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Abstract: The oldest oil basin in the world is located in the Polish Carpathians. Former 
mines, often abandoned, have become technical monuments. The growing popularity 
of industrial tourism in the world and in Poland attracts more and more tourists who 
want to “find oil” on their own. In most cases, these are abandoned crude oil and natu-
ral gas fields, with such places associated with the risk of poisoning, ignition or explo-
sion of escaping gases from unprotected crude oil fields or borehole outlets. The article 
also highlights the heritage of oil mining in the Polish Carpathians and related cultural 
routes. The author focuses on the issue related to the occurrence of the hazard zone of 
hydrogen sulphide poisoning or methane explosion in the sites of old oil fields. It pre-
sents the possibility of using the Dräger X-am 8000 portable multi-gas detector as a per-
sonal device for monitoring the concentration of gases and vapours considered toxic 
and/or explosive, such as methane or hydrogen sulphide. It also proposes the use of the 
Dräger X-am 8000 multi-gas detector, which in combination with the Dräger X-site Live 
real-time area monitoring module, can serve as a mobile system for short- or long-term 
monitoring of the above-mentioned zones.
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1. Introduction

Tourism is becoming a mass phenomenon, one which 
can almost be considered universal, and which is devel-
oping dynamically [1–3]. Furthermore, there is an 
increasing specialization of tourism, with technical 
monuments becoming tourist attractions. The division 
of tourism related to industry can be found in the work 
of M. Kronenberg [1], he distinguishes between:

	– industrial tourism,
	– tourism in post-industrial areas,
	– industrial heritage tourism.

In reference to the rich heritage of the oil industry, 
new cultural routes are being created in the area of the Pol-
ish and Ukrainian Carpathians and existing ones are being 
modernized. They are located mainly in the Podkarpacie, 
Małopolska and Western Ukraine provinces [2, 4–9]. 

The most important of them include:
	– The Jasło – Lviv Cross-Border Oil Trail,
	– Carpathian-Galician Oil Trail,
	– The World Cradle of Oil Mining,
	– Following the footsteps of giant extinct mammals, 

earth wax, crude oil and salt.

It is worth remembering that contemporary respon-
sible management of non-renewable energy sources 
requires reaching back to the 19th and 20th century his-
tory and the beginnings of oil and gas extraction.

The Carpathian oil and gas area is located in the cen-
tral and eastern part of the Polish flysch Carpathians. The 
oil industry in Poland was initiated by hand-dug wells – 
known as dug pits, wells, and dug pits [10, 11]. Their loca-
tion (Fig. 1) is the place of the primary, natural oil spill 
and/or exhalation of natural gas to the earth’s surface.

Fig. 1. The area of old hand-dug wells in the Polish Carpa-
thians: 1 – range of the area of old mining pits occurrence, 
2 – state borders; 3 – major rivers; 4 – faults; 5 – overthrusts,  
6 – location of hand-dug well in Polana Ostre [12 – modified]

2.	 The risk associated 
with the exaltation of 
the gases in place of 
an old, abandoned oil 
and natural gas fields

Natural surface occurrence of oil and gas was known 
here already in the Middle Ages. The Polish geologist 
Stanisław Staszic, in his book About Earthborn of the 
Carpathians and other mountains and Polish plains 
[13] mentioned a black smudge of oil from the rocks 
[10, 14]. 

Old, abandoned oil and gas fields are becoming 
increasingly popular among tourists. Of these, the most 
interesting are the places where crude oil is available at 
one’s fingertips and where the exhalations of natural gas 
are also visible (Fig. 2). Such places are often unmarked 
and unsecured [5–9, 15–18]. 

a)

b)

Fig. 2. An example of an old hand-dug set near Polana Ostre 
village: a) visible outline of the walls of the old hand-dug filled 
with oil; b) open outlet of the borehole with visible bubbles of 

methane [19 – modified]
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Most often they have the form of hand-dug wooden 
wells or left-over boreholes (Fig. 3) [11, 19]. Oil was also 
obtained by collecting it from the water surface and dig-
ging shallow pits in the ground where it could accumulate. 

 According to the applications of the indigenous 
inhabitants of the Bieszczady Mountains, the number 
of such places may exceed 250 [17, 19].

Fig. 3. Cross section of a hand-dug well with winch, 
 timber lining [20 – modified]

The places of crude oil outflow and natural gas 
exhalation are also interesting from the scientific point 
of view, as evidenced by numerous articles and scientif-
ic studies [11, 12, 21–25].

The presence of volatile hydrocarbons within such 
facilities poses a  serious risk of methane explosion, 
while hydrogen sulphide poisoning is also dangerous to 
the health and life of people residing there [11, 12].

In order to reduce the risk of ignition and/or 
explosion of methane or poisoning with hydrogen sul-
phide, people living in the potentially dangerous zone 
are obliged to be equipped with gas detectors, automatic 
notifying them of hazards by means of light and sound 
signals. Among these tools is the Dräger X-am  8000 
[26, 27], which is portable and can at the same time 
measure the concentration of seven gases, including 
hydrogen sulphide and methane [26–28].

The occurrence of an explosion hazard generat-
ed while in the immediate vicinity of the excavation’s 
outlet or an inactive borehole is related to the explo-
siveness of the air-gas mixture. Methane belongs to 
the gases whose emissions can be hazardous to human 
health and life [29, 30]. Methane is a flammable gas that 
reacts with oxygen, and the chemical reaction produc-
es a flame accompanied by large amounts of heat. The 
ignition initiator for methane is, for example, a spark or 

a flame. The combustion is explosive when the concen-
tration of methane in the air is between the lower and 
upper explosive limits [31].

The explosion limits expressed by the content of 
Methane in a mixture with air at a temperature of 20°C 
and a pressure of 1 bar are [31]:

	– 5% vol./vol. Methane – lower explosive limit (LEL),
	– 15% vol./vol. Methane – upper explosive limit (UEL).

Ignition of methane may occur spontaneously if 
the temperature of its mixtures in the air reaches 537°C 
at a pressure of 1 bar [31, 32].

Methane is a  colourless, odourless, and tasteless 
gas that is lighter than air. It burns with an almost col-
ourless flame with a blue halo [31–33].

Methane is not a toxic gas. This gas in high concen-
tration has a suffocating effect on the respiratory system 
and displaces oxygen. Poisoning with this gas can even 
lead to unconsciousness, and in low concentrations it 
can cause narcotic effects [31–33].

Another gas that may appear in the air while in 
the immediate vicinity of the shaft exit or inactive bore-
hole is hydrogen sulphide. This gas is classified both as 
to explosive gases and toxic. Exceeding the permissible 
concentration level may have a  negative influence on 
human health and life [31, 32, 34].

Hydrogen sulphide is a  colourless gas with 
a strong odour of rotten eggs, when the gas concentra-
tion exceeds 0.18 mg/m3 [34]. When concentration of 
the gas ranges from 1400 to 2800 mg/m3, it may stop 
respiratory processes [34].

Hydrogen sulphide is a  flammable and explosive 
gas. The explosive limits of the gas in the air mixture are 
given below [34]:

	– 4.3% vol./vol. hydrogen sulphide – lower explo-
sive limit (LEL);

	– 45% vol./vol. hydrogen sulphide – upper explosive 
limit (UEL).

The self-ignition temperature of hydrogen sul-
phide in the air mixture is 290°C [34].

3. The Dräger X-am 8000 
portable gas multi-detector. 
Features and types of 
sensors compatible with it

The Dräger X-am 8000 (Fig. 4) portable gas multi-de-
tector is ATEX-certified. This means that it can be used 
in an area where an explosive mixture of gases, vapours 
or oxygen can be generated temporarily or continuously. 
This explosion hazard area is classified as zone 0 [26–28]. 
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Fig.  4. List of the basic features in Dräger X-am 8000 [28 – modified]

The Dräger X-am 8000 is a  modern multi-gas 
detector with a  build-in, high performance pump for 
a  simultaneous and continuous monitoring of up to 
seven gases [26–28].

The detector has five slots into which four types 
of sensors can be installed as required, including dual-
use sensors. The device can be armed with the following 
sensors [26–28]:

	– infrared,
	– photoionization,
	– catalytic,
	– electrochemical in XXS version for measuring 

oxygen and toxic gases.

Thanks to this, it is possible to select from the pool 
of 42 sensors those corresponding to the current needs in 
an easy way. In total, it makes it possible to measure the 
concentrations of 124 gaseous substances [26–28, 35].

The device is also equipped with a Bluetooth mod-
ule that allows X-am 8000 to communicate with other 

systems or mobile devices with a dedicated application. 
This enables online data exchange or reading of measured 
values away from the gas sampling point [27, 28, 35]. 

Infrared (IR) sensor –
principle of operation
The gas sample is transferred to the measuring 
cuvette by diffusion or a pump. The infrared emitter 
produces broadband radiation that passes through 
the window into the cuvette, where it is reflected by 
mirrors and passes through another window, hit-
ting the dual detector. The dual detector consists of 
a measuring detector and a reference detector. If the 
gas mixture contains, inter alia, hydrocarbons, then 
some of the radiation is absorbed and the measuring 
detector produces a  reduced electrical signal. The 
signal from the reference detector remains unchanged 
[27, 35, 36]. The DrägerIR sensor principle is pre-
sented in Figure 5.

Fig. 5. Principle of infrared Dräger sensor [27 – modified]
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Photoionization detector (PID) – 
principle of operation

Gas particles are detected if, under the influence of radi-
ation emitted by the UV lamp, are ionized, i.e. the ioniza-
tion energy is lower than the energy emitted by photons. 
The presence of ionization products is recorded by an 
electrometer. The resulting ions recombine [27, 33, 35, 36]. 
The Dräger PID sensor principle is presented in Figure 6.

Electrochemical sensor – 
principle ofoperation
The basic principle of an electrochemical sensor is that 
at least two electrodes (the measuring electrode and the 
counter electrode) are in contact with each other in two 
ways: first, through an electrically conductive medium 
(electrolyte), and second, through an external electrical 
circuit (electron conductor). The electrodes are made 
of a material with catalytic properties, thanks to which 
chemical reactions take place in the so-called three-
phase zone [27, 35, 36]. The Dräger Electrochemical 
sensor principle is presented in Figure 7.

Catalytic bead sensors – 
principle of operation

A small coil made of platinum is embedded in a porous 
ceramic bead with a diameter of less than 1 mm [27, 
35, 36]. A  current flows through the platinum coil, 
heating the pellistor above 100°C. When temperature 
of the pellistor will increase in the presence of flam-
mable gases, it contains a  suitable catalytic material, 
which leads to causes the resistance of the platinum 
coil to such an increase. This change in resistance can 
then be evaluated electronically. For combustion, pel-
listor uses oxygen from the ambient air [27, 35, 36]. 
This sensor works on the basis of the catalytic bead 
principle. A  second pellistor is used with almost the 
same structure in order to eliminate changes in the 
ambient temperature. The second pellistor does not 
react to gas. Coupled by a  Wheatstone bridge, the 
two pellistors then form a  sensor circuit, which is 
largely independent of the ambient temperature, and 
which can detect the presence of flammable gases and 
vapours [27, 35, 36]. The Dräger Catalytic bead sensor 
principle is presented in Figure 8.

Fig. 6. Principle of photoionization detector – Dräger (PID) sensors [27 – modified]

Fig. 7. Principle of electrochemical Dräger sensor [27 – modified]
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4.	 Use of the Dräger X-am 8000 
for monitoring  
a gas mixture in the air 
within old oil and gas fields

In places where abandoned crude oil or natural gas 
fields occur, people there come into contact with liquids 
or gases classified as dangerous to human health or life 
and these substances can also pose a risk of ignition or 
explosion. At the time when work is performed in this 
area, in accordance with Polish law, the area should be 

marked, properly secured, and monitored [33, 37–39]. 
In this case, the most effective, also in economic terms, 
type of monitoring is mobile monitoring.

The Dräger X-zone 8000 multi-gas detector can 
successfully perform this function and, in combination 
with the dedicated Dräger X-site Live set (Fig. 9), it is 
a  tool for real-time monitoring of a  potentially haz-
ardous area for human life and health. The advantage 
of this combination is that the Dräger X-site Live kit 
weighs just over 10 kg and is the size of a suitcase. In 
addition, Dräger X-site Live is equipped with a mobile 
device through which one can observe the current indi-
cations of the gauges and reconfigure it [35, 40]. 

Fig. 9. Dräger X-site Live set contents [40 – modified]

Fig. 8. Principle of catalytic bead Dräger sensors [27 – modified]
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In addition to the designated slot for the Dräger 
X-zone 8000 multi-gas detector, there are communi-
cation modules inside the case: GSM, GPS, Wi-Fi and 
Bluetooth. This enables real-time transmission of meas-
urement data to any place on Earth [40]. Also in this 
way, the device transmits information about the existing 
threat to life or health. When one of the sensors registers 
the exceedance of the permissible value for each of the 
tested substances, the message about the danger is auto-
matically sent to all active users who are in the monitored 
zone and remotely supervising the work. In addition to 
electronic notification, the Dräger X-zone 8000 and the 
Dräger X-site Live kit emit a warning flashing light, an 
audible alarm signal and vibration via the Dräger X-zone 
8000 multi-gas detector [27, 28, 35, 40].

The oil and gas industry also uses radiation gener-
ators and radioactive sources. The radioactive materi-
als used may also pose a potential threat to the natural 
environment and to humans [40, 41]. For radiation pro-
tection, Dräger X-site Live is also equipped with a gam-
ma detector with an alarm set at 50 μm/h (0.5 μSv/h). 
The measurement takes place in two seconds [40].

5. Conclusions

Old and abandoned oil and gas fields, in the form of 
pits and unprotected borehole outlets, may pose a risk 
of poisoning by escaping gases or lead to the ignition or 
explosion of methane.

The Dräger X-am 8000 portable multi-gas detector 
can be used to detect both toxic and explosive gases in 
the air.

Thanks to their mobility and technical parameters, 
the Dräger X-am 8000 together with Dräger X-site Live 
can be used for continuous and periodic monitoring of 
concentrations of up to 7 gases simultaneously, includ-
ing explosive gases such as Methane and toxic gases 
such as e.g. Hydrogen sulphide.

Dräger X-am 8000 together with Dräger X-site 
Live can be used to monitor the concentration of gases 
in potentially explosive zone 0 during tourism or when 
carrying out, inter alia, research and inventory work 
related to zone protection.

Using communication modules in the Dräger 
X-site Live wireless hazardous area monitoring station, 
conditions in the workplace can be remotely monitored 
by the controllers.

Recognition of technical objects as monuments of 
a bygone era, appreciation of their cultural and artistic 
values contributes to the emergence and development 
of industrial tourism.
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