 Respiratory System Reading and Questions – Use the questions at the end as a guide for the notes you take for the starter next class.  Estimated time spent – 30 min
The word respiration can describe two different processes – so let’s clarify.  Internal or cellular respiration is the process by which glucose or other small molecules are broken apart in the mitochondria to produce ATP energy for the cell: this requires oxygen and generates carbon dioxide. External respiration (breathing) involves taking oxygen from the air (by inhaling in humans) and returning carbon dioxide to it (exhaling).

The respiratory tract, where external respiration occurs, starts at the nose and mouth.  From the nose or mouth, air flows into the pharynx.  In addition to air, food and drink also travel through the pharynx on the way to stomach.  The pharynx branches into two tubes.  One leads to the stomach and is called the esophagus, part of the digestive system.  The other leads to the lungs and is called the trachea.  The larynx is at the top of the trachea and contains the vocal cords, which produce sound. The trachea (windpipe) extends from the neck into the thorax, where it divides into right and left main bronchi, which enter the right and left lungs, breaking up as they do so into smaller bronchi and bronchioles and ending in small air sacs or alveoli, where gaseous exchange occurs.

Gaseous exchange relies on simple diffusion. Diffusion is the process of particles moving from an area of higher concentration to lower concentration.  In the case of gaseous exchange, diffusion involves the movement of oxygen and carbon dioxide from a higher concentration to a lower concentration.   
In order for diffusion to occur, these four conditions must be met (these conditions apply to other exchange surfaces such as intestines, plant leaves etc.)

· Thin - the alveoli are one cell layer thin so that gases can quickly diffuse through them.

· Moist - the alveoli are moist with mucus so that gases can dissolve before diffusing.

· Large surface area - the surface area for gases to diffuse through in human lungs is roughly the same as a tennis court.

· Good blood supply - the alveoli have a large capillary network so that large volumes of gases can be exchanged. (Capillaries surround every cell to allow for diffusion of gasses, nutrients, wastes etc.)
Hemoglobin is the protein molecule in red blood cells that carries oxygen from the lungs to the body's cells and returns carbon dioxide from the cells back to the lungs.  

Fun Fact: The chemical formula of hemoglobin is C2952H4664O832N812S8Fe4
How many atoms total?

The lung surface available in an adult is around 140m2, around the area of a singles tennis court. The blood in the alveolar capillaries is separated from alveolar air by 0.6µm in many places (1µm = one thousandth of a mm). The presence of the large surface area of the lungs (remember the tennis court!), separated from the outside air by a very narrow barrier, imposes demands or problems on the respiratory tract.  
Outside air:
· Varies in temperature. At the alveolar surface it must be at body temperature for proper functioning

· Varies from very dry to very humid. At the alveolar surface it must be moistened with water vapor 
· Contains dust and debris. If these reach the alveoli, they can pose obstacle for gas exchange

· Contains possibly harmful microorganisms (bacteria, protists, viruses), which must be filtered out of the inspired air and disposed of before they reach the alveoli, enter the blood through pulmonary capillaries, and cause possible problems. 
It is easy to see that the temperature and humidity of incoming air will increase as it passes down a long series of tubes lined with moist mucus at body temperature. The mechanisms for filtering the incoming air are not so obvious.

Mucus 

 The respiratory tract, from nasal cavities to the smallest bronchi, is lined by a layer of sticky mucus, secreted by the epithelium cells. Particles which hit the side wall of the tract, are trapped in this mucus. 
Cilia (let’s hawk a lugi)
Once the particles have been sidelined by the mucus they have to be removed, as does the mucus itself. This is carried out by hair-like cilia on the epithelial cells which move the mucus continually up or down the tract towards the nose and mouth to be sneezed, blown out, spit out or swallowed.  The mucus and its trapped particles and bacteria are then swallowed, taking them to the sterilizing vat of the stomach.

Mechanism of breathing

When you breathe, air is sucked in or forced out of your lungs.  However, your lungs do not contain muscles that force air in and out.  Instead, breathing is done by rib muscles and the diaphragm, a dome-shaped muscle underneath the lungs.  When the diaphragm contracts and moves down, it increases the chest cavity’s volume.  At the same time, some of your rib muscles contract and lift your rib cage, causing it to expand and air is sucked in.  When the diaphragm and ribs relax, this decreases the chest cavity’s volume and you exhale. 

The Hazards of Smoking.  You already know that smoking cigarettes is bad for your health.  Smoking is the leading cause of cardiovascular diseases and lung diseases, such as emphysema and lung cancer.  People with emphysema have trouble getting oxygen they need because their lung tissue in the alveoli erodes away.
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