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Abstract: Air pollution is a serious problem in Romania, with the country ranking 13th among the
most polluted countries in Europe in the 2021 World Air Quality Report. Despite the recognized
impact of pollutants on health, there has been a lack of large-scale studies conducted in Romania. This
study investigated the impact of air pollutants on patients with chronic respiratory, cardiovascular,
cerebrovascular, or metabolic diseases in Bucharest and its metropolitan area from 20 August 2018 to
1 June 2022. The daily limit values for particulate matter PM10 and PM2.5 were exceeded every month,
especially during the cold season, with a decrease during the COVID-19 pandemic restrictions. A
significant statistical correlation was found between the monthly average values of PM2.5 and PM10
and hospitalizations for respiratory and cardiovascular diseases. A 10 µg/m3 increase in monthly
average values resulted in a 40–60% increase in admissions for each type of pathology, translating to
more than 2000 admissions for each pathology for the study period. This study highlights the urgent
need for national and local measures to ensure a cleaner environment and enhance public health in
Romania according to international regulations.

Keywords: air pollution; PM10; PM2.5; public health; chronic diseases; hospitalizations

1. Introduction

Air quality is essential for all beings’ health and, ultimately, life. Several activities such
as industry, energy production, heating, agriculture, and transport generate pollution. The
European Union (EU) has a comprehensive clean air policy that is built on three pillars:
ambient air standards, air pollutant emission reductions, and standards for emissions from
key sources of pollution. In May 2021, the European Commission (EC) adopted the EU
Action Plan: “Towards a Zero Pollution for Air, Water, and Soil” to create a secure, clean
environment for European citizens [1].

Air pollution is defined as the presence of harmful chemicals or compounds in the air
that are not normally found there and that can reduce the quality of life and have adverse
effects on human health. There are many substances that are considered pollutants, such
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as carbon monoxide, particulate matter (PM), ground-level ozone, nitrogen oxides, sulfur
oxides, and various other compounds [2].

A significant role in air pollution is attributed to PM, defined as solid or liquid particles
suspended in air. PM arises as a secondary product of fossil fuel combustion. Inhalable
particles are classified by size: PM2.5 (particles 2.5 microns or smaller) and PM10 (particles
10 microns or smaller) [3]. When inhaled, they can be stored in the bronchia and alveoli,
impairing gas exchange through their cytotoxic and pro-inflammatory effects. Furthermore,
they impede normal endothelial vascular function and increase the risk of various vascular
diseases [4]. Understanding the relationship between PM2.5 and PM10 with the main
chronic pathologies is the starting point for measures for better air quality. This fact is also
confirmed by Manea et al. (2020) who believe that a healthier environment can prevent
diseases caused by polluted air and that updating environmental policies makes it possible
to improve the quality of the environment by reducing air pollution and, implicitly, the
health of the population [5].

Several studies have already shown a significant association between chronic exposure
to air pollutants and the prevalence of asthma and chronic obstructive pulmonary disease
(COPD) [6,7]. Furthermore, several systematic reviews confirmed that short-term exposure
increased exacerbations of asthma and COPD [8,9]. A recent review concluded that both
long-term and short-term air pollution increased COVID-19 mortality rates and infectivity
in several countries worldwide [10]. Clinical observations in major healthcare units in
highly populated settings revealed an increase in cardio-respiratory events in the general
population during the previous years, with significant seasonal variability.

Air pollution is a serious concern in Romania. The EC decided to refer Romania to the
Court of Justice of the EU on 2 December 2021 on two grounds for non-compliance with
EU rules: combating industrial pollution and lack of an air pollution control program [11].

The World Health Organization (WHO) guidelines released in September 2021 state
that the annual limit values (ALVs) of PM2.5 should not exceed 5 µg/m3, while daily limit
values (DLVs) should not exceed 15 µg/m3 more than 3–4 days per year. The thresholds
for PM10 are 15 µg/m3 and 45 µg/m3, respectively [12,13].

In the 2021 World Air Quality Report by IQAir [14], Romania was ranked 66th out of
117 countries worldwide in terms of PM2.5 concentration, with an average of 15.3 µg/m3.
Furthermore, Romania was ranked 13th out of 42 European countries with the highest
levels of air pollution. In the report, Bucharest was ranked 58th out of 107 regional capital
cities worldwide with an annual average PM2.5 concentration of 14.9 µg/m3.

According to the European Environment Agency’s Air Quality in Europe 2022 report [15],
air quality has improved in the past decade, with decreasing emissions of air pollutants.
However, PM2.5 remains a significant contributor to premature deaths. Although some EU
countries, such as Bulgaria and Poland, still have high levels of PM2.5 concentrations, the
region has seen improvements in air quality. Several research studies have been conducted in
central and western Europe on assessing air pollution characteristics [16–18].

In contrast, limited information is available on air pollution in eastern Europe based
on ground measurements [19]. In Bucharest [20,21], Iasi [22], and Ploiesti [23], studies
mostly assessed the air pollution levels related to weather conditions and local climate.

In this regard, changes are only possible through studies that demonstrate the impact
of air pollution on human health. In Romania, research analyzing the direct impact of air
pollution on the number of hospitalizations for chronic diseases is still in its early stages.
Therefore, the present study aims to be a starting point in determining the influence of
pollution levels in cities on the quality of life by analyzing the number of hospitalizations
for respiratory and cardiovascular diseases.

Globally, studies have shown that exposure to PM is a major problem for human
health and quality of life, resulting in the hospitalization of individuals with respiratory or
cardiovascular diseases [24–29]. Similarly, national studies in Romania have shown a direct
association between increasing levels of air pollutants and the number of hospitalizations
for respiratory and cardiovascular diseases in cities/regions [30–33].
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The choice to conduct this analysis for the Bucharest–Ilfov region is not accidental,
as the economic development of the area in recent years and population migration from
other regions of the country to the capital have led to urban congestion, negatively affecting
air quality. This is confirmed in other cities and urban areas, where PM is primarily
produced by households and commerce, followed by mineral products and processing
industries [33,34]. This fact confirms the seasonal characteristic of the level of suspended
particle concentrations during the analyzed period, even if the sources of air pollution can
be different [30–32]. On the other hand, the atypical period during which the study was
conducted showed a decrease in air pollution levels (reduction in commercial activities,
public and private transportation, etc.), a fact determined as a result of certain restrictions
imposed during the COVID-19 pandemic [19,35,36].

The present study contributes to filling the limited information about the effects of air
pollution on health in Romania, but further research on this topic is necessary to analyze the
long-term effects of pollutants on health and quality of life. Because atmospheric pollutants
do not exist in isolation but are part of a complicated network of elements that includes
other environmental contaminants and exposures [26], the authors propose to include in
future studies other factors that influence air quality and have a negative effect on human
health in the analysis.

In addition to all these points, the concern for the development of ecological and
sustainable food systems [37] and support for ecological entrepreneurship [38] offer the
possibility of living in a less polluted environment, which facilitates the path towards a
sustainable society in which the focus is on improving quality of life. In this sense, the
current research aims to be an instrument for raising awareness among the population and
government organizations regarding the negative influence of pollutants on the quality of
life, which can lead to the creation of new environmental strategies and policies.

2. Materials and Methods
2.1. Study Design and Objectives

This observational, retrospective, and descriptive public health study aimed to re-
flect the impact of air pollutants on the condition of patients with chronic pathologies in
Bucharest and its metropolitan area.

The objectives were as follows:

1. To compare the values of local pollution levels with limits recommended by the EU
and WHO;

2. To analyze the correlation between air pollution and the condition of disease in
patients with chronic respiratory, cardiovascular, cerebrovascular, or metabolic pathol-
ogy in the same region.

2.2. Research Setting

Bucharest, the capital of Romania, is a densely populated city where the conversion
of former forests to intensive industrial activity has led to substantial air pollution. Illegal
activities, such as the burning of pastures during summers and the incineration of waste to
extract metals, further degrade air quality. As of 1 January 2022, there were an estimated
3 million people living in the city’s metropolitan area. The study’s setting is a densely
populated, highly industrialized region with multiple sources of air pollution, in addition
to an already overburdened public healthcare system.

2.3. Data Sources
2.3.1. Air Quality Data

Data regarding air quality data were collected from Airly, a private company that
maintains a comprehensive network of PM2.5 and PM10 sensors in major urban areas
throughout the country. In Bucharest, analysis of the data revealed a significant increase in
the number of sensors during the study period, rising from 16 in 2018 to 106 in 2022.
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2.3.2. Hospitalization Data

The National Institute for Public Health (NIPH) provided hospitalization data on
chronic pathology based on the following specific criteria:

1. Diagnostic code (according to the International Classification of Diseases, Tenth
Revision, ICD-10) at hospital admission: respiratory (COPD, asthma, lung cancer),
cardiovascular, cerebrovascular (stroke), or diabetes;

2. Age of 20 years old or above;
3. Residence in the study’s setting.

The period studied was 20 August 2018–1 June 2022.

2.4. Statistical Analysis

The quantitative analysis based on data provided by Airly and NIPH was performed
using the XLSTAT software [39].

To verify the research hypotheses that the health status of patients with chronic
diseases in Bucharest and its metropolitan area is influenced by the level of atmospheric
pollutants, the following steps were taken:

• Stage 1: In order to ensure the accuracy of the analysis, it was necessary to identify
the sensors in Bucharest that recorded the daily level of PM concentrations in sus-
pension. Only the sensors that had more than 1000 records for the analyzed period
(20 August 2018–1 June 2022) were selected.

• Stage 2: Identification of the number of days with exceedances above the daily
limit value.

• Stage 3: Identification of the seasonal characteristics of PM10 and PM2.5 concentrations
for an accurate characterization of the pollution level during the analyzed period.

• Stage 4: Identification of the effects of pollution on human health using correlation analysis.
• Stage 5: Application of regression models based on the results obtained in Stage 4.
• Stage 6: Analysis of the future evolution of the effects of pollution on hospitalizations

in patients with respiratory, cardiovascular, and cerebrovascular diseases by outlining
scenarios determined based on the results obtained in Stage 5.

The unifactorial regression model is based on a mathematical relationship that assumes
that a phenomenon (Y—the effect phenomenon) results from two categories of factors: the
first category being a single main, causal factor (X), while the second category includes
factors specified by the residual variable ε, considered non-essential, with an accidental
influence on Y. The specification of the unifactorial model involved defining the endogenous
variable (Y) and the exogenous variable (X): y = f (x) + ε. The identification of the model
required choosing a mathematical function that describes the values of the endogenous
variable solely based on the variation in the exogenous variable X [40,41].

The probabilistic model at the level of general community [41]„ is as follows:

yi = β0 + β1 · xi + εi (1)

where:

• (xi, yi) represent the numerical values of the variables cause and effect registered at
the level of the statistical unit i;

• β0 and β1 represent the parameters of regression equation: β0—intercept, the point of
intersection of the line of regression with the Oy axis; β1—the slope of the regression
right or the regression coefficient. This shows with how many units of measure change
Y if X increases with a unit of measurement;

• εi—residual component (error term) for the statistical unit i.

The real value yi of the Y feature in the probabilistic pattern includes:



Atmosphere 2023, 14, 867 5 of 23

• The theoretical, deterministic component (ŷi), that is, the part of the real value yi that
can be determined on the basis of the model for a certain value xi:

ŷi = β0 + β1 · xi (2)

• The random (residual) component, also called the random error, (εi), representing that
part of the real value of Y that cannot be quantified.

yi = ŷi + εi (3)

If the available data come from a sample, we have in pairs of real observations: (x1, y1),
(x2, y2), . . . , (xn, yn), based on which the parameters of the equation are estimated, i.e., β0
and β1.

The regression model in the sample is as follows:

yi = b0 + b1 · xi + ei (4)

with the deterministic component:

ŷi = b0 + b1 · xi (5)

where:

• b0—the estimator of the β0 parameter of the statistical population;
• b1—the estimator of the β1 parameter of the statistical population;
• ei—the residual value for the i unit in the sample (ei = yi − ŷi).

Analysis of variance (ANOVA) is one of the most commonly used statistical methods
in medical research [42]. In this study, ANOVA was used to identify significant differences
between the months analyzed, both from the perspective of pollution and the number of
hospitalizations. ANOVA is employed to investigate the effect of an independent variable
on a dependent variable by analyzing the distinct populations associated with each level
of the causal factor and any differences that appear between populations. Depressional
analysis (ANOVA) can be performed according to a uni-, bi-, or multifactorial model. In
this study, the unifactorial model was used, with the populations classified using a single
criterion, r, called a factor [41].

3. Results
3.1. Objective 1: To Compare the Values of Local Pollution Levels with Limits Recommended by EU
and WHO
3.1.1. PM10 Concentration by Referring to the Recommendations of EU Directive
2008/50/EC; Law 104/2011

• Daily limit value (DLV) = 50 µg/m3, which must not be exceeded more than 35 times/
year [43];

• Annual limit value (ALV) = 40 µg/m3 [43].

The importance of air quality monitoring in a setting is reflected by an increased
number of sensors, which offer better accuracy in assessment. The total number of sensors
in Bucharest, the number of those with more than 50 measurements/year, and the number
of those recording DLV exceedances over 35 times/year are shown, for each year of the
studied period, in Table 1.
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Table 1. The characteristics of the sensors analyzed in Bucharest during the period 20 August 2018–1
June 2022.

Year Total Number of Sensors No. of Sensors with More than
50 Measurements/Year

No. of Sensors Recording DLV
Exceedances over

35 Times/Year

2018 (20 August–31 December) 16 11 10
2019 20 17 10
2020 61 48 6
2021 71 61 14

2022 (1 January–1 June) 106 68 -

We analyzed the sensors that had more than 50 records/year for the entire period. In
2018, 10 of the 11 active sensors recorded DLV exceedances in a greater number of days
than the maximum allowed (35 times/year), and in 2019, from 17 active sensors, 10 of them
recorded exceedances. In the COVID-19 pandemic restriction period, in 2020, from forty-
eight active sensors, we identified exceedances over 35 times/year of the DLV in only six of
them, and similarly, in 2021, only fourteen sensors out of the sixty-one recorded more than
thirty-five exceedances of the DLV. In 2022, the average number of days with exceedances
was three, but the value was not representative due to the increased heterogeneity of the
data. The complete results are reported in Section S1 in the Supplementary Material.

In order to obtain a more accurate picture of the pollution data, it was necessary to
retain in the analysis only the sensors with over 1000 measurements for both types of PM
(Table 2).

Table 2. Sensors with more than 1000 records included in the analysis and the number of days with
measurements for PM during the period 20 August 2018–1 June 2022.

Sensor ID Number of Days with
Measurements for PM10

Number of Days with
Measurements for PM2.5

5629 1381 1381
5652 1379 1379
6088 1354 1354
6156 1343 1343
6509 1311 1311
9840 1293 1293
5628 1192 1192
8019 1155 1155

The eight sensors’ locations are indicated in Figure 1. They were dispersed in the
central region, as well as in the periphery, so we could consider that by examining their
readings, we had a reliable overall picture of the level of pollution in the city.
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The analyzed data for the eight selected sensors revealed significant DLV exceedances
more than 35 times/year in 2018 and 2019. Starting in 2020, there was a noticeable decrease
in the number of DLV exceedances, and in the first 5 months of 2022, all the sensors recorded
DLV exceedances in only 5% of the records (Table 3).

Table 3. Daily PM10 records and number of DLV exceedances according to EU legislation for sensors
with a number of records more than 1000 during the period 20 August 2018–1 June 2022.

Sensor
ID

2018 2019 2020 2021 2022
NDR NDLVE % DE NDR NDLVE % DE NDR NDLVE % DE NDR NDLVE % DE NDR NDLVE % DE

5628 134 43 32 365 48 13 319 18 6 289 10 3 85 0 0
5629 133 48 36 365 72 20 366 43 12 365 29 8 152 2 1
5652 131 51 39 365 65 18 366 36 10 365 32 9 152 1 1
6088 106 53 50 365 74 20 366 34 9 365 40 11 152 2 1
6156 95 50 53 365 75 21 366 37 10 365 31 8 152 3 2
6509 64 45 70 365 64 18 365 24 7 365 22 6 152 0 0
8019 - - - 282 42 15 366 55 15 355 50 14 152 7 5
9840 96 56 58 314 77 25 366 33 9 365 29 8 152 2 1

NDR—number of daily records; NDLVE—number of DLV exceedances; % DE—share of days with exceedances.

3.1.2. Evaluation of PM10 Concentrations by Referring to the WHO Global Air Quality
Guidelines (AQGs)

• DLV = 45 µg/m3 [13];
• ALV = 15 µg/m3 [13].

The serious impact generated by air pollution on health led, in the fall of 2021, to the
modification of reference values for certain atmospheric pollutants, originally established
by the WHO in 2005. It should be noted that the new reference values are lower than
those established by EU legislation. As expected, decreasing the reference values led to an
increase in the number of days with DLV exceedances. This fact was also reflected in the
results of the analysis carried out on the eight sensors, which indicated an increase of more
than 30% in DLV exceedances established by the WHO compared to those in EU legislation
(Tables 3 and 4).

Table 4. Daily PM10 records and number of DLV exceedances according to WHO for sensors with a
number of records more than 1000 during the period 20 August 2018–1 June 2022.

Sensor
ID

2018 2019 2020 2021 2022
NDR NDLVE % DE NDR NDLVE % DE NDR NDLVE % DE NDR NDLVE % DE NDR NDLVE % DE

5628 134 56 42 365 72 20 319 24 8 289 17 6 85 1 1
5629 133 56 42 365 89 24 366 54 15 365 39 11 152 4 3
5652 131 61 47 365 85 23 366 46 13 365 49 13 152 2 1
6088 106 61 58 365 100 27 366 45 12 365 53 15 152 4 3
6156 95 60 63 365 97 27 366 47 13 365 54 15 152 3 2
6509 64 50 78 365 93 25 365 34 9 365 37 10 152 2 1
8019 - - - 282 56 20 366 69 19 355 66 19 152 8 5
9840 96 63 66 314 99 32 366 42 11 365 45 12 152 3 2

NDR—number of daily records; NDLVE—number of DLV exceedances; % DE—share of days with exceedances.

To summarize, for the whole analyzed period, there were 46,307 values recorded by
143 sensors for PM10 and 42,973 records by 138 sensors for PM2.5. When using the DLV
established by EU legislation, 3981 exceedances for PM10 and 8968 exceedances for PM2.5
were observed for all the sensors, whereas, according to the limit values recommended by
the WHO, the number of exceeding records was 5526 and 22,493, respectively (Table 5).

Table 5. Comparison between EU/WHO of registrations and exceedances during the period
20 August 2018–1 June 2022.

PM10 PM2.5
According to EU Legislation According to WHO Guidelines

PM10 > 50 µg/m3 PM2.5 >25 µg/m3 PM10 > 45 µg/m3 PM2.5 > 15 µg/m3

No. of sensors 143 138 86 100 92 125
No. of records 46,307 42,973 3981 8968 5526 22,493
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3.1.3. Local Pollution Characteristics according to WHO-AQG’s Guidelines

Although for now the standards established by the EU Directive regarding reduction
in levels for atmospheric pollutants are less strict than those used in the WHO guidelines, in
the long term, the aim is to integrate the DLV established by the WHO into the EU “A clean
air program for Europe” [44]. Reducing the levels of atmospheric pollutants is necessary
not only in order to protect the health of population but also to reduce the effects of climate
change. This fact justifies the continuation of the analysis using the DLV and ALV for PM10
and PM2.5 from the WHO guidelines as reference points as follows:

• For PM10: DLV = 45 µg/m3; ALV = 15 µg/m3;
• For PM2.5: DLV = 15 µg/m3, which must not be exceeded more than 3–4 times/year;

ALV = 5 µg/m3.

The data from the eight established sensors, with over 1000 records analyzed, were
used to determine the number of days exceeding the permissible air pollutant levels
annually and over the entire timeframe. The study revealed that the percentage of days
with exceedances of the permissible levels of PM10 and PM2.5 was 14–19% and 55–62%,
respectively, during the analyzed period (Table 6)

Table 6. The number of days with a level above the admissible limit for the established sensors.

PM10 PM2.5
Sensor ID No. of Exceeded Days % DE Sensor ID No. of Exceeded Days % DE

6088 263 19% 6088 839 62%
6156 261 19% 6156 826 62%
9840 252 19% 5652 791 57%
5652 243 18% 6509 790 60%
5629 242 18% 9840 773 60%
6509 216 16% 5629 751 54%
8019 199 17% 8019 675 58%
5628 170 14% 5628 661 55%

% DE—share of days with exceedances.

In the PM10 analysis, every month, for each active sensor, the DLV was exceeded,
especially in the cold season. The maximum reached was in the period October 2018–March
2019. January 2019 had the highest DLV exceedances (maximum of 26 days, up to 90%).
This situation was observed yearly during the analyzed period, but since the COVID-19
restrictions were applied in March 2020, a decrease in the number of DLV exceedances was
noticed (Table 7; Tables S7–S9 in the Supplementary Materials).

Regarding PM2.5, our analysis revealed that none of the eight sensors recorded levels
below the aforementioned guidelines. As with the PM10 analysis, DLV exceedances were
observed primarily during the cold season, with the peak occurring from October 2018
to February 2019. The majority of the DLV exceedances across all the records occurred in
January 2019, with 31 measurements exceeding the DLV (Table 8; Tables S10–S12 in the
Supplementary Materials).
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Table 7. Distribution of positive differences from the admissible value by sensor and month (PM10).

Sensor
Year 2018 2019 2020 2021 2022

8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6
5628 0 0 17 18 21 24 14 3 0 0 0 0 0 1 12 3 15 19 2 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 10 6 0 0 0 1
5629 0 0 15 17 24 26 16 6 1 0 0 0 0 1 15 5 19 23 5 5 0 0 0 0 0 0 2 13 6 12 8 7 0 0 0 0 0 0 9 3 0 1 2 1 0 0 0
5652 0 0 15 21 25 26 16 7 1 0 0 0 0 1 10 6 18 21 5 2 0 0 0 0 0 0 1 12 5 10 8 8 0 0 0 0 0 0 12 10 1 1 0 1 0 0 0
6088 0 17 22 22 27 16 8 2 0 0 0 0 1 16 9 21 24 5 2 0 0 0 0 0 0 1 9 4 9 8 7 0 0 0 0 0 1 13 13 2 2 1 1 0 0 0
6156 0 17 20 23 25 17 8 1 0 1 0 0 1 13 10 21 21 5 3 0 0 0 0 0 0 1 13 4 10 8 8 0 0 1 0 0 1 12 11 3 1 1 1 0 0 0
6509 2 26 22 24 21 9 3 0 0 0 0 1 11 7 17 20 6 1 0 0 0 0 0 0 1 3 3 5 5 3 0 0 0 0 0 1 12 10 1 0 1 1 0 0 0
8019 4 3 0 0 0 0 1 16 8 24 26 9 5 1 0 0 0 0 0 3 17 8 12 10 10 0 0 0 0 0 1 11 16 6 4 3 1 0 0 0
9840 0 17 23 23 28 18 7 2 0 0 0 0 1 14 9 20 20 4 2 0 0 0 0 0 0 1 11 4 8 8 1 0 0 0 0 0 1 13 13 1 1 1 1 0 0 0

No records
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Table 8. Distribution of positive differences from the admissible values by sensor and month (PM2.5).

Sensor
Year 2018 2019 2020 2021 2022

8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6
5628 8 22 23 29 29 31 27 24 21 8 11 15 6 12 26 29 28 30 18 18 9 1 4 0 0 1 15 9 3 9 12 0 3 12 15 11 26 28 25 21 20 22
5629 7 18 24 27 30 31 27 29 19 8 10 15 4 11 28 29 30 30 23 20 12 1 4 0 0 2 16 26 26 30 25 22 15 0 2 6 5 8 22 27 21 18 17 19 7 0 0
5652 4 21 24 28 31 31 27 26 19 7 8 13 6 8 24 28 30 30 20 21 9 1 3 0 0 1 14 25 27 30 26 23 22 1 3 13 16 11 26 29 26 25 20 25 9 0 0
6088 7 27 29 31 31 27 28 21 12 12 20 10 15 27 30 31 30 20 21 11 0 4 1 0 1 17 26 28 30 26 26 23 0 3 14 17 15 28 29 25 26 22 27 11 0 0
6156 2 25 28 30 31 27 28 20 11 14 19 14 13 27 29 31 30 22 20 12 2 5 1 2 4 17 25 26 30 25 20 17 0 3 15 20 13 27 30 25 26 21 28 11 0 0
6509 2 31 31 31 27 31 24 14 15 19 13 15 27 29 31 31 21 20 11 1 3 0 0 1 14 24 24 27 24 20 15 0 3 12 22 13 27 28 26 21 21 29 12 0 0
8019 7 19 14 12 17 10 16 27 30 31 30 23 22 13 3 3 1 1 3 16 29 27 30 28 26 20 0 3 11 16 18 20 30 27 28 23 29 12 0 0
9840 3 30 29 31 31 27 27 20 8 7 6 7 15 28 30 31 30 20 19 12 2 5 0 1 2 19 27 28 30 26 8 0 1 3 14 20 13 26 29 25 24 21 27 11 0 0

No records
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Contrary to PM10, in the case of PM2.5, an excess of the limits was observed in the
period January–March 2022. If, in the case of PM10, the maximum excess of the DLV was
13% (four out of thirty-one measurements in January 2022), for PM2.5, the average number
of days with excesses reached up to 26 days/month. All the sensors recorded exceedances
between 17 to 29 of the DLV, reaching up to 94%. (See detailed information in Section S2 in
the Supplementary Materials).

By examining the daily values, we were able to calculate the annual average values
(AAV) of the PM2.5 and PM10 concentrations. Two different methodologies were used for
the analysis (Tables 9 and 10)

Table 9. Option A—using daily measurements for the eight sensors during the period 2019–2021.

PM10
Annual Limit Value 15 µg/m3 (WHO)

PM2.5
Annual Limit Value 5 µg/m3 (WHO)

Average
(µg/m3)

StdDev
(µg/m3)

Coefficient of
Variation (%)

Average
(µg/m3)

StdDev
(µg/m3)

Coefficient of
Variation (%)

2019 33.70 20.46 61% 23.06 13.34 58%
2020 25.16 20.21 80% 17.31 13.20 76%
2021 27.48 15.53 56% 18.29 9.88 54%

Table 10. Option B—using daily measurements resulting from the elimination of outlier values for
the eight sensors during the period 2019–2021.

PM10
Annual Limit Value 15 µg/m3 (WHO)

PM2.5
Annual Limit Value 5 µg/m3 (WHO)

Average
(µg/m3)

StdDev
(µg/m3)

Coefficient of
Variation (%)

Average
(µg/m3)

StdDev
(µg/m3)

Coefficient of
Variation (%)

2019 30.74 15.62 51% 20.76 9.38 45%
2020 22.49 14.90 66% 15.34 9.14 60%
2021 26.63 14.01 53% 17.76 8.89 50%

3.2. Objective 2: To Analyze the Correlation between Air Pollution and Condition of Disease in
Patients with Chronic Respiratory, Cardiovascular, Cerebrovascular, or Metabolic Pathology in the
Same Region

The identification of the pollution effects on human health was conducted based on
a correlation analysis. Thus, for the period September 2018–December 2021, the number
of hospitalizations of people aged 20 years and older by type of selected pathology was
analyzed by comparison with the monthly average values (MAV) of the PM10 and PM2.5
concentrations recorded by Airly’s sensors in Bucharest.

From the analysis, direct and statistically significant (p < 0.05) correlations were
identified for cardiovascular and cerebrovascular diseases (Table 11; see Section S3 in the
Supplementary Materials).

Based on the results, regression models were developed to show the dependence of
the admissions numbers for the previously mentioned diseases on PM10 and PM2.5 levels.

An analysis of variance (ANOVA) was used to evaluate the significance of differences
between the months of the analyzed period both from the perspective of pollution and
the number of hospitalizations. The results obtained showed statistically significant differ-
ences only regarding the levels of PM10 and PM2.5 concentrations (see Section S4 in the
Supplementary Materials).
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Table 11. Correlation matrix (Spearman).

Variables Average of
PM10

Average of
PM2.5

Cardiovascular
Diseases Stroke Respiratory

Diseases Asthma COPD Diabetes Lung Cancer

Average of
PM10 1 0.988 0.334 0.374 0.514 0.290 0.272 0.251 0.069

Average of
PM2.5 0.988 1 0.333 0.367 0.526 0.294 0.273 0.276 0.045

Cardiovascular
diseases 0.334 0.333 1 0.750 0.368 0.918 0.900 0.902 0.259

Stroke 0.374 0.367 0.750 1 0.430 0.655 0.640 0.681 0.300
Respiratory

diseases 0.514 0.526 0.368 0.430 1 0.223 0.197 0.371 0.342

Asthma 0.290 0.294 0.918 0.655 0.223 1 0.954 0.875 0.093
COPD 0.272 0.273 0.900 0.640 0.197 0.954 1 0.845 0.103

Diabetes 0.251 0.276 0.902 0.681 0.371 0.875 0.845 1 0.110
Lung cancer 0.069 0.045 0.259 0.300 0.342 0.093 0.103 0.110 1

Values in bold are different from 0 with a significance level alpha = 0.05.

It should be noted that in the case of the average number of hospitalizations for
respiratory diseases, a large variability in the data was observed from March to May. For
these 3 months, an atypical sequence of admissions was identified, with a decrease of up
to 70% in April 2020 compared to the previous year, followed by an increase of up to four
times in 2021. This decrease in admissions could be explained by the COVID-19 pandemic,
both in terms of reducing socioeconomic activities (which has a direct effect on lowering
pollution levels) and the population’s exposure to polluted environments, which reduces
the risk of respiratory disease exacerbation (Figure 2).

Atmosphere 2023, 14, x FOR PEER REVIEW  12  of  24 
 

 

Table 11. Correlation matrix (Spearman). 

Variables 
Average of 

PM10 

Average of 

PM2.5 

Cardiovascular 

Diseases 
Stroke 

Respiratory 

Diseases 
Asthma  COPD  Diabetes 

Lung 

Cancer 

Average of PM10  1  0.988  0.334  0.374  0.514  0.290  0.272  0.251  0.069 

Average of PM2.5  0.988  1  0.333  0.367  0.526  0.294  0.273  0.276  0.045 

Cardiovascular diseases  0.334  0.333  1  0.750  0.368  0.918  0.900  0.902  0.259 

Stroke  0.374  0.367  0.750  1  0.430  0.655  0.640  0.681  0.300 

Respiratory diseases  0.514  0.526  0.368  0.430  1  0.223  0.197  0.371  0.342 

Asthma  0.290  0.294  0.918  0.655  0.223  1  0.954  0.875  0.093 

COPD  0.272  0.273  0.900  0.640  0.197  0.954  1  0.845  0.103 

Diabetes  0.251  0.276  0.902  0.681  0.371  0.875  0.845  1  0.110 

Lung cancer  0.069  0.045  0.259  0.300  0.342  0.093  0.103  0.110  1 

Values in bold are different from 0 with a significance level alpha = 0.05. 

It should be noted  that  in  the case of  the average number of hospitalizations  for 

respiratory diseases, a large variability in the data was observed from March to May. For 

these 3 months, an atypical sequence of admissions was identified, with a decrease of up 

to 70% in April 2020 compared to the previous year, followed by an increase of up to four 

times  in 2021. This decrease  in admissions could be explained by  the COVID-19 pan-

demic, both in terms of reducing socioeconomic activities (which has a direct effect on 

lowering  pollution  levels)  and  the  population’s  exposure  to  polluted  environments, 

which reduces the risk of respiratory disease exacerbation (Figure 2). 

 

Figure 2. Monthly evolution of the hospitalizations with respiratory diseases per year (September 

2018–December 2021). 

The same trend was identified regarding admissions for cardiovascular diseases in 

April–May 2020, with an 85% decrease compared to previous the year (Figure 3). 

 

Figure 3. Monthly evolution of hospitalizations with cardiovascular diseases per year (September 

2018–December 2021). 

Figure 2. Monthly evolution of the hospitalizations with respiratory diseases per year (September
2018–December 2021).

The same trend was identified regarding admissions for cardiovascular diseases in
April–May 2020, with an 85% decrease compared to previous the year (Figure 3).
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2018–December 2021).
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3.2.1. Analysis of the Relationship between Hospital Admissions for Respiratory Diseases
and Concentration Levels of PM2.5 and PM10

The quantification of the influence of the pollution level on the number of hospitaliza-
tions for patients with respiratory diseases was carried out using a linear regression analysis.
In the first regression model, the dependence between the number of hospitalizations (en-
dogenous variable) and the level of PM2.5 (exogenous variable) was analyzed, while the
second regression model had the level of PM10 suspended particles as an exogenous variable.

The analysis of the dependence between PM2.5 levels and the number of hospitaliza-
tions for respiratory diseases in the period September 2018–December 2021 indicated a
valid regression model with a significance level of 5%, explaining approximately 14% of
the hospitalizations.

The coefficients of the regression model were statistically significant at a significance
level of 5% and showed that the average number of hospitalizations for respiratory diseases,
without considering the exogenous factor (PM2.5), was included in the interval [1960, 3826].
An increase of 10 µg/m3 in the monthly average value (MAV) of PM2.5 concentrations
generated an increase in hospitalizations with an average number between [90, 938],
according to the confidence interval (CI) of the coefficient of the regression model from the
performed analysis (Table 12).

Table 12. Regression of PM2.5 and number of hospitalizations for respiratory diseases.

Analysis of Variance (Respiratory Diseases):

Source DF Sum of Squares Mean Squares F Pr > F

Model 1 8631133.097 8631133.097 6.021 0.019
Error 38 54469826.903 1433416.497
Corrected total 39 63100960.000

Computed against model Y = Mean(Y)

Model Parameters (Respiratory Diseases):

Source Value Standard Error t Pr > |t| Lower Bound (95%) Upper Bound (95%)

Interception 2892.873 460.694 6.279 <0.0001 1960.247 3825.500
Average of PM2.5 51.411 20.951 2.454 0.019 8.998 93.824

Equation of the model (respiratory diseases): respiratory diseases = 2892.873 + 51.41*average of PM2.5.

In the case of PM10, the regression analysis also produced a valid model that explained
approximately 15% of the variation in hospitalizations at a 5% level of significance. As
with PM2.5, the coefficients of the regression model were statistically significant at a 5%
significance level, indicating that the average number of hospitalizations independent of
PM10 fell within the interval [2031, 3804]. According to the parameter’s CI, the number of
respiratory hospitalizations increase by a number between [69, 604] for every 10 µg/m3

increase in the MAV of PM10 (Table 13).

Table 13. Regression of PM10 and number of hospitalizations for respiratory diseases.

Analysis of Variance (Respiratory Diseases):

Source DF Sum of Squares Mean Squares F Pr > F

Model 1 9180878.278 9180878.278 6.470 0.015
Error 38 53920081.722 1418949.519
Corrected total 39 63100960.000

Computed against model Y = Mean(Y)

Model Parameters (Respiratory Diseases):

Source Value Standard Error t Pr > |t| Lower Bound (95%) Upper Bound (95%)

Interception 2917.708 437.977 6.662 <0.0001 2031.070 3804.347
Average of PM10 33.615 13.215 2.544 0.015 6.862 60.369

Equation of the model (respiratory diseases): respiratory diseases = 2917.708 + 33.615*average of PM10.
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3.2.2. Analysis of the Relationship between Hospital Admissions for Cardiovascular
Diseases and Concentration Levels of PM2.5 and PM10

Regarding the analysis of the dependence between suspended particles and the num-
ber of hospitalizations for patients with cardiovascular diseases, in both the regression
models used, the number of hospitalizations represented the endogenous variable, while
the exogenous variable was represented by the PM2.5 level in the first regression model
and the PM10 level in the second model.

In the first case, the regression model used was valid at a significance level of 5%,
and the regression coefficients were statistically significant. The average number of hospi-
talizations without the influence of PM2.5, according to the CI of the parameter number
of hospitalizations, was between [3481, 6483]. Therefore, an increase of 10 µg/m3 in the
MAV of PM2.5 led to an increase in the number of hospitalizations with a number between
[26, 1392] according to the CI of the parameter of the regression model from the analysis
performed (Table 14).

Table 14. Regression of PM2.5 and number of hospitalizations for cardiovascular diseases.

Analysis of Variance (Cardiovascular Diseases):

Source DF Sum of Squares Mean Squares F Pr > F

Model 1 16416519.921 16416519.921 4.422 0.042
Error 38 141063981.679 3712210.044
Corrected total 39 157480501.600

Computed against model Y = Mean(Y)

Model Parameters (Cardiovascular Diseases):

Source Value Standard Error t Pr > |t| Lower Bound (95%) Upper Bound (95%)

Interception 4982.227 741.383 6.720 <0.0001 3481.376 6483.079
Average of PM2.5 70.903 33.716 2.103 0.042 2.648 139.157

Equation of the model (cardiovascular diseases): cardiovascular diseases = 4982.227 + 70.9023*average of PM2.5.

Similarly, without the influence of PM10, the average number of hospitalizations was
in the [3606, 6469] range. In addition, an increase in the MAV of PM10 by 10 µg/m3 causes
an increase in the number of hospitalizations for cardiovascular diseases, with a number
between [25, 888] (Table 15).

Table 15. Regression of PM10 and number of hospitalizations for cardiovascular diseases.

Analysis of Variance (Cardiovascular Diseases):

Source DF Sum of Squares Mean Squares F Pr > F

Model 1 16936285.156 16936285.156 4.579 0.039
Error 38 140544216.444 3698532.012

Corrected Total 39 157480501.600

Computed against model Y = Mean(Y)

Model Parameters (Cardiovascular Diseases):

Source Value Standard Error t Pr > |t| Lower Bound (95%) Upper Bound (95%)

Interception 5037.524 707.103 7.124 <0.0001 3606.068 6468.979
Average of PM10 45.657 21.336 2.140 0.039 2.465 88.849

Equation of the model (cardiovascular diseases): cardiovascular diseases = 5037.524 + 45.657*average of PM10.

3.2.3. Correlations between PM Concentrations and Hospital Admissions for Stroke
and Diabetes

The results of the correlation analysis between the MAV of PM2.5 and PM10 and
the number of hospitalizations for cerebrovascular diseases (stroke) indicated a medium-
intensity positive correlation for the period analyzed.

The resulting regression model, with the number of hospitalizations for cerebrovas-
cular disease (stroke) patients as the endogenous variable and the PM2.5 level as the
exogenous variable, was significant at the 5% level. According to the CI of the parameter
number of admissions, the average number of admissions for stroke without the influence
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of PM2.5 was between [50, 71]. Therefore, a 10 µg/m3 increase in the MAV of PM2.5 led to
an increase in the number of hospitalizations between [0, 10] according to the confidence
interval of the parameter of the regression model derived from the performed analysis
(Table 16).

Table 16. Regression of PM2.5 and number of hospitalizations for stroke.

Analysis of Variance (Stroke)

Source DF Sum of Squares Mean Squares F Pr > F

Model 1 896.391 896.391 4.896 0.033
Error 38 6957.209 183.084
Corrected total 39 7853.600

Computed against model Y = Mean(Y)

Model Parameters (Stroke):

Source Value Standard Error t Pr > |t| Lower Bound
(95%)

Upper Bound
(95%)

Interception 60.897 5.207 11.696 <0.0001 50.357 71.437
Average of PM2.5 0.524 0.237 2.213 0.033 0.045 1.003

Equation of the model (Stroke): Stroke = 60.897 + 0.524*average of PM2.5.

In the case of admissions for diabetes, direct, statistically significant, and strong links
were observed with cardiovascular diseases (0.902), asthma (0.875), COPD (0.845), and
stroke (0.681), and a moderate link with respiratory diseases (0.371) (Table 11).

3.2.4. Regression-Model-Based Scenarios for the Evolution of Hospitalization Rates

Using the regression equations obtained from the regression models used to analyze
the relationship between PM concentrations and the number of hospitalizations for respira-
tory, cardiovascular, or cerebrovascular (stroke) pathologies, two scenarios (optimistic and
pessimistic) regarding the evolution of hospitalization numbers were outlined. In order to
more accurately illustrate the effects of pollution, we applied this calculation process both
for the daily (DAV) and for the monthly average values (MAV).

• Optimistic/pessimistic scenarios using DAV;

Analyzing the DAV of PM10 revealed a value of 29.506 µg/m3, but this value was
not representative due to the data’s increased heterogeneity. Half of the daily PM10
concentrations measured were greater than 24.06 µg/m3. In the analysis of PM2.5, a
wide range of values was also observed, with the DAV of PM2.5 being 20.060 µg/m3 and
the majority of daily measurements indicating concentrations greater than 16.905 µg/m3

(Section S5 in the Supplementary Materials).
To determine the optimistic scenario, the lowest DAVs recorded by the eight sensors

(0.48 µg/m3 for PM2.5 and 0.71 µg/m3 for PM10) were used as references. In the case of a
pessimistic scenario, the highest DAV used as a reference (after removing outlier values)
for PM2.5 was 47.15 µg/m3 and for PM10 was 73.22 µg/m3 (Table 17).

Table 17. PM2.5 vs. PM10 scenarios (minimum and maximum for daily values).

PM2.5 Scenarios PM10 Scenarios
Number of Admissions

of Persons with:
Optimistic Pessimistic Optimistic Pessimistic

Minimum Value
0.48 µg/m3

Maximum Value
47.15 µg/m3

Minimum Value
0.71 µg/m3

Maximum Value
73.22 µg/m3

Respiratory diseases 2918 5317 2942 5379
Cardiovascular diseases 5016 8325 5070 8381
Cerebrovascular diseases 61 86 61 87

The maximum values for both suspended particles in the pessimistic scenario (PM2.5 = 47.15 µg/m3 and
PM10 = 73.22 µg/m3) were found to be significantly higher than the DLV in WHO guidelines (PM2.5 = 15 µg/m3

and PM10 = 45 µg/m3).
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• Optimistic/pessimistic scenarios using MAV.

For the optimistic scenario, the MAV used as reference was the minimum of 8.258 µg/m3

for PM2.5 and 11.728 µg/m3 for PM10. Even though the PM10 and PM2.5 distributions
showed some variability in the data, there were no outliers. On the other hand, for the pes-
simistic scenario, the maximum values of MAV of 41.488 µg/m3 for PM2.5 and 64.667 µg/m3

for PM10 were chosen as reference values (Table 18).

Table 18. PM2.5 vs. PM10 scenarios (minimum and maximum of monthly average values).

PM2.5 Scenarios PM10 Scenarios
Number of Admissions

of Persons with:
Optimistic Pessimistic Optimistic Pessimistic

Minimum Monthly
Value

8.258 µg/m3

Maximum Monthly
Value

41.488 µg/m3

Minimum Monthly
Value

11.728 µg/m3

Maximum Monthly
Value

64.667 µg/m3

Respiratory diseases 3317 5024 3312 5092
Cardiovascular diseases 5568 7921 5573 7990
Cerebrovascular diseases 65 83 65 84

4. Discussion
4.1. General Data on Pollutants

Air pollution can reach various levels depending on the economic activities carried
out in a setting, which determines the need to identify diverse, adaptable strategies for
control. Similarly, the phenomenon could spread regionally and globally, affecting the
economies of large urban agglomerations.

Bessagnet et al. define PM as a group of solid and liquid species that come in a variety
of particle sizes and chemical makeups. They state that organic aerosols can be released
or created in the atmosphere through the reaction of volatile compounds, but, depending
on the surrounding environment, some of these substances can divide into both gas and
aerosol phases [45].

The term “particulate matter” refers to coarse particles with a diameter from 2.5 µm to
10µm that are produced by industry, construction, and agriculture. Fine particles (2.5 µm)
produced by burning fossil fuels have a tendency to hang around in the atmosphere for a
long time and are known to aggravate respiratory and cardiovascular diseases [46].

PM2.5 in particular is produced from a variety of substances, such as sea salt, metal
oxides, organic carbon, black carbon, sulfate particles, and many others. PM2.5 exposure is
caused by a variety of factors, including local pollution, automobiles, sea salt, crust/road
dust, oil burning, and wood burning [47]. Kundu and Stone emphasize that the composition
of PM2.5 varies regionally. For instance, rural areas, which are directly impacted by
agricultural activities and unpaved roads, have higher levels of crustal materials, while
urban areas have higher levels of secondary aerosols and combustion; industrialized areas
have elevated amounts of trace metals [48]. Black carbon, polycyclic aromatic hydrocarbons,
and n-alkanes make up PM2.5 particles. In line with growing evidence that black carbon
is a dangerous component of PM2.5, Yang et al. discovered a link between prolonged
exposure to black carbon and an elevated risk of mortality [49].

4.2. Data on the Differences in Reference Values and the Annual Variability

Based on information from the Health Effects Institute in 2020, during 1990–2019, the
annual average values of PM2.5 (weighted according to population) in Romania were below
the global average but higher than the average for EU countries. A slightly downward
trend was observed, similar to that of the average value in the EU, from 22.1 µg/m3 in 1990
to 15.2 µg/m3 in 2016; following this trend, for the next 3 years, the average value would
be 15.7 µg/m3 [50].

The national reference values used in Romania were similar to those specified in EU
legislation. According to data from the National Agency for Environmental Protection in
Romania, air pollution quality was evaluated using the active automatic stations of the
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National Air Quality Monitoring Network between 2016 and 2021. During this period, the
number of automatic active stations increased from 138 to 156 across the country. However,
despite these efforts, the analysis of results compared to annual limit values revealed
frequent exceedances in several cities, mainly in Ias, i and Bras, ov. Notably, Bucharest, Iaşi,
and Bras, ov reported the most frequent exceedances of daily limit values. It is worth noting
that the increased number of monitoring stations may have improved the accuracy of the
measurements, but more data is needed to confirm this [51].

Our study revealed an increase of more than 30% between the WHO-recommended
DLV and that established by EU law. We therefore emphasize the need for the EU Action
Plan’s “Towards a Zero Pollution for Air, Water, and Soil” objectives to be implemented
and followed at the national level [1].

The WHO’s recommended DLV and ALV for PM10 and PM2.5 were used as a bench-
mark in our study. During the analyzed period, the proportion of days with PM10 ex-
ceedances ranged from 14% to 19%, and for PM2.5, it reached from 55% to 62%. For both
types of particles, the analysis revealed that the DLV was exceeded every month, particu-
larly during the cold season (October to March), with January 2019 being the most polluted
month in the past four years (PM10 had 77–90% exceedances, while PM2.5 reached 100%).
Since the implementation of COVID-19 pandemic restrictions in March 2020, there was a
decline in the number of DLV exceedances. By analyzing the daily values, we were able to
calculate the AAV for PM2.5 and PM10. We discovered PM2.5 exceedances that were up to
four times higher than the WHO-recommended values and PM10 exceedances that were
up to twice as high, with a slight decrease in 2020 due to the COVID-19 lockdown.

According to several studies, seasonal fluctuations in PM concentration have a direct
and negative impact on human health. A study published in 2021 found that fine PM had a
greater impact on cerebrovascular disease mortality during extreme weather conditions,
with winter being the season that showed the strongest correlation between weather and
mortality [4]. Another study conducted by Gasparrini et al. examined the mortality risk
associated with high and low ambient temperatures across multiple countries and found
that cold temperatures were responsible for 7.29% of the 74 million deaths studied, while
heat was responsible for only 0.42% [52]. A study from 2008 used data from 15 European
cities collected between 1990 and 2000 and found that a 1 ◦C drop in temperature was
linked to a 1.35% increase in daily total natural deaths and a 1.72%, 3.30%, and 1.25%
increase in cardiovascular, respiratory, and cerebrovascular deaths, respectively [53].

4.3. Correlation of Pollution with Hospital Admissions

Our study found a statistically significant correlation between hospitalizations for
respiratory, cardiovascular, and cerebrovascular pathologies and the MAV of PM2.5 and
PM10. In the period April–May 2020, hospitalizations for respiratory and cardiovascular
diseases showed a decrease of up to 85% compared to the previous year, which was likely
due to the COVID-19 pandemic restrictions. The decrease in socioeconomic activity and
reduced exposure to polluted environments led to this decrease in admissions, which has
been documented worldwide [54–56].

Studies have consistently shown a relationship between pollution levels and respira-
tory [57–60] and cardiovascular [61] diseases. Seasonal air pollutants can have different
effects on different conditions, as previously shown in articles published in the literature.
For example, SO2, CO, and O3 have been linked to emergency room visits for community-
acquired pneumonia, while PM10 and PM2.5 have been linked to COPD exacerbations.
O3 has been linked to heart-failure-related ER visits, NO2 has been linked to myocardial
infarction, and SO2 has been linked to cerebrovascular accidents [62].

4.4. Respiratory Diseases—Correlations

Our study highlighted a direct correlation between PM2.5 and PM10 levels and
hospitalizations for chronic respiratory diseases. A 10 µg/m3 increase in the MAV of
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PM2.5 and PM10 led to a proportional increase in hospitalizations, with values ranging
from 90 to 938 and from 69 to 604, respectively.

Similar studies have shown that hospital admissions and mortality rates for pulmonary
diseases are linked to exposure to PM. A meta-analysis in Korea found that a 10 µg/m3

increase in PM10 concentrations led to a 2.7% increase in COPD admissions and a 1.1%
increase in COPD mortality. Short-term exposure to PM2.5 has been linked to an increased
risk of asthma exacerbation. In Beijing, Tian et al. found that a 10 µg/m3 increase in PM2.5
was associated with a 0.67% increase in total hospital visits, a 0.65% increase in outpatient
visits, and a 0.49% increase in emergency room visits [63]. Li et al. observed a strong
correlation between COPD exacerbation and short-term exposure to major air pollutants,
in particular O3 and NO2 [9]. In addition, an increase in black carbon concentrations had a
direct effect on COPD, showing a 6% increase in hospitalization rates and a 7% increase in
mortality rates according to another research article from 2013 [57].

4.5. Cardiovascular Diseases—Correlations

In a similar manner, our study also found a correlation between PM and hospitaliza-
tions for cardiovascular diseases. A 10 µg/m3 increase in the MAV of PM2.5 and PM10
resulted in an increase in hospitalizations of [26, 1392] and [25, 888], respectively.

Similar information about the relationship between exposure to PM and cardiovascular
diseases is also cited. A meta-analysis [61] found that increases in PM concentrations were
linked to hospitalization or death by heart failure, with the strongest association observed
on the day of exposure and more persistent effects from PM2.5. It was estimated that
a 3.9 µg/m3 decrease in PM2.5 concentrations could prevent 7978 hospitalizations for
heart failure in the US. In another meta-analysis, a 10 µg/m3 increase in long-term PM2.5
exposure was linked to increased risks of mortality from ischemic heart disease (23%),
cerebrovascular disease (24%), stroke (13%), and myocardial infarction (8%) [64].

In their analysis, the American Cancer Society’s Cancer Prevention Study-II cohort,
Thurston et al. found a correlation between an increase in the mortality rate from ischemic
heart disease and long-term PM2.5 exposure from burning fossil fuels, particularly coal
but also from diesel traffic [65]. Recent research indicates that different PM2.5 components
have different effects on cardiovascular health; for example, some metals found in PM2.5
have been linked to higher levels of inflammatory blood markers and an increased risk of
coronary events [66]. In light of this emerging research, which suggests that variations in
PM2.5 components may also contribute to differences in findings between studies, a better
understanding of the role of PM2.5 components on cardiovascular health is required.

Furthermore, our statistical analysis highlighted a correlation between an increased
risk of cardiovascular pathology and patients who developed asthma and COPD, a rela-
tionship that requires additional studies to clarify the pathophysiological mechanisms that
interconnect these pathologies. The question arises whether, in patients who have both car-
diovascular diseases and chronic lung diseases, living in a polluted environment can bring
an increased risk compared to patients who only suffer from one of the two pathologies.

4.6. Cerebrovascular Diseases (Stroke)—Correlations

In addition, according to our research, there was a positive association between the
MAV of PM2.5 or PM10 and the number of hospitalizations for stroke. We found that an
increase of 10 µg/m3 in the MAV of PM2.5 led to an increase in hospitalizations, with the
number ranging from [0, 10].

Similar research has found a link between short-term exposure to air pollutants and
stroke-related hospitalizations. A study conducted in Ireland revealed that short-term expo-
sure to air pollutants, specifically PM2.5, during the winter season, may lead to an increased
number of admissions for stroke, with a reported risk ratio of 1.024 [67]. Furthermore,
according to a recent study conducted in South Korea [68], long-term exposure to several air
pollutants, including PM10, appears to increase the risk of developing stroke [68]. A study
conducted in Sweden revealed a strong association between exposure to black carbon and
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stroke incidence, with a 4.1% increase in the number of stroke cases per 0.31 mg/m3 [69].
On the other hand, unlike our study, the data reported by the Swedish authors failed to
reveal any association between exposure to PM2.5 or PM10 and stroke incidence.

4.7. Metabolic Diseases (Diabetes)—Correlations

According to clinical studies [70,71] diabetes patients are more likely to develop
cardiovascular diseases, with a risk of dying from cardiovascular causes up to four times
higher than matched people without diabetes. Furthermore, scientific publications support
the assumption that pollution, mainly exposure to PM2.5 may have a direct correlation
with diabetes-related mortality. Some of the pathophysiological mechanisms involved in
increased mortality caused by pollution in diabetic patients are: resistance to insulin, liver,
central nervous system and adipose tissue inflammation, and reduced thermogenesis [72].
Even though our study found no direct link between PM2.5 or PM10 exposure and the
number of diabetes hospitalizations, we cannot rule out the possibility of an indirect link
via a cardiovascular disease.

The direct impact of pollution on diabetes and the incidence of metabolic imbalances
may be exerted only after a longer exposure, thus making it more difficult to be evaluated
during a short-term analysis. Considering this aspect, it is important to extend the analysis
over a longer period of time to investigate if this relationship does exist, considering the
chronic evolution of diabetes, and also whether other air pollutants are more strongly
involved in this association.

4.8. Lung Cancer—Correlations

Our statistical analysis did not reveal a causal relationship between pollution and
lung cancer, which can be explained by the short period of study. Data from the literature
reveal that the average time of exposure to pollutants for the development of lung cancer is
10–30 years [73]. Furthermore, multiple factors, most notably smoking, have been linked to
the development of lung cancer; thus, determining the extent to which the disease can be
linked to pollution is difficult [74]. Some authors point towards the lack of sufficient proper
data in medical publications, since a study on the risk of lung cancer development and its
association with air pollution may be difficult to conduct, especially as there are some other
major factors involved in the etiology, such as smoking [73]. This is an individual habit,
and thus it is prone to population-based studies rather than epidemiologic studies, which
are usually conducted when assessing the influence of air pollutants.

A French study published by Lequi et al. documented the incidence of cancer and
specifically lung cancer in a French community over a period of 26 years, reporting a
statistically significant risk ratio of 1.17 for all types of cancer and 1.31 for lung cancer,
with a lag period of 10 years for every interquartile black carbon increase, thus suggesting
that air pollutants may be partially involved in the etiology of lung cancer, especially in
highly polluted areas [75]. Therefore, despite not managing to report any statistically
significant association between the two factors in our study, we do not completely exclude
the possibility that exposure to high levels of PM2.5 and PM10 may, in fact, play a much
more prominent role in the development of lung cancer than previously expected. In order
to clarify such a delicate and crucial matter, a larger study that spans a longer period of
follow-up should be conducted.

4.9. Data Concerning Scenarios for the Evolution of Hospitalization Rates

Another noteworthy aspect that we found in our study was the pessimistic and opti-
mistic scenarios regarding the link between PM exposure and the number of admissions. For
both PM2.5 and PM10, for the DAV and MAV, there was an increase of 40–60% in the number
of admissions for respiratory and cardiovascular diseases when comparing the optimistic
and pessimistic scenarios. This translates to an increase of more than 2000 admissions for
each type of disease for the whole period, thus leading to a higher burden on the healthcare
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system. This emphasizes the importance of accelerating efforts to reduce air pollution in
accordance with WHO guidelines.

4.10. Limitations of the Study

The results of the regression analysis showed that the level of pollution had a signifi-
cant impact on hospitalizations for respiratory and cardiovascular diseases. This would be
more conclusive if the data used in the regression models covered a longer period. One
of the limitations of the current study is its short period, which did not allow for finding
statistical correlations between air pollution and chronic diseases, which require long-term
exposure to risk factors. In addition, an increase in the number of hospitalizations does not
provide a complete picture of how pollution affects patients with chronic diseases because
some disease exacerbations are treated by family doctors or in outpatient services, and
these data were not included in our study.

5. Conclusions

Although it has previously been observed that air pollution significantly triggers the
exacerbation of chronic diseases, we presented data to demonstrate that peaks in the levels of
PM in the air have a strong impact on public health in Bucharest and its metropolitan area.

The results of the analysis indicated that the exposure of the population to fine par-
ticles in suspension caused an increase in the number of hospital admissions, which was
significantly higher in the cases of pollution with PM2.5, regardless of whether it referred
to diseases of the respiratory system, cardiovascular system, stroke, or diabetes. Thus, the
degree of air pollution has a direct and proportional impact on human health. A reduction
in pollution as a consequence of measures taken during the COVID-19 pandemic was also
confirmed in Bucharest, one of the most polluted capitals in the EU.

A direct correlation between the monthly average values of PM2.5 and PM10 and
the number of admissions for cardiovascular and respiratory diseases was observed, thus
indicating the need for setting up a framework for in-depth observational studies and
strong intervention by stakeholders involved in the decision-making process impacting
public health and the environment.

The findings of the current study highlight the necessity of carrying out additional
research, both by expanding the targeted pathologies and the period of study and by
assessing the impact of air pollution on health services and the economy.
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