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GENERAL DESCRIPTION OF WORK

ETHYL ALCOHOL, PHARMACOPEA, VOLATILE COMPOUNDS,
METHANOL, ALDEHYDES, FUSEL OIL, GAS CHROMATOGRAPHY,
INTERNAL STANDARD

The research, the results of which were included in the master's thesis, was
carried out at the Institute of Nuclear Problems of the Belarusian State University
within the framework of research work 3.4.04: «Development of new methods for
precision determination of the qualitative and quantitative composition of a wide
range of multicomponent matrices for biotechnology, including the pharmaceutical
and food industries» (Belarusian State Program of Scientific Research «Convergence
2025» subprogram «Integration»).

The aim of this study was validation a modified internal standard method for
analysis of rectified ethyl alcohol; to improve existing official (pharmacopeial)
method of analysis of rectified ethyl alcohol.

The objects of the study are water-ethanol solutions (with ethanol volume
concentration 96 %) of mixtures of volatile compounds: acetaldehyde, methyl
acetate, ethyl acetate, methanol, propan-2-ol, propan-1-ol, 2-methylpropan-1-ol,
butan-1-ol, 3-methylbutan-1-ol.

Main results:

1. The method for direct determination of 9 volatile compounds (acetaldehyde,
methyl acetate, ethyl acetate, methanol, propan-2-ol, propan-1-ol, 2-methylpropan-1-
ol, butan-1-ol, 3-methylbutan-1-ol) in ethyl alcohol for pharmaceutical uses was
developed and successfully validated.

2. The relative expended uncertainty of developed method did not exceed
6.1 %.

3. The method can be used for analysis other pharmaceutical substances
containing ethyl alcohol.

The master's thesis consists of an introduction, a general description of the
work, 3 chapters, a conclusion, 1 appendix and a bibliographic list.

Chapter 1 provides an analytical review of the literature on the subject of the
thesis. Chapter 2 describes experiment, which was carried out during the study
(preparation of solutions, conditions of gas chromatographic analysis and validation
study). Chapter 3 presents results of validation study of the developed method.

The full text of the master's thesis is 43 pages, including 14 figures on 12 pages
and 15 tables on 11 pages. The bibliographic list includes 30 titles on 3 pages.



INTRODUCTION

Ethyl alcohol (ethanol) is widely used in medicine and pharmaceutical
production. In medical practice, ethyl alcohol is used mainly as an external antiseptic,
disinfectant (active against viruses, gram-positive and gram-negative bacteria) and as
a local irritant; Abroad, ethyl alcohol as an active ingredient is part of injectable
preparations, it is used intravenously in acute methanol poisoning. Ethyl alcohol in
various concentrations is widely used for the production and manufacture of
tinctures, extracts and dosage forms for external use and it is also used as a solvent
[1].

The most important indicators of the quality of alcohol include density, clarity,
colour, acidity or alkalinity, absorbance, the content of chlorides, sulphates, heavy
metals, methanol, aldehydes (acetaldehyde and 1,1-diethoxyethane), esters (methyl
acetate and ethyl acetate), fusel oil (propan-1-ol, propan-2-ol, 2-methylpropan-1-ol,
butan-1-ol and 3-methylbutan-1-ol), furfural, reducing substances, nonvolatile
compounds, benzene and etc [2-6].

This study examines in detail such quality parameters of ethyl alcohol for
pharmaceutical purposes as the content of organic volatile compounds (acetaldehyde,
methyl acetate, ethyl acetate, methanol, propan-2-ol, propan-1-ol, 2-methylpropan-1-
ol, butan-1-ol, 3-methylbutan-1-ol). The determination of these volatile compounds
in ethanol is carried out predominantly by gas chromatography with a flame
ionization detector (GC-FID) [2-6]. For quantitative calculations, methods such as the
method of internal standard, the method of external standard, the method of additions
are used.

The method of an internal standard has such disadvantages as the added error
due to the pipetting of the internal standard, the inconvenience of the additional
counting time required and the contamination of the sample by the internal standard.

The method of an external standard has such disadvantages as great
dependence on the stability of the chromatographic detector system and the presence
of matrix effects.

The method of standard additions has all disadvantages of internal and external
standard methods (except matrix effect, cause this method often used for evaluation
of matrix effect).

The scientists of laboratory of analytical research of Institute for Nuclear
problems of Belarussian State University, department of an Analytical Chemistry of
Belarussian State University and department of Physical-Chemical Methods of
Products Certification of Belarusian State Technological University developed
approach for the determination of volatile compounds in alcohol products, which is

based on ethanol usage as internal standard (modified internal standard method) [7,
8].



The aims of this study were to validate a modified internal standard method for
analysis of rectified ethyl alcohol and approbate for analysis of other pharmaceutical
substances containing ethyl alcohol.



CHAPTER 1
LITERATURE REVIEW

1.1 The most common rectified ethyl alcohol contaminants

The qualitative and quantitative composition of ethyl alcohol from food raw
materials depends on a large number of factors associated with the chosen technology
for its production, storage and transportation of the final product [9-15].

Distinguish ethyl alcohol technical (hydrolytic), synthetic, food and
pharmacopeial. Each of these species has its own quality standards [1].

The pharmaceutical industry uses rectified ethyl alcohol of the «Extra», «Lux»
or «Alpha» brands, which has the lowest content of toxic impurities, obtained from
food raw materials. Alcohol of the brand «Lux» is made from various types of grain,
«Extra» — from various types of grain, a mixture of grain and potatoes, «Alpha» —
from wheat, rye or a mixture thereof [1].

Analysis of literature data [9-15] showed that over 70 volatile substances can
be present in raw alcohol, most of which are formed during the fermentation process,
some are introduced with the feedstock, some are formed during distillation. The
present volatile impurities are alcohols, carboxylic acids (the main representative is
acetic acid), ethers (mainly diethyl ether and ethyl acetate), water, carbon dioxide,
furfural, acetals (mainly 1,1-diethoxyethane, aldehydes (acetaldehyde, etc.). In the
case with the presence of methyl alcohol and atomic oxygen in a mature mash or its
distillation products, formaldehyde can be formed [1].

Volatile organic substances that are released from the mash during its
distillation and have boiling points higher than those of ethyl alcohol, giving a cloudy
(gray) shade to the water-alcohol solution, are referred to as a fusel oil. Fusel oil are
isoamyl, 2-methylpropan-1-ol and propan-1-ol. The remaining compounds of fusel
oil, acetic and other carboxylic acids, furfural and esters are present in significantly
smaller amounts. The composition of fusel oil depends on the feedstock and its
quality [1]. Compared to raw alcohol from grain crops and potatoes, raw alcohol from
sugar beets contains relatively high amounts of propam-1-ol and 2-methylpropan-1-
ol. Purification of raw alcohol by rectification from propam-1-ol and 2-
methylpropan-1-ol is much more difficult than purification from 3-methylbutan-1-ol.
For this reason, sugar beet is practically not used in the industrial production of
pharmacopeial-quality ethyl alcohol. Most of the secondary and by-products of
alcoholic fermentation have a harmful effect on the human body, and therefore the
residual amount and composition of impurities affect the quality of rectified alcohol.
Many of them not only worsen the organoleptic qualities of ethyl alcohol, but are also
potent poisons. In particular, methyl alcohol and furfural are more than 80 times more
toxic, propan-1-ol — 4 times, 2-methylpropan-1-ol — 8 times, 3-methylbutan-1-ol — 19
times more toxic than ethyl alcohol. Methanol is especially dangerous, the largest
quantities of which are found in sugar beet mash, some fruits and berries. There is
less methyl alcohol in a mature potato mash, much less in a cereal mash, and
methanol is completely absent in a sugar mash saponify esters and convert them into
salts of volatile acids [1].



The chemical structures of most common contaminants of ethyl alcohol from
food raw materials are shown in Figure 1.1.

X X X
HsC”™ H HsC~ “OCHs HsC”~ YO~ “CHj
acetaldehyde methyl acetate ethyl acetate
CH3OH 3G~
HsC™ CHj OH
methanol propan-2-ol propan-1-ol
GHs AN CHs
OH H5C OH
HsC)\/ ’ HSC/I\/\OH
2-methylpropan-1-ol butan-1-ol 3-methylbutan-1-ol

Figure 1.1 — The chemical structures of most common contaminants of ethyl alcohol
from food raw materials

It is very important to use for pharmacopeial purposes alcohol produced from
food raw materials. However, ethyl alcohol can be adulterated and have a synthetic
origin.

In accordance with currently available technologies, synthetic ethyl alcohol is
prepared by the hydration of ethylene. In turn, ethylene is prepared by the pyrolysis
of oil gases, oil processing gases, naphtha, and petroleum gas oil. In the pyrolysis,
propylene and butenes, in particular, butylene, are the main impurity compounds
concomitant with ethylene. The hydration of these concomitant compounds results in
the formation of propan-2-ol and butan-2-ol as the impurity compounds of synthetic
alcohol [9, 16]. It is believed that acetone, which is present in synthetic alcohols, is
formed by the partial oxidation of isopropanol the above impurity compounds in
more detail. Thus, the acetone can be a characteristic of synthetic ethyl alcohol [17],
but it can also occur in food and hydrolysis ethyl alcohols.

Also, undesirable compounds of ethyl alcohol include 2-butanone (methyl
ethyl ketone), furfural, crotonaldehyde and etc. The chemical structures of some
undesirable contaminants of ethyl alcohol are shown in Figure 1.2.

0 o / \ I

/U\ )K/CH:; 0 " /\)’k

CH3 CH3 HSC O H3C H
acetone methyl ethyl ketone furfural crotonaldehyde

Figure 1.2 — The chemical structures of some undesirable contaminants of ethyl
alcohol
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1.2 World practice of a quality control of rectified ethyl alcohol

1.2.1 European Union and the United States of America

In European and United States Pharmacopeias the volatile compounds under
consideration refer to the quality index «Volatile impurities» in case with European
Pharmacopeia [2] and to «Organic Impurities» in case with United States
Pharmacopeia [3].

Both Pharmacopoeias regulate the content of such volatile compounds as
acetaldehyde (sum of acetaldehyde and acetal), benzene, methanol and other
impurities (table 1.1).

Table 1.1 — Quality requirements for ethyl alcohol in European and United States

Pharmacopeias

Compound Limits, ppm v/v Method of determination
Acetaldehyde (sum of acetaldehyde and acetal) 10 Standard addition method
Methanol 0.02 Standard addition method
Benzene 2 Standard addition method
Other volatiles 300 Internal standard method

Thus, both European and United States Pharmacopoeias require the preparation
of at least 4 reference solutions, 1 test solution with internal standard compounds and
3 solutions with standard additions of each analyte separately.

In the European Union, there is another document regulating the content of
volatile compounds in ethyl alcohol of agricultural origin, which can be used for
pharmaceutical purposes — European Union Regulation (EC) No 110/2008 [4].

In accordance with this document, the content of such volatile compounds as
methanol, ethyl acetate, acetaldehyde, 2-methylpropan-1-ol and furfural (table 1.2)

Table 1.2 — Quality requirements for ethyl alcohol in European Union Regulation
(EC) No 110/2008

Compound Limits, g/hL of 100 % vol. alcohol Method of determination
Acetaldehyde 0.5 Internal standard method
Ethyl acetate 1.3 Internal standard method
2-methylpropan-1-ol 0.5 Internal standard method
Methanol 30 Internal standard method

1.2.2 Republic of Belarus

In the State Pharmacopeia of Republic of Belarus [5], the procedure of the
determination of volatile compounds (acetaldehyde (sum of acetaldehyde and acetal),
benzene, methanol and other impurities) is the same, as described in European and
United States Pharmacopeias [2, 3]. However, the State Pharmacopeia of Republic of
Belarus [5] separately describes the method of analysis of volatile compounds
(acetaldehyde, methyl acetate, ethyl acetate, methanol, propan-2-ol, propan-1-ol, 2-
methylpropan-1-ol, butan-1-ol, 3-methylbutan-1-o0l) in ethyl alcohol (table 1.3).
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Table 1.3 — Quality requirements for ethyl alcohol in State Pharmacopeia of Republic
of Belarus

Compound Limits, mg/L of 100 % Method of determination
vol. alcohol

Acetaldehyde 2 External standard method

Methanol 240 External standard method

Esters (methyl acetate and ethyl 10 External standard method

acetate)

Fusel oil (sum of propan-2-ol,

propan-1-ol,  2-methylpropan-1-ol, 6 External standard method

butan-1-ol, 3-methylbutan-1-ol)

This method is based on the use of certified standard materials of ethyl alcohol
solution in 3 levels of concentration and the external standard method is used for
calculations.

1.2.3 Russian Federation

In the State Pharmacopeia of Russian Federation [6] described the method of
analysis of volatile compounds (acetaldehyde, methyl acetate, ethyl acetate,
methanol, propan-2-ol, propan-1-ol, 2-methylpropan-1-ol, butan-1-ol, 3-methylbutan-
1-ol) in ethyl alcohol (table 1.4).

Table 1.4 — Quality requirements for ethyl alcohol in State Pharmacopeia of Russian
Federation

Compound Limits, mg/L of 100 % Method of determination
vol. alcohol

Acetaldehyde 2 External standard method
Methanol 160 External standard method
Esters (methyl acetate and ethyl 10 External standard method
acetate)
Fusel oil (sum of propan-2-ol,
propan-1-ol,  2-methylpropan-1-ol, 5 External standard method
butan-1-ol, 3-methylbutan-1-ol)

This method is based on the use of certified standard materials of ethyl alcohol
solution in 3 levels of concentration and the external standard method is used for
calculations.
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1.3 Methods of determination of volatile compounds in ethyl alcohol
1.3.1 Standard addition method

The standard addition method analyzes an unknown sample and the same
unknown sample spiked with a known amount of target compound, then uses the
difference between detected peak areas (peak height) to determine quantity. This
quantitative method is often used to analyze samples containing a target compound
affected by the concentration of other compounds in the sample, such as odor
compound analysis and headspace analysis [18, 19].

The illustration of principles of standard addition method is shown in Figure
1.3.

Unknown sample Peak area.
(Compound A, XX mg/L) a.u.

A -

Peak area: 400 a.u

Unknown sample spiked with
100 mg/L of Compound A e

x| 0
Concentration of addition,
/\ i mg/L

Figure 1.3 — The illustration of principles of standard addition method [19]

The concentration of analyte in in test solution (unknown sample) in standard
addition method can be calculated according to the formula

Ci:Caxﬁ, (11)

where C' — concentration of i-th analyte in test solution (unknown sample), expressed
1n concentration units;
C* — concentration of addition of i-th analyte in test solution (unknown
sample), expressed in concentration units;
A" — the detector response for i-th analyte in test solution (unknown sample),
measurement units depend on the estimated parameter, for example, the
magnitude of the peak area), peak area units;
A% — the detector response for i-th analyte in test solution (unknown sample)
with addition of i-th analyte, measurement units depend on the estimated
parameter, for example, the magnitude of the peak area), peak area units.
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Advantages: Other compounds in the sample (matrix) can mitigate the effect
(matrix effect) of changes in sample composition when introduced to a gas
chromatograph.

Disadvantages: Extra work is required to add the target compound to the
unknown sample. Because a target compound is added to the unknown sample
(sometimes multiple quantities), rare samples cannot be used.

1.3.2 External standard method

The most commonly employed standardization method uses one or more
external standards containing known concentrations of analyte. These standards are
identified as external standards because they are prepared and analyzed separately
from the samples [18, 19]. This method uses a standard sample of known
concentration to prepare a calibration curve, then uses this curve to quantify
compounds in an unknown sample.

The illustration of principles of external standard method is shown in Figure
1.4.

Standard solution Standard solution Peak area.
{(Compound A, 100 mg/L) (Compound A, 10 mg/L) au

/

-
700

Peak area 1000 an. Peak area 100 au.

Unknown sample o |- -
(Compound A, X mg/L) o / '

‘ Concentration,
mg/L

Peak area: 700 au

¥
X

Figure 1.4 — The illustration of principles of external standard method [19]

The calibration coefficient in external standard method is Response Factor
(RF), which can be obtained from linearity graph, using method of least squares or
according to the formula

RE = e (12)

i
cal

where C,, — concentration of i-th analyte in calibration solution, expressed in
concentration units;
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A', — the detector response for i-th analyte in calibration solution,

measurement units depend on the estimated parameter, for example, the

magnitude of the peak area), peak area units.

The concentration of analyte in test solution (unknown sample) in external
standard method can be calculated according to the formula

C'=RF'- A, (1.3)

where A’ — the detector response for i-th analyte in test solution (unknown sample),
measurement units depend on the estimated parameter, for example, the
magnitude of the peak area), peak area units.

Advantages: Quantitative analysis requires only separation and detection of the
target compound.

Disadvantages: Sample injection volume errors carry over as errors in
quantitative results.

1.3.3 Internal standard method

The internal standard method calculates the target compound concentration
based on the relationship between the peak area ratio and concentration ratio of the
target compound and an internal standard [18, 19].

Selecting the internal standard can be difficult as it must fulfill all the
requirements:

e be separated almost completely from all compounds in the sample;

e be eluted close to the target compound;

e has similar chemical properties to the target compound (homologue, etc.);

e be chemically stable.

The illustration of principles of internal standard method is shown in Figure
1.5.

13



Standard solution

Peak area
ratio
Compound A, Internal standard,
100 mg/L /\ 100 mg/L. 1.2 : -~

Peak area 120020.1000 au. el R :

Peak area ration 1.2 ':,

Unknown sample - i
Cmnpomd A Itltemal SIBIIdB.I'd. Concentration

Peak area 700au.1000 au.

Peak area ration 0.7
Figure 1.5 — The illustration of principles of internal standard method [19]
The calibration coefficient in internal standard method is Relative Response
Factor (RRF), which can be obtained from linearity graph, using method of least
squares or according to the formula

i IS

RRE" = jﬂ;ﬂ g;‘g : (1.4)
cal
where C!, — concentration of i-th analyte in calibration solution, expressed in
concentration units;

Al — the detector response for i-th analyte in calibration solution,
measurement units depend on the estimated parameter, for example, the

magnitude of the peak area), peak area units;
C” — concentration of internal standard in calibration solution, expressed in

cal

concentration units;
A® — the detector response for internal standard in calibration solution,

cal

measurement units depend on the estimated parameter, for example, the
magnitude of the peak area), peak area units.

The concentration of analyte in test solution (unknown sample) in internal
standard method can be calculated according to the formula

C' = RRF" .C" -Ai (1.5)

IS °

where A’ — the detector response for i-th analyte in test solution (unknown sample),
measurement units depend on the estimated parameter, for example, the
magnitude of the peak area), peak area units;

14



C’ — concentration of internal standard in test solution (unknown sample),
expressed in concentration units;

A" — the detector response for internal standard in test solution (unknown
sample), measurement units depend on the estimated parameter, for example,
the magnitude of the peak area), peak area units.

Advantages:

e quantity can be calculated as long as the target compound and internal
standard are detected;

e concentration ratio is not dependent on injection volume, so this method
compensates for injection volume errors;

e not susceptible to different sample densities caused by different sample
compositions.

Disadvantages:

e requires a standard sample containing a known concentration of the target
compound and the internal standard;

e the internal standard must be added to all unknown samples to obtain an
accurate concentration.

1.3.4 Developed internal standard method

The modified internal standard method, based on the ethanol usage as a
reference substance for analysis of volatile compounds in ethanol-containing products
was developed in cooperation of laboratory of analytical research of Institute for
Nuclear problems of Belarussian State University, department of an Analytical
Chemistry of Belarussian State University and department of Physical-Chemical
Methods of Products Certification of Belarusian State Technological University.

According to this method, as the internal standard was considered ethanol. This
method turned all the traditional principles of using the internal standard method
upside down. The ethanol is the substance, which always presents in alcohol products
and has concentration and magnitude order more than concentration and magnitude
order of analytes up to 6 orders. The implementation of this became possible thanks
to the development of instrumental methods of analysis and high competition
between manufacturers of chromatographic equipment in recent decades, that has led
to an increase in the accuracy characteristics of modern equipment.

The illustration of principles of internal standard method is shown in Figure
1.6.

15



Standard solution

Internal standard

ethanol
Compound A, 789270 mg/L
250 mg/L of anhydrous ethanol of anhydrous ethanol
Peak area
A ratio
Peak area 12au 45000 aun. /
Peak area ration 0.00027 Rl :
Unknown sample PP
Compound A, Internal standard \ 4
X mgL ethanol, - A A
of anhydrous ethanol 789270 mg/L X YOS 2
of anhydrous ethanel Concentration
ratio
A,
Peak area Zau. 40000au.
Peak area ration 000005

Figure 1.6 — The illustration of principles of modified internal standard method

The calibration coefficient in modified internal standard method is Relative
Response Factor (RRF), which can be obtained from linearity graph, using method of
least squares or according to the formula

i Eth
Cou A (1.6)
Aéal C t

cal

RRFEth —

where C' — concentration of i-th analyte in calibration solution, expressed in mg/L
of anhydrous ethanol;
Al — the detector response for i-th analyte in calibration solution,
measurement units depend on the estimated parameter, for example, the
magnitude of the peak area), peak area units;
C™" _ concentration of ethanol in calibration solution, expressed in mg/L of
anhydrous ethanol, which is the density of anhydrous ethanol, p" = 789270
mg/L;
A" _ the detector response for ethanol in calibration solution, measurement
units depend on the estimated parameter, for example, the magnitude of the
peak area), peak area units.

The concentration of analyte in test solution (unknown sample) in modified
internal standard method can be calculated according to the formula

A[

i Eth Eth
C'=RRE™ - p™" -

(1.7)
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where A’ — the detector response for i-th analyte in test solution (unknown sample),
measurement units depend on the estimated parameter, for example, the
magnitude of the peak area), peak area units;
pF™ — concentration of ethanol in test solution (unknown sample), density of
anhydrous ethanol, p" = 789270 mg/L;
AE™ — the detector response for ethanol in test solution (unknown sample),
measurement units depend on the estimated parameter, for example, the

magnitude of the peak area), peak area units.

Advantages:

e there is no need to apply an internal standard, which reduces material, labor
and time costs when testing samples of alcoholic products;

e method allows calculation the concentration of volatile impurities directly
from gas chromatographic measurements in the legally required dimension of mg/L
of anhydrous ethanol.

17



CHAPTER 2
EXPERIMENTAL

2.1 Materials and methods
2.1.1 Reagents

All chemical standards with their corresponding CAS numbers: acetaldehyde
(75-07-0), methyl acetate (79-20-9), ethyl acetate (141-78-6), methanol (67-56-1),
propan-2-ol (67-63-0), propan-1-ol (71-23-8), 2-methylpropan-1-ol (78-83-1), butan-
1-0l (71-36-3), 3-methylbutan-1-ol (123-51-3), bornyl acetate (76-49-3), menthol
(89-78-1) and tridecanol (112-70-9) were provided by Sigma-Aldrich (Alcobendas,
Madrid, Spain) with the highest purity available (more than 99%). Concentrations of
impurities in volatile compounds were specified by the GC-FID (to detect of volatile
impurities) and GC coupled with thermal conductivity detector (GC-TCD) (to detect
of water) analysis using the internal normalization method. Rectified ethyl alcohol
with volume concentration of ethanol 96.0 % was provided by Dyatlovo Distillery
Plant Algon (Slonim, Belarus). Pure distilled and deionized water (conductivity < 0.5
MQ-cm) was provided by JSC Integral (Minsk, Belarus). The drug «Urolesan» was
purchased at a pharmacy.

2.1.2 Preparation of solutions
2.1.2.1 Preparation of stock solution A

The stock solution A (with approximate concentrations of volatile compounds
1,000 mg/L AA and 10,000 mg/LL. AA for methanol) was prepared by adding of the
volatile compounds (acetaldehyde, methyl acetate, ethyl acetate, methanol, propan-2-
ol, propan-1-ol, 2-methylpropan-1-o0l, butan-1-ol, 3-methylbutan-1-ol) to rectified
ethyl alcohol 96.6 %. The weight of the flasks, each compound added and the total
final weight of contents were recorded and used in following calculations of
concentrations.

2.1.2.2 Preparation of stock solution A

The calibration solutions (CS) 1, 2 and 3 (with approximate concentrations of
volatile compounds 20, 10 and 5 mg/LL AA, correspondingly and 250, 125 and 60
mg/L AA for methanol) were prepared by mixing of stock solution A and rectified
ethyl alcohol. The weight of the flasks, each compound added and the total final
weight of contents were recorded and used in following calculations of
concentrations.

2.1.2.3 Preparation of standard solutions

The standard solutions (SS) 1, 2 and 3 (with approximate concentrations of
volatile compounds 20, 10 and 5 mg/LL AA, correspondingly) were prepared by
mixing of stock solution A and rectified ethyl alcohol. The weight of the flasks, each
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compound added and the total final weight of contents were recorded and used in
following calculations of concentrations.

The concentrations of volatile compounds with the corresponding uncertainties
in the prepared solutions are shown in Table 2.1.

Table 2.1 — The mass concentrations and uncertainties of concentrations of volatile
compounds in the prepared solutions

Concentration + standard uncertainty of concentration, mg/L AA
Compound oowock | e Cs-2 Cs-3 $5-1 $5-2 $5-3
acetaldehyde 1027453 | 25.7+0.13 | 12.9+0.06 | 6.69+0.03 | 24.6+0.12 | 12.8+0.06 | 6.75+0.03
methyl acetate 1143+£5.6 | 27.4+0.13 | 13.1£0.06 | 6.16+0.03 | 26.1+0.13 | 12.9+0.06 | 6.24+0.03
ethyl acetate 1006+5.3 | 24.1+0.13 | 11.5£0.06 | 5.42+0.03 | 23.0£0.12 | 11.4+0.06 | 5.49+0.03
methanol 10030+17 | 249+0.39 124+0.21 | 63.0+£0.14 | 238+0.37 122+0.21 | 63.6+0.16
propan-2-ol 930+5.3 23.7+0.13 | 12.1£0.06 | 6.44+0.03 | 22.7+0.12 | 11.9+0.06 | 6.50+0.03
propan-1-ol 925+5.3 22.2+0.13 | 10.6+£0.06 | 4.99+0.03 | 21.1+0.12 | 10.5+0.06 | 5.05+0.03
2-methylpropan-1-ol 943+5.5 22.6+0.13 | 10.840.06 | 5.08+0.03 | 21.5+0.13 | 10.7+0.06 | 5.14+0.03
butan-1-ol 928+5.3 22.240.13 | 10.6+0.06 | 5.00+0.03 | 21.2+0.12 | 10.5+0.06 | 5.06+0.03
3-methylbutan-1-ol 906+5.5 21.740.13 | 10.4+0.06 | 4.89+0.03 | 20.7+£0.12 | 10.2+0.06 | 4.94+0.03

2.1.3 Analysis conditions

Analysis was performed using a gas chromatograph Crystal-5000.1, equipped
with the autosampler, FID and TCD detectors. All the separations were carried out
with a capillary column Rt-Wax, 60 m x 0.53 mm, 1.0 um (Restek, Bellefonte, USA).
The injections were made in the split mode (12:1), and the injection volume was 1uL.
The temperature of injector was 190°C. The oven was programmed for 75°C for 9
min, increased by 5°/min to 130°C, then increased by 10°/min to 180°C, followed by
5 min at the final temperature. The temperatures of FID and TCD were 260° and
160°C, correspondingly.

The examples of chromatograms, obtained for rectified ethyl alcohol, CS and
SS are showed in Figures 2.1 and 2.2.
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Figure 2.1 — The chromatogram of rectified ethyl alcohol in the logarithmic scale.
1 - acetaldehyde; 2 — methanol; 3 — propan-2-ol; 4 — ethanol.
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Figure 2.2 — The chromatograms of prepared calibration (a) and standard solutions
(b) in the logarithmic scale. 1 - acetaldehyde; 2 — methyl acetate; 3 — ethyl acetate;
4 — methanol; 5 — propan-2-ol; 6 — ethanol; 7 — propan-1-ol; 8 — 2-methylpropan-1-ol;
9 — butan-1-ol; 10 — 3-methylbutan-1-ol

2.2 Validation study

The single-laboratory validation study of the method: statistical analysis of the
obtained results, namely precision parameters evaluation (repeatability, intermediate
precision and trueness), was carried out according to the number of standards [21-
24], the ICH guidelines [25] and guides [26-29]. Reproducibility, which refers to the
use of an analytical procedure in different laboratories, was beyond the scope of the
present study.

2.2.1 Raw data processing
2.2.1.1 Calibration

The values of RRF"™ for each volatile compound were also determined
according to method of least squares [30], using all calibration solutions.
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The dependence of the ratio of the detector response to the i-th volatile
compound to the detector response to ethanol on the ratio of the mass concentration
(in mg/L of anhydrous alcohol) of the i-th volatile compound to the density of
anhydrous ethanol (in mg/L) is characterized as line

Y =a+b ¥, (2.8)
where
;A
Y = @9)
¥ (2.10)
pElh

where A' — measured detector response to the i-th volatile compound (measurement
units depend on the estimated parameter, for example, the magnitude of the
peak area), peak area units;
AF™ — measured detector response to the ethanol (measurement units depend on
the estimated parameter, for example, the magnitude of the peak area), peak
area units;
C' — mass concentration of the i-th volatile compound in the calibration
solution, mg/L AA;
a' and b’ — regression coefficients, which are calculated in accordance with the
expressions

M=
M=

(< (k) Zy,(k) S 0w () ()

k=1 j=1 k=1 j=1 (2.11)

N MNz[Z(x;(k))z—(;xj(k)j J

=
Il
Il

—

i 1 j

k=1| j=1

N xik)- vy =2 > x, (k) D v (k)

b=t A (2.12)

AMiiMWW—N%W}

k=1 j=1 j=

—_

where N — number of measurements of the A-th calibration solution, N = 2;
M — number of calibration solutions, M = 3.

The residual standard deviation (the standard deviation of the difference
between the experimental y'(k),,, and calculated values ' (k)
the formula

was calculated by

exp calc
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M N ) ) )
ZZ(yl/ (k)exp - yll (k)calc)
Si=1 |4 . (2.13)
MN -2

The significance of the coefficient a' for the i-th volatile compound was
checked according to Student's statistical test

=L (2.14)

where S! — standard deviation of the regression coefficient value a’, which was
calculated according to the formula

M N

> (k)
S =5 I > (2.15)
MNZZ(x (k)) [ij.(k)j

The resulting value ¢ is compared with the Student's coefficient #p. = 2,77
with a confidence level P = 95% and the number of degrees of freedom = MN —
2=6-2=4.

Since the obtained wvalues t; < tunie, a conclusion 1s made about the
insignificance of the coefficient a’, the line of the calibration graph passes through the
origin of coordinates and is determined by the functional dependence

ytl;orr - bziorr ) xi ’ (2 16)

where b’ — corrected slope for the i-th volatile compound, which was calculated

corr

according to the formula

p =14 . (2.17)

The values of RREE’h for each volatile compound in case with least square
method can be calculated according to the formula

RRE™ = L. (2.18)

1
bCOI” T

The calculation of the residual standard deviation S, , which characterizes the

scatter of the results of experimental data relative to the plotted curve, was carried out
according to the formula
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fﬁ(y;(k)exp V(K)o (corr))

Sio=¢ A4 : 2.19
Ocorr MN -1 ( )

where y!(k),,.(corr) — corrected value of the ratio of the detector response to the i-th
volatile compound to the detector response to ethanol from the ratio of the
mass concentration (in mg/LL of anhydrous alcohol) of the i-th volatile

compound to the density of anhydrous ethanol (in mg/L) calculated by formula
(2.16).

The calculation of the standard deviation S,, mg/L of anhydrous ethanol, for the
mass concentration of the i-th volatile compound in the A-th calibration solution is
carried out according to the formula

. . 2
. S, (k v (k
sy = L (f ; ) (2.20)

P AN (8L, ) 2 (< 0)

where
y'(k)= N j§_1 Y (k). (2.21)

The relative standard deviation for the ratio of the mass concentration of the i-
th volatile compound in the A-th calibration solution S;](k) was calculated by the

formula
S,

x' (k

S;M (k)=

-100 %. (2.22)

As a standard for the stability of the calibration curve K, the error limits of the
concentration value of the i-th volatile compound determined from the calibration
curve were taken

S.
x' (k)

where #, = 2,306 — Student’s distribution coefficient at degrees of freedom /= MN —
1=33-1=8(P=95%).

K'(k)=t,, 100 %, (2.23)

2.2.1.2 Concentration

The concentration of i-th volatile was determined according to the following
equation
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J
CE' ()= RRE™ 21 (2.24)

Eth

where 4/ and 4], — the detector response for i-th volatile and ethanol in the
j-th SS, a.u.

2.2.2 Statistical analysis
2.2.2.1 Outliers

Cochran’s and Grubbs’ tests were performed to detect and eliminate outliers.
Firstly, an upper-tail Cochran test was performed according to the item 7.3.3 of
ISO 5725-2 [21] for the comparison of the interlaboratory variances. Secondly, a
two-tailed single Grubbs’ and a paired Grubbs’ tests were applied according to the to
the item 7.3.4 of [SO 5725-2 [21].

2.2.2.2 Limits of detection and quantification

Limits of detection (LOD) and quantification (LOQ) of each individual volatile
compound were estimated according to the item 6.2 of Eurachem Guide [27] by
usage SS-3 as the solution with low impurities concentrations. The SS-3 was
measured 10 times under repeatability conditions. The LOD and LOQ of i-th volatile
were determined according to the following equations

1 & —

n—1 Z(C’i B Ci3)2

LOD, =3 i : (2.25)
n

n

1 —\2
100 n—lkzz;(ci_C;)
0. =10- , (2.26)
n

where n — number of replicate observations, n = 30;
C> — assigned value of concentration for i-th volatile for k-th measurement of
S§-3 obtained by formula (2.24), mg/L AA;
C’— average value of concentration for i-th volatile in SS-3, mg/L AA.

2.2.3 Precision

The repeatability variance (within-days variance) s~ was determined according
to the following formula (item 7.4.5.1 of ISO 5725-2 [21])

n

J — \2
2 ;;(Cyld j Clﬂ) 2 27
ET ) R 227

where ¢ — number of days, = 15,
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n —number of replicate observations, n =2,
Ciin — assigned value of concentration for i-th volatile in j-th test sample for -
th measurement in /-th day, mg/L AA,

C ,,— average value of concentration for i-th volatile in j-th test sample in /-th
day, mg/L AA.

Relative standard deviation of repeatability RSD, was determined according to
the following formula

SI’..
RSD, =="-100 %, (2.28)
ij C

i
where EU — average value of concentration for i-th volatile in j-th test sample among

15 days of measurement, mg/L AA.

The limit of repeatability » was determined according to the following formula
(item 4.1.4 of ISO 5725-6 [24])

r,=2.8-RSD, . (2.29)

The between-days variance (intermediate precision) Sj was determined
according to the following formula (item 7.4.5.2 of ISO 5725-2 [21])

t_ = \2
) ;(leil_cii) sf
52 =L -l 2.30
% t—1 n ( )

The intermediate precision variance was determined according to the following
formula (item 7.4.5.5 of ISO 5725-2 [21])

2 2 2
Siroy, =Sy, t S84, (2.31)

Relative standard deviation of repeatability RSDyr0) was determined according
to the following formula

S
RSD, 7, = % 1100 %. (2.32)
i

The limit of repeatability r;70) was determined according to the following
formula (item 4.1.4 of ISO 5725-6 [24])

Moy, = 2-8'RSD1(T0),.].- (2.33)
2.2.4 Trueness

For the estimation of trueness, the bias values were calculated in accordance
with item 4.7.2 of ISO 5725-4 [23]
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Co— 1,
5, =—"H5 100 %, (2.34)
Hij

where u; — certified value of concentration for i-th volatile in j-th test sample,
mg/L AA.

The variation of the estimate of the laboratory bias was determined according
to the following formula (item 4.7.2 of ISO 5725-4 [23])

_ \/SIZ(TO)U- —((n-1)/ n)sfy
. .

S5, (2.35)
The 95% confidence interval of the bias was calculated according to the
following formula (item 4.7.2 of ISO 5725-4 [23])

O = A0, S 03 S 0y + Ay 170, (2.36)
where
n((s, 700 /5, ) =1)+1
A,=196 |— 2 T~ (2.37)
' m(SI(TO),.]. /Sry-)

2.2.5 Uncertainty

The standard uncertainty u of the method was calculated according to the
[28, 29] guidelines using the following formula (item 1.2.2 of Eurolab technical
report [29])

_ 2 2 2 N
u —\/SI(TO)U +85, T u +A,,» , (2.38)

refy

where u,., — uncertainty of the assigned value, calculated according to the [29],
mg/L AA.

The expanded uncertainty U (P = 0.95) was calculated according to the
following formula

U,=k-u, (2.39)
where £ =2 is the coverage factor (item 2.3.3 of EURACHEM/CITAC Guide [28]).
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2.3 Method approbation study

Method approbation study was carried out using the drug «Urolesany.

The drug «Urolesan» is used in the treatment and prevention of disorders and
diseases of the kidneys and urinary tract, as well as for the dissolution of kidney and
gallstones. This drug has dosage form as drops. The certificate of quality is
performed at Appendix B.

The most important parameters of quality of this drug are content of bornyl
acetate and menthol. The chemical structures bornyl acetate and menthol are shown
in Figure 2.3.

ch CH3
CH,
HsC
Hi 0 S CH; OH
O
bornyl acetate menthol

Figure 2.3 — The chemical structures of bornyl acetate and menthol.

These substances can be determined using GC-FID. The internal standard

method is used for quantitative calculations. Tridecanol is usually used as an internal
standard (IS).

2.3.1 Preparation of solutions

2.3.1.1 Preparation of water-ethanol solution

The water-ethanol solution with ethanol volume concentration 68.0 % (WES)
was prepared by mixing of rectified ethyl alcohol and deionized water.

2.3.1.2 Preparation of calibration solution U

The calibration solution U was prepared by adding of bornyl acetate, menthol
and tridecanol to WES. The weight of the flasks, each compound added and the total
final weight of contents were recorded and used in following calculations of

concentrations. The concentrations of bornyl acetate, menthol and tridecanol were
1950.2, 2019.1 and 2024.6 mg/L. AA, correspondingly.

2.3.1.3 Preparation of sample

The sample for analysis was prepared by adding of tridecanol to Urolesan
sample. The concentration of tridecanol was 1985.2 mg/L AA.
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2.3.2 Analysis conditions

Analysis was performed using a gas chromatograph Crystal-5000.1, equipped
with the autosampler and FID detector. All the separations were carried out with a
capillary column Rt-Wax, 60 m X 0.53 mm, 1.0 um (Restek, Bellefonte, USA). The
injections were made in the split mode (3.3:1), and the injection volume was 1 pL.
The temperature of injector was 200°C. The oven was programmed for 70°C for 1
min, increased by 10°/min to 130°C, followed by 10 min at this temperature, then
increased by 22°/min to 240°C, followed by followed by 5 min at the final
temperature. The temperature of FID was 240°C.

The examples of chromatograms, obtained for calibration solution U and
sample are showed in Figures 2.4 and 2.5.
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Figure 2.4 — The chromatogram of calibration solution U in the logarithmic scale.
1 - ethanol; 2 — bornyl acetate; 3 — menthol; 4 — tridecanol.
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Figure 2.5 — The chromatogram of Urolesan sample in the logarithmic scale.
1 - ethanol; 2 — bornyl acetate; 3 — menthol; 4 — tridecanol.
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2.3.3 Calibration

The calibration coefficients were calculated for traditional internal standard
method and developed internal standard method using equations (1.4) and (1.6),
correspondingly.

2.3.4 Concentration

The concentrations of analytes in sample, expressed in mg/LL. AA, were
calculated for traditional internal standard method and developed internal standard
method using equations (1.5) and (1.7), correspondingly.

The recalculation from mg/L AA to mg/mL was carried out according to the
formula

i

. C .
Ci, :CT—’D-IOO %, (2.40)

Eth

where C;,— concentration of i-th analyte in sample, calculated using traditional

method or developed method by formula, expressed in mg/mL;

C;p»— concentration of i-th analyte in sample, calculated using traditional
method by formula (1.5) or using developed method by formula (1.7),
expressed in mg/mL;

CE™" — concentration of ethanol in sample, according to the certificate of quality
(Appendix B), expressed in % v/v.

2.3.5 Comparison of obtained results

The relative difference between the results, obtained for both the traditional
and developed methods, A, %, was calculated using the formula

_G6-G

D

where Cj,— concentration of i-th analyte in sample, calculated using developed

Ai

100 %, (2.41)

method by formula (1.7), expressed in mg/mL;
C,— concentration of i-th analyte in sample, calculated using traditional

method by formula (1.5), expressed in mg/mL.

The relative bias between the results, obtained for the traditional and developed
methods, 6, %, was calculated using the formula

i

. C. —u
Sy :%.100 %, (2.42)
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where C;,— concentration of i-th analyte in sample, calculated using traditional

method or developed method by formula, expressed in mg/mL;
u'— concentration of i-th analyte in sample, according to the certificate of
quality (Appendix B), expressed in mg/mL.
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CHAPTER 3
RESULTS AND DISCUSSION

3.1 Results of validation method study
3.1.1 Calibration and linearity

The results of calibration, based on use of multi-point calibration are presented
in table A.1. As a result of the study, it was shown that the obtained values ¢ <t

Thus, a conclusion is made about the insignificance of the coefficient o/, the line of
the calibration graph passes through the origin of coordinates and is determined by
the functional dependence y' = b"-x'. The signal-response of the GC-FID system was
evaluated at three concentration levels across a range of 4.99-25.7 mg/L AA for
acetaldehyde, methyl acetate, ethyl acetate, propan-2-ol, propan-1-ol, 2-
methylpropan-1-ol, butan-1-ol, 3-methylbutan-1-ol and at three concentration levels
across a range of 63.0-249 mg/LL AA for methanol.

Calibration plots were made by plotting the relative analyte-to-IS peak area
ratio against the relative analyte-to-IS concentration ratio, and the linearity was
evaluated by the squared correlation coefficient (R?). The plotted calibration graphs
are shown in Figure A.1. The values of squared correlation coefficient R* were more
than 0.999 for all studied volatile compounds.

3.1.2 LOQ and LOD
The results of LOQ and LOD calculations are presented in table 3.1.

Table 3.1 — The results of LOQ and LOD determination

Compound LOQ, mg/L AA LOD, mg/LL AA
acetaldehyde 0.167 0.557
methyl acetate 0.188 0.626
ethyl acetate 0.138 0.462
methanol 0.494 1.646
propan-2-ol 0.210 0.700
propan-1-ol 0.171 0.569
2-methylpropan-1-ol 0.141 0.470
butan-1-ol 0.185 0.617
3-methylbutan-1-ol 0.130 0.432

3.1.3 Outliers

There were not detected statistical outliers in obtained results (tables 3.2 — 3.4).
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Table 3.2 — Outliers test results for acetaldehyde, methyl acetate and ethyl acetate

Day acetaldehyde methyl acetate ethyl acetate
; SS-3 SS-2 SS-1 SS-3 SS-2 SS-1 SS-3 SS-2 SS-1
C C, C; C, C; G, C C Ci G Ci &) Ci &) Ci G Ci &)
1 6.77 6.70 13.1 12.8 24.4 24.7 6.17 6.24 12.6 12.9 26.1 25.4 5.45 5.46 11.7 11.4 23.1 22.6
2 6.96 6.77 12.9 12.9 24.7 25.1 6.32 6.29 13.2 13.0 25.2 26.2 5.48 5.30 11.8 11.4 23.0 23.5
3 6.81 6.79 12.7 12.5 24.7 24.5 6.46 6.27 13.2 12.7 26.2 26.3 5.47 5.45 11.4 11.4 23.1 23.6
4 6.83 6.82 13.0 13.2 24.8 24.5 6.17 6.17 12.9 12.7 26.2 25.5 5.50 5.68 11.4 11.3 23.1 23.0
5 6.60 6.87 12.6 12.5 24.6 25.0 6.32 6.33 12.9 12.5 26.5 26.1 5.50 5.51 11.4 11.2 23.0 23.0
6 6.86 6.78 12.7 12.8 24.8 24.3 6.28 6.24 13.0 13.0 25.8 26.2 5.49 5.42 11.3 11.4 23.1 23.1
7 6.89 6.73 12.6 12.5 23.9 24 .4 6.07 6.12 12.8 12.9 26.2 26.0 5.49 5.55 11.4 11.4 23.0 23.1
8 6.82 6.64 12.8 12.5 24.8 25.1 6.10 6.21 12.5 13.0 26.2 25.8 5.51 5.48 11.5 11.4 22.9 22.9
9 6.64 6.78 12.7 12.7 24.4 24.7 6.22 6.17 12.5 12.9 26.0 26.2 5.49 5.62 11.4 11.6 22.9 23.0
10 6.83 6.87 12.8 12.8 24.5 25.0 6.07 6.11 12.7 13.0 25.8 26.2 5.47 5.49 11.4 11.4 23.0 23.1
11 6.59 6.78 12.8 13.0 24.5 24 .4 6.05 6.27 12.7 13.0 25.2 26.1 5.49 5.49 11.4 11.4 23.1 23.0
12 6.66 6.68 12.7 12.9 24.1 24.2 6.10 6.25 12.8 13.0 25.2 26.3 5.49 5.51 11.4 11.2 23.0 23.1
13 6.79 6.72 12.4 12.9 24.6 25.1 5.98 6.31 12.7 12.8 26.1 26.1 5.49 5.49 11.3 11.4 23.0 22.9
14 6.55 6.79 12.6 12.8 23.9 24 .4 5.86 6.24 12.7 13.0 26.0 25.4 5.50 5.42 11.4 11.3 22.9 22.9
15 6.78 6.74 12.7 12.8 24.5 23.9 6.17 6.28 12.9 12.9 26.0 26.2 5.57 5.48 11.4 11.4 23.1 23.0
Grubbs
C 6.76 12.8 24.5 6.19 12.8 26.0 5.49 11.4 23.0
S 0.063 0.151 0.278 0.089 0.113 0.213 0.047 0.083 0.124
G, 1.633 2.069 1.375 1.896 2.278 1.482 2.159 2.449 2.338
G 1.430 1.426 1.548 1.630 1.280 1.448 2.065 1.221 1.673
Gcrit 1% 2806
Gcrit 5% 2549
Cohran
max S? 0.036 0.131 0.185 0.070 0.153 0.608 0.017 0.102 0.144
C 0.237 0.368 0.164 0.360 0.234 0.235 0.301 0.435 0.359
Curit]% 0471
Curit5% 0575
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Table 3.3 — Outliers test results for methanol, propan-2-ol and propan-1-ol

Da methanol propan-2-ol propan-1-ol
ty SS-3 SS-2 SS-1 SS-3 SS-2 SS-1 SS-3 SS-2 SS-1
C C, C; C, C; G, C C Ci G Ci &) Ci &) Ci G Ci &)
1 63.7 63.3 122.3 | 122.2 | 238.3 | 238.1 6.72 6.27 12.0 12.3 23.1 22.9 5.15 5.31 10.5 10.5 21.2 21.3
2 63.2 62.2 1224 | 122.2 | 2373 | 238.0 | 6.39 6.35 12.0 12.2 23.2 23.2 5.01 5.11 10.4 10.5 21.4 21.3
3 62.0 62.2 121.9 | 122.6 | 239.1 | 239.0 | 6.48 6.19 12.0 11.9 22.8 22.3 5.24 5.26 10.4 10.6 21.2 21.3
4 63.2 63.7 121.9 | 122.3 | 2385 | 238.0 | 6.27 6.61 11.5 11.6 22.7 22.8 5.23 5.07 10.6 10.9 21.7 21.3
5 62.4 60.8 122.0 | 122.5 | 237.8 | 238.3 6.44 6.32 11.7 11.9 22.7 23.4 5.01 4.99 10.6 10.5 21.3 21.4
6 63.4 62.5 123.0 | 122.4 | 2375 | 237.5 | 6.77 6.38 11.7 12.1 22.6 22.3 5.12 5.06 10.9 10.6 21.4 21.4
7 64.0 64.1 122.6 | 121.6 | 2372 | 236.5 | 6.40 6.56 12.0 11.9 23.0 22.8 4.98 5.06 10.4 10.6 21.0 21.1
8 64.1 63.8 122.7 | 122.5 | 237.8 | 236.5 | 6.40 6.32 12.6 11.8 22.2 21.9 5.06 5.04 10.5 10.5 21.6 21.1
9 63.7 64.4 123.1 | 121.2 | 236.7 | 237.2 | 6.44 6.67 12.4 12.1 22.5 22.5 4.94 5.09 10.5 10.4 21.0 21.1
10 63.9 64.0 120.1 | 122.4 | 238.0 | 2384 | 6.52 6.68 11.9 11.7 22.6 22.9 5.08 4.98 10.6 10.5 21.6 21.1
11 64.0 63.7 122.3 | 122.1 | 2382 | 236.5 | 6.57 6.62 12.1 12.0 23.5 23.4 5.06 5.04 10.4 10.5 21.3 21.0
12 64.1 63.7 121.8 | 122.1 | 236.6 | 236.3 6.63 6.64 12.4 11.9 22.2 22.0 4.96 5.00 10.6 10.6 21.1 21.0
13 63.9 63.7 121.9 | 122.1 | 237.8 | 236.9 | 6.49 6.40 11.9 12.1 22.7 22.7 5.09 5.07 10.5 10.5 21.0 21.2
14 63.7 63.5 1214 | 122.0 | 238.3 | 237.3 6.42 6.42 11.4 11.5 23.0 23.1 4.95 5.00 10.3 10.2 21.0 21.0
15 64.0 63.9 123.0 | 121.9 | 238.0 | 238.2 | 6.51 6.53 12.3 12.3 22.5 22.7 4.98 4.97 10.4 10.5 21.2 20.9
Grubbs
C 63.4 122.1 237.7 6.48 12.0 22.7 5.06 10.5 21.2
S 0.760 0.356 0.663 0.097 0.242 0.387 0.086 0.119 0.165
G, 0.817 1.538 2.087 1.618 1.370 1.844 2.186 2.122 1.787
G 2.393 2.540 1.806 1.488 2.089 1.817 1.022 2.001 1.337
Gcrit 1% 2806
Gcrit 5% 2549
Cohran
max S? 1.296 2.460 1.367 0.100 0.275 0.203 0.013 0.049 0.137
C 0.454 0.400 0.318 0.292 0.395 0.384 0.239 0.334 0.288
Curit]% 0471
Curit5% 0575
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Table 3.4 — Outliers test results for 2-methylpropan-1-ol, butan-1-ol and 3-methylbutan-1-ol

Da 2-methylpropan-1-ol butan-1-ol 3-methylbutan-1-ol
ty SS-3 SS-2 SS-1 SS-3 SS-2 SS-1 SS-3 SS-2 SS-1
C1 Cz C] Cz C] Cz C1 Cz C] CZ CI CZ CI CZ CI CZ CI CZ
1 5.11 5.03 10.6 11.0 21.6 21.3 5.06 5.05 10.5 10.6 21.4 21.1 5.04 4.88 10.4 10.1 20.3 20.7
2 5.13 5.15 10.6 10.7 21.3 21.5 5.02 5.04 10.5 10.3 21.2 21.3 5.01 4.93 10.6 10.4 20.5 20.6
3 5.00 5.14 10.7 10.7 21.7 21.2 5.09 5.07 10.5 10.7 21.4 21.6 5.04 4.97 10.3 10.5 20.7 20.9
4 5.16 5.14 10.7 10.8 21.8 21.7 4.88 5.01 10.7 10.1 21.2 21.6 4.95 4.95 10.3 10.5 20.8 20.6
5 5.17 491 10.7 10.6 21.2 21.4 5.15 5.18 10.3 10.5 21.5 21.1 4.95 4.89 10.3 10.2 21.0 20.7
6 5.19 5.13 10.4 10.5 21.2 21.6 4.98 491 10.5 10.7 21.4 21.2 4.94 4.92 10.2 10.3 21.0 20.8
7 5.17 5.14 10.3 10.5 21.4 21.6 5.05 5.20 10.6 10.8 20.9 21.6 5.10 4.90 10.2 10.2 21.0 20.8
8 5.06 5.19 10.6 10.7 21.5 21.4 5.13 4.87 10.3 10.3 21.4 21.5 4.97 4.99 10.2 10.2 21.1 20.7
9 5.01 5.14 10.7 10.7 21.6 21.3 5.33 493 10.6 10.8 21.5 21.3 4.92 4.97 10.3 10.3 20.9 20.9
10 5.11 5.03 10.7 10.6 21.4 21.6 5.10 5.17 10.6 10.6 21.2 21.2 4.96 4.86 10.2 10.2 20.7 20.7
11 5.16 5.10 10.7 10.6 21.4 21.3 5.14 5.00 10.6 10.8 20.9 21.2 5.01 4.97 10.2 10.3 20.9 20.7
12 5.15 5.20 10.5 10.7 21.5 21.3 5.11 491 10.4 10.8 21.6 21.3 4.95 4.88 10.3 10.3 20.7 20.9
13 5.15 5.15 10.5 10.4 21.6 21.6 5.06 5.12 10.7 10.5 21.3 21.1 4.97 4.86 10.3 10.2 20.7 20.9
14 5.16 5.09 10.6 10.5 21.5 21.6 5.05 5.11 10.8 10.6 21.3 21.0 4.89 491 10.3 10.3 20.8 20.7
15 5.16 5.14 10.5 10.7 21.6 21.6 5.02 5.33 10.8 10.6 21.4 21.1 4.96 4.89 10.4 10.3 20.9 20.6
Grubbs
C 5.12 10.6 21.5 5.07 10.6 21.3 495 10.3 20.8
S 0.042 0.110 0.118 0.072 0.136 0.123 0.035 0.092 0.127
G, 1.306 1.758 2.275 1.471 1.126 1.526 1.600 2.503 1.102
G 1.886 1.753 1.693 1.734 2.274 1.977 1.354 1.105 2.500
Gcrit 1% 2806
Gcrit 5% 2549
Cohran
max S? 0.033 0.073 0.135 0.080 0.152 0.192 0.019 0.033 0.080
C 0.446 0.382 0.334 0.366 0.315 0.295 0.337 0.262 0.207
CL'rit 1% 0471
CL'rit 5% 0575
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3.1.4 Precision, trueness and uncertainty

The accepted values of the precision parameters of the method are presented in table 3.5.
Table 3.5 — The accepted values of metrological characteristics of the method

o Limit of Variation of the Border of confidence interval of | Relative expanded
Compound Ste;nc&ard ngera}gn .Zilil’ Iglr;nlt tOf o intermediate estimate of the bias, the laboratory bias, mg/L AA uncertainty U
solution - Mg repeatabiiity, r, 7o precision, 7o), % ss, mg/L AA left right (P=0.95k=2),%
3 6.76 4.1 4.9 0.025 -0.042 0.055 4.1
acetaldehyde 2 12.8 3.3 4.7 0.048 -0.087 0.101 4.0
1 24.5 3.1 4.4 0.086 -0.219 0.120 3.9
3 6.19 5.1 6.5 0.031 -0.102 0.019 53
methyl acetate 2 12.8 4.5 5.1 0.047 -0.182 0.003 4.5
1 26.0 4.4 4.8 0.088 -0.341 0.005 4.3
3 5.49 3.1 3.9 0.016 -0.029 0.035 3.6
ethyl acetate 2 11.4 3.0 3.6 0.031 -0.040 0.082 3.5
1 23.0 2.0 2.5 0.043 -0.047 0.124 2.9
3 63.4 1.9 3.8 0.209 -0.593 0.226 3.0
methanol 2 122.1 1.5 1.5 0.128 -0.382 0.122 1.3
1 237.7 0.6 1.0 0.190 -0.641 0.104 1.0
3 6.48 6.4 7.6 0.037 -0.091 0.054 6.0
propan-2-ol 2 12.0 5.0 7.4 0.073 -0.105 0.182 5.9
1 22.7 23 5.2 0.105 -0.122 0.291 4.6
3 5.06 3.3 5.7 0.025 -0.030 0.067 4.9
propan-1-ol 2 10.5 2.6 4.1 0.035 -0.016 0.123 3.9
1 21.2 23 3.2 0.053 -0.020 0.189 34
3 5.12 3.8 4.4 0.017 -0.056 0.010 4.1
2-methylpropan-1-ol 2 10.6 29 4.1 0.035 -0.107 0.030 3.9
1 21.5 2.1 2.6 0.043 -0.142 0.025 32
3 5.07 6.6 7.7 0.029 -0.052 0.060 6.1
butan-1-ol 2 10.6 4.7 59 0.048 -0.025 0.161 5.1
1 21.3 2.7 3.1 0.049 -0.023 0.169 34
3 4.95 3.5 4.0 0.014 -0.025 0.031 3.8
3-methylbutan-1-ol 2 10.3 2.5 3.5 0.029 -0.009 0.105 3.7
1 20.8 2.1 2.7 0.044 -0.012 0.160 33
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3.2 Results of method approbation study
3.2.1 Calibration

The results of calibration coefficients calculations are presented in table 3.6.

Table 3.6 — The results of calibration

Calibration coefficient, obtained for traditional | Calibration coefficient, obtained for developed

Compound internal standard method, internal standard method,
RRFT(RSD") RRFP(RSD")
bornyl acetate 0.793(1.5) 0.457(0.4)
menthol 0.867(0.9) 0.500(1.1)

* RSD — relative standard deviation, expressed in %

3.2.2 Concentration

The results of calculation of concentrations of analytes are presented in table
3.7.

Table 3.7 — The concentrations of analytes in sample «Urolesany

Compound

Concentration, obtained using
traditional internal standard

Concentration, obtained using
developed internal standard

Relative difference between

method, method, results, A, %
Cr, mg/L AA Cp, mg/L AA
bornyl acetate 35515 36176 -1.8
menthol 13247 13495 -1.9

3.2.3 Bias of the results

The biases of the results of calculation of concentrations of analytes are
presented in table 3.8.

Table 3.8 — The concentrations of analytes in sample «Urolesany

. Concentration, Bias of Concentration, Bias of
Concentration, . . . . . .
. obtained using concentration, obtained using concentration,
declared in .. . . . )
. traditional obtained using developed obtained using
Compound certificate of . .. .
uali internal standard traditional internal standard developed
qm /tr}rll,Ifl, method, Cr, internal standard method, internal standard
& mg/mL method, 87, % Cp, mg/mL method, 8p, %
bornyl acetate 24.4 24.15 -1.0 24.60 0.8
menthol 9.1 9.01 -1.0 9.18 0.8

The results obtained show that the developed method is suitable for the

analysis of ethanol-containing drugs and is not inferior in accuracy to the traditional
internal standard method. It should be noted that the results obtained by the
developed method are closer to the true value (Table 3.8) compared to the traditional
method.
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CONCLUSIONS

An analytical method for direct determination of mass concentrations of 9
volatile compounds: acetaldehyde, methyl acetate, ethyl acetate, methanol, propan-2-
ol, propan-1-ol, 2-methylpropan-1-ol, butan-1-ol, 3-methylbutan-1-ol by GC-FID was
developed and validated for rectified ethyl alcohol and ethanol containing products,
with satisfactory performance.

According to the results of measurements of gravimetrically prepared standard
solutions precision, accuracy, uncertainty, linearity and limits of quantification were
estimated. Thus, the method showed satisfactory precision with repeatability limit
ranging from 0.6 % to 6.6 %, intermediate precision limit ranging from 1.0 % to
7.7%., good linearity (R?>0.999) and accuracy with biases ranging from -0.7% to
0.6%. Analysis of trueness showed that laboratory bias is insignificant at the
significance level o = 5 %. The LOQOs were found to be in the range from 0.130 to
0.494 mg/LL AA and the LODs between 0.432 and 1.646 mg/LL AA. The values of
relative expanded uncertainty (P = 95 %, k = 2) were found to be in the range from
1.0 to 6.1 %.

Approbation of the method performed on a real pharmaceutical ethanol-
containing product "Urolesan" showed that the developed method allows obtaining
results close to the true values of the concentration of analytes in solution and is
simpler and faster.

The robustness of the method and its selectivity allowed its application to the
measurement of volatile compounds of rectified ethyl alcohol and ethanol containing
products. All of these results show that this method is suitable for routine
determination of volatile compounds for the quality control of ethyl alcohol samples
by both manufacturers and control laboratories.
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Table A.1 — The results of calibration

APPENDIX A
THE RESULTS OF CALIBRATION

level, k& measurement, j X Y a b ace?gldehyde Sa ta beorr RRF Socorr) Sy Sy, % | K, %
css R 2 AT 579107 | 45 | 113
CS-2 ; }ggigz }?gigz -4.34-107 | 0.681 | 3.00-107 | 2.64-107 | 1.648 | 0.663 | 1.507 | 3.48:107 | 4.03-107 2.5 6.3
cs- el 000 493107 | 15 | 39
level, k& measurement, j X Y a b meﬂ?;l e Sa ta beorr RRF Socorr) Sy Sy, % | K, %
css R TH T W REST 29107 | 54 | 138
CS-2 ; }ggigz }ggigz 3.09-107 0.577 | 2.98-107 | 2.46:107 | 1.256 | 0.589 | 1.698 | 3.42:107 | 4.48-107 2.7 7.0
s 3 o T 195107 546107 | 16 | 40
level, £ measurement, j X Y a b eth?g et Sa ta beorr RRF Soccorr) Sy Sy % | K %
cs- R AT T 516107 | 45 | 108
CS-2 é }jg}gz }g;}gz 4.83-107 0.874 | 2.92-107 | 2.41-107 | 2.003 | 0.895 | 1.118 | 3.92-107 | 3.38-107 23 6.0
cs- R YA 2107 | 13| 38
level, k measurement, j X Y a B m§:h3n01 S ta beorr RRF Soccorr) Sx Sy, % | K %
cs- R 18910 | 24 | 6
CS-2 é }g;}gj };é}gj 2.23-10°¢ 0.744 | 1.60-10°¢ 1.38:10° | 1.614 | 0.753 | 1.328 | 1.97-10° | 2.02:10° 1.3 3.3
e 3 AR AT 24510¢ | 08 | 20
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Continuation of Table A.1

level, & measurement, j X Y a B prOSI‘T)an'Z'OI Sa ta beorr RRF Socorr) S Sy, % | K %
CS3 ; 2:12:}8;2 }:ggiig:z 440107 | 54 | 139
Cs-2 ; }:gg:}g:z }:Zg:}g:z 9.14-107 | 1.190 | 5.89-107 | 5.28-107 | 1.730 | 1231 | 0.812 | 7.44-107 | 470-107 | 3.1 | 7.9
CS-1 ; g:gg:}g:z g;;ﬁj}gii 563107 | 19 | 48
level, & measurement, j X Y a B prOSI‘T)an'l'OI Sa ta beorr RRF Socorr) S Sy, % | K %
cs-3 ; g:ii:}gi 2:2;:}8:2 337107 | 52 | 13.4
Cs-2 ; }j;;}gji }:Zi:}g:z 6.16:107 | 1341 | 5.46:107 | 4.51-107 | 1.366 | 1370 | 0.730 | 6.40-107 | 3.61-107 | 2.6 | 6.8
Cs-1 ; 512213? g:gg:}g:z 439107 | 1.5 | 3.9
level, & measurement, j X Y a B z-meth{;l{? ropan-l-oga ta beorr RRF So(corr) Sk Sy, % | K %
Cs-3 : g:;i:}gi }:82:}8;; 291107 | 46 | 11.8
Cs-2 ; }ég:}g:z g:ig:}g:z 1.56-107 | 1.745 | 7.04-107 | 5.81-107 | 0269 | 1.753 | 0.571 | 7.09-107 | 3.12:107 | 23 | 6.0
CS-1 ; §;§§j}gi§ j:zziig:z 381107 | 14 | 35
level, & measurement, j X Y a B b“;:n'l")l Sa ta beorr RRF So(corr) Sk Sy, % | K %
Cs-3 : g:ig:}gi g:gg:}gi 220107 | 37 | 95
Cs-2 ; }éi:}g:z g:i;:}g:z 438107 | 1.536 | 434-107 | 3.59-107 | 1223 | 1.557 | 0.642 | 495107 | 245107 | 19 | 48
CS-1 ; ;:;g:}g:z j:;g:}g:z 299107 | 1.1 | 2.8
level, & measurement, j X Y a B 3'meth§’01 butan-I-OISa ta beorr RRF So(corr) Sk Se, % | K %
CS-3 ; g:ig:}gi }:gziig:z 3.01-107 | 49 | 125
Cs-2 ; }éi:}g:z 3133213?3 722:107 | 1.662 | 5.90-107 | 4.87-107 | 1.482 | 1.697 | 0.589 | 7.08-107 | 321-107 | 24 | 6.3
CS-1 ; ;:;g:}g:z j:g?:}g:z 3.92:107 | 14 | 37
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Figure A.1 — The linearity graphs for studied volatile compounds
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APPENDIX B
CERTIFICATE OF QUALITY OF DRUG «UROLESAN»

Kopriopaurs "Aprepuym®, AC "Tanmuchapn”

Mposeaanmens: AD «lamnadrapss, Wi, (6322) 949907
Vaacrox H YNIRORKE MRS CpeacTs nexy
Apes NpoIBCAETscHora yuacTxa: Yipanua, TI0, r. fnnos. yrONpalnxoscks, 68
ARPEC MECTS MpoTSieus Koarpoms kncaraa: Yipanna, 79024, r. Manos, y, ONpLIIEDBCKIS 678, CHten xouTpass KavecTns
Jhutesrsie wa DpoRIBOAETIO: AE NeB31435
Coumerenipess npo sTrecTatme: Ne191 or 19.09.2063 p.
Ceprupuxar cooteercrans GMP Ne032/202 LIGME, neficranvetes no 16.04.2024

CepradHrar katectsa Me68109
Ypoaecan®
KamnJIH 1A MPHEMA BHYTPDb 00 25 MU Bo qM1aKoHe-KANCILHHDE, 33KPBITOM
KPLIMKOH € KOHTPOJIEM NEPBOro BCKPLITHSA; N0 1 durakony-KaneIsHuIE B
nagKy

PY N [1 NO13437/01, peftcrayeT Secepouno

Cepun 0037973

oa-5a w cepuns

Hora nponmoncTaa

Jharn paaanan cepryidmicara

AL RHINOAHER B COOTBCTCTBMH ¢

23674 Tuae. yn
26.07.2028
19.09.2021
HA T NOIS437/01-060810, Tt ML, N2, N3, Ned, DS, Mo, N7, 268, M

N

HatpsseHOBRNHE okATaTenn pedouanna MEKIAH]

Petymmar enatm

Onucane Hnaxocrs ov wewngnaTo-

KOPIMHSBOND 10 KapEHEaOrD HCHUTKOSTh O 4 EHOBITO-KOPHANEDOTD
BETA & XOpakTEpHAM MARNOY A KODIHEROTO WBETE & NAPIKTEPHELH
ik, On FNBXOM MATE,

Coorsetcenyer

lozmrocrs Mewron, Metoa 1'% Coorosrerayer

Bpeaa yacpisaing cortesreayonary | Bpess yacpeoiaanas cooteerciayiowsro
KA. HE NPORFTOr 03 Ha ,
PECTROPA, TIOMY4EHHNETE HPY PACTBODE, IOAY4EIHORG NPK
MeHTonD,
COOTHETCTRYCT BPEMENN YIEPAMBAHNE
TIHKA BEITOND ML XDUMATOrpAKME
PACTBOPS CPEBUEHHA.

A0MANHD COOTOSTCTRGRATY BpENEI
| FACEIRERIRIN W MEHTON HE
POMBTOTPAMSE PITBOPE CPABHEHHE,

Baprsnauerar. Meroa [X
Bpes YASpRHHHIE COOTRCTCTRIIONIETO
X 118 XPOM T PAMME HETIBTYEMONO
paceups, nomyeHRGre npH
o nNETBE IR OTpeneTeni
03 L
DPEMCIN YACPAOAINMA 1K COOTBETCTUYST BPEMEHH YOCPIIBANIA
™ LU na
pecTUOp CpuEHA, PaCTBOPY CPaRBCINR,

CooTeeTeTeycT
BPpesa yACRHUDRIHA
COOTBETCTHYIOIED miKa Ha
RPOMSTOTPHMAE HETIWTYEMORO PRCTROPS,
FNYYEHKOTD MPH KOAHNELTREHIOMN

Kopnopawa "Aptepaym™, AO "Tanusgiapu’”

CepTuniar kauectea No 68109
Ypoaecan®
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PesyasTor ananiss

MoanmmacT.
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FEPSHHITALE BTk, THAIT BCI
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Cooracrerayer
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PaCTECPA 00HaPyRUBAIDTCA MUK,
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COOTBATCTRYIOT Miiken TEPAKMAINETATS,
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A, Tipw wecaesonasmm & Y O-csere
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cnalias 30113 KeAITOryMOIE; npHMEpHD K
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oo
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[ APOMITONpaNMME HENMTYEMOTD paCTHOpY
IO NPHEYETUORITS J0ML

Ay OPECLICHH HH: YTy A0HI -
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