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Cells need oxygen to get energy from food. Vertebrates breathe in
oxygen from air or water. This oxygen is absorbed into the blood in the
lungs or gills and carried by it to the body cells. Inside the cells respira-
tion occurs. This releases energy, and carbon dioxide and water are
the new compounds formed.

The carbon dioxide produced in the cells is a waste substance. As the
carbon dioxide is harmful to the body cells, it must be removed. This is
done by the blood absorbing the carbon dioxide and carrying it back to
the lungs or gills. Air breathed out from the lungs contains more carbon
dioxide than the air breathed into the lungs.

The human breathing system

Air, which contains oxygen, enters the lungs through the nostrils to the
nasal cavity. Here the incoming air is warmed, moistened and filtered.

Tiny mucus-covered hairs, called cilia, catch most of the bacteria, dust
and other particles in the air. When the nasal passages are blocked or
when air is breathed in through the mouth, the air is not filtered as
much, so more particles and bacteria can enter the lungs. There are also
cilia in the trachea, bronchi and bronchioles. However, most of the
filtering occurs in the nasal cavity.

The windpipe or trachea has many round rings of cartilage to
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prevent the trachea collapsing when breathing in.

The trachea branches into two main bronchi.
One bronchus goes to the left lung and the other to
the right lung. The bronchi divide into smaller and
smaller bronchi, the smallest of which are called
bronchioles. The smallest bronchioles are only half
a millimetre across and each one ends in a bunch of
tiny air sacs called alveoli. There are about 300
million alveoli in the lungs of a healthy adult.

The exchange of gases in the lungs occurs in the
alveoli. The millions of alveoli make the overall
surface area of the lungs very large. In fact the area of
the lungs is seventy square metres, which is about
forty times the total skin area of the body. This large
area means that the maximum amount of oxygen can
pass into the blood and the maximum amount of
carbon dioxide can be extracted from the blood.

The alveoli are covered with millions of tiny
blood vessels called capillaries as shown in Figure
3.3. Oxygen travels in the blood to each cell in the
body where it is used for respiration.

Respiration and Temperature Control

Because the walls of the alveoli are so thin, they
are easily damaged. Irritants such as cigarette smoke,
dust, vehicle exhaust or airborne industrial waste
products can cause illness and lung disease. The
disease caused by breathing in asbestos dust is called
asbestosis. A patient with this disease becomes
very short of breath and can develop a type of lung
cancer called mesothelioma. Smoking is one of
the main causes of lung cancer and bronchitis.

The breathing process

The lungs have no muscles of their own. It is the
muscles of the chest that control breathing. The
diaphragm is a sheet of muscle which forms the
floor of the chest. There are other muscles between
the ribs which contract to move the ribs.

When breathing in, the diaphragm contracts and
moves down. The rib muscles contract and the ribs
move out and up. This increases the airtight space,
called the pleural cavity, inside the chest. The
lungs are slightly elastic and they can expand. Air
comes in to fill the lungs because air pressure in
the lungs is lower than the outside air pressure.
Adult lungs hold about three litres of air when a
person is at rest, and up to six litres when a person
is exercising.

When breathing out, the rib muscles relax and
the ribs move down and in. The diaphragm relaxes
and moves up. The lungs return to their normal
size. The space in the chest is decreased and so air
pressure in the lungs is higher than the outside
pressure. Air rushes out to make the pressure equal.

Artificial respiration is a method of artificially
forcing the lungs to work. Patients in hospital may
be placed on a machine called a respirator, as
shown in Figure 3.5 on page 22. This forces air into
the lungs until the patient can control his or her
own breathing.

Hiccoughs are caused by the diaphragm con-
tracting so quickly that a person must take a short
gasp of air. The sound heard is the vocal cords
closing suddenly.

Figure 3.3 Gas exchange in an alveolus takes
place between the thin, moist membrane of the

alveolus and the capillary wall.
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1 Ribs are raised upward
and outward

2 Elastic lung tissue
expands

3 Diaphragm contracts

All three actions increase
the size of the chest cavity.

Air flows into the lungs because
air pressure is lower in the lungs
than outside.

(b) Exhalation (Breathing out)
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1 Ribs return to relaxed
position

2 Lung tissues return to
original shape

3 Diaphragm relaxes and returns
to relaxed position

All three actions decrease |
the size of the chest cavity. \
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Figure 3.4 The breathing process.




