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“. .. most human activities advance by virtue of contribu-
tions from many different types of individuals, with vastly
different endowments, working at different levels. Medical
investigation is no exception to this rule.”

Medical Research: A Midcentury Survey
Boston, Little, Brown and Company
1955, vol. 1, p. xxxi.
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An Appreciation

No author writes a book alone. The content, viewpoint and expression
may be uniquely his, but derived from others. It is only right that some of
these be mentioned, not that they may share the responsibility for another
new book, but that the author may express his appreciation for their
inspiration and guidance.

Those vho were especially influential upon this present effort include
Professor Robert H. Hamilton, Professor and Chairman of the Department
of Physiological Chemistry, Temple University School of Medicine, many
of whose ideas and approaches in methodology are incorporated herein;
and Dr. Howard W. Robinson, Professor of Physiological Chemistry.

The author is especially grateful to Temple University School of Medicine
and Hospital for their provision for a climate of opportunity and inspiration
in which it was possible to complete this effort.

To the technologists, present and past, staff and students, who contrib-
uted by their criticism and suggestions, my thanks are due. There are
many others, too numerous to mention specifically.

Special thanks, too, are due to the Publishers, whose assistance is reflected
in many details in the text.

J.H.B.



Preface

THE primary purpose of this text is to provide a teaching manual with
clear and explicit direction to those engaged in the profession of clinical
chemistry, to students and instructors alike. This has required the inelu-
sion of not only “step-by-step” methodology, but also sufficient back-
ground and theoretical material so that the work in the laboratory can
become not only accurate and precise, but ‘“knowledgeable.”

The one general principle which has guided the selection and arrangement
of textual material, has been the existence of a clearly demonstrated need
by the laboratory worker, whether technologist or pathologist, student or
veteran in the field.

The section on general principles of chemical analysis will make possible,
and encourage, accurate, precise and intelligent work in the clinical
chemistry laboratory. A comparatively long section has been devoted to
a discussion and description of primary and secondary standards and their
preparation and use in the laboratory. While modern laboratories are
increasingly compelled to rely on commercial assistance (and it is invaluable)
in the preparation of pure chemicals, special enzymes, and even pre-mixed
reagents, it should be within the capability of a clinical chemistry laboratory
worker independently to check thereliability and accuracy of his own results.
The material bearing on clinical interpretation is included to serve as a
motivating link between the laboratory worker and the physician in their
joint effort directed toward the diagnosis and treatment of disease. The
section on laboratory control and statistics has been included to emphasize
the need for recognition of random, systematic, and procedural errors in
the laboratory. Only when error is not only recognized but measured is
correct clinical interpretation possible. Only when error is measured is it
possible to evaluate the usefulness of procedural changes.

The sections on clinical biochemistry serve to bring to the laboratory
worker an appreciation of the factors involved in the evaluation of the
clinical status of the patient. Mere technical proficiency is not enough.
A section dealing with the general principles of enzymatic assay has been
included in addition to the methodology of various enzymes. No other
analytical task is so beset with traps for the unwary as is that of enzymatic
measurements. Mere “‘cook-book” approaches are not adequate to the
problem.

The illustrations of laboratory calculations are included to encourage
complete mathematical treatment of laboratory data so that the tech-
nologist and other workers may be independent of formule, especially
those adapted to one special procedural technic. The theory of photometric
and gasometric measurement is developed sufficiently so that commercial
instruments may become “servants” and not “masters.”

It would be possible to describe methods in so general a way as to require
translation into specific volumes of specific reagents before an analysis
could be undertaken. It would also be possible (and it is often done) to
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8 Preface

describe a method so specifically that the effect of minor variations in
technic and glassware used could not be predicted. A mixture of these
two approaches combines specific description with sufficient flexibility so
that each laboratory worker will be able to adapt the method to local
requirements.

A clinical method begins with the patient, before the sample is obtained.
Although our knowledge of the effect of patient variability on clinical
chemistry laboratory data is rather meager, a beginning of this study has
been made, and should be made in all laboratories faced with this problem.
Technics required for the collection and preservation of the sample (blood,
urine, feces, etc.) are stressed and possible or probable changes which
may occur are outlined.

The anal~tical methods included have been chosen by a number of
varying criteria. They are all in use, or have been in use, in the Temple
University Hospital Clinical Chemistry Laboratory under direct super-
vision by the author for a period of at least several years.” They are not
necessartly the “‘best” method (most accurate or most precise) known to
the author but those included have been subjected to serutiny as to accepta-
bility of results, and ease and reliability in the hands of student as well as
experienced technologists. In some cases, alternate procedures are in-
cluded, either for teaching purposes or because of special ease of technic
or as a reference method.

The methods are arranged alphabetically, within sections. The sections
are divided into General Methods, Urine Analysis, Fecal Analysis, Spinal

_Fluid Analysis, and Toxicology. Each method is presented as follows in
outline.

1. References to the literature directly bearing on the analytical problem.

2. General principle of the method.

3. Reagents. An attempt is made to describe the preparation of reagents
(a) in terms of laboratory preparation (weight and volume) and (b) in
terms of analytical significance (normality titer).

4. Procedure. A step-wise outline of the procedure with details of technic
emphasized whenever they are critical. A

5. Calculation. Since this manual is designed as a teaching aid, deriva-
tions of the formule required are in many cases outlined. In most
cases, an example of an actual laboratory analysis is included.

6. Notes. In any case in which experience has shown the necessity,
additional clarification of the reasons for a technic or special precaution
is included.

7. Interpretations. Normal ranges, biochemical and patho-physiological
significance of variations are included in this section. To facilitate
rapid reference to the significance of the results of a particular test,
a special table of Clinical Significance and Normal Ranges has been
included in the Appendix which abstracts the more complete discussion
which is presented with each method.

Reference texts which have been found useful have been included in a

short bibliography. This list is not meant as inclusive but only illustrative
of the vast material available to the clinical chemistry investigator.

PHILADELPHIA, PENNSYLVANIA JosepH H. BourweLL, JR.



Contents:

CuaPTER I. Introduction .
Organization of the Laborator)
Discipline in the Laboratory .
Emergencies

CHAPTER 2. Clinical Biochemistry
Acid-Base Equilibrium
Blood Coagulation .
Basal Metabolic Rate. . .
Utilization of the Foodstuffs
Kidney Function .
Liver Function
Diabetes
Enzymes

CHAPTER 3. Principles of Quantitative Analysis
Introduction . o
Methods of Analy51s .
Chemical Balances
Volumetric Analysis . .
Acids, Bases, and Buﬁers
Photometric Analysis
Gasometric Analysis .

CuAPTER 4. Collection and Preservation of Specimens

CHAPTER 5. Analytical Methods
Introduction . .
Protein—{ree ﬁltrates

Acetone bodies.
Amino-acids .
Amylase I, IT .
Ascorbic acid . .
Bilirubin I, IT, I1I
Bromide
Bromsulfalein .
Caleium I, IT . .
Carbon D10x1de I, II
Cephalin Flocculatlon
Chloride I, II, III
Sweat Cl— . .
Cholesterol and Esters I, II III
Congo Red

(9)

112

121
121
122
127
129



10

Contents

Creatine and Creatinine I, IT
Esterase .

Fibrinogen I, 1

Glucose and tolerance
Icterus Index .

Iodine (PBI)

Iron . .
Iron—bmdmg capac1ty I 11
Lactic Dehydrogenase
Leucine amino peptidase
Lipase . .
Magnesium I I .

Nitrogen (total)

Non—protein nitrogen .

Phosphate a_
Phosphatase I, I .
Phosphorus, lipid .
Porphyrins . .
Protein A/G ratio .
Protein, spinal fluid
Prothrombin time
Prothrombin consumption
Salicylate
Sodium and Potassium
Flame Photometry
Sulfonamides .
Thiocyanate . . .
Turbidity Standards .
Thymol turbidity .
Transaminase .
Urea I, 1T .
Uric Acid . .
Zine Turbidity

URINE ANALYSIS .

Introduction
Routine Systematic Urme Examination

Rapid System for Routine Urine Analysis

Additional and Alternate Urine Tests .
Quantitative Urine Analysis .
Kidney Function Tests .
Analysis of Urinary Calculi .

SPINAL FLUID .

Physical Examination
Chemical Analysis.
Levinson’s Test



Contents 11

FECES EXAMINATION . . . . . . . . . . . 313
Physical Examination . . . . . . . . . . . . 313
Chemical Tests . . . . . . . . . . . . . . 313
Microscopic Examination . . . . . . . . . . . 3l4

TOXICOLOGY . . . . . . . . . . . . . . 316

Aleohol, ethyl . . . . . . . . . . . . . . . 317
Alcohol, methyl . . . . . . . . . . . . . . 321

Arsenic . . . . . . . . . . . . . . . . . 322
Barbiturates . . . . . . . . . . . . . . . 324
Carbon Monoxide . . . . . . . . . . . . . 327

Mercury . . . . . . . . . . . . . . . . 34
ReinschTest . . . . . . . . . . . . . . . 335

APPENDIX . . . . P - .
Cal bration of Photometer Tubes . . . . . . . . . 338
Statistics . . . . 7 1)
Control Procedures e e e, 342
References . R 7 - §

Clinical Interpretatlon (table) 0 T L
Sample Size required (table) . . . . . . . . . . 353



