Unit IV-C - Respiration and Excretion
Unit Outline

II. Gas Exchange - Chapter 11
A. Gas Exchange and Respiration

     1. gas exchange is the physical methods that organisms have for obtaining oxygen from their surroundings and removing excess carbon dioxide

     2. respiration refers to the cellular process by which organisms release energy from organic substances and convert it to a useable form

B. Repiratory Surface – the boundary surface through which gas exchange takes place with the following characteristics
      1. thin-walled so that diffusion across it occurs rapidly

      2. moist because O2 and CO2 must be in solution

      3. in contact with a source of oxygen that exists in the surroundings

      4. in most multicellular organisms it must be in contact with the transport stsem that carries dissolved materials to and from the cells of the organism
C. Gas Exchange in Various Organisms

     1. Protists exchange gases directly through the body surface which is the cell membrane by the process of diffusion; O2 moves into the cell from the surrounding environment and CO2 moves out into the surrounding environment
      2. Hydra exchanges gases by direct diffusion between the body cells and the environment as all of its cell are in direct contact with water

       3. Large animals that depend on gas dissolved in water have different gas exchange problems that large animals that breathe air 

           a. O2 dissolved in water is usually less than 1%, while it is about 21% of air

           b. O2 diffuses more slowly in water than in air

           c. to obtain enough oxygen large amounts of water must be moved over respiratory surfaces

           d. air breathing organisms must keep respiratory surfaces moist and therefore usually have these surfaces internally for protection and reduction of evaporation

           e. Earthworm

               i. live in moist soil

              ii.  use their skin as their respiratory surface

             iii.  secrete mucus to keep the surface moist

              iv. oxygen diffuses into capillaries and is transported by hemoglobin as carbon dioxide is given up to the environment

           f. Grasshopper

              i.  gas exchanged does not depend on circulatory system

             ii.   branching air tube (tracheal tubes)  system carries air directly to all cells of the body

            iii.  air enters and leaves the body through openings in the exoskeleton called spiracles which connect directly to tracheal tubes

              iv.  fluid-filled ends of air tubes acts as a respiratory surface

               v.  air is pumped into and out of the tracheal system by contraction of muscles, with air flowing into the anterior four pairs of spiracles, and our through the six pair of rear spiracles

             g. Gills

                  i  thin layers of tissue richly supplied with blood vessels

                ii  large surface area for gas exchange that must remain moist

               iii. blood carries oxygen to all parts of body. 
D. Respiratory Pigments, colored substances in the blood that carry oxygen and carbon dioxide between the respiratory surface and body cells, allow the blood to carry more oxygen and carbon dioxide than plain water can do.
E. Human Respiratory System

    1. Lungs are the gas exchange organ in air-breathing vertebrates and some other animals

    2. functional unit is a small chamber called an alveolus that is surrounded by capillaries

    3. lungs are found in the thoracic cavity separated from the abdominal cavity by the diaphragm a sheet of muscle.  

    4. a two-layered membrane, the pleura, surrounds each lung with one membrane covering the lung and the other in contact with either the diaphragm or the other organs of the thoracic cavity
      5. a lubricating fluid is found between the layers

      6. a particle of air moves through the nose, pharynx, larynx, trachea, bronchi, bronchial tubes, bronchioles, and alveoli

      7. Nose – air enters through nostrils, leading into hollow spaces called nasal passages; hair at the opening stop some foreign particles from entering, lined with a mucous membrane with many ciliated cells.  Filters, moistens and warms the air before it reaches the delicate lung lining.

      8. Pharynx and Larynx – the throat and the voice box the latter of which is composed of cartilage tissue containing two pairs of membranes stretched across the inside called the vocal cords which vibrate as air is breathed out.  The larynx has a flap of tissue blocking its entrance during swallowing called the epiglottis.

      9. Trachea a rube of rings of cartilage lined with a ciliated mucous membrane which moves mucus and trapped foreign matter to the pharynx where they are removed usually by swallowing (N.B. smoking prevents the cilia from moving and increases the amount of mucus in the air passages

    10. Bronchi are located in the mid chest and are the two cartilage-ringed divisions of the trachea lined with ciliated cells
    11. Bronchioles within the lungs, small treelike branched tubes with thinner walls and less cartilage as they subdivide

    12. Alveoli - tiny air chambers looking like a cluster of grapes found at the end of the bronchioles with walls one cell thick are the respiratory surfaces (cigarette smoke leaves behind approximately one-third of the particles in the smoke in the alveoli) which along with other particles from air pollution produced inelastic scarlike tissue to form, reducing the working area of the respiratory surface producing the disease emphysema
     13. Gas exchange has four physical stages

  a. breathing moves air into and out of lungs 
      i. inhalation  draws air into the lungs during the active phase of breathing – ribs pulled up and out, diaphragm pulled down producing a larger chest cavity thereby reducing air pressure and air moves in

    ii. exhalation forces air out of the lungs during the passive phase of breathing – diaphragm relaxes and moves upward, rib muscles relax and drop causing the chest cavity to become smaller and the pressure to become greater squeezing air out of lungs
   iii. it is the action of the diaphragm that forces air into and out of the lungs
   b. external respiration is the exchange of oxygen and carbon dioxide between the air and the blood in the lungs

   c. internal respiration is the exchange of oxygen and carbon dioxide between the blood in the capillaries and the body cells

   d. oxygen and carbon dioxide transport is the movement between the lungs and other body parts

14. breathing is controlled by the respiratory center in the brain and special structures in the aorta and several other large arteries that sense the amount of carbon dioxide in the blood, stimulating the respiratory  center; lactic acid build up due to intensive exercise raises the acidity level of the blood and stimulates the respiratory center.

15.  oxygen transport is accomplished by the hemoglobin in the red blood cells

       a. large amount of oxygen oxyhemoglobin, a bright red, is formed

       b. when blood reaches capillaries, oxyhemoglobin breaks apart, oxygen is released into the cells leaving the blood a dark red or dull purple color

       c. smoking produces carbon monoxide gas which has a 300 times greater attraction for hemoglobin than does oxygen causing shortness of breath in smokers; air containing as little as 0.1 % carbon monoxide can cause respiratory problems
16. carbon dioxide is transported by the blood to the lungs

      a. most (c. 70%) combines with water in the presence of the enzyme carbonic anhydrase forming carbonic acid which quickly breaks down into hydrogen ions and bicarbonate ions which is carried away in the plasma

      b. about 20% of the carbon dioxide combines with hemoglobin producing carboxyhemoglobin

      c. remaining 10% is dissolved in the plasma

F. Diseases of the Human Respiratory System
  1. Asthma is a severe allergic reaction that causes bronchioles to go into spasms squeezing the air passages
   2. Bronchitis linings of the bronchial tubes become irritated and swollen; passageways to alveoli may swell and clog with mucus leading to coughing and difficulty in breathing

    3. Emphysema, mentioned above, causes lungs to lose elasticity producing shortness of breath; damage produced by smoking is permanent and non-reversible

    4. Pneumonia results in the alveoli filling with fluid preventing the exchange of gases; often caused by opportunistic bacteria such as  Streptococcus pneumoniae which normally lives in the throat of most healthy people
     5. Lung cancer shows tumors (masses of tissue) forming in the lungs as a result of irregular and uncontrolled cell growth
