
CONTENTS 

C o n t e n t s . v 

Pre face . xiii 

A c k n o w l e d g m e n t s . xv 

A b b r e v i a t i o n s . xvii 

Chapter 1. S p e c t r o p h o t o m e t r y . 1-1 

Photometric Analysis. 1-1 
The Effect of Solvent 1-5 

Laws of Radiant Energy Absorption. 1-5 
Lambert's Law 1-6; Beer's Law 1-6; Beer-Lambert's Law 1-8, 
Interrelationship Between Absorbance and Transmittance 1-8 

Colour and Colorimeters. 1-9 
The Blank. 1-9 
Instrumentation. 1-9 

Sources of Radiant Energy 1-9; Means of Spectral Isolation 1-11; 
Adjustable Diaphragm 1-15; Cuvettes 1-15; Radiant Energy Detectors 1-
16; Readout Systems 1-21; A Typical Single Beam Spectrophotometer 1-
21; Double Beam Instruments 1-22; A Typical Double Beam 
Spectrophotometer 1-23; Instrumental Photometric Error 1-24; "Warm 
up" Period 1-25; Optimum Spectral Band Width 1-25; Stray Light 1-27; 
Correction for Background Absorption 1-30 

Checking Instrument Performance. 1-33 
Wavelength Alignment 1-33; Wavelength Repeatability 1-34; Spectral 
Bandwidth 1-34; Stray Light 1-35; Photometric Accuracy and Linearity 
1-35 

Exerc ises . 1-35 
Exercise 1-1 : Photometric Accuracy and Linearity. 1-36 
Exercise 1-2 : Spectral Band Width. 1-37 
Exercise 1-3 : Spectral Characteristics of a Filter. 1-38 
Exercise 1-4 : Wavelength Check. 1-39 
Exercise 1-5 : Spectral Band Width and Resolution. 1-40 
Exercise 1-6 : Cuvette Cut-Off Wavelengths. 1-41 
Exercise 1-7 : The Absorption Spectrum of Benzene. 1-42 
Exercise 1-8 : The Absorption Spectra of NAD and NADH. 1-43 
Exercise 1-9 : Stray Light. 1-44 
Exercise 1-10 : Derivative Spectra. 1-46 
Exercise 1-11: The Determination of Serum Calcium. 1-47 
Exercise 1-12 : The Determination of Carbon Monoxide in Blood. 1-50 
Exercise 1-13 : The Determination of Plasma Salicylate. 1-55 
Exercise 1-14 : The Determination of Plasma Paracetamol. 1-58 

References. 1-62 

v 



Chapter 2 . F luor imetry . 2 -1 

Fluorescence. 
Factors Affecting Fluorescence Intensity : Concentration 2-3, Solvent 2-4, 
Buffers 2-5, pH and Ionisation 2-5, Temperature 2-6, Photo-
decomposition 2-6, Quenching 2-6 

Instrumentation. 
Light Sources 2-8; Sample Containers 2-9; Detectors 2-9; Sensitivity 2-
9; An Example of a Spectrofluorimeter 2-10 

2-1 

xe rc i ses . 
Exercise 2-1 
Exercise 2-2 
Exercise 2-3 
Exercise 2-4 
Exercise 2-5 
Exercise 2-6 
Exercise 2-7 
Exercise 2-8 
Exercise 2-9 
Exercise 2-1 ( 

The Effect of Concentration on Fluorescence Intensity. 
The Effect of Solvent on Fluorescence Intensity. 
The Effect of pH on Fluorescence Intensity. 
The Effect of Temperature on Fluorescence Intensity. 
The Effect of Quenching on Fluorescence Intensity. 
The Emission Spectrum of NADH. 
The Determination of Thiamine in Urine. 
The Determination of Serum Magnesium. 

: The Determination of Phenylalanine in Plasma. 
10 : The Determination of Blood Porphyrins. 

2 -11 
2-11 
2-12 
2-13 

14 
15 
17 
19 
22 
25 
28 

References 2-30 

Chapter 3 . E n z y m o l o g y . 3 - 1 

Enzymes. 3-1 
Catalysis 3-1; Classification and Nomenclature 3-2; Enzyme Units 3-3; 
Modes of Action 3-4; The Active Site 3-4; Substrate Specificity 3-4; pH 
3-5; Temperature 3-5; Enzyme Kinetics 3-6; Enzyme Inhibition 3-9; 
Allosteric Enzymes 3-12; Isoenzymes 3-13 

Clinical Enzymology. 3-14 
The Diagnostic Use of Isoenzymes 3-17 

Enzymes as Reagents. 3-18 

Exerc ises . 
Exercise 3-1 
Exercise 3-2 
Exercise 3-3 
Exercise 3-4 
Activity. 
Exercise 3-5 

The Polarimetric Determination of Invertase. 
The Effect of Temperature on Invertase Activity. 
The Effect of pH on Invertase Activity. 
The Effect of Substrate on Yeast Alcohol Dehydrogenase 

The Effect of Substrate Concentration on Yeast Alcohol 
Dehydrogenase Activity. 

Exercise 3-6 : The Effect of an Inhibitor on Yeast Alcohol Dehydrogenase 
Activity. 

Exercise 3-7 : The Determination of Prostatic Acid Phosphatase in Plasma. 
Exercise 3-8 : The Determination of Plasma Lactate Dehydrogenase and its 

Isoenzymes. 
Exercise 3-9 : The Fluorimetric Determination of Alkaline Phosphatase in 

Plasma. 

3 -20 
3-20 
3-26 
3-28 

3-30 

3-33 

3-36 
3-38 

3-40 

3-43 

VI 



Exercise 3-10 : The Determination of Plasma Glucose by an Enzymatic 
Method. 3-45 

Exercise 3-11 : The Determination of Plasma Cholesterol. 3-48 
Exercise 3-12 : The Determination of Blood Glucose using "Glucostix". 3-51 

References. 3-52 

Chapter 4. Atomic Emission and Absorption. 4-1 

General Principles. 4-1 
Flame Emission Techniques. 4-2 

Flame Photometry 4-2; Inductively Coupled Plasma Emission 4-5; ICP-MS 
4-6 

Atomic Absorption Techniques. 4-7 
Flame Atomic Absorption 4-8; Non Atomic Absorption 4-10; Zeeman 
Correction 4-11 

Other Methods of Generating Ground State Atoms. 4-12 
Electrothermal 4-12; Vapour Generation 4-14; Hydride Generation 4-14 

Exerc ises . 4 - 1 5 
Exercise 4-1 : The Determination of Sodium and Potassium in Serum or 

Plasma by Flame Photometry (1). 4-15 
Exercise 4-2 : The Determination of Sodium and Potassium in Serum or 

Plasma by Flame Photometry (2). 4-17 
Exercise 4-3 : The Determination of Serum Calcium and Magnesium by 

Flame Atomic Absorption. 4-19 
Exercise 4-4 : The Determination of Blood Lead by Flame and 

Electrothermal Atomic Absorption. 4-23 
Exercise 4-5 : The Determination of Liver Copper by Electrothermal Atomic 

Absorption. 4-27 
Exercise 4-6 : The Determination of Urinary Mercury by Vapour Generation 

Atomic Absorption. 4-30 

References. 4-33 

Chapter 5. Ion Se l ec t ive Electrodes . 5 -1 

Principles. 5-1 
Ion Activity 5-1; Electrode Design 5-2; Reference Electrodes 5-3 

Glass Ion Selective Membranes. 5-4 
The pH electrode 5-4; The Sodium Electrode 5-6 

PVC Ion Selective Membranes. 5-7 
The Potassium Electrode 5-7; The Calcium Electrode 5-7 

Clinical Sodium and Potassium Ion Selective Electrode Analysers. 5-8 

Exerc ises . 5-9 
Exercise 5-1 : Determination of the pH of Urine. 5-9 
Exercise 5-2 : The Determination of Sodium and Potassium in Serum or 

Plasma. 5-11 

References. 5-14 

vn 



Chapter 6. Oxygen a n d Carbon Diox ide Electrodes . 6 - 1 

The Oxygen Electrode. 6-1 
The Carbon Dioxide Electrode. 6-3 
Clinical Blood Gas Analysers. 6-4 

Exerc ises . 6-5 
Exercise 6-1 : The Response Time and Leakage Current of an Oxygen 

Electrode. 6-5 
Exercise 6-2 : The Determination of Serum Glucose by a Glucose Oxidase -

Oxygen Electrode Method. 6-7 
Exercise 6-3 : Blood Gas Determinations. 6-11 

References. 6-13 

Chapter 7. C h r o m a t o g r a p h y . 7 -1 

General Principles. 7-1 
Types of Chromatography. 7-1 

Adsorption 7-1; Affinity 7-1; Partition 7-2; Steric Exclusion 7-2; Ion 
Exchange 7-4 

Qualitative and Quantitative Analysis. 7-4 

Exerc ises . 7-5 
Exercise 7-1 : Demonstration of Reverse Phase Partition Chromatography 

using a Cis Column. 7-5 
Exercise 7-2 : 2-Way Paper Chromatography of Urinary Amino Acids. 7-7 
Exercise 7-3 : The Determination of Plasma Haptoglobin by Steric Exclusion 

Chromatography. 7-12 
Exercise 7-4 : The Determination of Total Amino Acids in Urine using Ion 

Exchange Chromatography. 7-16 
Exercise 7-5 : The Determination of Blood Haemoglobin Aic using Ion 

Exchange Chromatography. 7-21 
Exercise 7-6 : The Removal of Albumin from Plasma by Affinity 

Chromatography. 7-24 

References. 7-29 

Chapter 8. Thin Layer Chromatography and Extraction Techniques. 8-1 

Thin Layer Chromatography. 8-1 
Extraction Techniques. 8-3 

Exerc ises . 8-4 
Exercise 8-1 : The Identification of a Basic Drug in a Tablet. 8-4 
Exercise 8-2 : Toxi-Lab. 8-11 
Exercise 8-3 : The Semiquantitative Determination of Methylmalonic Acid in 

Urine by Thin Layer Chromatography. 8-18 

References. 8-21 

vm 



Chapter 9 . Gas C h r o m a t o g r a p h y . 9 - 1 

Instrumentation. 9-1 
Carrier Gas 9-2; Flow Control 9-2; Sample Injection Systems 9-2; 
Thermostatically Controlled Oven 9-3; Columns 9-4; Selection of a 
Stationary Phase 9-7; Derivatives 9-9; 
Detectors : Thermal Conductivity 9-10, Flame Ionisation 9-10, Nitrogen-
Phosphorus 9-11, Electron Capture 9-12, Mass Spectrometer (GC-MS) 9-
13; Recorder or Computing Integrator 9-15 

Column Selectivity and Efficiency. 9-18 
Qualitative Analysis 9-21; Quantitative Analysis 9-22 

Exerc ises . 9-22 
Exercise 9-1 : The Determination of the Retention Index of Benzene on an 

OV-17 Column. 9-23 
Exercise 9-2 : The Effect of Temperature on Retention. 9-25 
Exercise 9-3 : The Determination of Blood Alcohol. 9-26 
Exercise 9-4 : Head-Space Gas Analysis. 9-29 
Exercise 9-5 : The Determination of the Concentration of Anticonvulsant 

Drugs in Plasma. 9-31 
Exercise 9-6 : Urinary Carboxylic Acid Profile. 9-35 

References. 9-40 

Chapter 10 . High Per formance Liquid C h r o m a t o g r a p h y . 1 0 - 1 

Introduction to HPLC. 10-1 
Equipment Components (a). 10-2 

Mobile Phase Reservoir 10-3; Pump 10-3; Gradient Elution 10-5; Sample 
Injection 10-6; Guard Columns 10-7; Analytical Columns 10-8; Column 
Theory 10-9 

Chromatographic Techniques. 10-16 
Adsorption 10-16; Partition 10-16; Ion Exchange 10-18; Ion 
Suppression - Reverse Phase 10-19; Ion Pair - Reverse Phase 10-19; 
Steric Exclusion 10-20; Type Selection 10-21 

Equipment Components (b). 10-21 
Detectors. 10-21 

Refractive Index 10-22; Ultraviolet Absorption 10-22; Fluorescence 10-
25; Electrochemical 10-26; Mass Spectrometer 10-27 

Recorder and /o r Computing Integrator. 10-27 

Exerc ises . 10 -28 
Exercise 10-1 : The Effect of Solvent Composition on the Separation of 

Three Parabens, using a Ci8 Column. 10-29 
Exercise 10-2 : The Determination of the Efficiency of a Cis Column. 10-33 
Exercise 10-3 : The Identification and Semiquantitation of Drugs in Plasma. 10-37 
Exercise 10-4 : The Quantitative Determination of Phenobarbital and 

Oxazepam in a Plasma Sample. 10-41 
Exercise 10-5 : The Quantitative Determination of Anticonvulsant Drugs in 

Plasma. 10-48 

References. 10-52 

IX 



Chapter 11. Electrophoresis. 11-1 

Introduction to Electrophoresis. 11-1 
Moving Boundary Electrophoresis. 11-1 
Zone Electrophoresis. 11-3 

Electroendosmosis 11-5; Electrophoretic Support Media 11-5; Plasma 
Electrophoresis 11-8; SDS-PAGE 11-19; Isoelectric Focusing 11-10; Two 
Dimensional Electrophoresis 11-12; Immunofixation 11-13; Western 
Blotting (Immunoblotting) 11-14 

Capillary Electrophoresis. 11-14 
Capillaries 11-15; Detectors 11-15; HV Power 11-16; Sample Loading 
11-16; Separation Methods : Free Zone 11-16; Micellar Electrokinetic 
Capillary Chromatography 11-17; Isoelectric Focusing 11-18; Molecular 
Sieving 11-19 

Exerc ises . 11 -19 
Exercise 11-1 : High Voltage Electrophoresis of Urine Amino 

Acids. 11-19 
Exercise 11-2 : Cellulose Acetate Electrophoresis of Serum or Plasma 
Proteins. 11-23 
Exercise 11-3 : Agarose Gel Electrophoresis of Serum or Plasma Proteins. 11-29 
Exercise 11-4 : Cellulose Acetate Electrophoresis of Lactate Dehydrogenase 

Isoenzymes. 11-31 
Exercise 11-5 : Monoclonal Gammopathy Typing by Immunofixation. 11-34 
Exercise 11-6: SDS-PAGE of Urine Proteins. 11-36 
Exercise 11-7 : Isoelectric Focusing of Blood Proteins. 11-40 

References. 11-43 

Chapter 12. Molecular Diagnostics. 12-1 

The Human Genome. 12-1 
Polymorphism. 12-2 
DNA Techniques. 12-2 

DNA Sources 12-2; DNA Extraction 12-3; DNA Digestion 12-4; DNA 
Electrophoresis 12-4; Membrane Transfer 12-6; Probes 12-6; 
Membrane Washing 12-7 

Eg. Muscular Dystrophy 12-8; Monoclonal Lymphocyte Detection in 
Lymphoma 12-9; DNA "Fingerprinting" 12-9 

Gene Tracking. 12-10 
Dot (Slot) Blotting. 12-12 

Eg. Sickle Cell Anaemia 12-13; Oncogene Activation 12-13 
Fluorescence in situ Hybridisation. 12-14 

Eg. Prader-Willi and Angelman Syndromes 12-14 
Target Amplification. 12-15 

Polymerase Chain Reaction (PCR). 12-16 
Eg. Cystic Fibrosis 12-17; Huntington's Disease 12-18; DNA 
"Fingerprinting" 12-18 

PCR and Dot Blotting. 12-19 
Eg. p Thalassaemia 12-19 

PCR and Reverse Dot Blotting. 12-20 

x 



PCR-Mediated Site-Directed Mutagenesis. 12-20 
Eg. ai-Antitrypsin Deficiency 12-20 

Allele Specific Amplification. 12-21 
Amplification Refractory Mutation System (ARMS). 22-21 

Eg. Cystic Fibrosis 22-22 
Heteroduplex Generation. 12-23 

Eg. Phenylketonuria Mutations 12-23 
Other PCR Techniques. 12-24 

Specific Mutations 12-24; Mutation Screening 12-25 
Ligase Chain Reaction. 12-27 

Eg. Sickle Cell Anaemia 12-27; Abbott's LCX 12-28 
Contamination Control. 12-29 
DNA Microarrays and Microchips. 12-29 

Exerc ises . 12 -31 
Exercise 1 2 - 1 : Amplification of the D1S80 Locus using PCR. 12-31 
Exercise 12-2 : Cystic Fibrosis Mutation Screening using ARMS. 12-37 

References. 12-44 

Chapter 13. Immunological and Radioisotope Techniques. 13-1 

Immunological Techniques. 13-1 
Antibody Production. 13-1 

Polyclonal Antibodies 13-1; Monoclonal Antibodies 13-2; Antigen-
Antibody Binding 13-3 

Immunoprecipitation Assays. 13-4 
Double Immunodiffusion 13-5; Single Immunodiffusion 13-5 

Immunoelectrophoretic Techniques. 13-6 
Immunoelectrophoresis 13-6; Crossed Immunoelectrophoresis 13-7 
Electroimmunoassay 13-7 

Particle Suspension Assays. 13-8 
Competitive Immunoprecipitation Techniques. 13-10 
Labelled Immunological Assays. 13-11 

Immunoassays 13-13; Immunometric Assays 13-13; Radioimmunoassay 
(RIA) 13-15; Immunoradiometric Assays (IRMA) 13-18; Alternative 
Immunoassays 13-22; Enzyme Labels 13-22, ELISA 13-23, EMIT 13-24; 
Fluorophore Labels 13-25, DELFIA 13-25, Abbott's TDX 13-26; 
Chemiluminescent Labels 13-27 

Immunoprobes and Immunosensors. 13-29 
Radioisotope Techniques. 13-30 

1 2 5I 13-31 
Decay Process 13-31; Labelling 13-31; Quantitation 13-32 

3H 13-33 
Decay Process 13-33; Labelling 13-34; Quantitation 13-34; Quenching 
13-36; Quench Correction 13-36 

Counting Statistics. 13-38 
Background and Precision 13-39 

Radioisotope Safety. 13-39 

Exerc ises . 13 -41 
Exercise 13-1 : Immunoelectrophoresis of Serum Proteins. 13-41 

XI 



Exercise 13-2 : Electroimmunoassay of Plasma Albumin. 13-44 
Exercise 13-3 : Energy Spectrum of 1 2 5I and Counter Efficiency. 13-48 
Exercise 13-4 : Radioimmunoassay of Serum Digoxin. 13-52 
Exercise 13-5 : 3H Quench Correction. 13-58 
Exercise 13-6 : Competitive Protein Binding Assay of Urine Cyclic AMP. 13-64 
Exercise 13-7 : Enzyme Immunoassay of Plasma Benzodiazepines. 13-72 

References. 13-75 

Chapter 14. Coulometry, Osmometry and Refractometry. 14-1 

Oculometry. 14-1 
The Chloridometer 14-1 

Osmometry. 14-3 
Clinical Usefulness of Osmolality Measurements. 14-4 

Plasma or Serum 14-4; Toxicology 14-4; Cerebral Oedema 14-5; 
Hyponatraemia 14-5; Trauma 14-5; Coma 14-5; Urine 14-5; 
Increased Urine Output 14-6; Decreased Urine Output 14-6; Urine 
Osmolal Gap 14-6 

Osmometers. 14-7 
Freezing Point Osmometers 14-7; Vapour Pressure Osmometers 14-8 

Refractometry. 14-8 
Refractive Index of Solutions 14-9; Refractive Index of Urine 14-9; 
Refractive Index of Plasma or Serum 14-10 

Exerc ises . 14 -10 
Exercise 14-1 : The Determination of the Plasma Chloride Concentration, 

using Coulometry. 14-10 
Exercise 14-2 : The Effect of Ethanol on Plasma Osmolality. 14-13 
Exercise 14-3 : The Measurement of Urine Osmolality. 14-17 
Exercise 14-4 : The Determination of the Plasma Protein Concentration by 

Refractometry. 14-19 

References. 14-22 

A p p e n d i c e s . A - l 
1. Laboratory Rules. A-l 
2. Radioisotope Laboratory Rules. A-3 

Radiation Properties of Some commonly Used Isotopes A-4 
3. Laboratory Reports. A-6 
4. Laboratory and Report Tips. A-9 
5. The Greek Alphabet. A-13 
6. SI Units. A-15 
7. Units of Enzyme Activity. A-l 8 

I n d e x . I-i 

xn 




