Lecture 16 




PHYSICAL PRINCIPLES OF GAS EXCHANGE
                  DIFFUSION OF OXYGEN AND CARBON DIOXIDE THROUGH 
                                       THE RESPIRATORY MEMBRANE 

OBJECTIVES: 
1. To review Dalton's Law - partial pressures of gases. 
2. To review Henry's Law - pressure of a gas dissolved in fluid. 
3. To relate Fick's Law of Diffusion to the diffusion of gases through the respiratory membrane. 
4. Learn the factors that determine the composition of alveolar air. 
5. To define the Ventilation/Perfusion Ratio and relate changes in ventilation or perfusion to gas exchange. 

I. Physics of Diffusion and Gas Pressures 
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A. Effect of concentration gradient 

   
B. Gas pressure in a Mixture of gases (partial pressure) 




 

      

1. Dalton's Law 


     
2. Partial pressures of atmospheric gases
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C. Pressures of gases in water and tissues


                           
   

Henry's Law 

      

1. Factors that determine pressure of a gas dissolved in fluid 

         


a. concentration ( partial pressure) 

        


 b. solubility coefficient of the gas 
              


 oxygen - 0.024 
               


carbon dioxide - 0.57
      

2. Diffusion of gases between gaseous phase and pulmonary blood


   
D. Vapor pressure of water 
            

1. 37 degrees C. - vapor pressure = 47mm. Hg. (fully humidified)  water vapor 

             
pressure is determined by body temperature (considered to be a constant) 

            

2. Addition of water decreases the partial pressure of oxygen in the air mixture 


that is inhaled 
  
  

	Atmospheric Air  (mm Hg.)
	Humidified Air

	Nitrogen                 597                 78.62%
	Nitrogen                563                74.09%

	Oxygen                  159 (160)        20.84% 
	Oxygen                  149 (150)       19.67%

	Carbon Dioxide        0.3                 0.04%
	Carbon Dioxide         0.3               0.04%

	Water Vapor            3.7                 0.50%
	Water Vapor           47.0                6.20%


E. Diffusion of gas through fluids - Fick's Law of Diffusion 

      

1. solubility of gas in fluid 

      

2. cross-section of area of fluid 

      

3. distance 

      

4. molecular weight of gas 

      

5. temperature of the fluid

  
F. Diffusion of gases through tissues 
                1. lipid solubility 

II. Composition of Alveolar Air 
  

	Alveolar Air      (mm Hg.)

	Nitrogen              569               74.9%

	Oxygen                104               13.6%

	Carbon Dioxide    40                 5.3%

	Water Vapor        47                  6.2%


   
 
A. Factors that determine the composition of Alveolar air 

      

1. atmospheric air 

      

2. partial replacement with each breath 

      

3. oxygen constantly being absorbed 

      

4. carbon dioxide constantly diffusing into alveoli 

      

5. atmospheric air humidified

   


B. Rate of alveolar air renewal 
       

slow replacement - each tidal volume is added to the pre-existing FRC (2300 ml.) 


   
C. Oxygen concentration and partial pressure in the alveoli controlled by: 
                   
1. rate of absorption into blood 

                   
2. rate of new oxygen into alveoli 
                     

LIMIT at normal atmospheric pressures 
                       

PO2 never above 149 mm. Hg. 

   

D. Carbon dioxide concentration and partial pressures in alveolus 
                
1. Alveolar PCO2 increases in direct proportion to rate of CO2 excretion 

      

2. Alveolar PCO2 decreases inversely to alveolar ventilation 

        

PO2 and PCO2determined by rates of absorption and  excretion +  rate 
         

of  alveolar ventilation

  


E. Expired air 
     

A mixture of inspired air and FRC from which carbon dioxide has been added 


and oxygen removed 
  

	Expired Air    (mm. Hg.)

	Nitrogen                      566                 74.9%

	Oxygen                        120                 15.7% 

	Carbon Dioxide            27                    3.6% 

	Water Vapor                47                    6.2% 


III. Diffusion of Gas through Respiratory membrane 

   
A. Respiratory unit 
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B. Respiratory or pulmonary membrane      .2 to .6 micrometers         6 layers
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C. Factors that determine gas diffusion through respiratory membrane 
                
1. thickness of membrane 

     
 
2. surface area of membrane 

      

3. diffusion coefficient of gas 

     

 4. pressure difference between two sides of membrane

  


D. Diffusing capacity of respiratory membrane 

      

1. Diffusion capacity for O2
         

a. resting - 21 ml./minute/mmHg .pressure difference 


         
b. exercise - about 3 times the resting rate 
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2. Diffusion capacity for CO2 - 20 times that of oxygen

   

E. Ventilation-Perfusion Ratio    VA/ Q



VA=



Q=



VA/Q=
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      1. defined 

      2. When VA/Q = 0 
         NO ventilation, alveolar air = blood gas levels 

      3. When VA/Q = infinity 
          NO perfusion, alveolar air = humidified inspired air 

      4. When VA/Q is below normal = physiological shunt 
          blood shunted by poorly ventilated lungs 

      5. When VA/Q is above normal = physiological dead space 
           lack of blood flow, ventilation of alveoli is wasted 
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      6. Causes of abnormal VA/Q ratio 

          a. effect of hydrostatic pressure 



          b. effect of negative pleural pressure on ventilation

      7. Normal compensation for differences in ventilation/perfusion 


