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Abstract: The increase in the number of motor vehicles has led to a significant demand for fuel
consumption, which has led to a need for more gas stations in urban areas. However, operating a gas station
requires obtaining various permits, as they have the potential to negatively affect the natural or built
environment or individuals residing or working nearby. Additionally, specific regulations must be followed
when selecting a location to construct a gas station, including maintaining minimum distances from certain
surrounding functional buildings. Gas stations in urban areas are often a source of environmental conflicts
due to their flammable and explosive nature and the handling of hazardous substances on-site, mainly as
they are usually situated close to residential, commercial, or office areas. To identify environmental
conflicts related to gas stations and residential areas, a study was conducted on sixty operational and non-
operational gas stations in the Timisoara area in 2023, most of them being located on the primary access
routes into the city. The study revealed that 9.62% of the total gas stations in use did not comply with the
minimum distance requirements from nearby urban functions as mandated by law. This non-compliance
poses a potential risk to individuals residing or working near the gas station. Furthermore, a survey was
conducted to identify the perceptions and attitudes of Timigoara inhabitants towards the acceptability of gas
stations. A total of 141 questionnaires were completed to determine the awareness of the existence of a
potentially conflicting association.
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1. INTRODUCTION

The impact of human activities on the
environment is a topic of increasing concern. Specific
environmental issues can reach the conflict stage.
Environmental conflicts can arise when one stakeholder
expresses concern about non-compliance with the
environmental policies of another stakeholder's plan,
project, or activity and opposes it through various
actions (Torre etal., 2014). Environmental conflicts can
take many forms, such as land-use conflicts,
locational conflicts, or conflicts of urban functional
space (Ioja et al., 2015). In cities, potentially
conflicting associations have become more complex
due to the pressure on land, the complexity of urban
functions, and the increasing number of interests that
need to be considered (economic, social, and
environmental). Environmental conflicts can be deep-
rooted in certain areas with functions considered in
conflict, mainly residential functions in conflict with

industrial, commercial, or service functions.

Gas stations, also known as petrol or fuel stations,
are facilities that include fuel dispensing equipment,
storage tanks, and ancillary buildings (Nieminen, 2005).
Gas stations are emerging with urban sprawl and the
development of cities, with the implied increase in the
number of vehicles and growing fuel demands (Afolabi
et al., 2011; Ajman et al., 2021). In some cases, rapid
urban sprawl has also led to the inclusion of gas stations
in residential areas (Ioja & Tudor, 2012). While gas
stations are important for residents to refuel their vehicles,
they also represent an environmental conflict due to the
associated risks such as fires, explosions, and pollution.
Therefore, paying particular attention to selecting the
proper location for these facilities is crucial. According
to Pindaru et al., (2021), gas stations operating in
residential or built-up areas must abide by regulations
that govern industrial activities. Gas stations are more
than just places to refuel vehicles because of the
complexity of the activities carried out on-site
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(Giovannoni, 2016). Additionally, they are
considered public spaces due to the related services,
such as coffee shops, restaurants, and other public
food premises, as highlighted by Giovannoni (2016).
Apart from the quality of fuel, its price, and the brand
under which it is sold, the complexity of services
offered by a gas station also influences its
attractiveness to customers.

1.1. Site selection - a critical step in any
business project

The process of selecting a site for constructing
a gas station is a crucial step for successfully
establishing such a business (Khahro et al., 2014).
When choosing the location, multiple criteria should
be considered, such as the traffic conditions in the
nearby areas, the number of other gas stations in the
vicinity, and the characteristics of the surrounding
areas (Semih & Seyhan, 2011). Additionally, there are
significant legal requirements that the business must
comply with. Since gas stations pose a potential risk
to both humans and the environment, the safety of the
people should also be considered while planning the
development (Adewuyi, 2020). The interests and
perceptions of the most affected stakeholders,
including the project proponent and the residents
living in the vicinity, should also be considered. This
is important from an economic standpoint, as well as
from a social and environmental perspective.

Gas stations are commercial establishments
that can cause environmental problems, particularly if
they do not follow legal regulations (Ioja et al., 2015).
When environmental conflicts arise, they can directly
impact the safety and security of individuals or
communities, the integrity of ecosystems, and the
economic or cultural viability of a region (Dukes,
2004). Inadequate regulations or insufficient
enforcement of existing ones can create major issues
with the natural and built environment (Batambock et
al., 2021; Amoako et al., 2022).

Currently, there is no standardised method for
conducting an environmental risk assessment of gas
stations in the EU. Each Member State has its own set
of guidelines to follow (Mékka et al., 2021). In
Romania, gas stations must comply with all the legal
requirements and technical regulations in force,
including minimum requirements for the health and
safety of people and property (as outlined in Order
174/2005) as well as environmental protection
measures such as waste management, wastewater,
noise pollution, air pollution, soil pollution, etc.
Furthermore, an environmental impact assessment
(EIA) study is mandatory at the project stage. The
EIA study collects and documents information,

giving expert opinions on the related environmental
consequences (Khahro et al., 2014).

As per Order 174/2005, which approves the
technical regulations for the design, execution,
operation, decommissioning, and post-use of a gas
station, the location of such a facility should adhere
to specific safety standards. These standards include
maintaining minimum safety distances between
equipment and technologies that have a fire or
explosion hazard and those that have a high
vulnerability exposure, such as high-voltage power
lines, sport and leisure facilities, constructions with
technological  processes, or warehouses of
exceptional or particular importance, blocks of flats,
private or public buildings with a large influx of
people. Gas stations that have liquefied petroleum gas
(LPG) filling stations must follow specific rules for
the design, execution, and operation of natural gas
supply systems (Standard NP 037-99), as related
incidents can cause severe damage to both people and
buildings. In Romania, Order 119/2014 specifies that
any new gas station must be located at least 15 m from
the windows of residential buildings, whether
individual houses or blocks of flats. This distance is
measured from the facility's perimeter to the
dwelling's facade. This is because gas stations can
generate discomfort or health risks for the nearby
population due to the nature of their activities. By
complying with the minimum distances required by
law, a company can take precautionary measures that
can reduce the negative consequences of a potentially
hazardous event.

1.2. Gas stations - a potentially conflicting
association

Incidents of fires and explosions have been
reported in gas stations worldwide and have been
studied in depth by experts (Fowler & Baxter, 2000;
Mutungi et al., 2019). The media has also reported on
such incidents. In countries like Ghana, Lagos,
Nigeria, and South Africa, there have been several
gas station fires and explosions resulting in numerous
human casualties due to ineffective land use planning
and development (Taylor et al., 2016). The gas station
fires in poorly planned urban areas in Ghana have
raised questions about the effectiveness of zoning and
land use planning regulations following a gas station
fire that claimed around 150 deaths (Hemming, 2020).
A similar event occurred in Jamaica, with numerous
injuries and seven deaths recorded (Hamid et al.,
2009). Given that gas stations store significant
amounts of fuel, including gasoline and diesel, which
require maximum safety, Liu et al., (2020) proposed a
regional assessment model for fire emergency facility
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requirements in Changsha, Hunan Province (China).
It is interesting to note that using mobile phones in gas
stations is prohibited, as it can generate the so-called
phantom fire risk, a phenomenon mentioned in the
UK when oil companies established restrictions on
using mobile devices at gas station sites (Burgess, 2007).

Gas stations can contribute to air pollution and
negatively affect people's health. Pollution can occur
due to normal gas station operations, including
releasing volatile organic compounds (VOCs),
accidental spills or improper station functioning (Ioja
& Tudor, 2012). According to Mékka et al., (2021),
VOCs from gas stations are not considered a
significant source of risk. However, traffic is regarded
as the primary source of VOCs in urban areas,
followed by gas stations and industrial spaces that use
products containing VOCs (Mékka et al., 2021).
Along with hydrocarbons, traffic also emits CO,,
NOx, and particulate matter, as Karakitsios et al.,
(2007) noted.

Studies have shown that the concentration of
volatile organic compounds (VOCSs) near gas stations
is influenced by the station and the number of
vehicles refuelling or traffic in the area (Morales
Terrés et al., 2010). The higher the traffic, the more
pollutants are emitted. Benzene, toluene,
ethylbenzene, and xylene (known as BTEX) are the
primary pollutants that can affect the health of people
who work in gas stations, live nearby, or participate
in activities in the area, especially children in
educational institutions (Correa et al., 2012; Harrison et
al., 1999; Karakitsios et al., 2007; Masih et al., 2016).
Such exposure can increase the risk of childhood
cancer and adverse health effects due to the increase
in ambient benzene concentrations.

Gas station workers are also at risk of
developing cancer due to prolonged exposure to
VOCs. Studies have been conducted in different parts
of the world, including the West Midlands in the UK
and Kolkata in India, which highlight the risks
associated with gas stations and the need to mitigate
these risks to protect the health of people who live and
work in their vicinity (Harrison et al., 1999;
Karakitsios et al., 2007; Majumdar (neé Som) et al.,
2008). Kitwattanavong et al., (2013) also mentioned
the same situation in their study of gas stations in
downtown Bangkok. Morales Terres et al., (2010)
highlighted that proper land management requires a
buffer zone around gas stations to protect the
vulnerable population and activities in schools,
hospitals, and community centres. The technical
requirements for limiting VOC emissions from the
storage, loading, unloading, and distribution of
gasoline at terminals and fuel distribution stations are
measured in  Romania using internationally

recognized standards, namely SR EN I1SO 16017-1, SR
EN 1SO 16017-2, and SR EN 13649 (GD 568/2001, as
amended and updated).

Concerns have been raised regarding the
impact of gas stations on population health. Weng et
al., (2008) and Chang et al., (2009) suggest that the
density of gas stations in Taiwan may indicate the
occurrence of childhood leukaemia and lung cancer
in women, respectively, while Chiu et al., (2011)
highlight a link between gastric cancer and gas
stations. Sairat et al., (2015) created isoconcentration
maps in Thailand to demonstrate the benzene
concentrations at two gas stations. Another issue
related to gas stations is their impact on housing sale
prices in multifamily neighbourhoods. Zhao et al.,
(2017) found that housing prices in Xuancheng,
China, increase significantly with each additional
kilometre from the gas station. In addition to these
hazards, gas stations may even contribute to crime in
certain socio-demographic conditions of specific
neighbourhoods (Bowers, 2014; Groff & Lockwood,
2014; Zahnow, 2018).

In Romania, studies related to environmental
conflicts and gas stations are singular, all referring
only to Bucharest, the capital of Romania. For
example, loja & Tudor (2012) analyse the distances
between residential areas and gas stations in the
suburban area of Bucharest; Onose et al., (2015)
assess the location of gas stations from the
perspective of environmental conflicts in Bucharest,
and Pindaru et al., (2021) provide information on the
area, and accessibility of gas stations about the
presence of vegetation as a mitigating factor of the
adverse effects of gas stations.

Therefore, the present study aims to (i) identify
whether gas station minimum distances from
residential or other buildings are respected and (ii)
identify whether gas stations represent a hazard to
citizens’ lives and can be considered an
environmental conflict.

1.3. Study area

As per the National Institute of Statistics,
Timisoara is one of the most populated cities in
Romania, with a population of 250,849. Apart from
the registered population, there are also unregistered
inhabitants in the city who do not have a permanent
residence in Timisoara. In recent years, the number of
Timisoara's residents has decreased. In contrast, the
number of peri-urban residents has increased,
especially in the communes of Giroc, Dumbravita,
Mosnita Noud, and Ghiroda, as per the National
Institute of Statistics report of 2023. The increase in
peri-urban residents is due to the improved quality of
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life, which encourages high- and middle-income
citizens to relocate to such areas. A significant part of
the working population in the nearby localities works
in Timisoara, which results in a substantial influx of
people from the peri-urban area to the city and vice
versa during the day.

As the city expands, it becomes increasingly
important to provide residents with access to
transportation to reach their desired destinations.
However, urbanization often leads to an increase in
population density and concentration of citizens in
certain areas. This has resulted in urban sprawl, which
has increased the number of vehicles on the road and
led to a higher demand for fuel, consequently leading
to more fuel distribution stations. In 2022, the
General Directorate of Driving Licenses and
Registrations reported that there were over 148,000
registered cars in Timisoara (as shown in Figure 1),
an increase of almost 50% compared to the number of
cars in 2010. This number does not include vehicles
registered in other localities of Timis County or other
categories of motor vehicles such as motorcycles,
buses, and vans. Figure 1 also shows the evolution of
the number of cars registered in Timisoara and
neighbouring localities from 2010 to 2022.

The city's vehicle fleet constantly increases, so
residents need gas stations. Despite the noticeable rise
in the number of charging stations for electric or
hybrid vehicles in recent years, fossil-fuel vehicles
are still more prevalent. Until electric or alternative
energy vehicles (like hydrogen) become the majority,
gas stations will continue to play a crucial role in
terms of economic and land use.

1.4. Spatial distribution of the gas stations
There are currently 60 gas stations in
Timisoara (Figure 2), with most of them situated on

the main access roads like the European road E70
(Calea Lugojului - Calea Sagului), the European road

2022

E671 (Calea Aradului) and the national road 6 (Calea
Torontalului). These roads are the high-traffic routes
in and out of the city, making them ideal locations for
building gas stations. However, four gas stations
(#11, #48, #55, and #57) have been abandoned, and
two (#54 and #59) could be mistaken for green
spaces. Additionally, two former gas stations (#56
and #58) have been transformed into a park and an
office building, respectively. Out of the 60 gas
stations, five are located on the administrative
territory of Ghiroda commune. These five gas stations
were also considered for the study because they are
situated on a main access route to Timisoara, namely
E70. Therefore, there are currently 47 gas stations in
Timisoara, out of which only one is solely for LPG
refuelling. Timisoara has an approximate area of 101
km?, resulting in a density of 2.15 gas stations per
kmz2, Of the 52 gas stations currently in use, 11
(21.15%) are in residential areas. Five of these 11 gas
stations (or 9.62% of the total gas stations in use) do
not comply with the minimum distance requirement
as stated by Order 119/2014 and Order 174/2005.
Sixteen gas stations, which account for 30.77% of the
total gas stations in use, are located near residential
areas, primarily combined with commercial spaces,
educational buildings, and sports and leisure
facilities. Of these 16 gas stations, ten facilities
(62.5%) do not meet the distance requirements. The
remaining 25 gas stations (equivalent to 48.08%) are
near office and administrative buildings, commercial,
sports and leisure facilities, and accommodation
spaces. Out of these 25 gas stations, only four (16%)
fail to meet the distance requirements.

Therefore, out of the total of 52 gas stations in
use, 19 (equivalent to 36.54%) do not meet the
minimum distance requirements imposed by Orders
119/2014 and 174/2005 (Figure 2). Among the
abandoned gas stations or those sites that have
changed their functions, five are located in residential
areas, near commercial spaces, buildings with public
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Figure 1. Number of cars registered in Timisoara and neighbouring localities (2010-2022). Source data: General
Directorate for Driving Licenses and Vehicles Registration
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Figure 2. Location of gas stations in Timisoara

affluence, or green and leisure spaces. However, only
two of these gas stations (#57 and #59) did not
comply with the current legislation's minimum
distance requirement.

2. METHODOLOGY

The current study is based on a research
methodology known as triangulation, which involves
using mixed qualitative and field methods to draw
conclusions (Chelcea, 2001; Clifford et al., 2010). In
geography, questionnaire surveys have been used to
explore  people’'s  perceptions,  experiences,
behaviours, and spatial interactions in various
geographical contexts (Clifford et al., 2010).

To gather citizens' perceptions of gas station
locations in Timisoara and the potential conflicts
associated with them, 141 structured questionnaires
were completed. The survey was conducted in phases,
starting between July and October 2020 during the
coronavirus pandemic. The questionnaire was
distributed in person and online via Google Forms to
various public groups concerned with environmental
issues in Timisoara. Given the social distancing
restrictions at the time, the survey was conducted
randomly, with 64 responses from the online

application and 37 from the in-person application.
The questionnaire was repeated a year later, from July
to August 2021, yielding 29 online and 11 in-person
responses. Despite lacking control over the target
audience, the online questionnaires allowed for a
diverse group of respondents of varying ages,
educational backgrounds, and activities. In the second
phase, ten gas station managers from the most
important fuel distribution companies agreed to
participate in semi-structured interviews conducted in
June 2022. The goal of interviewing the managers was
to obtain more relevant data on compliance with
environmental and fire safety measures and measures
to mitigate negative effects at both the station and
company levels.

Data on gas stations' locations and proximity to
residential and other functional areas (such as
educational buildings, sports facilities, office spaces,
administrative buildings, etc.) were collected during
field visits. Google Maps and a GPS Coordinates app
installed on a mobile phone were used to collect this
data. All gas stations, including abandoned ones,
were publicly accessible, and there were no problems
accessing them. The distance between any two gas
stations was calculated using ArcMap's Generate Near
Table function within a maximum radius of 500
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meters. The near distance, which represents the
shortest distance between two gas stations, was
calculated in meters between the property limits of
each gas station using the Geodesic method
parameter. An orthophoto plan, on which all the gas
station locations were marked, was used to map the
gas stations. Public information on each property was
obtained from the National Agency for Cadastre and
Land Registration's integrated cadastre and land
registry information system.

Gas stations have been mapped to verify if
compliance with the 15-meter safety distance
required by Order 119/2014 between gas stations and
nearby residential properties is met. As such, a
polygon shapefile was created in ArcMap to represent
the property limit of each gas station. A 15-meter
buffer was generated around each gas station
perimeter to determine whether all facilities respect
the minimum distance from the gas station to the
windows of residential buildings. The accuracy of the
validation process was ensured by verifying the
minimum distance between gas stations and different
buildings on-site using a laser distance meter with
limits between 0.05 and 80 meters, model RZ-S80.

Moreover, a series of articles provided by the
local media was analysed to identify potential events
at gas stations that could endanger the safety and
security of citizens. Media content analysis is a
common method in environmental conflict research
due to its ability to convey information to
stakeholders. Janelle and Milward used information
from mass media to develop a quantitative
methodology for studying the conflict (Janelle &
Millward, 1976; Janelle, 1977) and to create various
cartographic representations. To identify incidents of
fire affecting gas stations in Timisoara, local news
available online, for instance, opiniatimisoarei.ro,
www.tion.ro, and pressalert.ro have been consulted.

2.1. Study limitations

Several limitations of the study were
encountered during the research documentation. Both
survey phases were conducted amidst the coronavirus
pandemic, resulting in a low response rate to the
guestionnaire. Although the original plan was to
apply the questionnaires to operators and cashiers
employed at different gas stations, due to their
reluctance and lack of knowledge on some aspects
related to the existing gas station operation permits,
gas station managers were chosen instead. Moreover,
obtaining information from the Environmental
Protection Agency other than what was publicly
available on their website was difficult.

3. RESULTS AND DISCUSSIONS

Given the significant number of buildings in
Timisoara, it is essential to carefully consider the
proximity to the neighbouring functions when
proposing a new development project. For example,
inadequate distances between gas stations and
residential buildings can lead to conflicts due to noise
or air pollution, fires or explosions. Conflicts arising
from inadequate distances of gas stations from
residential areas are rooted in the residential dynamic,
as Pindaru et al., (2021) noted. Therefore, relevant
legislative instruments and authorities must exercise
control to prevent potential. As depicted in Figure 2,
gas stations in Timisoara are not evenly distributed
along major roads. 37.3% of gas stations do not
comply with the minimum distance of 15 m from
residential and other urban functions, as required by
Orders 174/2005 and 119/2014. This value is lower
than that recorded in sector 4 of Bucharest, which is
85% (Pindaru et al., 2021). It is also lower than what
has been recorded in Zambia, where the non-
compliance rate is 77.38% (Taylor et al., 2016) or in
Nigeria, which has a rate of 98% (Mohammed et al.,
2014) and 100% (Arokoyu et al., 2015; Olufayo, 2018).

As Toja & Tudor (2012) noted in other cases,
the high demand for spaces to construct individual
and collective housing in Timigoara has led to their
expansion near gas stations along principal urban
transport axes. Furthermore, permanent, irregular and
inappropriate urban development has become a
common problem specific to urban settlements today,
and the economy-ecology ratio instead favours
economic interest (Brueckner et al., 2001). This
highlights the resource conflict identified by
Campbell (1996). The goal is to achieve a (functional)
balance. Still, one of the priorities will always take
precedence, depending on the subjectivity of those in
charge, trends and the most critical needs of society
(economic, environmental or societal).

3.1. Spatial distribution of gas stations in
relation to each other and the possible
conflicting association

Although there are regulations, such as Order
174/2005, which set minimum distances between gas
station tanks, fuel pumps, or vent pipes and specific
buildings, installations or developments like
residential premises, buildings with public affluence,
roads, tram lines, or industrial buildings, there are no
such regulations in Romania to specify minimum
distances between two gas stations. In contrast, gas
stations in Nigeria and Ghana must be at least 400
meters apart (Arokoyu et al., 2015; Mshelia et al., 2015;
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Table 1 Distance classes and ranks between gas stations

Rank/Distance | 0-50 m | 50.1-100 m |100.1-200 m| 200.1 - 300 m | 300.1 - 400 m | 400.1 - 500 m | Total
Rank 1 4 7 6 5 1 23
Rank 2 2 1 3 2 4 12
Rank 3 2 3 5
Rank 4 1 3 4
Rank 5 3 3

Total 4 2 8 9 10 14 47

Peprah et al., 2018). Similarly, in Kuwait, the
government, through the Road Engineering
Department of the Ministry of Interior Affairs, has
stipulated a minimum distance of 500 meters between
petrol stations (Aleisa et al., 2014). Using the Near
Table function in ArcMap, 33 gas stations (in use and
former gas stations) were identified to be within a 400
m radius of each other, and 44 gas stations within a
500 m radius. These 44 gas stations represent about
73.3% of all gas stations considered in this study. Out
of these, 42 gas stations are in Timisoara, and two are
on the access route from Calea Lugojului (Ghiroda
area) (#51 and #52). Depending on the level of
proximity between the gas stations, several categories
can be identified, with Near Rank representing the
value of the category marking the distance between
the gas stations (Figure 3, Table 1). For instance, the
gas station closest to another one is considered Rank
1, while the next nearest has a value of 2. The highest
value considered for this study is Rank 5. This gives
47 cases (unigue values, duplicate values are removed
from the table) where distances of less than 500 m
between the perimeter of gas stations have been
identified (Table 1), most of which are in the Rank 1
category (23 gas stations, i.e., 38.3% of the total gas
stations), respectively Rank 2 (12 gas stations, which
represents 20% of the total gas stations).

33

ank 2
51.7m

Rank 2

Rank 1
(N earest distance)

_5.3:m I

35

Figure 3. Distance and rank between gas stations

It should also be noted that seven cases entail
proximity to a former gas station (five cases - Rank 1,
one case - Rank 2, and one case - Rank 5). Out of the
47 cases considered, six represent gas stations
between which distances less than 100 m were
identified (Table 1). Situations where the distance
between gas stations is less than 50 meters are all
categorized as Rank 1. The distance between the
perimeters of the two closest gas stations in use is 5.3
meters, measured between stations #34 and #35 (as
shown in Figure 3). The distance between two former
fuel stations, #55 and #58, is even smaller, measuring
only 2.8 meters. At the time, an office building had
been constructed on site #58, while #55 was not
completely decommissioned.

3.2. Analysis of environmental and safety
concerns of the population in relation to the
distance findings

The normal operation of gas stations can
expose three main groups of the population, namely:
i) gas station employees (occupational exposure), ii)
customers during the refuelling of vehicles, iii) those
who live or work near a gas station, and are exposed
passively (Hilpert et al., 2015). Of the surveyed
citizens who reported living near a gas station or a
facility related to vehicle maintenance, they do not
consider these facilities as conflicting, mentioning their
necessity for daily activities. These citizens consider
gas stations as an essential aspect of their mobility,
similar to the situation in Bucharest, as stated by loja
& Tudor (2012) and Pindaru et al., (2021). According
to the survey data, people are more concerned about
environmental pollution caused by large industrial
companies than other economic activities such as gas
stations, supermarkets, and medical infrastructure.

Gas stations can cause discomfort or health
risks to the public due to their operations. Therefore,
it is recommended that they be situated at a distance
of at least 15 meters away from the windows of
residential buildings, be it individual dwellings or
blocks of flats. Figures 4 and 5 show the measured
values for two gas stations, which comply with the
minimum distance accepted by Order 119/2014 and
174/2005, respectively. Figure 6 presents an example
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Figure 4. Gas station no. 46, located on Calea Dorobantilor (a.), distance from the residential area (b.),
laser distance meter indicating the distance from the limit of the gas station to the residential area (c.)

b.

Figure 5. Gas station no. 37, located on Calea Aradului (a.), the distance from the residential area (b.),

laser distance meter indicating the distance from the limit of the gas station to the residential area (c.)

C.

Figure 6. Minimum distances between gas stations and individual dwellings exceeded according to Order
119/2014 but respected according to Order 174 / 2005

of minimum distances between gas stations and
individual dwellings that are exceeded according to
Order 119/2014 but respected according to Order
174/2005. Safety distances should be respected to
reduce the propagation of events both outside the
station if the event occurs on-site and towards on-site
objects if the event occurs outside the station.

None of the survey participants reported being
consulted about the plans to construct gas stations.
Around 34% of the respondents mentioned that they
were aware of the proposed gas station projects.
Among the 141 participants, 12.1% expressed
disapproval of having gas stations in their
neighbourhood due to pollution and the potential risk
of fires or explosions. On the other hand, most
respondents (87.9%) welcomed the idea of gas stations
asthey are considered a valuable service for citizens. The
survey participants also agreed that gas stations are

vital foramodern city; they offer convenience to locals,
create job opportunities, and save them from
travelling long distances to refuel their vehicles.
During the assessment, it was found that nine gas
stations are located within 15 meters of the residential
buildings' facade (Figure 2). This situation may be
due to construction restrictions introduced over time
or the modified regulations, as with Order 174/2005
concerning tall and crowded buildings.

The study investigated whether the gas stations
built after the implementation of Order 119/2014
comply with the minimum distance regulation. For
instance, gas station #46 was built after the
enforcement of this order, and the limit of 15 meters
is respected (Figure 4). Similarly, gas station #37,
built before 2014, complies with the minimum
distance (Figure 5). However, three gas stations were
found to be located near individual residential
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buildings where the distances are less than 8 meters,
which is the limit for individual homes. During the
field study, it was found that the 8 m distance is
respected for 2 of them, with only one gas station
having a distance of 7 m (Figure 2). However, it is
essential to note that these regulations may change
over time, such as in the case of tall, very tall, and
crowded buildings (Order 174/ 2005) or when new
regulations take priority over those already in force
(Figure 6). According to information on the
Timisoara City Hall website, only two out of ten gas
stations built after 2000 meet Order 119/2014
requirements. These two gas stations were built after
2014 and had to comply with the minimum distance
of 15 meters from the limit of the gas station to the
facade of residential spaces (gas station #46, project
from 2015, and gas station #26, project from 2018-
2019). However, the year of construction for the other
gas stations could not be identified from the public
information, but discussions with the gas station staff
revealed that many of them were built after 2000.

Regarding the minimum distance of 15 m
required by Order 119/2014, gas station #46, a project
proposed in 2015, was one of the cases where citizens
showed some involvement concerning such a
proposed project. Around 60 directly affected
individuals shared their objections and suggestions
about the investment proposal during the public
information and consultation phases. Most of them
were concerned about pollution resulting from the
proximity of their homes to the gas station. The
proponent provided a reasoned response to each
objection (Table 2). The opposition expressed by a
few citizens in public consultations often represents
the fears of the entire community.

When citizens do not participate, it can lead to
flawed decisions regarding urban development.
Unlike gas station #46, the gas station #26 project

received no notifications or comments during the
public information and consultation phase.

3.3. Gas stations and fire hazards

Gas station fires have resulted in over 2.3
million fatalities and $4.5 billion in property damage,
according to Ainsworth & WHO (2004). According
to the local press, six gas station fires have been
identified in Timisoara (Table 3). Four incidents
occurred inside the gas stations, while the remaining
two were caused by cars parked near them. Most
events were recorded in Calea Torontalului, a street
with heavy vehicle traffic. Although the damages
caused by the incidents listed in Table 3 seem minor, it
is important to note that fires can pose a significant risk
to public safety and adversely affect the environment
by releasing pollutants into the air, or the fire may
spread to nearby buildings. The higher the number of
potentially hazardous equipment (such as fuel pumps
in gas stations, LPG fuelling systems in motor
vehicles, and points of sale for gas stove cylinders
(Table 4), the greater the fire risk. In Timisoara, the gas
stations have, in general, between 1 and 5 fuel pumps,
with most of them being multi-product double gas
pumps. Seventeen gas stations (i.e., 32.7%) have LPG
distribution tanks and gas stove cylinders sold in 29 gas
stations (i.e., 55.8% of all gas stations in use).

The fires that broke out in gas stations located in
Timisoara, as listed in Table 3, have been successfully
located and extinguished. In this regard, planning, land
use and zoning regulations are in force to prevent and
manage urban fires, as in other countries (Chang et al.,
2010; Oppong et al., 2016; Amoako et al., 2022).
According to the current legislation, gas station
operators are required to take proactive measures to
prevent any potential negative consequences on the
environment and population. They must also

Table 2. Objections of potentially affected people and responses of the project proponent during the
public information and consultation phases (data source: www.primariatm.ro)

The problem complained of

Response from the project proponent

1 | Proximity to residential area

The property boundary is 20.84 meters from the nearest residential building,
meeting the legal requirements.

2 | Impact of  hydrocarbon
emissions on air quality

The technology used in the facility includes effective measures to limit
hydrocarbon emissions into the atmosphere.

3| Impact of exhaust gas
emissions on air quality

The operation of the facility does not result in an increase in traffic, and the
permitted limits for the following chemical pollution indicators are not
expected to be exceeded: SO2, NOx, and NH3.

4 | Noise pollution

The technology and equipment used in the facility are not sources of noise
pollution. The operation of the fuel pumps and other equipment within the
station does not exceed the limits allowed by law for noise and vibrations.
The only source of noise is the fuelling equipment, but this noise can be
considered insignificant due to the background noise pollution from traffic
in the surrounding area.

273




Table 3 Fires occurred in the area of gas stations

Date Location Cause of fire Article title (translated) Source/online media
26 June 2008 Calea The air conditioning| Panic and smoke on Calea Torontalului www.tion.ro
Torontalului | system malfunctioned
25 February 2012| Calea The fire broke out due| Fire at an abandoned gas station on| opiniatimisoarei.ro
Torontalului | to homeless people | Calea Torontalului in Timisoara, in a
neighbourhood of blocks of flats
24 October 2013 | Complexul | Workers' equipment | Risk of explosion at a gas station in ziare.com
Studentesc | caused sparks that Timisoara. A petrol tank was engulfed
ignited the fire. in flames.
13 August 2018 | Calea A moving car caught | Heavy fire in a car on the way to a gas| www.tion.ro
Torontalului | fire station in Calea Torontalului in
Timisoara
11 November| Calea A car parked near Fire at a car parked near a gas station in| www.pressalert.ro
2020 Torontalului | the gas station caught| Timisoara
fire.
4 July 2022 Zona Lunei | a refrigerator caught | Fire at a gas station in Timisoara. The| www.opiniatimisoarei
fire station shop flooded with smoke. .ro

Table 4. Number of fuel distribution pumps, gas stations with LPG fuelling systems for vehicles, and gas stations that
sell gas stove cylinders

Number of fuel pumps per gas station | 0 or abandoned | 1-2 | 3 4-5 TOTAL
Gas Stations 9 15 | 27 9 60
LPG STATIONS 1 2| 8 6 17
Gas cylinders 0 9113 7 29

implement corrective measures if necessary. As for
complying with legal requirements regarding the
distance between a gas station and other building
types, the most restrictive distances are applied to tall,
very tall, and crowded buildings that have large
public affluence, such as accommodation, cultural,
financial-banking, educational, administrative, or
blocks of flats. This is because a considerable number
of citizens are at risk in such buildings. For individual
houses, only a minimum safety distance of 5 meters
is required for underground tanks and 6 meters for
distribution pumps (Order 174/2005).

The gas station managers who were
interviewed confirmed the attention given to fire
management. They reported various measures in
place, such as having fire extinguishers/hydrants at
the facility key points, regularly checking tanks,
providing training for employees, providing regular
(annual) training for occupational health and safety,
training provided by the Emergency Inspectorate,
verification and calibration of tanks every ten years,
yearly or 2-year VOC measurements, fire protection
systems, placement of fire extinguishers as required
in the fire safety permit, regular (quarterly)
checks/verifications of operations/installation, and
ensuring fuel unloading/transfer is done within
parameters, respecting the transfer process. There is
also vapour recovery equipment on the site.

The main aim of the interview with gas station
managers was to assess the gas stations' compliance

with environmental and fire safety regulations.
Additionally, the interview aimed to understand the
perception of station workers regarding the physical,
chemical, or toxicological risks they are exposed to
during working hours. Based on the discussions, it
was found that the gas stations comply with the
regulations required for proper operation, including
the environmental permit, fire safety permit,
regulations governing the design, execution,
operation, decommissioning, and post-use of gas
stations, environmental management systems, and
occupational safety standards. There are also
emergency response and intervention plans for
various events, such as fuel spills, fires, or explosions.
These plans clearly outline the responsibilities of each
employee and their actions to control the situation or
mitigate adverse effects. The plans are accompanied
by emergency response materials and equipment, and
workers are trained regularly for emergencies based
on various scenarios.

Underground fuel tanks can corrode over time
and cause fuel leakage, which can contaminate soil and
groundwater. However, regular inspections of tanks
and the implementation of safety measures can prevent
environmental risks. Workplace accidents can be
dangerous and can cause serious harm. To prevent
incidents, employees are trained regularly to respond
to an incident. There are specific training scenarios for
different events, such as a fuel pump fire, a fire at the
LPG filling station, an earthquake, etc. A fire can have
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severe consequences and threaten public safety, not to
mention the negative environmental impact due to the
release of significant air emissions. It's important to
note that fire events in gas stations in Timisoara were
rare, especially in recent times (Table 3), which is
confirmed by the station managers interviewed.
During interviews, it was also mentioned that vapour
recovery systems had been installed to prevent
emissions during storage tank refuelling, collect the
vapours released during vehicle refuelling and redirect
them to the underground tanks. One of the gas station
managers raised an important issue regarding
developing residential properties near existing gas
stations. He pointed out that if the relevant authorities
approve the project, then the legal requirements are
met. The authorities are the primary decision-makers
for implementing plans proposed by investors.
However, conflicts are possible, as an environmental
impact assessment is conducted before building such
facilities.

4. CONCLUSIONS

Potentially conflicting associations with
residential areas can often be found in cities, such as
industrial sites, landfills, gas stations, convenience
stores, and construction sites. Although these
facilities are necessary parts of residents' lives, it is
essential to acknowledge that these land uses can also
harm the environment and the health and security of
the population. This raises the question of why not all
of these uses are associated with risks to the health
and safety of citizens. People are often less aware that
they live near a facility that may cause discomfort (e.g.,
a convenience store, a hospital) or may pose a safety
hazard (e.g., a gas station) than that they live near an
industrial site that generates pollution or that they work in
a polluted environment (unrecognized vs. recognized
hazard). For example, while no significant fire events
have been recorded so far at gas stations in Timisoara, this
type of hazard must always be considered.

The current study focuses on understanding how
people perceive potential environmental conflicts,
particularly regarding the distance between gas
stations and residential areas and the health and safety
issues that could arise. Gas stations offer many
advantages but can cause problems when built too
close to residential areas. Fortunately, there are laws
and regulations that must be followed when a new gas
station is proposed. In Timisoara, gas stations are
typically located on the main access roads. As the city
expanded, gas stations were built, which could lead to
conflicts with new residential areas. When clustered,
gas stations can have an even greater impact on the
surrounding area. The same applies to gas stations near

industrial facilities that emit significant pollution. In
such cases, authorities should consider how multiple
sources of pollution could affect the area.

In the workplace, employees must undergo
safety training that includes information on the risks
they may be exposed to. However, residents living
near gas stations may not always be aware of potential
hazards such as exposure to noise or hazardous
substances. This lack of awareness can lead to
harmful situations in an emergency, as people may
not know how to react. To prevent this, fire and
hazard training programs currently implemented at
gas stations should also be extended to citizens living
or working nearby. However, it is possible that such
training may not be well-received by the public, a
situation similar to the lack of involvement from local
communities in decision-making processes involving
certain urban development projects. The lack of
citizen participation in decision-making can lead to
compromised decisions about urban development.
Also, when citizens are not prepared for emergencies
such as fires, explosions, or fuel spills, the affected
area can suffer significant negative impacts.

Having gas stations located nearby can
discourage potential investors in residential areas or
potential dwelling buyers. This can lead to a vicious
circle where unattractive neighbouring land uses
deter investors, and the lack of investment negatively
affects the sustainability of the neighbourhood or
surrounding area. However, if the financial and social
benefits of a particular development outweigh the
negative environmental consequences, citizens tend to
implicitly accept an activity located in the vicinity or
within residential neighbourhoods. This approach can
also be applied in the case of an event at a gas station;
if citizens are not directly affected, they are less likely
to take action in an emergency.
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