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ABSTRACT

Cigarette smoke is a complex mixture of over 7,000 chemical compounds, many of which are toxic, carcinogenic,
and harmful to human health. This review provides a comprehensive analysis of the toxic chemical composition of
cigarette smoke, including major constituents such as nicotine, carbon monoxide, tar, formaldehyde, benzene, and
heavy metals. The paper explores how these substances interact with the respiratory system, leading to structural
and functional impairments. Chronic exposure to cigarette smoke is strongly associated with respiratory diseases
such as chronic obstructive pulmonary disease (COPD), asthma, bronchitis, and lung cancer. Mechanisms of
damage include oxidative stress, inflammation, impaired mucociliary clearance, and cellular DNA damage. The
review also highlights the impact of both active and passive smoking on respiratory health, emphasizing vulnerable
populations such as children and the elderly. Understanding the chemical toxicity and its pathological
consequences is essential for developing effective prevention strategies and public health policies aimed at
reducing smoking-related morbidity and mortality. Cigarette smoke is a complex mixture of thousands of toxic and
harmful chemicals that significantly affect respiratory health. This review examines the main toxic components of
cigarette smoke, including nicotine, carbon monoxide, tar, and carcinogenic compounds, and their impact on the
human respiratory system. Continuous exposure to these substances leads to oxidative stress, chronic
inflammation, and structural damage to lung tissues. As a result, cigarette smoking is strongly associated with
several respiratory diseases such as chronic obstructive pulmonary disease (COPD), chronic bronchitis,
emphysema, asthma exacerbations, and lung cancer. Additionally, smoking increases the risk of respiratory
infections like pneumonia and reduces overall lung function. Both active smoking and passive (secondhand) smoke
exposure contribute to disease development, particularly in vulnerable populations such as children and the elderly.
Understanding the link between toxic chemical exposure and respiratory diseases is essential for improving
prevention strategies and reducing the global burden of smoking-related illnesses.

KEYWORDS: Cigarette smoke, toxic chemicals, respiratory health, nicotine, carbon monoxide, tar, carcinogens,
oxidative stress, inflammation, COPD, lung cancer, passive smoking.™
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INTRODUCATION

Cigarette smoking remains one of the leading causes of preventable disease and death worldwide, posing a major threat
to public health. Cigarette smoke is a highly complex and dynamic mixture composed of more than 7,000 chemical
compounds, of which hundreds are toxic and at least 70 are known carcinogens.”” These chemicals exist in both
particulate and gaseous phases and are generated through the incomplete combustion of tobacco.®! The inhalation of
this toxic mixture exposes the respiratory system to a wide range of harmful substances, making the lungs the primary
target of smoking-related damage.The main toxic constituents of cigarette smoke include nicotine, carbon monoxide,
tar, polycyclic aromatic hydrocarbons (PAHSs), volatile organic compounds (VOCs), aldehydes such as formaldehyde
and acrolein, and heavy metals including cadmium, lead, and arsenic.'! Nicotine is the primary addictive component
that sustains tobacco dependence, while carbon monoxide reduces oxygen-carrying capacity of blood, leading to tissue
hypoxia. Tar contains numerous carcinogenic compounds that accumulate in the lungs, promoting cellular mutations
and tumor development.®! Additionally, reactive oxygen species (ROS) and free radicals present in cigarette smoke

contribute significantly to oxidative stress and cellular injury.!

The respiratory system is particularly vulnerable due to its direct exposure to inhaled smoke. The airway epithelium,
alveoli, and pulmonary defense mechanisms are adversely affected by repeated exposure to toxic chemicals. One of the
key pathological mechanisms involved is oxidative stress, which results from an imbalance between free radicals and
the body’s antioxidant defenses.[”! This leads to lipid peroxidation, protein damage, and DNA mutations. Furthermore,
cigarette smoke induces chronic inflammation by activating immune cells and releasing pro-inflammatory cytokines,
which contribute to tissue damage and remodeling of the airways.’® Prolonged exposure to cigarette smoke is strongly
associated with the development of several serious respiratory diseases. Chronic obstructive pulmonary disease
(COPD), which includes chronic bronchitis and emphysema, is one of the most common outcomes and is characterized
by persistent airflow limitation and progressive lung function decline.’”! Smoking is also the primary risk factor for lung
cancer, a leading cause of cancer-related mortality globally. In addition, cigarette smoke exacerbates asthma, increases
susceptibility to respiratory infections such as pneumonia, and impairs mucociliary clearance, reducing the lungs'

ability to remove harmful particles and pathogens.*”

Importantly, the harmful effects of cigarette smoke are not limited to active smokers. Passive or secondhand smoke
exposure also contains many of the same toxic chemicals and poses significant health risks, particularly to children,
pregnant women, and the elderly. Environmental tobacco smoke has been linked to increased incidence of asthma,
respiratory infections, and reduced lung development in children.™

In recent years, growing awareness of the toxic chemical composition of cigarette smoke and its impact on respiratory
health has led to stronger tobacco control policies and public health interventions. However, smoking continues to be

prevalent in many parts of the world, emphasizing the need for continued research, education, and preventive strategies.

Understanding the relationship between toxic chemical exposure and respiratory disease is essential for developing

effective treatments and reducing the global burden of smoking-related illnesses.*?
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Chemical Components of Cigarette Smoke and Their Impact on Human Health

1. Nicotine

Nicotine is the primary addictive chemical present in cigarette smoke that directly affects the brain and nervous system.
It stimulates the release of dopamine, creating a feeling of pleasure and dependence. Nicotine increases heart rate and
blood pressure, putting extra strain on the cardiovascular system. Although it is not the main cause of cancer, it plays a
crucial role in maintaining smoking addiction, which leads to prolonged exposure to other harmful chemicals.!**!

2. Carbon Monoxide

Carbon monoxide is a poisonous gas produced during the burning of tobacco. It binds strongly with hemoglobin in the
blood, reducing the blood’s ability to carry oxygen to vital organs. This results in tissue hypoxia, which can damage the

heart and brain. Long-term exposure increases the risk of cardiovascular diseases, including heart attacks.

3. Tar

Tar is a sticky, dark substance that accumulates in the lungs when cigarette smoke is inhaled. It damages the cilia,
which are responsible for cleaning the airways of dust and pathogens. As a result, mucus builds up, leading to coughing
and infections. Tar contains many carcinogenic substances that significantly increase the risk of lung cancer and

chronic respiratory diseases like bronchitis and emphysema.*

4. Formaldehyde
Formaldehyde is a highly toxic chemical commonly used as a preservative. In cigarette smoke, it irritates the
respiratory tract, causing symptoms such as coughing, throat irritation, and breathing difficulties. Prolonged exposure

damages lung tissues and increases the likelihood of developing cancers, especially of the respiratory system. ™!

5. Benzene

Benzene is a well-known carcinogen found in cigarette smoke that affects the blood and bone marrow. It interferes with
the production of blood cells, leading to conditions such as anemia and leukemia. Benzene also weakens the immune
system, making the body more vulnerable to infections and diseases.*®

6. Ammonia

Ammonia is added to cigarettes to enhance nicotine absorption, increasing its addictive effects. It irritates the eyes,
nose, and throat and damages the lining of the respiratory tract. Continuous exposure leads to breathing discomfort and

contributes to long-term respiratory problems.™*”!

7. Hydrogen Cyanide
Hydrogen cyanide is a highly toxic compound that interferes with the body’s ability to use oxygen at the cellular level.
It damages lung tissues and paralyzes the cilia, reducing the lungs’ ability to clear harmful substances. This leads to an

increased risk of respiratory infections and chronic lung diseases.

8. Acrolein
Acrolein is a strong irritant that severely affects the lungs and airways. It causes inflammation and damages the cells
lining the respiratory tract. This results in reduced lung function and contributes to diseases such as chronic obstructive

pulmonary disease (COPD).[*®!
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9. Cadmium
Cadmium is a toxic heavy metal present in cigarette smoke that accumulates in the body over time. It primarily affects
the lungs and kidneys, causing organ damage. Cadmium is also associated with weakened bones and has been linked to

the development of cancers.™
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Fig: Harmful chemical Substance for Lungs.

Diseases Caused by Cigarette Smoke

1. Chronic Obstructive Pulmonary Disease (COPD)

COPD is one of the most common diseases caused by cigarette smoking. It includes chronic bronchitis and
emphysema. Harmful chemicals such as tar, acrolein, nitrogen oxides, and formaldehyde continuously irritate the
airways and lung tissues. These toxic substances cause chronic inflammation, narrowing of bronchi, mucus
accumulation, and destruction of alveoli. Over time, breathing becomes difficult, oxygen exchange decreases, and the

patient experiences cough, wheezing, and shortness of breath.!

2. Chronic Bronchitis

Chronic bronchitis occurs when cigarette smoke repeatedly irritates the bronchial tubes. Chemicals like tar, sulfur
dioxide, and ammonia inflame the bronchial lining and stimulate excessive mucus production. The cilia that normally
remove mucus become damaged, causing mucus retention and persistent cough. Long-term smoking leads to narrowed

airways and breathing discomfort.

3. Emphysema

Emphysema is caused by the destruction of alveoli, the tiny air sacs responsible for gas exchange. Toxic compounds
such as cadmium, tar, and free radicals damage alveolar walls and reduce lung elasticity. As the alveoli collapse or
merge, the lungs lose their ability to exchange oxygen efficiently. This results in severe breathlessness, fatigue, and
reduced physical activity.[*

4. Lung Cancer

Lung cancer is strongly associated with cigarette smoking. Smoke contains carcinogens such as benzene, arsenic,

chromium, cadmium, nitrosamines, and polonium-210. These chemicals damage DNA in lung cells, causing mutations
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and uncontrolled cell growth. Repeated exposure increases the chance of tumor formation, especially after long-term

smoking.

5. Asthma Exacerbation
Smoking may worsen asthma or trigger asthma attacks. Chemicals such as formaldehyde, acrolein, and particulate
matter irritate sensitive airways and cause bronchospasm. The airways become inflamed, swollen, and narrow, leading

to wheezing, chest tightness, coughing, and breathing difficulty.

6. Pneumonia and Respiratory Infections

Smokers are more prone to lung infections such as pneumonia. Nicotine, tar, and carbon monoxide weaken the immune
defenses of the respiratory tract. Cigarette smoke damages cilia, which normally remove bacteria and dust. As a result,
microbes remain trapped in the lungs and infections develop more easily.??

7. Tuberculosis (TB)

Smoking increases the risk of tuberculosis and worsens its severity. Nicotine and tar suppress immune cells that help
fight Mycobacterium tuberculosis. Damaged lungs become more vulnerable to infection, and smokers have a higher

chance of activating latent TB.

8. Interstitial Lung Disease / Pulmonary Fibrosis
Long-term exposure to smoke chemicals such as cadmium, nickel, and oxidants may cause chronic inflammation and
scarring of lung tissues. This fibrosis thickens lung walls and reduces lung flexibility. Patients experience dry cough,

fatigue, and difficulty breathing.

9. Reduced Lung Function

Smoking gradually reduces overall lung function. Carbon monoxide decreases oxygen transport by binding to
hemoglobin, while tar blocks air passages and nicotine constricts blood vessels. This reduces oxygen supply and makes
physical activity more difficult.[**!

10. Respiratory Failure

In severe chronic smokers, progressive lung damage may lead to respiratory failure. The lungs become unable to
maintain normal oxygen and carbon dioxide levels. This condition is life-threatening and often develops from advanced
COPD, emphysema, or lung cancer.

HARM OF

 SMOKING

Fig: Harm caused by smoking.
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Detailed Steps to Avoid Lung Damage

1. Quit Smoking Completely

The most important step to prevent lung damage is to stop smoking cigarettes, bidis, cigars, and other tobacco products.
Cigarette smoke contains thousands of toxic chemicals such as tar, nicotine, carbon monoxide, formaldehyde, and
benzene that continuously injure lung tissues. Quitting smoking reduces airway inflammation, improves oxygen supply,
and allows the lungs to begin natural repair. Within weeks of quitting, breathing often improves and coughing may

decrease.

2. Avoid Secondhand Smoke

Even if a person does not smoke, inhaling smoke from others can also harm the lungs. Secondhand smoke contains
many of the same dangerous chemicals found in directly inhaled smoke. Regular exposure can cause irritation of the
airways, asthma attacks, bronchitis, and increased risk of lung disease. Staying away from smoking areas and
maintaining smoke-free homes is highly beneficial.?"

3. Use Cigarette Filters / Smoke Filters

If a smoker is unable to quit immediately, the use of cigarette filters or advanced smoke filtration devices may help
reduce the intake of tar, particulate matter, and some toxic chemicals. These filters are designed to trap harmful
substances before they reach the lungs. Although filters do not make smoking safe and quitting remains the best option,
they may lower exposure to certain toxic compounds and can be considered a harm-reduction step during smoking

cessation efforts.

4. Use Protective Masks in Polluted Areas
Air pollution, dust, and industrial fumes can significantly damage the respiratory system. Wearing a quality protective
mask in traffic-heavy areas, construction sites, factories, or dusty environments helps reduce inhalation of fine particles

and toxic gases. This is especially important for people with asthma, smokers, or those with weak lungs.?>

5. Maintain Indoor Air Quality
Indoor air pollution can also harm the lungs. Smoke from cooking fuels, incense sticks, candles, mold, dust, and poor
ventilation can irritate the airways. Keeping windows open for ventilation, cleaning dust regularly, avoiding indoor

smoking, and using air purifiers can improve indoor air quality and reduce respiratory irritation.

6. Exercise Regularly
Physical activity strengthens the lungs and improves breathing efficiency. Activities such as walking, jogging, cycling,
swimming, and yoga increase lung capacity and oxygen circulation. Exercise also helps remove mucus from the

airways and improves overall respiratory endurance. Regular activity can lower the risk of chronic lung disease.

7. Eat Antioxidant-Rich Foods
Healthy foods help protect lung cells from oxidative stress caused by pollution and cigarette smoke. Fruits and
vegetables rich in vitamins C and E, beta-carotene, flavonoids, and minerals support lung repair and immunity. Foods

such as oranges, berries, spinach, carrots, tomatoes, turmeric, garlic, and green tea are beneficial for respiratory health.
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8. Stay Hydrated
Drinking enough water keeps the mucus in the respiratory tract thin and easier to remove. Thick mucus can block
airways and trap bacteria or pollutants. Proper hydration helps maintain smoother breathing and supports normal lung

function.

9. Prevent Respiratory Infections
Infections such as influenza, pneumonia, bronchitis, and tuberculosis can severely damage the recommended
vaccinations can lower the risk of respiratory infections. Strong immunity helps the lungs remain healthy.lungs. Hand

washing, avoiding contact with infected people, maintaining hygiene, and receiving.

10. Regular Health Checkups
People who smoke or have breathing symptoms should undergo regular medical examinations. Lung function tests,
chest X-rays, and clinical assessments can help detect diseases such as COPD, bronchitis, asthma, or lung cancer at an

early stage. Early diagnosis allows faster treatment and better outcomes.?®!

Healthy Habits to Avoid
Lung Damage from Smoking

-

Get Enough Sleep

4 2D
&
2

' \ R
Don't Smoke - .

Eat a Healthy Diet Get Vaccinated

Filters Used in the Market to Reduce Harm of Smoking

Various cigarette filters are available in the market that claim to reduce the intake of harmful substances such as tar,
nicotine, smoke particles, and toxic gases. These filters do not make smoking safe, but they may help lower exposure to
some harmful chemicals. The most common filters used in the market are activated carbon filters, reusable cigarette

holders, disposable tar-blocking filters, and multi-stage filtration devices.

1. Activated Carbon Filters

Activated carbon filters are among the most effective commercially available smoking filters. These filters contain
porous activated charcoal, which helps adsorb toxic gases, volatile organic compounds, and some odor-causing
chemicals from cigarette smoke. They may reduce compounds such as benzene, formaldehyde, and acrolein. These

filters are commonly used in premium cigarette holders and reusable filter systems.
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2. Reusable Cigarette Holder Filters

Reusable cigarette holders are designed to hold the cigarette and pass smoke through an internal filter chamber. These
devices usually contain cotton, microfiber, ceramic beads, or activated carbon layers. They are washable or replaceable
and are more economical for long-term users. Popular products in the market include SmokeSafer and Cigibud reusable

filters.

3. Disposable Tar Filters
Disposable cigarette filters are small attachments fitted to the cigarette tip. They trap visible tar and smoke particles as
the smoker inhales. Many users notice brown residue collecting inside the filter after use, indicating captured tar. These

filters are easy to use but need frequent replacement. Tarblock and similar products are examples."!

4. Multi-Stage Filters
Multi-stage filters combine different filtration materials such as cotton fiber, cellulose acetate, activated carbon, and

mesh layers. These filters are designed to trap particulate matter, absorb gases, and cool the smoke before inhalation.
They may provide better filtration than single-material filters.

5. Nano or Advanced Filters
Some newer products use nanofibers, ceramic filters, or advanced adsorbent materials. These are marketed as modern
harm-reduction devices. Certain filters claim to reduce nicotine and fine particulate matter more effectively than

conventional filters, though scientific evidence varies.*!

7 -

‘. ‘ 5 Cotton Fiber
Q/ ’ 2 4 "_‘i ) Activated Carbon
"‘ * ‘ Cellulose Acetate
> L& Mesh Layers
Disposable Multi-Stage Nano or
Tar Filters Filters Advanced Filters

Fig: Filters use for reduction of harm of smoking.

RESULT

The present review demonstrates that cigarette smoke is a highly toxic aerosol containing thousands of harmful
chemicals, including nicotine, carbon monoxide, tar, formaldehyde, benzene, acrolein, cadmium, hydrogen cyanide,
and several carcinogenic compounds. Continuous exposure to these substances causes severe structural and functional
damage to the respiratory system. The toxic components of smoke promote oxidative stress, chronic inflammation,
mucociliary dysfunction, DNA mutation, and destruction of alveolar tissues, which collectively impair normal lung

physiology.”
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Analysis of available literature confirms a strong association between cigarette smoking and major respiratory diseases
such as chronic obstructive pulmonary disease (COPD), chronic bronchitis, emphysema, lung cancer, asthma
exacerbation, pneumonia, tuberculosis, pulmonary fibrosis, and progressive decline in lung function. Both active
smoking and passive smoke exposure significantly increase morbidity and mortality, particularly among children,

elderly individuals, and immunocompromised populations.

The review also indicates that cigarette filters available in the market, including activated carbon filters, reusable
holders, disposable tar filters, and multi-stage filters, may reduce exposure to tar, smoke particles, and some toxic
gases. However, these filters do not eliminate the harmful effects of smoking and cannot fully prevent smoking-related

diseases.®

Overall, the findings emphasize that cigarette smoke remains a major preventable cause of respiratory illness
worldwide. Complete smoking cessation is the most effective strategy to reduce lung damage and improve health
outcomes. Public awareness, strict tobacco control measures, early screening, and preventive interventions are essential

to decrease the global burden of smoking-related respiratory disorders."*"

DISCUSSION

The present review shows that cigarette smoke is a highly toxic mixture containing more than 7,000 chemicals, many
of which are harmful, carcinogenic, and damaging to the respiratory system. Major toxic substances such as nicotine,
tar, carbon monoxide, benzene, formaldehyde, acrolein, and heavy metals contribute significantly to lung injury and
disease development.One of the major mechanisms of damage is oxidative stress, where free radicals in cigarette
smoke injure lung cells, proteins, and DNA. This leads to chronic inflammation, tissue destruction, and reduced lung
function.*? Continuous exposure also damages cilia and impairs mucociliary clearance, increasing the risk of
infections such as pneumonia and tuberculosis.The review confirms a strong relationship between smoking and
respiratory diseases including COPD, chronic bronchitis, emphysema, asthma exacerbation, pulmonary fibrosis, and
lung cancer. Long-term smokers often experience progressive breathing difficulty and irreversible structural damage to
lung tissues.Passive smoking also poses serious health risks, especially to children, elderly individuals, and people with
pre-existing respiratory conditions. Exposure to secondhand smoke may cause asthma attacks, reduced lung growth,

and recurrent infections.%

Although cigarette filters such as activated carbon and multi-stage filters may reduce some tar and toxic particles, they
do not eliminate the harmful effects of smoking. Therefore, they should only be considered temporary harm-reduction

tools.4

Overall, complete smoking cessation remains the most effective strategy to prevent respiratory damage. Public
awareness, tobacco control policies, and early health screening are essential to reduce the burden of smoking-related
diseases worldwide.™!

CONCLUSION

In conclusion, cigarette smoke contains a complex mixture of toxic and carcinogenic chemicals that have severe
adverse effects on respiratory health. Continuous exposure to harmful substances such as nicotine, tar, carbon

monoxide, formaldehyde, benzene, and heavy metals leads to oxidative stress, chronic inflammation, tissue damage,
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and impaired lung function.®® These pathological effects significantly increase the risk of respiratory diseases

including COPD, chronic bronchitis, emphysema, asthma, lung cancer, and respiratory infections."!

Both active and passive smoking contribute to substantial morbidity and mortality worldwide, making tobacco smoke a
major public health concern. Although certain filtration methods may reduce partial exposure to some toxic
compounds, they do not eliminate the health risks associated with smoking.E®!

Therefore, prevention through smoking cessation, public education, strict tobacco control measures, and early diagnosis
of respiratory diseases remains essential.*® Reducing tobacco exposure is the most effective strategy to improve

respiratory health and decrease the global burden of smoking-related illnesses.!*”
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