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Abstract

Environmental air pollution poses severe challenges to human health, the effects which
are mostly seen as respiratory diseases, cardiovascular diseases, and cancers. Our

health is closely related to our environment.

The goal of this study was to identify air pollutants of health importance to humans
and determine their harmful effects on human health, to determine if there is a
correlation between exposure to environmental air pollutants and hospital visits due to
symptoms of respiratory diseases, and to determine whether exposure to
environmental air pollution has a significant effect on hospital visits due to symptoms

of respiratory diseases.

Data on 299 patients who presented to The First Central Hospital of Mongolia with
respiratory and infectious diseases from 1st January 2022 till 3rd March 2022 were
acquired from their case files in compliance with the ethics committee's guidelines.
The information gathered includes gender, age, diagnosis, address, the month of the
last hospital visit, positive family history of the diseases, occupation, exposure to toxic
substances in the living area, smoking, years of smoking, and the number of packets

of cigarettes per day.

The Pearson correlation coefficients of correlation between environmental air
pollutants and total hospital visits are 0.99, indicating a strong correlation, and the P
value of 0.004 (p<0.05) using two-tail analysis shows that exposure to environmental
air pollutants has a significant effect on total hospital visits due to illness symptoms at

a 95% confidence interval.

The findings support that air pollution severely affects human health, particularly in

causing symptoms and diseases.

Keywords: Air pollution, health, environment, respiratory disease
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1. Introduction
1.1 Objectives of thesis

Environmental air pollution is a significant risk factor for human health, causing short-
term and long-term effects, with a global mortality burden of more than 4 million
deaths annually. There is mounting evidence that air pollutants have a negative impact
on human health, including respiratory diseases, cardiovascular diseases, and cancer.
Our health is inextricably linked to our surroundings. The goal of this study was to
identify air pollutants of health importance to humans and determine their negative
effects on human health, to determine if there is a correlation between exposure to
environmental air pollutants and hospital visits due to symptoms of respiratory
diseases, and to determine whether exposure to environmental air pollution has a

significant effect on hospital visits due to symptoms of respiratory diseases.

1.2 Methodology

The data collected and analyzed will be used primarily in the thesis. The data was
gathered from Mongolia's First Central Hospital. Patients' data collected include
hospital file number, gender, age, diagnosis, address, the month of last hospital visit,
positive family history of diseases, occupation, living area exposure to toxic
substances, smoking, years of smoking, and the number of packets of cigarettes per

day.

Keywords: Air pollution, health, environment, respiratory disease.

1.3 Study Background

Mongolia is a landlocked country located in Northeast Asia. It is located between
Russia to the north and China to the southeast and west. Mongolia's territory is
1564100 square kilometers. Several distinctive natural zones characterize the country:
the western and northern parts are high mountain and forested regions, the eastern part
is grassy steppe, and the southern part comprises the famous Gobi Desert. The

population of Mongolia was estimated at 3.35 million people in 2020 (NSOM, 2020).
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Founded in 1639, Ulaanbaatar has been the capital of the Mongolian People's Republic
since 1924. The city is located on the Tuul River in the north-central part of Mongolia.
As the capital and the largest city of Mongolia, Ulaanbaatar has been the political,
economic, educational, and cultural Center of Mongolia (Byambadorj et al., 2011).
According to the 2016 national statistics, Ulaanbaatar has a population of 1,440,000,
which accounts for 46.2% of the total national population (Park et al., 2018).
Ulaanbaatar's ger neighborhoods have experienced most of the city's rapid growth,
resulting in unplanned, low-density districts that are inadequately connected to the
city's infrastructure (drinking water, waste management, wastewater treatment,
heating). Since its transitional years in the early 1990s and after the 1980s' harsh
winters, which prompted nomadic migration movements, Ulaanbaatar, the capital city
of Mongolia, has seen exponential rates of population growth. Most homes are timber
(ger), which are traditional Mongolian tents, with coal and biomass burners providing
inefficient heating and inadequate insulation. Ger areas represent about 60% of the
population of the capital city, estimated to be about 800,000 people, and 27% of the
country's population. The ger areas of Ulaanbaatar are highly vulnerable to climate

change and hotspots of greenhouse emissions and air pollution.

Since the industrial revolution, there has been a sharp rise in environmental pollution,
endangering human existence through climate change, global warming, and flooding.
The impacts of environmental air pollution are underestimated and underreported, but
they constitute a major threat to human existence. The effects of environmental
pollution on our health are being diligently investigated by a number of scientists,
researchers, international organizations, governmental and non-governmental
organizations. The new data from recent research on the health consequences of
environmental air pollution are both astonishing and frightening. In 2014, World
Health Organization announced the classification of air pollution as a class I human
carcinogen due to cumulative evidence by researchers across the world that air
pollution is a predisposing factor to nasopharyngeal, lung, head, and neck cancer
(Wong, 2014). According to the latest report and data released by WHO on 25th March
2014, about 7 million deaths in 2012 were attributed to air pollution exposure, the data
which doubled the previous estimation. This data made the WHO term air pollution
the largest single environmental health risk. Despite the abundance of scientific

evidence produced in the last 50 years, there is still uncertainty, if not skepticism
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(Goldman, 2019), on the causal role of air pollution in deteriorating human health or
triggering acute responses in the body. This is due in part to the difficulty of
comprehending the spatial and temporal variability of various air pollutants, which is
required to properly attribute exposures to individuals and populations in

epidemiological studies.
1.4  Aims of this study
My research goals are as follows:

e To identify air pollutants of health importance and to determine their negative
impact on human health.

e To collect health data from patients at the Respiratory and Infectious Disease
Department of the First Central Hospital in Ulaanbaatar, Mongolia.

e Using Pearson correlation analysis, examine the collected patient data to see if
there is a link between exposure to environmental air pollutants and

hospitalization for respiratory disease symptoms.
1.5  Null Hypothesis (HO)

1) There is no correlation between disease cases reported as a result of exposure to

environmental air pollution and total hospital visits.

2) Exposure to environmental air pollutants has no effect on total hospital visits due to

illness.



2. Air pollution in Ulaanbaatar Mongolia

In recent years, air pollution in Ulaanbaatar city has become the main problem for
every citizen living in the Mongolian capital. Population growth caused mainly by
rural-to-urban migration has led to major increases in the capital city's air pollution
emissions. Much of the population growth has been in the city's low-income ger
(Mongolian national dwelling) districts, where coal and wood are burned for heat.
Most of the Ulaanbaatar's population lives in a ger, and each ger family burns an

average of 5 tons of coal and 3 m? of wood per year (Guttikunda, 2007).

The air pollution sources in Ulaanbaatar include coal burning in gers, industrial boilers,
dust emissions of construction, power plants, improved stoves, household heating
systems, brick kiln operations, public and private transports, road resuspension, fly ash
resuspension, and garbage burning. Of these, especially during wintertime, the smog
of ger districts, motor vehicles, and power plants produces a very large amount of air
pollutants (Amarsaikhan, 2014). Generally, in Ulaanbaatar city, combustion for
domestic cooking and heating, motor vehicles, and power plants are the main sources

of air pollution (Fig. 1).

Air pollution in Ulaanbaatar’s ger areas. Credit: UBDHC, Erbar Agarjav

Fig. 1. Main sources of air pollution: (a) ger area



The most typical urban pollutants include suspended particulate matter (SPM), sulfur
dioxide (SO3), volatile organic compounds (VOCs), lead (Pb), carbon monoxide (CO),
carbon dioxide (CO3), nitrogen oxides (NOx) and ozone (O3). Of these pollutants,
particulate matter (PM) is one of the most critical pollutants responsible for the largest
health and economic damages. Because of the importance of PM pollution for human
health, visibility, and the environment, many studies are focused primarily on PM

pollution as a target pollutant (Guttikunda et al., 2013).

Compared to the average concentration of PM2.5 particles in the last nine years, 2011-
2019, the concentration of particles is higher than the tolerance level from October to
March of the following year. During these months, the average concentration of PM2.5
particles is 0.6-3.7 times higher than the standard tolerance concentration of Mongolia

(Fig. 2).

The highest concentration was 0.34 mg/m® in January, which is seven times higher
than the Mongolian standard and 14 times higher than the WHO recommendation
(Urangoo, 2020).

This means that the citizens of Ulaanbaatar city breathe polluted air several times
higher than the tolerance limit for 6 months of the year (Fig. 2, Fig. 3).
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Fig. 3. Ger districts in Ulaanbaatar 2021. Credit: Namuun Turbold

In terms of air quality, in ger districts’ sulfur dioxide (SO2) and nitrogen dioxide (NO3)

levels are much higher than in people living in the urban area (Fig. 4, Fig. 5).
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3. Environmental Air Pollution
The air we breathe is a complex blend of solid, liquid, and gaseous compounds.

Broadly speaking, air pollutants in the solid phase are called "particles" and are usually
classified on the basis of their size into PM10 (particles with an aerodynamic diameter
smaller than 10 pg/m3, sometimes called "inhalable" particles), PM2.5 (particles
smaller than 2.5 pg/m3, also called "fine" particles), PM2.5-10 (particles between 2.5
and 10 pg/m3 in diameter, referred to as "coarse" particles), and UFP ("ultrafine

particles", particles < 0.1 pg/m3) (Zoran et al, 2019).

Fine particles in non-urban areas, on the other hand, are mostly secondary, which
means they are produced by chemical reactions involving gaseous precursors such as
sulfur dioxide, nitrogen oxides (NOx), ammonia, and volatile organic compounds
(VOCs). Finally, coarse particles are mostly of primary origin, composed of sea salt
and crustal materials, and are brought into cities by long-range transportation patterns

or formed by mechanical dust resuspension processes.

Historically, environmental air pollution could be traced back to the city of London,
which was known for coal mining and exportation. (Admassu and Wubeshet, 2006).
The city was well known for 'big smoke,' fog, and smog. In 1873, over 700 people died
as a result of smog, and in December 1952, approximately 4000 during Great London
Smog (Oosthoek, 2014). During the nineteenth and twentieth centuries, the same
trends that made London the headquarters of polluters were seen in the United States.
However, one does not need to travel to London or the United States to experience the

environmental and health effects of industrialization's air pollution.

Nowadays, the problem of air pollution is mostly felt in cities due to the increased
consumption of products that emit by-products as air pollutants. Pollutant emissions
have direct and indirect effects with a wide range of impacts on human health,

ecosystems, agriculture, and materials (Dieter, 2012).



3.1 Definition of Air Pollution

World Health Organization in 1999 defines air pollution as 'substances put in by the
activities of mankind in a concentration sufficient to cause harmful effects to health,
properties, crop yield, or to interfere with the enjoyment of property’ (Mukherjee,
2002).

Pollutants are defined as both natural and manufactured substances that harm the

environment.

The pollutant must first be released into the atmosphere, go through some mixing or
chemical transformation, and then have an impact on receptors for air pollution to be
felt. In this usage, the term "receptor" might refer to a person, an animal, a plant, or a
material. Also, the combustion of fossil fuels for transportation, power generation, and
other human activities produces a complex mixture of pollutants comprising literally
thousands of chemical constituents (Holgate et al., 1999). Exposure to such mixtures

is a ubiquitous feature of urban life.



4. Major Environmental air pollutants and their health effects

There are numerous air contaminants that are significant for public health. They have
significant negative effects on human health, including the development of asthma,
respiratory conditions, infections, and cancer risk factors. A major health concern and
even death could result from the amount of exposure and buildup of these toxins in the
body over time. Carbon monoxide, nitrogen oxides, heavy metals, and particulate
matter are some of these contaminants. In air pollution research, most studies have
focused on the role of air pollution in triggering symptoms and exacerbations, i.e., the

short-term (acute or subacute) effects of air pollution (Peacock, 2011).

4.1 Carbon Monoxide

It is a colorless, odorless, tasteless, and very poisonous gas. Its occurrence is natural
in volcanoes, natural gas emissions, and seed germination (Bibhabasu Mohanty,
2014). It arises from the incomplete burning of hydrocarbons. Its affinity to
hemoglobin molecules is roughly 240 times higher than that of oxygen (O2) (Weaver
et al.,, 2000), leading when present to the formation of carboxyhemoglobin by
replacing the bounded O> (Mlcak et al., 2007). Once inhaled, CO leads to tissue
hypoxia, primarily affecting areas of high blood flow and oxygen demand (Cancio,

2009).

Additionally, heaters and furnaces release this gas, particularly when they are not
maintained properly. In metropolitan areas, this hazardous gas is continually present
around people. This gas is also released by heaters and furnaces, particularly ones that
are used in unclean environments. In addition to garbage incineration, other major
contributors to anthropogenic carbon monoxide emissions include the metal industry,

forestry, agriculture, and fisheries.
4.2 Health effects of CO

Carbon monoxide intoxication is one of the most common inhalation poisonings
worldwide, which can lead to high morbidity and mortality involving multiple organ
systems. Due to its variety of clinical presentations and lack of reliable blood tests with
correlation to the clinical outcome, it remains a multidisciplinary challenge (Reumuth,

2019).
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People might not be aware that they are being exposed to CO because it has no smell,
no color, and is essentially invisible to human senses. Low to moderate CO poisoning's

initial signs and symptoms resemble flu symptoms (but without the fever). They

comprise:
e Headache
e Fatigue

e respiration difficulty

e Nausea
e Dizziness
High-level CO poisoning results in progressively more severe symptoms, including:
e Mental confusion
e Vomiting
e Loss of muscular coordination

o Loss of consciousness

Ultimately death (Hampson, 2012).

The CO level and exposure time have an impact on the severity of the symptoms.
Residents or medical professionals may misdiagnose mild to moderate CO poisoning
symptoms for the flu in slowly increasing residential CO problems, which can

sometimes lead to tragic deaths.
4.3 Oxides of nitrogen (NOX)

In monitoring and evaluating the quality of ambient air, the term nitrogen oxides
(NOx) is understood to refer to a mixture of nitrogen oxide (NO) and nitrogen dioxide

(NO»).

The higher oxides of nitrogen (NO, NO», and higher valence) are highly reactive
compounds encountered in a variety of occupational exposures and are principal

constituents of photochemical air pollution. Their chemical properties result in direct
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oxidation, free radical formation, nitrosation, nitrite ion release, and paramagnetic

interactions with heme (Guidotti, 1978).

In 2020, no station exceeded the limit value for an hourly NO> concentration (200 g.m-
3, with a maximum permitted the number of 18 cases exceeding the limit per year). At

no station was the hourly NO; limit value exceeded.

4.4  Health effects of NOx
Ambient NO; exposure may increase the risk of respiratory tract infections through

the pollutant’s interaction with the immune system (Chen, 2007).

Nitrogen dioxide can decrease your lung function and make asthma worse. Long-term
exposure to low levels of nitrogen dioxide can increase your risk of developing

breathing problems, such as:
e coughing
e wheezing

People who may be more sensitive to nitrogen dioxide include those with the

following:
e airborne allergies
e asthma
e chronic obstructive pulmonary disease (COPD)
4.5 Sulfur oxides

Sulfur oxides exist in two forms, Sulphur (IV) oxide (SO) and Sulfur trioxide (SO3).
Sulfur dioxide is colorless, but it has a distinct odor and taste that can be detected at
high concentrations. Sulfur oxides dissolve easily in water, resulting in the formation

of sulfurous acid or sulfuric acid in the atmosphere, which is a component of acid rain.

SO> can be emitted by natural and anthropogenic sources. Although efforts have been
made to reduce sulfur dioxide emissions worldwide, this pollutant and its adverse

effects remain a major concern, especially in developing countries (Eman, 2022).
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The majority of sulfur oxides are produced during the combustion of sulfur-containing
fuels. A significant source is also the roasting of metal sulfide ores. SOx emissions are
primarily produced by coal-fired power plants that use high-sulfur coal. Sulfur oxides
can also be emitted by vehicles.

With regard to one of the most dramatical urban environmental exposures to air
pollutants, the London smogs (Bell, 2001), sulfur dioxide (SO-) is known as a major
respiratory irritant for many years. Next to its acute effects, SO> may also be related

to the incidence of chronic cough (Balmes et al., 2003).
4.6 Health effects of SOx

Sulfur dioxide affects the respiratory system, particularly lung function, and can

irritate the eyes.

Sulfur dioxide irritates the respiratory tract and increases the risk of tract infections. It
causes coughing and mucus secretion and aggravates conditions such as asthma and

chronic bronchitis.
4.7 Particulate Matter (PM)

Particulate matter is a term used by the United States Environmental Protection
Agency to describe a mixture of solid particles and liquid droplets found in the air
(United States Environmental Protection Agency, 2022). PM is classified into three
types based on particle size: coarse particles (PM), fine particles (PM 2.5), and
ultrafine particles (PM 0.1). PM10 are aerodynamic inhalable particles between 10 pm
and 2.5 um. They typically reside close to busy roads and dirty industries.

4.8 Health Effect Particulate matter

Air pollution has both acute and chronic effects on human health, affecting a number

of different systems and organs (Kampa, 2008).

The impact of particulate matter as a pollutant of concern to health has been the subject
of numerous scholarly articles in recent years. In those with underlying heart or lung
disease, such as asthma, airway irritation, nonfatal heart attacks, and irregular
heartbeat, PM pollution has been associated with earlier mortality. Additionally, a

diverse group of characteristics can lead to an increased risk of PM-related health
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effects, including life stage (i.e., children and older adults), preexisting cardiovascular
or respiratory diseases, genetic polymorphisms, and low-socioeconomic status (Sacks
etal. 2011).

4.9  Environmental air pollution's effects on human health

The harmful effects of air pollution are well-known and well-researched. Researchers
from the fields of public health, environmental health, and international health, as well
as from international organizations and agencies, have made great contributions to the
study and publication of the links between environmental air pollution and human
health in several scholarly journals. In addition to the allergic reactions and respiratory
symptoms that may be linked to air pollution, other unexpected diseases may also
appear and be difficult to link to air pollution as the underlying cause. The following

are some of the diseases that can be linked to environmental air pollution:

e Respiratory diseases

e Cardiovascular diseases

e Diabetics

e infertility

¢ Birth related problems

e (Cancer

14



5. Data collection and analysis
5.1 Description of the hospital

Oriental medicine was expanded to become a Clinical Hospital in 1935, and over the

years, many of the world's leading hospitals have branched out.

The hospital was built in 1971 with the help of Czechoslovakia. It has 240 beds and a
hospital building with an area of 24,656 m?. The hospital was expanded to serve as the
State Clinical Central Hospital with 600 beds. In 2015, another 6,542 m? hospital
extension building was commissioned and now has a total of 568 beds. The name of
the State Clinical Central Hospital was changed to the First State Central Hospital by
Resolution No. 231 of the Government of Mongolia dated 4th July 2012.

Today, the First State Central Hospital provides specialized medical referral services
nationwide, conducts medical training and research, provides tertiary referral services
to all levels of medical institutions, and develops diagnostic and treatment standards,
clinical guidelines, and methodologies. It is the first public hospital in the country to
conduct surveillance of population morbidity, disease prevalence, and other clinical

arcas.

The Center provides outpatient and inpatient care in 21 government and nine districts
of Ulaanbaatar. It provides outpatient care to more than 370,000 people annually in
495 countries, with a total area of 31,504 m?, with a staff of more than 800 people. It
provides surgical care to more than 12,000 people. This hospital is the city hospital
and is responsible for lung-related diseases and infections. They receive referrers from
public hospitals, policlinics, and other tertiary institutions on lung-related diseases.
This hospital was chosen because it is the primary facility in Ulaanbaatar city for the
treatment of lung diseases. It is a tertiary hospital that also trains medical students and
specialists in respiratory diseases. Because most environmental air pollutants enter the
human body through inhalation, and the lung is the first internal organ to be exposed
to these pollutants, it is not surprising that the effects of these pollutants will be more
pronounced on the lungs. Choosing this hospital for this research and data collection

is thus regarded as a wise decision.
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5.2 Data collection and representation method

This study collected hospital case files from patients who presented at this hospital
between 1%t January 2022 till 3" March 2022. It is critical to emphasize that all of the
patients at this hospital have respiratory and infectious diseases. Patients' data were
collected and recorded as follows sex, age, diagnosis, comorbidity, address, the month
of the last hospital visit, positive family history of the diseases, occupation, exposure
to toxic substances in living area, smoking, years of smoking, and the number of
packets of cigarette per day. Without compromising the privacy of the patient's
information, the data gathering complied with hospital policies, rules, and regulations,
as well as the ethical committee's guidelines. The information gathered is only used

for academic and research purposes.

Data were gathered on 299 patients in total. The patients excluded from these data are
those who are now being discharged, have previously been discharged, and have been
hospitalized. Using Excel 2013, the data were logged and examined. When presenting

and displaying data, tables, pie charts, and histograms were used.
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6. Results

In total, 299 patients’ data were taken and analyzed, 185 male and 74 female, as shown

in Fig. 6 below.

Gender

Female
32%

m Female

m Male

Fig. 6. The gender pattern of patient's presentation at the hospital.

It was noted that the majority of patients who presented to this hospital with infectious
and respiratory disorders were older. According to research, the aged are a vulnerable
population that is more prone to illness and impairment (WHO, 2006). Another
explanation would be that environmental toxins build up in the body over time and
eventually become noticeable. For instance, those who smoke and are exposed to

harmful chemicals run the risk of being sick later in life (Fig. 7).

Age

19-35 36-55 56-80 81-100
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Fig. 7. The age distribution of patients presented at the hospital. 41 patients between the ages
of 19-35, 93 patients between the ages of 36-55, 135 patients between the age of 56-80, and 30
patients between the ages of 81-100.

6.1 Diagnosed diseases

The fig 8 below shows the diseases that the patients presented at this hospital usually
have.

Diagnosed disease
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Fig. 8. The distributions of diagnosed diseases.

61 patients have been diagnosed with chronic obstructive pulmonary disease (COPD),
122 patients with pneumonia, 22 patients with asthma, 29 patients with tuberculosis,
13 patients with lung carcinoma, 26 patients with respiratory failure, 17 patients with

pleurisy, and 9 patients with pulmonary fibrosis.

According to the graph, this hospital diagnoses more pneumonia cases than any other,
followed by COPD, tuberculosis, and respiratory failure. Respiratory failure is a
consequence that can emerge from other respiratory illnesses that can be identified
either apart from the original illness or as a comorbidity. According to the literature
review that was conducted previously in this research, all the diseases described above
are linked to ambient air pollution. As shown in Tab. 1, to have a clearer picture of

the age group of disease case.
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Tab. 1: Age group of disease case

19-35 36-55 56-80 81-100 Total

Asthma 2 8 8 4 22
COPD 10 20 26 5 61
Lung carcinoma 4 3 5 1 13
Pleurisy 4 5 8 0 17
Pneumonia 16 38 52 16 122
Pulmonary fibrosis | 0 4 5 0 9
Respiratory failure | 3 5 16 2 26
Tuberculosis 2 10 15 2 29

6.2  Exposure to environmental air pollutants

Smoking and living in a hazardous environment are significant factors connected with
the development of various diseases related to environmental air pollution when

analyzing the lifestyle and living habits of the patients (Fig. 9).

Smoking analysis

W Smokers

B Non smokers

Fig. 9. Showing the smoking habits of the patients. 41 patients were smokers, and 258 patients

were non-smokers.
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Among 41 patients that smoke, eight patients are within the age group of 19-35, 11
patients are within the age group of 36-55, 19 patients are within the age group of 56-
80, and 3 are within the age group of 81-100 as shown in Fig. 10.

Number of smokers

19-35 36-55 56-80 81-100

Fig. 10. Number of patients that are smoking and their age group.

Among 41 patients that are smoking, the age group of 36-80 diagnosed COPD patients

account for the largest percentage shown in Fig. 11.

Age of smoking patients

L ’
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&

19-35 36-55 m56-80 m80-100

Fig. 11. Number of diagnosed patients that are smoking and their age group.
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When looking at the 299 total diagnosis cases among 134 patients who were smokers
involving seven diseases, such common diseases in the descending orders are COPD,

pneumonia, tuberculosis, and respiratory failure. This is shown in Fig. 12.

Smokers only

PULMONARY...
LUNG CARCINOMA
PLEURISY
ASTHMA
RESPIRATORY FAILURE
TUBERCULOSIS

COPD

PNEUMONIA

Fig. 12. Chart showing 299 diagnosed cases of different diseases among 41 patients who

were smokers.

On the other hand, among 258 non-smoking patients, eight total diseases were seen.
The common diseases among non-smokers who were resented at this hospital in

descending order were pulmonary fibrosis, pneumonia, and asthma (Fig. 13).

Non smokers only

PULMONARY FIBROSIS.
LUNG CARCINOMA
PLEURISY
ASTHMA

RESPIRATORY FAILURE
TUBERCULOSIS

COPD

PNEUMONIA

0 20 40 60 80 100 120

Fig. 13. Chart showing 8 diagnosed cases of different diseases among 258 patients who

were non-smokers.
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In addition to smoking, the address information is very vital in the course of taking the
history of the patients. Some patients live in a toxic environment (suburban) where the
risk of exposure to environmental air pollutants or health consequences is high, which
puts them at a higher risk of developing certain diseases than their counterpart which
are not living in a toxic environment (urban). The chart in Fig. 14 shows the result of

exposure and non-exposure to toxic substances.

Exposure to toxic substances at
living area

Exposed m Non exposed

Fig. 14. Pie chart showing the exposure of patients to toxic substances, also termed
environmental air pollutants, in the living area. 226 patients were exposed, and 73 patients

were not exposed.

Among 226 patients who were exposed to the toxic environment due to living area,
eight total diseases were seen. The common diseases among these patients who were
presented at the hospital in descending order were pneumonia, tuberculosis, COPD,

tuberculosis, and asthma (Fig. 15).
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Exposed (Non smokers)

PULMONARY FIBROSIS.
LUNG CARCINOMA
PLEURISY

ASTHMA

RESPIRATORY FAILURE
TUBERCULOSIS

COPD

PNEUMONIA

0 20 40 60 80 100

Fig. 15. Chart showing eight different diseases among 192 patients who were exposed to the

toxic environment in the living area and were non-smokers

Most interestingly, people who live in toxic conditions without smoking are diagnosed

with the highest number of respiratory diseases (Fig. 16).

PERCENTAGE DISTRIBUTION OF DISEASES CASE

pulmonary fibrosis.
lung carcinoma
pleurisy

asthma

respiratory failure
tuberculosis

COPD
PNEUMONIA

0 20 40 60

m non exposed (smokers) m exposed (smokers)

m Non exposed (non smokers) = Exposed (Non smokers)

Fig. 16. Percentage distribution of disease cases among non-smokers, smokers, and patients

exposed and non-exposed to environmental air pollutants.

When comparing the patients that were not exposed to air pollution to exposed
patients, it was observed in all cases the number of disease cases presented by the
exposed group of patients was more than the number of cases presented by the group

of non-exposed patients, as shown in Tab. 2.
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Tab. 2: Comparison of disease cases exposed and non-exposed to air pollution groups of

patients

Exposed to toxic Non-exposed to

Disease environment toxic environment

PNEUMONIA 93 29 122
COPD 45 16 61
tuberculosis 19 10 29
respiratory failure 20 6 26
asthma 19 3 22
pleurisy 13 4 17
lung carcinoma 12 1 13
pulmonary fibrosis 5 4 9

total 226 73 299

It is vital to display the data in an instructive table, as shown in Tab. 3, to have a clearer
picture of the facts obtained in this research and to apply comparative analysis to help

us come to a well-informed conclusion.

Tab. 3: Categories of patients and disease cases presented

Non-
Exposed Non-exposed Exposed
Disease exposed Total
(Nonsmokers) (Non-smokers) (Smokers)
(smokers)

PNEUMONIA 86 26 7 3 122
COPD 35 12 10 4 61
Tuberculosis 16 10 3 0 29
Respirato

P Y 14 6 6 0 26
failure
Asthma 17 3 2 0 22
Pleurisy 10 4 3 0 17
Lung

) 9 1 3 0 13
carcinoma
Pulmona

Y 5 4 0 0 9

fibrosis
Total 192 66 34 7 299
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6.3  Analysis

To determine whether there is a relationship between exposure to environmental
air pollutants (either through smoking or toxic exposure in a living area, or both) as
analyzed by the number of cases seen because of exposure and the total number of
hospital cases seen or recorded, correlation analysis using the Pearson correlation
coefficient was performed on the data. The scattered diagram in Fig. 17 shows the
relationship between exposure to environmental air pollution against the number of
hospital visits. X-axis: the number of hospital visits because of a given disease (the
disease was diagnosed), and Y-axis: the number of hospital visits by the patients

exposed to air pollution because of a given disease.

250
200
150
100

50

Exposed to air pollution

0 50 100 150 200 250 300 350

Number of hospital visit

Fig. 17. Scatter diagram showing a relationship between exposure to environmental air

pollution and hospital visits due to respiratory illness.

Using a 95% confidence interval and a two-tailed test, the null hypothesis—according
to which there is no significant relationship between exposure to outdoor air pollutants

and hospital visits for sickness (total cases diagnosed).

According to Tab. 4, there is a substantial association between the number of hospital
visits (represented by total cases seen or recorded) and exposure to outdoor air
pollution, with a Pearson correlation coefficient of 0.9979. Thus, the null hypothesis
is rejected (HO). The total number of diseases recorded during the study indicates that

the number of observations is 8.
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With a 95% confidence interval, the P value of 0.02 (p< 0.05) using two-tail analysis
demonstrates a significant relationship between exposure to outdoor air pollutants and

the overall number of hospital admissions for sickness.

Tab. 4: Pearson’s correlation test results

t-Test: Paired Two Sample for Means
Hospital visit Exposed to air pollution
Mean 37,375 28,25
Variance 1424,267857 821,3571429
Observations (diseases) 8 8
Pearson Correlation 0,997904414
Hypothesized Mean Difference 0
P(T<=t) two-tail 0,027800335
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7. Discussion

From the analysis of the result, when looking at the sex distribution of the patients that
presented at the respiratory and Infectious diseases hospital, The 1% Central Hospital
of Mongolia, it was seen that 68% of the patients were male while 32% were female.
Although there is no clear association between environmental air pollution and gender,
a stronger association is seen in occupational health, where respiratory diseases were
associated more with women (Clougherty, 2009). It was observed that most of the
people present at this hospital for respiratory-related and infectious diseases were
majorly elderly, where the largest numbers of patients were within the 56-80 age
group, followed by the 36-55 age group. It has been established that the elderly are
regarded as a vulnerable group of people, and hence their ability to fight against
diseases is limited due to their aging immune system. Another reason may be due to
the fact that environmental pollutants accumulate in the body, especially when the rate
of metabolism and excretion is less than uptake and manifests their effects later in life.
For instance, people that are smoking and exposure to toxic chemical substances may
develop the illness at a later stage in life. The result clearly showed that pneumonia is
the most present disease at this hospital, followed by COPD, tuberculosis, and
respiratory failure. In older adults, exposure to ambient nitrogen dioxide and PM2.5 is
associated with hospitalization for community-acquired pneumonia (Neupane et al.,

2009).

Certain diseases are common among smokers in this hospital, for instance, in the order
of commonest, COPD, pneumonia, and respiratory failure. When compared to non-
smokers with pneumonia, pulmonary fibrosis, asthma, and COPD from Fig. 12 and
Fig. 13. These studies also agreed with many authors and researchers that smoking is
arisk factor for many diseases and the number one risk factor for lung cancer according
to Center for disease control and prevention. Cigarettes consist of over 4000 chemical
substances, some of which are carcinogenic (Hoffman et al., 2001; Li et al., 2002).
Living in a toxic environment also has a large impact on human health in this study,
as seen in Fig. 16, page 23, where respiratory diseases such as pneumonia,

tuberculosis, COPD, pleurisy, and respiratory failure are the disease that common.

The combined effect of smoking and exposure to environmental air pollutants was also

seen to have major effects on human health. Among this group of patients, the most
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presented case is pneumonia, followed by COPD and tuberculosis, as seen in Tab. 3.
Cigarette smoking is associated with the accelerated decline of lung function,
increased mortality, and worsening of symptoms in both asthma and COPD (Tamimi,
2012). Patients in this group have a combined high risk of high severity of these

diseases, although more studies will be needed in the future to support this observation.

On analysis of those that were exposed to environmental air pollution, which is either
by living in a toxic environment or by smoking or both, in the order commonest, the
following diseases could be attributed to environmental air pollution pneumonia,
COPD, tuberculosis, respiratory failure. Given the other recent findings of both acute
and chronic effects of particulate pollution, these associations are likely causal
(Schwartz, 1993). This group of cases represents exposure to environmental air
pollution. This result shows that the diseases are in line with the established facts stated

in the literature review.

The statistical results of the analysis, Pearson correlation coefficients of 0.99 which
shows that there is a strong correlation between the exposure to environmental air
pollutants and total hospital cases representing total hospital visits, shows the strength
of this study. It is, therefore, of public importance to limit exposure to environmental
air pollutants in the living area and strict regulation on smoking, especially in public

places, to reduce the effect of passive smoking effect.

Air pollution represents a major threat to public health in Ulaanbaatar, Mongolia, and
reducing home heating emissions in traditional housing areas should be the primary
focus of air pollution control efforts (R Allen, 2013). The P value of 0.02 at 95%
confident interval shows that exposure to environmental air pollutants has a significant
effect on the hospital visit due to illness is another strength of this study. A scenario
analysis of air pollution emissions in Ulaanbaatar for the years 2010 and 2020 indicates
that unless the government makes a concerted effort to address the issue at multiple
levels, air pollution and its corresponding health impacts will be significant
(Guttiikunda, 2008). Residents of Ulaanbaatar's suburbs must act quickly to prevent

air pollution.
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8. Conclusions

Certain diseases are more common among exposed patients when compared to non-
exposed patients. It can be concluded that COPD, asthma, lung carcinoma, respiratory
failure, and other forms of carcinoma are more common among patients that were

exposed to environmental air pollution.

The result of the Pearson correlation coefficients rejects the null hypothesis (HO) that
there is no correlation between the disease cases presented as a result of exposure to
environmental air pollution and a total hospital visit. The Pearson correlation between
the exposure to environmental air pollutants against total hospital visits (represented

by total cases seen or recorded) is 0.99, which shows a strong correlation.

The P value of 0.02 at 95% confidence interval also reject the null hypothesis (HO)
that exposure to environmental air pollutant does not have a significant effect on the

total hospital visit due to illness.

The results of this study confirmed that air pollution has adverse health effects on
people living in suburban Ulaanbaatar, Mongolia. That is why these results suggest
countermeasures or interventions by the policymakers to reduce air pollution among

the suburban's residents of Ulaanbaatar.
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