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Water 
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of Buffers 



Objectives 

1. Explain the Structure & Properties of Water  

2. Define the terms acid, base, and pH. 

3. Discuss the principal ways that hydrogen ions are 

produced during metabolism. 

4. Discuss the importance of acid-base regulation 

5. List principal intracellular and extracellular 

buffers. 

6. Explain the role of respiration in the regulation of 

acid-base status during acid base disturbances.  

7. Explain the role of kineys in the regulation of acid-

base status during acid base disturbances. 

 

 



Structure & Properties of Water  



Water 

A water molecule (H2O), is 
made up of three atoms --- 
one oxygen and two hydrogen. 

 
H 

H 

O 



Water is Polar 

In each water molecule, the oxygen 
atom attracts more than its "fair 
share" of electrons 

The oxygen end “acts” negative 

The hydrogen end “acts” positive 

Causes the water to be POLAR 

However, Water is neutral (equal 
number of e- and p+) --- Zero Net 
Charge 

 



Hydrogen Bonds Exist Between 
Water Molecules 

Formed between a 
highly Electronegative 
atom of a polar molecule 
and a Hydrogen  

One hydrogen bond is 
weak , but many 
hydrogen bonds are 
strong 

 



Interaction Between Water Molecules 

Negative Oxygen end of one water molecule 
is attracted to the Positive Hydrogen end of 
another water molecule to form a HYDROGEN 
BOND 

Each water molecule can form hydrogen bonds 

with      up to four neighbors. 



PROPERTIES OF POLAR MOLECULE 

Cohesion,  

Adhesion,  

Specific heat,  

Capillary action,  

Surface tension,  

Universal solvent 

ALL HAPPEN BECAUSE WATER IS A 

POLAR SUBSTANCE! 



Cohesion – attraction 
that water molecules 
have for each other, 
due to Hydrogen 
bonds. 

Adhesion – attraction 
that polar molecules 
have for molecules of 
other substances. 

Cohesion-tension 
transports a H2O 
column from roots to 
leaves. 



Cohesion 
 Attraction between particles of the same 

substance ( why water is attracted to itself) 

• Results in Surface tension (a measure of the 
strength of water’s surface) 

Produces a surface film on water that allows 
insects to walk on the surface of water  

 



Adhesion 
• Attraction between two different substances. 

• Water will make hydrogen bonds with other surfaces 
such as glass, soil, plant tissues, and cotton.  

Capillary action-water molecules will “tow” each other 
along when in a thin glass tube. 

Example: transpiration process which plants and trees 
remove water from the soil, and paper towels soak up 
water.  

 

The combined force of attraction 

among water molecules and with 

the molecules of the surrounding 

material. 

Because water has both adhesive 

and cohesive properties, capillary 

action is possible.  



High Specific Heat 

• Amount of heat needed 
to raise or lower 1g of 
a substance 1° C. 

Water resists 
temperature change, 
both for heating and 
cooling. 

Water can absorb or 

release large amounts of 
heat energy with little 
change in actual 
temperature. 

 

High Heat of Vaporization 

Amount of energy to 
convert 1g or a 
substance from a liquid 
to a gas 

In order for water to 
evaporate, hydrogen 
bonds must be broken. 

As water evaporates, it 
removes a lot of heat 
with it. 



Water is Less Dense as a Solid 
• Ice is less dense as a 

solid than as a liquid (ice 

floats) 

• Liquid water has 

hydrogen bonds that are 

constantly being broken 

and reformed. 

• Frozen water forms a 

crystal-like lattice 

whereby molecules are 

set at fixed distances. 

 

Density 
Solid – water molecules are 
bonded together – space 
between fixed 

Liquid – water molecules are 
constantly bonding and 
rebonding – space is always 
changing 



UNIVERSAL SOLVENT 



Solute – substance dissolved in a 

solvent to form a solution  

Solvent – fluid that dissolves solutes 

 

Eg. Dissolve nutrients,  

carries waste, drinks,  

cleaning products 

Water is the universal solvent 



Water a Most Versatile Solvent 

Solutions are made up of solvents and 

solutes.  

Due to its polar nature, in living things, water 

is the most versatile solvent. 

Water dissolves both ionic and polar 

substances by creating spheres of hydration 

around the solutes. 

Hydrophilic substances easily dissolve in 

water. 



Hydration- the process in which an ion is 

surrounded by water molecules arranged in a 

specific manner. 

d+ 

d- 

H2O 



Hydration of a soluble molecular 
compound 

 

Eg. sugar 



Dissociation of an ionic lattice 



Metabolism: Making Biological Molecules 



Add water to metabolize large organic polymers 



Universal solvent 



Micelles 

Amphiphilic 
molecules tend to 
organize into micelle 
structures.   

 

The polar heads will 
point towards the 
aqueous environment 
and the nonpolar tails 
will be on the inside.  
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Occasionally, a hydrogen atom shared by two water 

molecules shifts from one molecule to the other. 

The hydrogen atom leaves its electron behind 

and is transferred as a single proton - a 

Hydrogen ion (H+). 

The water molecule that lost a proton is now a 

Hydroxide ion (OH-). 

The water  

molecule with  

the extra proton  

is a Hydronium  

ion (H3O
+). 

Dissociation of Water Molecules 

Unnumbered Fig. 3.47 



Water Dissociates Into H+ and OH- 

In solutions, water 

molecules split into OH- 

(Hydroxide ions) and H+ 

(Hydrogen ions). 

OH- and H+ ions are very 

reactive and must be 

balanced.  

Neutral solutions have 

similar amounts of OH- and 

H+ 

Buffers balance solutions. 

Acids donate H+ ions to 

the solution. 

Bases accept H+ ions from 

the solution. 

 

 



Autoionization of water 

 
In pure water, the dissociated ions  
H+ and OH- exist  in equal concentration. 
  
   

[H+] = [OH-] = 1 x 10-7 M  

 

Although [H+] is very low in water, it can 
influence the ionization or dissociation of solute 
in an aqueous solution. 

 



Water and pH relationship 
1 mole of water = 18g 

 

1 L of water contains 

1000 ÷ 18 = 55.56 mol   (ie pure water = 55.56M) 

 

Molar concentration of  H+ (or OH-) ions can be calculated 

  [H+] = 1.8x10-9 x 55.56 = 1.0x10-7 

 

In order to avoide using –ve numbers,  

the [H+] is expressed as pH which is –ve log (base 10) of 
[H+] 

 

         pH  =  - log10 [H
+]            pH of pure water is 7 

                          Acidic solutions have pH < 7 

                           while basic solutions have pH > 7 
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pH Scale 
The pH scale in any aqueous solution : 

[ H+ ] [OH-] = 10-14  

Measures the degree of acidity (0 – 14) 

Most biologic fluids are in the pH range from 

6 – 8 

Each pH unit represents a tenfold difference 

(scale is logarithmic) 

A small change in pH actually indicates 

a substantial change in H+ and OH- 

concentrations. 

 



© 2008 Thomson - 

Wadsworth 



Calculating pH 

 



Acids and Bases 

Acid   

Molecule that can liberate H+  

Increases H+ concentration in solution 

Lactic acid is a strong acid 

Base  

Molecule that is capable of combining with 

H+  

Bicarbonate (HCO3
–) is a strong base 



     Acids  H+ donors 

Body acids classified as: 

Volatile (eliminated from the body as 

CO2) 

Most impt -- carbonic acid (H2CO3) 

Gives up H+ by reaction: 

  H2CO3   CO2  +  H2O 

Nonvolatile (eliminated through 

kidney tubules) 

Ex:  lactic acid, phosphoric acid, etc 



    Acids – cont’d 

Another classification of acids:  weak/strong 

Strong – easily gives up H+ from molecular 

structure 

Ex: HCl mostly (H+  +  Cl-) 

Note:  there are few strong acids in the 

body 

Weak – most physiological acids – may or 

may not easily give up H+ in solution 

Dissociation depends on molecular 

structure and conditions of solution 
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Sources of Hydrogen Ions Due to  

Metabolic Processes 



Acid/Base Balance 

There is a pH differential between 

arterial blood (pH=7.4) and intracellular 

fluid (pH = 7.0).  

 

Most metabolic reactions liberate H+, 

and a buffer system is needed to 

maintain physiological pH.  



Buffers 
• Definition:  A weak acid plus its conjugate 
base that cause a solution to resist 
changes in pH when an acid or base are 
added 

Effectiveness of a buffer is determined by:  

  1) the pH of the solution, buffers 
work best  within 1 pH unit of their pKa                        

  2) the concentration of the buffer; 
the more  present, the greater the 
buffering capacity 
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Buffering Capacity in Body 

52% is in cells, 5% 

is in RBCs 

43% is in  the 

extracellular space  

of which 40% by 

bicarbonate 

buffer, 1% by 

proteins and 1% 

by phosphate 

buffer system 
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Phosphate 

Bicarbonate 

Proteins 

Ammonia 

Blood 

Respiratory System 

Bicarbonat

e 

Bicarbonate 
Phosphate 

Kidneys 

BUFFERING SYSTEMS BUFFERS USED BY THE BUFFERING SYSTEMS 



Respiratory Buffering System 

uses bicarbonate.  

The respiratory system controls CO2 levels, 

while the kidney can excrete bicarbonate.  

Hyperventilation leads to loss of CO2 and 

creates alkaline conditions, while hypoventilation 

creates acid conditions.  

Peripheral receptors detect CO2 concentration changes 

and send the appropriate signal to the respiratory 

system.  

When CO2 builds up, a central receptor increases 

ventilation. 

 



Blood Buffer Systems 

Bicarbonate/carbonic acid buffer system 

Cells that are utilizing O2, produce CO2, 

which builds up. Thus, more CO2 is found 

in the tissue cells than in nearby blood 

cells.  This results in a pressure (pCO2). 

Diffusion occurs, the CO2 leaves the tissue 

through the interstitial fluid into the capillary 

blood 



 

Bicarbonate buffer system 

 
Present in intra-and extracellular fluid 

Bicarbonate ion acts as weak base, 
carbonic acid acts as a weak acid 

Bicarbonate ions combine with excess 
hydrogen ions to form carbonic acid 

Carbonic acid dissociates to release 
bicarbonate ions and hydrogen ions 

 

 H+ + HCO3
-  H2CO3  H+ + HCO3

-  
 



Carbonic acid-bicarbonate buffer system 

CO2 + H2O    H2CO3    H+ + HCO3
– 

Has the following limitations: 

Cannot protect the ECF from pH changes 

due to increased or depressed CO2 levels 

Only functions when respiratory system 

and control centers are working normally 

It is limited by availability of bicarbonate 

ions (bicarbonate reserve) 



Protein buffer system 

 
Most abundant buffer in ICF and blood plasma 

Hemoglobin in RBCs  

Albumin in blood plasma 

Free carboxyl group acts like an acid by releasing 

H+ 

Free amino group acts as a base to combine with 

H+ 

Proteins contain – COO- groups, can act as proton 
acceptors. 

Proteins also contain – NH3
+ groups, can donate 

protons. 

 



If acid comes into blood, hydronium ions 
can be neutralized by the – COO- groups 

- COO- + H3O
+ → - COOH + H2O 

If base is added, it can be neutralized by 
the – NH3

+ groups 

- NH3
+ + OH- → - NH2 + H2O 

46 



Hemoglobin Buffer System 
Binds CO2  

Binds and transports hydrogen and oxygen 

Participates in the chloride shift 

Maintains blood pH as hemoglobin changes from 

oxyhemoglobin to deoxyhemoglobin 



Renal Buffering System 

uses bicarbonate, phosphate and ammonium.  

In the kidneys, the bicarbonate buffer may increase 
plasma pH in three ways:  

    secrete H+,  

"reabsorb" bicarbonate, or  

produce new bicarbonate.  

H+ secretion occurs mostly in the proximal tubule 
by the carbonic anhydrase reaction.  

In acidic conditions, CO2 diffuses inside tubular 
cells and is converted to carbonic acid, which the 
dissociates to yield a H+ which is then secreted 
into the lumen by the Na+/H+ shuttle. 

 



Ammonia Buffer System 

Important renal tubule buffer. 

Excess H+ can be picked up by the 

ammonia system in a complicated set of 

reactions.  

The kidney makes ammonia by breaking 

down glutamine (an amino acid).  

Ammonium is secreted into the filtrate 

while the good products are reabsorbed. 
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Other important buffers 
The phosphate buffer system (HPO4

2-

/H2PO4
-) plays a role in plasma and 

erythrocytes. 

H2PO4
- + H2O ↔ H3O

+ + HPO4
2- 

Any acid reacts with monohydrogen phosphate 
to form dihydrogen phosphate 

dihydrogen phosphate               monohydrogen phosphate 

H2PO4
- + H2O ← HPO4

2- + H3O
+  

The base is neutralized by dihydrogen 
phosphate 

dihydrogen phosphate  monohydrogen phosphate 

H2PO4
- + OH- → HPO4

2- + H3O
+  

 



Secretion of H+ 

by intercalated 

cells in the 

collecting duct 
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Acid-base balance maintained by 

 

 

 

 

Acidosis: pH body fluids below 7.35 

 

Alkalosis: pH body fluids above 7.45 

      Buffer systems 

      Respiration 

      Renal function 

Maintain tight control within range 7.35 – 7.45 



What would happen if the respiratory 

system had a problem with 

ventilation? 

Respiratory Acidosis and Alkalosis 

Normal PCO2 fluctuates between 35 and 45 mmHg 

• Respiratory Acidosis 
(elevated CO2 greater 
than 45mmHg) 

• Depression of respiratory 
centers via narcotic, drugs, 
anesthetics 

• CNS disease and depression, 
trauma (brain damage) 

• Interference with respiratory 
muscles by disease, drugs, 
toxins 

• lung disease (pneumonia) 

 

• Respiratory Alkalosis 
(less than 35mmHg- 

lowered CO2) 

• Hyperventilation 

psychological (fear, pain) 

• Overventilation on 

mechanical respirator 

• Ascent to high altitudes 

• Fever 



What if your metabolism changed?  
Metabolic acidosis 
 Bicarbonate levels 

below normal (22 
mEq/L)  

 Metabolic alkalosis 
 bicarbonate ion levels 

higher (greater than 
26mEq/L) 

 

• Ingestion, infusion or 
production of more 
acids (alcohol) 

 

• Salicylate overdose 
(aspirin) 

 

• Diarrhea (loss of 
intestinal bicarbonate) 

 

• Accumulation of lactic 
acid in severe Diabetic 
ketoacidosis 

 

• starvation 

• Excessive loss of acids 
due to loss of gastric 
juice during vomiting 

 

• Excessive bases due to 
ingestion, infusion, or 
renal reabsorption of 
bases 

 

• Intake of stomach 
antacids  

 

• Diuretic abuse (loss of 
H+ ions) 

• Severe potassium 
depletion 

 



Definitions  

Normal pH is 7.35 - 7.45  
If this value is normal, but one of the below values is 

abnormal, the patient has compensated. 
 

Normal C02 is 35 -45 mmHg 
If this value is abnormal, the patient has respiratory acidosis 

or alkalosis. 
 

Normal HC03 is 22-26 mEq/L 
 If this value is abnormal, the patient has metabolic acidosis or 

alkalosis 

 

Normal O2 Saturation is 80-100 ml/dl 
If this value is normal in a respiratory pH problem, patient is 

compensating. 



Normal Values for Blood Buffer in Blood. 

Arterial blood Mixed venous blood 

range range 

pH 7.40 7.35-7.45 pH 7.33-7.43 

pCO2 40 mmHg 35 – 45 pCO2 41 – 51 

pO2 95 mmHg 80 – 95 pO2 35 – 49 

Saturation 95 % 80 – 95 Saturation 70 – 75 

HCO3
- 24 mEq/l 22 - 26 HCO3

- 24 - 28 



Interpreting Arterial Blood Gases (ABG) 

This blood test is from arterial blood, usually 

from the radial artery. 

There are three critical questions to keep in 

mind when attempting to interpret arterial 

blood gases (ABGs).  

 

First : Does the patient exhibit acidosis or 

alkalosis?  

Second : What is the primary problem? 

Metabolic? or Respiratory?  

Third : Is the patient exhibiting a compensatory 

state?  

 
 

 



Review the three essential steps of ABG analysis  

Number One:  

 Determine if the patient is demonstrating an acidotic 
(remember: pH less than 7.35) or alkalotic (pH greater than 
7.45) condition.  

 

Number Two: 
 

What is the 'primary problem?  

If the patient is acidotic with a PaC02 greater than 45 
mmHg it is RESPIRATORY  

If the patient is acidotic with a HC03 less than 22 mEq/L it 
is METABOLIC!  

If the patient is alkalotic with a PaC02 less than 35 mmHg it 
is RESPIRATORY!  

If the patient is alkalotic with a HC03 greater than 26 mEq/L 
it is METABOLIC!  



Review the three essential steps of ABG analysis  

Number Three: 
Is the patient compensating?  
 

Are both components (HCO3 and PaCO2) 
shifting in the same direction?  

 

Up or down the continuum?  

 

Above or below the normal ranges? 

 

If this is noted, you know that the patient’s 
buffering systems are functioning and are trying 
to bring the acid-base balance back to normal.  
 
 



ACID BASE PARAMETERS 
(The problem chemical is in yellow) 

Respiratory 

Acidosis  

PH  PCO2  HCO3 
If compensating 

Respiratory 

Alkalosis 

PH    PCO2 HCO3  
If compensating  

Metabolic 

Acidosis 

PH  PCO2 
If compensating    

HCO3 

Metabolic 

Alkalosis 

PH  PCO2 
If compensating    

HCO3 

Or normal if not 

compensating 

Or normal if not 

compensating 

Or normal if not 

compensating 

Or normal if not 

compensating 
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Normal ratio of H2CO3 to HCO3
- is 1:20 

H2CO3  is source of H+ ions in the body 

Deviations from this ratio are used to identify Acid-

Base imbalances 

BASE ACID 

H2CO3 

H+ 

HCO3
- 
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RESPIRATORY ACIDOSIS 

-metabolic balance before 

onset of acidosis 

-pH = 7.4 

-respiratory acidosis 

-pH = 7.1 

-breathing is suppressed holding 

CO2 in body 

-body’s compensation 

-kidneys conserve HCO3
- ions to 

restore the normal 40:2 ratio 
-kidneys eliminate H+ ion in acidic urine 

- therapy required to restore 

metabolic balance 

- lactate solution used in therapy is 

converted to bicarbonate ions in the 

liver 

40 
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RESPIRATORY ALKALOSIS 

-metabolic balance before 

onset of alkalosis 

-pH = 7.4 

-respiratory alkalosis 

-pH = 7.7 

- hyperactive breathing “ blows off ” 

CO2 

- body’s compensation 

- kidneys conserve H+ ions and 

eliminate HCO3
- in alkaline urine 

- therapy required to restore 

metabolic balance 

- HCO3
- ions replaced by Cl- ions 
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METABOLIC ACIDOSIS 

- metabolic balance before 

onset of acidosis 

- pH 7.4 

- metabolic acidosis 

- pH 7.1 

- HCO3
- decreases because of 

excess presence of ketones, 

chloride or organic ions 

- body’s compensation 

- hyperactive breathing to “ blow 

off ” CO2 
- kidneys conserve HCO3

- and 

eliminate H+ ions in acidic urine 

- therapy required to restore 

metabolic balance 

- lactate solution used in therapy is 

converted to bicarbonate ions 

in the liver 

0.5 10 
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METABOLIC ALKALOSIS 

- metabolic balance before 

onset of alkalosis 

- pH = 7.4 

- metabolic alkalosis 

- pH = 7.7 
- HCO3

- increases because of loss 

of chloride ions or excess 

ingestion of NaHCO3 

- body’s compensation 
- breathing suppressed to hold CO2 

- kidneys conserve H+ ions and 

eliminate HCO3
- in alkaline urine 

- therapy required to restore 

metabolic balance 

- HCO3
- ions replaced by Cl- ions 1.25 25 



Case Study 1 
 

17 year old with severe kyphoscoliosis, admitted for 

pneumonia 

pH:         7.37 (normal) 

pCO2:    25 mmHg (low) 

pO2:       60 mmHg (low) 

HCO3:   14 mEq/L (low) 

What is the diagnosis? Is he compensating? 

What caused the problem?  

 

Infection of the lung parenchyma 

Causative agents include bacteria, 

viruses, fungi 



Case Study 1 

 

17 year old with severe kyphoscoliosis, admitted for 

pneumonia 

pH:         7.37 (normal) 

pCO2:    25 mmHg (low) 

pO2:       60 mmHg (low) 

HCO3:   14 mEq/L (low) 

Compensated respiratory alkalosis due to 

chronic hyperventilation secondary to hypoxia 



Thank you 


