RSPT 2350: Module H – Acid-Base Balance


I. Acid Base Balance

A. Definition of Terms

1. Electrolytes:  charged ions that can conduct an electric current in solution.

2. Buffer:  A buffer is defined as a solution of 2 or more chemical compounds that prevent marked changes in H+ ion concentration when either an acid or base is added to solution.  

a. Think of a buffer as a sponge.

b. Depending on the circumstance, the sponge will either soak up excess H+ ions or release them.  

c. A buffer than is capable of neutralizing both acids and bases without causing an appreciable change in pH.

3. Acid:  An acid dissociates into hydrogen ions and an anion (an acid is a H+ ion donor)

a. HCl ( H+ + Cl- (Strong Acid)

i. Hydrochloric acid and sulfuric acid are strong acids.

b. H2CO3 ( H+ + HCO3-  (Weak Acid)

i. Carbonic acid and acetic acid are weak acids.

4. Fixed Acid or Non-volatile Acids – These acids are produced through body metabolism.

a. They are defined as acids that cannot be converted into a gas and therefore must be excreted in a fixed (liquid) state in the urine.  

b. Catabolism of proteins continually produces fixed acids such as amino acids, uric acid, sulfuric and phosphoric acids.  

c. Carbohydrate metabolism produces pyruvic acid, succinic and in the absence of oxygen, produces lactic acid.

d. Lipid metabolism produces fatty acids & (in the absence of insulin) produces ketoacids such as acetoacetic acid and beta-hydroxybutyric acid (Ketoacidosis).

5. Volatile Acids arise from and are in equilibrium with its dissolved gaseous component.  The only volatile acid is carbonic acid (H2CO3) which is in equilibrium with dissolved CO2.

6. Base:  any substance capable of combining with or accepting a hydrogen ion in solution is called a base.  (H+ ion acceptor)

B. pH Scale

1. Normal blood pH is 7.40 (7.35 - 7.45)

2. A blood pH greater than 7.40 is alkalosis

3. A blood pH less than 7.40 is acidosis

4. The pH range compatible with life is 6.8 – 7.8

5. pH is defined as the negative logarithm of the H+ ion concentration
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6. pH represents the actual amount of H+ ions in the blood which is very low.

7. The concentration is approximately 0.00000004 Eq/L.  Because is would be cumbersome to express concentrations with these small numbers, pH is used to express the H+ ion concentration.

8. An acid is a substance that donates hydrogen ions and therefore increases the H+ ion concentration of a solution, which in turn causes the pH to fall (acidosis).  

9. A strong acid has a high degree of dissociation, whereas a weak acid has a low degree of dissociation.

10. A base is a substance that accepts H+ and therefore decreases the hydrogen ion concentration and causes the pH value to increase.

11. Blood pH is the balance of acid/bases in the body at any given moment.

12. The narrow range of pH is maintained by:

a. Buffer systems in the blood and tissue

b. The respiratory systems ability to regulate the elimination of CO2
c. The renal system’s ability to regulate the excretion of hydrogen and the reabsorption of bicarbonate ions.

C. Acid Excretion

1. Two major organ systems are responsible for excretion of acids:  

a. The lungs

b. The kidneys

2. The lungs secrete volatile acid (H2CO3) and the kidney excretes fixed acids.
3. The lung is the major organ of acid excretion.  

a. The lungs excrete 13,000 mEq/day of carbonic acid and the kidneys excrete 40 – 80 mEq/day of acid.  

b. However, in the presence of disease such as diabetes, the fixed acid production may increase to 2,000 mEq/L.  

c. Occasionally, an increase in fixed acids may originate from a cause other than metabolism.

i. This may occur with IV infusions and ingestion of poisons.  When production of fixed acids is high, the normal kidney may not be able to excrete the acid and metabolic acidosis occurs.

D. Base Excretion

1. The organ responsible for the regulation of blood bases is the kidney. The plasma HCO3- concentration is the major blood base of clinical significance.  The kidney can both excrete excess bicarbonate and produce bicarbonate when needed.

E. The Buffer Systems

1. The ability of an acid-base mixture to resist large changes in pH is called its buffer action.

2. Buffer solutions do not prevent pH change; rather they minimize the pH change.

3. The three buffer systems in the plasma are:

a. Carbonic Acid/Sodium Bicarbonate (H2CO3/NaHCO3)

b. Sodium acid phosphate/sodium alkaline phosphate (NaH2PO4/NaHPO4)

c. Acid proteinate/Sodium proteinate (Hprot/Naprot)

4. The two buffer systems in the erythrocytes are:

a. Acid Hemoglobin/Potassium Hemoglobin (HHb/KHb)

b. Potassium acid phosphate/potassium alkaline phosphate (KH2PO4/K2HPO4)

5. Three important urine buffer systems

a. Bicarbonate buffer system (H2CO3/NaHCO3)

b. Ammonia buffer system (NH3/NH4)

c. Phosphate buffer systems

6. The most important buffer system is H2CO3/NaHCO3 system (open system)

a. When a strong acid like HCl is added to the H2CO3/HCO3 the following occurs:

i. HCl + NaHCO3 ( H2CO3 + NaCl

ii. This reaction reduces the strong acid (HCl) to a weak acid (H2CO3) and a neutral salt (NaCl).

iii. The pH movement toward the acidic range is minimal.

b. In contrast, when a strong base (NaOH) is added to the H2CO3/HCO3 system, the following occurs:

i. NaOH + H2CO3 ( NaHCO3 + H2O

ii. This will limit the increase in the pH

F. Henderson-Hasselbalch Equation

1. Calculation
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2. The pK of the H2CO3/HCO3 is 6.1
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4. Ratio

a. The ratio of HCO3-/H2CO3 must be maintained at 20:1 if a pH of 7.40 is to be maintained.
i. 10:0.5



ii. 40:2

iii. 30:1.5

iv. 60:3

b. A ratio of greater than 20 indicates alkalosis.

c. A ratio of less than 20 indicates acidosis.

d. Clinical Problem:  What is the pH of a blood sample if HCO3- is 36 mEq/L and the PaCO2 is 60 mm Hg?

i. 7.1

ii. 7.3

iii. 7.4

iv. 7.5

v. Indeterminate without more data


e. Clinical Problem:  What is the pH if the PaCO2 is 66 torr and the HCO3- is 32 mEq/L?

i. 7.60

ii. 7.50

iii. 7.45

iv. 7.40

v. 7.25


f. Clinical Problem:  What is the pH if the PaCO2 is 17 torr and the HCO3​- is 10 mEq/L?

i. 7.60

ii. 7.50

iii. 7.40

iv. 7.30

v. 7.20


5. Response time of Regulating System

a. When the pH deviates from normal the following systems will kick in to minimize the pH change:

i. The buffer systems respond within seconds to try to neutralize the acid/base.

ii. The respiratory system will respond within minutes by increasing or decreasing ventilation.

iii. The kidneys will respond (in hours/days) by increasing or decreasing fixed acids. (48 to 72 hours).

b. Clinical Problem: Determine if the following ABG results are possible or if an error is present:

i. Given a pH of 7.38, PaCO2 68 torr, HCO3- 25 mEq/L

ii. Given a pH of 7.20, PaCO2 38 torr, HCO3- 23 mEq/L

iii. Given a pH of 7.55, PaCO2 37 torr, HCO3- 25 mEq/L

iv. Given a pH of 7.42, PaCO2 38 torr, HCO3- 39 mEq/L

v. Given a pH of 7.30, PaCO2 20 torr, HCO3- 24 mEq/L

vi. Given a pH of 7.50, PaCO2 40 torr, HCO3- 18 mEq/L

G. Standard HCO3-  (page 122)

1. Because plasma HCO3- levels are influenced by acute alterations in PaCO2, some laboratories report a standard HCO3- (Std HCO3-).  

2. Standard HCO3- is defined as the plasma HCO3- concentration that would be present if the PaCO2 were 40 mm Hg.  This eliminates the respiratory influence on plasma HCO3- and allows evaluation of the pure metabolic component.  

a. Example:  You get a blood sample and the results are: pH 7.20; PaCO2 90
 torr; HCO3- 36 mEq/L.

3. The lab will place the blood sample in a tonometer and expose the sample to a known sample of PaCO2 at 40 mm Hg.  

4. This will cause the CO2 to diffuse out of the sample until the PaCO2 is 40 mm Hg.

5. This eliminates the hydrolysis effect.  

6. They then re-measure the HCO3- level and report it as standard HCO3-.  
PaCO2 40 mm Hg; Standard HCO3- 31mEq/L

7. Standard HCO3- is the plasma HCO3- concentration obtained from blood that has been equilibrated at 37 C with a PaCO2 of 40 mm Hg and a PaO2 sufficient to produce full oxygen saturation.

H. Buffer Base (page 124)

1. The bicarbonate buffer base is only one of the buffer systems in the blood.  

2. The whole blood buffer base (BB) is the sum of all the buffer bases present in 1 liter of blood.  

3. This includes HCO3-, Hemoglobin, plasma proteins, and phosphates.    

4. BB is a metabolic index and in a pure respiratory acid-base disturbance should remain normal.  For example in an acute hypercapnia: CO2 + H20 ( H2CO3 ( H+ + HCO3-.

5. The increase in HCO3- is offset by the decrease in buffers used to buffer H ions so the total buffer base will remain normal.

6. BB shows the buffering of all buffer systems, not just HCO3-.  HCO3- accounts for only about half of the total buffering capacity of the blood. 

7. If hemoglobin level is normal, the BB is normally 48 mEq/L. 

8. The normal value will change with hemoglobin levels.

I. Base Excess/Deficit (page 158)

1. In an ABG report, BE is usually reported.

2. This is a comparison of the normal BB for a given hemoglobin and the observed BB.  

3. The value for BE is derived from the Siggard-Anderson Nomogram.

4. Base Excess = Observed BB - Normal BB.

5. If the observed BB is less than the normal BB, the BE is a negative value and is called a base deficit.

6. This means that acid has been added to the blood or base removed.

7. If the observed BB is greater than the normal BB, the BE is a positive value and is called a base excess. 

8. This means that acid has been removed or base added.

9. Normal value is 0 + 2 mEq/L.  

a. Example: Metabolic acidosis may have a base deficit of –10 mEq/L.

10. This means the buffer bases are decreasing in an attempt to buffer the H+ ions that have resulted from the addition of acids to the bloodstream.

a. Example: If the observed BB is 58 mEq/L, what is the BE?

i. BE = 58 mEq/L – 48 mEq/L.

ii. BE = +10 mEq/L (this means an excess of base in the body)

b. Example: If the observed BB is 40 mEq/L, what is the BE?  

i. BE = 40 mEq/L – 48 mEq/L .

ii. BE = -8 mEq/L (and is actually a base deficit or loss of base from the body)
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