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Preface

The purpose of this book is to present, in a reasonably complete fashion,
the principles and technics of clinical chemistry. Modern clinical chemistry
is now some 50 years old and has become so extensive that there is need for
comprehensive reference works in this field. This book is an attempt at such
coverage. It is the author’s hope that his effort will be of use to all whose
work involves clinical chemistry, whether as an analyst at the bench, as one
engaged in research, or responsible for direction of some phase of laboratory
practice, and to those biochemists concerned with analytic problems.

This book deals almost exclusively with the analytic aspects of the tests.
Early chapters are concerned with general consideration of specific analytic
procedures, such as photometry, gasometry, and preparation of protein-free
filtrates, and with topics such as normal values and stability of samples. The
remaining chapters deal with specific substances with reviews of the various
methods of determination, including where possible a discussion of the pros
and cons of the various methods. The reviews are followed by a detailed
presentation of one (in some cases, two) of the methods of analysis.

As can be seen from the table of contents, essentially the entire field of
clinical chemistry is covered, including the determination of serum thyroxine,
although other hormone analyses and toxicology have been omitted.

In regard to the choice of methods presented the author makes no claim
that those selected are the only good ones or are necessarily the best available.
No one can have experience with all methods and their modifications. Those
presented are used at Bio-Science Laboratories and, therefore, have withstood
practical everyday experience. Before a new procedure is introduced in the
laboratory it is necessary to check it out thoroughly—there have been
numerous times in our experience when we were unable to get published
methods to work satisfactorily. Furthermore, before we accept a procedure
for routine use, we want to know whether the color follows Beer’s law, color
stability, reagent stability, sample stability, precision, and accuracy. Many
such important details are often not given in published procedures. The
author has tried to answer these questions in the methods presented, thus
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requiring considerable research, most of which has not been published before.

Selection of normal values was difficult. In most instances there is a rather
wide spread in published normal ranges. Those presented are compromises.
The general problem of delineating a normal range is discussed in Chapter 8.

This book was in preparation for over a decade and the author personally
abstracted over 15,000 publications, some 7,000 of which are cited in the
bibliography to serve as a reference source for those in the field of research.
In the later years of this endeavor the author found he had the proverbial bear
by the tail—mew work was coming out nearly as fast as he could revise
manuscript written in previous years. The cut-off date for literature was
September, 1962. As of that date, however, the author was still finding
important references previously missed. The literature coverage, therefore, is
not complete. There is a wealth of material in foreign literature and the
surface here was barely touched.

Chapter 28, Serum Thyroxine, was written by Dr. Vincent Pileggi of Bio-
Science Laboratories who has had extensive experience in this field as head
of the Iodine Division. The author is indebted to him for this contribution.

The following special items are included because the author believes they
increase the usefulness of the book: (1) a “Quick Index” to methods and
normal values, an abridged table of atomic weights and a table of “Useful
Information about Concentrated Acids and Bases” which appear on the end
papers of the volume; (2) a list of manufacturers referred to in the text as
suppliers of special chemicals or apparatus; (3) an appendix containing tables
of information ordinarily widely scattered, e.g., buffers, pH reference stan-
dards, adsorbants, desiccants, etc.

The author wishes to thank his associates Drs. Sam Berkman, O. J. Golub
and Milton Segalove for making this book possible. Significant contributions
through discussions and investigations were made by Dr. S. L. Jacobs and
Charles Sobel of Bio-Science Laboratories and Dr. A. G. Ware of University
of Southern California and the Los Angeles County General Hospital.
Further acknowledgment is made to Dr. Golub for a complete review of the
manuscript during the many years of preparation and to Dr. Jacobs for
rechecking the presentations of the methods and the calculations involved. To
Mr. Walter Seemayer who drew the graphs and illustrations and to Mrs. Lili
Tabbush, Mrs. Robin Evanchuk and Mrs. Mary Allen, who were most
helpful in the time-consuming secretarial phases of such an effort, appreciation
is sincerely expressed. Finally the friendly and valuable assistance of the
Hoeber Medical Division is gratefully acknowledged.

In conclusion, the author is aware that simple statistical probability makes
it certain that there are many errors in such an extensive coverage. He would
appreciate it if his attention were called to errors of commission and omission.

R.J.H.
Los Angeles



Contents

Preface xxiii

1. PHOTOMETRY AND SPECTROPHOTOMETRY

THEORY 1
Terminology and Symbols 1
Nature of Radiant Energy Absorption 1
Laws of Radiant Energy Absorption 4
Deviations from Beer’s Law 6
PHOTOELECTRIC INSTRUMENTS 6
Sources of Radiant Energy 6
Methods of Spectral Isolation 9
Filters 9
Prisms 13
Gratings 14
Cuvet 14
Micro cuvets 15
Radiant Energy Detectors 16
Vacuum phototubes 16
Barrier layer (photovoltaic) cells 17
Meter Scale 17
Choice of Instrument 20
PRACTICAL ASPECTS OF PHOTOMETRY AND SPECTROPHOTOMETRY
Instrumental Checks 21
Wavelength calibration 21
Spectral transmittance standards 21
Calibration and Care of Cuvets 22
Reagent Blanks 23
Spectrophotometry in the Ultraviolet (UV) Region 24
Methods of Plotting Data 25

v

21



vi * Contents

Absorption curves 26
Calibration curves 26
Effects of Wavelength and Band Width on Absorbance
Measurements 30
Photometric Error 37
Multicomponent Systems 40
Two component system 40
Determination of one component in the presence of
“background absorption” 41
Errors in Photometry Originating in the Sample e
The temperature variable in measurements 44
The “time” variable in measurements 44
Turbidity 44
Fluorescence 45
TURBIDIMETRY 45
NEPHELOMETRY 47
SELECTED BIBLIOGRAPHY 47

2. FLAME PHOTOMETRY 48

Commercially Available Flame Photometers 49

Sources of Error in Flame Photometry 49
Instrumental sources 49
Interferences present in the sample 55
General Technic 59
Scope of Flame Photometry 62
Accuracy and Precision of Flame Photometry 63
Choice of Instrument 63

SELECTED BIBLIOGRAPHY 63

3. FLUOROMETRY 64
SELECTED BIBLIOGRAPHY 69
4. GASOMETRIC TECHNICS 70

Development of the Basic Gasometric Equations 71
Equation for “volumetric” apparatus 71
Equation for “manometric” apparatus 75

Volumetric Apparatus and General Technic 77
Van Slyke apparatus 77
Scholander-Roughton apparatus 80
Lazarow gasometer 81

Manometric Apparatus and General Technic 82
Van Slyke-Neill apparatus 82
Kopp-Natelson apparatus 84

Points of Technic Common to Both the Volumetric and the

Manometric Van Slyke Apparatus 85
Cleaning the apparatus 85



Contents -« vii

Cleaning the mercury 85
Lubrication of stopcocks 86
Regrinding stopcocks 86
Rubber tubing 87
Air bubbles in the cup capillary 87
Testing for leaks 87
The “mercury seal” 87
Use of antifoam agents 88
Preparation of gas-free reagents and their storage 88
Admission of sample to chamber 89
Reading menisci 91
Accuracy and Precision of Gasometric Technics 92
SELECTED BIBLIOGRAPHY 92

5. PAPER ELECTROPHORESIS 93
Equipment 99
General Technic 103
Scope of the Method 108
SELECTED BIBLIOGRAPHY 109

6. MICRO AND ULTRAMICRO TECHNIC AND EQUIPMENT 110
Collection of Blood Samples 111
Weighing 112
Pipetting 112
Titration 115
Centrifugation 117
Diffusion Technics 117
Miscellaneous Apparatus and Technics 120
Ultramicro Analytical Systems 120
Accuracy and Precision of Ultramicro Technics 120
SELECTED BIBLIOGRAPHY 121

7. ACCURACY,PRE___’_(;ISIO_NL AND CONTROL CHARTS 122
INTRODUCTORY STATISTICS 122
Classification of Observations 122
Frequency Distributions 122
Accuracy 124
Precision 124
Reliability 126
THE ERROR OF LABORATORY RESULTS 127
The “Error” of a Test 127
Practical Aspects of Laboratory Error 128
Significant Figures 129
CONTROL OF LABORATORY ERROR 130
Running of Standards 130
Running of Reagent Blanks 132



viii - Contents

Quality Control Charts 132
MISCELLANEOUS STATISTICAL TESTS 137

F Test for Comparison of Precisions 137

t Test of Significance of Difference between Two Means 138
QUALITATIVE CHEMICAL TESTS 139
ACCURACY AND PRECISION OF VOLUMETRIC GLASSWARE 140
SELECTED BIBLIOGRAPHY 143

8. NORMAL VALUES 144
ESTIMATION OF NORMAL RANGE 144
WHEN IS A VALUE ABNORMAL ? 149
THE CLINICAL LABORATORY’S POSITION 151

9. SPECIMEN COLLECTION AND PRESERVATION 152
SPECIMEN COLLECTION 152
Collection of Serum 153
Collection of Whole Blood and Plasma 153
Delay of clotting by non-wettable surfaces 154
Anticoagulants 154
SPECIMEN PRESERVATION 156
Temperature Effect on Stability 157
pH Effect on Stability 157
Chemical Preservatives 157

10. THE PREPARATION OF PROTEIN-FREE FILTRATES 160
METHODS OF PROTEIN PRECIPITATION 160
Precipitations Dependent on Protein Dehydration 161
Precipitation by addition of miscible solvents 161
Precipitation by ‘‘salting-out™ 162
Precipitations Dependent on Insoluble Salt Formation 162
Anionic precipitants 163
Cationic precipitants 168
Precipitation by Shaking with Chloroform 170
PRACTICAL PROBLEMS IN THE PREPARATION OF PROTEIN-FREE
SOLUTIONS 170

11. PROTEINS 173
TOTAL PROTEIN 173

Miscellaneous Methods of Determination 173

Protein by Kjeldahl Determination of Protein-Nitrogen 175

Determination of Protein by Kjeldahl Analysis for Nitrogen
(method of Hiller, Plazin, and Van Slyke) 176

Protein Determination by the Biuret Reaction 179

Determination of Protein by the Biuret Reaction (method of
Henry, Sobel, and Berkman) 182

Turbidimetric Estimation of Proteins 186



Contents

Determination of Protein in Urine and Cerebrospinal Fluid by
Turbidimetry with Trichloroacetic Acid (method of
Henry, Sobel, and Segalove) 188

Protein by the Phenol Method 190

Determination of Protein in Cerebrospinal Fluid by the Phenol
Method (method of Daughaday, Lowry, Rosebrough,
and Fields) 190

Qualitative Tests for Protein 193

Heat Test for Urine Protein 195

Sulfosalicylic Acid Test for Urine Protein 196

Normal Total Protein Values 197

FRACTIONATION OF PROTEINS 199

Terminology of Protein Fractions 202

Salting-out Technics of Fractionation 203

Scheme for Salt Fractionation of Serum Proteins (method of
Wolfson, Cohn, et al., using the biuret method of
Henry, Sobel, and Berkman) 207

Protein Fractionation by Paper Electrophoresis 211

Serum Protein Fractionation by Paper Electrophoresis (method
of Durrum, et al., modified by Henry, et al.) 216

Normal Values of the Major Protein Fractions 222

FIBRINOGEN 226

Determination of Fibrinogen in Plasma by Applying the
Biuret Reaction to the Fibrin Clot (method of Ware,
Guest, and Seegers, modified by Ware) 228

Determination of Fibrinogen in Plasma by Na,SO,
Precipitation (method of Campbell and Hanna) 230

PROTEINS CONTAINING CARBOHYDRATES 231

Separation by Electrophoresis 232

Chemical Methods of Analysis 234
Determination of seromucoid 234
Determination of protein-bound hexose 234
Determination of hexosamines 235
Determination of sialicacid (N-acetylneuraminicacid) 235
Determination of fucose 235

Choice of Determination 236

Determination of Seromucoid in Serum (method of Winzler,
et al., as modified by Weimer and Moshin, and using
the orcinol reaction as outlined by Rimington) 236

Determination of Protein-bound Hexose (Non-glucosamine
Polysaccharide) (method of Lustig and Langer, modified
by Weimer and Moshin and using the orcinol reaction
as outlined by Rimington) 239

ABNORMAL PROTEIN FRACTIONS 240

ix



x - Contents

Abnormal serum globulins found in multiple myeloma 240

Cryoglobulins 241
Cryofibrinogen 242
Pyroglobulins 242
Macroglobulins of Waldenstrom 243
Bence-Jones proteins in urine 244
Qualitative Heat Test for Bench-Jones Protein in Urine
(method of Putnam, et al.) 245
LIPOPROTEINS 246
Determination of Serum Lipoproteins by Paper Electrophoresis
(method of Straus and Wurm) 250

12. NON-PROTEIN NITROGENOUS CONSTITUENTS

NON-PROTEIN NITROGEN 254
Determination of Non-protein Nitrogen (NPN) by the
Berthelot Color Reaction) 256
Determination of Non-protein Nitrogen (NPN) by
Nesslerization (method of Koch and McMeekin, modified)
UREA 262
Miscellaneous Methods 262
Methods Employing Reaction with Diacetyl Monoxime and
Related Compounds 263
Methods Employing Urease Action 264
Choice of Method 266
Determination of Urea by Urease and the Berthelot Reaction
(method of Chaney and Marbach) 266
Determination of Urea Nitrogen by Urease and Nesslerization
(method of Henry and Chiamori) 270
URIC ACID 276
Determination of Uric Acid by Reaction with Alkaline
Phosphotungstate (method of Henry, Sobel, and Kim)
Determination of Uric Acid by Uricase (method of Henry,
Sobel, and Kim, modified) 283
CREATININE AND CREATINE 287
Determination of Creatinine and Creatine (modification of
Owen, Iggo, Scandrett, and Stewart, and Taussky) 292
Procedures without Lloyd’s reagent 293
Procedures with Lloyd’s reagent 294
Creatine Tolerance Test 302
AMINO ACIDS 302
Specific Amino Acids 302
Cystine 303
Determination of Cystine in Urine (method of Shinohara and
Padis, modified) 305

254

258

278



Contents

Phenylalanine 308
Determination of Phenylalanine in Serum (method of LaDu
and Michael) 309
a-Amino Acid Nitrogen 312
Determination of a-Amino Acid Nitrogen with Sodium
B-Naphthoquinone 4-Sulfonate 314
a-Amino Acid Nitrogen—Method for Blood or Plasma
(Frame, Russell and Wilhelmi, and Russell) 315
a-Amino Acid Nitrogen—Method for Urine (Sobel, Henry,
Chiamori and Segalove) 318
GLUTATHIONE 320
Determination of Reduced Glutathione in Blood (method of
Patterson and Lazarow) 321
Glutathione Stability Test 324
AMMONIA 325
Determination of Ammonia (method of Seligson and
Harahara, using the Berthelot color reaction as modified
by Chaney and Marbach) 327
Procedure for blood 328
Procedure for urine 329
TOTAL NITROGEN IN FECES 331
Determination of Total Nitrogen in Feces 331

13. METABOLIC PRODUCTS OF AMINO ACIDS

PHENYLPYRUVIC ACID AND RELATED COMPOUNDS 334
Qualitative Determination of Phenylpyruvic Acid in Urine
(method of Meulemans) 339
MAPLE SYRUP DISEASE 339
HOMOGENTISIC ACID 340
Paper Chromatographic Detection of Homogentisic Acid
(method of McKenzie, ef al.) 343
TYROSINOSIS 344
Millon Reaction for p-Hydroxyphenylpyruvic Acid (method
of Hsia, modified) 344

14. INORGANIC IONS
SODIUM 345
Sodium Determination by Flame Photometry 346
Chemical Determination of Sodium (method of Albanese and

Lein) 347
POTASSIUM 350
Potassium Determination by Flame Photometry 351

Chemical Determination of Potassium (method of Lockhead
and Purcell) 352
CALCIUM 356

xi

334

345



xii - Contents

Determination of Calcium by Redox Titration of the Oxalate
(method of Clark and Collip) 362
Determination of Calcium by EDTA Titration (method of
Bachra, Dauer, and Sobel) 369
The Albright-Reifenstein Calcium Balance Study 372
The Sulkowitch Determination of Calcium in Urine (method
of Sulkowitch) 373
IONIZED CALCIUM 374
Determination of Protein-bound and Unbound Calcium
(method of Schatz) 376
MAGNESIUM 379
Determination of Magnesium (method of Leifheit, and Neill
and Neely, modified) 381
SERUM IRON 386
Determination of Serum Iron (method of Henry, Sobel, and
Chiamori) 387
IRON-BINDING CAPACITY 391
Determination of Iron-Binding Capacity (method of Peters,
Giovanniello, Apt, and Ross, modified by Henry, Sobel,
and Chiamori) 393
COPPER 395
Determination of Copper (method of Gubler, Lahey,
Ashenbrucker, Cartwright and Wintrobe, modified) 397
CHLORIDE 402
Determination of Chloride (method of Schales and
Schales) 403
PHOSPHATE 409
Determination of Inorganic Phosphorus (method of Dryer,
Tammes, and Routh, modified) 411
SULFATE 416
Determination of Sulfate (method of Kleeman, Taborsky, and
Epstein, modified) 417

15. BLOOD O: 422

GASOMETRIC DETERMINATION OF O, IN BLOOD 423
Volumetric Method (method of Peters and Van Slyke,
modified) 423
Manometric Method (method of Van Slyke and Neill,
modified) 427

16. BLOOD pH, COz, BICARBONATE, AND pCO: 435

The Bicarbonate Buffering System 435
The Henderson-Hasselbalch Equation 436
The pH-HCO; -Diagram 439



Contents -+ xiii

Measurements of the Respiratory and Metabolic Components 441
Buffer Base and Base Excess (Base Deficit) 443
The pH-log pCO, Diagram 444
BLOOD COLLECTION 445
BLOOD pH 447
Electrometric Determination of Blood pH with the Glass
Electrode 448
CO, CONTENT 452
GASOMETRIC DETERMINATION OF TOTAL CO, CONTENT 453
Volumetric Method (method of Van Slyke and Stadie) 453
Manometric Method (method of Van Slyke and Neill) 456
SERUM OR PLASMA BICARBONATE 462
Titrimetric Determination of Serum or Plasma Bicarbonate
(method of Segal, modified) 462
pCO, 465
MISCELLANEOUS CALCULATIONS 466
The Nomogram of Singer and Hastings 466
Estimation of Plasma CO, from Whole Blood CO,, pH and
Hematocrit or O, Capacity 466
Arterial CO, Content from Venous CO, Content 466
McLean’s Nomogram of the Henderson-Hasselbalch
Equation 467

17. ENZYMES 468

AMYLASE 469
Determination of Amylase in Serum and Urine (method of
Somogyi, modified by Henry and Chiamori) 471
LIPASE 477
Determination of Serum ‘‘Pancreatitis Lipase” (method of
Henry, Sobel, and Berkman) 479
PHOSPHATASES 482
Determination of Acid and Alkaline Phosphatases (method of
Bodansky, modified by Shinowara, Jones and Reinhart,
and Henry and Chiamori) 486
CHOLINESTERASE 493
Determination of Cholinesterase (method of Michel, modified
by Larson) 494
CERULOPLASMIN 499
Determination of Serum Ceruloplasmin (method of Henry,
Chiamori, Jacobs, and Segalove) 500
LACTIC DEHYDROGENASE 504
Determination of Lactic Dehydrogenase (method of
Wroblewski and LaDue, modified by Henry, Chiamori,
Golub, and Berkman) 505



xiv - Contents

GLUTAMIC-OXALACETIC TRANSAMINASE 511
Determination of Glutamic-Oxalacetic Transaminase (method
of Karmen, modified by Henry, Chiamori, Golub, and
Berkman) 513
GLUTAMIC-PYRUVIC TRANSAMINASE 518
Determination of Glutamic-Pyruvic Transaminase (method of
Henley and Pollard, modified by Henry, Chiamori,
Golub, and Berkman) 519
UROPEPSIN 522
Determination of Uropepsin (method of West, Ellis, and
Scott) 523
GALACTOSE-1-PHOSPHATE URIDYL TRANSFERASE 526
GLUCOSE 6-PHOSPHATE DEHYDROGENASE 529
METHEMOGLOBIN REDUCTION TEST 530
LEUCINE AMINOPEPTIDASE 530
ISOCITRIC DEHYDROGENASE 531
SERUM ALDOLASE 531
SERUM TRYPSIN 533
DUODENAL AND FECAL ENZYMES 534
Determination of Trypsin in Duodenal Fluid and Feces
(method of Johnstone, modified) 536
Determination of Lipase in Duodenal Fluid (method of
Comfort, Parker and Osterberg, modified) 538
Determination of Amylase in Duodenal Fluid (method of
Henry and Chiamori) 539

18. LIVER FUNCTION TESTS, INCLUDING BILE PIGMENTS

HIPPURIC ACID TEST 540
Procedure with patient 542
Determination of Hippuric Acid in Urine (method of
Weichselbaum and Probstein, modified) 542
GALACTOSE TOLERANCE 544
Procedure with patient 545
Galactose removal constant (G.R.C.) 545
Determination of Galactose (method of Raymond and Blanco,
modified by Merzanze, Likoff, and Schneeberg) 546
BROMSULFOPHTHALEIN TEST 548
Determination of Bromsulfophthalein in Serum (method of
Seligson, Marino, and Dodson) 551
FLOCCULATION TESTS 554
Cephalin—-Cholesterol Flocculation Test 557
Cephalin-Cholesterol Flocculation Test (method of Hanger,
modified by Bunch and Knowlton) 559
Thymol Turbidity and Thymol Flocculation Tests 562

540



Contents * Xv

Determination of the Thymol Turbidity of Serum (method
of Maclagan, employing modifications of Shank and
Hoagland, and the thymol reagent of Reinhold and
Yonan) 565

Zinc Sulfate Turbidity Test 569

Determination of the Zinc Sulfate Turbidity of Serum (method
of Kunkel) 569

BILE PIGMENTS 571
Determination of Serum Bilirubin by the Diazo Reaction 572
Difference between direct and indirect bilirubin 574
Methods for determination of total and direct bilirubin 577
Choice of method 583

Determination of Direct and Total Bilirubin by the Diazo
Reaction (method of Malloy and Evelyn, modified) 584

Determination of Urine Bilirubin 594

The Ictotest for Bilirubin in Urine (method of Free and Free) 596

The Harrison Spot Test for Bilirubin in Urine (method of
Harrison) 597

Determination of Fecal Bilirubin 598

Determination of Serum Bilirubin from Its Color 598

Spectrophotometric determination of serum bilirubin 599
The icterus index 603

Citrate Dilution Method for Determination of Icterus Index
(method of Henry, Golub, Berkman, and Segalove) 603

Acetone Extraction Method for Determination of Icterus Index 606

Urobilinogen and Urobilin 608

Determination of Urobilinogen by the Benzaldehyde Reaction 609

Semi-quantitative Determination of Urobilinogen in Urine
and Feces (method of Watson, et al., modified by Henry,
et al) 611

Determination of Urobilin 617

Determination of Urobilin in Urine by the Zinc Fluorescence
Reaction (method of Naumann) 618

The Schmidt Sublimate Test for Urobilin and Bilirubin in
Feces (method of Schmidt) 619

19. CARBOHYDRATES AND CARBOHYDRATE METABOLITES 620

Yeast Fermentation Test Applied to Urine (method of
Harrison) 621
Identification of Sugars of Paper Chromatography (method of
Wright, Ulstrom, and Szewezak, modified) 623
GLUCOSE 625
Quantitative Methods for Blood 625
Methods depending on reducing power of glucose 625



xvi

Contents

Methods depending on formation of color with phenols in
concentrated H,SO, 630
Miscellaneous methods 631
Enzymatic methods 632
Quantitative Methods for Urine 636
Specificity of Methods for Glucose 637
Qualitative Tests for Urine Glucose 641
Choice of Quantitative Method for Blood Glucose 645
Determination of Blood Glucose, Macro Procedure (method of
Folin and Wu, modified by Tonks and Lauber and
Mattice) 646
Determination of Blood Glucose, Micro Procedure 648
Choice of a Quantitative Method for Urine Glucose 652
Quantitative Method for Urine Glucose (Reducing Substances)
(method of Benedict) 653
Choice of Qualitative Tests for Urine Glucose 654
Qualitative Test for Reducing Substances in Urine (method of
Benedict) 655
Glucose Tolerance Tests 657
Oral Glucose Tolerance Test 658
FRUCTOSE 659
LACTOSE 660
GALACTOSE 661
PENTOSES 662
Xylose Absorption Test 663
LACTIC ACID 664
Determination of Lactic Acid (method of Barker and
Summerson, modified by Huckabee) 666
PYRUVIC ACID 671
Determination of Pyruvic Acid (method of Segal, Blair and
Wyngaarden, modified) 672
CITRIC ACID 676
Determination of Citric Acid (method of Taussky and Schorr,
modified) 678
INULIN 684
Determination of Inulin (method of Heyrovsky) 686
Inulin Clearance 689
KETONE BODIES 689
Quantitative Methods 690
Determination of Acetone Plus Acetoacetic Acid in Blood or
Serum (method of Nadeau, modified) 693
Qualitative Tests 695
Qualitative Detection of Ketone Bodies in Urine (method of
Rothera, modification of Free and Free) 697



