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CHROMATOGRAPHIC EXAMINATIONS IN THE GAS NETWORK 
ODOURISED BY TETRAHYDROTHIOPHENE  

ANALIZY CHROMATOGRAFICZNE  
W SIECI GAZOWEJ NAWANIANEJ TETRAHYDROTIOFENEM  

Abstract:  The paper presents the results of the spread of the tetrahydrothiophene (THT) - used as odourant - in the 
gas network. Such analyses allow quick detection of leaks in networks, systems and devices of gas supply directly 
to consumers. The main goal of the study was to determine the effectiveness of the use of portable chromatograph 
and comparing it with a stationary odourant concentration analyser. Based on these studies, an attempt to 
determine the odouration zone for the selected city have been also taken. For this purpose, three series of 
measurements were made - in each series 13 points were analysed. Obtained results confirmed the effectiveness of 
the measurement a concentration of odourant in the gas network using a portable gas chromatograph - difference 
in relation to the stationary chromatograph ranged from 1.91 to 2.55 %. 
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Introduction 

Natural gas is the fuel obtained from the earth's crust. The natural gas network consists 
of different pipelines witch have different conditions as well as goals [1]. The transmission 
line refers to a pipeline that transports gas from a collection line, usually under high 
pressure. Typically, the pipeline can carry gas at a speed of 11 m · s

–1 at long distances. 
Distribution pipeline refers to a low pressure system that delivers gas to end users via local 
pipelines [1]. The majority of gas compounds is saturated hydrocarbons mix with odourless 
methane with is 90 % volume of gas. It occurs in oil-gas or gas deposits. During the 
incineration, natural gas does not generate dust or solid waste with can be products of coal 
or oil usage. Due to its high energy properties, it is used in various industries, such as 
agriculture, trade and services, power industry, metallurgy, chemical and food industry, air 
conditioning, cogeneration and heating. Pipeline natural gas is the primary fuel of choice 
for distributed fuel cell-based power-generation systems due to its abundant supply and 
well-developed infrastructure. Natural gas is composed of low boiling hydrocarbons 
(mostly methane) and much smaller amounts of nitrogen, carbon dioxide, water vapour and 
sulphur compounds [2]. 
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Possibility of environmental contamination by natural gas is relatively small. Due to 
the high flammability of methane, which is colourless, odourless and lighter than air gas 
and in order to prevent accidents related to unsealed installations, odourant is added into the 
gas network.  

The odourisation of gas was started about 1880 in Germany [3, 4] to reduce fatalities 
resulting from escaping gas. Firstly, an odour was added to blue water gas (an industrial gas 
composed almost entirely of carbon monoxide and hydrogen) [5]. The first reported 
odourant was ethanethiol (EtSH) and nitrobenzene. Germany began small-scale 
odourisation since 1918, and, after short time, USA [4]. Odourant must have a characteristic 
smell, which will be alerting consumers of danger related only to the natural gas.  

A properly selected odourant should: 
• be characteristic, clear and has a recognizable fragrance with is unique to associate 

with "smell of gas"; 
• have extended exposure time and at the same time have low odour detection threshold; 
• be resistant to chemical oxidation; 
• relatively have chemical stability (it should not interact with the components flowing 

in the gas pipeline and with materials from which gas pipeline is made); 
• have low sorption in soil; 
• have a sufficiently high vapour pressure (in an attempt to gas in gas installation does 

not undergo to condensation as a result of pressure change in pipes); 
• have fragrance that will not be to suppress by others compounds; 
• does not need to be water down, which may create a corrosion. 

In Russia, at all of the gas-distribution stations, the MNM (mixture of natural 
mercaptans) is used. It has the odour of hydrogen sulphide with a low perception threshold 
(partial odourant pressure is starting from 0.19 mg · m

–3 and above) [6]. In Italy, two gas 
odourants are used: one consists entirely of tetrahydrotiofene, whereas the other one is  
a mixture of three mercaptans, i.e. terbutyl mercaptan, isopropyl mercaptan and 
normalpropyl mercaptan (“TBM/IPM/NPM”) [7]. Also, Capelli et al. evaluated the 
possibility of introducing a new, sulphur-free gas odourant (Gasodor® SFree). Sensorial 
tests were run comparing that odourant with the two traditional odourants: TBM/IPM/NPM 
and THT and with other “interfering” odours, in order to verify that the odour of the tested 
odourant is “characteristic”. These results indicate that the odour of the S-Free odourant is 
not confused with other interfering odours [7]. In Chile, liquefied petroleum gas (LPG) is 
odorized with dimethyl sulphide and tert-butyl mercaptan at a rate of about 10 grams of 
odourant per 1 cubic meter of LPG [8].  

In Poland, the most commonly used odourants are organic compounds with sulphur 
such as mercaptans and tetrahydrothiophene. 

Tetrahydrothiophene - THT (C4H8S) is an organic compound descended from cyclic 
thioether with high volatility. This is a colourless liquid with a characteristic and very 
intensive odour. It is highly flammable compound; autoignition temperature is 202 °C, the 
boiling point 121 °C, while the ignition temperature is only 15 °C. THT is water-soluble, 
however it can be harmful for water organisms, causing long and no beneficial changes in 
environment. It is not biodegradable and does not show any potential for bioaccumulation. 
THT is known for its more stable chemical characteristics than mercaptans as well as its 
ability to strongly resist for oxidation [9].  
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At the time of THT production it is possibility to obtain 98 % of clear odourant. It is 
produced at the reaction between tetrahydrofuran or 1,4-butanediol with hydrogen sulphide. 

The lower limit of perceptibility of odourant is 3.7 μg · m
–3 and compound itself is 

three times heavier than air. THT is highly irritating to the skin and mucous membranes.  
In the case of extended inhalation by humans, it causes respiratory irritation, embolism in 
the lungs, headache, dizziness, nausea and palpitations. In larger doses causes hyperactivity, 
liver damage, eventually leads to death resembling a drug overdose [10]. 

THT is the most resistant to pipeline oxidation. It has a gassy odour but low odour 
impact and poor soil penetrability. The low odour impact makes it difficult to over-odourise 
with THT. This compound may be used in pure form or as part of a blend with TBM 
(tertiary butyl mercaptan). THT is a “stand alone” odourant [11]. Its odour threshold 
measured by the triangle odour bag method is 0.00062 ppm, v/v [12]. Capelli [7] wrote, that 
the quantity of odourants added to natural gas, despite being in the order of magnitude of 
some mg · m

–3, is not negligible if compared to the TLV of SO2. The minimum 
concentrations of TBM/IPM/NPM and THT in the distributed gas in Italy are equal to  
8 mg · m

–3 (TBM/IPM/NPM) and 32 mg · m
–3 (THT), corresponding to 2.3 and 8.9 ppm, 

respectively [7]. These considerations highlight the reasons why, in recent years, the 
possibility to introduce alternative, sulphur-free odourants is being studied [13, 14].  

In many cases, on-site rapid analyses are required in many cases. The results may be 
important for human and animal safety and environmental protection, or a delay in the 
results of analysis can lead to considerable financial losses. Langford et al. wrote [15] that 
conventional sensor-based and chromatographic technologies are poorly suited to the 
instrumental analysis of odour due to chemical diversity of many important odourants, the 
high sensivity required to achieve human odour thresholds and dynamic nature of the odour 
itself. Therefore, for field applications of analytical chemistry, test methods, test tools, and 
components for rapid on-site tests are developed. Yashin [16] wrote, that leading 
chromatographic companies (Perkin-Elmer, Hewlett-Packard and Varian) have absorbed 
smaller companies that produced portable chromatographs (Photovac, Microsensor 
Technology, and Chrompack, respectively) and started investing in these fields [16]. 
Promising direction in the miniaturizing of chromatographs is the development of portable 
gas chromatographs (transportable or handheld) for on-site analysis [17]. Such instruments 
are gas or power operated. They are light, reliable, easy to operate, and provide rapid 
analyses, inter alia, gas-chromatographic field determinations of organochlorine pesticides, 
low-volatile organic compounds, and carbon dioxide [17]. Also, reduced sulphur 
compounds for odour examinations [18, 19] and other research of odourous impact 
assessments [20] were reported. Portable chromatographs like Photovac Voyager - designed 
to provide near-real time, accurate and precise monitoring of VOC and gases in connection 
with environmental remediation activities [21, 22] - are useful for the fast determination of 
tetrahydrothiophene in natural gas [23]. They are used for determination of emission from 
phytoplankton [24] or numerous plant species to the atmosphere [25-27]. De Hate et al. 
proceed real time monitoring program of early detection of short-term emissions and  
off-site migration of site-related TVOCs and respirable dust [28]. This analyser has  
3 built-in GC columns with dual photoionization and electron capture detectors (PID/ECD). 
For fast GC analysis, the voyager contains up to 40 factory-programmed EPA listed VOCs. 
A full day of field data may be logged and then transferred to a PC. The Electron Capture 
Detector (ECD) makes it possible for the instrument to analyse for chlorinated compounds. 
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When a flame photometric detector (FPD) is used instead of the PID, the instrument is 
capable of analysing for sulphur and phosphorus compounds. 

Materials and methods 

Aim and scope of the study 

The main aim of this work is to present the efficiency of the use of a portable gas 
chromatograph - Voyager of Photovac in the gas network and to compare its performance 
with stationary analyser ANAT-M, only dedicated for THT. ANAT-M analyser is 
increasingly used in Poland - number of ANAT-M analysers actively operating in the field 
of object conditions was in 2017 nearly 250 [29]. Also, there was taken action to determine 
odourised zone for a city with a population of over 76 600 inhabitants. 

Before the main series of tests have started, the preliminary series of measurements 
had been performed. They allow to compare results recorded by Voyager and analyser of 
THT. In the main three series of research there was taken the gas material from  
13 measuring points located in the whole city and its surroundings. 

Research THT odourant in the gas mains and monitoring of this compound, allow for 
quick detection of leaks in installations, systems and gas devices, which is directly provide 
to customers. This operation is important for people and environmental safety. Topicality 
and significance of the present problems had contribute to be interested in a topic related to 
the practical use of portable gas chromatograph analysis of odourant compounds as THT 
for the needs of the Gas Industry. 

Object description 

The National Gas System established a rule that natural gas in the gas network should 
be well detectable. The degree of perceptibility of odour intensity should be I = 2 in odour 
intensity scale (Table 1), when its concentration in the air is equal to 1 to 5 of the lower 
limit of perceptibility. This value was chosen for a person having ordinary ability to smell. 

 
Table 1  

Odour intensity scale 

Odour intensity scale Odour intensity 
0 palpable scent 

0.5 very faint scent (the lower limit of perceptibility) 
1 weak scent 
2 explicite scent (warning scent) 
3 a strong scent 
4 a very strong scent 
5 the upper limit of perceptibility 

 
The city, with a population of over 76 600 inhabitants, is provided from the odourised 

gas network from two stations and one is coming from the north, the other - from the south. 
The both odourised stations use injection methods in order to introduce the compound of 
THT concentration into the installation. This allows to equal distribution of odourant 
throughout the entire city and its surroundings. The whole, single odourised zone is being 
created. In case that one of the stations is not working properly, the other one, 
automatically, has to take over its functions of the maintenance of the appropriate level of 
concentration of odourant in the gas network. 
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At the summer time between April and October, odourant is added to gas installation at 
the concentration of 15 mg · m

–3. At the winter period, November-March, concentration of 
the odourant in gas mains cannot be lower than 30 mg · m

–3. Two times per annum, through 
installation is passing more higher concentration of odourant. In one disposable action, to 
gas network, is added from 60 to 100 mg · m

–3 of compound.  

THT determination 

The main goal was to analyse the effectives of using the portable gas chromatograph in 
appointing the concentration of THT during tests. Research were made at the different 
measuring points in the city and its surroundings. In order to compare the work of  
a portable gas chromatograph with THT stationary analyser, the tests were performed at the 
same time for both devices on 28th of May 2013 and on 28th of October 2013. 

The gas samples were taken from the gas installation to the Tedlar bag. Nengbing et al. 
proved, that Summa canister and Tedlar bags should been chosen for THT sampling - THT 
will not be stable in the aluminium bags and the glass syringes, because sulphide is easy 
adsorbed and oxidized by container surface [9]. 

The bags were connected to the gas chromatograph by a loop a moment before the test 
begin, in order to designate the concentration of odourant on the device the column A was 
selected and loaded with the library Assay#1 (THT). At the same time the stationary 
analyser was turn on to measure the concentration of odourant THT. The time to determent 
odourant for both devices was 15 minutes. The range of the THT determination by  
a Photovac Voyager is between 0.36 and 720 mg · m

–3 with the lower detection limit  
0.18 mg · m

–3 (accuracy measurement 5 %), while by stationary analyser - between  
5 and 100 mg · m

–3 (accuracy measurement 7 % with a precision 2,8 %). Photovac Voyager 
analysis time was 3200 s, oven temperature 60 °C. Loop injection time was 2 s, while pump 
time - 20 s and backflush time - 1810 s.  

Determination of odourised zone range 

Research were carried out to determine the range of odourised zone in the case where 
only one station is inserting higher concentration of THT to the gas network. The measuring 
points were selected in the city area and its surroundings. At this points the samples of the 
gas were taken to the Tedlar bags. The points were selected at the city centre, where the gas 
flow is the most even, and at the ends of the gas network - in the sat urban areas, where the 
concentration of the odourant is low. 

There were 13 points chosen to research (Fig. 1). The first research began before  
over-odourised (higher concentration of the gas) was made, during the day on 14th of 
August 2013 (Wednesday). The first series was performed to realize, what is the level of 
concentration of THT in the study area during normal, summer time. 

On 30th of August 2013 (Friday) the research had been repeated. Each time the 
numbered Tedlar bags were filled up with the gas samples. On 28th of October 2013, over 
odourisation was made in some points of the city and its surroundings. The higher 
concentration of THT was added to the gas network from one of two odourised station.  
It was done in order to examine the tightness of the gas network before the upcoming 
heating season in winter. Raising the pressure of gas allows to capture leaks in places 
vulnerable to corrosion. In order to detect soft underbelly, it is necessary to implement 
increased doses of odourant. 
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Fig. 1. Localization of measuring points in the gas network measuring points 

The tests done on that day, were allowed to determine the functioning range of 
odourants at station number 2 which is localized at the south site of the city. 

Results 

In the first part, the samples of natural gas flowed through chromatographs columns. 
After 50 minutes, i.e. after adding all research results from three columns together, device 
has detected 20 compounds in natural gas. 11 of them had specified concentration. 
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Tetrahydrothiophene was detected in columns A and B, at time lapse. Figure 2 shows the 
chromatogram with the exemplary results obtained from the column A, which is designated 
for heavy compounds and treated as pre-column. 

 

 
Fig. 2. The window of chromatogram obtained from samples research 

At the retention time for the tetrahydrothiophene, 332.5 s, there were not other 
compounds observed, that allows for precise cutting off the very peak of THT and assigned 
the concentration of the odourant. At the retention time, 847.1 s, is observed compound - 
1,1,2,2-tetrachloroethane. As it can be seen, the concentration was larger than THT, 
although the peak was invisible and charted only by red line. This error is the result of a bad 
cut of the peak in the chromatogram by the program Site Chart. 

The results of comparison between two kinds of THT analysers are shown in  
Table 2. 

 
Table 2  

Comparison between portable gas chromatograph with stationary THT analyser 

Date of analysis 
THT concentration [mg · m–3] Difference between 

concentrations [%] Stationary analyser ANAT-M Photovac Voyager 
28.05.2013 37.60 38.56 2.55 
28.10.2013 14.70 52.97 1.91 

 
The results demonstrates the comparability of both devices to determine the 

concentration of THT odourant in the gas network. The percentage difference between the 
analyser and the gas chromatograph is contained in the margin of an error (7 %), which is 
established by the manufacturer of stationary analyser. 

Schwinn was also dealing with the research of the concentration THT in the gas 
network and presented some examples of the odourant added to the gas network from the 
odourant stations. The obtained results showed the differences between the output 
concentrations of the odourant from the station and at the checkpoints. The highest 
percentage value of difference between results from odour station (20.80 mg · m

–3) and one 
of the checkpoint (12.0 mg · m

–3) was 42 %. In one case, concentration of THT in 
checkpoint - 20.80 mg · m

–3 - was higher than in the odour station - 22.0 mg · m
–3 [30]. 
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Sonley wrote, that firstly, THT was used in pipelines just as it had been for reformed 
gas. Natural gas was injected by a dose up to 5 ppm THT in high pressure (6 MPa) 
transmission pipes. However, gas samples further down the line, in the most cases had lost 
the THT odour. In in other cases, the gas developed different smell (for example beetroot 
odour) while retained only some of the chemical components. So, odourisation system had 
‘worked’ in the local distribution network, but was imperfectly understood [1]. 

In order to determine the odourised zone in the city and its surroundings, 3 series of 
analyses were performed in 13 measuring points showed in Figure 1. 

On 14th of August 2013, the highest level of concentration of THT was recorded at the 
measurement point number 9 and it was 52.61 mg · m–3. This point was located the closest 
to the odourant station number 1. The lowest concentration was observed at the end of the 
gas network at the point number 11 and was 10.97 mg · m–3. At the analysed point number 
10, although the odourant was noticeable in the air, THT concentration was not determined 
by a portable gas chromatograph. 

The second largest concentration of odourant was detected in point number 5, at the 
end of the gas network. The measurements were made in the summer, when the need for 
gas is lower and its consumption is minimal. For this reason, THT in the gas grid could be 
accumulated. 

On 30th of August 2013 the next research had been carried out in order to check how 
odourised zone is spreading in the city and its surroundings. That day, the highest 
concentration of odourant was observed in the centre of the city at point number 1 and it 
was 35.27 mg · m

–3. Considering the locations of the points, it is difficult to determine, 
which of the odourised stations had greater influence in this area. The lowest concentration 
of THT was recorded at the point number 13 and it was 14.51 mg · m

–3. 
 

 
Fig. 3. Results of THT concentration in 3 series, in 13 measuring points 
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The second largest odourant concentration was observed, like on 14th of August, on the 
end of the gas network at the point number 5. Analysing all results obtained on this day, it is 
clear that the concentration of THT across the entire network was characterized by similar 
values. 

On the 28th October 2013 over-odourised was performed. The high amount of THT 
was added to gas installation from south odourants station (odourant station number 2). All 
obtained results are shown in Figure 3. 

Based on the results recorded by portable gas chromatograph - Photovac Voyager, it 
was found that the highest concentration was observed at the city centre in the point number 
2 and reached almost 61 mg · m

–3. The second highest concentration of odourant was 
appointed in the point number 13 which is placed nearby the south odourant station. The 
concentration in this area was almost 53 mg · m

–3. It should be noticed that these places are 
nearest to odourants station 2. Behind the point 13 is point 12. It must be deduced that if 
over-odourised was noticeable in measurement point 13, it is just as second one must be 
also supplied by the odourants station 2. In the city centre there are three measurements 
points: 1, 7, 8. Based on these results, it is clear that point 1 is not representative. In these 
places, similar concentration of odourant was detected. As to the other points, located closer 
to the odourants station 1, over-odourised had not reached. The main of this result was 
probably a low gas flow in the gas installation. 

Measuring points 5 and 6 are located on the end of the gas network and are powered 
mainly from odourants station 1. Despite of moderately high concentration of THT, these 
points are too far away from odourants station 2. It must be deduced that during the 
measurement, at the end of the installation, gas consumption was higher. This is the main 
result of increased need for gas by the consumers. 

Considering the THT concentration in the measuring points 10 and 11 is not certain, 
which odourants station has greater range. Both points are located at the end of the gas 
network, but at the point 11 there is significantly higher concentration of odourant  
(29.23 mg · m

–3
) than in point 10 (20.54 mg · m–3). Probably in the point 11 the analogous 

situation occurred as it was discussed above in point 6. 
Based on this analysis, the simulation gas network was prepared for the city and its 

surrounding area divided into zones odouration (Fig. 4). The perimeter of range for two 
stations was separated by thick red line. With the obtained research results, in the 
crosshatch area, is not possibility to choose only one odourant station which is more 
dominant there. It is assumed that the both odourants station show their activity. 

As Usher wrote, the reduction in the odourant concentration in transported gas is not  
a new problem, and the odour causes may be the result of odour “fatigue” [11]. However, in 
some cases it can be the result of people adaptation of the odourant smell. Usher noticed, 
that odour fade occurs because of physical and chemical processes, important to consider 
when identifying potential issues [11]. 

The processes involved are: adsorption, absorption and oxidation. Also Saadatmand  
et al. [5] investigated possible physical-chemical mechanisms responsible for odour fading, 
using X-ray photoelectron spectroscopy (XPS) and gas chromatography used to check the 
interactions of tertiary butyl mercaptan (TBM) with the pipe material. The researchers 
found that by increasing pressure, rusted pipe surface and temperature or by decreasing the 
gas flow rate and odourant concentration the mercaptan removal was increased [5]. 
Therefore, Seguel et al. [31] wrote, that the odourant concentration emanating from the 
odourised liquid is not uniform in the vapours released, and the gas will also be much 



Magdalena Juszczak and Mirosław Szyłak-Szydłowski 

 

274 

leaner than the odourised liquid. Those authors recommend analysing the odourant directly 
from the liquid phase [31]. Gross et al. [32] examined a numerical modelling of a pulse 
train diffusion, representing injection of the odorant in gas pipeline. Researchers proved, 
that Reynolds Average Navier-Stokes (RANS) equations with the k-ε turbulence model 
show a strong agreement for the experimental data from a real pipeline. Similar results 
achieved Tukmakov et al. [33] using model built on the basis of built on the basis of the 
system of motion of viscous, compressible, heatconducting, two-component medium with 
account for the odorant diffusion. Also, Nagaresh et al. [34] used mass transfer model, 
correlated for bibble diameter estimation, and SVM-based model. Researchers wrote, that 
experimental data and controller calculations for odourant cumulative mass transfers 
showed absolute error values between 0.4 and 9.10 %.  

 

 
Fig. 4. Simulation of gas network with marked points of measurement 

Conclusions 

Many researchers wrote about assessing of risk associated with CO2 and natural gas 
pipelines [1, 35-38]. However, when addressing pipelines risk issues, very important is 
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public perception [39]. It is extremely important to trace the leaks in gas systems at 
considerably low concentrations of gas in air [40]. 

This study shows, that portable gas chromatograph - Photovac Voyager is an analyser 
that can be successfully used for monitoring the concentration of THT in the gas network. 
Due to a very high sensitivity, this device allows to perform meaningful analysis by 
separating the multiple chemical compounds, without knowledge of their quantity and type. 
After series of tests, it transpired that Voyager detected, identified and defined the level of 
odourant concentration and also noted the presence of the other chemicals, which are also 
components of the gas network. 

The objective, after the first step, was taken to determine the effectiveness of the use of 
portable gas chromatograph for monitoring gas network and to compare it with working 
stationary THT analyser. The results confirmed the functionality of the chromatographs, 
since the differences between both devices were in the range of 1.91-2.55 %. This 
demonstrates the compatibility of the two equipments in analysing the concentration of 
odourant - THT in the gas network. The percentage differences between the analysers are in 
the margin of error (7 %), which is established by the manufacturer of stationary analyser. 

In order to determine the odourised zone for the city, three series of tests were 
performed with using a portable gas chromatograph - Voyager. The material for analysing 
was obtained from 13 measurement points disposed in the city area and its surroundings. 
Odourant in the gas network is a substance difficult to analyse due to its physicochemical 
properties. Very important is, that the gas consumption by customers is unstable. In times of 
reduced gas consumption, THT is to sink to the bottom of the pipe and accumulates in 
specified points. This problem often occurs in the summer time, when the gas consumption 
is reduced due to the holiday. When the gas flow increases, the accumulated odourant is 
picked up from the bottom of the installation and then it reaches much higher 
concentrations than those that are added from odourised stations. 

A similar situation is apparent very often at the ends of the gas network, where gas 
consumption by consumers is much less. In these places, the concentration of THT is lower. 
This is connected to a low pressure of gas in the pipe. With a view of this situation, the 
dosage of odourant should be clearly detectable at the ends of gas installation (odour 
intensity I = 2). To represent the complete case about over-odourised, the research should 
be repeated in different distance of time. Odourise which come from odourants station does 
not spread immediately THT to entire city. The higher concentration of odourant could be 
an effect of larger dose of THT added from odourants station or from the accumulation of 
the gas in the gas pipe. This issue occurs at the ends of the gas network, where gas 
consumption by consumers is low. 
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