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Abstract: Context of the research: Research is increasingly carried out to take into account the
social behavior of residents, the type of industry located in the area, and perceived preference
for the place of residence. The quality of life in urban space is increasingly seen as a problem of
cooperation between various stakeholders. These studies not only identify factors and sources of odor
emissions, but also serve as the basis for creating systems to alert people living in areas adjacent to
industrial areas or harmful and unpleasant industrial emissions. In recent years, environmental issues,
particularly unpleasant sensory experiences, have been one of the most important acceptance criteria.
Aim of the article: The aim of the study is to assess the impact of odor nuisance in the south-eastern
part of Kraków (Płaszów) on the residents’ decision to leave their place of residence. In particular,
the research goal was achieved to indicate which of the unpleasant odors may cause a change of
residence, as well as to assess the degree of their impact on the decision to move, taking into account
the social and demographic characteristics of residents. New in the article: The novelty of the
work was the finding out of the residents’ opinions about the quality of life by accepting the place
of residence, taking into account the aspect of odor nuisance. Previous studies on odor nuisance
have focused on the emission of odors from individual plants. A novelty of this research is its
implementation in an urban area, in which numerous industrial plants are located, with various odors
emitted. Research methodology: To assess odor nuisance, a measuring tool developed in accordance
with VDI 3883 guidelines was used, based on the latest research results on odor and noise nuisance.
The questionnaire was developed based on German experience. Conclusions from the research:
The data obtained as a result of the research allow us to state that specific smells are so burdensome
that they may cause the necessity to leave the place of residence, because the respondents feel various
unpleasant smells that have an adverse impact upon the quality of life that they perceive. A possible
need for relocation of domiciles out of the current place of residence due to unpleasant smells would
affect the perceptible, specific level of grief—the greater it is, the more attached the residents are to
their current place of residence.
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1. Introduction

Acceptance of domicile results from a variety of economic, environmental, ecological, and social
factors. In recent years, environmental issues, particularly unpleasant sensory experiences, have been
amongst the most important acceptance criteria. Fragrance is not the only component of the biological
environment of man. There is also a cultural factor related to both the creation of fragrances as a result
of human action and the impact upon interpersonal relationships ([1–3]). Numerous cross-sectional
studies focus on fragrance ([4–6]) and identification of factors affecting the recognition and evaluation of
fragrance by humans ([7]). Today, many authors see a link between fragrances, their emission sources,
and the impact on people’s quality of life, especially in the context of their place of residence [8–15];
and social relations [16–18] and economic relations [19].

A clear emphasis has been recently put on the issue of quality of life in cities from an ecological
and sustainable development perspective, e.g., the impact and evaluation of quality of life in cities
due to the existence of green spaces [20]. They increasingly refer to sustainability and smart city
concepts [21]. Quality of life in urban space is also increasingly seen as a problem of cooperation
among various stakeholders [22]. Therefore, it is extremely important to know and shape expectations
and perceptions of residents regarding the quality of life by accepting the place of residence [23].

Research is increasingly being carried out to take into account the social behavior of residents,
the type of industry located in the area [24], and the perceived preference toward domiciles [25].
Those studies not only identify the factors and sources of odor emissions, but also serve as the basis for
creating systems to alert people living in areas adjacent to industrial sites or harmful and unpleasant
industrial emissions [26].

Fragrances affect not only everyday life [27] and consumer decisions [28,29], but also health [30],
the quality of work, and employees’ health [31]. The presence of odor compounds in the ambient air is
a serious problem, especially for residents of areas directly adjacent to municipal plants or an oasis
of waste storage and processing plants. Fragrances can affect quality of life by causing symptoms
associated with long-term exposure, including headaches, nausea, problems with concentration, loss of
appetite, stress, insomnia, and discomfort. Fragrance irritation negatively affects the inhabitants
of communities neighboring the persistent onerous industry [32]. Compared to other forms of air
pollution, exposure to odor from human activities is generally considered to be burdensome and not
a threat to public health or the environment. Characterization and odor measurement have become
very important environmental issues due to the growing public awareness of the environment and
the impact of air quality on health and well-being [33]. It is very important to know and shape the
expectations and ideas of the inhabitants concerning the quality of life through the acceptance of the
place of residence [15,23,34–39].

Odor nuisance is one of the key problems, both on a local and national scale. This is due to the
impact of odors on human behavior and quality of life [40]. The condition of the problem is confirmed
by the growing number of complaints about odor nuisance. The source of odor formation can be plants
in which animals are bred or waste is used, but also many other industries responsible for emissions,
including hydrogen sulfide, ammonia, nitric oxide, aromatic hydrocarbons, sulfur compounds,
aldehydes, to which the human nose is sensitive. Progressing urbanization results in reducing
the distance between residential areas and municipal installations also generating odor nuisances.
The range of odor impact usually does not exceed 200 m. Apart from the distance from industrial
plants, however, topographic and meteorological conditions are also important [41]. Odor reduction
and control are currently serious problems for, among others, industrial plants that affect local society.
This is one of the reasons for why fragrances are a growing problem, not only ecological but also
social [42–44]

Scientific methods should bring social consensus combined with achieving environmental
standards, especially since the control of odor emissions has become an important factor in the design
of new investments at the stage of obtaining authorization. However, still, a significant problem is to
solve the issue of odor nuisance from existing plants [45].
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The results presented in the literature mainly concern the impact of odor nuisance on the quality
of life of residents emitted by one industrial plant. The identified gap was the lack of research
in urban areas with a large number of people in which industrial plants with different emission
characteristics operate.

Taking into account the above thesis, a study was conducted in 2018 in Kraków, Poland, aimed at
assessing the impact of odor nuisance in the context of the acceptance of the domicile. The aim of the
paper is to assess the impact of odor nuisance in the south-eastern part of Kraków (Płaszów) on the
decision of residents to leave their place of residence. In particular, the research objective was achieved
in order to to indicate which of the unpleasant smells may cause a change in place of residence as well
as to assess the degrees of their impact on the decision to move out, taking into account the social and
demographic characteristics of the residents.

The main research hypothesis was formulated: Odor nuisance may influence the decision
to leave the place of residence by the inhabitants of Płaszów. The following detailed hypotheses
were formulated:

Hypothesis 1. Odor nuisance affects the decision of residents to leave their place of residence.

Hypothesis 2. There is a relationship between the degree of unpleasant septic tank smell felt by the residents,
the decision to relocate one’s domicile out of the existing apartment, and the regret caused by this decision.

Hypothesis 3. There is a correlation between the decision to relocate one’s domicile out and the age of the
respondents.

Hypothesis 4. Gender influences the perceived type of nuisance that could cause a person to leave the domicile
and the level of grief caused by this decision.

Hypothesis 5. The duration of stay in the place of residence determines the perception of smells having
an adverse impact on the quality of life.

2. Materials and Methods

2.1. Framework of Studies

The presence of fragrance in the ambient air is a serious problem, especially for the inhabitants of
areas directly adjacent to municipal plants [46,47] and solid waste disposal or wastewater treatment
plants. Fragrance compounds may cause deterioration of quality of life, causing symptoms associated
with long-term exposure, including headaches, nausea, concentration problems, loss of appetite,
stress, insomnia, and discomfort, which indirectly translates into a desire to stay at a given location [32].
Compared with other forms of air pollution, exposure to odor resulting from human activities is
generally considered a nuisance rather than a threat to public health or the environment, as opposed
to noise pollution, the measurement, regulation, and effects of which on human health are well
known [25,48–51].

The literature describes the methods used to measure odor in detail. One of the methods used to
test odor nuisance is field olfactometry, which allows the determination of the level of odor nuisance,
but not its composition. To this end, other methods should be used to enable detailed characterization
in terms of both composition and concentration of fragrances [52]. The oldest and most consolidated
method of characterizing fragrances is based on the use of analytical techniques to identify and
quantify fragrances. The main method is gas chromatography supported by mass spectrometry.
On-site measurements are usually made using mobile laboratories. Devices supporting odor testing
are particularly important where measurement using human smell is dangerous or impossible to carry
out. Therefore, in recent years, an increase in odor tests using devices called electronic noses can be
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seen [47,53], i.e., devices that function as an equivalent of the human sense of smell [54]. The proposed
tests supplement the mentioned tests. They are in the exploratory stage and show the legitimacy of
using cost-intensive research.

The issue of odor nuisance is not governed by law in Poland; there are no standards and procedures,
so it is often difficult to determine even such an important issue as who is to deal with the issue of odor
nuisance, i.e., which governmental institution is responsible for monitoring the environment to this
end. Moreover, the location policy is not governed by law either, which means that industrial areas are
located near residential areas. Some districts in Kraków exemplify that. The research was conducted
in the south-eastern part of Kraków (Płaszów). This region is characterized by the highest growth of
urbanized areas and changes in the spatial development of the areas of the municipality of Kraków.
They have the largest number of industrial plants, including the largest sewage treatment plant in the
Małopolskie (Small Poland) Province (Voivodeship). Odor problems were a major problem for the
residents of Płaszów, and they often reported these institutions to monitor environmental protection.

2.2. Methodological Assumptions

The research process included the stage of diagnosis and identification of the research problem.
The analysis was conducted on the basis of a systematic review of literature and analysis of internet
forums in closed groups on Facebook, in which residents of the Płaszów district in Krakow speak.
A total of 716 comments were posted in which the subject of bothersome odors in the Płaszów area was
raised. The analysis of content also drew attention to the complaints of residents affecting everyday
life and resulting from the onerous odors. Then, research goals and hypotheses were formulated.
Based on the experience of German and international odor and noise research, a questionnaire was
developed based on the VDI 3883 standard [55–58]. The prepared questionnaire allowed us to conduct
research in the Płaszów district of Krakow. The questions in the questionnaire reflected the research
questions. The most important part of the questionnaire included the questions scaled on two nuisance
scales, i.e., a seven-degree ordinal scale and ten-point interval scale. They made it possible to collect
information from respondents significantly related to the purpose of the study.

The surveyed population consisted of respondents representing households located in the Płaszów
region. The research sample consisted of respondents representing households using water supply
and sewage treatment services located in the Płaszów region. In this area, according to the data
obtained, 21,925 people use these services. Taking into account the limited access to respondents
and their reluctance to participate in the survey, the sample size was finally accepted to include 2000
questionnaires. After collecting the data and carrying out a preliminary verification, 1992 correctly
completed questionnaires were qualified for the analysis purposes. The least favorable structure
indicator (50%) accounts for an estimation error at 2.09%. This result is satisfactory and the sample size
is within the typical sample sizes used for social research purposes.

2.3. Data Analysis Methods

The variety of perceived odors is coded on a binary scale (0–1). The introductory analysis of the
relationships between perceived odors and socio-demographic characteristics of inhabitants was based
on rank-order Spearman correlation coefficients. The strength of correlation was interpreted according
to the following scheme [59]:

|r| ≥ 0.9—very strong correlation,
0.7 ≤ |r| < 0.9—strong correlation,
0.5 ≤ |r| < 0.7—medium strong correlation,
0.3 ≤ |r| < 0.5—weak correlation,
|r| < 0.3—very weak correlation (negligible).
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An analysis of correspondence was performed in order to obtain a bi-plot presenting the correlation
among variables. The analysis was conducted by means of R software, version 3.6.1 [60]. All p-values
below 0.05 were interpreted to prove significant correlations.

The reduction of odor variety and identification of latent odor dimensions was carried out by means
of multiple correspondence analyses (MCA) and, specifically, the HOMALS algorithm. The application
of MCA enabled the identification of the latent continuum of odor dimensions (as respondents’
coordinates) and used them as explanatory factors for multiple regression. Three dimensions were
singled out on their basis. Further analyses were performed by means of regression analysis.

In multiple regression analysis, regret for leaving the apartment was used as the dependent
variable, and orthogonal dimensions of odor (as a result of MCA) as independent variables.
Several socio-demographic characteristics (gender, age, life expectancy in the town, life expectancy in
the place of residence, and life expectancy in the current domicile) were used as moderator variables.
Additionally, the plots of interaction effects for all of the interactions were added.

2.4. Sample Characteristics

The quantitative survey covered 1992 respondents, 58.56% of whom were women and 41.44% men.
People aged from 18 to 90 years were included in the study. The average age of respondents was 39 years
old (age distribution is characterized by normal distribution). Over 50% of the respondents declared
higher education (50.76%), higher bachelor/engineer education (16.28%), and secondary education
(27.24%). Only 5.72% of people were respondents with lower secondary education (i.e., primary,
lower secondary, vocational). A total of 78.96% of the respondents were married, while only 21.04% of
the whole sample declared their marital status as being single. In terms of the data obtained, it bears
noting that the vast majority of respondents did not declare their involvement in the affairs of any local
organization or association. Only 2.76% of respondents declared active involvement in the operations
of social organizations, while just over 10.89% declared passive involvement.

The results of the research indicate that the area (neighborhood) is mostly inhabited by people
who have settled over the last 20 years. They account for nearly 75% of the population (upper quartile).
Approximately 25% of the residents declared that they had settled in the last four years (lower quartile),
which indicates that the average residence in the area for all respondents is durable for 15 years.

3. Research Results

3.1. In General

Unpleasant odor may, in extreme cases, make it impossible to stay in the affected area. As a result,
inhabitants of such areas may be forced to change their places of living. Some people, especially those
who are particularly attached to their current place of residence, may feel a certain level of regret
because of this. As the compiled data indicate (Table 1), the grief resulting from a possible domicile
relocation correlates significantly and positively with the odor emitted by septic tanks (as p < 0.05),
so the more frequently these smells are mentioned, the greater the grief felt over domicile relocation
may be. The regret about a possible domicile relocation correlates significantly and negatively with the
smell described as decay (because p < 0.05), so the more often these smells are mentioned, the lesser
regret due to a possible domicile relocation.
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Table 1. Correlation with the regret about a possible domicile relocation—in general.

Description of
Odor

Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength of
Correlation

Chemical 0.031 p = 0.239 — —
Irritating −0.023 p = 0.384 — —

Suffocating −0.037 p = 0.157 — —
Smoke 0 p = 0.993 — —
Sharp −0.032 p = 0.225 — —
Sulfur 0.03 p = 0.25 — —
Sweet 0.019 p = 0.469 — —
Burnt −0.05 p = 0.06 — —

Exhaust −0.014 p = 0.59 — —
Septic tank 0.062 p = 0.018 positive very weak

Garbage −0.009 p = 0.737 — —
Rot −0.067 p = 0.012 negative very weak

Rotten eggs 0.002 p = 0.936 — —

* Spearman’s correlation coefficient. Source: Authors’ calculations.

3.1.1. Age of Respondents and Feeling Sorry for the Necessity to Change Their Place of Residence

Taking into account the social and demographic data of respondents, in the first stage of the
analysis, the impact of the age of respondents on the statements concerning the level of regret resulting
from the necessity to decide whether to move out of the place of residence due to unpleasant smells
was assessed. The compiled data were divided according to the median, which resulted in two more
or less similar equilibrium groups of respondents differing in age. In the case of respondents aged up
to 36 years, regret about a possible domicile relocation (Table 2) correlates significantly and positively
with the smells emitted by septic tanks (as p < 0.05), so the more often these smells are mentioned, the
greater regret about a possible domicile relocation. The regret about a possible domicile relocation
correlates significantly and negatively with the smells emitted by burning (because p < 0.05), so the
more often these smells are mentioned, the less regret is caused by possible domicile relocation.

Table 2. Correlation with the regret about a possible domicile relocation—below 36 years of age.

Description of
odor

Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength of
Correlation

Chemical −0.006 p = 0.859 — —
Irritating −0.039 p = 0.288 — —

Suffocating −0.039 p = 0.281 — —
Smoke −0.053 p = 0.144 — —
Sharp 0.023 p = 0.522 — —
Sulfur 0.016 p = 0.669 — —
Sweet 0.034 p = 0.354 — —
Burnt −0.149 p < 0.001 negative very weak

Exhaust −0.065 p = 0.073 — —
Septic tank 0.106 p = 0.004 positive very weak

Garbage 0.018 p = 0.631 — —
Rot −0.007 p = 0.847 — —

Rotten eggs 0.007 p = 0.846 — —

* Spearman’s correlation coefficient. Source: Authors’ calculations.
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3.1.2. Over 36 Years of Age

In the case of respondents over 36 years of age, the grief felt over a possible domicile relocation
correlates significantly and negatively with odors (Table 3) described as acute or the smell of rot
(as p < 0.05), so the more frequently such an odor is mentioned, the less regret about a possible
domicile relocation.

Table 3. Correlation with the regret about a possible domicile relocation—over 36 years of age.

Description of
Odor

Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength of
Correlation

Chemical 0.067 p = 0.078 — —
Irritating −0.008 p = 0.835 — —

Suffocating −0.034 p = 0.373 — —
Smoke 0.049 p = 0.199 — —
Sharp −0.084 p = 0.027 negative very weak
Sulfur 0.065 p = 0.089 — —
Sweet 0.008 p = 0.825 — —
Burnt 0.032 p = 0.404 — —

Exhaust 0.034 p = 0.38 — —
Septic tank 0.022 p = 0.557 — —

Garbage −0.059 p = 0.124 — —
Rot −0.127 p = 0.001 negative very weak

Rotten eggs −0.003 p = 0.93 — —

* Spearman’s correlation coefficient. Source: Authors’ calculations.

3.2. Sex and Smell Related to the Regret about Leaving the Place of Residence

In the next stage of the analysis, the relationship between gender and the emotional approach to
the necessity of a possible move out of the place of residence, i.e., regret resulting from this decision,
was evaluated. In the case of women (Table 4), regret caused by a possible domicile relocation correlates
significantly and positively with the smells described as sulfur (because p < 0.05), so the more often
these smells are mentioned, the greater regret caused by a possible domicile relocation. The regret
about a possible domicile relocation correlates significantly and negatively with the smells described
as burning (because p < 0.05), so the more often these smells are mentioned, the lesser regret about
a possible domicile relocation.

Table 4. Correlation with the regret about a possible domicile relocation—women.

Description of
odor

Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength of
Correlation

Chemical 0.065 p = 0.059 — —
Irritating 0.017 p = 0.62 — —

Suffocating −0.042 p = 0.226 — —
Smoke −0.002 p = 0.962 — —
Sharp −0.011 p = 0.739 — —
Sulfur 0.075 p = 0.028 positive very weak
Sweet 0.015 p = 0.665 — —
Burnt −0.091 p = 0.008 negative very weak

Exhaust −0.03 p = 0.376 — —
Septic tank 0.052 p = 0.132 — —

Garbage −0.015 p = 0.671 — —
Rot −0.054 p = 0.118 — —

Rotten eggs 0.004 p = 0.918 — —

* Spearman’s correlation coefficient. Source: Authors’ calculations.
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In the case of men (Table 5), the regret about a possible domicile relocation correlates significantly
and positively with the smells emitted by septic tanks (as p < 0.05), so the more frequently those
smells are mentioned, the greater the regret about a possible domicile relocation. The regret about
a possible domicile relocation correlates significantly and negatively with the smells described as rotten
or irritating (because p < 0.05), so the more often these smells are mentioned, the less regret about
a possible domicile relocation.

Table 5. Correlation with the regret about a possible domicile relocation—men.

Description of
odor

Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength of
Correlation

Chemical −0.019 p = 0.64 — —
Irritating −0.086 p = 0.037 negative very weak

Suffocating −0.038 p = 0.361 — —
Smoke 0.01 p = 0.811 — —
Sharp −0.061 p = 0.139 — —
Sulfur −0.068 p = 0.097 — —
Sweet 0.024 p = 0.568 — —
Burnt 0.023 p = 0.583 — —

Exhaust 0.011 p = 0.79 — —
Septic tank 0.082 p = 0.048 positive very weak

Garbage 0.004 p = 0.914 — —
Rot −0.085 p = 0.041 negative very weak

Rotten eggs 0.012 p = 0.78 — —

* Spearman’s correlation coefficient. Source: Own calculations.

3.3. Influence of Fragrances on Attitudes of People Up to 25 Years of Age

In the next stage, the impact of the period of residence in Kraków on the regret resulting from the
necessity of possible moving out of the current place of residence under the influence of unpleasant
smells was assessed. A division was made of the variable in relation to the median, resulting in
two more or less similar equilibrium groups of respondents differing in this period. In the case of
respondents of up to 25 years of age living in Kraków (Table 6), the regret about a possible domicile
relocation correlates significantly and positively with the smells emitted by septic tanks (as p < 0.05),
so the more frequently these smells are mentioned, the greater the regret about a possible domicile
relocation. The regret about a possible domicile relocation correlates significantly and negatively with
the smells described as burning (as p < 0.05), so the more often these smells are mentioned, the less
regret about a possible domicile relocation.

Table 6. Correlation with the regret about a possible domicile relocation—25 years of age.

Description of
odor

Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength of
Correlation

Chemical 0.019 p = 0.599 — —
Irritating −0.02 p = 0.583 — —

Suffocating −0.028 p = 0.455 — —
Smoke −0.046 p = 0.208 — —
Sharp −0.054 p = 0.145 — —
Sulfur 0.002 p = 0.953 — —
Sweet 0.033 p = 0.372 — —
Burnt −0.159 p < 0.001 negative very weak

Exhaust 0.005 p = 0.891 — —
Septic tank 0.098 p = 0.008 positive very weak

Garbage 0.032 p = 0.382 — —
Rot −0.009 p = 0.8 — —

Rotten eggs −0.028 p = 0.455 — —

* Spearman’s correlation coefficient. Source: Authors’ calculations.
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3.4. Residing in Kraków for More than 25 Years

In the case of residents staying in the city for over 25 years (Table 7), the regret about a possible
domicile relocation correlates significantly and positively with the smells described as sulfur (because
p < 0.05), so the more frequently those smells are mentioned, the greater the regret about a possible
domicile relocation. The regret about a possible domicile relocation correlates significantly and
negatively with the smells described as decay (p < 0.05), so the more often these smells are mentioned,
the less the regret about a possible domicile relocation.

Table 7. Correlation with the regret about a possible domicile relocation—over 25 years of age.

Odor Description
Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength of
Correlation

Chemical 0.039 p = 0.311 — —
Irritating −0.021 p = 0.576 — —

Suffocating −0.048 p = 0.212 — —
Smoke 0.028 p = 0.471 — —
Sharp −0.02 p = 0.603 — —
Sulfur 0.079 p = 0.039 positive very weak
Sweet 0.002 p = 0.967 — —

Burning 0.034 p = 0.378 — —
Exhaust −0.047 p = 0.217 — —

Septic tank 0.029 p = 0.443 — —
Garbage −0.058 p = 0.131 — —

Rot −0.124 p = 0.001 negative very weak
Rotten eggs 0.045 p = 0.24 — —

* Spearman’s correlation coefficient. Source: Authors’ calculations.

3.5. The Period of Residence and the Regret Caused by the Necessity to Leave the Place of Residence Due
to Smells

In the next stage, the statements of people living in the area were evaluated. In the case of
those who have been living there for less than 10 years (median criterion—Table 8), the regret about
a possible domicile relocation correlates significantly and positively with the smells emitted by septic
tanks (because p <0.05), so the more often these smells are mentioned, the greater the regret about
a possible domicile relocation. The regret about a possible domicile relocation correlates significantly
and negatively with the smells described as burning or irritating (because p < 0.05), so the more often
these smells are mentioned, the less regret is caused by a possible domicile relocation.

Table 8. Correlation with regret about possible domicile relocation—up to 10 years.

Odor Description
Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength of
Correlation

Chemical 0.031 p = 0.402 — —
Irritating −0.079 p = 0.031 negative very weak

Suffocating −0.07 p = 0.055 — —
Smoke 0.021 p = 0.568 — —
Sharp −0.038 p = 0.294 — —
Sulfur −0.017 p = 0.633 — —
Sweet 0.044 p = 0.225 — —
Burnt −0.115 p = 0.002 negative very weak

Exhaust 0.012 p = 0.743 — —
Septic tank 0.114 p = 0.002 positive very weak

Garbage −0.007 p = 0.846 — —
Rot −0.049 p = 0.178 — —

Rotten eggs −0.025 p = 0.485 — —

* Spearman’s correlation coefficient. Source: Authors’ calculations.
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In the case of subjects living in the area for more than 10 years (Table 9), the regret about a possible
domicile relocation correlates significantly and positively with the smells described as sulfur (because
p < 0.05), so the more frequently these smells are mentioned, the greater the regret about a possible
domicile relocation.

Table 9. Correlation with the regret about possible domicile relocation—over 10 years.

Description of
odor

Correlation with the Regret about a Possible Domicile Relocation

Correlation Coefficient* p Direction of
Correlation

Strength
Correlation

Chemical 0.021 p = 0.603 — —
Irritating 0.039 p = 0.321 — —

Suffocating −0.009 p = 0.814 — —
Smoke −0.028 p = 0.475 — —
Sharp −0.014 p = 0.716 — —
Sulfur 0.091 p = 0.022 positive very weak
Sweet −0.014 p = 0.731 — —
Burnt −0.012 p = 0.757 — —

Exhaust −0.051 p = 0.203 — —
Septic tank 0.041 p = 0.307 — —

Garbage 0.008 p = 0.841 — —
Rot −0.065 p = 0.103 — —

Rotten eggs 0.041 p = 0.304 — —

* Spearman’s correlation coefficient. Source: Authors’ calculations.

Multiple correspondence analyses revealed three main dimensions of fragrance. The graph of
eigenvalues is shown in Figure 1.
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Figure 1. Multiple correspondence analysis.

The first three dimensions explain 23% of the total inertia of Table 10 of the data. Based on the inertia
input and cosine squares (see table), the following odor dimensions were distinguished: Dimension 1
(combustion, automobile exhaust, rot,), dimension 2 (rubbish, carrion, irritating), and dimension 3
(smoke, suffocation, rotten eggs).
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Table 10. Odor dimensions.

Fragrances Inertia
Dimension1

Cos2

Dimension1
Inertia

Dimension2
Cos2

Dimension2
Inertia

Dimension3
Cos2

Dimension3

Chemical 0.014324 0.075608 0.107465 0.026238 0.035559 0.007671

Irritating 0.003576 0.007104 0.093865 0.141931 0.033290 0.047996

Suffocating 0.000546 0.000877 0.006078 0.007424 0.129469 0.150780

Smoke 0.011870 0.019343 0.075914 0.094160 0.244721 0.289424

Nauseating 0.009070 0.014509 0.002737 0.003332 0.004947 0.005743

Sharp 0.000377 0.000648 0.020880 0.027311 0.040736 0.050804

Carrion 0.003723 0.005945 0.272348 0.330960 0.009593 0.011116

Palk 0.003858 0.006156 0.000816 0.000991 0.002596 0.003006

Sulfur 0.002936 0.004705 0.011926 0.014547 0.017715 0.020605

Sweet 0.000182 0.000303 0.002999 0.003804 0.069472 0.084009

Burning 0.193384 0.420641 0.000739 0.001224 0.016623 0.026241

Sams 0.199981 0.381934 0.000452 0.000657 0.050861 0.070495

Septic tank 0.092586 0.415320 0.005281 0.018032 0.001133
0.003689

Garbage 0.018859 0.030733 0.326387 0.404834 0.005246 0.006204

Rot 0.116180 0.268953 0.000214 0.000377 0.032383 0.054406

Eggs 0.000655 0.001057 0.044819 0.055092 0.252288 0.295697

Separate dimensions of fragrances were variables explaining the regret about possible moving
in the model of moderated regression (dimensions and regret were standardised variables with the
mean = 0 and variance = 1). The moderating variables of the influence of smell on grief were sex, age,
and length of residence in Cracow, in the vicinity and in the apartment.

In the first two-group regression model, between the dimensions of smells and regret for leaving
the apartment (Table 11), the smells of burning and smoke turned out to be important dimensions
of smell among women. The smell of burning reduced the grief of leaving the apartment due to
the nuisance of smell, while the dimension of smoke added to the grief of leaving the apartment.
Among men, no dimension significantly affected the regret for leaving the apartment.

Table 11. Two-group regression model—smell and regret about leaving the place of residence.

Parameters Estimate S.E. Est/S.E. p-Value

Females
Regret on Burning −0.191 0.095 −2.013 0.044 *
Regret on Irritating 0.068 0.100 0.679 0.497

Regret on Smoke 0.231 0.111 2.081 0.037 *
Residual Regret 0.991 0.046 31.579 0.000 *

Males
Regret on Burning 0.110 0.587 0.557 0.065
Regret on Irritating −0.227 0.156 −1.452 0.147

Regret on Smoke −0.170 0.130 −1.308 0.191
Residual Regret 0.997 0.035 28.133 0.000 *

* parameters significant at α < 0.05.

The independent variables (burning, irritating, and smoke) are the result of multiple
correspondence analysis (HOMALS algorithm) of qualitative indicators; therefore, they are mutually
orthogonal. The Adjusted R2 of Regret is very low and equals 0.003 for the male group and 0.006 for
the female group. The tolerance (collinearity measure) for independent variables for the male group is
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between 0.998 and 0.999 and, for the female group, is between 0.997 and 0.999. The assumption of
non-collinearity is valid.

The following models are the models with moderation effects of three independent dimensions of
odors with social–demographic variables (age, life expectancy in the city, period of residence in the
housing estate, and life expectancy of the current domicile). In order to partially control the collinearity
between interacting independent variables, the original variables were centered.

The second model determines the relationship between grief and smell dimensions, taking into
account the effect of moderation in the age section (Table 12).

Table 12. Two-group regression model—regret and odor dimensions, taking into account the effect of
moderation in the age cross-section.

Parameters Estimate S.E. Est/S.E. p-Value

Regret on Age 0.001 0.002 0.270 0.787
Regret on Burning −1.015 0.254 −3.999 0.000 *
Regret on Irritating 0.258 0.338 0.764 0.445

Regret on Smoke −0.092 0.275 −0.335 0.738
Regret on Burning x Age 0.023 0.006 3.761 0.000 *
Regret on Irritating x Age −0.007 0.009 −0.825 0.409

Regret on Smoke x Age 0.005 0.007 0.637 0.524
Residual Regret 0.998 0.035 28.136 0.000 *

* parameters significant at α < 0.05. The R2 for this model equals 0.011.

In this model, there was a negative influence of the smell of burning on the grief of leaving the
place of residence, but a significant positive influence of the interaction of age and dimension of the
smell of burning on the feeling of grief.

The diagram of the effect of age moderation on the burning dimension is presented in Figure 2.
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Figure 2. Age moderation effect vs. burning dimension.

The graph shows that the lower and upper confidence limits of the parameter do not contain the
zero value of the moderation effect. It is claimed that there is a positive effect of interaction—with the
increase in age of the respondents, there is a stronger positive effect of the burning dimension on the
grief of leaving the apartment.
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The third model concerns the relationship between grief and smell dimensions, taking into account
the moderation effect in the cross-section of life expectancy in the city (Table 13).

Table 13. Relationship between regret and smell dimensions, taking into account the moderation effect
in the cross-section of life expectancy in the city.

Parameters Estimate S.E. Est/S.E. p-Value

Regret on Town 0.004 0.001 2.677 0.007 *
Regret on Burning −0.643 0.136 −4.714 0.000*
Regret on Irritating 0.155 0.160 0.970 0.332

Regret on Smoke −0.132 0.156 −0.844 0.399
Regret on Burning x Town 0.019 0.004 4.554 0.000 *
Regret on Irritating x Town −0.007 0.005 −1.265 0.206
Regret on Smoke x Town 0.007 0.005 1.525 0.127

Residual Regret 0.978 0.035 28.134 0.000 *

* parameters significant at α < 0.05. The R2 for this model equals 0.021.

The parameters of the model indicate that the longer the period of residence in the city of Kraków,
the stronger the regret about leaving the place of residence. The influence of the burning dimension on
the grief is negative, but there is a positive influence of the interaction of the burning dimension and
the duration of dwelling in the city on the grief about leaving the place of residence (Figure 3).
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Figure 3. Effect of the interaction between grief and scent dimensions, taking into account the
moderation effect in the cross-section of life expectancy in the city.

The graph shows that the lower and upper confidence limits of the parameter do not contain the
zero value of the moderation effect. It is claimed that there is a positive interaction effect—with the
increase in the number of years of living in the city, there is a stronger positive effect of the combustion
dimension on the grief about leaving the place of residence.

The fourth model concerns the relationship between grief and smell dimensions, taking into
account the moderation effect in the cross-section of life expectancy in the place of residence (Table 14).
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Table 14. Relationship between grief and smell dimensions, taking into account the moderation effect
in the cross-section of life expectancy in the place of residence.

Parameters Estimate S.E. Est/S.E. p-Value

Regret on Place 0.005 0.002 3.083 0.002 *
Regret on Burning −0.275 0.105 −2.614 0.009 *
Regret on Irritating 0.047 0.124 0.378 0.706

Regret on Smoke 0.121 0.155 0.877 0.019
Regret on Burning x Place 0.010 0.005 2.154 0.031 *
Regret on Irritating x Place −0.005 0.007 −0.788 0.431

Regret on Smoke x Place 0.004 0.006 0.719 0.472
Residual Regret 0.989 0.035 28.133 0.000 *

* parameters significant at α < 0.05. The R2 for this model equals 0.01.

The parameters of the model indicate that the longer the period of residence in the housing estate,
the stronger the grief felt over domicile relocation. The influence of the size of burning for grief is
negative, but there is a positive influence of the interaction of the size of burning and the length of
living in the housing estate on the grief felt over domicile relocation (Figure 4).
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Figure 4. Effect of the interaction between grief and smell, taking into account the effect of moderation
in the cross-section of life expectancy in the place of residence.

The graph shows that the upper and lower confidence limits of a parameter do not contain a zero
moderation effect value. It is claimed that there is a positive interaction effect—with the increase in the
number of years of living in the housing estate, there is a stronger positive effect of the combustion
dimension on the grief felt over domicile relocation.

The fifth model concerns the relationship between grief and odor dimensions, taking into account
the moderation effect in the cross-section of the life expectancy of the current domicile (Table 15).

The parameters of the model indicate that the duration of dwelling does not significantly influence
the regret about leaving the place of residence. The influence of the burning (combustion) dimension
on grief is negative, but there is a positive influence of the interaction of the burning dimension and
duration of dwelling on the grief felt over domicile relocation (Figure 5).
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Table 15. Relationship between grief and odor dimensions, taking into account the moderation effect
in the life expectancy cross-section of the current domicile.

Parameters Estimate S.E. Est/S.E. p-Value

Regret on Home 0.002 0.002 1.139 0.255
Regret on Burning −0.330 0.102 −3.243 0.001 *
Regret on Irritating −0.029 0.120 −0.237 0.812

Regret on Smoke 0.092 0.117 0.791 0.429
Regret on Burning x Home 0.017 0.006 3.134 0.002 *
Regret on Irritating x Home 0.001 0.009 0.129 0.897

Regret on Smoke x Home −0.001 0.007 −0.131 0.896
Residual Regret 0.991 0.035 28.133 0.000 *

* parameters significant at α < 0.05. The R2 for this model equals 0.009.
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Figure 5. Effect of the interaction of the relationship between the regret and the dimensions of the
smell, taking into account the moderation effect in the cross-section of the life expectancy of the
current domicile.

The graph shows that the lower and upper confidence limits of the parameter do not contain the
zero value of the moderation effect. It is claimed that there is a positive interaction effect—with the
increase in the number of years of living in the apartment, there is a stronger positive effect of the
combustion dimension on the grief felt over domicile relocation.

4. Conclusions

Air quality is an important factor in assessing the quality of life in large cities. It results from the
influence of various independent causes, including cyclical climate changes, but also those resulting
from the emission of various compounds to the atmosphere—including unpleasant and burdensome
smells. Quality of life in urban space is more and more often a problem that determines, to a large
extent, the decision on the acceptance of the current place of residence and is the subject of assessment
in the context of its possible change. The data obtained as a result of the research allow us to state that
specific smells are so burdensome that they may cause the necessity to leave the place of residence
because the respondents feel various unpleasant smells that have an adverse impact upon the quality
of life that they perceive. A possible need for domicile relocation out of the current place of residence
due to unpleasant smells would affect the perceptible, specific level of grief—the more attached the
residents are to their current place of residence, the greater it is. According to the respondents, the smell
of septic tanks is a noticeable and troublesome one. The regret resulting from a possible domicile
relocation correlates significantly and positively with such smell. The more often it is complained
about, the greater the regret about a possible domicile relocation, which correlates significantly and
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negatively with the smells described as decay. The more often such smells are complained about,
the less regret about a possible domicile relocation there will be.

Studies have confirmed that the smell of burning reduced the regret of leaving the apartment
due to the oppressive smell, and the amount of smoke added to the sadness of leaving the apartment.
Among men, no dimension significantly affected the regret of leaving the apartment. It has been shown
that the longer the period of stay in the city of Krakow, the stronger the regret of leaving the place of
residence is, and also that there is a positive interaction effect—with the increase in the number of years
of life in the city, the stronger the positive impact of the dimension of burning on the regret of leaving
the place of residence becomes. The model parameters indicate that the duration of the apartment
does not significantly affect the regret of leaving home. The impact of the burning dimension on grief
is negative, but there is a positive impact of the interaction of the smoking dimension and time spent
on feeling grief over the relocation.

The practical application of the article has been identified in several areas. The key aspects
are the implications for policy makers in the preparation of spatial development plans and regional
policy planning. Particular participation in this process will be related to social participation and the
role of residents in making decisions about the shape of the region in which they live. Taking into
account the voice of residents is the key to determining how to use public space and adapt the city’s
infrastructure [61]. Controlling industrial emissions of volatile organic compounds is one of the most
effective ways to reduce its pollution, which means that cleaner production is an important foundation
for reducing odor pollution. Understanding the problem of odors in the environment (including odor
origin, odor levels, management of odor sources, cleaner production, and reduction and detection
methods) is very important for controlling odor pollution [62]. Currently in Poland, there are no
clearly defined methods for measuring odor concentrations for the purpose of assessing the impact of
odors on objects. The complex relationship between individual olfactory sensitivity of individuals
and the concentration of relevant chemical compounds in the air, their type, and meteorological
and topographic conditions affecting the distribution of fragrance leads to numerous disputes and
discussions in the scientific community regarding the adoption of an appropriate methodology for
measuring offensive odors. Previous studies of odor nuisance are based on chemical methods and
electronic noses, which are associated with high cost consumption and difficulty in reaching the
measuring site. The conducted tests allow for the initial identification of places with the greatest odor
nuisance, which translates into the possibility of detailed tests in selected places.
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