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Preface

The purpose of this book is to present those aspects of chemistry which are
significant to the medical technologist. The material falls into five sections:
Essentials of Elementary Chemistry, Urine Analysis, Blood Analysis, Spinal Fluid
Analysis, and Gastric and Duodenal Analysis.

The first section, Essentials of Elementary Chemistry, serves as a fulcrum
for the less-advanced student and as a review for the more-advanced student.
The material in the remaining sections meets the curriculum requirements of
the National Registry Examinations.

The more popular methods of analysis are used throughout the text. In the
analysis of glucose, for example, about ten different methods are available. Less
than half, however, have gained any degree of popularity. In making selections,
we were guided by two recent surveys. The first survey, a résumé of the current
practices in urine analysis, was conducted by Marion H. Cook, of the Indiana
Society of Medical Technologists. The second survey, a summary of the more
popular methods of blood analysis, was made by the Lab World journal.

Many students, technicians, and chemists assisted in the preparation of the
manuscript. 1 wish to thank the following students, who criticized the manu-
script for clarity: Barbara Fischer, Martin Robbins, John Woods, George de
Lange, Thomas Trueblood, Larry Shaw, Mike Kurtz, Roddy Jones, Lowell Bran-
son, Mary Rodriques, Ruby Torres, Martha French, Manya Conovaloff, and
Earlene McLouth.

The comments of the following technicians are gratefully appreciated:
Robert Uno, James Corbett, Portia Swain, Barbara Gleason, Dario Travaini,
Joseph Limon, Edward Ornelas, Irene Samolin, Harry Long, Ann Peppe, Robert
Pribbenow, and Ann Pershing. We are particularly grateful for the help of
Robert Pribbenow, who gave generously of his time and talents. Grateful ac-
knowledgment is also made for the suggestions of the following chemists: Dr.
Miriam Reiner, Mr. Krikov Gregory, Dr. M. McClogan, Dr. John Bragone, Mr.
Thoraas Hays, Mr. George Groff, Mr. Homer H. Turher, and Dr. George E. Goris.
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The suggestions and comments made by Dr. Sam Frankel, of the Jewish
Hospital, St. Louis, Mo., and Dr. Edwin M. Richardson, of the Delaware Hos-
pital, Wilmington, Del., who individually read the complete manuscript with the
truly critical eyes of teachers, were most helpful and reassuring.

I also wish to express my gratitude for the excellent art work. Several
illustrations were made by Robert Pribbenow and Samuel Taylor. The vast
majority, however, were drawn by Hilbert Rembrandt Daniello.

In conclusion, I offer belated thanks to a former teacher John Myers
Myers, who gave me a much-needed intellectual transfusion when I was suffer-
ing from a severe case of mental anemia. This peculiar anemia, which is usually
confined to students, may be found in the desert areas of the United States. It
is caused by a rare species of campus cactus which is commonly known as Arizona
professorium.

Glendale, Arizona CuarLES E. SEIVERD
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PART I

Essentials of Elementary Chemistry

HIS PORTION OF THE TEXT PRESENTS THE ELEMENTARY CHEM-
1sTRY that is significant to the medical technologist. The ma-
terial is discussed in the following chapters:

Chapter 1 Basic Theory

Chapter 2 Basic Techniques
Chapter 3 Preparation of Solutions
Chapter 4 Operation of Colorimeters

At the end of Chapter 4 there is a set of review questions,
For the convenience of the studenit the answers are given and
the pages for reference are listed.



CHAPTER ]_

Basic Theory

What causes chemical reactions? How are they -expressed by the chemist?
What are ions? What is the hydrogen ion concentration? These and other basic
questions are considered under the following headings:

Elements and Compounds
Chemical Reactions
Chemical Equations
Ionization

Acids, Bases, and Salts
Hydrogen Ion Concentration
Chemical Indicators

ELEMENTS AND COMPOUNDS

All matter is composed of tiny particles called atoms. If a substance is made
up of atoms that are all alike, it is known as an element. Atoms of gold, for ex-
ample, make up the element gold, and in a single speck of gold dust there are
millions of gold atoms. Consequently, atoms are the building blocks of elements.

When a substance, however, is composed of different atoms, it is called a
compound. To illustrate, salt is made up of sodium atoms and chlorine atoms.
One sodium atom and one chlorine atom, when chemically united, form a struc-
ture known as a molecule. In a single grain of salt there are millions of molecules.
Consequently, molecules become the building blocks of compounds.

The Architect of the universe designed 92 separate and distinct atoms. By
making like atoms combine with like atoms, 92 elements were formed. By mak-
ing different atoms react with different atoms, thousands of compounds were
produced. These elements and compounds were used not only in the making
of a world but also in the creation of life.

The men of science, by changing the structure of atoms, have made several
new elements. These have found little use. By making different atoms react
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BASIC THEORY 15

with different atoms, countless new compounds have been produced. These have

simplified our existence.
Of the 92 elements occurring in nature, 80 are solids, 10 are gases, and 2 are
liquids. The more commonly known elements are listed in Table 1.

TABLF 1
ComMon ELEMENTS

SOLIDS GABES LIQUIDS
Lithium Manganese Antimony Hydrogen Bromine
Carbon Iron Todine Helium Mercury
Sodium Cobalt Barium Nitrogen
Magnesium Nickel Cerium Oxygen
Aluminum Copper Tungsten Fluorine
Silicon Zine Gold Chlorine
Phosphorus Arsenic Mercury
Sulfur Molybdenum Lead
Potassium Silver Bismuth
Calcium Tin Uranium

CHEMICAL REACTIONS

As you read these pages your body is undergoing millions of reactions per
minute. These and other chemical reactions are all made possible by the simple
transfer of material from one substance to another. The essential aspects of this
transfer are discussed under the following headings:

Composition of Atoms
Nature of Reactions

Reason for Reactions
Combining Power or Valence
Oxidation and Reduction

Composition of Atoms

An atom is made up of protons and electrons. The protons are stationary
particles located in the center or nucleus. The electrons revolve around this
nucleus in definite pathways or orbits (Fig. 1).

The number of protons in an atom is known as the atomic number. This
varies from 1 to 92 and identifies the atoms of different elements. For example,
the sodium atom is the only atom that has 11 protons. This means that it has
an atomic number of 11. The chlorine atom is the only atom that has 17 protons
and, consequently, the atomic number of 17.

The atomic numbers of the atoms are given in Table 2. As you go down
the list, observe that the atomic numbers increase by one. This indicates that
the protons iricrease by one—and, to digress for a second, that the universe was
put together by an orderly system of atoms, each successive atom differing by a
single proton! Here indeed is the “order under the chaos, the music beneath
the noise.”
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TABLE 2

AromMic NUMBERS OF THE ATOMS

ATOMIC

Oxygen

Molybdenum.................. ... .. . .. . .. 42
Technetium................... .. .. ... .. . .. 43

Samarium........ ... ... . 62
Europium........ .. .. S 63
Gadolinium... ... ... .. ... . .. .. ... .. ... .. 64
Terbium......... . .. ... .. .. ... ......... 65
Dysprosium............... ... .. ... ...... 66
Holmium... .. .. .......................... 67
Erbium........... ... ... ........... 68
Thulivm.................  ............... 69
Ydterbium............. ... ... .. ........ 70
Lutetium... .. ... ... ... ... .. ... .. ... .. 7
Hafpium.......... ... .. ... ........ ... .. 72
Tentalum.......................... ... ... 73
Tungsten............................ ... .. 74
Rhemium........... .. ... .. ... ... .. ... 75
Osmiwm...................... ... ... . ... 76
Iridiom................................ ... i
Platinam. . ... ... .. .. ... .. ... ... 78
Gold................0.... ..., 79
Mercury................................ -~ 80
Thallium......... ... ... ... ... ... .. 81

.................................... 82
Bismuth..... ...... ... ... .. ... .. . . . ... 83
Polonium........................... ... . .. 84
Astatine........ .. ... .. ... . .. ... .. ... 85
Radon........ ... ... ... ......... . ... . 86
Francium.................................. 87
Radium. ... ... ... .............. .. ... 88
Actimium......... ... ... ... ... .. ... .. 89
Thorium. ............................ . ... 90
Protactinium............... . ... . ... .. .. 91
Uranium. ........................... ... ... 92
Neptunium........................ .. .. .. 93
Plutonium.......................... .. ... .. 94
Americium. ............... ... ... ... 95
Curium 96
Berkelium 97
Californium ]




