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Abstract

Ethyl carbamate is a process contaminant posing a potential hazard to human health. It is formed
in food and beverages mainly during their fermentation and it is primarily contained in stone
fruit spirits. Prior to analysis, derivatization of ethyl carbamate is required since it lacks a
chromophore, fluorophore, or electrophore in its structure, making direct detection challenging
or non-selective. Hence, this research deals with the possibilities of ethyl carbamate
derivatization for its subsequent spectrophotometric or electrochemical detection. The aim of
the work was to develop a rapid, simple, cheap, and manually undemanding approach for ethyl
carbamate determination, allowing its preliminary screening in food samples of various types.
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Introduction

Carbamates are very stable compounds obtained by the substitution of the hydrogen atoms of
carbamic acid. The conjugation of the free electron pair of the nitrogen atom with the
neighbouring acyl residue (so-called tautomerization, i.e. the relocation of the hydrogen atom
within the compound to form a keto-enol tautomeric pair) leads to the loss of the pyramidal
character of the nitrogen atom and thus to the characteristic planar grouping of carbamates
(-O-CO-N=). This implies that the C-N bond has a partial double bond character, which,
together with strong intermolecular hydrogen bonds, increases the stability of carbamates and
thereby their reluctance to react with other substances '>.

Ethyl carbamate (EC) is the best-known representative of the carbamate family. Due to the
absence of chromophore, fluorophore, and electrophore in the structure of this carcinogenic
compound, a derivatization step must be included before its analysis. For EC derivatization, the
reagent 9-xanthydrol (9-XA) is exclusively used, resulting in the formation of fluorescent and
thermally stable xathylamides (XEC)*. The derivatization takes place in a strongly acidic
aqueous environment and in the dark, but the kinetics of the reaction depends on many factors,
such as pH, the salinity of the sample, or the presence of interferents >.

In this work, we focused on simplifying the traditional EC derivatization with 9-XA, describing
the electrochemical behaviour of the XEC derivative and comparing the spectrophotometric
and electrochemical results. Since no other method of EC derivatization has been described so
far, the second aim of this work was to find a new reagent capable of quantitative reaction with
EC to form a radiation-absorbing or electrochemically active derivative.

Experimental

The derivatization reaction of ethyl carbamate using the 9-XA reagent was based on the
procedure reported in the literature’, which was subsequently thoroughly optimized. The
modified derivatization procedure took place at laboratory temperature and in an acidic
environment of HCl. The quantitative reaction lasted 20 minutes and resulted in a yellow
product that remained stable for at least one week. The optimized derivatization of EC using
p-dimethylaminobenzaldehyde (p-DMAB), known as Ehrlich's reagent, was carried out in an
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acidic HCIl environment and took only 5 minutes, with the resulting yellow product being stable
for at least one week.

Voltammetric measurements of the reagents themselves and the corresponding derivatives were
carried out in a three-electrode system, including a working glassy carbon electrode (GCE) with
a diameter of 3 mm, a reference silver chloride electrode with 3 mol L™! KCl as a salt bridge,
and an auxiliary Pt-sheet electrode. All experiments were performed in ethanolic and aqueous
solutions of HCI containing 1 mmol L™ p-DMAB or 10 mmol L' 9-XA with the different
concentration of EC using cyclic voltammetry from —0.4 up to +1.6 V, at a potential step of
5 mV and scan rate of 50 mV s~'. The derivatization reactions were carried out under constant
stirring for 5 or 20 min. Finally, the resulting XEC were also analysed using square-wave
voltammetry (SWV) with potential range from 0 to +1.4 V at potential step of 5 mV, potential
amplitude of 25 mV, and frequency of 20 Hz.

Chromatographic separations of XEC derivatives were performed on a Luna CI18 (150 x
3.0 mm; 3 pm particles) column tempered at 35 °C. The mobile phase (MP) was composed of
a 20 mmol L™! aqueous solution of sodium acetate with a pH of 7.2 (A) and 100% acetonitrile
(B) at a flow rate of 0.8 mL min !. The optimized gradient program was as follows: 0 min —
62 % B, 4 min — 70 % B, and 5 min — 100 % B. A sample volume of 20 pL was injected and a
fluorescent detector was set to excitation and emission wavelengths of 233 nm and 600 nm,
respectively. Regarding p-DMAB derivatives, their chromatographic separations were
performed on an Ascentis Express C18 (150 x 3.0 mm; 2.7 pm particles) column tempered at
30 °C. The MP consisted of an aqueous solution of HCOOH at a pH 3 (A) and 100% methanol
(B) at a flow rate of 0.4 mL min ' and the optimized gradient elution program: 0 min — 20 % B,
5 min — 61 % B, and 10 min — 62 % B. A sample volume of 2 pL. was injected and the
spectrophotometric detector was set to a wavelength of 420 nm.

Results and Discussion

For the EC derivatization, a considerable amount of derivatization agents, namely phenyl
isothiocyanate, dansyl chloride, 2,4-dinitrophenylhydrazine, p-nitrophenylhydrazine, or p-
toluidine, 9-XA, and p-DMAB, were tested under different reaction conditions. Since EC
contains a reluctantly reacting -O-CO-NH:> functional group, only reactions with 9-XA and p-
DMAB led to the formation of the corresponding derivatives. Both derivatization procedures
were thoroughly optimized in terms of ratio and amount of reactants, environment (pH and
ionic strength) and kinetics of the reaction, and the stability of the obtained derivatives.

First, the electrochemical behaviour of both derivatization reagents was investigated. In contrast
to 9-XA, which provided electrochemical signals only in the repetitive cycles, the cyclic
voltammetry of p-DMAB provided numerous oxidation peaks and one redox pair (in the second
cycle) in the acidic environment. Moreover, the character of the signals is strongly influenced
by the concentration of HCI present, as shown in Figure 1. Unfortunately, the addition of EC
did not cause any definite change in either the number of peaks or their positions. Only a low
oxidation peak of XEC could be observed (Figure 2). This phenomenon should be the subject
of further research.



40 90 ;
80 A B
30 70
60 -
< <
320 - 350 A
- ~
= £ 40
2 10 2 30 |
= jum
@] O 20
0 1 10 A
0 4
-10 10 +———m—————
04 00 04 08 12 16 04 00 04 08 12 16
Potential vs. Ag/AgCl / V Potential vs. Ag/AgCI / V

90 - 90 -
] C 80 - D

[=2]
o

%)
o
1

Current / pA
8
&8

o
Current/ pA
5

N
o
L

-
(=)
L "

N+— 10—
04 00 04 08 12 16 04 00 04 08 12 16
Potential vs. Ag/AgCI /V Potential vs. Ag/AgCI / V

Fig. 1 Cyclic voltammograms of 1 mmol L' p-DMAB reagent without the presence of HCI
(A; blue), the reagent in the environment of 0.01 mol L' HCI (B; yellow) and 0.1 mol L™ HCI
(C; red), and with 500 umol L™! EC together with 0.01 mol L™! HCI (D; green).

Notes: Normal line means first cycle, while dashed line represents the second cycle. The last
figure compares the electrochemical behaviour of p-DMAB itself in the environment of

0.01 mol L' HCI (yellow line) with that of the resulting EC derivative in the same medium
(green line).
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Fig. 2 Square-wave voltammograms of 0.01 mmol L™ 9-XA reagent in the environment of

1 mol L™! HCI and 40% ethanol (blue line) and with addition of 200 umol L™! EC to the same
medium (red line).



The obtained derivatives were subsequently analysed using reversed-phase high-performance
liquid chromatography (RP-HPLC) with fluorescent (FLD) or spectrophotometric (UV/VIS)
detectors. For both derivatives, the separation conditions had to be very carefully optimized.
Different stationary phases (amide, nitrile, regular C18, or so-called PS and aqua C18) were
tested in combination with various combinations of organic-aqueous MPs. The organic modifier
was either acetonitrile or methanol, and aqueous solutions of sodium and ammonium acetate,
phosphate buffer, triethylamine, and HCOOH at different concentrations and pH were used as
the second MP component. The final chromatograms of both derivatives are clearly depicted in
the Figures 3.
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Fig. 3 Optimized RP-HPLC-FLD chromatogram of XEC derivative (A) and RP-HPLC-
UV/VIS chromatogram of EC and urea after p-DMAB derivatization (B).

Conclusion

A total of seven different reagents were tested for EC derivatization. However, only 9-XA and
p-DMAB actually reacted with EC, both yielding yellow products. The optimization of both
derivatization procedures was performed chromatographically using RP-HPLC with the
spectrophotometric or fluorescent detector. Regarding the p-DMAB derivatization,
unfortunately, it was not possible to electrochemically distinguish the reagent from the product
of the corresponding reaction with EC. On the contrary, the XEC derivative (reaction product
of EC with 9-XA) can be detected at potentials higher than +1.2 V, which could be used for
liquid chromatography with electrochemical detection in the future.
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