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Understanding the Immune System: How it works 
 

1. Introduction 
 

 

 

 

The immune system is a network of cells, tissues, and organs that 

work together to defend the body against attacks by “foreign” 

invaders. These are primarily microbes (germs)—tiny, infection-

causing organisms such as bacteria, viruses, parasites, and fungi. 

Because the human body provides an ideal environment for many 

microbes, they try to break in. It is the immune system’s job to keep 

them out or, failing that, to seek out and destroy them. 

 

When the immune system hits the wrong target or is crippled, 

however, it can unleash a torrent of diseases, including allergy, 

arthritis, or AIDS. 

 

The immune system is amazingly complex. It can recognize and 

remember millions of different enemies, and it can produce 

secretions and cells to match up with and wipe out each one of 

them. 

 

The secret to its success is an elaborate and dynamic 

communications network. Millions and millions of cells, organized 

into sets and subsets, gather like clouds of bees swarming around 

a hive and pass information back and forth. Once immune cells 

receive the alarm, they undergo tactical changes and begin to 

produce powerful chemicals. These substances allow the cells to 

regulate their own growth and behavior, enlist their fellows, and 

direct new recruits to trouble spots. 
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2. Self and Nonself 
 
 
The key to a healthy immune system is its remarkable ability to distinguish between the 

body’s own cells—self—and foreign cells—nonself. The body’s immune defenses 

normally coexist peacefully with cells that carry distinctive “self” marker molecules. But 

when immune defenders encounter cells or organisms carrying markers that say 

“foreign,” they quickly launch an attack. 

 

 

 

 

 

 

 

 

 

 

Antigens carry marker molecules that identify them as foreign. 

 

Anything that can trigger this immune response is called an antigen. An antigen can be a 

microbe such as a virus, or even a part of a microbe. Tissues or cells from another person 

(except an identical twin) also carry nonself markers and act as antigens. This explains 

why tissue transplants may be rejected. 

In abnormal situations, the immune system can mistake self for nonself and launch an 

attack against the body’s own cells or tissues. The result is called an autoimmune 

disease. Some forms of arthritis and diabetes are autoimmune diseases. In other cases, 

the immune system responds to a seemingly harmless foreign substance such as 

ragweed pollen. The result is allergy, and this kind of antigen is called an allergen. 

 

 

 Marker molecule  
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3. The Structure of the Immune System 
 

The organs of the immune system are positioned throughout the body. They are called 

lymphoid organs because they are home to lymphocytes, small white blood cells that are 

the key players in the immune system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The organs of the immune system are positioned throughout the body. 

 

Bone marrow, the soft tissue in the hollow center of bones, is the ultimate source of all 

blood cells, including white blood cells destined to become immune cells. 

The thymus is an organ that lies behind the breastbone; lymphocytes known as T 

lymphocytes, or just “T cells,” mature in the  thymus. 
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Lymphocytes can travel throughout the body using the blood vessels. The cells can also 

travel through a system of lymphatic vessels that closely parallels the body’s veins and 

arteries. Cells and fluids are exchanged between blood and lymphatic vessels, enabling 

the lymphatic system to monitor the body for invading microbes. 

The lymphatic vessels carry lymph, a clear fluid that bathes the body’s tissues. 

Small, bean-shaped lymph nodes are laced along the lymphatic vessels, with clusters in 

the neck, armpits, abdomen, and groin. Each lymph node contains specialized 

compartments where immune cells congregate, and where they can encounter antigens. 

Immune cells and foreign particles enter the lymph nodes via incoming lymphatic vessels 

or the lymph nodes’ tiny blood vessels. All lymphocytes exit lymph nodes through 

outgoing lymphatic vessels. Once in the bloodstream, they are transported to tissues 

throughout the body. They patrol everywhere for foreign antigens, then gradually drift 

back into the lymphatic system, to begin the cycle all over again. 

The spleen is a flattened organ at the upper left of the abdomen. Like the lymph nodes, 

the spleen contains specialized compartments where immune cells gather and work, and 

serves as a meeting ground where immune defenses confront antigens. 

 

Clumps of lymphoid tissue are found in many parts of the body, especially in the linings 

of the digestive tract and the airways and lungs—territories that serve as gateways to the 

body. These tissues include the tonsils, adenoids, and appendix. 
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Immune cells and foreign particles enter the lymph 

nodes via incoming lymphatic vessels or the lymph 

nodes’ tiny blood vessels. 

 

4. Immune Cells and Their Products 
 

The immune system stockpiles a huge arsenal of cells, not only lymphocytes but also 

cell-devouring phagocytes and their relatives. Some immune cells take on all comers, 

while others are trained on highly specific targets. To work effectively, most immune cells 

need the cooperation of their comrades. Sometimes immune cells communicate by direct 

physical contact, sometimes by releasing chemical messengers. 

The immune system stores just a few of each kind of the different cells needed to 

recognize millions of possible enemies. 

When an antigen appears, those few matching cells multiply into a full-scale army. After 

their job is done, they fade away, leaving sentries behind to watch for future attacks. 
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All immune cells begin as immature stem cells in the bone 

marrow. They respond to different cytokines and other signals to 

grow into specific immune cell types, such as T cells, B cells, or 

phagocytes. Because stem cells have not yet committed to a 

particular future, they are an interesting possibility for treating 

some immune system disorders. Researchers currently are 

investigating if a person’s own stem cells can be used to 

regenerate damaged immune responses in autoimmune 

diseases and immune deficiency diseases. 

B  Lymphocytes 

B cells and T cells are the main types of lymphocytes. 

B cells work chiefly by secreting substances called antibodies 

into the body’s fluids. Antibodies ambush antigens circulating 

the bloodstream. They are powerless, however, to penetrate 

cells. The job of attacking target cells—either cells that have 

been infected by viruses or cells that have been distorted by 

cancer—is left to T cells or other immune cells (described 

below). 
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B cells mature into plasma cells that produce antibodies. 

 

Each B cell is programmed to make one specific antibody. For example, one B cell will 

make an antibody that blocks a virus that causes the common cold, while another 

produces an antibody that attacks a bacterium that causes pneumonia. 

 

When a B cell encounters its triggering antigen, it gives rise to many large cells known as 

plasma cells. Every plasma cell is essentially a factory for producing an antibody. Each 

of the plasma cells descended from a given B cell manufactures millions of identical 

antibody molecules and pours them into the bloodstream. 

An antigen matches an antibody much as a key matches a lock. Some match exactly; 

others fit more like a skeleton key. But whenever antigen and antibody interlock, the 

antibody marks the antigen for destruction. 

Antibodies belong to a family of large molecules known as 

immunoglobulins. Different types play different roles in the immune 

defense  strategy. 

• Immunoglobulin G, or IgG, works efficiently to coat microbes, 

speeding their uptake by other cells in the immune system. 

• IgM is very effective at killing bacteria. 

B cell 

Plasma cell Antibod
y 
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• IgA concentrates in body fluids—tears, saliva, the secretions of the 

respiratorytract and the digestive tract—guarding the entrances to the body. 

• IgE, whose natural job probably is to protect against parasitic infections, is the 

villain responsible for the symptoms of allergy. 

• IgD remains attached to B cells and plays a key role in initiating early B-cell 

response. 

T Cells 

Unlike B cells, T cells do not recognize free-floating antigens. Rather, their surfaces 

contain specialized antibody-like receptors that see fragments of antigens on the surfaces 

of infected or cancerous cells. 

T cells contribute to immune defenses in two major ways: some direct and regulate 

immune responses; others directly attack infected or cancerous cells. 

Helper T cells, or Th cells, coordinate immune responses by communicating with other 

cells. Some stimulate nearby B cells to produce antibody, others call in microbe- gobbling 

cells called phagocytes, and still others activate other T cells. 

Killer T cells—also called cytotoxic T lymphocytes or CTLs—perform a different function. 

These cells directly attack other cells carrying certain foreign or abnormal molecules on 

their surfaces. 

 

 

 

 

 

 

 

 

 

 

Some T cells are helper cells, others are killer cells. 
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Killer cell makes contact with target cell, trains its 

weapons on the target, then strikes. 

CTLs are especially useful for attacking viruses because viruses often hide from other 

parts of the immune system while they grow inside infected cells. CTLs recognize small 

fragments of these viruses peeking out from the cell membrane and launch an attack to 

kill the cell. 

In most cases, T cells only recognize an antigen if it is carried on the surface of a cell by 

one of the body’s own MHC, or major histocompatibility complex, molecules. MHC 

molecules are proteins recognized by T cells when distinguishing between self and 

nonself. A self MHC molecule provides a recognizable scaffolding to present a foreign 

antigen to the T cell. 

Although MHC molecules are required for T-cell responses against foreign invaders, they 

also pose a difficulty during organ transplantations. Virtually every cell in the body is 

covered with MHC proteins, but each person has a different set of these proteins on his 

or her cells. If a T cell recognizes a nonself  MHC molecule on another cell, it will destroy 

the cell. 

Therefore, doctors must match organ recipients with donors who have the closest MHC 

makeup. Otherwise the recipient’s T cells will likely attack the transplanted organ, leading 

to graft rejection. 
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Natural killer (NK) cells are another kind of lethal white cell, or lymphocyte. Like killer T 

cells, NK cells are armed with granules filled with potent chemicals. 

But while killer T cells look for antigen fragments bound to self-MHC molecules, NK cells 

recognize cells lacking self-MHC molecules. Thus NK cells have the potential to attack 

many types of foreign cells. 

 

 

 

 

 

 

 

 

 

 

 

 

Phagocytes, granulocytes, and mast cells, all with 

different methods of attack, demonstrate the immune 

system’s versatility. 

 

Both kinds of killer cells slay on contact. The deadly assassins bind to their targets, aim 

their weapons, and then deliver a lethal burst of chemicals. 

Phagocytes and Their Relatives Phagocytes are large white cells that can swallow and 

digest microbes and other foreign particles. Monocytes are phagocytes that circulate in 

the blood. 

When monocytes migrate into tissues, they develop into macrophages. 

Specialized types of macrophages can be 

found in many organs, including lungs, kidneys, brain, and liver. 
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Macrophages play many roles. As scavengers, they rid the body of worn-out cells and 

other debris. They display bits of foreign antigen in a way that draws the attention of 

matching lymphocytes. And they churn out an amazing variety of powerful chemical 

signals, known as monokines, which are vital to the immune responses. 

Granulocytes are another kind of immune cell. They contain granules filled with potent 

chemicals, which allow the granulocytes to destroy microorganisms. Some of these 

chemicals, such as histamine, also contribute to inflammation and allergy. 

One type of granulocyte, the neutrophil, is also a phagocyte; it uses its prepackaged 

chemicals to break down the microbes it ingests. Eosinophils and basophils are 

granulocytes that “degranulate,” spraying their chemicals onto harmful cells or microbes 

nearby. 

The mast cell is a twin of the basophil, except that it is not a blood cell. Rather, it is found 

in the lungs, skin, tongue, and linings of the nose and intestinal tract, where it is 

responsible for the symptoms of allergy. 

A related structure, the blood platelet, is a cell fragment. Platelets, too, contain granules. 

In addition to promoting blood clotting and wound repair, platelets activate some of the 

immune defenses. 

Cytokines 

Components of the immune system communicate with one another by exchanging 

chemical messengers called cytokines. These proteins are secreted by cells and act on 

other cells to coordinate an appropriate immune response. Cytokines include a diverse 

assortment of interleukins, interferons, and growth factors. 

Some cytokines are chemical switches that turn certain immune cell types on and off. 

One cytokine, interleukin 2 (IL-2), triggers the immune system to produce T cells. IL- 2’s 

immunity-boosting properties have traditionally made it a promising treatment for several 

illnesses. Clinical studies are ongoing to test its benefits in other diseases such as cancer, 

hepatitis C, and HIV infection and AIDS. Other cytokines also are being studied for their 

potential clinical benefit. 

Other cytokines chemically attract specific cell types. These so-called chemokines are 

released by cells at a site of injury or infection and call other immune cells to the region 

to help repair the damage or fight off the invader. Chemokines often play a key role in 

inflammation and are a promising target for new drugs to help regulate immune 

responses. 

Complement 

The complement system is made up of about 25 proteins that work together to 

“complement” the action of antibodies in destroying bacteria. Complement also helps to 
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rid the body of antibody-coated antigens (antigen-antibody complexes). Complement 

proteins, which cause blood vessels to become dilated and then leaky, contribute to the 

redness, warmth, swelling, pain, and loss of function that characterize an inflammatory 

response. 

Complement proteins circulate in the blood in an inactive form. When the first protein in 

the complement series is activated— typically by antibody that has locked onto an 

antigen—it sets in motion a domino effect. Each component takes its turn in a precise 

chain of steps known as the complement cascade. The end product is a cylinder inserted 

into—and puncturing a hole in—the cell’s wall. With fluids and molecules flowing in and 

out, the cell swells and bursts. Other components of the complement system make 

bacteria more susceptible to phagocytosis or beckon other cells to the area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The interlocking steps of the complement cascade end in cell death. 
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5. Mounting an Immune Response 
 

Infections are the most common cause of human disease. They range from the common 

cold to debilitating conditions like chronic hepatitis to life-threatening diseases such as 

AIDS. Disease-causing microbes (pathogens) attempting to get into the body must first 

move past the body’s external armor, usually the skin or cells lining the body’s internal 

passageways. 

The skin provides an imposing barrier to invading microbes. It is generally penetrable only 

through cuts or tiny abrasions. The digestive and respiratory tracts—both portals of entry 

for a number of microbes—also have their own levels of protection. 

 

 

 

 

 

 

 

 

 

 

 

 

When challenged, the immune system has many weapons to choose. 

 

Microbes entering the nose often cause the nasal surfaces to secrete more protective 

mucus, and attempts to enter the nose or lungs can trigger a sneeze or cough reflex to 

force microbial invaders out of the respiratory passageways. The stomach contains a 

strong acid that destroys many pathogens that are swallowed with food. 

If microbes survive the body’s front-line defenses, they still have to find a way through the 

walls of the digestive, respiratory, or urogenital passageways to the underlying cells. 

These passageways are lined with tightly packed epithelial cells covered in a layer of 
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mucus, effectively blocking the transport of many organisms. Mucosal surfaces also 

secrete a special class of antibody called IgA, which in many cases is the first type of 

antibody to encounter an invading microbe. 

Underneath the epithelial layer a number of cells, including macrophages, B cells, and T 

cells, lie in wait for any germ that might bypass the barriers at the surface. 

Next, invaders must escape a series of general defenses, which are ready to attack, 

without regard for specific antigen markers. These include patrolling phagocytes, NK 

cells, and complement. 

Microbes that cross the general barriers then confront specific weapons tailored just for 

them. Specific weapons, which include both antibodies and T cells, are equipped with 

singular receptor structures that allow them to recognize and interact with their designated 

targets. 

Bacteria, Viruses, and Parasites: 

The most common disease-causing microbes are bacteria, viruses, and parasites. Each 

uses a different tactic to infect a person, and, therefore, each is thwarted by a different 

part of the immune system. 

Most bacteria live in the spaces between cells and are readily attacked by antibodies. 

When antibodies attach to a bacterium, they send signals to complement proteins and 

phagocytic cells to destroy the bound microbes. Some bacteria are eaten directly by 

phagocytes, which signal to certain T cells to join the attack. 

All viruses, plus a few types of bacteria and parasites, must enter cells to survive, 

requiring a different approach. Infected cells use their MHC molecules to put pieces of 

the invading microbes on the cell’s surface, flagging down cytotoxic 

T lymphocytes to destroy the infected cell. Antibodies also can assist in the immune 

response, attaching to and clearing viruses before they have a chance to enter the cell. 

Parasites live either inside or outside cells. Intracellular parasites such as the organism 

that causes malaria can trigger T-cell responses. Extracellular parasites are often much 

larger than bacteria or viruses and require a much broader immune attack. 

Parasitic infections often trigger an inflammatory response when eosinophils, basophils, 

and other specialized granular cells rush to the scene and release their stores of toxic 

chemicals in an attempt to destroy the invader. Antibodies also play a role in this attack, 

attracting the granular cells to the site of infection. 
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6. Immunity: Natural and Acquired 
 

Long ago, physicians realized that people who had recovered from the plague would 

never get it again—they had acquired immunity. This is because some of the activated T 

and B cells become memory cells. The next time an individual meets up with the same 

antigen, the immune system is set to demolish it. 

Immunity can be strong or weak, short- lived or long-lasting, depending on the type of 

antigen, the amount of antigen, and the route by which it enters the body. 

 

 

 

 

 

 

 

 

 

 

 

Immunity can also be influenced by inherited genes. When faced with the same antigen, 

some individuals will respond forcefully, others feebly, and some not at all. 

An immune response can be sparked not only by infection but also by immunization with 

vaccines. Vaccines contain microorganisms—or parts of microorganisms—that have 

been treated so they can provoke an immune response but not full-blown disease. 

Immunity can also be transferred from one individual to another by injections of serum 

rich in antibodies against a particular microbe (antiserum). 

For example, immune serum is sometimes given to protect travelers to countries where 

hepatitis A is widespread. Such passive immunity typically lasts only a few weeks or 

months. 
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Infants are born with weak immune responses but are protected for the first few months 

of life by antibodies received from their mothers before birth. Babies who are nursed can 

also receive some antibodies from breast milk that help to protect their digestive tracts. 

Immune Tolerance 

Immune tolerance is the tendency of T or B lymphocytes to ignore the body’s own tissues. 

Maintaining tolerance is important because it prevents the immune system from attacking 

its fellow cells. Scientists are hard at work trying to understand how the immune system 

knows when to respond and when to ignore. 

Tolerance occurs in at least two ways. Central tolerance occurs during lymphocyte 

development. Very early in each immune cell’s life, it is exposed to many of the self 

molecules in the body. If it encounters these molecules before it has fully matured, the 

encounter activates an internal self-destruct pathway and the immune cell dies. This 

process, called clonal deletion, helps ensure that self- reactive T cells and B cells do not 

mature and attack healthy tissues. 

Because maturing lymphocytes do not encounter every molecule in the body, they must 

also learn to ignore mature cells and tissues. In peripheral tolerance, circulating 

lymphocytes might recognize a self molecule but cannot respond because some of the 

chemical signals required to activate the T or B cell are absent. So-called clonal anergy, 

therefore, keeps potentially harmful lymphocytes switched off. Peripheral tolerance may 

also be imposed by a special class of regulatory T cells that inhibits helper or cytotoxic T-

cell activation by self antigens. 

Vaccines 

Medical workers have long helped the body’s immune system prepare for future attacks 

through vaccination. Vaccines consist of killed or modified microbes, components of 

microbes, or microbial DNA that trick the body into thinking an infection has occurred. An 

immunized person’s immune system attacks the harmless vaccine and prepares for 

subsequent invasions. Vaccines remain one of the best ways to prevent infectious 

diseases and have an excellent safety record. Previously devastating diseases such as 

smallpox, polio, and whooping cough have been greatly controlled or eliminated through 

worldwide vaccination programs. 
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7. Disorders of the Immune System 
 

Allergic Diseases 

The most common types of allergic diseases occur when the immune system responds 

to a false alarm. In an allergic person, a normally harmless material such as grass pollen 

or house dust is mistaken for a threat and attacked. 

Allergies such as pollen allergy are related to the antibody known as IgE. Like other 

antibodies, each IgE antibody is specific; one acts against oak pollen, another against 

ragweed. 

Autoimmune Diseases 

Sometimes the immune system’s recognition apparatus breaks down, and the body 

begins to manufacture T cells and antibodies directed against its own cells and organs. 

Misguided T cells and autoantibodies, as they are known, contribute to many diseases. 

For instance, T cells that attack pancreas cells contribute to diabetes, while an 

autoantibody known as rheumatoid factor is common in people with rheumatoid arthritis. 

People with systemic lupus erythematosus (SLE) have antibodies to many types of their 

own cells and cell components. 

No one knows exactly what causes an autoimmune disease, but multiple factors are likely 

to be involved. These include elements in the environment, such as viruses, certain drugs, 

and sunlight, all of which may damage or alter normal body cells. Hormones are 

suspected of playing a role, since most autoimmune diseases are far more common in 

women than in men. Heredity, too, seems to be important. 

Many people with autoimmune diseases have characteristic types of self marker 

molecules. 

 

 

 

 

 

 

Misguided T cells can attack insulin-producing cells of 

the pancreas, contributing to diabetes. 
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Immune Complex Diseases 

Immune complexes are clusters of interlocking antigens and antibodies. Normally, 

immune complexes are rapidly removed from the bloodstream. Sometimes, however, 

they continue to circulate, and eventually become trapped in the tissues of the kidneys, 

the lungs, skin, joints, or blood vessels. There they set off reactions with complement that 

lead to inflammation and tissue damage. 

Immune complexes work their mischief in many diseases. These include malaria and viral 

hepatitis, as well as many autoimmune diseases. 

 

 

 

 

 

 

 

 

 

 

 

 

Antigen-antibody complexes can become trapped in, 

and damage, the kidneys and other organs. 

 

Immunodeficiency   Disorders 

When the immune system is missing one or more of its components, the result is an 

immunodeficiency disorder. 

Immunodeficiency disorders can be inherited, acquired through infection, or produced 

unintentionally by drugs such as those used to treat people with cancer or those who 

have received transplants. 
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Temporary immune deficiencies can develop in the wake of common virus infections, 

including influenza, infectious mononucleosis, and measles. Immune responses can also 

be depressed by blood transfusions, surgery, malnutrition, smoking, and stress. 

Some children are born with poorly functioning immune systems. Some have flaws in the 

B cell system and cannot produce  antibodies.  Others,  whose  thymus is either missing 

or small and abnormal, lack T cells. Very rarely, infants are born lacking all of the major 

immune defenses. This condition is known as severe combined immunodeficiency 

disease or SCID. 

AIDS is an immunodeficiency disorder caused by a virus (HIV) that infects immune cells. 

HIV can destroy or disable vital T cells, paving the way for a variety of immunologic 

shortcomings. HIV also can hide out for long periods in immune cells. As the immune 

defenses falter, a person with AIDS falls prey to unusual, often life-threatening infections 

and rare cancers. 

Cancers of the Immune System 

The cells of the immune system, like other cells, can grow uncontrollably, resulting in 

cancer. Leukemias are caused by the proliferation of white blood cells, or leukocytes. The 

uncontrolled growth of antibody-producing plasma cells can lead to multiple myeloma. 

Cancers of the lymphoid organs, known as lymphomas, include Hodgkin’s disease. 
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Air Polution: From Sources of Emissionto Health Effects 
 

1. Summary 
 

Air pollution, particularly in urban areas, constitutes a public health concern, as it has a harmful 
effect on the health, survival and activities of humans and other living organisms. Here, 
the main types of air pollution commonly found in urban environments are presented, 
along with their sources, levels of emissions, mechanisms of dispersion, transformation, 
concentrations in ambient air (=immissions), and effects on the environment and health. 
In particular, the concepts of exposure, absorbed dose and individual susceptibility are 
explained. The recent evolution in air pollutant emissions and immissions due to the 
growing weight of road traffic is also described. Finally, European air quality criteria are 
highlighted. 
 

2. Sources of Air Pollution 
 

Sources of air pollution [1] include natural sources [2] and human-made sources [3]. 

 

2.1. Natural Sources 

 

Naturally occurring particulate matter (PM) includes dust from the earth’s surface (crustal 

material), sea salt in coastal areas and biological material, in the form of pollen, spores 

or plant and animal debris [1]. Volcanic eruptions can introduce very important quantities 

of gases and particles into the atmosphere. For example, the Etna volcano emits 3,000 

tons of sulphur dioxide (SO2) on an average day and up to 10,000 tons during periods of 

great activity. During the cataclysmic eruptions of the Tambora in 1815 in Indonesia, 100 

billion tons of volcanic products were ejected into the atmosphere, 300 million tons of 

which reached the stratosphere, which resulted in a mean temperature fall of ~0.7°C over 

the whole Earth. In some rural areas, periodic forest fires produce large amounts of PM. 

Other natural sources of air pollution include: thunderbolts, which produce significant 
quantities of oxides of nitrogen (NOx); algae on the surface of the oceans, which give out 
hydrogen sulphide (H2S); wind erosion, which introduces particles into the atmosphere; 
and humid zones, such as swamps, peat-bogs or little deep lakes, which produce 
methane (CH4). 
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Low concentrations of O3 occur naturally at ground level, formed in the presence of 
sunlight by reactions between NOx and volatile organic compounds (VOCs). 
 

2.2. Human Made Sources 

 

In urban areas, most air pollution comes from human-made sources. Such sources can 
be classified as either mobile (cars, trucks, air planes, marine engines, etc.) or point 
source (factories, electric power plants, etc.). 
 
To date, road traffic constitutes the major source of air pollution in the large cities of 
industrialized countries. Combustion of carbon constituted fuels (coal, fuel oil, wood, 
natural gas) is never complete, and it produces carbon monoxide (CO) and hydrocarbons. 
NOx result from the combination of air nitrogen and oxygen from combustion of fossil 
fuels contained in motor fuel at high temperature. 
 
Human activities have increased the amount of VOCs due to petroleum, chemical 
industries and transportation, and NOx from combustion in power stations and 
automobiles. Consequently, O3 is more concentrated and more smog occurs in densely 
populated and industrial regions. Human activities contribute to total ambient PM. In 
urban environments, particles arise mainly as a result of combustion from mobile and 
stationary sources. Coal and sulphur from fuel oils oxidise into SO2. These are fuels that 
are used to move, warm up and get the necessary energy to the many industrial 
processes. Moreover, the industry produces some specific pollutants as waste, such as 
fluorine derivatives or aluminium. 
 
Ore treatment gives out “heavy” metals, such as cadmium, zinc and lead. Mercury is 
produced by domestic garbage incineration. Agriculture, by the utilisation of nitrogen 
fertilisers, generates nitric oxide (N2O), a greenhouse effect gas, and ammonia (NH3), 
which participate in the processes of acidification. CH4, another greenhouse effect gas, 
is produced mainly by digestion and evacuation of farming animals. 
 

2.3. Human Made Sources 

 

There are too many pollutants in the atmosphere for all of them to be monitored. Among 
them, some pollutants are monitored because they are characteristic of a particular 
pollution (released by industrial plants or motor vehicles) and because they are known or 
suspected to cause detrimental effects on the environment and/or health. These 
pollutants are called air pollution indicators [4–6]. 
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Major indicators monitored in 
Europe include: 
• Sulphur dioxide (SO2) 
• Nitrogen oxides (NOx) 
• Particulate matter (PM10, 
PM2.5) 
• Ozone (O3) 
• Carbon monoxide (CO) 
• Volatile organic compounds 
(VOCs) 
• Several toxic metals, such as 
lead, arsenic, 
cadmium, nickel or mercury 

(“quicksilver”). 

Figure 1 

The structure of this article is 
based on the air pollutant cycle. 

Figure 2 provides an example of the sectorial distribution of French emissions in 2002. 
Data is taken from The Centre Interprofessionnel Technique d’Etude de la Pollution 
Atmospherique (CITEPA; [Inter-professional Technical Centre for Research into Air 
Pollution]). CITEPA regularly produces estimations of quantities emitted into the 
atmosphere from different sources for various substances; 
www.citepa.org/emissions/index_en.htm. Emission estimations are produced using a 
recognised methodology based on the CORINAIR system, developed by the European 
Environment Agency. 
 
 

3. Main Air Polution Indicators 
 

3.1. Sulphur Dioxide (SO2) 

 

In France, 85% of SO2 emissions come from the use of sulphur-containing fossil 
fuels (fuel oil and coal). These emissions are mainly released into the atmosphere 
by petroleum refining (24% of emissions in mainland France in 2002), production 
of electricity (16%) and heating systems (figure 2). The diesel motor vehicle sector 
is also responsible for a minor part of SO2 emissions. 

 

3.2. Nitrogen Oxides (NOX) 

 

http://www.citepa.org/emissions/index_en.htm
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In 2002, road traffic was responsible for releasing 48% (16% for diesel truck traffic) of 
NOx emissions in mainland France, followed by agriculture/forestry, the manufacturing 
industry and energy transformation (figure 2) 

3.3. Particulate Matter 
 

PM is a complex mixture of solid particles and liquid droplets suspended in the air that 
vary in size, composition and concentration. PM is usefully classified by size. PM with a 
mass median aerodynamic diameter <10 μm (PM10; big particles) can stay in the air for 
minutes or hours and can travel as little as 100 yards or as much as 30 miles, while PM2.5 
(fine particles) are lighter and stay in the air for days or weeks longer and travel farther. 
The sources of airborne PM comprise of the manufacturing industries, public buildings 
and the work sector, specifically agriculture/forestry (particularly ploughing) (31% of PM10 
emissions in mainland France in 2002), domestic heating systems and the incineration of 
waste. However, airborne particles are also released by motor vehicles, mainly diesel 
engines (13% of the PM10 emissions in mainland France in 2002 and 20% of the PM2.5 
emissions) (figure 2). 
 

3.4. Ozone (O3) 

Most O3 comes from vehicular traffic during summertime. 

 

3.5. Carbon Monoxide (CO) 

CO is a gas that comes from 
incomplete combustion. In 
2002, 34% of CO emissions 
in mainland France were 
generated by road traffic. 
The manufacturing industries 
and the residential/tertiary 
sector both come in second 
position, contributing 26% of 
emissions. Urban, collective 
or individual heating 
constitute the main part of 
the residential/ tertiary sector 
contribution (figure 2). 

 

Figure 2 

Sectorial distribution of 
emissions in 2002 in mainland 

France. 
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3.6. Volatile Organic Compounds (VOCS) 

 

The number of VOCs is huge and a list is available on the web. Emissions from burning 
coal, oil and gasoline, and evaporation at gasoline service stations, and from solvents, 
cleaners and paints, all contribute to the baseline level of different VOCs found in outdoor 
air. Some VOCs are also released from tobacco smoke. The three main sources of VOC 
are road traffic (24% of non-methane VOC (NMVOC) emissions in mainland France in 
2002), domestic or industrial use of painting, varnish or glue, and evaporation of 
hydrocarbons (31% for manufacturing industries and 22% for residential/ tertiary) (figure 
2). VOC levels in urban areas, such as New York City (NY, USA), fluctuate widely; large 
differences occur because of both location (near idling cars or trucks versuson the 
waterfront) and time (rush hour versus middle of the night). 
 

3.7. Lead 

 

Lead is generated by the manufacturing industry (70% of lead emissions in mainland 
France in 2002), the metallurgy industry in particular (figure 2). 
 

3.8. The Importance of Road Traffic in Urban Air Pollution 

 

In urban areas, road transport is currently the major source of air pollution [7]. For 
example, in the Paris (France) region, road transport was the main source of CO, NOx 
and PM10 in 2000, with 76.9% of CO emissions, 52.2% of NOx emissions and 36.2% of 
PM10 emissions (figure 3). Road transport is the second source of NMVOC (28.6% of 
emissions), after the domestic, tertiary or industrial use of solvents (41.4%). 
 
Figure 3 provides an example of the sectorial distribution of emissions for the main 
pollution indicators in 2000, in the Paris region of France. 
 
Data is taken from the association AIRPARIF, www.airparif.asso.fr/pollutants/default.htm, 
which was created in 1979 and is in charge of monitoring air quality throughout the Paris 
region, which includes 11 million inhabitants (19% of France’s total population) scattered 
over ~1,300 districts and covering a surface area of 12,000 km2. 
 

3.9. Evolution of Air Polluant Emissions 

 

The distribution of emissions between the different sectors of activity changed in France 
between 1960 and 2002, as is the case for all developed countries (figure 4) [6]. 
 

http://www.airparif.asso.fr/pollutants/default.htm
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Figure 3 

Sectorial distribution of 
emissions for the main pollution 
indicators in 2000 in the Paris 
region of France. 

Data shown in figure 4 are taken 
from (CITEPA). The emissions of 
SO2, NOx, PM10, CO, NMVOC 
and lead have been reduced. 
Emissions from industry have 
considerably decreased, while the 
tendency is less clear for road 
transport. 
 
Emissions from industry have 
significantly decreased in 
developed countries, so that road 
traffic, instead of industry, has 
become the main source of air 
pollutant emissions. Since 1980, 
there has been an important 
reduction in all sources of SO2 
(60% reduction between 1980 and 
1990, and 83% between 1980 and 

2002), due to the implementation of the nuclear power programme and the use of fuel 
containing less sulphur. 
 
Since 1991, there has been a reduction of 31% in NOx emissions, partly due to the use 
of catalytic converters. Since 1993, the part played by road transport has begun to slightly 
decrease, even if road transport remains the primary source of NOx emissions. 
 
Emissions of PM10 were reduced by 17% between 1990 and 2002. However, the 
contribution of road transport to PM10 emissions has not changed (12% in 1990; 13% in 
2002), due to the increased activity of diesel vehicles. 
 
The emissions of CO have constantly diminished since 1973, and were reduced by a third 
between 1973 and 2002. Whilst the manufacturing industry was the major source of CO 
followed by road transport in 1960, road transport was moved up to first position in 2002. 
 
Since 1990, lead emissions have been dramatically reduced. Between 1990 and 1999, 
road traffic was the major source of lead emissions (91% in 1990; 68% in 1999), while 
road traffic only generated 3% of lead emissions in 2000 and 0% since 2001. 
 
There was a reduction of 38% in NMVOC emissions between 1990 and 2002. In 1990, 
road transport was the first source of NMVOC emissions, while in 2002 road traffic was 
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second after the manufacturing industry. The decrease in the role of road transport is 
mainly due to the use of catalytic converters since 1993. 
 

4. Dispersion and Transformation of Pollutants 
 

Air pollution is not only determined by the type and intensity of the emissions. Meteorology 
and the climate, as well as the topography of the site, all have a major influence on the 
dispersion and transformation of pollutants [3, 7]. The concentration of pollutants in the 
low layers of the atmosphere depends on the atmospheric pressure, the wind and the 
temperature. Atmospheric depressions (low atmospheric pressures) are associated with 
strong turbulence of air and, thus, with good conditions for dispersion, while anticyclones 
(high pressures) correspond to air stability and, thus, breed episodes of pollution. 
The dispersion of pollutants increases with the speed and turbulence of the wind, and its 
direction orients the plumes of smoke. The vertical temperature gradient helps ascending 
movement of air pollutants. However, in case of temperature inversion, pollutants are 
blocked in the low layers of the atmosphere, which creates episodes of pollution. The 
transformation of air pollutants is influenced by temperature, humidity and solar rays. 

Solar rays and high 
temperature in the 
summer favour the 
photochemical formation 
of O3. 
 
 

 

 

 

 

 

 

 

 

 

Figure 4 

Changes in emissions per sector 
of activities in mainland France, 

1960–2002. 
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5. The Complexity of Immisions 
 

Immissions are the levels of a pollutant in the ambient atmosphere. The aerosol consists 
of a complex multitude of chemical compounds, not all of which have been identified. 
Thus, only immissions of air pollution indicators are monitored. In a given place, the 
immissions depend on the distance from and the height of the emission source, so that 
different scales of pollution can be distinguished: proximity pollution (for example, 
nitrogen dioxide (NO2) concentrations around a major road with high traffic density), 
background urban pollution (for example, NO2 concentrations in a city park) and 
background peri-urban pollution (for example, O3 concentrations even far away from 
urban sources of pollution). Moreover, levels of immissions result from a complex 
combination of fluctuations in meteorological conditions and emissions. Thus, air 
pollutants have their own annual, weekly and daily cycles. 
 

Figure 5 
Annual cycle in SO2 and O3 immissions monitored in 

2003 in Strasbourg (France). 
 

Annual cycles show month-on-month changes in 
the concentration of a pollutant (figure 5). Data 
shown in figure 5 are from ASPA (source: ASPA - 
04010101-TD), the association in charge of 
monitoring air quality throughout the Alsace 
region, which includes 1.7 million inhabitants 
(470,000 inhabitants in the Strasbourg 
community), scattered over almost 900 districts 
and covering a surface area of 8,000 km2. 
 
Thus, it highlights either the impact of the seasons on pollutant emissions or the direct 
impact of specific meteorological conditions on pollutant transformation. “Photo-oxidant” 
or“photochemical” air pollution is higher during the summer months, as there are 
favourable conditions for the production of O3 (high temperatures, strong ultraviolet 
radiation and light winds). In contrast, “acid-particulate” air pollution (SO2, PM) is higher 
in the winter, because the main sources of SO2 are related to electricity production 
(thermal power stations) and heating systems. 
 
The weekly cycle highlights day-on-day variations in emissions, mainly linked to weekly 
human activities (working week/weekend). The daily cycle shows hour-on-hour changes 
in emissions related to human activities, and physical and chemical processes generated 
by the solar cycle. 
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5.1. The evolution of air pollutant immisions 

 

The changes in emissions have led to changes in immissions [4]. Since 1960, levels of 
SO2 have decreased considerably in developed countries, as follows: in 1960, the 

average annual concentration of SO2 was >250 μg・m-3 in the Paris area; ~200 μg・m-

3 in 1970; just above 100 μg・m-3 in 1980; and just below 50 μg・m-3 in 1990. The 

levels of SO2 were again halved between 1992 and 2003 (figure 6. Data is taken from 
AIRPARIF. Average annual concentrations are calculated from a constant sample for 
urban and peri-urban background stations for SO2, NOx, PM10, O3 and benzene, and 
from a constant sample of traffic stations for CO. Benzene, SO2, PM10, O3 and NOx in 

μg・m-3, and CO in 0.1 mg・m-3). 

 

Immissions of CO have decreased regularly from 4,000 μg・m-3 in 1994 to 1,500 μg・

m-3 in 2003. Levels of benzene were ~5 μg・m-3 until 1997 and have stabilised at ~2 μg

・m-3 since 2000. Levels of lead have decreased considerably in Europe, thanks to the 

use of lead-free oil. 
 
The evolution of NOx levels is less encouraging. NOximmissions remained almost 
constant from 1992 to 1998 in the Paris area, while a slight fall has been observed since 
1999. Moreover, PM10 levels did not show any significant change between 1997 and 
2003. Unfortunately, PM2.5 levels have not been heavily monitored thus far. The 
evolution of O3 concentrations is worsening, as O3 concentrations doubled between 1992 
and 2003. 
 

5.2. Legislation and 

norms 

The principal limit values in the 
ambient air, according to the 
European directives of April 
22nd, 1999, for SO2, NO2, 
NOx, PM and lead, of 
November 16th, 2000, for 
benzene and CO, and of 
February 12th, 2002, relating 
to O3are provided in table 1. 
European directives are 
moving progressively towards 
a drastic reduction in threshold 
for air quality criteria. 
 

 



P a g e  34 | 49 

 
 

6. Air Pollution Effects 
 

 

Table 1 European Air Quality Criteria 

 

Pollutant Limiting values Warning levels 

NO2 On annual average 
2004: 52 μg·m-3, linearly decreasing in the course 
of time  
2010: 40 μg·m-3 
On time average 
Until 2010: percentile 98 h# = 200 μg·m-3 
2004: percentile 99.8 h¶ = 260 μg·m-3, linearly 
decreasing 
2010: percentile 99.8 h = 200 μg·m-3 

400 μg·m-3 on time average 
over 3 hours consecutively 

NOx On annual average 
30 μg·m-3 (protection of the vegetation) 

 

SO2 On annual average 
20 μg·m-3 (for the ecosystems) 
On daily average 
Until 2005: percentile 99.2 d+ = 125 μg·m-3 
On time average 
2004: percentile 99.7 h§ = 380 μg·m-3 
2005: percentile 99.7 h = 350 μg·m-3 

500 μg·m-3 on time 
average over 3 
hours consecutively 

Lead On annual average 
2004: 0.6 μg·m-3 
2005: 0.5 μg·m-3 

 

PM10 On annual average 
2004: 41.6 μg·m-3 
2005: 40 μg·m-3, linearly decreasing 
2010: 20 μg·m-3 
On daily average 
2004: 55 μg·m-3 not exceeded >35 days per year 
2005: 50 μg·m-3 not exceeded >35 days per year 
2010: 50 μg·m-3 not exceeded >7 days per year 

 

CO On average over 8 hours 
2004: 12 mg·m-3 
2005: 10 mg·m-3 

 

Benzene On annual average 
Until 2005: 10 μg·m-3, linearly decreasing 

2010: 5 μg·m-3 

 

O3 On average over 8 hours  
120 μg·m-3, not exceeded >25 days per year 
(on average over 3 years 

240 μg·m-3 on time average 
 

 

#: hourly value which should not be exceeded >175 hours per year; ¶: hourly value which 
should not be exceeded >18 hours per year; +: daily value which should not be exceeded >3 
days per year; §: hourly value which should not be exceeded > 24 hours per year. 
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Air pollution and its effect on human health are presently being debated in both the 
scientific and political arenas. However, air pollution from natural sources has always 
existed. Plinius the Younger described, for the first time, a fatal respiratory disorder 
induced by natural air pollution: the patient was Plinius the Elder, who had moved to 
Pompei (Italy) to observe the eruption of Mount Vesuvius in the year 73 AD and who had 
breathed air pollutants emitted by the volcano [8]. Even though Henry Hyde Salter linked 
“impure air” with asthma in his book On Asthma: Its Pathology and Treatment, published 
in London in 1860 [9], people only became aware of the health effects of air pollution in 
the 1950s, with the episodes of black smog in London. Indeed, air pollution caused by 
coal combustion for heating provoked 4,000 deaths in London in 1952 [10]. 
 

This type of black smog no longer occurs in the big cities of developed countries. 
However, air pollution remains a worsening problem in urban areas, where ~50% of the 
world’s population lives and where ~400 million city inhabitants are exposed to air 
pollutants derived from motor vehicles. The short-term effects of short exposure to 
important doses of air pollutants are no longer the main concern of developed countries, 
as the levels of air pollutants have considerably decreased since 1960. The long-term 
effects of chronic exposure to low doses have become a new cause of concern. However, 
long-term effects of air pollution are difficult to study because of the complex 
determination of the exposure, the low intensity of the potential effect and the waiting 
period before the apparition of the potential effects. The Environmental Science 
Engineering Programme at the Harvard School of Public Health concluded that ~4% of 
the death rate in the USA can be attributed to air pollution [11]. Moreover, the cost of air 
pollution from traffic across three European countries has been estimated to exceed that 
from traffic accidents [12]. The investigation of health effects of outdoor air pollution is 
complicated by the fact that indoor air pollution is also noxious for human health [13]. 
 

6.1. The notion of absorbed dose, exposure and individual susceptibility 

 

The nature and the importance of health effects caused by air pollutants depend on three 
factors: the type of pollutant, the absorbed dose, and the individual susceptibility [14, 15]. 
 
The absorbed dose is the quantity of pollutant that penetrates into the organism. This 
dose depends on three factors. 
 

Absorbed dose = immissions x duration 
x pulmonary ventilation 
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1) The concentrations (=immission) of pollutants in the air: outdoor concentrations of air 
pollutants are different from indoor concentrations, for example. Outdoor pollutants can 
also affect indoor air, although the indoor environment has its own peculiar pollution 
(building materials, cigarette smoke, air conditioners, photocopiers, etc.). 
 
2) The duration of exposure: the exposure is the interaction between the individual and 
the environments in which he/she lives. In most industrialised countries, people spend 
more than 80% of their time indoors and in transport, increasing exposure to pollutants 
within closed walls. Thus, the absorbed dose is partly due to indoor air pollution. 
 
3) The level of physical activity: physical effort is related to an increase in pulmonary 
ventilation and, thus, to an increase of the quantity of pollutants introduced into the 
organism by inhalation. Even if two individuals receive the same dose of pollutants, they 
might experience different effects, in so far as they might have different individual 
susceptibilities [16]. Indeed, several populations are more vulnerable, such as children, 
the elderly, pregnant females and people with heart or lung disease. Furthermore, recent 
studies have shown that susceptibility is partly genetically regulated. 
 

6.2. The Effects of the Main Air Pollution Indicators on Health 

 

Air pollutants can lead to health problems either directly when they penetrate the 
organism or indirectly by the modification of the environment. Pollutants enter the 
organism through three different mechanisms. 1) Inhalation: man breathes ~15 m3 of air, 
including pollutants every day. 2) Ingestion: some air pollutants can deposit onto soil or 
surface water, where they are taken up by plants and ingested by animals, and are 
eventually introduced into the food chain. 3) Skin contact: this type of contact is less 
frequent, except in case of accidental pollution or armed conflicts. 
 
Air pollutants can cause serious health problems, including respiratory problems (asthma, 
irritation of the lungs, bronchitis, pneumonia, decreased resistance to respiratory 
infections), allergies, adverse neurological, reproductive and developmental effects, 
cancer, and even early death. Several reviews have reported extensively on the effects 
on health. 
 

6.3. The Effects of the Main Air Pollution Indicators on the Environment 

 

Main health and environmental effects of the common air pollutants are summarised in 

table 2. Some pollutants also cause certain environmental conditions, such as acid rain 

and climate change, particularly global warming. Increases in temperature might result in 

a variety of impacts, including more heat-related illness, more severe weather events, 
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such as floods and droughts and resulting damage, and an increase in cases of vector- 

borne and water-borne diseases, and rises in sea level. 

Table 2 Main air pollution indicators and their effects on the environment 
and health 

 

Pollutants Health effects Environmental effects 

NO2 It is a respiratory irritant 

It may worsen existing respiratory 
illness 
It may lead to bronchial 

hyperresponsiveness and a 
decrease in lung function in 
asthmatic subjects 

NOx oxidises in the atmosphere to 

become nitric acid, a major 
component of acid rain 
It combines with VOC to form O3 

SO2 It is a respiratory irritant 
It may worsen existing respiratory 

illness: for example, it 
provokes asthma attacks in asthmatic 
subjects 

It increases adults’ respiratory 
symptoms, such as cough 
It alters childrens’ lung function 

It oxidises in the atmosphere to 
become sulphuric acid, a major 

component of acid rain 

Lead This metal accumulates in the body 
It causes brain and nervous system 
damage, especially in 

children (lead poisoning) and renal 
system damage 

 

PM Particles effects on health depend on 

their size 
PM10 causes: 
Nose and throat irritation 

Lung damage 
Bronchitis 
Risk of cardiac arrest 

Carcinogen effects if they carry toxic 
compounds 
Early death 

Smoke and dust can dirty and 

discolour structures 

CO It binds to the oxygen-carrying site on 
haemoglobin, 
which reduces O2 transport in the 

body 
At high concentrations it is very toxic, 
causing 

headaches, nausea, reduced ability to 
think, and even 
death 

It oxidises in the atmosphere to 
become CO2, a greenhouse effect 
gas 

It can combine with other gases 
to form O3 

VOC They have various effects, depending 
on their chemical 
compound 

They may be associated with cancer, 
as well as adverse 
neurological, reproductive and 

developmental effects 

They can combine with NOx to form 
O3 

O3 It may cause eye irritation 
It can irritate the respiratory tract 

It induces severe coughing, 
shortness of breath and lung 
irritation 

It leads to greater susceptibility to 
respiratory illnesses, 
such as bronchitis and pneumonia 

It exacerbates asthma attacks 

It damages plants and trees 
It induces reduction of visibility 
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7. Conclusion 
 

Air pollution and specifically urban air pollution remain worrying concerns. Indeed, 
exposure to air pollutants can lead to an increase not only in morbidity but also in 
mortality. Even if important progress was made in order to reduce emissions of industrial 
sources, with a substantial decrease in SO2 concentrations, road traffic has become the 
first source of emissions in urban areas, with a subsequent increase in photo-oxidant air 
pollution. Thus, the development of alternative fuels and engine types that can reduce 
emissions of air pollutants, as well as the use of public transport or bicycles for example, 
are necessary. Moreover, important decisions need to be taken by governments to reduce 
air pollution and its hazardous effects on health and the environment. New studies on the 
long-term effects of low doses of air pollutants are needed, including important 
partnerships between epidemiologists, toxicologists, metrologists, chemists, physicists 
and biologists. 
 

Educational questions 
1. Name the five main stages in the cycle of air pollution. 
2. Name six air pollution indicators. 
3. What is the major source of air pollution in urban areas? 
□ industry □ road transport □ solvent use □ domestic heating □ other 
4. Name three factors other than emissions (type, intensity, distance, height) that 
determine levels of 
immissions. 
5. Describe the evolution of immissions of the following air pollutants over the last 10 
years in big 
cities. 
SO2           □ increase □ reduction □ stagnation 
CO             □ increase □ reduction □ stagnation 
Lead          □ increase □ reduction □ stagnation 
Benzene    □ increase □ reduction □ stagnation 
NOx           □ increase □ reduction □ stagnation 
PM10         □ increase □ reduction □ stagnation 
O3              □ increase □ reduction □ stagnation 
6. Name the three factors that determine the nature and the importance of the health 
effects of air pollution. 
7. What are the three factors that determine the absorbed dose? 
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Making  the Oxygen Pure Sytem and Usage 
 

 

1. Parts List 
 
 
 

Nr 
Crt. 

Part Name 
Number of 

Pieces 
Link Reference 

1 Water/Air Pump 1 

eBay 
LINK 

Amazon 
LINK 

 

2 Hepa Filter 1 

eBay 
LINK 

Amazon 
LINK 

 

3 ON/OFF Switch 2 

eBay 
LINK 

Amazon 
LINK 

 

https://www.ebay.com/itm/163055933895?hash=item25f6e419c7:g:IzYAAOSwaddbAKIi&amdata=enc%3AAQAHAAABMFGWrXusdoIJst%2Fn4gd%2Bex3CLTdoCd7e7Pgh%2FkQz6i0yYc5pt6VuAaBYYlrKHYIhXN6%2FutGjZSDeByWJkXPTE6dkRQAQSrfKw3lSprqx92R7%2BdN8tGsJfsXOi0ZpLNxkIJZIbXT4qDIi9vPJuT7RqKYDwE19%2BjHj1pIn4YcilfNCEBllGIlnJgZOA%2BRQnX%2Fl7woiR71UkyAqIXORAwaHqGMBMJW52ICQ9DcKK6EXRKBhNEOQ%2BM1JA0p7%2FGvZx84cSesPBfIivn55NLBphkaq9UkCLt%2FglIWHygJyUpA0gXR7JyPcWNzrxXypjY7LWl%2F681BL7d53wm9fJhV%2Fc5jOekz3nfXxg%2BG2Td7mqEJ%2FKjoCacCwrw3AbrC4ei7R7lpHT74%2BwDCF9ecQBP95qNyYKsg%3D%7Ctkp%3ABFBMzKXeoclg
https://www.amazon.com/Gikfun-Aquarium-Diaphragm-Arduino-EK1912/dp/B07DW4WRV8/ref=sr_1_5?crid=3TH6IPP2X4H9N&keywords=12V+R385+Motor+Mini+Fish+Tank+Water+Pond+Air+Pump+Fountain+Oxygen+DC+Aquarium+Pump+Diaphragm&qid=1659100749&sprefix=%2Caps%2C1024&sr=8-5
https://www.ebay.com/itm/253309334511?hash=item3afa69b3ef:g:chcAAOSw1KNZ1wl5
https://www.amazon.com/Nispira-Replacement-HEPAtech-Purfiers-Filters/dp/B075SZ1SWS/ref=sr_1_3?crid=3793GNTR6A7FF&keywords=HEPA+Filter+Replacement+Hunter+Part+30928+For+HEPAtech+Air+Purfiers&qid=1659100930&sprefix=hepa+filter+replacement+hunter+part+30928+for+hepatech+air+purfiers%2Caps%2C425&sr=8-3
https://www.ebay.com/itm/283838687714?hash=item42161aa9e2:g:sHcAAOSwqjJeiqCR&amdata=enc%3AAQAHAAABEIogcBlmbHHHymhutfkNZzxVaHG23HXi2xwjJeUbMqS4vRhhcjCAHeGijgvhsNIH1sE0KRZWhZ%2BtYX6yR%2F6%2FV834mhoi%2BOCBvnulOIgik59iRYhw0%2FCZ%2FpLtIygyxdkLONrM7qywMZg0%2BO1C%2FLuHNF2jhE5sKDmqLtA5iBMFLX41z5PUo27SL10R4R78Aesy77JOiR%2FAa6EPTFByzKXJXTFYvy%2BKM8Ng%2FBngu2hR972fr23HiPLplq8vWoYXK1nRBMwQvhfg114nLZ7qfFrQRrFVgQG%2F7MFVgNyTAW5I9AVLYb0PxrpXpk8qTOcrcArjA3YOeLU4jfZrd%2BVXioNxsM9GUcMNvoI5l%2BoBw8OQxZS0%7Ctkp%3ABFBM3piKoslg
https://www.ebay.com/itm/283838687714?hash=item42161aa9e2:g:sHcAAOSwqjJeiqCR&amdata=enc%3AAQAHAAABEIogcBlmbHHHymhutfkNZzxVaHG23HXi2xwjJeUbMqS4vRhhcjCAHeGijgvhsNIH1sE0KRZWhZ%2BtYX6yR%2F6%2FV834mhoi%2BOCBvnulOIgik59iRYhw0%2FCZ%2FpLtIygyxdkLONrM7qywMZg0%2BO1C%2FLuHNF2jhE5sKDmqLtA5iBMFLX41z5PUo27SL10R4R78Aesy77JOiR%2FAa6EPTFByzKXJXTFYvy%2BKM8Ng%2FBngu2hR972fr23HiPLplq8vWoYXK1nRBMwQvhfg114nLZ7qfFrQRrFVgQG%2F7MFVgNyTAW5I9AVLYb0PxrpXpk8qTOcrcArjA3YOeLU4jfZrd%2BVXioNxsM9GUcMNvoI5l%2BoBw8OQxZS0%7Ctkp%3ABFBM3piKoslg
https://www.amazon.com/Position-Rocker-Toggle（Quality-Assurance-Years）KCD3-101/dp/B07MV56LKS/ref=sr_1_3?crid=R8B4LEKYR8Z4&keywords=10x15mm+spst+2pin+on_off+g130+boat+rocker+switch+3a-250v&qid=1659101090&sprefix=10x15mm+spst+2pin+on_off+g130+boat+rocker+switch+3a-250v%2Caps%2C183&sr=8-3
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4 Power Supply 1 

eBay 
LINK 

Amazon 
LINK 

 

5 Purifier Cell 1 

eBay 
LINK 

Aliexpress 
LINK 

 

6 Fan 1 

eBay 
LINK 

Amazon 
LINK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.ebay.com/itm/175276722918?hash=item28cf4e8ae6:g:EeQAAOSwpOxieyDm
https://www.ebay.com/itm/175276722918?hash=item28cf4e8ae6:g:EeQAAOSwpOxieyDm
https://www.amazon.com/MEAN-WELL-LRS-350-12-Switching-Constant/dp/B07BH1FTYP/ref=sr_1_1_sspa?crid=HT6MZR1PQGNB&keywords=mean+well+lrs-350+power+supply&qid=1659101305&sprefix=mean+well+lrs-350+power+supply%2Caps%2C382&sr=8-1-spons&psc=1&smid=A1HDG0DXZB3YI9&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExUjdBMjhPVkJBWEtYJmVuY3J5cHRlZElkPUEwMTUwMTEwMUNYSEY5TjBJOVlINSZlbmNyeXB0ZWRBZElkPUEwMDkwOTgxMzNXVUVQS1pWN09JJndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
https://www.ebay.com/itm/264827119870?hash=item3da8ed28fe:g:D0EAAOSwL11fMz2c
https://www.ebay.com/itm/264827119870?hash=item3da8ed28fe:g:D0EAAOSwL11fMz2c
https://www.aliexpress.com/item/1005001315808597.html?spm=a2g0o.ppclist.product.58.51fcg2zag2zaD8&pdp_npi=2%40dis%21RON%21RON%20138.46%21RON%2096.79%21%21%21%21%21%402103222516590974285528952e8cdb%2112000028097777345%21btf&_t=pvid:bdeb988a-6203-41a0-9da2-e9bfb01eb7a3&afTraceInfo=1005001315808597__pc__pcBridgePPC__xxxxxx__1659097428
https://www.ebay.com/itm/194000877493?hash=item2d2b5a77b5:g:ubwAAOSwr6RiE-Z6&amdata=enc%3AAQAHAAABAEhbai1hkPrBXaraPHk22oM%2BIWKJvWaQnl65%2BiCRuRUtzPl7s41I5DGR%2F53h8Dbz2tcctoGD0N9q8RCbul4yLKB1mWHm7xIkFzBAw6YTfccH7xkoNZ1ba2r92O5SL8o96ine5mu0OLXvAr2Ss2tVkJEE7HBnEVj6zhDMhQKHK7JGFrxjo0p8iqmO6jzCkZ5%2FdnfHGJAgkSJGXhH294TsXnryM3o4wPo4MGDMLu6rcx59WwzdQHOEOFh8hEvzcmlDuxCE49cXPSTNrclbLsWA521UbRTbIVcJGi46NhflyKl0wwSm8ytgRawl66Gk2TMUuVusuQaCeT769KQhrgBTDM4%3D%7Ctkp%3ABFBM1Mehqslg
https://www.ebay.com/itm/194000877493?hash=item2d2b5a77b5:g:ubwAAOSwr6RiE-Z6&amdata=enc%3AAQAHAAABAEhbai1hkPrBXaraPHk22oM%2BIWKJvWaQnl65%2BiCRuRUtzPl7s41I5DGR%2F53h8Dbz2tcctoGD0N9q8RCbul4yLKB1mWHm7xIkFzBAw6YTfccH7xkoNZ1ba2r92O5SL8o96ine5mu0OLXvAr2Ss2tVkJEE7HBnEVj6zhDMhQKHK7JGFrxjo0p8iqmO6jzCkZ5%2FdnfHGJAgkSJGXhH294TsXnryM3o4wPo4MGDMLu6rcx59WwzdQHOEOFh8hEvzcmlDuxCE49cXPSTNrclbLsWA521UbRTbIVcJGi46NhflyKl0wwSm8ytgRawl66Gk2TMUuVusuQaCeT769KQhrgBTDM4%3D%7Ctkp%3ABFBM1Mehqslg
https://www.amazon.com/Kingwin-CF-012LB-Efficient-Excellent-Ventilation/dp/B002YFP8BK/ref=sr_1_5?crid=2RM24JDI187I1&keywords=12V+DC+120mm+Cooling+Fan+120x120x25mm+%284.72x1in%29+2Pin+for+CPU+PC+Printer+Laser&qid=1659109691&sprefix=12v+dc+120mm+cooling+fan+120x120x25mm+4.72x1in+2pin+for+cpu+pc+printer+laser%2Caps%2C202&sr=8-5
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2. Making of, in diagrams 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

FIG. 1 CONNECTING THE ON/OFF SWITCH 
 
First you will connect the ON/OFF SWITCH to the power supply. You can see that there are two. One is used to power the 
Purifier Cell and the other is to power the Air Pump, which will be used to purify the water and the food.  
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FIG. 2 CONNECTING THE OXYGEN PURIFIER SYSTEM 
 

After the previous step we will add/connect the Purifier Cell. As you can see in this diagram, the two cable have different 
colors, red is positive, and black is negative. 
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FIG. 3 CONNECTING THE AIR PUMP 
 
The next step, is to add the Air Pump. 
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FIG. 4 CONNECTING THE FAN AND ADD THE HEPPA FILTER 
 
We will continue by adding the fan and the Heppa Filter. These are important as they will release the particles eliminated 
by the purifier cell into the air and clean it, from dust, bacteria, and other harmful air things. 
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FIG. 5 CONNECTING THE POWER PLUG 
 
The last step is to add the Power Plug. 
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FIG. 6 THE HOLE SYSTEM 
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3. Usage 
 

WARNING: You have to be careful when you are using this device. 
 
 
First be careful that here is no one in the room where you want to purify the air, because the content of the particles 
eliminated to destroy the harmful things in the air, can do harm to the lungs, and in other cases can be deadly. 
 
So first leave the room, close the windows, power it up and leave it as it for 10 to 15 minutes. Also close the door to the 
room. You will feel the results from the first power on. To power it on, plug it in the power socket on the wall, and switch on 
both of the ON/OFF Switch 
 
After this step, enter the room, power down the device by switching off the On/Off Switches and plug out the power the 
power plug, and open the windows. Entering the room for 2 min. doesn’t do harm to you, because to a low contact with it 
it’s harmless. Leave the room with the windows opened, and after 10 to 15 min. You can enter, and you will feel the resul ts 
from the first step on the room. 
 
Hope you have enjoyed this and that this will help you and your loved ones. 
 
Take care of yourself, and have a good health. 


