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 The subject of this work is the development of a methodology for conducting research on the concentrations of methane, carbon
dioxide, oxygen and hydrogen in soils and soils in areas of upcoming construction. 
The developed methodology, after its certification in accordance with GOST R 8.563-2009, can be used in areas of upcoming construction 
during engineering surveys, with subsequent adoption of design decisions based on the measurement results. 
The purpose of this work is the development and experimental research in laboratory conditions of a methodology for examining a work site. 
The main tasks are: analysis of archival and stock materials, normative and technical documentation, published works; 
development and production of sampling equipment; development of “Methods for measuring the volume fractions of carbon
dioxide, methane, oxygen and hydrogen in soil air using portable gas analyzers” in accordance with Appendix B to GOST R 
8.563-2009; setting up and conducting experimental studies in laboratory conditions. 
Research results: 
– the equipment necessary for sampling ground air: a sampling probe with an adjustable sampling depth and a storage pump
that allows you to take a sample from depth, accumulate it in a chamber, transfer the sample to a gas analyzer, with the ability
to “loop” the air flow and supply air to gas analyzers without a built-in pump; 
– a draft methodology “Methodology for measuring the volume fractions of carbon dioxide, methane, oxygen and hydrogen in 
soil air using portable gas analyzers”;  
– an experimental assessment of the method quality indicators (repeatability and intra-laboratory precision) in laboratory conditions; 
– conclusions about the need to certify the methodology for compliance with GOST R 8.563-2009 using state standard samples 
(SSO) in the form of cylinders containing pure gases or gas mixtures with a known concentration of gases. 
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 Предметом настоящей работы является разработка методики проведения исследований концентрации метана,
углекислого газа, кислорода и водорода в почвах и грунтах на участках предстоящей застройки. 
Разрабатываемая методика после ее аттестации в соответствии с ГОСТ Р 8.563-2009 может применяться на участках 
предстоящей застройки при проведении инженерных изысканий, с последующим принятием проектных решений,
основанных на результатах измерений. 
Целью настоящей работы является разработка и экспериментальные исследования в лабораторных условиях методики 
обследования участка проведения работ. 
Основными задачами, решаемыми при разработке методики, являются: анализ архивных и фондовых материалов,
нормативно-технической документации, опубликованных работ; разработка и изготовление пробоотборного
оборудования; разработка «Методики выполнения измерений объемных долей диоксида углерода, метана, кислорода и
водорода в грунтовом воздухе с использованием портативных газоанализаторов» в соответствии с приложением «Б» к 
ГОСТ Р 8.563-2009; постановка и проведение экспериментальных исследований в лабораторных условиях. 
Результаты исследования: 
– разработано оборудование, необходимое для выполнения отбора проб грунтового воздуха: пробоотборный щуп с
регулируемой глубиной отбора проб и насос-накопитель, позволяющий отбирать пробу с глубины, накапливать ее в 
камере, передавать пробу на газоанализатор, с возможностью «закольцовывания» потока воздуха и подачи воздуха на 
газоанализаторы не имеющие встроенного насоса; 
– разработан проект методики «Методика выполнения измерений объемных долей диоксида углерода, метана,
кислорода и водорода в грунтовом воздухе с использованием портативных газоанализаторов»;  
– в лабораторных условиях проведена экспериментальная оценка показателей качества методики (повторяемость и
внутрилабораторная прецизионность); 
– сделаны выводы о необходимости проведения аттестации методики на соответствие ГОСТ Р 8.563-2009 с использованием 
государственных стандартных образцов (ГСО) в виде баллонов, содержащих чистые газы либо газовые смеси с известной
концентрацией газов. 
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Introduction 
 

Air is an integral part of soils and subsoils. 
The composition of soil air can vary significantly. Specific 
soils, such as peat, bulk soils with a high content of 
household garbage, contain significant amounts of such 
gases as methane and carbon dioxide. 

In industrially developed areas, the presence of 
saturated and unlimited, polycyclic hydrocarbon 
gases in soils is possible. The main factor which unites 
these soils is the high degree of explosion hazard during 
hot work, the entry of carbon dioxide into the 
basements of buildings can lead to consequences for 
human health [1–4].  

The main natural source of biogas is soils. Most 
of the carbon dioxide (up to 2/3) in the soil is formed 
as a result of the activity of aerobic microorganisms, the 
rest is formed as a result of the activity of plant roots. 
Other sources of carbon dioxide delivery from the soil 
into the atmosphere are insignificant. The most part of 
the carbon dioxide formed in the soil enters the 
atmosphere [5–11]. 

Methane (CH4) in soils is formed as a result of the 
so-called methane fermentation: the decomposition of 
organic matter under anaerobic conditions. 

In the oxygen-free environment when some 
organisms use the metabolic products of others bacteria 
form a complex trophic system. At the same time, 
bacteria have a narrow specialization in terms of the 
number of the used substances: some types of bacteria 
produce organic acids and hydrogen, while others 
reduce them to methane [5–11]. 

In 2021, SR 502.1325800.2021 ‘Engineering and 
Environmental Surveys for Construction’ was approved 
and put into operation [12, 13]. According to the clauses 
5.18.4, 5.18.7 of this document the soil air sampling and 
analyses should be carried out following the certified 
methods and be accredited in the established order by 
laboratories. 

According to the Register of certified measurement 
techniques (methods) (FGIS ‘Arshin’) [14, 15] presented 
on the website: https://fgis.gost.ru/fundmetrology/ 
registry/16, at the present moment in the Russian 
Federation there is no single certified technique 
describing the rules of soil examination by gas 
component. This fact may lead to the possible errors 
in the design of buildings and structures which may result 
in the above-mentioned unfavourable consequences. 
 

Analysis of Archival and Fund Materials, 
Regulatory and Technical Documentation 
and Published Works 

 
Gas and geochemical studies are carried out 

in two stages: studies aimed at identification of gas 
chemical contamination of the territory and anomalous 
gas-generating areas in the survey area. Also it is 
carried out the studies directly at gas-generating 
sites, detailing of their boundaries and zoning of gas 
generation in depth. In the course of gas geochemical 
studies the following field work is carried out: various 
types of surface gas surveys (borehole, emission), 
accompanied by sampling of soil air and surface 
atmosphere air; borehole gas and geochemical studies 
with layer-by-layer sampling of soil air, soils, and 
groundwater [16]. 

The analysis of the published works has shown that 
measurements are carried out on a grid, with its step 
varying from 20 to 50 m, and samples are taken from a 
depth of 0.8 m and deeper [16–26]. As a rule, the authors 

do not provide sampling methods. At the same time, 
sampling is the most important stage in gas-geochemical 
studies, which is confirmed by our experimental studies: 
at sampling with a gas analyser directly from the borehole 
the readings of the device increase up to a certain value, 
after which the gas concentration sharply goes down, 
apparently, due to the inflow of atmospheric air into the 
well. Consequently, it was not possible to reliably 
determine the gas concentration in the soil air without 
specialised sampling equipment. 

Equipment for taking soil air samples is not produced on 
the territory of the Russian Federation. 

To analyze the collected sample we considered 
portable gas analyzers designed to measure carbon 
dioxide and methane. On the territory of the Russian 
Federation this equipment is presented in large 
quantities. We have considered devices which provide 
measurements in the range indicated in Table 1. 5.5. of 
SR 502.1325800.2021 [12]. 
 

Development of ‘Methodology for Performing 
Measurements of Carbon Dioxide, Methane, 
Oxygen and Hydrogen Volume Fractions 
in Soil Air by Portable Gas Analysers’ 

 
According to the Appendix “B” of State Standard 

8.563–2009 “Measurement Techniques (Methods)” [27] 
the docent for the measurement procedure must contain:  

1) the introductory par; 
2) requirements for measurement accuracy idicators; 
3) requirements for measuring instruments, auxillary 

devices, materials, reagents; 
4) measurement method(s); 
5) safety and environmental protection requirements; 
6) requirements for the qualification of operators; 
7) requirements for the codirions of measurements; 
8) preparation for measurements, including requirements 

for sampling; 
9) the procedure for performing measurements; 
10) processing of measurement results; 
11) registration of measurement results; 
12) control of the accuracy of measurement results. 
Introduction. The introductory part of the methodolog 

indicates the purpose of the technique and the scope of 
its application. Thus, this section contains information 
about which object is subject to research and where 
this technique is used. Obviously, the object of study 
in this case is ground air. The places of work are 
indicated in the text of the methodology in accordance 
with the clause 5.18. of SR.502.1325800.2021 [12], 
namely soil air: 

–soil;  
– bulk soils with an admixture of construction waste; 
–dumps; 
– landfills for solid municipal and industrial waste. 
– natural organo-mineral and organic soils. 
Also, in the introductory part of the methodology, 

the ranges of measurements and units of measurement 
are indicated. 

Normative references. This section is not provided 
for by the requirements of Appendix “B” to State 
Standard 8.563-2009 [27], but it is presented in most 
measurement methods. This section contains documents 
establishing requirements for the object of research, 
requirements for equipment, requirements for safety 
and environmental protection, etc 

Requirements for measurement accuracy indicators. 
This section of the methodology establishes 

requirements for measurement accuracy indicators 
[28–30], namely: 
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1) recurrence index – the value of uncertainty or the 
ascribed characteristic of a random error of the results of a 
single analysis obtained according to the method under 
conditions of recurrence; 

2) intralaboratory precision index – the value of 
uncertainty or the ascribed characteristic of random error 
of the analysis results obtained according to the method 
under conditions of intralaboratory precision; 

3) correctness indicator – the value of the uncertainty 
of the displacement or the attributed characteristic of 
systematic error, obtained on the basis of the results of 
measurements from different laboratories; 

4) accuracy indicator – the value of uncertainty or error 
characteristics established for any result of the analysis 
obtained in compliance with the requirements and rules of 
this methodology. 

These indicators are evaluated during the certification 
of the methodology with the participation of several 
laboratories. At the initial stage of the development 
of the methodology, these indicators, as a rule, turn out 
to be unreliable. 

Requirements for measuring instruments, auxiliary 
devices, materials, reagents. The section describes all the 
equipment necessary for carrying out work according to 
the method and its technical characteristics. The 
selection of equipment and materials is the most 
important stage in the development of a measurement 
technique, since its characteristics significantly affect the 
quality and reliability of the analysis results. 

To implement the developed methodology, equipment 
is needed for: 

– gathering samples of soil air; 
– gas analytical equipment; 
–materials and reagents used to implement the 

developed methodology. 
Due to the lack of sampling equipment produced in the 

Russian Federation it was decided to independently 
develop a device for sampling soil air. 

We have manufactured a flexible sampling probe with 
a plug installed on it to isolate the well. The sampling 
probe diagram is shown in Fig. 1. 

For the purpose of lifting gas from the depth and 
extracting samples, we decided to independently 
develop a pump combined with a storage chamber. As a 
result, an electric pump was developed, combined with 
a storage chamber and the possibility of "looping" 
during sample analysis, which can significantly reduce 
the volume of soil air sample. The diagram of the 
storage pump is shown in Fig. 2. 

Gas analytical equipment was selected in accordance 
with the requirements of SP 502.1325800.2021 "Engineering 
and Environmental Surveys for Construction" [12]. 
The measurement range of gas analyzers according to 
Table 5.5 of the above-mentioned document shall be: 

– for methane and carbon dioxide – from less than 
0.1 to more than 5.0 % vol. fraction; 

– for hydrogen – from less than 0.1 to 4.0 % vol. 
fraction; 

– for oxygen – from less than 18.0 %. 
For measurements of carbon dioxide and methane gas 

analyser ‘MAG-6 P-K’ was used. Multi-component gas 
analyser ‘MAG-6 P-K’ is designed to determine the 
volume fraction of oxygen, carbon dioxide, methane, 
mass concentration of carbon monoxide, ammonia, 
hydrogen sulfide, sulfur dioxide, nitrogen dioxide [31]. 
The gas analyser can be used in various technological 
processes in industry, power engineering, agriculture and 
other branches of economy. The measurement range and 
the limits of the basic error of the gas analyser are 
presented in Table 1. 

 
 

Fig. 1. Sampling Probe Diagram 
 

 
 

Fig. 2. Schematic diagram of the storage pump 
 

Table 1 
 

Ranges of carbon dioxide and methane measurement 
by gas analyser MAG-6 P-K 

 

Defined 
component 

Range of 
measurement, % 

vol,fr.
Limits of permissible 

basic error 
Carbon dioxide from 0.0 to 10.0 ± (0.1+0.05∙Свх) % vol.fr.

methane from 0.0 to 2.0 
from 2.0 to 5.0 

± 0.2 % vol.fr.
± 10 % rel.

 
Table 2 

 
Ranges of methane, oxygen and hydrogen 

measurement by the Senson-M gas analyzer 
 

Defined 
component 

Range of 
measurement, % 

vol, fr.
Limits of permissible 

fundamental relative error, %
Oxygen from 0.1 to 30.0 ± 15 
Methane from 0.001 to 1 

from 1 to 100 
± 15
± 5 

Hydrogen from 0.01 to 4.0 ± 10 
 

For measurements of methane, oxygen and hydrogen 
we used the gas analyser ‘Senson-M’ [32]. The gas analyser 
‘Senson-M’ is designed for monitoring atmospheric air and 
process media and has metrological characteristics 
presented in Table 2. 

For the purpose of experimental verification of the 
possibility of carrying out studies chemical reagents were 
selected, using which it is possible to obtain sufficiently 
stable measurement results.  

The following factors were evaluated in the selection of 
reagents: 

1. Availability of reagents. 
2. The possibility of carrying out the reaction under 

normal conditions. 
3. Minimisation of the nomenclature of reagents. 
4. Duration of the reaction. 
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Based on the above factors, the following chemical 
reactions were selected [33]: 

– accumulation of carbon dioxide was carried out due 
to the interaction of sodium hydrogen carbonate and 
hydrochloric acid: 
 

3 2 2NaHCO HCl NaCl CO H O;+ → + ↑ +  
 

– The accumulation of methane occurred due to the 
reaction of hydrochloric acid and aluminum carbide: 
 

4 3 3 4Al C 12HCl 4AlCl 3CH ;+ → ↓ + ↑  
 

– The accumulation of oxygen occurred due to the 
reaction of decomposition of hydrogen peroxide: 
 

2MnO

2 2 2 22H O H O O ;→ + ↑  
 

– The accumulation of hydrogen occurred due to the 
reaction of sulfuric acid and zinc: 
 

2 4 4 2Zn H SO ZnSO H .+ → + ↑  
 

Measurement method(s). This section specifies the 
methods used in the research. Due to the use of gas-
analytical equipment, the method of measurements when 
carrying out work according to the developed 
methodology depends on the type of sensor installed in the 
instrument [31, 32]. 

Table 3 presents the applied methods of measurements. 
Safety and environmental protection requirements. 

This section specifies the normative documents, 
compliance with which will lead to safe for human and 
environment fulfilment of the technique. In the process of 
working with gas analysers the requirements of safe work 
with chemical reagents according to State Standard 
12.4.021 and State Standard 12.4.007, electrical safety 
according to State Standard 12.1.009, fire safety according 
to State Standard 12.1.004 [34–37] are fulfilled.  

Requirements for qualification of operators. The 
requirements for education of operators, requirements for 
familiarisation with documents related to the safe conduct of 
work, technical documentation of equipment, etc. are 
specified. 

Requirements for measurement conditions. This 
section specifies the requirements for environmental 
conditions, compliance with which will allow to 
qualitatively perform work on the measurement 
procedure.  

Formation of carbon dioxide and methane depends to a 
great extent on environmental conditions.  

The main source of methane and carbon dioxide in the 
soil air is anaerobic and aerobic bacteria. Optimal 
temperatures for microbiological activity are from 30 to 
40 °C. At the same time, the range of bacterial activity by 
temperature is much wider. The activity of some 
microorganisms does not stop at sub-zero temperatures, 
and the amount of released gas is significantly reduced 
[6–8, 38, 39]. In addition, the gas output is significantly 
reduced when soils freeze. 

It was not revealed significant influence of atmospheric 
pressure and relative air humidity on the activity of 
microorganisms. The soil is characterised by differences in 
relative air humidity and pressure depending on the 
variation of sampling depth. 

The depth of groundwater table is also an important 
condition. This level is the lower boundary of the research. 

By reference to the above mentioned the main conditions 
for measurements are: 

– positive air temperature; 
– absence of ground freezing; 

Table 3 
Methods of measurement 

 

Name of substance Measurement method 
Carbon dioxide Both electrochemical and optical are used 

Methane Both electrochemical and optical are used 
Oxygen Electrochemical 

Hydrogen Electrochemical 
 

– requirements for atmospheric pressure and relative 
air humidity are set based on the technical characteristics 
of the equipment used for measurements. 

Preparation for measurements, including requirements 
for sampling. In the process of preparation for the 
measurements it is necessary to check the performance of 
the equipment. The equipment check includes: 

1. Control of the battery charge of the equipment 
being used. 

2. Control of the tightness of the pump storage chamber. 
3. Control for the damage to the gas tubes. 
4. Control of gas analysers operability. 
Sampling is carried out according to the following 

algorithm: 
1. Layout of the network of measurement points: 
– drawing the network of points on the map material; 
– marking the position of the points directly at the 

place of measurement. 
2. Borehole drilling (borehole drilling).  
Boreholes are drilled to a depth of 0.8 m, boreholes are 

also drilled to greater depths. 
3. Installation of sampling equipment.  
Immediately after completion of the borehole 

(borehole drilling), a sampling probe must be placed in the 
borehole so that its plug completely covers the borehole 
mouth.  

4. Borehole (well) pumping. After installation of the 
sampling probe it is necessary to connect the pump-storage 
device to it and pump the borehole (not less than 2 well 
volumes).  

5. Sampling. After pumping the borehole (well) it is 
necessary to fill the storage chamber with soil air. 

Measurement procedure. Measurements are performed 
by feeding the analysed sample into the gas analyser. 
To do this: 

– connect the gas analyser to the ‘Outlet’ tap of the 
storage pump; 

– after stabilisation of readings take data indicated on 
the display of the gas analyser. 

Processing of measurement results. The result of 
measurements carried out according to the developed 
method is the arithmetic mean of the results of two 
parallel (two measurements on the 1st sample) 
determinations of the concentration of the desired gas 
X1 and X2 [28–30]: 
 

1 2
ср ,2

X XX +
=  

 
for which the following condition is true: 
 

1 2 ,X X r− ≤  
 
where r – the limit of repetition, the values of which are 
determined during the certification of the methodology. 
If 1 2 ,X X r− >  two more measurements are carried out, 
in accordance with the developed methodology the 
median of X1 ... X4 values is taken as the result Xm. 

Registration of measurement results. This section 
specifies the requirements for the provision of 
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Table 4 
 

Calculation of the required amount of reagents and the expected gas concentrations under the storage hood 
 

Molar mass, g/mol Used reagent Expected amount of produced 
gas Expected 

approximate 
volume of gas 

under the hood 
after the 

reaction, l 

Expected 
approximate 

volume fraction 
of the desired 
gas after the 
reaction,% of 
vol. fraction

Of Used reagent Of produced gas 
Weight, g 

(volume, ml for 
hydrogen 
peroxide) 

Weight, g 
(volume, ml for 

hydrogen 
peroxide) 

Amount of 
substance, mol Volume, l 

Sodium bicarbonate 
84.007 

Carbon dioxide 
44.01 

0.04 0.0005 0.0005 0.01 2.11 0.5
0.40 0.0048 0.0048 0.11 2.21 4.9
0.80 0.0095 0.0095 0.21 2.31 9.3

Aluminum carbide 
143.96 

Methane 
16.04 

0.005 0.00003 0.0001 0.002 2.102 0.11
0.22 0.0015 0.005 0.10 2.20 4.7
0.48 0.0033 0.010 0.22 2.32 9.7

Hydrogen peroxide 
34.02 

Oxygen 
32 

0 0 – – 0.440 21.9
5 0.009 0.004 0.101 0.541 25.5
9 0.0162 0.008 0.181 0.621 28.9

Zinc 
65.38 

Hydrogen 
2.016 

The reaction of hydrogen production is not stable and depends on many factors (temperature, 
concentration of sulfuric acid, etc.). At the same time, it is possible to assess such an indicator as 
recurrence 

 
measurement results in the protocols. In the developed 
methodology, the results of the analysis in the documents 
providing for their use are in the form of: 
 

,срX ± Δ  
 
where срX  – arithmetic mean (median) based on the 
results of two (four) measurements of the volume fraction 
of the sought gas; Δ  – error characteristics. 

Control of the accuracy of measurement results. 
This section describes methods for operational control 

of measurements, as well as methods for monitoring the 
stability of measurement results. 

The control methods are based on Part 6 of GOST R 
ISO 5725-2002 "Accuracy (correctness and precision) of 
measurement methods and results. The Use of Accuracy 
Values in Practice" [30]. 

Operational control is based on checking the 
acceptability of measurement results, the algorithm 
described above. The control of the stability of 
measurement results is based on the control of intra-
laboratory precision, as well as the indicators of accuracy 
and correctness.  
 

Experimental Research in Laboratory Conditions  
 

At the first stage, we calculated the amount (mass and 
volume) of substances necessary to create a certain 
concentration of the desired gases, based on the volume of 
the storage hood of 2.1 liters. The results of calculation are 
presented in Table 4.  

It should be mentioned that the above given 
concentrations are indicative and cannot be used to 
determine correctness and accuracy indicators. From a 
metrological point of view, it is necessary to use state 
reference materials (SRM) [40–45] to determine the 
indicators of correctness and accuracy. For the developed 
methodology it is proposed to use cylinders filled with pure 
gases, or cylinders with gas mixtures with a known 
concentration of gases. 

At the second stage, we conducted a series of 
experiments to obtain the desired gases without using a 
device simulating the emission and accumulation of gases. 
During the experiments, the production of the desired 
gases was controlled by gas analyzers. 

A silicone hose was attached to the inlet fittings of 
gas analyzers. The inlet of the hose was located above 
the utensils used for the experiment. The experiment was 
considered successful if the concentration of the desired 
 

 
 

Fig. 3. Storage hood installation diagram 
 
gas was indicated on the display of the gas above its 
content in the atmospheric air. In order to simulate gas 
emissions, we proposed a scheme with the installation of 
a storage hood in a container filled with water. The 
storage hood was made by 3D printing. The installation 
scheme is shown in Fig. 3.  

The container with liquid reagents was installed on a 
stand at least 3 cm high. 

Dry reagents were added to the container only after the 
storage hood with the dismantled storage cup was 
installed. A perforated metal tube with a closed bottom 
was used to add dry reagents to the container. 

At the end of the reaction, an air sample was taken 
from under the storage hood.  

The selected sample was fed to a gas analyzer and two 
parallel measurements were carried out, the arithmetic 
mean of the two measurements was taken as the result. 

At the end of the measurements, repeatability and 
intra-laboratory precision were assessed. 

A total of 16 series of measurements were carried out 
for each substance, with the creation of three different 
concentrations of the desired gas (except for hydrogen), 
corresponding to those presented in Table 5. Statistical 
indicators were calculated in accordance with RMG 76-
2014 "Internal quality control of the results of quantitative 
chemical analysis" and GOST R ISO 5725-6-2002 
"Accuracy (correctness and precision) of measurement 
methods and results” [29, 30]. The results of statistical 
processing of the data obtained are presented in Table 5. 
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Table 5 
 

Evaluation of repeatability, intra-laboratory 
precision Analytical Procedure 

 

Indicator Concentration Repeatability rate, 
% vol. fr. 

Reproducibility 
index, % vol. fr. 

Carbon 
dioxide 

0.50 0.11 0.19
4.90 0.19 1.91
9.30 0.11 1.07

Methane 
0.11 0.03 0.03
4.66 0.18 0.39
9.30 0.27 1.27

Oxygen 
21.9 0.08 0.10
25.5 0.14 0.42
28.9 0.15 0.54

Hydrogen* – 6.79 –
 

N o t e :  * – The standard deviation of recurrence in relative units (%) 
was estimated. 
 

At the end of the experimental control the obtained 
data were analyzed. As a result, the following was noted: 

1. It is impossible to fully determine the quality 
indicators of the methodology at this stage. Repeatability 
and intra-laboratory precision are calculated 
approximately.  

2. The maximum recurrence rate was 0.27 % vol. 
fraction and the minimum is 0.03% vol. Fraction. These 
values are set for the laboratory for the purpose of further 
operational quality control of the performed 
measurements. In the process of testing the methodology 

the maximum repeatability values obtained for each 
indicator will be used. 

3. The results of methane measurements were lower 
than estimated. This is due to the fact that at least 10 % of 
aluminum carbide did not react, in addition, the surface of 
the hydrochloric acid solution was covered with a film 
which did not allow the gas residues to escape. 
 

Conclusion  
 

Archival, stock and published materials related to the 
experience of conducting gas geochemical studies are 
analyzed. The equipment necessary for soil air sampling 
has been developed and manufactured: a sampling probe 
with adjustable sampling depth and a storage pump that 
allows you to take a sample from a depth, accumulate it in 
a chamber, transfer the sample to a gas analyzer with the 
ability to "loop" the air flow and supply air to gas 
analyzers that do not have a built-in pump. 

The "Procedure for measuring the volume fractions of 
carbon dioxide, methane, oxygen and hydrogen in ground 
air using portable gas analyzers" has been developed in 
accordance with Appendix "B" of GOST R 8.563-2009 
"Measurement Techniques (Methods)". 

In laboratory conditions, experimental studies were 
carried out according to the developed methodology. As a 
result, there were determined the approximate indicators 
of repeatability and intralaboratory precision of the results 
of the analysis of the sought gases volume fraction. 

It is required additional certification of the 
methodology in accordance with GOST R 8.563-2009 for 
further use in gas and geochemical studies in the areas of 
future development. 

 
References  

 
1. Kaplan Isaac R., Sepich John E. Geochemical characterization, source, and fate of methane and hydrogen sulfide at the Belmont Learning Center, Los Angeles. 
Enviromental Geosciences, 2010, vol. 17, no. 1, pp. 45-69. DOI: 10.1306/eg.07170909013 
2. Shamaev O.E., Mozharova N.V., Kulachkova S.A. Gazogeokhimicheskoe sostoianie i ekologicheskie funktsii pochv polei fil'tratsii cherez 30 let posle rekul'tivatsii 
[Gas geochemical condition and ecological functions of soils of filtration fields after 30 years of reclamation]. Rossiiskii zhurnal prikladnoi ekologii, 2017, no. 2, 
pp. 25-30. 
3. Sohoo I., Ritzkowski M., Heerenklage J., Kuchta K. Biochemical methane potential assessment of municipal solid waste generated in Asian cities: A case study of 
Karachi, Pakistan. Renewable and Sustainable Energy Reviews, 2021, vol. 135, Art. no. 110175. DOI: 10.1016/j.rser.2020.110175 
4. Ehhalt D.H. The atmospheric cycle of methane. Tellus, 1974, vol. 26, pp. 58-70. DOI: 10.3402/tellusa.v26i1-2.9737 
5. Babaeva M.V., Khar'kina M.A., Severov M.P. Opyt provedeniia gazogeokhimicheskikh issledovanii gruntov v osnovanii ob"ektov grazhdanskogo stroitel'stva [Experience 
in conducting gas-geochemical studies of soils at the base of civil engineering projects]. Inzhenernaia geologiia, 2016, no. 4, pp. 48-53. 
6. Smagin A.V. Gazovaia faza pochvy [Soil gas phase]. Moscow: Moskovskii universitet, 2005, 300 p. 
7. Toop E., Pattey E. Soils as sources and sinks for atmospheric methane. Canadian Journal of Soil Science, 1997, vol. 77, pp. 167-178. DOI: 10.4141/S96-107 
8. Peter J. Hutchinson. The geology of landfills. Enviromental Geosciences, 1995, vol. 2, no. 1, pp. 2-14. 
9. Heikkinen J.E.P., Virtanen T., Huttunen J.T., Elsakov V., Martikainen P.J. Carbon dioxide and methane dynamics and annual carbon balance in tundra wetland in NE 
Europe, Russia. Global Biogeochemical Cycles, 2002, vol. 16, no. 4, 1115 p. DOI: 10.1029/2002GB001930 
10. Kashapov R.Sh. Emissiia ugleroda uglekislogo gaza pochvennym pokrovom Bashkortostana [Emission of carbon dioxide by the soil cover of Bashkortostan]. Uchenye 
zapiski kazanskogo gosudarstvennogo universiteta, 2008, vol. 150, book 3, pp. 98-103. 
11. Sorokin N.D., Koroleva E.B., Loseva E.V., Osintseva N.V. Posobie po voprosam izucheniia zagriaznennykh zemel' i ikh sanatsii [A manual on the study of 
contaminated lands and their remediation]. Saint Petersburg: OOO “Ai-Pi”, 2012. 
12. SP 502.1325800.2021. Inzhenerno-ekologicheskie izyskaniia dlia stroitel'stva [SP 502.1325800.2021. Engineering and environmental surveys for construction]. 
Moscow, 2021. 
13. SP 11-102-97. Inzhenerno-ekologicheskie izyskaniia dlia stroitel'stva [SP 11-102-97. Engineering and environmental surveys for construction]. Moscow, 1997. 
14. Ob obespechenii edinstva izmerenii: Federal'nyi zakon № 102-FZ ot 26.06.2008 [On ensuring the uniformity of measurements: Federal Law No. 102-FZ of June 26, 
2008]. Moscow, 2008. 
15. Federal'nyi informatsionnyi fond obespecheniia edinstva izmerenii [Federal information foundation for ensuring the uniformity of measurements], available at: 
https://fgis.gost.ru/fundmetrology/registry/16 (accessed 15 August 2022). 
16. Baklashkina E.A., Shepeleva A.V. Metodicheskie aspekty inzhenerno-ekologicheskikh izyskanii dlia proektov rekul'tivatsii zagriaznennykh otkhodami potrebleniia 
territorii [Methodological aspects of engineering and environmental surveys for reclamation projects of territories contaminated by consumer waste]. Meteorologicheskii 
vestnik, 2018, vol. 10, no. 2, pp. 79-89. 
17. Zhazhkov V.V., Chusov A.N., Politaeva N.A. Issledovanie i otsenka sostava biogaza na poligone TKO i rekomendatsii po ego ispol'zovaniiu [Research and 
Assessment of Biogas Composition at the TKO Running and Recommendations for Its Use]. Ekologiia i promyshlennost' Rossii, 2021, vol. 25, no. 5, pp. 4-9. 
DOI: 10.18412/1816-0395-2021-5-4-9 
18. Terry Colin, Argyle Malcolm, Meyer Sol, Sander Luise, Hirst Bill. Mapping methane sources and their emission rates using an aircraft. The Leading Edge, 2017, 
vol. 36, no. 1, pp. 33-35. DOI: 10.1190/tle36010033.1 
19. Carman Richard e., Vincent Robert k. Measurements of Soil Gas and Atmospheric Methane Content on One Active and Two Inactive Landfills in Wood County, Ohio. 
Environmental & Engineering Geoscience, 1998, vol. IV, no. 3, pp. 317-329. DOI: 10.2113/gseegeosci.IV.3.317 
20. Turcu Vasile E., Jones Scott B., Or Dani. Continuous Soil Carbon Dioxide and Oxygen Measurements and Estimation of Gradient-Based Gaseous Flux. Vadose Zone 
Journal, 2005, vol. 4, no. 4, pp. 1161-1169. DOI: 10.2136/vzj2004.0164 
21. Ritzkowski M., Stegmann R. Controlling greenhouse gas emissions through landfill in situ aeration. International Journal of Greenhouse Gas Control, 2007, vol. 1, 
no. 3, pp. 281-288. DOI: 10.1016/S1750-5836(07)00029-1 
22. Smith K.A., Clayton H., McTaggart I.P. et al. The measurement of nitrous oxide emissions from soil by using chambers. Philosophical Transactions of the Royal 
Society of London. Series A: Physical and Engineering, 1995, vol. 351, pp. 327-338. DOI: 10.1098/rsta.1995.0037 
23. Norman J.M., Kucharik C.J., Gower S.T., Baldocchi D.D., Crill P.M. et al. A comparison of six methods for measuring soil-surface carbon dioxide fluxes. Journal of 
Geophysical Research Atmospheres, 1997, vol. 102, no. D24, pp. 28.771-28.777. DOI: 10.1029/97JD01440 
24. Ryan M.G., Law B.E. Interpreting, measuring, and modeling soil respiration. Biogeochemistry, 2005, no. 73, pp. 3-27. DOI: 10.1007/s10533-004-5167-7 



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING  
 

НЕДРОПОЛЬЗОВАНИЕ 99

25. Vargas R., Detto M., Baldocchi D.D., Allen M.F. Multiscale analysis of temporal variability of soil CO2 productionas influenced by weather and vegetation. Global 
Change Biology, 2010, vol. 16, no. 5, pp. 1589-1605. DOI: 10.1111/j.1365-2486.2009.02111.x 
26.  Drewitt G.B., Black T.A., Nesic Z., Humphreys E.R., Jork E.M., Swanson R., Ethier G.J., Griffs T., Morgenstern K. Measuring forest floor CO2 fluxes in a Douglas-fir 
forest. Agricultural and Forest Meteorology, 2002, vol. 110, no. 4, pp. 299-317. DOI: 10.1016/S0168-1923(01)00294-5 
27. GOST R 8.563-2009. Metodiki (metody) izmerenii [GOST R 8.563-2009. Measurement techniques (methods)]. Moscow, 2009. 
28. RMG 61-2010. Gosudarstvennaia sistema obespecheniia edinstva izmerenii. Pokazateli tochnosti, pravil'nosti, pretsizionnosti metodik kolichestvennogo 
khimicheskogo analiza [RMG 61-2010. State system for ensuring the uniformity of measurements. Indicators of accuracy, correctness, precision of methods of quantitative 
chemical analysis]. Moscow, 2010. 
29. RMG 76-2014. Vnutrennii kontrol' kachestva rezul'tatov kolichestvennogo khimicheskogo analiza [RMG 76-2014. Internal quality control of quantitative chemical 
analysis results]. Moscow, 2014. 
30. GOST R ISO 5725-6-2002. Tochnost' (Pravil'nost' i pretsizionnost') metodov i rezul'tatov izmerenii. Chast' 6. Ispol'zovanie znachenii tochnosti na praktike [GOST R ISO 5725-6-
2002. Accuracy (Correctness and precision) of measurement methods and results. Part 6: Using Accuracy Values in Practice]. Moscow, 2002. 
31. Rukovodstvo po ekspluatatsii MAG-6 P-K [Operating manual MAG-6 P-K]. 
32. Rukovodstvo po ekspluatatsii “Senson-M” [Operating manual “Senson-M”]. 
33. Lidin R.A., Molochko V.A., Andreeva L.L. Khimicheskie svoistva neorganicheskikh veshchestv [Chemical properties of inorganic substances]. Moscow: Khimiia, 2000.  
34. GOST 12.4.021-75. Sistema standartov bezopasnosti truda. Sistemy ventiliatsionnye [GOST 12.4.021-75. System of occupational safety standards. Ventilation 
systems]. Moscow, 1975. 
35. GOST 12.4.007-74. Sistema standartov bezopasnosti truda. Sredstva individual'noi zashchity organov dykhaniia [GOST 12.4.007-74. System of occupational safety 
standards. Personal respiratory protection]. Moscow, 1974. 
36. GOST 12.1.009-2017. Sistema standartov bezopasnosti truda. Elektrobezopasnost'. Terminy i opredeleniia [GOST 12.1.009-2017. System of occupational safety 
standards. Electrical safety. Terms and Definitions]. Moscow, 2017. 
37. GOST 12.1.004-91. Sistema standartov bezopasnosti truda. Pozharnaia bezopasnost'. Obshchie trebovaniia [GOST 12.1.004-91. System of occupational safety 
standards. Fire safety. General requirements]. Moscow, 1991. 
38. Ikkonen E.N., Garsia-Kal'deron N.E., Al'vares-Arteaga G., Iban'es-Uerta A., Fuentes-Romero E., Ernandes-Solis Kh.M. Kontsentratsiia CO2 v vozdukhe pochv 
gornykh tumannykh lesov iuzhnoi Meksiki [Concentration of CO2 in the air of soils of mountain cloud forests of southern Mexico]. Pochvovedenie, 2013, no. 2, 
pp. 172-176. 
39. Monitoring potokov parnikovykh gazov v prirodnykh ekosistemakh [Monitoring greenhouse gas fluxes in natural ecosystems]. Eds. D.G. Zamolodchikov, D.V. Karelin, 
M.L. Gitarskii, V.G. Blinov. Saratov: OOO “Amirit”, 2017, 279 p. 
40. GOST 8.315-2019. Gosudarstvennaia sistema obespecheniia edinstva izmerenii. Standartnye obraztsy sostava i svoistv veshchestv i materialov [GOST 8.315-2019. 
State system for ensuring the uniformity of measurements. Standard samples of the composition and properties of substances and materials]. Moscow, 2019. 
41. GOST R 8.976-2019. Gosudarstvennaia sistema obespecheniia edinstva izmerenii. Standartnye obraztsy sostava poverochnykh gazovykh smesei. Obshchie 
tekhnicheskie usloviia [GOST R 8.976-2019. State system for ensuring the uniformity of measurements. Standard samples of the composition of test gas mixtures. General 
technical conditions]. Moscow, 2019. 
42. GOST R 51673-2000. Vodorod gazoobraznyi chistyi. Tekhnicheskie usloviia [GOST R 51673-2000. Pure hydrogen gas. Specifications]. Moscow, 2000. 
43. GOST 8050-85. Dvuokis' ugleroda gazoobraznaia i zhidkaia. Tekhnicheskie usloviia [GOST 8050-85. Carbon dioxide gaseous and liquid. Specifications]. 
Moscow, 1985. 
44. GOST 5583-78. Kislorod gazoobraznyi tekhnicheskii i meditsinskii. Tekhnicheskie usloviia [GOST 5583-78. Oxygen gas, technical and medical. Specifications]. 
Moscow, 1978. 
45. TU 51-841-78. Metan gazoobraznyi. Tekhnicheskie usloviia [TU 51-841-78. Methane gas. Specifications]. Moscow, 1978. 
 

Библиографический список 
 
1. Kaplan Isaac R., Sepich John E. Geochemical characterization, source, and fate of methane and hydrogen sulfide at the Belmont Learning Center, Los Angeles // 
Enviromental Geosciences. – 2010. – Vol. 17, № 1. – P. 45–69. DOI: 10.1306/eg.07170909013 
2. Шамаев О.Е., Можарова Н.В., Кулачкова С.А. Газогеохимическое состояние и экологические функции почв полей фильтрации через 30 лет после 
рекультивации // Российский журнал прикладной экологии. – 2017. – № 2. – С. 25–30. 
3. Biochemical methane potential assessment of municipal solid waste generated in Asian cities: A case study of Karachi, Pakistan / I. Sohoo, M. Ritzkowski, 
J. Heerenklage, K. Kuchta // Renewable and Sustainable Energy Reviews. – 2021. – Vol. 135. – Art. № 110175. DOI: 10.1016/j.rser.2020.110175 
4. Ehhalt D.H. The atmospheric cycle of methane // Tellus. – 1974. – Vol. 26. – P. 58–70. DOI: 10.3402/tellusa.v26i1-2.9737 
5. Бабаева М.В., Харькина М.А., Северов М.П. Опыт проведения газогеохимических исследований грунтов в основании объектов гражданского строительства // 
Инженерная геология. – 2016. – № 4. – С. 48–53. 
6. Смагин А.В. Газовая фаза почвы. – М.: Изд-во Москвского университета, 2005. – 300 с. 
7. Toop E., Pattey E. Soils as sources and sinks for atmospheric methane // Canadian Journal of Soil Science. – 1997. – Vol. 77. – P. 167–178. DOI: 10.4141/S96-107 
8. Peter J. Hutchinson. The geology of landfills // Enviromental Geosciences. – 1995. – Vol. 2, № 1. – P. 2–14. 
9. Carbon dioxide and methane dynamics and annual carbon balance in tundra wetland in NE Europe, Russia / J.E.P. Heikkinen, T. Virtanen, J.T. Huttunen, V. Elsakov, 
P.J. Martikainen // Global Biogeochemical Cycles. – 2002. – Vol. 16, № 4. – P. 1115. DOI: 10.1029/2002GB001930 
10. Кашапов Р.Ш. Эмиссия углерода углекислого газа почвенным покровом Башкортостана // Ученые записки казанского государственного университета. – 
2008. – Т. 150, кн. 3. – С. 98–103. 
11. Пособие по вопросам изучения загрязненных земель и их санации / Н.Д. Сорокин, Е.Б. Королева, Е.В. Лосева, Н.В. Осинцева. – СПб.: Изд-во 
ООО «Ай-Пи», 2012. 
12. СП 502.1325800.2021. Инженерно-экологические изыскания для строительства. – М., 2021. 
13. СП 11-102-97. Инженерно-экологические изыскания для строительства. – М., 1997. 
14. Об обеспечении единства измерений: Федеральный закон № 102-ФЗ от 26.06.2008. – М., 2008. 
15. Федеральный информационный фонд обеспечения единства измерений [Электронный ресурс]. – URL: https://fgis.gost.ru/fundmetrology/registry/16 (дата 
обращения: 15.08.2022). 
16. Баклашкина Е.А., Шепелева А.В. Методические аспекты инженерно-экологических изысканий для проектов рекультивации загрязненных отходами 
потребления территорий // Метеорологический вестник. – 2018. – Т. 10, № 2. – С. 79–89. 
17. Жажков В.В., Чусов А.Н., Политаева Н.А. Исследование и оценка состава биогаза на полигоне ТКО и рекомендации по его использованию // Экология и 
промышленность России. – 2021. – Т. 25, № 5. – С. 4–9. DOI: 10.18412/1816-0395-2021-5-4-9 
18. Mapping methane sources and their emission rates using an aircraft / Colin Terry, Malcolm Argyle, Sol Meyer, Luise Sander, Bill Hirst // The Leading Edge. – 2017. – 
Vol. 36, № 1. – P. 33–35. DOI: 10.1190/tle36010033.1 
19. Carman Richard e., Vincent Robert k. Measurements of Soil Gas and Atmospheric Methane Content on One Active and Two Inactive Landfills in Wood County, Ohio // 
Environmental & Engineering Geoscience. – 1998. – Vol. IV, № 3. – P. 317–329. DOI: 10.2113/gseegeosci.IV.3.317 
20. Turcu Vasile E., Jones Scott B., Or Dani. Continuous Soil Carbon Dioxide and Oxygen Measurements and Estimation of Gradient-Based Gaseous Flux // Vadose Zone 
Journal. – 2005. – Vol. 4, № 4. – P. 1161–1169. DOI: 10.2136/vzj2004.0164 
21. Ritzkowski M., Stegmann R. Controlling greenhouse gas emissions through landfill in situ aeration // International Journal of Greenhouse Gas Control. – 2007. – 
Vol. 1, № 3. – Р. 281–288. DOI: 10.1016/S1750-5836(07)00029-1 
22. The measurement of nitrous oxide emissions from soil by using chambers / K.A. Smith, H. Clayton, I.P. McTaggart [et al.] // Philosophical Transactions of the Royal 
Society of London. Series A: Physical and Engineering. – 1995. – Vol. 351. – P. 327–338. DOI: 10.1098/rsta.1995.0037 
23. A comparison of six methods for measuring soil-surface carbon dioxide fluxes / J.M. Norman, C.J. Kucharik, S.T. Gower, D.D. Baldocchi, P.M. Crill [et al.] // 
Journal of Geophysical Research Atmospheres. – 1997. – Vol.102, № D24. – P. 28.771–28.777. DOI: 10.1029/97JD01440 
24. Ryan M.G., Law B.E. Interpreting, measuring, and modeling soil respiration // Biogeochemistry. – 2005. – № 73. – P. 3–27. DOI: 10.1007/s10533-004-5167-7 
25. Multiscale analysis of temporal variability of soil CO2 productionas influenced by weather and vegetation / R. Vargas, M. Detto, D.D. Baldocchi, 
M.F. Allen // Global Change Biology. – 2010. – Vol. 16, № 5. – P. 1589–1605. DOI: 10.1111/j.1365-2486.2009.02111.x 
26. Measuring forest floor CO2 fluxes in a Douglas-fir forest / G.B. Drewitt, T.A. Black, Z. Nesic, E.R. Humphreys, E.M. Jork, R. Swanson, G.J. Ethier, 
T. Griffs, K. Morgenstern // Agricultural and Forest Meteorology. – 2002. – Vol. 110, № 4. – P. 299–317. DOI: 10.1016/S0168-1923(01)00294-5 
27. ГОСТ Р 8.563-2009. Методики (методы) измерений. – М., 2009.  
28. РМГ 61-2010. Государственная система обеспечения единства измерений. Показатели точности, правильности, прецизионности методик количественного 
химического анализа. – М., 2010. 
29. РМГ 76-2014. Внутренний контроль качества результатов количественного химического анализа. – М., 2014. 
30. ГОСТ Р ИСО 5725-6-2002. Точность (Правильность и прецизионность) методов и результатов измерений. Часть 6. Использование значений точности на 
практике. – М., 2002. 
31. Руководство по эксплуатации МАГ-6 П-К. 



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING 

 

НЕДРОПОЛЬЗОВАНИЕ 100 

32. Руководство по эксплуатации «Сенсон-М». 
33. Лидин Р.А., Молочко В.А., Андреева Л.Л. Химические свойства неорганических веществ. – М.: Изд-во Химия, 2000.  
34. ГОСТ 12.4.021-75. Система стандартов безопасности труда. Системы вентиляционные. – М., 1975. 
35. ГОСТ 12.4.007-74. Система стандартов безопасности труда. Средства индивидуальной защиты органов дыхания. – М., 1974. 
36. ГОСТ 12.1.009-2017. Система стандартов безопасности труда. Электробезопасность. Термины и определения. – М., 2017. 
37. ГОСТ 12.1.004-91. Система стандартов безопасности труда. Пожарная безопасность. Общие требования. – М., 1991. 
38. Концентрация CO2 в воздухе почв горных туманных лесов южной Мексики / Е.Н. Икконен, Н.Е. Гарсиа-Кальдерон, Г. Альварес-Артеага, 
А. Ибаньес-Уэрта, Э. Фуэнтес-Ромеро, Х.М. Эрнандес-Солис // Почвоведение. – 2013. – № 2. – С. 172–176. 
39. Мониторинг потоков парниковых газов в природных экосистемах / под ред. Д.Г. Замолодчикова, Д.В. Карелина, М.Л. Гитарского, В.Г. Блинова. – Саратов: 
Изд-во ООО «Амирит», 2017 – 279 с. 
40. ГОСТ 8.315-2019. Государственная система обеспечения единства измерений. Стандартные образцы состава и свойств веществ и материалов. – М., 2019. 
41. ГОСТ Р 8.976-2019. Государственная система обеспечения единства измерений. Стандартные образцы состава поверочных газовых смесей. Общие 
технические условия. – М., 2019. 
42. ГОСТ Р 51673-2000. Водород газообразный чистый. Технические условия. – М., 2000. 
43. ГОСТ 8050-85. Двуокись углерода газообразная и жидкая. Технические условия. – М., 1985. 
44. ГОСТ 5583-78. Кислород газообразный технический и медицинский. Технические условия. – М., 1978. 
46. ТУ 51-841-78. Метан газообразный. Технические условия. – М., 1978. 
 
 

Funding. The research had no sponsorship. 
Conflict of interests. The authors declare no conflict of interests. 
Authors’ contribution is equivalent. 

 


