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Summary 
 
The binding and release of oxygen and carbon dioxide in blood must occur 
appropriately to fulfill the needs of tissues. The main characteristics of binding, 
transport and delivery have been clarified and described in sufficient detail to enable 
modern treatment of difficult respiratory and circulatory conditions. 
 
1. Introduction 
 
The partial pressure of oxygen in systemic venous blood entering the lungs is 
approximately 5 kPa. In the pulmonary capillary it increases to 13 kPa. At that pressure 
blood can only hold about 3 ml O2 in physical solution.  
 
The normal hemoglobin concentration of 150 g/l allows the red cells to carry about 193 
ml oxygen per liter of blood, i.e. almost 65 times more than in physical solution.  
 
Moreover, the dissociation curve of oxyhemoglobin (HbO2) is a special sigmoid that 
describes how oxygen binding in the lungs and release in the target tissues are 
optimized. Figure 1 shows the relation of the blood oxygen saturation (SO2) and partial 
pressure.  
 
The arterial blood is almost fully saturated with oxygen and the O2-saturation in the 
returning venous blood is still about 75%. In the normal situation 1 liter of arterial blood 
holds almost 200 ml of oxygen and if the cardiac output is 5 liters per minute, then the 
oxygen delivery is 1000 ml/min.  
 
The resting consumption is approximately 250 ml/min, i.e. only 25% of the oxygen 
content is being used. 
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Figure 1. The dissociation curve of oxyhemoglobin. With permission from: Salorinne Y 
(1994). Hengityselimistön fysiologiaa. Kliininen fysiologia (ed A. Sovijärvi et al.). 

Jyväskylä, Finland: Duodecim. 
 

2. Oxygen Hemoglobin Dissociation Curve 
 
The oxygen affinity of hemoglobin varies in many situations. Oxygen is released more 
readily i.e. the curve is displaced to the right (Figure 2) compared to the standard curve 
if the temperature rises, carbon dioxide pressure (PCO2) or hydrogen ion concentration 
[H+] increases or there is more 2,3-diphosphoglycerate in the blood.  
 

 
 

Figure 2. The effect of pH, PCO2 and temperature on the oxyhemoglobin dissociation 
curve. With permission from: Sovijärvi A., Salorinne Y. (1997). Keuhkojen fysiologiaa 

ja patofysiologiaa. Keuhkosairaudet (ed V. Kinnula, P Tukiainen, L.A. Laitinen). 
Jyväskylä, Finland: Duodecim. 
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Various genetic forms of hemoglobin have a slightly different oxygen carrying capacity 
and they have been detected by measuring the 50% saturation pressure (P50). Fetal 
hemoglobin (HbF) is favorable to the fetus. In the newborn it is soon replaced by the 
adult form of hemoblogin (HbA). 
 
Some forms of poisoning change the oxygen binding to hemoglobin profoundly. Carbon 
monoxide (CO) is especially dangerous, because it both changes the form of the 
dissociation curve and binds irreversibly to the oxygen binding site of hemoglobin 
(Figure 3). Nitrates and sulfates can oxidize the iron in hemoglobin and impair the 
oxygen carrying capacity. 
 

 
 

Figure 3. The O2 dissociation curve in anemia and CO poisoning. With permission 
from: Staub N (1998). Transport of oxygen and carbon dioxide: tissue oxygenation. 

Physiology, 4th ed (ed R. Berne, M. Levy). St. Louis, USA: Mosby. 
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