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Abstract

Objectives: Air pollution is one of biggest environmental health problems and is responsible for 11.7% of deaths. It was aimed at examining the
relationship between gross domestic product (GDP), the percentage of access to clean fuels, PM2.5 level, air pollution death rates.

Materials and Methods: This study is a correlational study. Data for 208 countries for 1990-2019 were accessed from “Our World in Data" web
page in April-May 2023. Comparisons were made according to World Bank income groups.

Results: GDP per capita had a very strong positive correlation with percentage of access to clean/technological fuels (r=0.915), and a very strong
negative correlation with indoor air pollution death rate (r=-0.914). There was a moderate negative correlation between GDP per capita and
PM2.5 (r=-0.470). The average PM2.5 level had a moderate negative correlation with percentage of access to clean/technological fuel (r=-0.445),
a moderate positive correlation with indoor air pollution death rate (r=0.433), and a strong positive correlation with outdoor air pollution death
rate (r=0.602).

Conclusion: The percentage of access to clean/technological fuels has increased over the years, indoor air pollution death rate has decreased. It has
been almost completely eradicated in high-income countries, but remains in low-income countries. By encouraging clean/technological heating
and cooking methods, indoor air pollution death rate will no longer be a problem in any country. On the other hand, outdoor air pollution death
rate is higher in countries with high PM2.5 levels. If policymakers reduce coal, oil consumption and prioritize clean energy, transportation, they can
improve air quality by lowering PM2.5 levels.

Keywords: Indoor air pollution, outdoor air pollution, PM2.5, gross domestic product, clean fuel, World Bank country income groups

Amag: Hava kirliligi en biiyiik cevre sagligi sorunlarindan biridir ve 6ltimlerin %?11,7'sinden sorumludur. Gayri safi yurtici hasila (GSYiH), temiz
yakitlara erisim yiizdesi, PM2.5 diizeyi ve hava kirliliginden 6liim hizlar arasindaki iliskinin incelenmesi amacland.

Gerec ve Yontem: Bu calisma korelasyonel bir calismadir. Nisan-Mayis 2023'te "Our World in Data” web sayfasindan 1990-2019 icin 208 iilkeye ait
veriye ulasildi. Karsilastirmalar Diinya Bankasi gelir gruplarina gore yapildi.

Bulgular: Kisi basina diisen GSYiH, temiz/teknolojik yakitlara erisim yiizdesi ile cok giiclii bir pozitif korelasyona (r=0,915) ve ic ortam hava kirliligi
6ltim hizi ile ok giiclii bir negatif korelasyona (r=-0,914) sahipti. Kisi basina diisen GSYiH ile PM2,5 (r=-0,470) arasinda orta diizeyde negatif
korelasyon vardi. Ortalama PM2.5 diizeyi, temiz/teknolojik yakitlara erisim yiizdesi ile orta derecede negatif korelasyona (r=-0,445), i¢c ortam hava
kirliligi 61im hizi ile orta derecede pozitif korelasyona (r=0,433) ve dis ortam hava kirliligi 61im hiziyla glicli pozitif korelasyona sahipti (r=0,602).

Sonug: Yillar gectikce temiz/teknolojik yakitlara erisim yiizdesi artti, ic ortam hava kirliligi 61tim hizi azaldi. Bu hiz yiiksek gelirli tilkelerde neredeyse
tamamen ortadan kaldinldi, ancak diistik gelirli tlkelerde varhgini stirdiiriiyor. Temiz/teknolojik 1sitma ve pisirme yontemlerinin tesvik edilmesiyle,
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ic ortam hava kirliliginden 6liim hizi artik hicbir Gilkede sorun olmayacak. Ote yandan PM2.5 seviyesinin yiiksek oldugu tilkelerde dis ortam hava
kirliliginden 6lim hizi daha yiiksektir. Politika yapicilar kémiir ve petrol tliketimini azaltir ve temiz enerji ile ulasima &ncelik verirlerse PM2.5

seviyelerini duislirerek hava kalitesini artirabilirler.

Anahtar Kelimeler: ic ortam hava kirliligi, dis ortam hava kirliligi, PM2.5, gayri safi yurtici hasila, temiz yakit, Diinya Bankasi iilke gelir gruplari

Introduction

Air pollution is the deterioration of the air content by
pollutants such as heating, fuel, industrial activities, unplanned
urbanization. Air pollution is one of the world's biggest
environmental health problems. According to the Global Burden
of Disease study of the Institute for Health Measurements and
Evaluation, air pollution is responsible for 11.7% of deaths in the
world (1). Air pollution; it is examined in two ways as outdoor
and indoor air pollution.

Outdoor air pollution is caused by electricity generation,
industrial emissions, vehicle exhaust, wind-blown dust and crop
burning (2). According to the Global Burden of Disease study,
7.8% (4.5 million) of deaths are due to outdoor air pollution,
and in some countries air pollution accounts for at least 10% of
deaths. There are up to 10 times different death rates between
countries. Rates increase as countries industrialize and move
from low-income to middle-income, and are usually highest
in middle-income countries (1). If air pollution death rates are
to be reduced, both exposure should be reduced and health
conditions should be improved (3).

There are two main outdoor air pollutants, ozone and
particulate matter (PM). Mortality rates from PM pollution are
higher than from ozone. What is meant here is “tropospheric
ozone" found in the lower atmosphere near the surface. This
should not be confused with the ozone layer in the stratosphere,
which protects us from UV radiation (3). The main element of
outdoor air pollution is PM, which is a mixture of solid and
liquid, organic and inorganic particles. PM2.5 are fine particles
that can be taken up by alveolar macrophages and endothelial
cells in the lung and cause direct health effects (4). The World
Health Organization (WHO) Global Air Quality Guidelines offer
global guidance on thresholds and limits for key air pollutants
that pose health risks, such as PM. So much so that WHO set out
the annual average PM2.5 level up to 5 pg/m?® as the clean air
treshold in 2021 (5).

Indoor air pollution is caused by the burning of solid fossil
sources such as wood, coal, manure for cooking and heating.
Burning such fuels, especially in underdeveloped countries,
causes pneumonia, lung cancer, heart disease, stroke (6).
According to the Global Burden of Disease study, 4.1% (2.3
million) of global deaths are caused by indoor air pollution. On
the other hand, WHO predicted more deaths, announcing that
3.2 million people died from indoor air pollution in 2020 (7).

Only 60% of the world has access to clean fuel for cooking but
this share is increasing (8).

Income is a strong determinant of energy access and fuel
source choice. Low-income households mostly use traditional
solid fuels such as wood and dung. As income increases, this
energy mix shifts towards wood and coal. In higher-income
countries, cleaner fuels such as natural gas and ethanol are
often used instead of harmful fossil fuels. Electricity is mostly
available at higher income levels. In countries with a per capita
Gross Domestic Product (GDP) of less than 2,000 USD per year,
access to clean energy in houses is less than 10% (8).

In this study, it is aimed at examining the relationship
between the GDP of countries', the percentage of access to
clean or technological fuels, outdoor PM2.5 levels, and air
pollution death rates

Materials and Methods

Thisstudy is a correlational study. The data was obtained from
the website https://ourworldindata.org/ in the period of April-
May 2023, and data for 208 countries in total were obtained.
Data between 1990-2017 for the variable "PM2.5", and data
between 1990-2019 for the variables “GDP per capita”, “indoor,
outdoor and total air pollution death rates", "percentage of
access to clean/technological fuel” are included in the analysis
(9). Comparisons were made according to World Bank country
income groups (high-income, upper-middle-income, lower-
middle-income, low-income) available on the same website.

Statistical Analysis

Statistical analysis were evaluated using the R 3.5.1. program.
Descriptive values are expressed as number, percentage, mean
(standard deviation), median, minimum-maximum. Continuous
variables were compared with the non-parametric Kruskal-
Wallis test, as they did not conform to the normal distribution
in the evaluation made with visual-analytical tests, and the
relationships between them were evaluated using the Spearman
correlation test. The correlation coefficient is weak if r=0.00-
0.24, moderate if r=0.25-0.49, strong if r=0.50-0.74, very strong
if r=0.75-1.00 (10). The significance level was taken as p<0.05.
Since the study was produced from publicly available data, no
application was made to the ethics committee.
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Average values in the world between 1990-2019; GDP per
capita was 13847.4 (1836.8) USD, indoor, outdoor, total air
pollution death rates were 63.4 (22.1) (6.6% of deaths), 59.8
(1.1) (6.5% of deaths), 120.5 (22.2) (12.8% of deaths) per
hundred thousand, respectively. Average PM2.5 level was 47.0
(2.1) pg/m3 between 1990-2017. Average values in Tiirkiye
between 1990-2019; GDP per capita was 187309 (5201,8)
USD, indoor, outdoor, total air pollution death rates were 5.4
(6.8) (0.7% of deaths), 66.2 (7.8) (9.6% of deaths), 70.8 (13.9)
(10.1% of deaths) per hundred thousand, respectively. Average
PM2.5 level was 42.8 (1.4) ug/m3 between 1990-2017. Average
values in the world in 2019; GDP per capita was 16897,2 USD,
indoor, outdoor, total air pollution death rates were 30.2 (4.1%
of deaths), 57.4 (7.8% of deaths), 85.6 (11.7% of deaths) per
hundred thousand, respectively. PM2.5 level was 45.5 ug/m3 in
2017. Average values in Tirkiye in 2019; GDP per capita was
28197,3 USD, indoor, outdoor, total air pollution death rates
were 0.3 (0.1% of deaths), 53.7 (9.5% of deaths), 53.3 (9.5%
of deaths) per hundred thousand, respectively. PM2.5 level was
44.3 ug/m3in 2017.

The average indoor air pollution death rates were 1.0 (0.8),
54.6 (31.9), 118.6 (35.5), 210.3 (36.3) per hundred thousand in
high, upper-middle, lower-middle and low-income countries,

respectively. As income decreased, indoor air pollution death
rate increased (p<0.001). The average outdoor air pollution
death rates were 25.1 (7.8), 79.9 (5.9), 76.6 (9.8), 33.2 (5.8) per
hundred thousand in high, upper-middle, lower-middle, and
low-income countries, respectively (p<0.001). While outdoor
air pollution death rate was higher in upper-middle and lower-
middle-income countries than high and low-income countries,
it was higher in low-income countries than high-income
countries. As income decreased, total air pollution death rates
increased (p<0.001). The average PM2.5 level were 15.9 (0.8),
45.2 (3.8), 62.2 (2.1) and 41.7 (1.5) ug/ms3 in high, upper-middle,
lower-middle and low-income countries, respectively (p<0.001).
In high-income countries, PM2.5 level was lower than other
income groups. In addition, upper-middle income group and
low-income group also had lower PM2.5 concentrations than
lower-middle income group (Table 1).

Table 2 shows the correlation between GDP per capita
and air pollution death rates, PM2.5 level and percentages of
access to clean/technological fuel in the world between 1990-
2017. GDP per capita had a very strong positive correlation
with the percentage of access to clean/technological fuels
(r=0.915), and a very strong negative correlation with indoor air
pollution death rate (r=-0.914). There was a moderate negative
correlation between GDP per capita and PM2.5 (r=-0.470). As
GDP per capita increased, the percentage of access to clean/

Table 1: Comparison of GDP, air pollution death rates and PM2.5 levels among country income groups in the world in 2019-1990
) ) Indoor air Outdoor air Total air PM2.5 levels
World Bank income groups GDP per capita (USD) pollution death pollution death pollution death (ng/m?)*
rate rate rate
Mean (SD) 41437,0 (5593,2) 1.0 (0.8) 25.7 (7.8) 25.9 (8.6) 15.9 (0.8)
High Income Median 426770 0.7 23.8 24.4 16.2
Range 32193,1-50491,8 0.3-3.0 14.9-39.1 15.1-41.9 14.5-17.0
Mean (SD) 10097,5 (3867,2) 54.6 (31.9) 79.9 (5.9) 130.9 (34.2) 45.2 (3.8)
Upper-Middle Income Median 8936,5 51.3 81.9 132.3 44.7
Range 5857,8-17393,4 13.8-114.7 66.2-85.4 78.8-187.9 39.0-50.9
Mean (SD) 4552,9 (1299,0) 118.6 (35.5) 76.6 (9.8) 189.8 (25.9) 62.2 (2.1)
Lower-Middle Income Median 4205,1 119.6 74.7 188.6 62.3
Range 3162,2-7115,2 59.5-171.0 62.0-91.9 145.9-227.9 9.0-66.0
Mean (SD) 1556,5 (258,5) 210.3 (36.3) 33.2 (5.8) 240.2 (30.8) 41.7 (1.5)
Low Income Median 1480,5 213.2 30.8 241.0 41.8
Range 1229,4-2022,0 148.5-263.7 27.2-43.7 188.6-287.4 39.4-44.3
p value <0.001 <0.001 <0.001 <0.001 <0.001
Mean (SD) 13847,4 (1836,8) 63.4 (22.1) 59.8 (1.1) 120.5 (22.2) 47.0 (2.1)
Total Median 13767,5 63.0 60.0 120.5 46.6
Range 11097,3-16897,8 30.2-100.1 56.8-6.0 85.6-156.1 44.3-50.8
Mean (SD) 18730,9 (5201,9) 5.4 (6.8) 66.2 (7.8) 70.8 (13.9) 42.8 (1.4)
Turkiye Median 17610,3 2.0 64.7 66.0 42.6
Range 12507,3-28318,4 0.3-24.5 53.7-79.0 53.3-102.4 40.6-45.4
SD: Standard deviation, GDP: Gross domestic product, ‘per hundred thousand, 1990-2017
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Table 2: Correlation between GDP, air pollution death rates, PM2.5 levels and percentages of access to domestic clean fuel/technology
in the world in 1990-2017
Indoor air QOutdoor air
GDP per Access to clean fuel . A PM2.5 level
. pollution death | pollution death 5
capita (USD) | (%) rate' rate (ng/m’)
_ r 1,000
GDP per capita (USD)
p -
r 0.915 1,000
Access to clean fuel %
p <0.001 -
) , . r -0.914 -0.929 1,000
Indoor air pollution death rate
p <0.001 <0.001 -
. r -0.010 0.055 0.081 1,000
Outdoor air pollution death rate
p 0.460 <0.001 <0.001 -
Annual average r -0.470 -0.445 0.433 0.602 1,000
PM2.5 level (ug/m’) p <0.001 <0.001 <0.001 <0.001 s
GDP: Gross domestic product, r: Correlation coefficient, p: Significance level, ‘per hundred thousand
technological fuel increased significantly, and as income and
percentage of access to clean/technological fuels increased, w000
indoor air pollution death rate and PM2.5 decreased. There 5
was no significant correlation between GDP per capita and g e
outdoor air pollution death rate. The average PM2.5 level had % _—
a moderate negative correlation with the percentage of access g
to clean/technological fuel (r=-0.445), a moderate positive ‘g e
correlation with indoor air pollution death rate (r=0.433), and 2
a strong positive correlation with outdoor air pollution death §
rate (r=0.602). As PM2.5 level increased, indoor and outdoor air g™
pollution death rates increased. ® = oo b

Figure 1 shows that as GDP per capita increases, the indoor
air pollution death rate decreases.

Figure 2 shows that as the percentage of access to clean/
technological fuel for cooking increases, the indoor air pollution
death rate decreases.

According to Figure 3, as the PM2.5 increases, outdoor air
pollution death rate also increases. The percentage of access to
clean/technological fuels in the world has increased over the
years, and indoor air pollution death rate has decreased. Despite
the partial decrease in PM2.5 level, there is no significant
decrease in outdoor air pollution date rate (Figure 4).

The average indoor, outdoor and total air pollution death
rates in the world were 63.4, 59.8 and 120.5 per hundred
thousand in 1990-2019, respectively. Finally, the rates were 30.2,
57.4, 85.6 per hundred thousand in 2019, respectively. When the
literature is examined; air pollution appears to be the second
leading cause of death in Africa. There were 1.1 million deaths of
which 697,000 indoor, 383,419 outdoor PM2.5 pollution, 11230
outdoor ozone pollution attributed to air pollution in Africa in

GDP per capita (USD)

Figure 1: Relationship between GDP per capita and indoor air pollution
death rate

GDP: Gross domestic product

400,00

100,00

Indoor air pollution death rate (per 100.000)

00 20,00 40,00 60,00 80,00 100,00

Access to clean / technological fuel (%)

Figure 2: Relationship between percentage of access to clean/
technological fuel for cooking and indoor air pollution death rate
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2019. This was 16.3% of all deaths. Although indoor air pollution
death rate have decreased, outdoor air pollution death rate have
increased from 26 per 100,000 in 1990 to 29 per 100,000 in 2019,
according to one study (2). The frequency in this study is lower
than ours. In our study, while the outdoor air pollution death rate
in Africa was 31.5 per hundred thousand in 1990, it was 46.1 in
2019. This difference may be due to the different countries in
the sample. In our study, average indoor, outdoor and total air
pollution death rates were 5.4 (0.7% of deaths), 66.2 (9.6% of
deaths), 70.8 (10.1% of deaths) per hundred thousand in Trkiye
between 1990-2019, respectively. Finally, the rates were 0.3 per
hundred thousand (0.1% of deaths), 53.7 (9.5% of deaths), 53.3
(9.5% of deaths) in 2019, respectively. In studies conducted in
different regions of Tiirkiye, the share of air pollution in deaths
was found to be, 16.8% (4), 33.5% (4) and 29.2% (11). In our
study, this percentage for Turkiye is 9.5% in 2019, and lower than
the values in the studies above.

In the world, average PM2.5 level was 47.0 pug/m3 between
1990-2017, and 45.5 pug/m3 in 2017. In Tirkiye, average PM2.5
level was 42.8 pg/m3 between 1990-2017, and 44.3 pg/m3 in
2017. In the literature, exposure to PM2.5 was high in many
low and middle-income countries in Africa and Asia in 2017.

50,00

Outdoor air pollution death rate (per 100.000)

100000 20,00000 40,00000 60,00000 80,00000 100,00000 120,00000

PM2.5 level (ugim?)

Figure 3: Relationship between annual average PM2.5 concentration
and outdoor air pollution death rate
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Figure 4: Changes in air pollution death rates, PM2.5 levels and
percentages of access to clean/technological fuel over the years in the
world
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In particular, it was very high in North Africa, up to 200 pg/
m?, due to dry conditions with more sources of sand and dust.
Whereas in Sweden it was 40 times lower at 5 ug/m?® (4). Annual
PM2.5 level in Sub-Saharan Africa was 45 pg/m3 in 2019 (2).
Many African countries had PM2.5 concentrations that exceed
the WHO guideline (12). The average annual PM2.5 level
in China was 52.7 pg/ms3 in 2017, 9% lower than in 1990. In
2017, all Chinese population lived in areas that exceeded the
WHO guideline of 10 pg/m3, and 81.1% of them lived above
the interim target of 35 pg/m3 (13). The average PM2.5 level in
houses was 51 pg/m?. This was 10 times higher than the WHO
recommended value. (14). According to the Global Study of
Disease, Injury and Risk Factors, PM air pollution was the 4"
risk factor for death and disability-adjusted life years in China
(15). The Chinese Government has implemented a number of
measures to reduce PM2.5 levels (16). As a result, PM2.5 levels
have decreased in heavily polluted areas such as Beijing (17).
Tirkiye's 2017 PM2.5 level was high, although slightly below
China's. For this reason, it is necessary to implement practices
similar to those in China in our country.

According to the 2020 World Air Quality report of the
Sweden-based IQAir group, PM2.5 was above the upper limit
in 26 of 106 countries. The countries with the most polluted
air were Bangladesh, Pakistan and India. Average PM2.5 was
77.1 in Bangladesh, 59.0 in Pakistan, 51.9 pg/m?® in India. In the
Virgin Islands, New Caledonia and Puerto Rico, where the air
quality was highest, PM2.5 levels averaged 3.7 pg/me. Tirkiye
was the 46" most polluted country with an average PM2.5 level
of 18.7 pg/m?® (18). Within the scope of a joint project, 31,476
deaths in Tiirkiye in 2019 were associated with air pollution and
it was calculated that these deaths could have been prevented
if PM2.5 levels was at the standards set by WHO (19). According
to the 2021 European PM2.5 air quality ranking, Tlirkiye ranked
7" with 20 pg/me. Finland was the only country to reach the
5 pg/m?® limit set by WHO (20). The average PM2.5 level in
2019 determined for Tirkiye in these two studies is half of the
average value of the last 30 years in our study. Although PM2.5
levels have decreased in the last 30 years for our country, it
is regrettable that our country is still at the top of the world
rankings.

Indoor air pollution death rates increased significantly
as income decreased. While the outdoor air pollution death
rate was significantly higher in upper/lower-middle-income
countries than in high/low-income countries, it was significantly
higher in low-income countries than in high-income ones. As
income decreased, the total air pollution death rate increased
significantly. The literature on inequalities between countries in
air pollution is limited (21,22). Most of the literature documents
inequalities for a given city. Less literature documents
nationwide inequalities in the US, and indicates that those
from low socioeconomic status are more exposed to pollution
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than those from higher socioeconomic status (23-25). Evidence
for European countries is limited and a mixed relationship is
considered (26,27). Information is also limited for China and
other low- and middle-income countries, where 91% (26%) of
outdoor air pollution premature deaths occur (22,28). In 2016,
increased PM levels were associated with 8.4% mortality in
undeveloped and developing countries and 4.2% in developed
countries (29). As a result, in our study, as the income situation
worsens, indoor and total air pollution and deaths increase in
parallel with the literature.

In this study, PM2.5 levels were found to be lower in
high-income countries than in other groups. In addition,
the upper-middle and low-income group also have lower
PM2.5 concentrations than the lower-middle income
group. As income increased, the annual average PM2.5 level
decreased significantly. In China, a positive relationship
was found between socioeconomic status and outdoor air
pollution. PM2.5 concentrations in China were higher in
high socioeconomic status than lower socioeconomic status,
and in long-term urban residents than come rural to urban
people (13). In Europe, it is estimated that approximately 60%
of the population of high-income countries and 80% of the
population of middle and low-income countries are exposed
to PM2.5 levels above the WHO limit (29). Similar to our study
in Europe, there is an inverse correlation between PM2.5 levels
and income, while the opposite is true in China. The fact that
the majority of China's population lives in industrial and
economically developed big cities may cause more air pollution
in high-income regions.

In this study as a result of the correlation analysis; as income
increased, the percentage of access to clean/technological fuel
increased, and the indoor air pollution death rate decreased. In
addition, as the percentage of access to clean/technological fuel
increased, the indoor air pollution death rate decreased. Indoor
air pollution is the common form of air pollution in Africa. The
highest rates in Africa were seen in countries with the lowest
social development indices, similar to our study. Indoor air
pollution accounted for more than 80% of disease damage
in Ethiopia and Rwanda, but only half in more economically
developed Ghana (2). As countries get richer, they begin to take
measures to reduce air pollution and related deaths. Countries
with a GDP per capita of 5-15 thousand USD (such as India) are
in the first phase. Countries that have become richer and more
competent (such as China, Tirkiye) enter the second phase. At
this stage, air pollution-related deaths are reduced by increasing
environmental investments. Turkiye's air pollution deaths, which
were 60-70 per hundred thousand in the 1990s, decreased to
40-50 in the 2010s (Ttrkiye's 2020 GDP per capita was 30,000
USD). The decline is more striking in Singapore, which is much
richer than Tirkiye, with air pollution deaths falling from 43 per

100,000 in 1990 to 20 in 2017 (Singapore's 2020 GDP per capita
was 102,000 USD) (30). In these studies, similar to ours, it was
observed that the death rate of air pollution decreased as the
income level of the country increased.

In Africa, 60% of air pollution deaths are caused by indoor
air pollution, and polluting fuels such as coal and kerosene are
widely used. With the intervention of the government, non-
governmental organizations and United Nations agencies,
morbidity and mortality from air pollution in the home is
decreasing, albeit slowly and sporadically. With exceptions like
Nigeria, African countries haven't yet any precautions against
the use of fossil fuels. Therefore, they have the opportunity to
get rid of their dependence on oil and natural gas by investing
in renewable energy and non-polluting technologies. Reducing
dependence on fossil fuels, switching to non-polluting
renewable energy sources such as solar, wind and hydroelectric,
and improving public transportation are the main pollution
prevention strategies (2). The proportion of households cooking
with solid fuel in China decreased from 84.4% in 1990 to 61%
in 2005 and 32.2% in 2017. The use of coal for cooking and
heating has been banned in the areas around Beijing, and clean
energy such as natural gas has been promoted in the country.
The age-standardized death rate attributed to air pollution
decreased by 60.6% in China between 1990 and 2017. The
decrease for outdoor PM pollution is 12.0% and for indoor air
pollution is 85.4%. In China, the age-standardized death rate
attributed to PM decreased by 8.9% between 2013 and 2017.
In addition, average PM2.5 concentrations decreased by 33.3%
between 2013 and 2017 (31). As can be seen, both PM levels
and air pollution death rates decrease as access to clean fuel
increases.

Study Limitations

There are some limitationsin this study. Only the relationships
between income level/access to clean/technological fuel/PM2.5
levels and deaths due to air pollution was examined. As we
know, there are many variables that have an effect on deaths,
and the fact that these variables are not included in the analysis
may lead to bias in the results.

In conclusion, there was a positive correlation between
income and percentage of access to clean/technological fuels;
there was a negative correlation between income and PM2.5,
death rate from indoor and total air pollution. As the percentage
of access to clean/technological fuels increased, PM2.5 and
indoor air pollution death rates decreased. There was a negative
correlation between percentage access to clean/technological
fuels and PM2.5 level; there was a positive correlation between
PM2.5 level, indoor and outdoor air pollution death rates.
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The percentage of access to clean/technological fuels in the
world has increased over the years, and indoor air pollution death
rate has decreased. Indoor air pollution death rate has a clear
economic distinction. It has been almost completely eradicated
in high-income countries, but remains an environmental and
health problem in low-income countries. By encouraging clean/
technological heating and cooking methods at houses, the indoor
air pollution death rate will no longer be a problem in low-
income countries. On the other hand, outdoor air pollution death
rate is higher in countries with high PM2.5 levels. If policymakers
reduce coal and oil consumption and prioritize clean air, energy
and transportation, it will benefit air quality improvement.
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