value test
admit that the model describes well the dependence of input and output variables
(Table 2).
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Fig. 4 Dependence on the concentration of FAME in extract on the flow rate of carbon dioxide and
pressure.
Table 2
Values of important statistical parameters of the adopted
model for obtained results (critical values: R2 > 0.8;
p < 0.0001 very highly significant, p < 0.01 very significant,
p < 0.05 significant, p > 0.1 not statistically significant;
LOF > 0.05).

Regression coefficient R2
Adjusted R2
Lack of fit (LOF)
p-value

0.90
0.72
1.70
0.0443

As a result of process optimization, by using the analysis of variation, for
individual input variables the following optimal parameters were obtained:
318 K, 35 MPa and the flow 6.3 kg h–1. In order to verify the correctness of the
adopted model, extractions in optimal parameters were carried out. As results, we
obtained the concentration of 218 mg FAME g–1 DM, which was the highest
obtained value and which was within the confidence interval.
4. Conclusion
Ssupercritical fluid extraction can be considered as an analytical method that
provides a very pure and rich sample for further determinations. To produce
a high quality extract for further application, supercritical carbon dioxide extraction of Solidago gigantea was developed. Our studies showed that the best
conditions of the extraction of fatty acids methyl esters were 318 K, 35 MPa and
the flow 6.3 kg h–1 which indicated the highest amount of FAME.
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Abstract
A simple and sensitive voltammetric method was developed to
determine of ethyl nitrite at graphite electrode in Britton-Robinson
buffer solution with a pH = 4.02. Surface of graphite electrode was
modified with carbon ink. The ethyl nitrite was pre-accumulated on
the electrode surface at +0.4 V for 4 s. A well-defined oxidation peak
was obtained at 0.9 V. Anodic voltammetry in differential mode was
applied for the calibration plot and detection limit (3.8×10−7 mol L−1).

1. Introduction
Despite the emergence of new drugs and therapeutic approaches in the field of
oncology, the performance indicators of antitumor treatment of non-small cell
lung cancer remain low. One of the reasons that non-small cell lung cancer is so
hard to treat is that in the late stages malignant cells develop novel properties,
such as the avoidance of immunological surveillance [1].
Increased production of nitric oxide has been implicated in the development of
malignancy [2]. The development of a sensitive and selective methodology for the
determination nitric oxide concentrations directly in biological systems requires
is required to understand its role in the pathogenesis of malignant tumors. Many
papers in this field have been published, yet, there is still no developed test system
for determining nitric oxide (II) in biological fluids and the problem is still relevant [3].
2. Experimental
2.1 Reagents and chemicals
All solutions were prepared with nanopure water. Britton-Robinson buffer
solution was prepared by mixing of 0.2 mol L–1 sodium hydroxide with the mixture
of 0.04 mol L–1 of boric, acetic and phosphoric acid.
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Fig. 1 Anodic voltammograms of C2H5ONO at (1) graphite electrode, or (2) carbon-containing
working electrode in Britton-Robinson buffer solution (pH = 4.02) (––––). Background electrolyte
(- - -). Conditions: c(C2H5ONO) = 7×10–4 mol L–1, scan rate 90 mV s–1.

For modification of the electrode surface the carbon ink was prepared by
mixing 0.01 g of polystyrene, 0.09 g of carbon powder (particle size of 3.5–5.5 μm
Aldrich) and 0.5 mL of 1,2-dichloroethane (99.97%, Aldrich).
2.2. Instrumentation
All measurements were carried out using analyzer TA-2 (Tomsk, Russia). The
three-electrode electrochemical cell was equipped with the: Ag/AgCl 1M KCl
reference and auxiliary electrode, graphite electrode and carbon-containing
working electrode. The pH was measured with a pH-meter/ionomer ITAN,
Tomanalyt, Russia.
3. Results and discussion
Firstly, the optimal pH for ethyl nitrite determination was found. The BrittonRobinson buffer solution in the pH range from 2.4 to 9.1 were controlled. The
highest and the best developed peak was obtained in the pH = 4.02. BrittonRobinson buffer pH = 4.02 was chosen as the optimal medium.
Moreover, two types of material of working electrodes for ethyl nitrite
determination were studied: graphite electrode; carbon-containing working
electrode with a renewable surface. Measurements was carried out in the
potential range from +0.4 to +1.4 V.
Ethyl nitrite gives well developed peak in potential range between 1.15 V and
1.4 V at graphite electrode (Ep = 1.2 V). On the carbon-containing working
electrode carbon-containing working electrode electrochemical signal was not
observed (Fig. 1).
To increase the sensitivity the surface of electrodes were modified by carbon
ink. The modifier was prepared according to the procedure described above. The
efficiency of the modification was evaluated on a standard oxidation-reduction
pair [Fe(CN)6]3–/[Fe(CN)6]4–. The highest and the best developed peak of ethyl
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Fig. 2 Anodic voltammograms of C2H5ONO on (1) graphite electrode, or (2) carbon-containing
working electrode in Britton-Robinson buffer solution (pH = 4.02) after modification (––––).
Background electrolyte (- - -). Conditions: c(C2H5ONO) = 7×10–4 mol L–1, scan rate 90 mV s–1.

nitrite was obtained on electrodes after their modification by carbon ink (Fig. 2).
Peak of ethyl nitrite oxidation was obtained at the Ep =1.0 V on graphite electrode,
and at the Ep = 1.13 V on carbon-containing working electrode. For future
measurements graphite electrode was chosen as working electrode.
The influence of potential and time pre-accumulation have been tested. Optimal
working conditions are: potential pre-accumulation: +0.4 V; time preaccumulation: 4 s.
The dependence of the peak current on the concentration of ethyl nitrite was
linear in the range from 1 to 10 μmol L–1 with the regression equation
I [µA] = 0.0786 с [mg L–1]– 0.0537
R2 = 0.9959

(1)

The detection limit calculated by equation LOD = 3s/b, where s is the standard
deviation in the measurement of the signal of blank sample; b is the instrumental
sensitivity factor of the slope of the straight section of the calibration curve, was
3.8×10–7 mol L–1.
4. Conclusions
In this research, electrochemical signal from ethyl nitrite at different electrode
surfaces was controlled. Optimal working conditions were found. These studies
will be used to evaluate NO metabolites in biological objects to determine their
activity in human and animal cancer cells.
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Abstract
Development of electrochemical immunosensors towards antibody
detection consists of several steps. Specific attention was paid to
exclude the non-specific electrochemical signal from silver nanoparticles at different modification steps. A tick-borne encephalitis
virus antigen was attached to glutaraldehyde on a glassy carbon
electrode modified with gold nanoparticles and cysteamine. Cyclic
voltammetric studies demonstrate the electrochemical situation on
the electrode surface by electron transfer of FeII/III as a probe.
Detection of the SNPs was performed by anodic stripping voltammetry of Ag+ at the glassy carbon electrode.

1. Introduction
In the past decade, electrochemical immunoassays have become an attractive
option for high-throughput analysis combined with advantages of easy handling,
enhanced sensitivity, high selectivity, and rapidity of data collection [1–3]. The
main idea of this research is to develop an electrochemical immunosensor for the
quantitative detection of antibodies against tick-borne encephalitis. Tick-borne
encephalitis virus is one of the endemic flaviviruses in Russia, which can cause
serious infections in humans that may result in encephalitis/meningoencephalitis
[4]. In this work, silver nanoparticles (SNPs) were used as direct signaling markers for the antibody detection, and their signal was recorded by voltammetry.
Such types of electrochemical immunosensors based on a signal from metal
nanoparticles represent an upcoming trend in analytical chemistry [5, 6].
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Preparation of the electrochemical immunosensor is performed in several
steps: i) immobilization of tick-borne encephalitis virus antigen on the electrode
surface; ii) production of silver nanoparticle–antibody (against tick-borne
encephalitis virus) conjugates; iii) incubation of the electrode with the antigen in
the silver nanoparticle–antibody bioconjugate solution; iv) silver dissolution
from the surface of the electrochemical immunosensor; v) recording of voltammograms corresponding to the oxidation of cathodically pre-accumulated silver
on the bare glassy carbon electrode (GCE). Immobilization of the antigen on the
electrode surface is one of the most significant preparation steps, and it is
critically important to control the electrochemical signal from SNPs after each
modification step. Results of this research are important for understanding the
nature of SNP signals and could help avoiding questions about non-specific
interactions of SNPs.
2. Experimental
2.1 Reagents and chemicals
HAuCl4·3H2O (99.99%), NaBH4 (99%), AgNO3 (99.99%), cysteamine (95%),
glutaraldehyde solution (25% in H2O), K4[Fe(CN)2]·3H2O (99%), KNO3, HNO3
(65%) were obtained in analytical grade purity from Sigma-Aldrich, Germany. An
antigen against tick-borne encephalitis virus was supplied by Vector-Best, Novosibirsk, Russia. All solutions were prepared with nanopure (deionized) water
(18 MΩ cm).
2.2 Instrumentation
Voltammetric measurements were carried out in a three-electrode system with
a GCE as a working electrode (3 mm diameter, Metrohm, Switzerland), an auxiliary
platinum wire electrode (Eco-Trend Plus, Czech Republic), and a Ag|AgCl (3M KCl,
Elektrochemické detektory, Czech Republic) reference electrode. The GCE was
polished prior to measurements with aqueous slurry of alumina powder (1.1 μm)
to mirror-like appearance. Linear-sweep ASV was carried out using scan rate of
0.1 V s–1, potential scan range from –0.2 to +0.6 V, accumulation potential of –0.8 V,
and accumulation time of 60 s. CV measurements were carried out from –0.9 to
+1 V at scan rate of 0.05 V s–1. ASV and CV were carried out on μAutolab III
(Metrohm) controlled by Nova 1.11 software (Metrohm).
3. Results and discussion
In the initial research stage, spherically shaped SNPs (5.3±1.2 nm in size) were
synthesized by the method of Mulfinger and Solomon [7]. In the UV/Vis
absorption spectra (Fig. 1), the maximum absorption of SNPs is in the range of
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Fig. 1 UV/Vis absorption spectra of clear
yellow colloidal Ag (SNPs), optical path
length of 1.0 cm, blank – deionized water.

395–400 nm, which is in accordance with the average SNP size of 5.3±1.2 nm
calculated from the transmission electron microscopic (TEM) observations.
Afterwards, an aliquot (2 mL) of silver colloid solution was centrifuged at
8,000 rpm for 10 min. The pellet was collected and resuspended in deionized
water.
Preparation of electrochemical immunosensor was as follows. The GCE was
chosen as a platform for antigen immobilization. Firstly, gold nanoparticles were
deposited electrochemically on the surface of the GCE [8]. During the second
stage, the thiolation of Au-GCE surface was performed by dipping it into 2 mL of
a cysteamine solution (0.05 mol L–1) for 2 hours at room temperature. After
rinsing the electrode with deionized water, the electrode was placed into a glutaraldehyde solution (2.5%) for 45 minutes at room temperature. Afterwards, the
electrode was rinsed with a phosphate buffer (pH = 7.4) three times, and the
antigen was then immobilized on the electrode surface. The electrode incubation
time was 1 hour at room temperature.
Electrochemical signals from SNPs were checked after each modification step.
The electrode was immersed into the SNP solution for 30 min. Chemical
dissolution of silver from the electrode surface with 1 mol L–1 HNO3 followed by
ASV at the GCE was found as a suitable technique for the determination of the
SNPs. In further investigations, both the electrode surface and the solution were
controlled because of the possibility of the SNP residues remaining on the surface.
Electrochemical situation on the surface of variously modified electrodes
demonstrated by CV of FeII/III as a probe is shown in Fig. 2. The obtained results
show that the surface of the electrode was successfully modified. This can be
observed via increasing the potential difference between the anodic and cathodic
peak, which indicates formation of the next layer, leading to the inhibition of the
electron transfer.
Detection of the SNPs was performed by ASV of Ag+ at the GCE. Our studies have
shown that after the modification of the Au-GCE with cysteamine, signals from
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Fig. 2 Cyclic voltammograms of [Fe(CN)6]4− (c = 10 mmol L–1) at different electrode surfaces in
0.1 mol L–1 KCl solution, E vs. Ag|AgCl, scan rate 0.05 V s–1.

SNPs were recorded. The molecule of cysteamine contains an –NH2 group which
can react with the SNPs. Upon the next modification stage with glutaraldehyde, no
signals from SNPs were observed. This excludes the possibility of SNP penetration
to the cysteamine layer and avoids questions about non-specific interactions of
SNPs. Moreover, in the case of the subsequent modification with the antigen,
signals from SNPs were recorded again. This problem could be solved within the
construction of the future immunosensor, where antigen firstly binds to unlabeled
antibodies and the whole electrode surface should, moreover, be blocked with
a protein – thus, there would be no possibility of non-specific binding of free SNPs.
4. Conclusions
In this research, electrochemical signal from SNPs at different modification steps
was controlled. The obtained data showed that after all steps of modification,
there is no possible binding of free SNPs through the individual modification
layers. Result of this research are equally important for understanding the nature
of SNP signal and for confirmation that the final signal is received as a result of the
antigen–antibody (against tick-borne encephalitis virus) interaction.
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Abstract
Effect of addition chaotropic salts into the mobile phases on separation in hydrophilic interaction chromatography was studied. Four
columns, twelve modelling analytes and thirteen mobile phases were
used. Interesting phenomenon were observed. Ammonium formate
buffer with hexafluorophosphoric acid addition has positive effect on
retention behaviour of p-toluenesulfonic acid, 4-hydroxybenzenesulfonic acid, nicotinic acid and ascorbic acid.

1. Introduction
Hydrophilic interaction chromatography belongs to more recent chromatography
methods. Currently it is commonly used for separation of very polar compounds
which provides a good alternative to NP-HPLC and RP-HPLC. Stationary phases
are similar to those used in using in RP-HPLC and mobile phases are similar to
those used in NP-HPLC. A mechanism of separation is very complex consisting of
hydrophilic partitioning, adsorbtion, ionic interactions and hydrophobic
interaction. [1–6] The process of separation also depends on amount of water
content in mobile phase. Lesser the water content in mobile phase, lesser
hydrophilic interactions and other phenomenon participates on separation.
Chaotropic salts are substances (Hofmeister serie of salts) which are using for
peptide analysis and have “salting in” properties. There are many theories
explaining the mechanism behind effect of chaotropic salts in mobile phase of
separation in RP-mode. First one is a non-specific “ion association” model [7, 8].
Chaotropic additives are less polar then water and destroy hydrogen bridges
while the hydrophobicity increases. Second theory says that mechanism is an
analogy of “dynamic ion-exchange” [9]. Large, poorly hydrated anions of chaotropic salts penetrate deeper into the non-polar stationary phase and create
charged surface of ion-exchange properties.
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2. Experimental
2.1 Reagents and chemicals
Thiamine hydrochloride (95.7%, Sigma Aldrich, USA), amprolium hydrochloride
(99.4%, Sigma Aldrich, USA), adenine (≥99%, Sigma Aldrich, USA), guanine (98%,
Sigma Aldrich, USA), cytosine (≥99%, Sigma, USA), uracil (≥99%, Sigma Aldrich,
USA), melamine (99%, Sigma, USA), ascorbic acid (99% Sigma Aldrich, USA),
nicotinic acid (99%, Sigma Aldrich, USA), p-toulenesulfonic acid (p-TSA) (≥99%,
Sigma Aldrich, USA) and 4-hydroxybenzenesulfonic acid (4-OH-BSA) (98%, Sigma
Aldrich, USA) were used as samples which were prepared as 1 mg mL–1 solution
dissolved in 50% acetonitrile and then diluted by pure acetonitrile (Ultra Gradient
HPLC Grade, J. T. Baker, Poland) to 0.1 mg mL–1 solution.
The following reagents were used for buffers: acetic acid (100% Sigma, USA),
formic acid (100%, Merck, Germany), phosphoric acid (85%, Merck, Germany),
citric acid (99%, Sigma, USA), malonic acid (99%, Sigma, USA), methansulfonic
acid (100%, Sigma, USA), perchloric acid (70%, Aldrich, USA), trifluoroacetic acid
(≥99.5%, Sigma, USA), hexafluorophosphoric acid (55%, Aldrich, USA), ammonium hydroxide (25%, J. T. Baker, Poland), triethylmine (≥99.5%, Sigma, USA),
tert-butylamine (≥99.5%, Sigma, USA), potassium hydroxide (45%, Merck, Germany). There were three types of preparation. First 0.5 L of 25 mmol L–1 acetic
acid, formic acid, phosphoric acid, citric acid or malonic acid were prepared and
then titrated by 25% ammonium hydroxide to pH = 3.5. Second were buffers with
chaotropic salt: 0.25 L of 25 mmol L–1 methansulfonic acid, perchloric acid,
trifluoroacetic acid or hexafluorophosphoric acid were titrated by ammonium
hydroxide to pH = 3.5 or 6.6 then 0.25 L of 25 mmol L–1 formic acid was added and
titrated by 25% ammonium hydroxide to pH = 3.5 or 6.6. Third were basic buffers:
0.5 L of 25 mmol L–1 ammonium hydroxide, triethylamine, tert-butylamine or
potassium hydroxide were prepared and then titrated by 25% formic acid to
pH = 3.5.
2.2 Instrumentation
All experiments were performed on the Waters (USA) Aliance 2695 with PDA
2996 as a detector. The following columns were used: TSKgel® Amide-80 3 µm
4.6×150 mm, (Sigma Aldrich, USA), Atlantis® HILIC Silica 5µm 4.6×150 mm
(Waters, USA), Luna® 3µm HILIC 200 A 4.6×150 mm (Phenomenex, USA) and
X-BridgeTH HILIC 3.5µm 4.6×150 mm (Waters, USA). Flow rate of mobile phase
was 1 mL min–1, ration of organic and inorganic part was 80:20(v/v), injection
volume was 5 µL, column was thermostated on 30 °C and detection was at 230 nm
for melamine, 4-OH-BSA, p-TSA and 260 nm for thiamine, amprolium, adenine,
cytosine, guanine, uracil, ascorbic acid, nicotinic acid.
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3. Results and discussion
There are not many works dealing with effect on addition of chaotropic salt into
the mobile phase in connection with HILIC columns. Therefore a screening was
made. Four columns were used for separation of 12 modelling analytes (from
strong acids to strong basis) using 13 different mobile phases. Interesting results
were searched. Retention of acids on column was important aspect because of
their difficult separation on reverse phases.
Retention of analytes on column TSK-amide with carbamoyl as a stationary
phase with HCOONH4 and HPF6 as mobile phase seemed to be most interesting.
Changes in concentration of formic acid and HPF6 and in pH were made.
Significant drift in retention times were observed only by acids therefore
4-OH-BSA, p-TSA, ascorbic acid and nicotinic acid were examined.
Experiments took place by following way: 5, 10, 20 and 30 mmol L–1. HPF6 was
added to 10 mmol L–1 HCOOH and titrated by 25% NH4OH to pH = 3.5 and 6.6. And
then 5, 10, 20 and 30 mmol L–1 HCOOH was mixed with 25 mmol L–1 HPF6 and
titrated by 25% NH4OH to pH 3.5 and 6.6.
There are two groups of analytes: strong acids (4-OH-BSA, p-TSA) and weak
acids (ascorbic acid, nicotinic acid). Group of weak acids are more retained on the
column and stronger acid of one group is more retained on the column.
Ascorbic acid is retained more when mobile phase has pH = 6.6 than when pH is
3.5. While opposite trend was observed for all other acids. Analyte with the
smallest retention times is p-TSA. The biggest retention of p-TSA was achieved by
using 10 mmol L–1 HCCONH4 with 25 mmol L–1 HPF6 and pH = 3.5.
In case of pH = 3.5 (Fig. 1) increasing ionic strength of buffer decreases
retention of ascorbic and nicotinic acid but has not an influence on retention time

Fig. 1 Effect of retention factor of 4-OH-BSA, p-TSA, ascorbic acid, and nicoticic acid on concentration
of HCOONH4. Unchanging conditions: pH = 3.5, 25 mmol L–1 HPF6.
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Fig. 2 Effect of retention factor of 4-OH-BSA, p-TSA, ascorbic acid, and nicoticic acid on concentration
of HCOONH4. Unchanging conditions: pH = 6.6, 25 mmol L–1 HPF6.

Fig. 3 Effect of retention factor of 4-OH-BSA, p-TSA, ascorbic acid, and nicoticic acid on concentration
of HPF6. Unchanging conditions: pH = 3.5, 10 mmol L–1 HCOONH4.

of 4-OH-BSA and p-TSA. When pH = 6.6 (Fig. 2) retention of acid is not changing
because of their pKa. Interesting effect on retention was observed when
concentration of HPF6 was changed. Increasing concentration of HPF6 causes
increase of retention times for all of 4 acids in case of both pH = 3.5 (Fig. 3) and 6.6
(Fig. 4). Further experiments are necessary and are in progress.
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Fig. 4 Effect of retention factor of 4-OH-BSA, p-TSA, ascorbic acid, and nicoticic acid on concentration
of HPF6. Unchanging conditions: pH = 6.6, 10 mmol L–1 HCOONH4.

4. Conclusions
The effect of presence of chaotropic salts in HILIC mobile phases was investigated.
After a screening study combination of TSK-amide column with carbamoyl as a
stationary phase and HCOONH4 with HPF6 as a mobile phase was selected for
detailed study. Increasing ionic strength of buffer with pH = 3.5 decreases
retention of ascorbic acid and nicotinic acid and doesn't have an impact on
4-OH-BSA and p-TSA. Increasing concentration of HPF6 increases retention times
of all 4 acids.
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Dejmková H. 82
Derina K. 134
Dorozhko E. 134, 280
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Duš ek M. 152, 181
Dymerski T. 236, 253
Ehmann F. 7
Fabjanowicz M. 205
Festinger N. 77
Fischer J. 51
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Kró l A. 68, 93
Kubinec R. 120
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