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Normal and abnormal blood cells. 
(Irishman's Stain.) 
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The cells on the right of the vertical line are those 
found in normal blood. 

The cells on the left of the vertical line include 
the marrow prototypes of the normal cells, and may 
appear in the blood in disease. 

Above the horizontal line are the myeloid cells, 
and below, the lymphoid cells. 

The arrows indicate the probable cycle of cell 
development. 

(From " Clinical Pathology " by Panton and Marrack. 
By courtesy o/J.&A. Churchill, Ltd.) 
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FOREWORD 
STUDENT technicians beginning a career in laboratory tech
nology have long felt the need for a suitable textbook. Stan
dard books on laboratory technique include most of the 
information required, but they involve the student in a great 
deal of reading over a very wide field. This book is intended 
primarily for those preparing for the Intermediate Examination 
of the Institute of Medical Laboratory Technology, and should 
fulfil a real need. 

The notes on which the book is based were used by the 
authors in training student technicians in the laboratories of 
the Brompton Hospital. These notes were modified in the 
light of teaching experience and, as now presented, they contain 
a theoretical background, a number of proved techniques, and 
several practical details garnered from the wide personal 
experience of the authors. 

We have every confidence that the book will be warmly 
welcomed and that it will prove invaluable to the laboratory 
initiate and many others. 

J. W. CLEGG 
S. W. A. KUPER 
R. W. RlDDELL 

Brompton Hospital, London 
August, 1954 
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PREFACE TO THE SECOND EDITION 
SINCE the publication of the first edition of this book, the 
syllabus for the Intermediate Examination of the Institute of 
Medical Laboratory Technology has been considerably extended. 
This has necessitated much revision and addition to the original 
work in order to ensure that this second edition will be of the 
utmost benefit to students and junior technicians, as well as to 
qualified technologists, medical students and others. 

The whole work has indeed been revised and extended and 
additional chapters have been added. These include a complete 
new section on Blood Transfusion, and additional chapters on 
Physiology, and Faeces and Gastric Analysis. The section on 
Bacteriology has been extended, as has also the chapter on the 
Microscope. 

It will be seen that one of our number (R. E. S.) has moved 
to South Africa, where his experience will be of the greatest 
benefit for training technicians there. 

We are greatly indebted to Mr. G. A. Sherwin, Chief Tech
nician of the South London Blood Transfusion Depot, for his 
invaluable help and guidance in the preparation of the section 
on Blood Transfusion, and again to our many friends and 
colleagues for their helpful criticisms and suggestions. 

Finally, we would like, once again, to thank our publishers 
for the very kind and helpful way in which they have kept our 
noses to the grindstone. 

F. J. B. 
R. E. S. 
E. D. L. 

London and Johannesburg, 
August, 1957 
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PREFACE TO THE FIRST EDITION 
DURING the last quarter of a century, laboratory technology 
has become of ever-increasing importance in hospital practice. 
This is due to several factors, among them being the introduc
tion of antibiotics and the immense advances in the under
standing of blood transfusion. 

To meet these requirements, the number of laboratory 
technicians is constantly increasing, and this book has been 
prepared mainly for these newcomers. 

The Institute of Medical Laboratory Technology is the 
qualifying body for medical laboratory technicians in Great 
Britain, and this text is based upon the syllabus for the Inter
mediate Examination of the Institute. Candidates preparing 
for this examination will derive most benefit from this work, 
but it should also be of value to general laboratory technicians 
and to medical students. 

The major works which were consulted on each subject, and 
which are recommended to the student for further reading, are 
listed in the bibliography. 

We are indebted to our colleagues and friends at Brompton 
Hospital for their helpful criticisms and suggestions, especially 
to Dr. J. W. Clegg and Dr. R. W. Riddell for their help and 
encouragement, and to Dr. S. W. A. Kuper for his invaluable 
advice and correction of manuscript; we also would like to 
thank Miss S. Sherriff and Miss F. Smith for secretarial assis
tance and Mr. D. Kemp for original photographs. 

Many commercial firms have been of great assistance in 
providing blocks and photographs, and to these we would like 
to express our gratitude. 

Finally, we would like to thank our publishers for their 
unfailing co-operation and courtesy at all times. 

F. J. B. 
u - , , , R. E. S. 

Brompton Hospital, London ._, T 
August, 1954 Ü. D . L . 
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INTRODUCTION 
THE rôle of the medical technologist is to assist in the diagnosis 
of disease by the use of certain accepted laboratory methods. 
The work may thus be classified as that of an auxiliary medical 
profession. It is not a vocation to be taken up lightly, for in 
order to pass the qualifying examinations, many leisure hours 
will have to be devoted to study, and, even when qualified, the 
technologist will still have to keep abreast with modern develop
ments and trends by the regular reading of the appropriate 
journals. The late arrival of a specimen in the laboratory, the 
occurrence of which is by no means infrequent, may also 
necessitate working after hours and sacrificing private arrange
ments. Considerable satisfaction, however, will be derived not 
only from the interesting nature of the work, but also from the 
knowledge that the duties undertaken during each working day 
are for the benefit of the community. 

The pathologist is dependent in no small measure upon the 
skill, ability and diligence with which the medical technologist 
performs his duties, and it follows that the responsibilities of 
the latter are considerable. A mistake in a blood grouping or 
cross matching, the mixing of two biopsy specimens, the in
correct labelling of a culture, these and similar errors can have 
serious consequences for the patient. The importance of his 
work and his obligations to the patient must therefore be 
remembered by the technologist at all times and placed before 
any personal consideration. 

The first fundamental to be impressed upon all newcomers 
is the trust of confidence which they hold. All information 
gained concerning the patient is strictly confidential. During 
the course of conducting certain examinations, it is inevitable 
that a certain amount of personal information will be revealed. 
It cannot be emphasized too strongly that this information is 
not for public knowledge and must on no account be repeated 
outside the laboratory. 
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INTRODUCTION 

It must also be fully understood by all technologists that at 
no time should they perform laboratory tests for diagnostic 
purposes other than for a fully qualified medical or veterinary 
practitioner, and that the interpretation of such results is the 
responsibility of the pathologist or some other medically 
qualified practitioner. 

All student technologists should be familiar with this code 
of professional conduct. 
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CHAPTER 1 

GENERAL LABORATORY GLASSWARE 

GLASSWARE is widely used in medical laboratories, and it is 
essential to become thoroughly familiar with the common 
varieties. This chapter is concerned only with some of the 
more general types, and specialized equipment is not considered. 

CARE OF GLASSWARE 
All glassware must be handled carefully. Breakages can 

sometimes be dangerous, and they may result in the loss of 
valuable and irreplaceable material. Certain precautions must 
be observed. 

(a) Flasks and beakers should be placed on a gauze mat 
when they are heated over a bunsen flame. 

(b) Test tubes exposed to a naked flame should be made of 
heat-resistant glass (such as Hysil, Monax, or Pyrex). 

(c) If liquids are to be heated in a bath of boiling water, 
the glass containers used should be heat-resistant. It is safer 
to immerse the containers in warm water, which is then 
brought to the boil, than to plunge them directly into boiling 
water. Similarly, sudden cooling of hot glass should be 
avoided, unless it is specifically required. 

(d) When diluting concentrated acids, thin-walled glass
ware should be used. The heat evolved by the procedure 
often cracks thick glass. 

(e) Heat-expansion is liable to crack bottles if their caps 
are screwed on tightly. If heat is to be applied, flasks held 
in retort stands should not be tightly clamped. 

( / ) Containers and their corresponding ground-glass 
stoppers should be numbered, to ensure correct matching 
when stoppers are replaced. When these bottles or flasks are 
being used, the stoppers should be laid on clean filter paper, 
to avoid scratching them. 

(g) Because of the danger of chemical and bacteriological 
1 



GENERAL LABORATORY GLASSWARE 
contamination, pipettes should never be left lying on the 
bench. 

CLEANING OF GLASSWARE 

GENERAL GLASSWARE 
The cleaning of all glassware is simplified by rinsing in tap 
water immediately after use. Contaminated material, how
ever, must always be sterilized before cleaning is commenced. 

New glassware may be cleaned by boiling in a caustic deter
gent, for example, Kinray. It is then rinsed thoroughly in tap 
water, and excess alkali is neutralized by standing the glass in 
a 5 per cent solution of hydrochloric acid. This is followed by 
several rinses in tap water and in distilled water. If it is desired 
simply to neutralize free alkali given off by new glassware, it 
may be steeped in 1 per cent hydrochloric acid for several 
hours. This is followed by thorough rinsing. The glass is then 
dried in a hot-air oven. To test that the free alkali has been 
neutralized, autoclave the glassware in neutral distilled water, 
and when cool, check the pH of the water. If excess alkali has 
been given off (the pH is high, see page 86) re-steep the glass
ware in the hydrochloric acid. If free alkali still persists after 
several treatments the glassware should be discarded. 

Slides required for blood films must be absolutely grease-
free. They are soaked overnight in dichromate cleaning fluid 
(see below) or in nitric acid. After thorough rinsing, they may 
be stored in methylated spirit until required. For general 
purposes, new slides may be stored directly in spirit. It is safer 
not to reclaim slides used for films of tuberculous material. 

BIOCHEMICAL GLASSWARE 

Chemical cleaning is necessary for the following reasons. 
(a) Traces of reagents left in tubes and containers may 

interfere with later chemical investigations, for example, the 
benzidine test for occult blood may be positive if the glass
ware contains even minute traces of dried blood. 

(b) Air bubbles may be trapped between greasy surfaces 
and contained liquid, resulting in inaccurate volumetric 
readings. 

2 



CLEANING OF GLASSWARE 

Procedure for rendering glassware chemically clean 
(1) Preparation of cleaning fluid: 

Potassium dichromate . . . . 10 g. 
Concentrated sulphuric acid . . . 2 5 ml. 
Distilled water 75 ml. 

Grind the dichromate crystals in a pestle and mortar, and add the 
powder to the distilled water in a heat-resistant flask. Pour in the acid 
very slowly. The heat evolved hastens the dissolving of the potassium 
dichromate. 

After repeated use, the colour of the fluid may darken. When this 
occurs, fresh fluid should be prepared. 

Note.—This fluid should be handled with caution, rubber gloves and 
apron being worn to protect the hands and clothes. If clothes or skin 
are splashed with the fluid, they should immediately be washed in water, 
and any residual acid neutralized with a weak alkali. This, in turn, is 
washed off with tap water. 

(2) Steep the glassware in the cleaning mixture for several hours. 
(3) Remove the glassware, and wash it thoroughly in tap water, to 

remove all traces of acid and preferably leave in fresh water overnight. 
(4) Rinse twice in distilled water. 
(5) After allowing surplus water to drain off, dry the glassware in a 

hot-air oven. 

Accurately calibrated volumetric glassware should never be 
heated in the oven. The expansion and contraction of glass 
that occur may render the graduations inaccurate. 

Cleaning of pipettes 
(1) Steep the pipettes overnight in cleaning fluid. 
(2) The following morning, wash them thoroughly in tap water, 

preferably leave overnight in fresh water, and rinse in distilled water. 
To facilitate washing, connect the pipette to a water pump, using 

rubber tubing of suitable bore, and suck tap water through for several 
seconds. Follow this with two or three rinses of hot distilled water. 

(3) Dry the pipette with two or three brief rinses of acetone. Drying 
is best effected by sucking through small volumes of acetone and air 
successively. Repeat this procedure until the internal surface is quite 
dry. 

(4) Wipe the outside of the pipette. 
(5) To avoid breakage, store the pipettes in drawers lined with lint. 

It is convenient to fit the drawers with separate compartments for each 
size and type of pipette. 

Note.—Immediately after use, pipettes should be rinsed in tap water, 
especially when they have held proteinous fluid, for example, blood. 
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GENERAL LABORATORY GLASSWARE 

Should the pipette be heavily contaminated with such material, it may be 
cleaned by standing it in a strong solution of caustic soda. This treat
ment should not be prolonged, as the alkali dissolves glass and may 
cause an alteration in contained volume. A pipette which has been used 
for measuring stain can often be cleaned rapidly by rinsing it through 
with hydrochloric acid. 

The cleaning procedures described above do not apply to Pasteur 
pipettes. After use with infected material, these are placed in a dis
infectant solution. If it is desired to use them again, they are then washed 
in the routine manner, dried in the oven, and remade. For details of 
making Pasteur pipettes, see Chapter 3. 

STANDARDIZED GLASSWARE 
Apparatus used for the measurement of liquid volume, for 
example, pipettes, burettes, volumetric flasks and cylinders, are 
divided into three grades, depending on the accuracy of 
calibration. 

The limits of these grades are defined by the British Standards 
Institution, and the manufacturers mark each piece of standard
ized glassware with the appropriate symbol. The maker's 
assurance, however, is the only guarantee that the product 
conforms with the B.S.I, criteria. For example, tolerances laid 
down for bulb-type pipettes are given in Table I. 

TABLE I 
TABLE OF TOLERANCES FOR DELIVERY PIPETTES (BULB TYPE) 

CAPACITY in millilitres . 

TIME OF OUTFLOW SECONDS, GRADE A 

TOLERANCE ± millilitre GRADE A 

TIME OF OUTFLOW SECONDS, GRADE B 

TOLERANCE ± millilitre GRADE B 

2 

7-15 

001 

7-20 

0 0 2 

10 

18-25 

0 02 

15-40 

0 0 4 

20 

20-35 

0 02 

20-50 

0 0 5 

50 

25-40 

0 04 

25-60 

0 0 8 

The most accurately calibrated glassware available in Britain 
carries certificates from the National Physical Laboratory. 
Each such piece of apparatus is etched with the letters NPL. 
This glassware is necessary only for the highest standards of 
accuracy. 

4 



GENERAL GLASSWARE 
Example of the markings on an NPL Class A pipette are:-

NPL A NPL Class A. 
5 ml. 5 millilitres volume. 
D20°C Delivery pipette: volume correct at 20° C. 
10 + 15 10 seconds to deliver: 15 seconds to drain. 
32867 Certificate number. 

GENERAL GLASSWARE 
BEAKERS 

These have capacities of from 5 to 5,000 millilitres. They are 
usually made of heat-resistant glass, and are available in 
different shapes. The type most commonly used is the squat 
form, which is cylindrical and has a spout. There is also a tall 
form, usually without a spout. Conical and flask-shaped types 
are available, but these are not widely used. Beakers are often 
supplied in sets or nests of assorted sizes. 

BOTTLES 

These are made in many shapes. Some of the more general 
types are described. 

Reagent bottles (Fig. 1A, B, C) are supplied in 25-1,000 milli
litre capacities. They are cylindrical, have narrow necks, and 
are fitted with ground-glass stoppers. 

Those with the type of stopper shown in Fig. 1B are used for 
containing strong acids; for all other purposes types with the 
stoppers shown in Fig. 1A and c are used. 

Screw-capped bottles are supplied in 5-1,000 millilitre 
capacities, and may be round or flat (the 5 millilitre size is 
often called a 'bijou' bottle—Fig. 1E). The caps may be made 
of metal or plastic. These bottles are used for holding speci
mens, solutions and media. Metal caps should never be used 
on bottles containing mercuric chloride, as this substance may 
attack the metal. 

Winchester quart bottles are of 2,000 millilitre capacity, and 
are available in white or brown glass. They may be fitted 
with glass stoppers, corks or rubber bungs. They are useful 
for storing stock solutions and reagents, and for specimens, 
for example, samples of urine collected over 24 hours. 

5 



GENERAL LABORATORY GLASSWARE 
Drop bottles (Fig. ID) are of about 50 millilitres capacity, 

and are made in white or brown glass, with a narrow neck and 
a slotted glass stopper. They are designed for delivery of drops 
of solution, such as stains. After use the stoppers should be 
turned, so that the contents are not open to the air. 

Polythene bottles, although made of plastic material, should 
be mentioned here. They are of various sizes and shapes, and 
some are fitted with a nozzle, for use as a ' wash bottle ' (Fig. 
12a). 

FIG. 1. (A) * Dust cap ' type of FIG. 2. Burettes: (a) Automatic ; 
reagent bottle; (B) stoppered (b) glass stopcock; (c) rubber 
bottle for containing acids; and clip endpiece. 
(c) plain type of reagent bottle; 
(D) drop bottle; (E) bijou 
bottle. 

BURETTES 
These are used for measuring variable quantities of liquid, 

and are made in capacities of 1-100 millilitre. They are long 
graduated tubes of uniform bore and are closed at the lower 
end by means of a glass stopcock (Fig. 2a and b), which should 
be lightly greased for smooth rotation. The type shown in 
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GENERAL GLASSWARE 

Fig. 2c ends in a piece of rubber tubing, with a clip and a glass 
nozzle. This device is not recommended, for air bubbles inside 
it may not be seen, the rubber is attacked by certain chemicals, 
for example potassium permanganate, and the whole apparatus 
is difficult to clean. 

Technique of using burettes 
(1) Before use, half-fill the burette with distilled water, and allow it 

to be discharged through the tap. Droplets adhering to the glass are 
indicative of a greasy surface. If this is seen, chemical cleaning is 
necessary. 

(2) Rinse the burette two or three times with small volumes of the 
solution to be measured, discharging the washings through the tap. 

(3) With the tap closed, clamp the burette in a vertical position, and 
pour in the liquid to be measured through a funnel, until the meniscus 
rises above the zero mark of the burette. Remove the funnel. 

(4) Open the stopcock tap until the meniscus of the liquid exactly 
coincides with the zero mark. Make sure that the tap is completely 
free of air bubbles, and that the tip has no droplets adhering to it. The 
burette is now ready for use. 

(5) When work with the burette is complete, the fluid is drained out. 
The burette is rinsed through several times with tap water, and then with 
distilled water. 

(6) For storage, the burette is clamped in an inverted position. 

CENTRIFUGE TUBES 
These are made of hardened glass that can withstand the 

centrifugal strain. The bottom of the tubes may be round or 
conical. The latter type is preferable, because the deposit is 
concentrated into a smaller volume. Some centrifuge tubes are 
calibrated up to 10 millilitres. These markings may be useful, 
provided the graduations have been checked for accuracy. 

DESICCATORS 
It may be necessary to dehydrate substances, or to keep them 

in an anhydrous state. This may be effected by storing them 
in a desiccator over a water-absorbent chemical, such as 
anhydrous calcium chloride or phosphorous pentoxide. Evacu
ation of air increases the rate of dehydration, and some desic
cators are therefore made of glass strong enough to withstand 
a vacuum (Fig. 11). Others are not designed for this purpose, 
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GENERAL LABORATORY GLASSWARE 
and have no tap in the lid. The tap, when present, and the 
opposed surfaces of jar and lid are of ground-glass. 

Technique of using vacuum desiccators 
(1) Place the substance to be stored in an open container, and rest 

this on the zinc gauze sheet, which forms a platform above the desic
cating chemical. Lubricate the tap and the opposing surfaces of jar and 
lid with Vaseline, petroleum jelly or stopcock grease, to ensure that all 
junctions are airtight. 

(2) Slide the cover on to the jar, and rotate it into position. 
(3) Open the tap, and connect the outlet to a vacuum pump. If this 

is of the water type, always insert a trap-bottle between the pump and 
desiccator (Fig. 11) to prevent any back-flow of water into the desiccator 
from a sudden fall in water pressure. 

(4) When the jar has been sufficiently evacuated, close the tap, turn 
off the pump, and disconnect the desiccator. 

(5) To open the vessel, release the vacuum. Turn the tap gradually, 
allowing air to be sucked in. Slide the lid off the jar. If the desiccator 
has been kept in a refrigerator, allow the temperature of the glass to rise 
to that of the room, before opening the tap. This prevents condensa
tion of moisture on the inside of the cold glass. 

EVAPORATING BASINS 
These are shallow vessels made of porcelain, silica, or heat-

resistant glass. They are mainly used for evaporating solutions 
to dryness. 

FUNNELS 
Filter funnels (Fig. 3a) are used for pouring liquids into 

narrow-mouthed containers, and for supporting filter papers 
during filtration. Some funnels have a fluted inner surface. 

Separating funnels (Fig. 3b and c) are used for separating 
immiscible liquids of different densities, for example, ether and 
water. 

Technique of using separating funnels 
(1) Close the tap, and add the mixture of liquids until the bulb is 

about half full. 
(2) Stand the funnel in an upright position, and allow the liquids to 

separate. 
(3) Open the tap carefully, so that the lower layer runs out slowly. 
(4) Close the tap just before the last drop of the lower layer has 

escaped. 
8 



GENERAL GLASSWARE 

FLASKS 
Flasks have capacities of 25-6,000 millilitres. 
Conical flasks (Erlenmeyer) (Fig. 4a and b) are useful for 

titrations, and also for boiling solutions when it is necessary to 
keep evaporation to a minimum. Some have a side arm (Fig. 
46), suitable for attachment to a vacuum pump. Büchner or 
Seitz filters can be inserted into rubber bungs, and used in 
conjunction with these flasks. 

Flat-bottomed round flasks (Fig. Ac) are convenient con
tainers in which to heat liquids. A gauze mat should be inter
posed between flask and flame. These flasks are widely used in 
the preparation of bacteriological culture media. 

FIG. 3. Funnels: (a) Filter; FIG. 4. Flasks: (a) Conical; (b) 
(b) and (c) separating. conical with side arm; (c) flat-

bottomed; (d) round-bottomed; 
(e) volumetric. 

Round-bottomed flasks (Fig. Ad) can withstand higher 
temperatures than the flat-bottomed type. They may be 
heated in a naked flame, or in an electro-thermal mantle. 

Volumetric flasks (Fig. Ae) are flat-bottomed, pear-shaped 
vessels with long narrow necks, and are fitted with ground-
glass stoppers. Most flasks are graduated to contain a certain 
volume, and these are marked with the letter C. Those designed 
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GENERAL LABORATORY GLASSWARE 
to deliver a given volume are marked with the letter D. A 
horizontal line etched round the neck denotes the stated 
volume of water at a given temperature, for example, 20° 
centigrade. The neck is narrow, so that slight errors in reading 
the meniscus result in relatively small volumetric differences. 

Technique of using volumetric flasks 
To prepare an accurate solution of known concentration, 

proceed as follows. 

(1) Transfer the accurately-weighed substance to the flask, using a 
funnel. 

(2) Using a little of the solvent, wash any residual traces of the weighed 
substance from the watch-glass and funnel into the flask. Half-fill the 
flask with further solvent. 

(3) Stopper the flask, and shake it until the weighed substance is 
completely dissolved. 

(4) Add solvent until the lower margin of the meniscus reaches the 
etched line on the flask neck. Invert to mix. 

Variations in temperature cause changes in volume. If the solution 
is warm, it should be allowed to cool to room temperature before the 
volume is made up to the line. 

FIG. 5. Measuring FIG. 6. Pestle and mortar. 
cylinders. 

MEASURING CYLINDERS 
These are supplied in 10-2,000 millilitre capacities. Some 

10 



GENERAL GLASSWARE 

are made of heat-resistant glass, and some are fitted with 
ground-glass stoppers (Fig. 5). Measurement of liquids can be 
made quickly with these vessels, but a high degree of accuracy 
is impossible because of the wide bore of the cylinders. 

PESTLE AND MORTAR 
These are used for grinding solids, for example, calculi and 

large crystals of chemicals (Fig. 6). Those of unglazed porce
lain have a porous surface, and those of heavy glass are made 
with roughened surfaces. Some are of agate, and these are 
uniformly smooth. After use, always clean the pestle and 
mortar thoroughly, for chemicals may be driven into the un
glazed surfaces during grinding, resulting in contamination 
when the apparatus is next used. 

PETRI DISHES 
Petri dishes (Fig. 7) are flat glass containers and are used 

for solid bacteriological culture media. They are made with 
diameters of 2-5 \ inches. For further details reference should 
be made to the chapter on The Use of Culture Media. 

FIG. 7. Petri dish and lid. 

PIPETTES 
These are used to measure liquid volumes of up to 50 milli

litres. There are several types, each having its own advan
tages and limitations. 
Automatic pipettes 

Automatic pipettes (Fig. 8A) are designed to measure and 
deliver specific quantities of fluid, and cannot be used for vari
able volumes. They are useful if the same volume of fluid is 
repeatedly required. 

Technique of using automatic pipettes 
(1) Using rubber tubing, connect the inlet at B to a stock bottle of 

liquid, which should stand on a shelf above the pipette. 
11 



GENERAL LABORATORY GLASSWARE 
(2) Fill the pipette by turning tap A through an angle of 180°. This 

allows liquid to pass into the main chamber. 
(3) When the whole bulb is filled, close inlet B by turning tap A. 

Excess liquid overflows through nozzle C into outlet D. 
(4) Deliver the contents of the pipette by turning tap A through a 

further angle of 180°. 

Delivery pipettes 
Delivery pipettes are made in 1-50 millilitre capacities. 

They are calibrated to deliver a constant volume of liquid under 
certain specified conditions. These pipettes are marked with 
the letter D, the temperature at which the pipette was calibrated, 
that is, 20° centigrade unless otherwise stated, and a letter 
denoting the grade. Pipettes are calibrated using water, and 
consequently their use for fluids of different viscosity results in 
inaccurate measurements. Such liquids, for example, glycerin 
and ether, are most accurately measured with pipettes designed 
to be rinsed out. 

There are two types of delivery pipette: the volumetric and 
the graduated types. 

The volumetric (bulb) type (Fig. 8B) is the most accurate type 
of pipette in everyday use. The outflow and drainage times are 
usually marked on the bulb. 

Technique of using volumetric pipettes 
(1) Rinse out the pipette with the fluid to be measured. 
(2) Fill it by suction, until the liquid rises above the graduation mark. 

Retain the liquid at this level by placing the dry forefinger over the 
mouthpiece of the pipette. 

(3) Reduce the pressure of the finger, allowing the liquid to run 
slowly down to the mark. 

(4) Read the meniscus at eye level, to avoid any error due to parallax. 
(5) Wipe the outside of the stem with a clean cloth, and remove any 

drops on the tip by touching it against a glass vessel. 
(6) Remove the finger, and the pipette will deliver its contents. Hold 

the tip of the pipette against the inside of the receiving vessel, until the 
liquid has run out. 

(7) When the free flow has ceased, hold the pipette against the side of 
the receiver for a further 15 seconds, allowing it to drain. The entire 
volume will now have been delivered. 

(8) The residual drop in the tip is discarded. 
12 
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The graduated type.—These pipettes are satisfactory for most 
routine purposes, if a high degree of accuracy is not essential. 
They are used in the same way as the volumetric pipette, but 
the graduations along the stem (Fig. 8c) enable variable amounts 
of liquid to be delivered. 

The least accurate sector of the graduated stem is the tapering 
point. Some pipettes are made with graduations that do not 
extend down to the tip (Fig. 8D). 

Pipettes ' to contain ' 
Some pipettes are not designed for delivery of a given volume 

of liquid, but are made to contain it. A pipette of this type 
holds a stated volume, and in order to transfer its contents 

FIG. 8. Pipettes: (A) Automatic; (B) volu- FIG. 9. Specific gravity 
metric; (c) graduated; (D) graduations not apparatus: (a) Specific 
extending to tip; (E) wash-out. gravity bottle; (Z>)urin-

ometer and cylinder. 

completely, one must rinse out the pipette after it has drained. 
There are two types of pipette made to contain: the bulb type 
and the graduated type. 

Bulb type pipettes are made to contain a specified 
13 
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volume. They are available in 0-2-10 millilitre volumes (Fig. 
8E). 

Many micro-methods of blood analysis, for example, blood 
sugar and urea methods, require accurate measurement of 0-2 
millilitre of blood and a ' wash-out ' pipette should be used 
for this purpose. 

Technique of using bulb type wash-out pipette 
(1) Fill the pipette with liquid and allow the meniscus to fall to the 

mark ' O ' and wipe the outside with a cloth. 
(2) Run the liquid slowly into the receiving vessel, until the pipette is 

empty but for a residual drop at the tip. 
(3) Remove the last traces of solution in the pipette by rinsing it out 

two or three times, and add the rinsings to the delivered volume in the 
receiving vessel. 

Graduated pipettes.—Graduated pipettes are made for 
measuring volumes of 0-2-25 millilitres. They are used in the 
same way as the bulb type (Ostwald) pipette. 

Haemacytometer pipettes are of the wash-out type. For 
further details see the chapter on Haematological Techniques. 

SPECIFIC GRAVITY APPARATUS 
Specific gravity bottles 

Specific gravity bottles (density bottles) are supplied in sizes 
varying between 10 and 100 millilitres (Fig. 9a). The specific 
gravity of a liquid is most accurately determined by dividing 
the weight of a given volume of the liquid by the weight of an 
identical volume of distilled water. The specific gravity bottle 
is designed to allow identical volumes to be weighed. 

Technique of using the specific gravity bottle 
(1) Weigh the clean, dry, stoppered bottle accurately. 
(2) Fill the bottle with the test liquid. 
(3) Carefully insert the ground-glass stopper. The excess liquid is 

ejected from the central hole in the stopper. 
(4) With a clean cloth, remove all traces of liquid from the outside of 

the bottle, and wipe carefully across the top of the stopper. Make sure 
that there is no air underneath the stopper, or in its capillary. 

(5) Weigh the bottle of test liquid. 
(6) Empty the bottle, and rinse it out several times with distilled 

water. 
14 
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(7) Fill the bottle with distilled water and replace the stopper as 
before, then wipe the outside and weigh. 

(8) Subtract the weight of the empty stoppered bottle from both total 
weights, and divide the weight of the test liquid by that of the distilled 
water. 

Both liquids should be at the same temperature, as volume is altered 
by temperature variations. 

Hydrometers 
Hydrometers are designed for approximate estimations of 

specific gravity. Their use in medical laboratories is mainly 
confined to measurement of the specific gravity of urine. Those 
designed for this purpose are called urinometers, and they are 
usually supplied with a suitable glass cylinder (Fig. 9b). The 
urinometer is so calibrated that it sinks in distilled water, until 
the mark * O ' on the stem is level with the surface of the 
water. This denotes a specific gravity of 1Ό00. In urine, 
which is denser than water, the instrument is more buoyant, 
and the specific gravity is read off the scale at the level of the 
surface of the urine. 

Precautions when using the urinometer 
(1) Make absolutely certain that the instrument floats centrally in the 

liquid, and is not in contact with the bottom or sides of the container. 
(2) Take readings at the lowest point of the meniscus, which should 

be viewed at eye-level. Errors will result if this is not done. 
(3) Always check the accuracy of new urinometers in distilled water. 

Sometimes a correction factor is necessary; for example, if the reading 
in distilled water is 1004, 0-004 must be subtracted from test readings. 

SYRINGES 
These are made in sizes ranging between 1 and 20 milli

litres. They may be made entirely of glass (Fig. 10a), or may 
have some metallic parts. There are two forms of needle 
mount (Luer and Record) and these may be situated centrally 
or eccentrically. The all glass type has several advantages. 

(a) The plunger and barrel are ground, ensuring that they 
fit one another accurately. Suction is lost if air can pass 
down the sides of the plunger. 

(b) The plunger may be lubricated, preferably with 
silicone oil, to render the syringe as air-tight as possible. 

15 
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(c) Some makes of syringe have interchangeable plungers, 

reducing waste from breakage. 
(d) Sterilization is uncomplicated by the presence of metal 

parts (see metal and glass syringes). 

Of the metal and glass types a common variety is the * Record ' 
syringe, in which both nozzle and plunger are of metal (Fig. 
106). Some syringes have a glass plunger and a metal top 
(Fig. 10c). Syringes incorporating metal parts have the follow
ing disadvantages. 

(a) Sterilization must be effected by boiling or autoclaving, 
for solder may melt at the high temperature needed when 
using dry heat (a metal and glass type is now manufactured 
which is claimed to withstand dry-heat sterilization). Even 
moist heat is liable to cause cracks, because of the different 
rates of expansion of metal and glass (for sterilization 
methods, see the chapter on Sterilization). 

(b) The plungers often fit loosely, resulting in leakage, and 
lubrication does not overcome this difficulty. 

FIG. 10. Syringes: (a) All glass; (b) and (c) metal and glass. 

Cleaning and care of syringes and needles 
Cleaning is greatly simplified if syringes and needles are 

washed immediately after use. This is particularly important 
if they have been used for the collection of blood. Clotted 
blood readily causes blockage and renders the instruments 
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unusable. Lubrication of syringes with silicone oil facilitates 
the rinsing out of blood. After thorough washing, residual oil 
is removed by rinsing with acetone, which also helps to dry the 
inner surfaces. 

Needles should be inspected after use, and sharpened when 
necessary (see the chapter on Solutions and Apparatus Used 
in Blood Transfusion). The stone used for sharpening should 
be lubricated with silicone oil in preference to liquid paraffin. 
After sharpening, the needles are cleaned by injecting acetone 
through them. 

* TRAP-BOTTLES ' 
These are used as a safeguard against the back-flow of water 

when water-vacuum pumps are being used (Fig. 11). 

Technique of using the trap-bottle 
(1) Using rubber tubing, connect the side arm of the flask to the 

vacuum pump. 
(2) Connect the apparatus to be evacuated to the glass tube projecting 

from the bung of the trap-bottle. 

FIG. 11. The principle of the Venturi pump ; in this instance a desiccator 
is being evacuated. Inlet A is connected to the water-tap. When the tap 
is turned on fully, water flows rapidly into tube c which has a constriction 
near its upper end. Air is sucked into the rapidly-flowing jet of water, 
and the negative pressure created inside the jacket of the pump causes air to be 
sucked in through inlet B. 
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GENERAL LABORATORY GLASSWARE 
WATER VACUUM PUMP (Water Venturi Pump) 

This indispensable piece of laboratory equipment may be 
made of metal or of glass. The principle of its action is illus
trated in Fig. 11. 

If the vacuum pump fails during use, negative pressure in the 
system will cause water to be sucked back. The interposed 
trap-bottle will receive the water, and prevent it from flowing 
back into the vessel being evacuated. 

WASH-BOTTLES 
These are used for delivery of small volumes of distilled 

FIG. 12. Wash bottles: (a) 
Polythene; (b) glass. 

water in a steady stream, for example, for rinsing watch-
glasses or funnels. They are improvised easily from flat-
bottomed flasks by inserting two pieces of glass tubing through 
the cork or bung (Fig. 126). 

Technique of using the wash-bottle 
Blow into the mouthpiece A. This raises the pressure inside the 

bottle and forces water up through the jet outlet of tube B. 
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CHAPTER 2 

GENERAL LABORATORY APPARATUS 
AUTOCLAVES 
The autoclave is used for sterilization by steam under pressure. 

Principle 
Molecules of water are in constant movement, and some of 

them escape from the water surface into the air. As the 
temperature rises this movement of molecules is accelerated 
and the number escaping from the surface is increased until 
the water finally reaches boiling point. The pressure of the 
atmosphere on a water surface opposes this escape of mole
cules, and at sea-level the temperature has to be raised to 
100° C before the water can be brought to boiling point. If the 
pressure on the water surface exceeds that of the atmosphere, a 
higher temperature than 100° C is necessary to boil the water. 

At any given pressure, the temperature of steam is greater 
than that of a mixture of air and steam. In order to produce 
the high temperature required in an autoclave, incoming steam 
is allowed to drive all the air out of the chamber before the 
outlet is closed. For example, steam at 15 lb. gauge pressure 
has a temperature of 121° C. Equal volumes of steam and air 
at 15 lb. gauge pressure have a temperature of 112° C. 

Autoclaves are designed to comply with regulations laid 
down by the Home Office and by insurance companies. 

Description 
Autoclaves consist essentially of a heavy bronzed-copper 

boiler, encased in a sheet metal jacket. A heavy gun-metal lid 
can be clamped to the boiler by means of bolts and wing nuts, 
to produce airtight conditions. Pressure gauge, blow-off valve 
cock and screw spring-loaded safety valve are mounted on the 
lid in the vertical type and on top of the boiler in the horizontal 
model (Fig. 13a and b). 

Autoclaves are steam-heated by one of two methods : 
(a) The boiling of water in the autoclave. This is effected 

19 



GENERAL LABORATORY APPARATUS 
by gas burners, electricity (immersion heaters), oil burners, 
or by passing steam through a coil immersed in water. 

(b) Steam provided from an external source, that is, * direct ' 
steam. 

All autoclaves are tested by steam and hydraulic pressure, 
and they can withstand pressures at least 50 per cent greater 
than those recommended for use. 

Technique of using gas-heated autoclaves 
(1) Pour the required amount of water into the bottom of the boiler. 
(2) Pack the material to be sterilized in a cage or on a ledge which 

fits into the boiler above water level. 
(3) Clamp the lid down tightly, and open the blow-off valve cock. 
(4) Light the burners. 
(5) Allow steam to emerge from the valve for several minutes and 

then test whether any air is still mixed with it. To do this, attach one 
end of a piece of rubber tubing to the blow-off valve cock, and place 
the other end in a bowl of cold water. Steam emitted condenses at 
once, but bubbles indicate that air is still present. Allow steam to 
escape until all the air is exhausted and then close the blow-off valve. 

(6) Continue heating until the gauge registers the required pressure, 
and then turn down the gas until the flame is just hot enough to main
tain the pressure at a constant level. 

(7) Sterilizing is usually carried out at 20 lb. pressure for 20 minutes, 
10 lb. pressure for 30 minutes, or 5 lb. pressure for 1 hour. Note that 
these times do not refer to the sterilizing of media, which require special 
methods. When sterilization is complete, turn off the gas and allow the 
autoclave to cool. 

(8) When the pressure gauge has returned to zero, that is, when the 
pressure inside the autoclave is equal to that of the atmosphere, open 
the blow-off valve cock. 

(9) Unclamp and open the lid. 
Note.—The autoclave should not be opened while the internal 

pressure is greater than that of the atmosphere. The sudden fall of 
pressure is liable to cause liquids to boil, and cotton wool plugs to be 
extruded from the necks of containers. Gas-regulating pressure gauges 
can be fitted to autoclaves, and these automatically reduce the gas supply 
when the required pressure is reached. Regulators for oil, steam and 
electrically-heated autoclaves are also available. 

Table of pressures 
The pressure gauge on the autoclave registers the internal 

pressure, and is calibrated in pounds per square inch; zero on 
the gauge corresponds to the normal atmospheric pressure of 
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15 lb. per square inch. Thus, a reading of 15 lb. pressure per 
square inch on the gauge is really equivalent to 30 lb. per 
square inch of ' absolute pressure '. References to autoclave 
pressures are invariably expressed in terms of the pressure 
gauge readings. 

Gauge pressure in 
lb. per sq. inch 

5 . 
10 . 
15 . 
20 . 
25 . 
30 . 

Temperature when all air 
has been discharged 

. 109°C 

. 115°C 

. 121°C 

. 126°C 

. 130°C 

. 135°C 

{a) (b) 
FIG. 13. Autoclaves: (a) Vertical type; (b) horizontal type. 

Efficiency tests of autoclaves 
Tests should be performed at frequent intervals, to ensure 

that the pressure gauges are working efficiently and that the 
correct temperatures and pressures are attained. 
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GENERAL LABORATORY APPARATUS 
Temperature tests 

The melting ofbenzoic acid 
(1) Place 1 gramme of crystalline benzoic acid in a length of glass 

tubing and seal both ends. 
(2) Drive the benzoic acid to one end of the tube, by applying gentle heat. 
(3) Stand the tube vertically in the autoclave, with the benzoic acid 

uppermost. 
(4) Sterilize by the routine procedure. Benzoic acid melts at 120° C. 

When this temperature is reached, the acid will melt and run into the 
lower end of the glass tube. 

Browne's sterilizer control tubes 
These are small cylindrical tubes containing an indicator, which 

changes colour from red to green when heated to 115° C for 20-25 
minutes. If heating is inadequate in duration or intensity, the indicator 
changes to brown. 

Maximum thermometer 
Place a maximum thermometer in the autoclave. Sterilize by the 

routine procedure and check the maximum temperature attained. 

THE BALANCE 
The balance (Fig. 14) consists essentially of a central fulcrum 

on which a brass cross-beam is pivoted. On this cross-beam 
are mounted three agate or steel knife-edges. One of these is 
centrally placed and the entire weight of the beam is carried 
by it. The other two knife-edges are mounted near the ends 
of the beam, equidistant from the centre. The scale pans are 
suspended from these by means of stirrups. 

In balances provided with riders—a small loop or hook of 
platinum or gold wire—the cross-beam is graduated. The 
rider is placed on the cross-beam and acts as a weight, the 
effective amount of which varies with its position on the beam. 
The rider is moved by means of a lever. 

Some balances have graduations along the right-hand half of 
the cross-beam and the zero mark is at the centre of the beam. 
A 10 milligram rider is used. Others have the entire cross
beam graduated from left to right, and the zero is on the 
extreme left. A 5 milligram rider is used. This type of balance 
is the more sensitive. 

A long pointer is fixed to the centre of the cross-beam. Its 
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lower end is free to swing over a small scale near the base of 
the instrument. A spirit level or plumb line is provided to 
ensure that the column is vertical. If necessary, adjustments 
may be made by means of ' levelling screws ' on the feet. 

When the balance is not in use, the cross-beam and pans are 
supported on rests. In use, the cross-beam and pans are 
raised by turning a metal axle at the side of the balance and the 
pointer is then able to oscillate. When it swings an equal 
distance to both sides of the zero on the scale, the instrument 
is balanced and ready for use. If the pointer swings unequally 
about the zero mark the balance requires adjustment. This is 
done by altering the position of the adjusting screws at the 
ends of the cross-beam. The further the screw is moved out
wards, the greater the weight it contributes. 

CENTRAL KNIFE EDGE 

GRADUATED BEAM 

'ADJUSTING 
SCREW 

HANDLE FOR 
QEHM RELEFÌ5E x 

Jfh 
( Jhli]!|1ljniipip\ 

7-
POINTER, 

SC&i-E LEVELLINÛ--
SCREH 

FIG. 14. Diagram of a balance. 
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Procedure for weighing a given quantity 

(1) With the balance at rest, and the rider at zero, place a watch glass 
on the left-hand pan. Using forceps, place a slightly greater weight on 
the right-hand pan. 

(2) Raise the cross-beam, to verify from the swing of the pointer that 
the weight is in fact heavier than the watch glass. If the pointer swings 
to the left it indicates that the left-hand pan is lighter and that the weight 
on the right is too heavy. 

(3) If the weight is too heavy, lower the beam, remove the weight 
and substitute a slightly smaller weight. 

(4) Raise the beam again, and if the weight is still too heavy, replace 
it with the next weight. Continue in this fashion until the weight in 
the right-hand pan is too light to balance the watch glass. 

(5) Leave this weight on the pan, and add the next weight, removing 
the latter if the total is too heavy and replacing it with a smaller weight. 
Continue this procedure until the pointer swings exactly equally about 
the zero mark. 

(6) Remove all weights from the right-hand pan, checking them as 
they are replaced in the box; make a careful note of all their values, 
and add these together. 

(7) To this sum, add the required weight of the substance to be 
measured. Place weights equal to this total on the right-hand pan. 

(8) Using a spatula, place some of the substance to be weighed on the 
watch glass. Raise the cross-beam and observe the swing of the pointer. 
Lower the cross-beam and remove or add more of the substance. 

(9) Repeat this procedure until the pointer swings equally about the 
zero of the scale. Check the weights as they are replaced in the box. 

(10) Never place anything on the pans, nor remove anything from 
them, unless the balance is at rest, as the knife-edges are easily damaged. 

Use of the rider 
If the zero mark is at the centre of the cross-beam, the rider 

resting on this point adds nothing to the weight of the right-
hand pan. If the rider is moved to the right the weight that it 
contributes to the right-hand pan is 10 milligrams x reading 
on the scale. For example, if the beam is graduated from 0 to 
10, and the rider is placed on 1st division, the weight contribu
ted by the rider is 10 milligrams x 1/10 = 1 milligram. 

Balances having the zero mark on the extreme left of the 
cross-beam must have the rider placed on this zero mark when
ever the instrument is balanced for use. As the rider is moved 
to the right, the right-hand weight is increased. For each 
division the rider is moved, 1 milligram is added to the right-
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hand weight. For example, if the beam is graduated from 
0 to 10, and the rider is placed on the 6th division the weight 
contributed by the rider is 6 milligrams. 

Care of the balance 
The balance should be kept scrupulously clean. If anything 

is spilt on it, the balance should immediately be cleaned with a 
soft camel-hair brush or absorbent cotton-wool. 

Moisture in the atmosphere affects the accuracy of measure
ment, especially when deliquescent chemicals are being weighed. 
The error may be reduced to a minimum by keeping a con
tainer of anhydrous calcium chloride inside the balance case. 

Raising or lowering the cross-beam should be performed as 
gently as possible. Rough handling not only causes the 

FIG. 15. Weights for the balance should be moved only by a special pair of 
forceps. 
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pointer to swing excessively, but may also result in damage to 
the knife edges. 

Weights 
The average set contains chromium plated brass weights of 

100, 50, 20, 10, 10, 5, 2, 2, and 1 gramme. In addition there 
are nickel-silver decimal fractions of 0*5, 0-2, 0-1, 0-05, 0Ό2, 
and 0Ό1 gramme, and aluminium fractions of 0Ό05, 0-002, 
and 0-001 gramme. The most accurate weights available in 
Great Britain are those issued with the National Physical 
Laboratory Class A certificate. 

The weights should only be moved by means of the special 
pair of forceps provided (Fig. 15) and they should never be 
touched by hand. Scratches or the presence of dirt invalidate 
their accuracy. 

CENTRIFUGES 
Centrifuges are used to hasten the deposition of substances 

suspended in liquids. The suspended 
matter is deposited in order of weight, the 
heaviest element being the first to settle 
(Fig. 16). 

There are many types of centrifuge, 
but the basic principle is the same, that 
is, the use of centrifugal force. When 
this exceeds the force of gravity, heavier 
elements are thrown to the bottom of the 
tube. The earlier centrifuges were oper
ated by hand or water pressure but most 
modern laboratories are equipped with 
electrically driven models (Fig. 17). 

For the purpose of comparison, cen
trifugal force is referred to as R.C.F. 
(Relative Centrifugal Force). The R.C.F. 
is taken as a guide to the separating 
capacity of a centrifuge and the R.C.F. 
value for any centrifuge may be calcu
lated from the following equation. 
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R.C.F. = 0Ό0Ο0284 x R x N 2 
where 

R = The radius in inches from the centre of 
the centrifuge shaft to the external tip 
of the centrifuge tube. 

N = The number of revolutions per minute 
of the centrifuge head. 

Small models are designed to centrifuge volumes up to 
200 millilitres at maximum speeds of 3,000-4,000 revolutions 
per minute. Larger models will centrifuge volumes up to 
2,200 millilitres with maximum speeds of 5,000 r.p.m. These 
speeds depend upon the type of head and the number of buckets 
used. Various heads are available to accommodate different 
capacity buckets. Some heads hold the buckets at a fixed 
angle (angle heads), and others allow them to swing outwards 
during centrifugation. The angle head causes any deposit to 
pack along one wall of the tube, and the ' swing out ' head 
packs any deposit into the base of the tube. 

FIG. 17. A type of electrically 
driven centrifuge, incorporating 
a revolution counter and auto
matic timing device. 
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Technique for centrifugai ion 

(1) Remove all the metal cups or buckets from the centrifuge head. 
(2) Insert the tubes or bottles to be centrifuged into buckets, and 

place one on each pan of a crude balance. 
(3) With a pipette, add a little water to the lighter bucket, not to the 

tube or bottle, until the weight of the two buckets and contents are 
balanced. 

(4) Place the buckets containing the tubes in diametrically opposite 
positions in the centrifuge head, and close the lid. 

(5) Start the motor, and gradually increase the speed until the 
required number of revolutions per minute is reached. 

(6) When the tubes have been centrifuged sufficiently, switch off the 
motor, and allow the centrifuge to stop. 

Notes.—Always balance the buckets. Failure to do this will cause ex
cessive wear on the driving bushes and breakage of tubes due to vibration. 

Do not increase the speed of revolution too rapidly, and never slow 
the revolving head manually. Wait until it has stopped before attempt
ing to remove the buckets or tubes. 

DISTILLATION 
Tap water contains many impurities and is unsuitable for 

the preparation of chemical solutions. For this purpose tap 
water must first be distilled, that is, the water is boiled and the 
steam given off is condensed. 

FIG. 18. A simple distillation apparatus. 
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The simplest form of ' s t i l l ' is that shown in Fig. 18. 
Tap water is heated in a flask and the steam given off is con
veyed by glass tubing to a * Liebig ' condenser. This consists 
of a central tube into which the steam is passed. An outer 
glass jacket provides for circulation of cold tap water around 
the inner tube. The fall in temperature causes condensation 
of the steam into distilled water which is collected into the 
receiving flask. 

A knife point of potassium permanganate and a few pellets 
of sodium hydroxide should be added to the tap water before 
commencing distillation. This will oxidize steam-volatile 
organic compounds which might otherwise be carried over into 
the distilled water receiver. 

The rate of distillation with this apparatus may not be ade
quate to supply the routine needs of a large laboratory. There 
are several commercial stills available which deliver distilled 
water at rates ranging from J to 50 gallons per hour (Fig. 19). 
These may be heated by gas or electricity, and incorporate an 
automatic water feed which maintains the volume of boiling 
water. 

For some purposes, water must be glass-distilled, that is, at 

FIG. 19. An electrically-heated 
water still. 
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no stage must the steam or distillate come into contact with 
any surface other than glass. 

If double distilled water is required, the distillate is placed in 
the flask, and the process of distillation is repeated. 

THERMOSTATS 

Thermostats are used for maintaining apparatus at fixed 
temperatures. They may be of two types, (a) ' capsule ', or 
(b) bi-metallic. 

Capsule thermostats 
These are used with apparatus heated by gas or electricity, 

for example, incubators and water-baths. The capsule con
tains a fluid of specific boiling point. When heated, the con
tained fluid expands the capsule and automatically cuts off the 
gas or electricity supply. Capsules designed to operate at 
different temperatures contain liquids of different boiling 
points. They are easy to insert, so that water-baths may 
readily be converted to operate at different temperatures. The 
temperature at which the capsule operates may be slightly 
raised by means of an adjustment screw which is incorporated 
in all thermostats. Tightening of the screw results in a slight 
rise in the temperature at which the capsule activates the 
apparatus. In practice the temperature marked on the capsule 
should be a few degrees lower than the temperature at which 
the apparatus is required to operate. The appropriate tem
perature is obtained by means of the adjusting screw. This 
permits a more accurate temperature control. 

Thermostat for gas-heated incubators (Fig. 20) 
The gas enters tube (A) and the chamber is filled via the gap (B) and 

the by-pass (C). From the chamber it passes to the outlet tube (D), 
and thence to the gas burner which is situated under the incubator. 
Capsule (E) expands when the temperature has reached the point at 
which its contained liquid boils. The sudden expansion of the capsule 
raises the rod (F), and consequently tilts the beam (GH) so that its 
point (I) depresses the valve (J), closing the gap (B). This cuts off the 
supply of gas to the chamber, except for the small quantity through the 
by-pass (C). The latter suffices to maintain the ' pilot ' flame and can 
be regulated by the screw (K). When the capsule cools and contracts, 
rod (F) falls, relieving the pressure on the valve (J). This re-opens the 
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gap (B), and the flow of gas to the burner is increased. Coarse adjust
ment in this type of thermostat is governed by tightening or loosening 
the screw (L). Fine adjustment is obtained by moving the weight (M) 
along the rod. 

FIG. 20. Thermo
stat for gas-
heated incuba
tors. 

FIG. 21. Thermo
stat for g a s -
heated water- rji 
baths. 



GENERAL LABORATORY APPARATUS 
Thermostat for gas-heated water-baths (Fig. 21) 

Gas enters tube (A), passes into the chamber and escapes through 
(B) and the by-pass (C) to the burner. As the capsule (D) expands it 
closes the gap (E), and the by-pass (C) provides the only gas reaching 
the burner to maintain the pilot flame. The capsule contracts on cool
ing, opening the gap (E), and gas again passes through (B) to the burner. 
With this type of thermostat, the only adjustment necessary is made by 
tightening or loosening the screw (F). 
Thermostat for electrically-heated incubators (Fig. 22) 

When the capsule (A) in the incubator expands, it raises the rod (B), 
and elevates the beam (CD), breaking the electrical contact at (E)! 
When the capsule contracts, the beam falls, and electrical contact is 
renewed. Adjustments in this type of thermostat are similar to those 
described in Fig. 20. 

FIG. 22. Thermo
stat for elec
trically - heated 
incubators. 
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Thermostat for electrically-heated water-bath (Fig. 23) 
The thermostat is connected to the electric supply and to the water-

bath heaters. When points (A) and (B) are in contact with points (E) 
and (F) the circuit is complete and the water-bath is heated. When 
the capsule (G) expands, it pushes rod (H) outwards, causing arm (C) 
to raise and break contact at (B) and (F). Contact is still made at (A) 
and (E). As the temperature rises, causing the capsule to expand still 
further, arm (C) is raised until it is level with arm (D). When level 
with (D), a small piece of metal (M) on (C) catches under (D), raising 
it with (C), thus breaking the contacts at (A) and (E). As the capsule 
contracts, (D) and (C) are lowered until contact is resumed at (A) and 
(E). As the capsule contracts still further, (C) is lowered until contact 
is made at (B) and (F). Adjustment is made by means of the adjusting 
screw (J), which increases or decreases the tension of the springs (K) 
and (L). By increasing the tension, more pressure is needed to raise 
arms (C) and (D), and the capsule has to expand more to overcome this 
extra pressure. 
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FIG. 23. Thermo
stat for elec
trically - heated 
water-bath. 
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Bi-metallic thermostats for electrically-heated hot-air ovens 
These consist essentially of a metal rod, which fits into a 

metal tube. The rod has a smaller co-efficient of expansion 
than the tube (Fig. 24). 

When the tube (A) is heated sufficiently, the metal expands, 
and the tube lengthens. The inner rod (B), which is supported 
in the tube at point (K) is thereby lowered, reducing its up-
thrust on screw (C). This allows the beam (FD) to drop, so 
that electrical contact is broken. 

On cooling, the tube (A) contracts, raising its containing rod, 
which elevates the beam (FD), renewing electrical contact. 

Variations in the temperature at which the thermostat 
operates can be made by the graduated adjustment device (E). 

F I G . 2 4 . Bi
metallic thermo
stat for elec
trically - heated 
hot-air oven. 
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INCUBATORS 

Incubators which maintain a temperature of 37° C are used 
in all departments of medical laboratories, and are indis
pensable items of equipment. 

For specialized purposes, temperatures other than 37° C may 
be necessary, for example, 22° C for certain mycological work. 
Incubators are of two main types. 

The water-jacket type.—This type consists essentially of a 
chamber surrounded by a water jacket. The water may be 
heated by gas or electricity, and the temperature is controlled 
by one of the thermostats described on pages 31 and 32. This 
instrument maintains a more constant temperature than does 
the anhydric type. 

The anhydric type.—This type is heated by electricity, the 
heating element being in the copper linings around the 
chamber. 

Loss of heat 
Heat is lost when doors of incubators are repeatedly opened, 

and the internal temperature falls. In the water-jacketed type 
of incubator, a long delay ensues before the temperature is 

FIG. 25. An inspissator. 
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restored to 37° C, owing to the time taken to heat the water 
jacket. This time is greatly reduced with the anhydric incubator. 
INSPISSATORS 

These are used for the coagulation and sterilization of 
certain types of media, for example, serum or egg slopes. 
They are water jacketed, and heated by gas or electricity (Fig. 
25). The usual temperature at which they are employed is 
75° C. 

FIG. 26. The oven of a hot-air sterilizer. 

HOT-AIR STERILIZERS 

These are used for the sterilization of glassware, metal instru
ments and syringes. They consist of a double-jacketed oven 
made of copper or steel, and lagged with glass wool. They 
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may be heated by gas or electricity, the temperature being 
controlled by a bi-metallic thermostat. In Fig. 26 the oven is 
electrically heated and controlled by the thermostat previously 
described (Fig. 24). 

WATER-BATHS 
These are used for Wassermann, Kahn and agglutination 

tests. They are constructed of heavy gauge copper, tinned 
internally to minimize corrosion (Fig. 27). Temperature is 
controlled by a capsule type thermostat. The gas type thermo
stat is illustrated in Fig. 21. 

F I G . 27 . A gas-
heated water-bath. 
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CHAPTER 3 

ELEMENTARY GLASS-BLOWING 

A KNOWLEDGE of the fundamental operations involved in 
glass-blowing is essential to the laboratory technician. Mas
tery of a few of these manipulations will enable him to fashion 
glass tubing into many useful pieces of laboratory apparatus. 

Tubing is manufactured from various types of glass, but 
there are only two varieties in general use in medical labora
tories. For certain pieces of apparatus, a relatively heat-
resistant borosilicate glass is required (such as Pyrex, Phoenix 
or Hysil), but for most routine purposes, soda-lime silica glass 
is satisfactory. 

When ordering glass tubing, it is necessary to specify both 
external and internal diameters, thereby indicating what thick
ness of wall is required. Tubing is strictly designated capillary 
when the thickness of the walls equals or exceeds the diameter 
of the bore. In heavy-walled tubing, thickness of the walls, 
though less than the diameter of the bore, is nevertheless 
heavier than that of routine thin-walled tubing. 

Tubing should be stored in a clean dry place. Under damp 
conditions, water will condense on the inner surface and 
extract alkali from the glass. On heating, this may produce a 
powdery appearance on the walls. The poorer the quality of 
the glass, the greater the amount of alkali that is present. 
Tubing is preferably stored horizontally in racks, each holding 
glass of specified bore or thickness. If tubing is stored verti
cally, it should be well covered to prevent dust from entering 
the lumen. 

APPARATUS 

The following are necessary for elementary glass-blowing. 
A batswing burner (Fig. 28) provides a wide flame, which has 

a blue centre and a luminous fringe. The blue centre is the 
coolest part of the flame, and tubing should be warmed in this 
zone before the hotter fringe is used. 
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ELEMENTARY GLASS-BLOWING 

A type of blow-lamp is illustrated in Fig. 29. It consists 
essentially of two tubes, the inner one of which carries air. 
The outer tube projects slightly beyond the inner air tube, and 
carries gas. Alteration of the proportions of air and gas pro
duce flames of different heats. A piped compressed-air supply 
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FIG. 29. A blow-lamp. 

FIG. 28. A batswing burner. 

is available in some laboratories; alternatively bellows (Fig. 
30), or a rotary type compressor pump may be used. An air 
pressure of 5-7 pounds is used for most glass blowing. 

A hardened steel knife or file is used for cutting purposes. 

FIG. 30. Bellows. 
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CUTTING OF GLASS TUBING 

Rubber tubing, closed at one end, is useful for temporarily 
sealing the free end of the glass tube under manipulation. 

CUTTING OF GLASS TUBING 
When cutting tubing of 10 millimetres or less in diameter, 

the knife or file should be drawn across the glass at right angles, 
in a firm even movement, to make a short etched line. It is not 
necessary to saw the glass, as this tends to blunt the knife, and 
often results in a jagged edge. To break the tubing at the 
etched mark, it is held in both hands and bent while at the same 
time pulled in one motion (Fig. 31). 

For tubing of over 10 millimetres in diameter, other methods 
are necessary. 

One method is to etch the entire circumference at the desired 
line of cleavage, taking care that the two ends of the line meet 
in a complete circle. This scored line is gently stroked with a 
small pin-point flame. The glass cracks round the line and the 
two ends can be pulled apart. 

FIG. 31. A method of breaking glass tubing at an etched mark. 

Another method involves the use of a ' hot iron ' which can 
be made from a piece of metal rod 12 inches long and about 
{\ inch in diameter. One end is bent to form a semi-circle of 
the same diameter as the glass tubing. An etched line is made 
at the required point on the tubing, and the iron is heated to 
redness. The glass tubing is placed in the semi-circle of the 
metal rod, with the latter exactly over the etched line, and 
rotated. A crack will pass right round the glass tube, and the 
ends may then be separated. 

When glass tubing has been cut, the sharp edges should be 
smoothed. Rotation of the end of the tubing in a hot flame 
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will soften the glass and produce a rounded end. Over-exposure 
in the flame will cause the glass to melt, reducing the bore, and 
finally occluding the lumen. 

In all glass-blowing operations, it is essential to start heating 
in a ' cool ' flame, and then increase the temperature gradually 
until the glass softens and melts. When manipulation is com
plete, cooling must be effected slowly to avoid straining the 
glass, thereby causing cracks. This is best effected by gradually 
reducing the air supply to the flame. A final exposure to a very 
smoky flame will cover the glass with a layer of carbon, assist
ing slow cooling. During this process of gradual cooling, or 
* annealing', it is essential to exclude draughts. 

BENDING OF GLASS TUBING 

Tubing of 7 millimetres diameter or less can be bent with the 
aid of the batswing burner. The tubing is held with both 
hands, and rotated gently and evenly in the flame, heating a 
large section of the glass. As the tubing sags, it is removed 
from the flame and allowed to bend under its own weight. 
With practice, a bend of any angle can be made without per
mitting the walls to fall in. Difficulties encountered may be 
due to unevenness of melting, too small an area of glass being 
treated or the use of too small a flame. 

For bending glass tubing of larger bore, one end is closed 
with the stoppered rubber tubing. A wide sector of the glass 
is rotated in the blow-lamp flame. As the glass sags, the tube 
is removed from the flame and bent upwards, at the same time 
gently blowing into the free end. It is essential that the hands 
remain in the same plane, and that the blowing be gentle. 
Faults may be caused by uneven heating, hard blowing, or the 
heating of too small an area. 

JOINING TWO TUBES OF THE SAME DIAMETER 

One end of one tube is stoppered and one end of each tube 
is gently heated. They are removed from the flame and the 
heated ends are lightly pressed together. The flame is reduced, 
and the junction is rotated in it. When red hot, the tubing is 
removed and the free end gently blown to form a small bulb 
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THE MAKING OF PIPETTES 

at the junction. The process of softening and blowing is 
repeated until the two tubes are fused together, and the line of 
junction has disappeared. After the final blow, the tubing 
should be gently pulled until the bore is of uniform diameter. 

JOINING TWO TUBES OF DIFFERENT DIAMETERS 

This procedure is similar to the one described in the pre
ceding paragraph. The larger tube is sealed at one end with 
rubber tubing, and the other end is rotated in the flame until 
the bore is the same diameter as that of the smaller tube. One 
end of the smaller tube is then gently heated, and the two hot 
ends are joined lightly together, accompanied by gentle blow
ing. The process is continued as in the method for tubes of the 
same diameter, but when fusion is complete, the two tubes are 
pulled slightly apart to cause slight tapering at the junction. 

THE MAKING OF PIPETTES 

Pasteur 
Tubing of 5 millimetres bore is cut into lengths of approxi

mately 20 centimetres. The ends are rounded, and the middle 
of the length of tubing is rotated in a medium-sized flame. As 
the tubing begins to sag, it is removed from the flame. The 
two ends are pulled apart, and rotated at the same time in 
opposite directions. The hands must be kept in the same plane 
until the glass has hardened. The capillary is then cut at the 
required length. If they are to be used for bacteriological 
purposes, the capillary may be sealed and the other end plugged 
with non-absorbent wool. The dimensions of the capillary are 
governed by the size of flame and the speed with which the 
tubing is drawn. The larger the flame and the slower the 
pulling, the wider is the capillary. These pipettes may be re-
pulled after use, provided they are thoroughly washed first. 
4 Dropping pipettes ' 

These are made to deliver a specific number of drops per 
millilitre. The size of drop delivered varies with the external 
diameter of the capillary, for example, pipettes to deliver 50 
drops per millilitre have an external diameter of 0-95 milli-
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metre. When making ' 50 drop ' pipettes, a gauge is necessary. 
It consists of a square metal plate with a 0-95 millimetre dia
meter hole in it. When the pipette has been pulled, the capillary 
is inserted into the hole, and pushed in gently as far as it will go. 
The capillary is gripped between finger and thumb, flush with 
the metal plate, and the gauge removed. The surplus capillary 
length is then cleanly cut off at right angles. The edges of the 
tip should be regular, and the diameter should be checked with 
a micrometer screw gauge. 

BLOWING OF BULBS 

If a bulb is required at one end of a tube, place that end in 
the flame and rotate until it becomes sealed. Remove from 
the flame, and while the glass is still soft blow gently until a 
small bulb appears. Using a larger flame, reheat the bulb and 
a portion of the adjacent tube. When it is softened, gently 
blow again. Repeat this process of building the bulb, until it 
is of the required size. 

If a bulb is required in the middle of a tube, a similar pro
cedure is used. Stopper one end and heat the middle of the 
tubing until it is soft and red. Remove it from the flame, and 
blow gently. Repeat the process until the bulb reaches the 
requisite size. 

One must be careful not to pull the glass outwards while 
blowing. If there is any bias, it should be towards pushing the 
sides slightly together. 

THE MAKING OF T AND Y PIECES 

Seal one end of a piece of glass tubing with rubber tubing or 
a bung. Hold the tube steady and soften a small area with a 
very small flame. Remove the tubing from the flame and blow 
gently until a small bulb appears (Fig. 32A). Repeat this 
operation until the diameter of the shoulder of the bulb is just 
smaller than that of the tubing to be attached (Fig. 32b). 
Break the bulb by gently tapping, so that only the shoulders 
remain (Fig. 32c). With the rubber tubing seal one end of the 
tubing to be attached, and heat the other end. Heat the 
shoulders of the bulb at the same time. When both are red 
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THE MAKING OF T AND Y PIECES 

hot, press them together and pull very slightly apart while 
blowing gently down the unstoppered tube (Fig. 32d). 

Using a small flame, heat one side of the junction and blow 
gently into the unstoppered arm. Repeat this process all 
round the circumference until the two tubes are fused together 
and the line of the junction has disappeared. 
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FIG. 32. A method of making a T 
piece. For explanation see text. 
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A Y tube is made in a similar manner, but the tube is first 
bent to the desired angle. The other tube is then attached in 
the manner described. All such junctions should be carefully 
annealed. 

The technician should practise until all the apparatus 
described above can be made quickly and easily. 
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CHAPTER 4 

ELEMENTARY MICROSCOPY 

THE MODERN compound microscope is an indispensable piece 
of apparatus in all medical laboratories, and a theoretical 
knowledge of its working principles is essential. It is a pre
cision instrument, and its efficient use requires some measure 
of skill and training. The magnification and clarity of the 
image depend upon the quality of its lenses, but definition is 
readily lost if the instrument is improperly used. 

Time spent in the systematic setting up of the microscope 
and lamp is amply repaid by the results obtained. Micro
scopes are made in two forms, monocular and binocular. For 
general purposes monocular instruments are satisfactory, but 
for prolonged use the binocular types are less fatiguing. In 
essence, a microscope consists of an objective lens and eye
piece, with the mechanism necessary for focusing them. A 
bright light is passed through the object under examination 
and into the objective lens, which is the main magnifying agent. 
The rays of light emitted at the upper end of the objective 
form an image which is viewed through the eye-piece (Fig. 33). 

The base, or foot, is sufficiently solid to hold the instrument 
stable, even when tilted in use. The limb is pivoted to the foot 
and at its lower end carries the stage, sub-stage condenser and 
reversible mirror with plane and concave surfaces. The body 
is attached to the upper end of the limb, and contains coarse and 
fine adjustments by which the body-tube is raised or lowered. 

The body-tube houses the draw-tube, in which the eye-piece 
rests. An objective mount or nosepiece is attached to the 
lower end of the body-tube, and objectives of varying focal 
length may be screwed into this mount. 

Before dealing with the components of a microscope, it is 
necessary to define certain terms. 
Refraction 

Refraction is the change in direction of light passing obliquely 
from one medium to another of different optical density. Fig. 34a 

44 



REFRACTION 

Eyepiece 

Graduated 
draw tube 

Body-tube 

Coarse adjustment 

Body 

Fine adjustment 

Lirnb 

Mechanical stage 
controls 

Inclination joint t. 

Substage focussing. 
control 

Revolving msepiece 
or objective changer 

Objectives 

Slide clip 

Built-in mechanical 
stage 

Condenser 

$ubstage centring 
screws 

iris diaphragm 
lever 

Mirror 

Foot 

FIG .33. The monocular microscope. 

shows the path of a ray of light passing from air into a glass 
plate and out into the air again. At B, the point of entry of the 
ray into the glass, a line XY, called the ' normal', is perpendicu
lar to the surface of separation of the media. The ray AB is 
refracted towards the normal along BC in the glass, and away 
from the normal along CD in the air. 

In general, a ray of light passing from a rarer to a denser 
medium is refracted towards the normal, but when passing from 
a denser to a rarer medium is refracted away from the normal. 
Refractive index 

In Fig. 34a the ray AB is termed the incident ray, and the ray 
BC is the refracted ray. The angle ABY is therefore termed the 
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angle of incidence, and CBX the angle of refraction. The sine 
of the angle of incidence divided by the sine of the angle of 
refraction is a constant quantity for any two given media and is 
called the Refractive Index. 

In Fig. 34a the sine of the angle ABY divided by the sine of 
angle CBX determines the refractive index of the glass. 

(«) (« 
FIG. 34. Diagrams to illustrate refraction of light rays passing through (a) a 

glass plate, and (b) a bi-convex lens. 

COMPONENTS OF THE MICROSCOPE 
OPTICAL COMPONENTS 
The optics of the compound microscope can be most easily 
understood by considering the components in stages. The 
optical system consists essentially of a condenser, an objective 
and an eye-piece (Fig. 35). 

Rays from a light source are reflected by the mirror (plane 
surface) into the sub-stage condenser, which brings them to a 
common focus on the object, for example, blood film. The 
concave mirror should only be used in the absence of a con
denser. Having illuminated the object, light rays pass through 
the objective, and produce the primary image in the plane of 
the eye-piece diaphragm. The eye-lens magnifies the image and 
brings it into focus on the retina of the eye. 

The simplest form of microscope has two serious disadvan
tages, which are given below. 

Spherical aberration.—Spherical aberration is the indistinct 
or fuzzy appearance of the outer part of the field of view of a 
lens, which is caused by the non-convergence of rays to a 
common focus. 
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FIG. 35. Diagram illustrating the optical 
system of a microscope. 

Fig. 346 shows rays of light ABCD entering and leaving a 
biconvex lens. Because of the curvature of the lens, ' normals ' 
at points along the surface are not parallel to one another. The 
direction which rays of light will take when refracted by the 
lens will therefore vary according to their place of entry. It 
will be seen that rays entering the lens near the centre O are 
refracted less than those entering the lens at the more peripheral 
part, towards P. Rays from an object therefore tend not to be 
brought to a common focus, and the result is a distorted image. 

Chromatic aberration.—When white light is passed through a 
prism it is split into a spectrum of colours ranging from red 
through orange, yellow, green, blue, indigo and violet. These 
colours when combined reproduce white light. A biconvex lens 
also splits white light into its component colours, the blue light 
being refracted more than the red so that it comes to a focus 
nearer to the lens (Fig. 36Ö). A bi-concave lens refracts the blue 
light less than the red (Fig. 366). This non-convergence of the 
coloured components of white light to a common focus is termed 
chromatic aberration. This term is used to describe the 
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coloured fringes sometimes seen round the edge of an object 
viewed through a lens. 

FIG. 36. Diagram to illustrate chromatic aberration (a) in a convex 
lens and (b) in a concave lens. 

R = Red component of light coming to a common focus. 
B = Blue component of light coming to a common focus. 

Objectives 
The defects mentioned above are corrected in greater or 

lesser degree, in the modern microscope, by using combina
tions of lenses of different shape and types of glass. The 
average objective (achromatic) brings to a common focus the 
rays of red and blue light, that is, it is corrected for two spectral 
colours. In addition, spherical aberration is corrected for 
light of one colour. 

For highly critical work, apochromatic objectives are neces
sary. These employ internal positive lenses (convex) of fluorite, 
and negative lenses (concave) of barium flint. Such lenses 
bring rays of three different colours to a common focus, and 
are said to be corrected for three spectral colours. In addition, 
they correct the spherical aberration for two spectral colours, 
that is, spherical aberration is minimized provided the light 
used consists only of these two colours. They necessitate the 
use of a compensating eye-piece. Apochromatic lenses are so 
costly that semi-apochromatic ones are often used instead. 
Apochromatic lenses are usually reserved for oil immersion or 
high-powered objectives, preferably in conjunction with a 
compensating eye-piece. Fig. 37 illustrates the lens arrange
ment in the common objectives. 

Objectives of focal length over 3 millimetres have air between 
the front lens of the objective and the object under examination 
(dry objective). 
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FIG. 37. Lens arrange
ment of the common 
objectives showing 
the relative focal 
lengths and working 
distances. 
f— focal length; 
w = working dis
tance. 

Objectives with focal length under 3 millimetres use fluid 
between the front lens and the object under examination. This 
fluid should have the same refractive index as glass. Special 
cedar wood oil is generally used, unless otherwise stated on the 
objective, for example, water immersion. The chromatic aberra
tion produced by this procedure is corrected in the lens system. 

The resolving power of a microscope is largely dependent 
upon the angle of light entering the objective. It will be seen 
from Fig. 38 that the presence of oil between objective and slide 
conserves many of the light rays, which would otherwise be lost 
by refraction. In Fig. 38α, ABCD is the path of a ray of light 
through a glass slide. It is refracted towards the normal on 
entering the glass, BC, and away from the normal, CD, on enter
ing the rarer medium, air; this ray of light would not enter 
the objective. In Fig. 386 a similar ray of light, ABCD, behaves 
exactly the same on entering the glass, BC. It is not refracted 
when leaving the slide, however, as oil has the same refractive 
index as the glass. The ray CD will, therefore, pass into the 
objective. 

A 

FIG. 38, 
. (a) A / ! » ) 
Diagram to illustrate angle of light entering objective. 
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Numerical aperture.—The resolution, or resolving power, of 
an objective is partly dependent upon the cone of light collected 
by the front lens. The Numerical Aperture (N.A.), an optical 
constant, is defined as the product of the refractive index of the 
medium outside the lens («), and the sine of half the angle of 
the cone of light absorbed by the front lens of the objective 
(I/), that is, N.A. =n x sine U (Fig. 39). 

The wider the cone of light, the greater the N.A. Thus, if 
two objectives of the same focal length have lenses of different 
diameters, one will admit a greater angle of light, and therefore 
have a higher N.A. In Fig. 39a, ACB is the angle of the cone of 
light entering the front lens of the objective. AB is the diameter 
of the front lens of the objective. C is the object being viewed. 

The N.A. of that objective is therefore: n x sine U. 
As the external medium is air, the value of n is unity. 

Therefore N.A. = sine U == - ^ 

FIG. 39. Refractive index of objectives (a) without oil, (b) with oil. 

In Fig. 39b, as the external medium is oil with a refractive 
index of 1 -5, the N.A. of that objective is 

The N.A. for dry lenses may be calculated by measuring the 
angle U with an apertometer. As the external medium is air, the 
value for n is unity. The N.A. is normally marked on the objective. 

With oil-immersion objectives, somewhat higher values are 
obtained for N.A., owing to the higher figure for n. Most oils 
used have a refractive index of about 1-5. 
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Eye-pieces 
The eye-piece most commonly used is of the Huygenian 

pattern. This is composed of two plano-convex lenses which 
are arranged with their convex surfaces facing the objective. 
The two lenses are of different sizes, the front (or field) lens 
having a focal length twice or three times that of the eye lens. 
A diaphragm is situated within the eye-piece at the focal plane 
of the eye lens (Fig. 40a). 

Compensating eye-piece.—This is primarily designed for use 
with apochromatic objectives. The apochromatic objectives 
are under-corrected for the magnification of light of various 
colours, and compensating (over-corrected) eye-pieces are 
designed to rectify this (Fig 406). The over-correction can 
be seen by looking through the eye-piece at a distant light 
source. A red fringe will usually be seen at the edge of the 
diaphragm, in contrast to the blue fringe produced with an 
ordinary Huygenian ocular. 

FQCJU- PIANE 

FIG. 40. Eye-pieces: (a) Huygenian type (1 : field lens; 
2 : eye lens) ; (b) compensating eye-piece. 

The use of the draw tube.—Extension of the draw tube pro
duces magnification of the final image, but its primary function 
is the elimination of spherical aberration when using cover 
glasses of incorrect thickness. Objectives are corrected for the 
standard No. 1 cover glasses, and shortening of the tube length 
is desirable if very thick cover glasses are used. 

Condensers 
Condensers fall into two categories. 
Dark ground condensers.—These are designed so that the 

object under examination is illuminated very obliquely. The rays 
will be lost, unless they are reflected or refracted into the objective 
by the object. The field as seen under the microscope is there
fore black, but any solid material present is clearly illuminated. 

51 



ELEMENTARY MICROSCOPY 

FIG. 42. Achromatic condenser. 

Bright ground condenser.—This condenser is used with trans
mitted light for routine work. The most common type is the 
Abbé condenser, designed by Professor Abbé in 1872. It con
sists of two lenses and an iris diaphragm (Fig. 41). As no 
correction is made for chromatic or spherical aberration, a 
considerable amount of scattering occurs. This can be reduced 
by partly closing the iris diaphragm, or by placing immersion 
oil on the top lens of the condenser, under the object slide. 
For critical work, an achromatic condenser is essential. This 
consists of a series of lenses arranged as shown in Fig. 42. 

Source of illumination 
Daylight is suitable when using low-power objectives, but 

for high-power work a more constant and intense source of 
light is essential. Numerous electric lamps are available, and 
the better models incorporate an iris diaphragm, permitting 
control of the illumination. 

Filters 
Blue and green filters are the only colours commonly used in 

medical laboratories. The blue filter reduces the wavelength 
of the light and thereby increases the resolution. The green 
filter produces monochromatic light giving better definition 
with all objectives. 

MECHANICAL COMPONENTS 
To complete the microscope, certain mechanical details must 

be considered. 
The coarse adjustment is a rack and pinion connecting the 
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body-tube to the body. A similar device is used for attaching 
the sub-stage condenser to the base of the limb. The fine 
adjustment, allowing precision in focusing, may be of several 
different designs. 

The fixed stage is a basic component of the microscope, but 
only allows manual movement of the object slide. This dis
advantage can be overcome by the mechanical stage, which 
may be of three types: (a) A detachable mechanical stage; 
(b) a permanent mechanical stage; and (c) a circular stage 
which can be rotated through an angle of 360° (Fig. 43). 

Certain microscopes are somewhat different in design. The 
body tube is permanently fixed to the limb, and focusing is 
performed by racking the stage up or down. 
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MAGNIFICATION 
At the normal optical tube length of 160 millimetres, the total 
magnifying power of the compound microscope is the product 
of the magnification of the objective and eye-piece ; for example, 
with objective x 40 and eye-piece x 10, the magnification 
would be 40 x 10 = 400. If the tube length is varied, the final 
magnification is 

/Magnification of\ /Magnification of \ / Working tube length \ 
\ objective / \ eye-piece ) \Normal optical tube length/ 

For example, with objective X 40, eye-piece x 10 and working 
tube length 180 millimetres, total magnification is 

180 
40 X 10 X r ^ = 450 

loi) 

If objectives are marked with focal length only, total 
magnification is 

/Magnification of\ / Working tube length \ 
\ eye-piece / \Focal length of objective/ 

For example, with eye-piece x 10, objective of focal length 
4 millimetres and working tube length of 160 millimetres, total 
magnification is 

10 x 160 
— ^ — =400 

SETTING UP THE MICROSCOPE 
It is of the utmost importance that the microscope should be 
correctly set up in order to obtain the best possible results. 

Routine procedure 
(1) The microscope bench should be firm, of suitable height and free 

from vibration. 
(2) Place the microscope about 10 to 12 inches in front of the lamp 

and direct the beam on to the centre of the plane surface of the mirror. 
(3) Rotate the revolving nosepiece, to bring the 16-millimetre objec

tive into the optical axis. 
(4) Open the iris diaphragm of the sub-stage condenser. 
(5) Tilt the mirror until a beam of light is directed up through the 

microscope. 
(6) Place a slide of a stained section on the stage, and adjust the 

optical tube length to a distance of 160 millimetres. 
(7) Use the coarse adjustment and focus on the stained section. 
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(8) Rack up the sub-stage condenser, until the image of the lamp is 
superimposed on the image of the object. If the lamp has no dia
phragm, focus on an ink spot made on the bulb, or on a pencil held in 
front of it. 

(9) Remove eye-piece, and close the iris diaphragm of the sub-stage 
condenser. Look down the body tube and centre the condenser by 
means of the centring screws, until the circle of light is in the middle of 
the field. 

(10) Open the sub-stage diaphragm until two-thirds of the area of the 
back lens of the objective is filled with light. 

(11) Replace the eye-piece, and open the sub-stage condenser dia
phragm until the field is just filled with light. 

The microscope is now ready for use. For critical work, close the 
iris diaphragm of the lamp until only the required portion of the field 
is illuminated. 

THE BINOCULAR MICROSCOPE 
In the modern binocular microscope, the rays reflected from 
the object are equally divided between the two eye-pieces. 

FIG. 44. This diagram illus
trates the principle of the 
binocular microscope. 

This is achieved by the use of a prism, known as a swan cube. 
All models are based on the principle illustrated in Fig. 44. 

A sliding adjustment is provided enabling the operator to 
set the eye-pieces at a comfortable interpupillary distance. 

One of the eye-piece holders is fixed, and the other has a 
focusing collar. The instrument is set up (as for monocular 
microscopes) using the fixed eye-piece. The adjustment on 
the other is used to correct any discrepancy between the 
observer's eyes. 

SOME DO'S AND DON'TS OF MICROSCOPY 
DO cover the microscope when not in use. 
DO remove all immersion oil from the objective 
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immediately after use. This may easily be done by 
wiping with lens paper or a soft cloth. Xylene may 
be used sparingly. 

DO clean the optical parts with lens paper before use. 
DO support the microscope carefully, when 

moving it. 

DON'T rack the objective downwards to bring 
the object into focus whilst looking down the micro
scope. 

DON'T attempt to dismantle objectives. 
DON'T use a high-power objective when a low-

power one is sufficient. 
DON'T lubricate the microscope with any oil other 

than that provided for the purpose. 
DON'T place wet preparations on the stage with

out wiping the under surface of the slide. 
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CHAPTER 5 

GENERAL CHEMISTRY 

ALL SUBSTANCES are defined chemically as elements, compounds 
or mixtures. 

ELEMENTS 
An element is an aggregation of like atoms which cannot be 

decomposed by chemical means. There are 88 natural elements 
and 10 additional ones can be produced artificially. 99 per 
cent of the earth's crust, oceans and atmosphere is composed 
of 12 elements: oxygen 50 per cent, silicon 26 per cent, and, in 
diminishing amounts, aluminium, iron, calcium, sodium, 
potassium, magnesium, hydrogen, titanium, chlorine and 
carbon. Living matter consists mainly of carbon, hydrogen, 
oxygen, nitrogen, sulphur, magnesium and phosphorus. 

An atom may be defined as the smallest part of an element 
which can take part in a chemical change. 

Physicists have shown that the atom is in fact divisible by 
means of elaborate apparatus, and that each atom consists of 
a central nucleus, surrounded by one or more electrons. The 
nucleus has a positive electrical charge equal in magnitude to 
the sum of the negative charges on the electrons. The number 
of electrons in the atom is termed the atomic number. The 
simplest element, hydrogen, has an atomic number of 1. 

The atomic weight of an element is the number which 
expresses the relation between the weight of its atom and the 
weight of an atom of oxygen, which has been assigned the 
arbitrary value of 16Ό00. 

Note.—Before the actual weights of atoms were calculated (for 
example, an atom of hydrogen weighs 1-67 x 10~24 gramme, and an 
atom of uranium weighs 240 times as much) it was customary to express 
atomic weights in relation to the hydrogen atom, which, being the 
lightest element, was assigned the value of 1Ό000. At the present time, 
atomic weights are expressed in relation to oxygen, with an atomic weight 
of 16 000. Hydrogen, on this scale, has an atomic weight of 1 008. 
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COMPOUNDS 

Compounds consist of two or more elements bound together 
in such a manner that they cannot be separated by mechanical 
means. The composition of a given compound never varies. 
Water, for example, is a compound of hydrogen and oxygen, 
and is always composed of 2 atoms of hydrogen and 1 atom of 
oxygen. The chemical and physical properties of a compound 
may be very different from those of its constituent elements, 
for example, common salt (sodium chloride) is a compound of 
the metal sodium, which ignites if dropped into water, and 
chlorine, a greenish-yellow poisonous gas. 

A molecule is the smallest part of a compound capable of 
independent existence, and showing the chemical and physical 
properties of that compound. Some elements do not exist in 
nature as isolated free atoms but as clusters of two or more. 
Such groups of atoms are also called molecules. For example, 
the oxygen in the atmosphere exists as molecules of 2 oxygen 
atoms, 02 . 

The molecular weight of an element or compound is a 
number which represents the ratio between the weight of its 
molecule and the weight of an atom of oxygen, which has been 
assigned the value of 16-000, that is, it is equal to the sum of 
the atomic weights of the components. 

The formula of a compound is composed of the symbols of 
the constituent elements, each followed (if over unity), by the 
number of atoms of that element incorporated. These 
numerals are usually printed in small type, at a slightly lower 
level to the line than the symbol they follow. For example, 
1 molecule of sulphuric acid contains 2 atoms of hydrogen, 
1 of sulphur, and 4 of oxygen. Its chemical formula is H2S04. 

MIXTURES 
These consist of two or more elements or compounds which 

can be separated by mechanical methods. The composition of 
mixtures is variable, and each constituent retains its own 
properties ; for example, air is a mixture of gases, and its average 
composition, by volume, is nitrogen, 78 per cent, oxygen 21 
per cent, argon 0*94 per cent, and carbon dioxide 0Ό3 per cent. 
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The constituents of a mixture may be made to combine, 
forming a compound with very different properties from those 
of the mixture, for example, sulphur may be mixed with iron 
filings, and both elements retain all their own chemical and 
physical characteristics. If heat is applied, however, fixed 
proportions of the two elements are united to form the com
pound iron sulphide, and mechanical means are incapable of 
separating them. 

TABLE II 
COMMON ELEMENTS AND THEIR SYMBOLS 

Element 

Aluminium * 
Barium * 
Bromine 
Calcium * 
Carbon 
Chlorine 
Copper (Cuprum) * 
Hydrogen 
Iodine 
Iron (Ferrum) * . 
Lead (Plumbum) * 
Magnesium * 
Manganese * 
Mercury (Hydrargyrum) 
Nitrogen 
Oxygen 
Phosphorus . 
Potassium (Kalium) * 
Silicon 
Silver (Argentum) * 
Sodium (Natrium) * 
Sulphur 
Tin (Stannum) * . 
Zinc * 

* 

Symbol 

Al 
Ba 
Br 
Ca 
C 
Cl 
Cu 
H 
I 
Fe 
Pb 
Mg 
Mn 
Hg 
N 
O 
P 
K 
Si 
Ag 
Na 
S 
Sn 
Zn 

Atomic weight 

26-98 
137-36 
79-916 
4008 
12010 
35-457 
63-54 

1008 
126-91 
55-85 

207-21 
24-32 
54-93 

200-61 
14008 
16000 
30-975 
39100 
28 09 

107-880 
22-997 
32 066 

118-70 
65-38 

Valency 

3 
2 
1 
2 
4 
1 

1 (ous) 2 (ic) 
1 
1 

2 (ous) 3 (ic) 
2 (ous) 4 (ic) 

2 
2 (ous) 3 (ic) 
1 (ous) 2 (ic) 

3 
2 
3 
1 
4 
1 
1 
2 

2 (ous) 4 (ic) 
2 

The atomic weights are taken from International Atomic Weights, 1952. The 
metallic elements are marked with an asterisk. 

VALENCY 
Valency is a measure of the combining capacity of elements. 
Hydrogen is always monovalent (univalent), because 1 atom of 
hydrogen cannot combine with more than 1 atom of any 

60 



VALENCY 

other element, that is, no compound of 2 elements is known 
which contains 1 atom of hydrogen and 2 or more atoms of 
the other element. Valencies of elements are determined by 
the number of hydrogen atoms they combine with or displace. 

Some examples of element valencies are as follows : 
Compound 

Hydrogen chloride 
Water 
Ammonia 
Methane 

Formula 
HC1 
H20 
NH3 
CH4 

Valency of element 
Cl = 1 
0 = 2 
N = 3 
C - 4 

The valency of an element may be calculated although it 
does not form compounds with hydrogen. The element may 
replace an atom of hydrogen, or it may combine with another 
element, which can itself combine with hydrogen. 

Examples are as follows : 
(a) Chlorine has a valency of 1 (HC1). One atom of sodium com

bines with 1 atom of chlorine to form sodium chloride (NaCl). As 
chlorine has been shown to be monovalent, sodium must also have a 
valency of 1. 

(b) Silver combines with chlorine to form silver chloride (AgCl), 
and we can deduce that silver has a valency of 1. 

(c) The formula of calcium chloride is CaCl2, that is, 1 atom of 
calcium combines with 2 atoms of chlorine. It follows that the valency 
of calcium must be 2. 

The valencies of the more common elements are listed in 
Table II. 

Certain groups of atoms, or radicals, behave like single 
atoms, and are allocated valencies. In nitric acid for example 
(HNO3), the nitrate radical N 0 3 is monovalent. In sulphuric 
acid the sulphate radical S04 is divalent (or bivalent). 

Some elements combine in varying proportions, and they 
may therefore have more than one valency. In the following 
nitrogenous compounds, nitrogen is shown to have five possible 
valencies. The valency of oxygen is 2. 

Compound 
Nitrous oxide 
Nitric oxide 
Nitrogen trioxide 
Nitrogen dioxide 
Nitrogen pentoxide 

Formula 
N20 
NO 
N203 
N0 2 
N 2 0 5 

Valency ofN, 
1 
2 
3 
4 
5 
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The valency of an element or radical is the number of hydro
gen atoms (or twice the number of oxygen atoms), which com
bine with, or displace, 1 atom of the element, or 1 molecule of 
the radical. The valencies of some common radicals are as 
follows : 

Radical 
Ammonium 
Carbonate 
Chloride 
Chromate 
Nitrate 
Nitrite 
Permanganate 
Phosphate 
Phosphite 
Sulphate 
Sulphite 

Formula 
NH4 

co3 Cl 
Cr04 
NO3 
N0 2 
Mn04 
P04 
PO3 
so4 S03 

FUNDAMENTAL LAWS OF CHEMISTRY 
LAW OF CONSERVATION OF MATTER 
Matter can neither be created nor destroyed. After a chemical 
reaction, there are the same number of atoms of each element 
in the products as there were in the reactants. 

LAW OF CONSTANT COMPOSITION (fixed proportions) 
When combination between elements takes place, it is always 

in definite proportions by weight, so that the composition of a 
pure chemical compound is always the same. 

LAW OF MULTIPLE PROPORTIONS 
When two elements A and B combine to form more than 

one compound, the weight of element B which combines with 
identical weights of element A are in simple numerical propor
tion to one another. 

For example, the composition by weight of Cu20 and CuO is found 
experimentally to be: 

CuO Cu20 
per cent per cent 

Copper 79-9 88-8 
Oxygen 201 11-2 

Regard oxygen as element A and copper as element B, and let the 
identical weights of oxygen be 11-2 grammes. In Cu20, 88-8 g. of 
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copper is combined with 11 -2 g. of oxygen. In CuO, 79 9 g. of copper 
11-2 X 79-9 

are combined with 20 1 g. of oxygen, that is, ——— = 44-4 g. of 

copper combine with 11 -2 g. of oxygen. It is apparent that the weight 
of copper in Cu20 is exactly twice that of the copper in CuO, that is, 
in the two compounds the weights of copper that combine with a fixed 
weight of oxygen are in the ratio of 2 : 1. 

THE GAS LAWS 
BOYLE'S LAW 
At constant temperature the volume of a given mass is in
versely proportional to the pressure acting on it, that is : 

Pressure X volume = constant 
For example, if the pressure acting on a volume of gas is doubled, 

the volume is halved. Conversely, if the pressure is halved, the volume 
is doubled. This may be expressed as an equation: 

Pi = Original pressure acting on gas 
V j = Original volume of gas 
P2 = Final pressure acting on gas 
V2 = Final volume of gas 

Then: Vx x Vx = P2 x Va, or 

V l , p ' x V ' 
2 p 

Note.—Gas pressures are frequently measured in units of 1 atmo
sphere. At sea-level, at 0° centigrade, the pressure of the atmosphere 
can support a column of mercury 760 millimetres in length, that is, 
• 1 atmosphere.' 

CHARLES'S LAW (GAY-LUSSAC'S LAW) 

At constant pressure, the volume of a given mass of gas 
increases by ~ of its volume at 0° C, for each degree centi
grade rise in temperature. The volume decreases by the same 
amount for each degree fall in temperature. 

Theoretically, if a gas were cooled to —273° C, it would 
occupy no volume. This temperature has been selected as 
zero on the ' Absolute Scale ', that is, 0° C = 273° Absolute. 

Absolute temperature is obtained by adding 273 to the 
temperature in degrees centigrade. 

For example, 20° C = ( + 20 + 273) = 293° Absolute 
- 1 0 ° C = ( - 10 + 273) = 263° Absolute 
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The absolute scale avoids the complication of negative degrees 
of temperature. Adopting the absolute scale, Charles's law 
can be expressed : 

' The volume of a given mass of gas is proportional to the absolute 
temperature, providing that the pressure remains constant ' ; this is 
as follows : 

Volume 
——: = Constant 
Absolute temperature 

Therefore, if Vx = Original volume 
Τχ = Original temperature (in degrees absolute) 
V2 = Final volume 
T2 = Final temperature (in degrees absolute). 

ThenXi = X° 
Ti T2 

Where Pi, Wx and Tx= Original pressure, volume and absolute temperature 
of the gas, 

and P2, V2 and T2 = Final pressure, volume and absolute temperature 
of the gas, 

The following equation is obtained by combining Boyle's law with 
Charles's law. 

Px X W1 P2 X V2 

Τχ " T2 

STANDARD CONDITIONS OF TEMPERATURE AND PRESSURE 
Gaseous volumes are expressed in terms of standard (normal) 

conditions of temperature and pressure. This is often abbre
viated to S.T.P., or N.T.P. These standard conditions are 
0° C and 760 millimetres pressure of mercury. 

Volumes of gas can be adjusted to standard conditions by 
the use of Boyle's and Charles's laws, 

For example, to find the volume at S.T.P. of a sample of nitrogen 
which occupies a volume of 125 ml. at 17° C and 762 mm. pressure, 
proceed as follows. 

Boyle's law shows that volume increases as pressure decreases. In 
this example pressure has to be reduced from 762 to 760 mm., so the 
new volume will be increased by the factor η~^ 

Charles's law states that volume decreases as absolute temperature 
falls. In the example, temperature falls from (17 + 273) = 290 to 
273° Abs., so the new volume occupied by the nitrogen will be reduced by 
the factor g?. 
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If the two calculations are combined, it is apparent that the volume 
of nitrogen at S.T.P. is 

762 273 125 X =^κ X ;ΓΤΓΓ = approximately 118 ml. of nitrogen. 
/oU Zy\) 

The above equation may also be easily obtained by application of the 
equation 

P! x Vj P 2 x v 2 
Τχ ~ T 2 · 

Molar or gram-molecular weight 
This is the molecular weight of a substance expressed in 

grammes. For example, a molar quantity of HC1 is 36-465g. 

The molar volume of a gas 
This is the volume occupied, under conditions of standard 

temperature and pressure, of the molar weight expressed in 
grammes. 

The molar weight of any gas occupies 22-4 litres at N.T.P. 

General gas equation 
The general gas equation is PV = nRT, 

Where P = Pressure in atmospheres 
V = Volume in litres 
n = The number of gram-molecular weights of gas 
T = Absolute temperature, 

then R = 0Ό82 (General gas constant). 

With the aid of this equation, it is possible to determine one 
of the three variables (P, V, or T), for any gas, provided the 
other two are known. For example it can now be shown that 
the molecular weight of any gas occupies 22-4 litres at S.T.P. 

Example 
To find the volume of one mole (gram-molecular weight) of any gas 

at S.T.P., proceed as follows. 

P = 1 

T = 273 

R = 0082 

n = 1 

P X V = nRT 

P 
1 x 0 082 x 273 

1 
= 22-4 litres. 
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CHEMICAL EQUATIONS 
Chemical equations represent changes that occur when sub
stances react with one another. These equations are only true 
if the reactants and products represented actually participate 
in the reaction, if the formulae are correct, and if the equation 
is properly balanced. 

To derive the equation for the reaction of hydrochloric acid 
and sodium carbonate, with the formation of sodium chloride, 
water and carbon dioxide, proceed as follows. 

Write down the formulae of the reactants on the left, and of 
the products formed on the right: 

HCl + Na2C03 = NaCl + H20 + C02 

Inspection of the equation shows that it does not obey the 
law of conservation of matter (page 62), for there are 2 Na 
atoms on the left, and only 1 Na atom on the right. Similarly, 
there is only 1 H atom on the left, and 2 on the right. The 
equation can be corrected by ' balancing '. 

Doubling the HCl equalizes the H atoms on both sides of the 
equation, but this results in unbalance of the Cl atoms. If in 
addition one postulates the formation of 2 molecules of NaCl, 
the entire equation will be found to be balanced: 

2HC1 + Na2COs = 2NaCl + H20 + C02. 

Equations are balanced by trial insertion of numbers in this 
manner. 

Using equations and molecular weights, it is possible to 
calculate the relative weights of substances that participate in 
chemical reactions, as illustrated by the following examples. 

(1) To find the weight of sulphuric acid which will dissolve 10 g. of zinc. 
The reaction between sulphuric acid and zinc may be represented by 
the equation : 

Zn , H2S04 _ ZnS04 H2 
65-38 + 98 082 ~ 161-446 + 2016 

It is apparent that 65-38 g. of zinc are just dissolved by 98 082 g. of 
H2S04, and therefore, 10 g. Zn is dissolved by 

1 0 x 9 8 082 1 < A A 1 C r x r c ^ 
~~65 : 38— = 1 5 0 0 1 5 g · o f II2SO4. 
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A knowledge of gas laws makes it possible to calculate gaseous 
volumes evolved during chemical reactions as shown in the following 
exercise. 

(2) To find what volume of hydrogen is liberated at room tempera
ture and atmospheric pressure if 1 g. of Zn is dissolved in 
H2S04, when the room temperature is 20° C, and the atmospheric 
pressure is 762 mm. Hg. Calculate the volume of gas evolved at 
S.T.P. and then amend this volume for room temperature and pressure. 
The molar volume of any gas at S.T.P. is 22-4 litres (see page 65). 

2 016 g. of hydrogen (1 g. molecule) is liberated by 65-38 g. of Zn 
(see equation in the example above), therefore 1 g. of Zn liberates 
22-4 
-—— litres of hydrogen. 

65*3o 
This volume may be adjusted to room temperature and pressure by 

means of the equation : 
PiVi __ P2V2 

Tx T, 
f . 2 2 - 4 293 760 _ e, , 

that is 3 X "2=j X ^ 2 = 367 ml. of hydrogen. 

EQUIVALENTS 
In the reaction Zn + H2S04 = ZnS04 + H2, 65-38 parts by 
weight of Zn are just dissolved by 98Ό82 parts of H2S04. 

161 -446 parts of ZnS04 and 
2-016 parts of H2 are produced. 
These proportions of the reacting substances are said to be 

4 equivalent ' to one another in this particular reaction, and the 
symbol == is used to represent this equivalence, that is, 

65-38 g. Zn = 98 082 g. H2S04 == 161-446 g. ZnS04 = 2-016 g. H2. 

Similarly, in the reaction 
Na2C03 + 2HC1 = 2NaCl + H20 + C02 

106004 = 72-930 = 116-908 = 18016 = 44010 

It follows that the equivalent weight of an element or com
pound represents the relative proportion in which it combines 
with other elements and compounds. Oxygen is arbitrarily 
chosen as the element of reference, and has the equivalent 
weight of 8 000. 
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EQUIVALENT WEIGHTS 

The equivalent weight of an element or compound is that 
weight of it which will combine with, replace, or evolve 8 parts 
by weight of oxygen, or its equivalent. 

To find the equivalent weight of hydrogen, consider the 
formula for water, H20. In this compound, 2Ό16 parts of 
hydrogen combine with 16 parts of oxygen. Therefore, by 
definition, the equivalent weight of hydrogen is f̂- = 1Ό08. 
The equivalent weight expressed in grammes is termed the 
gram equivalent. 

Of elements 
In general, the equivalent weight of an element may be 

derived by dividing its atomic weight by its valency. 

Thus, equivalent weight = —r-r-r- ; see examples below. 
Valency 

Element Atomic weight Valency Equivalent weight 
Calcium 4008 2 2004 
Aluminium 26-98 3 8-993 
Sodium 22-997 1 22-997 

In the zinc/sulphuric acid equation quoted earlier, 98 Ό82 g. 
H2S04 gives rise to 2-016 g. of hydrogen. The equivalent 
weight of H2S04 is therefore 9-ψ^ = 49-041. Similarly, 
the equivalent weight of Zn is 32-69 and of ZnS04 is 
80-713. 

Of compounds 
The equivalent weight of a compound can usually be derived 

from inspection of the formula. It is not always necessary to 
consider an equation. 

Most compounds consist of either 2 elements or of an 
element and a radical. 

The equivalent weight of a compound may be determined by 
dividing the molecular weight by the valency of either of the 
components. 
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Compound 

Hydrochloric acid . 
Sulphuric acid . 
Nitric acid 
Sodium hydroxide . 
Calcium hydroxide . 
Sodium carbonate 
Sodium chloride 
Silver nitrate . 
Calcium chloride 

Formula 

HC1 
H2S04 
HNO3 
NaOH 
Ca(OH)2 
Na2C03 
NaCl 
AgN03 
CaCl2 

Components 

H + Cl 
2H + S04 
H + NO3 

Na + OH 
Ca + 20H 

2Na + C03 
Na + Cl 
Ag + NO3 
Ca + 2C1 

Valency 

1 
2 
1 
1 
2 
2 
1 
1 
2 

Equivalent weight 

M.W. = 36-473 
M.W./2 = 49041 
M.W. = 63016 
M.W. = 40 005 
M.W./2 = 37-048 
M.W./2 = 53002 
M.W. = 58-454 
M.W. = 169-888 
M.W./2 = 55-497 

The equivalent weight of an oxidizing or reducing agent can 
be calculated from a knowledge of the manner in which it 
reacts; for example, in sulphuric acid solution, 2 molecules of 
potassium permanganate liberate 5 atoms of oxygen. 

2 K M n 0 4 = K 2 0 + 2MnO + 50 
2 x M.W. of ΚΜη0 4 Ξ 5 a t o m s o f 0 x y g e n 

2 x M.W. of Κ Μ η 0 4
 Ξ 5 X 1 6 P a r t S b ? w e i S h t o f o x ^ e n 

.*. ÌQ = 8 parts by weight of oxygen 
= equivalent of K M n 0 4 

M.W. of KMnQ4 _ 158-03 __ 

ACIDS, BASES, ALKALIS AND SALTS 
ACIDS 
These have the following properties. 

(a) They have a sharp sour taste; (b) they turn blue litmus 
red; (c) they readily attack many metals; (d) they evolve 
carbon dioxide when added to carbonates; (e) they dissolve 
metallic oxides, for example, CuO + H2S04 = CuS04 + H20. 
BASES 

Bases react with acids forming salts and water (see CuS04 
reaction above). Some bases combine with water, and the 
compound formed can dissolve and form an alkali. For 
example: (a) Sodium oxide (NaaO) dissolves in water to form 
sodium hydroxide (NaOH) ; (b) potassium oxide (K20) forms 
potassium hydroxide (KOH); (c) lime (CaO) forms calcium 
hydroxide (Ca(OH)2). 
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ALKALIS 
Alkalis, such as, NaOH, Ca(OH)2 and KOH, are compounds 

formed by the reaction of water and soluble bases. Alkalis in 
solution have the following properties : 

(a) Some (for example, NaOH) have a smooth soapy feel; 
(b) they turn red litmus blue; (c) they combine with carbon 
dioxide, for example, 2NaOH + C02 = Na2C03 + H20 ; 
(d) they neutralize acids, for example, NaOH + HC1 = 
NaCl + H20; and 2NaOH + H2S04 = Na2S04 + 2H20. 

SALTS 
These are formed by the neutralization of acids by bases. 

ACID + BASE = SALT + WATER 
Sodium sulphate Na2S04 
Potassium nitrate KN03 
Table salt NaCl 
Copper sulphate CuSO* 
Chalk CaCOs 

Since salts are derived from the combination of acids and 
bases, with the loss of hydrogen from the acid and of oxygen 
from the base, all salts consist of a metal in a combination with 
an acid radical. 

SOME MATHEMATICAL EXPRESSIONS 
INDICES 
Positive index numbers 

The repeated multiplication of a number by itself is con
veniently expressed by the use of indices. 

For example, 3 x 3 x 3 x 3 x 3 = 35 

5 x 5 = 52 

10 X 10 x 10 = 103 

The index number is inserted above and to the right of the 
number (base) to which it refers. For example, in the expres
sion 35, the number 3 is the ' base ', and the number 5 is the 
4 power ' or ' index ' to which the base must be raised. 

Arithmetical manipulations of large numbers may often be 
simplified by the use of indices, provided all indices refer to 
the same base number. For convenience the latter is often 10. 
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Multiplication. To multiply powers of the same number, add the 
indices. 

For example, 33 x 32 = (3 x 3 x 3) x (3 x 3) = 3(3+2) = 35 = 243 
104 x 105 = (10 x 10 x 10 x 10) X (10 x 10 x 10 X 10 X 10) = 10(4+5) = 
10» = 1,000 million. 

Division.—To divide powers of the same number, subtract the 
indices, as shown below. 

3 x 3 x 3 
3 3 v 3 2 = 3 χ 3 - = 3(3"2) = 31 = 3 

3 x 3 x 3 27 
33 -f- 33 = o w -i w ^ = 77 = ^ or> u s m 8 indices = 3(3 3) = 3° = 1 

Note.—Any number to the power 0 = 1. 

Negative index numbers 
A negative index number indicates the reciprocal of the corre

sponding positive figure {see below). 

l0~5 - W - iööWo - 000001 

32 3 X 3 9 

Multiplication.—To multiply negative powers of the same number 
add the indices. 

For example, 3 - x 3 - = 3 - ^ ^ - 3 x ^ = 3 ^ = $ = $& 

Division.—To divide negative powers of the same number subtrac 
the indices. 

10-

3-3 

-* j -

-f-3-2 

io-2 = 

= 3~* 

= IO"2 

1 
~31~~ 

1 
~ÏÔ"2 

1 
1 

1 

Note.—Thesmalier the negative index number, the greater is the final number 

for example, 10~4 is 1 0 0 0 0 » whereas 10~2 is — . 

The greater a positive index number, the greater is the final number, 

for example, 104 is 10,000, whereas 102 is 100. 

LOGARITHMS 
Definition.—The logarithm of a number to a given base 

(usually 10), is the power to which the base must be raised to 
equal the original number. 
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This definition may best be understood by considering the following 
examples. 

Log 100 to base 10 = 2 because 10 must be raised to the power 2 in order 
to equal 100 : 102 = 10 X 10 = 100. 

Log 1,000 to base 10 = 3 because 10 must be raised to the power 3 in 
order to equal 1,000 : 103 = 10 x 10 X 10 = 1,000. 

Log 1 to base 10 = 0 because 10 must be raised to the power 0 in order 
to equal 1 : 10° = 1. 
(See section on positive indices above.) 

Log 001 to base 10 = — 2 because 10 must be raised to the power of —2 
1 iual0-01:10-s 

00000 = 105 
10000 = 104 
1000 = 103 
100 = 102 
10 = 101 

100 = 001. 
1-00000= 10° 
0· 10000 = IO"1 
001000 = IO"1 
000100 = IO"3 
000010 = IO"4, etc. 

Any number between 1 and 10 can be expressed as 10n where n is 
a fraction. For example see below. 

1 = 10° 9-0 = 100·9542 

1-1 = 10°·0414 9-9 = 10°·995β 

50 = IO0·699 100 = IO1·000 

Any number greater than 10 can be written as the product of 10 
raised to a whole number and a number between 1 and 10. 

(1) 96,500 = 104 X 9-65 
9-65 = 100·9845 

Therefore 96,500 = 104 x 100·9845 = 104·9845 

Therefore log 96,500 = 4-9845 

(2) 0-965 = 10'1 X 9-65 
= IO"1 x 100-9845 

Therefore log 0-965 = - 1 + 0-9845 =* T-9815 
(3) Similarly log 00965 = - 2 + 0-9845 = 2-9845 

Multiplication using logarithms 
The product of two numbers is obtained by adding their logarithms. 

To multiply two numbers together: 
(a) Find the logarithm of each from the tables; (b) add the two 

logarithms, and then (c) look up the antilog of this sum. 
For example, 56-780 X 342-100 X 0-177 

log 56-780 = 1-7542 
log 342-100 = 2-5341 
log 0-177 « T-2480 

3-5363 
Antilog of 3-5363 = 3,438 
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Division using logarithms 
To divide two numbers, the logarithms of the two numbers must be 

subtracted, (a) Find the logarithm of each from the tables; (b) sub
tract the logarithms, and (c) look up the antilog of the sum remaining. 

For example, 345 -f- 22,100 
log 345 = 2-5378 
log 22,100 = 4-3444 

= 21934 
Antilog of 2-1934 = 001561 

HYDROGEN ION CONCENTRATION (pH) 
An ion is an atom or group of atoms having an electrical 
charge, such as hydrogen ions H+, hydroxyl ions OH-. Ions 
of opposite charge may unite to form electrically neutral 
molecules. For example, H+ and OH~ >H20. 

Water consists essentially of neutral molecules of H20, but 
even the purest distilled water contains a small number of 
H+ and OH - ions. The weight of each of the latter in 1 litre of 
pure distilled water at 22° centigrade is 0-0000001 g. That is, 
the concentration of each of H+ and OH~ ions in pure water is 

10 million 107 

The product of the concentration of H+ and OH~ ions is 
therefore 10~7 x 10~7 = 10~14. This figure is called the 
* ionization constant ' ; the relative concentrations of H+ and 
OH~ ions may vary, but their product is always 10~14. 

The addition of alkali to water increases the concentration 
of OH~ ions. For example, if the concentration of OH~ ions 
is increased to 10-4 (0Ό001) g./l., then the corresponding 
concentration of H+ ions becomes 10~10 g./l. (the product 
remaining 10~14). 

If acid is added to pure water until the H+ ion concentration 
is raised to 10~3 g./l., then the OH~ ion concentration is reduced 
to IO"11, that is, 10-3 x 10"11 = 10"14. 

The concentration of hydrogen ions is usually expressed 
simply in terms of the index, to the base 10. For example, if 
the H+ concentration is 10-3 g./l. it is called pH 3; if the H+ 
concentration is 10~5 the/?H is 5. The greater the concentra-
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don of H+ ions, the lower the number on the pH scale, that is, 
the lower the number the more acid the solution. 

The plì may be defined as the logarithm of the reciprocal of 
the hydrogen ion concentration. See the following examples. 

(1) Neutral water contains 10~7 g. H+/litre 

that is, the/?H is log — 7 = log 107 = 7 

(2) If the OH~ concentration of a solution is 10~5, the H+ concentra
tion must be 10~9, 

that is, the/?H is log —-Q = log 109 = 9 
10~9 

(3) If the H+ ion concentration is 10- 2 g./l. 

the pH is log — = log 102 = 2 

As the pH scale is logarithmic, each unit implies a tenfold increase 
or decrease in H + concentration. Thus, pH = 4 is 10 times more acid 
than pH = 5 0, and pH = 12Ό is 10 times more alkaline than pH = 
110. 

STRONG AND WEAK ACIDS AND ALKALIS 
We are now in a position to discuss what is meant by a 

' strong ' or * weak ' acid or alkali. Acidic properties are due 
to the liberation of H+ ions in solution. 

A strong acid is one which ionizes all, or most, of its replace
able H+ ions (for example, HCl, H2S04 and HN03). This 
means that the H+ concentration, which is expressed as /?H, is 
theoretically the same as the hydrogen concentration in 
gramme equivalents per litre; see example below. 

The pH of N/10 solution of HCl is approximately 1-0 and H + 

concentration is 0 1 = 10_1 g. equivalents per litre. Therefore, pH is 

log j j z i = log 10 = 1. 

Similarly, the pH of N/100 acid is approximately 2. 

A strong alkali is one in which, theoretically, all the replace
able OH groups are ionized (for example, KOH, NaOH). 

The/?H of 0-01N solution is 12. 
The OH" concentration is 0Ό1 = 10~2 g. equivalents per litre. 
Therefore H + concentration is 10-12. 

Therefore, pW is log jz—-2 = 12. 
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Weak acids and alkalis do not ionize completely, so that the 
pH cannot be calculated simply from the normality; for 
example, the/?H of 0-1N acetic acid is approximately 2-8. 

CONCENTRATED AND DILUTE ACIDS AND ALKALIS 
Concentrated acids or alkalis are not necessarily strong. The 

term * concentrated ' refers only to the degree of dilution with 
another liquid, usually distilled water. 

For example, 80 per cent HN0 3 is both a strong and con
centrated acid, and 0-2 per cent HN0 3 is a strong but dilute 
acid; while 60 per cent NaOH is a strong, concentrated 
alkaline solution, but 1 per cent NH4OH is a weak and 
dilute alkaline solution. 

BUFFER SOLUTIONS 
Buffer solutions resist alterations of pH when acids or 

alkalis are added to them. Such solutions contain substances 
that tend to stabilize the concentrations of H+ and O H - ions 
by removing added ions, or by replacing ions that are removed. 
Buffer solutions usually consist of a weak acid (or base) and 
one of its corresponding salts. Instructions for the prepara
tion of some buffer solutions of various pH values will be 
found in the appendix. 

STANDARD SOLUTIONS 
A solution of known normality is called a ' standard ' 

solution, that is, it contains a known number of gramme 
equivalents per litre. 

NORMAL SOLUTIONS 
Normal solutions contain the equivalent weight, expressed 

in grammes, of the substance per litre of solution. This 
method of expressing concentrations results in simplification 
of calculation, for a given volume of a normal solution is 
equivalent to the same volume of any other normal solution. 

Note.—* Normal saline ' must not be confused with a normal solution 
of sodium chloride. * Normal saline ' usually refers to physiological 
saline (0-85 g. per cent), which is isotonic with body fluids. Normal 
sodium chloride solution is 5-85 g. per cent. 
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MOLAR SOLUTIONS 

These contain 1 mole (molecular weight expressed in 
grammes) per litre of solution. 
PREPARATION OF NORMAL SOLUTIONS 

If a substance is available in pure form, a solution of precise 
normality may be made by dissolving the exact equivalent 
weight in distilled water, and making up the solution to a known 
volume. Such substances are known as ' primary standards ' 
and include potassium hydrogen phthalate (KHC8H404), 
sodium carbonate (Na2C03), borax (Na2B407), potassium 
dichromate (K2Cr207), sodium oxalate (Na2C204), silver 
nitrate (AgN03) and sodium chloride (NaCl). If the equivalent 
weight of the primary standard is high, the effects of weighing 
inaccuracies are minimized. 

Chemicals which are not available pure, such as sodium 
hydroxide and sulphuric acid, can be standardized against a 
solution of a suitable primary standard {see above). Solutions 
which are so standardized are called ' secondary standards '. 
NEUTRALIZATION INDICATORS 

Neutralization indicators reveal the equivalence, or end-
point, of acid-base titrations, by producing a colour change. 
Indicator substances have molecules which dissociate in solution 
into two or more differently coloured ions. The concentration 
and visibility of the colours depends on the pH of the solution. 

Each indicator has a /?H range over which a visible colour 
change occurs, called the 'colour change interval'. Some of 
the properties of the more common indicators are given below. 

Indicator 

Methyl orange . 
Methyl red 
Litmus 
Bromo thymol blue 
Phenol red . 
Phenolphthalein . 

Colour in 
* acid ' 

solution 

Red 
Red 
Red 

Yellow 
Yellow 

Colourless 

Colour in 
' alkaline ? 

solution 

Orange-yellow 
Yellow 

Blue 
Blue 
Red 
Red 

Colour change 
interval 

3-1-4-6 
4-2-6-3 
5-5-8-0 
6-0-7-6 
6-8-8-4 
80-9-8 
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Note.—Litmus is not recommended for titrations, but is commonly 
used in paper form, as a qualitative test for acidity or alkalinity (for 
example, urine reaction). 

During an acid-base titration, a change in the concentration 
of hydrogen ions occurs at the end-point. The indicator 
selected should have a colour change interval within the pH 
range desired. 

The/?H change at the equivalence point of a titration between 
weak acids and weak bases is too gradual to be clearly defined 
by indicators. For this reason such titrations are not prac
ticable. There are three types of acid-base reactions. 

Strong acid : strong base 
Any indicator is suitable if it has a colour change interval 

which falls between pH 3 and pH 10-5. For example, phenol-
phthalein, methyl orange or bromothymol blue for titrations 
of normal solution. 

The N/10 (tenth normal) solution titrations have a/?H range 
between 4-5 and 9-5. Methyl red and phenolphthalein are 
suitable indicators. 

The N/100 (hundredth normal) solution titrations have a 
pH range limited to between 5-5 and 8-5. Methyl red, bromo
thymol blue and phenol red are suitable indicators. 
Weak acid : strong base 

The ρΆ range at the equivalence point is between 8 Ό and 
10-5. Phenolphthalein is a suitable indicator. 
Strong acid : weak base 

The pH range is between 3 and 7, and suitable indicators are 
methyl orange and methyl red. 

PREPARATION OF NORMAL HYDROCHLORIC ACID 
The acid is diluted to form an approximately normal solution 

(1 part acid to 9 parts water), and titrated against an equivalent 
weight of sodium carbonate. 

A convenient volume for titrations is 20 ml. The weight of 
sodium carbonate which is equivalent to this is obtained as 
follows : 

1,000 ml. of N/1 HC1 contains 1 g. equivalent. 
20 ml. of N/1 HC1 contains ^~0 g. equivalent. 
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The g. equivalent of anhydrous Na2COa = ψ = 53. 

Therefore, weigh 53 x 20
 = ^060 = 1Ό60 g. of sodium carbonate. 

1,000 1,000 

The exact strength of the HCl can be found by titration against 
approximately 1 g. of the salt, very accurately weighed. 

Note.—The titration figure must be corrected: this figure reflects the 
weight of sodium carbonate actually used and it must be altered until it is 

equivalent to 1Ό60 g., that is, if x g. is used, multiply result by . 

Procedure 
(1) Place 5 or 6 g. of anhydrous sodium carbonate in a heat-

resistant weighing bottle, and heat in the oven at 250° centigrade for 
one hour. (Anhydrous sodium carbonate is hygroscopic, that is, it 
absorbs moisture from the air, and this water must be driven off by 
heat. Decomposition occurs at temperatures higher than 270° centi
grade.) 

(2) Remove the bottle from the oven and cool it in a desiccator. 
(3) Prepare four conical flasks (labelled A, B, C and D) with a funnel 

in the neck of each. Weigh the bottle containing the anhydrous 
Na2C03, and transfer approximately 1 g. of the salt to flask A. Re-
weigh the bottle, thereby measuring exactly what weight has been 
added to flask A. Repeat this process with flasks B, C, and D. 

(4) Rinse the funnels with distilled water, allowing the washings to 
run into the flasks. Add a total of about 50 ml. of distilled water to 
each flask, and allow the sodium carbonate to dissolve completely. 

(5) Add a few drops of methyl orange indicator to each flask. 
(6) Rinse the burette with the approximately normal acid solution, 

and fill it for use as described in Chapter 1. 
(7) Place a white tile beneath the flask in order to see the colour 

changes more readily. Run the acid slowly into flask A. When the 
orange colour lightens to a yellow tint the end-point is near. Rinse 
the walls of the flask with a little distilled water, and continue to add 
the acid solution drop by drop, until the colour becomes faintly pink. 
Note the burette reading. 

(8) Repeat the titration, using the flask B. Average the burette 
readings and calculate the normality of the acid solution. 

(9) Dilute the bulk of the hydrochloric acid solution with distilled 
water to obtain a theoretically exact normal solution. Mix well. 

(10) Standardize by titration against sodium carbonate in flasks C 
and D. Calculate the normality factor. 
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Example of calculation of normality of HCl solution 
A normal solution of Na2C03 contains 53Ό02 g. per litre of distilled water. 

. 53-002 X 20 Λ Therefore, 20 ml. of N. Na2COa would contain γς-— = 1 0600 g. 
The actual sample of NaC03 weighed was 1014 g. 

20 x 1014 
This weight is equivalent to —1 ri£rkri = 1913 ml. of N. Na2C08. 

1 'UoUU 
The approximate normal HCl was titrated against the weighed sample 

(1Ό14 g.) of Na2C03, and 15-2 ml. of acid was required. 
That is, 15-2 ml. of HCl solution = 19-13 ml. of normal Na2C03. 

1913 
This means that the acid solution was 1 _ ? times as concentrated as the 

normal solution, that is, x 1 -257. 
As the acid solution was 1 -257 times too concentrated, it was diluted with 

distilled water to give a normal solution. 
A normal solution contains 1000 g. equivalents per litre, but the HCl 

solution contained 1 -257 g. equivalents of HCl per litre. Therefore, the acid 
, · , , . 1 0 0 (1,000 x 1) _ „ 

solution was diluted to the proportion of r~jTT or t ^ 7 — = 793 ml., 
which was carefully diluted with distilled water to 1,000 ml. in a litre volu
metric flask, and thoroughly mixed. 

This diluted solution of acid was again carefully titrated against Na2C03. 
It was found that 1-080 g. Na2C03 = 19-9 ml. of HCl, that means, the HCl 
solution was almost exactly normal (1030 times as concentrated as a normal 
solution). Further dilution was unnecessary, so the acid was bottled and 
labelled * HCl 1030 Normal.' 

TWO METHODS OF PREPARING NORMAL SODIUM HYDROXIDE 

Standardization against HCl 
A concentrated solution of NaOH is prepared, and it is 

allowed to stand until any sodium carbonate in solution has 
deposited. The carbonate free sodium hydroxide solution is 
then diluted to approximate normality, and standardized 
against normal HCl. 

Procedure 
(1) Weigh approximately 100 g. of NaOH (pellets, stick or flake) 

in a beaker, and add 100 ml. of distilled water. Stir until the NaOH 
is dissolved; pour the solution into a flask, and cover its mouth with 
tin foil. Allow to stand over-night for the Na 2 C0 3 to settle out of 
solution. 

(2) Dilute 50 ml. of the clear supernatant fluid to 1,000 ml. with 
distilled water which has been boiled and cooled. Mix well. 
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(3) Pipette 20 ml. of normal HC1 (accurately prepared and titrated 
against sodium carbonate), into each of three conical flasks, and add a 
few drops of phenolphthalein indicator. The solution remains colour
less. 

(4) Fill a burette with the approximately normal NaOH, and run it 
into one of the conical flasks until the appearance of a permanent pink 
colour denotes the end-point of the titration. Note the volume of 
NaOH solution required to neutralize the HC1. 

(5) Repeat the titration twice more and average the readings obtained. 
(6) Calculate the normality of the NaOH, and the degree of dilution 

with distilled water which is necessary to adjust the solution to exact 
normality. 

(7) Dilute the sodium hydroxide with the calculated volume of dis
tilled water, mix thoroughly, and titrate against three further samples of 
20 ml. volumes of normal HC1. 

(8) Calculate the factor of the normality. 
(9) Store the normal sodium hydroxide as described in the appendix 

under ' The Storage of Chemicals'. 

Example of calculation of normality of NaOH solution 
Ni x Vi = N2 x V2, where 

Νχ = normality of solution 1 : Vi = volume of solution 1 used. 
N2 = normality of solution 2: V2 = volume of solution 2 used. 

180 ml. of NaOH = 20 ml. of HC1 N 1021. 
If Νχ = normality of HC1 solution: V2 = volume of HC1 used, and 
V2 = normality of NaOH solution: V2 = volume of NaOH used. 

Ni X Vlf , . 1021 x 20 Λ N2 = T; that is, rr-r = 1134 normal. 
V2 lo'U 

1,000 ml. of this sodium hydroxide solution contained 1-134 g. equi
valents. Therefore 1 g. equivalent was contained in 1,000 -f- 1134 = 
882 ml. To prepare an exactly normal solution, 882 ml. was diluted to 
1,000 ml. with distilled water, and mixed thoroughly. It was titrated 
thrice against the HC1, the readings were averaged, and the factor 
calculated: 204 ml. NaOH = 200 ml. N/1 HC1 (factor 1-021). There
fore, the normality of the NaOH solution was: 

1021 X 20 

That is, the NaOH solution was 1 001 Normal 

Standardization against potassium hydrogen phthalate 
The molecule of potassium hydrogen phthalate (KHC8H404), 

has one replaceable H atom, so the equivalent weight is the 
molecular weight, 204-22. As a normal solution contains 
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204-22 g. per 1,000 ml., 20 ml. of normal potassium hydrogen 
4-22 x : 
1,000 phthalate would contain ^ 2 ^ 2 0 = 4-0844 g. 

Procedure 
(1) Four samples of phthalate are required, each of about 4 g. 

Each sample must be weighed very accurately. 
(2) Transfer each portion to a 250 conical flask, and add about 100 

ml. of distilled water. Heat and stir, to dissolve all the potassium 
hydrogen phthalate. Cool. 

(3) Titrate with an approximately normal solution of NaOH (using 
phenolphthalein as indicator), until the first permanent pink colour is 
produced. 

Calculation 
Let W = weight of phthalate used : V = volume of NaOH required. 

W X 1 000 
Then, normality of NaOH solution = — ' ^ N. 

V X 204-22 

THE N/lO POTASSIUM PERMANGANATE SOLUTION 
The equivalent weight of potassium permanganate in acid 

solution is one-fifth of its molecular weight, that is, 31-606 
(see page 69). Therefore an N/10 (0-1N) solution contains 
3-1606 g. per litre of solution. 

Preparation 
Place about 3 -2 g. of KMn04 into a litre beaker, add about 

500 ml. of distilled water and boil. Filter the solution through 
glass wool in a funnel into a chemically clean bottle of dark 
brown glass. Add about 500 ml. of distilled water, making the 
volume up to approximately 1 litre. 

Standardize against sodium oxalate solution. Its equivalent 
weight is half its molecular weight, that is, a normal solution 
contains ^ 4 = 67-012 g. per 1,000 ml. 

Procedure for standardization 
(1) Make a litre of N/10 sodium oxalate solution by accurately 

weighing 6-7012 g. of sodium oxalate, dissolving it in distilled water in 
a litre volumetric flask, and diluting to the 1,000 ml. mark with dis
tilled water. Mix well by inversion. 

(2) Pipette 20 ml. of the N/10 sodium oxalate solution into 250 ml. 
conical flasks, and add 150 ml. of 2 N H2S04 to each. Heat to 60° C. 
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(3) Rapidly titrate the permanganate solution against the N/10 
oxalate, until the first appearance of a pink colour throughout the 
solution. 

(4) Repeat the titration with the second and third samples of N/10 
sodium oxalate solution. Average the burette readings. 

(5) Calculate the normality, and if necessary, dilute the bulk of the 
KMn04 solution with distilled water to obtain a theoretically exact 
normal solution. Mix well. 

(6) Check the normality of the solution against three further samples 
of N/10 sodium oxalate solution. Calculate the normality factor. 

Weak sodium oxalate solutions are unstable and must therefore be 
used on the day of preparation. 

PRACTICAL APPLICATION 

With our knowledge of formulating balanced equations, the 
use of equivalents, normal solutions, and the General Gas 
Equation, we can now solve the following problem (Institute 
of Medical Laboratory Technology—Intermediate Examination, 
May 1957). 

What is the maximum volume of carbon dioxide {measured at 
S.T.P.) that the above apparatus [Kipp''s apparatus—see Chapter 21] 
could produce if it was charged with 2 litres of 2N hydrochloric acid 
and an excess of marble chips. 

Ca = 40, C = 12, O = 16, H - 1, Cl = 35-5. 
The equation for the reaction is : 

CaC03 + 2HC1 = CaCl2 + C02 + H20 
100 73 111 44 18 

Normal HC1 contains 36-5 g. of HC1 per litre (see page 75). Therefore 
2 litres of 2N HC1 contains 4 x 36-5 = 146 g. 

From the equation of the reaction 
73 g. of HC1 produce 44-0 g. of C02 

therefore 146 g. of HC1 produce 44 *3
146 g. = 88 g. of C02 

Since the molecular weight of any gas occupies 22-4 litres at S.T.P. 
(see page 65) 

44 g. of C02 occupy 22-4 litres at S.T.P. 
therefore 88 g. of C02 occupy 2 x 22-4 litres =44-8 litres 
Therefore the maximum volume of C02 which can be obtained at 

S.T.P. from 2 litres of 2Ή HCl is 44-8 litres. 
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CHAPTER 6 

ELEMENTARY COLORIMETRY 

MANY biochemical analytical methods produce solutions of 
coloured compounds. If these coloured solutions obey Beer's 
law, comparison of the colour intensity of the test solution with 
that of a standard solution of known concentration enables 
one to calculate the amount of coloured compound present in 
the test solution. 

The more concentrated a solution is, the more molecules it 
has to absorb light rays, and hence the less light it transmits; 
that is, dilute solutions permit the passage of more light than 
do concentrated solutions of the same substance. 

Note.—Beer's law s tates that the colour of a solution is proportional 
to the concentration, provided the length of the column of liquid trans
mitting the light remains constant. 

There are two types of instrument for the measurement of 
colour intensities. 

VISUAL COLORIMETERS 

These instruments permit comparison of colour intensities in 
test solutions and known standards. The standards used may 
be liquids (Dubosq type colorimeter: Standard pH tubes), or 
tinted glass (Lovibond Comparator). 

THE DUBOSQ TYPE COLORIMETER 

This instrument consists essentially of two glass containers 
for the coloured solutions, and a solid glass plunger which may 
be racked down into each of these cups (Fig. 45). Light from 
an even source of illumination traverses the two solutions and 
glass plungers, and is focused in the eye-piece of the instrument. 
Each of the cups and plungers transmits light to one half of the 
circular field seen in the eye-piece. 

The depth of solution may be varied by raising or lowering 
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the plungers (or cups), until the two sides of the field are evenly 
illuminated or ' matched'. The depth of solution through 
which the light passes to the plungers may be read from a 
vernier scale attached to the plungers (or cups). 

Two solutions of the same substance and concentration are 
identical in colour. When the colours are ' matched ' in the 
Dubosq colorimeter, the depths of solution viewed are equal. 
If the concentration of one of the solutions is increased, its 
colour becomes more intense, and a shorter column of it will 
match the original colour. 

FIG. 45. An example of the 
Dubosq type colorimeter 
(Crista colorimeter). 

Technique for using the Dubosq type colorimeter 
(1) Make sure that the vernier readings are zero when the plungers 

are in contact with the bottoms of the cups. Adjust the light source 
until both halves of the eye-pieces are evenly illuminated. 

(2) Place the standard solution in one cup, and the test solution in 
the other. 

(3) Adjust the depth of the standard solution until it transmits light 
of suitable intensity to the eye-piece. 

(4) Adjust the depth of the test solution until the colours of the 
standard and test solutions are matched. 
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(5) Take the readings on both scales. 
(6) The procedure of ' matching ' should be repeated three or four 

times, and the readings averaged. 

Calculation 
/Reading of standard \ 
\ Reading of test ) 

X (Strength of standard) = Concentration of 
test solution. 

Notes.—(1) Do not fill the cups to such an extent that they overflow when 
the plungers are immersed, but place enough solution in the cups to ensure 
that the plunger-tips are immersed even when the plungers are raised. 

(2) Rinse the plungers clean and wash the cups with distilled water, 
both before and after use. 

(3) Never rely on one reading. Look away for a moment before taking 
second and subsequent readings, as the eye tires readily. 

THE LOVIBOND COMPARATOR 
This apparatus consists of a box with compartments for 

tubes of the test and ' blank ' solutions, and it has a rotatable 
disc mounted in front of the two tubes (Fig. 46). The central 
window of the box is in front of the test solution; the other 
window lies in front of the ' blank' solution, and rotation of the 
disc permits the superimposition of the coloured glass standards. 

FIG. 46. The Lovibond comparator. 

Discs are manufactured incorporating the colour changes at 
different pH levels for a wide range of indicators. They are 

85 



ELEMENTARY COLORIMETRY 

also made for many other purposes, including estimation of 
protein by the Biuret method. 

This instrument is simple to use, and is specially valuable in 
laboratories that do not possess colorimeters or absorptio-
meters. Lovibond comparators are used with standard discs, 
but a standard solution of known strength should always be 
carried through in parallel with the test. This standard solution 
enables one to check the permanent standard, and also ensures 
that no error in technique has been made. 

Method of use {for pH determination) 
(1) If the approximate pH value of the solution is unknown, pour 

10 ml. into a test-tube, and add 0 1 ml. of B.D.H. universal indicator. 
The colour developed reveals the approximate pH, and the indicator to 
be used is selected accordingly. 

(2) Measure 10 ml. of test solution into each of the two tubes in the 
comparator. Pipette 0-5 ml. of the chosen indicator into the tube 
opposite the central aperture of the disc, and invert the tube to mix the 
contents. 

(3) Place the appropriate disc in position, and close the box. 
(4) Hold the comparator about 18 inches from the eye, and face a 

diffuse white light. 
(5) Revolve the disc of glass standards, until the colour of the test 

and standard solutions are matched. Read the pH value (intervals of 
0-2 pH units) directly in the right-hand corner window. 

If adjustment ofpH is required, place the appropriate standard 
disc in position. Carry out procedures 2, 3 and 4 as above. 
Add known volumes of acid or alkali, until the test colour 
matches the selected disc colour. Keep an accurate note of the 
amount added. 

Knowing the volume of acid or alkali needed to bring the 
pH of 10 ml. of solution to the required level, calculate how 
much to add to the bulk solution. After this addition has been 
made, it is essential to check the resultant pH value. 

PHOTO-ELECTRIC ABSORPTIOMETERS 
These instruments consist essentially of one or two photo
electric (selenium) cells, which are connected to a galvano
meter (Fig. 47). Light rays falling on these cells generate an 
electric current which causes a deflection of the galvanometer. 

86 



PHOTO-ELECTRIC ABSORPTIOMETERS 

FIG. 47. Hilger Spekker absorptiometer 

The galvanometer is deflected in proportion to the intensity of 
the light. 

If a coloured solution is placed between the source of illu
mination and the selenium cells, it will absorb some light. The 
more concentrated a solution is, the more light it absorbs; it 
therefore transmits less light to the selenium cell, and the 
galvanometer deflection is smaller. 

The reading given by the test solution is compared against 
the reading given by a standard solution of known concentra
tion. Both test and standard solutions are read as the difference 
between the amount of galvanometer deflection with a * blank ' 
solution, usually water, and with the solutions under test. 

Calculation for all photo-electric absorptiometer s 
I Reading of test solution \ , ^ 
I 5—-7: 7Γ——-A—-A—7—7— X (Concentration of standard) 
\Reading of standard solution/ 

= Concentration of test solution. 

THE USE OF COLOUR FILTERS 
To increase the sensitivity of readings, a suitable colour 

filter is placed between the test solution and the photo-electric 
cell. In order to understand the use of light filters it will be 
helpful to consider a blue solution as an example. Such a 
solution appears blue because its molecules have absorbed the 
non-blue rays of the spectrum, allowing the blue to pass 
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through. When white light is passed through blue solutions of 
differing strengths the quantity of blue light which is emitted 
remains constant, but the amount of non-blue light emitted is 
inversely proportional to the concentration of the solution. 
The weaker the solution, the paler blue it appears. This is 
because hardly any of the spectral colours have been absorbed, 
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FIG. 48. Diagrammatic representation of action of light filters. 

and are transmitted with the blue. Water appears ' white ' as 
all the spectral colours are transmitted. The most sensitive 
readings of the galvanometer will be obtained, therefore, by 
excluding the blue light and allowing only the non-blue light 
to activate the photo-electric cell. A red filter achieves this by 
absorbing all the blue light emitted by the test solution and 
allowing only the red to pass through (Fig. 48). 

This principle holds good for most coloured solutions, the 
appropriate filter being chosen. 
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CHAPTER 7 

URINE 

WATER and water-soluble waste products are removed 
from the blood-stream by the kidneys, and excreted as 
urine. 

Microscopical and chemical examination of urine may yield 
useful information in many abnormal conditions. Infections 
of the kidneys, ureters, bladder and urethra may result in the 
presence of pus, red blood cells and organisms in the urine. 
When the kidneys are the seat of inflammation, casts of the 
renal tubules may occur in the urine. Reducing substances 
may be found in the urine in diabetes mellitus and the presence 
of bile may indicate liver disease. 

CHARACTERISTICS OF NORMAL URINE 

The average daily excretion of urine varies between 1 and 2 
litres. The volume depends on the fluid intake, and on the 
loss of moisture by perspiration. 

The colour of urine varies from pale to deep amber, depend
ing on its degree of concentration. The specific gravity varies 
between 1-008 and 1Ό30. When freshly voided, urine is 
usually slightly acidic (that is, about pH 6Ό), but early morning 
specimens are often neutral or alkaline. Freshly-voided urine 
has a characteristic odour. On standing, ammonia may be 
formed by bacterial decomposition of urea. The resulting 
decrease of acidity may cause cloudiness, due to precipitation 
of calcium phosphate. Amorphous urates may also be deposi
ted, if the urine is allowed to stand. 

Normal urine contains minute traces of protein and sugar, 
but the routine tests for these substances do not detect the 
small amounts present. Urea is excreted in large quantities, 
about 2 g. per 100 ml., and small amounts of other metabo
lites are present, as well as the enzyme diastase. 
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ROUTINE URINE EXAMINATION 
All samples submitted for routine examination require the 
following investigations: appearance, specific gravity, reac
tion, protein, microscopical examination of centrifugal deposit, 
and any further tests suggested by the results of the above 
examinations. 
APPEARANCE 

Urine may be abnormally pigmented by dyes, for example. 
administration of méthylène blue by mouth results in greenish-
blue urine. Bile imparts a greenish-brown colour, and certain 
poisons, such as phenol, cause a dark, almost black colour. 
Free haemoglobin causes a red tint, while haematin causes it 
to be brown. Certain foods and drugs can result in various 
colours and odours in the urine. 

Pus or blood in large amounts is readily seen; traces of 
blood may give the urine a ' smoky ' appearance, and epithelial 
cells in large numbers may cause turbidity. 
SPECIFIC GRAVITY 

In severe renal disease, the kidneys may be incapable of 
concentrating the urine adequately, and the urinary specific 
gravity is always low. 

The technique of using a Specific Gravity bottle is described 
on page 14, and that of a urinometer on page 15. 

Note,—If there is insufficient urine in which to float the instrument, 
suitable dilution may be made with a known quantity of distilled water. 
The specific gravity of the urine may be calculated as follows, from the 
reading obtained with diluted urine. 

y = specific gravity observed in diluted urine. 
a = ml. of urine used. 
b = ml. of water added. 

Therefore the specific gravity of original urine = . 

REACTION 
Centrifuge about 10 ml. of urine, decant the supernatant 

liquid and test by the addition of either phenol red (yellow in 
acid and red in alkali), or universal indicator (red in acid and 
green in alkali). Alternatively, strips of litmus paper may be 
dipped into the urine. 
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Occasionally it is necessary to check urine acidity daily, in 
order to control dosage of a drug, for example, mandelic acid. 
The Lovibond comparator is used, in conjunction with a 
suitable indicator. 

TABLE III 
USE OF INDICATORS TO CHECK URINE ACIDITY 

Indicator 

B.D.H. * 4460 ' 

Brom-cresol purple 

Brom-thymol blue 

Phenol-red 

/?H range 

4-4 to 60 

5-2 to 6-8 

60 to 7-6 

6-8 to 8-4 

colour changes 
acid to alkaline 

Red-orange to yellow-green 

Yellow to purple 

Yellow to blue 

Yellow to red 

Use 10 ml. of urine plus 0-5 ml. of indicator. 
The discs are supplied in steps of 0-2 pH units. 

PROTEIN 
Proteinuria may indicate disease anywhere in the urinary 

tract. Occasionally, however, healthy persons may excrete 
small amounts of protein at intervals. 

Contamination of urine samples, for example by vaginal 
discharge or faeces, must be avoided ; catheterization is essen
tial in the female patient, but a mid-stream specimen of urine 
from the male is satisfactory. 

QUALITATIVE TESTS FOR PROTEIN 

Boiling test 
Protein may be coagulated by heat. An everyday example 

of this is the coagulation of egg-white (albumin) when heated. 
Method 

(1) Centrifuge about 10 ml. of urine and decant the supernatant 
fluid into a boiling tube. 

(2) Holding the tube at an angle, heat the upper layer of urine. 
Hold the tube so that the mouth is pointed away from you, and do not 
use a large or too hot a flame. When boiling point is reached, the 
urine may become cloudy. 
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(3) Add a few drops of 5 per cent acetic acid, and boil again. 
Cloudiness disappears if it is due to precipitation of phosphates. The 
C 0 2 is driven off by heat, so that the degree of alkalinity increases, 
with resultant precipitation of phosphates. The acidification of the 
urine reverses this reaction, and the urine clears. If the turbidity 
persists, it is due to the coagulation of protein. 

Note.—Some urine samples may remain clear when boiled, but develop 
cloudiness if acetic acid is added and the sample boiled again. This is 
due to the presence of protein. Metaprotein in alkaline solution is un-
coagulable, but when the reaction is altered to neutral or slightly acid, 
the metaprotein is precipitated and immediately coagulated by heat. 
Excess acid must be avoided, as this keeps the protein in solution pre
venting its coagulation. 

If cloudiness in centrifuged urine is due to the presence of urates, 
heating will cause it to clear, but cloudiness due to bacteria will not 
disappear on boiling. 

The boiling test is not actually quantitative, but the amount 
of protein may be roughly assessed. Report protein as trace, 
+, ++ and +++, depending on the amount of precipitate 
produced. 

TABLE IV 
THE BOILING TEST FOR PROTEIN IN URINE 

CLEAR URINE 
(Filtered or centrifuged) 

Heat until 
boiling 

Cloudiness appears on 
warming, disappears 

again at 60° C. 

Bence-Jones Protein 

URINE REMAINS 
CLEAR 

(May be protein 
in solution) 

URINE BECOMES 
TURBID 

(May be due to 
protein or 

phosphates) 

Add acetic acid 
and boil again 

Add acetic acid 
and boil again 

Cloudiness 
Protein 

Clear 
No protein 
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Sulphosalicylic acid test 
Proteins are precipitated by sulphosalicylic acid, producing 

turbidity in the solution. 
Method 

To 5 ml. of urine, centrifuged or filtered, add 0-5 ml. of 25 per cent 
sulphosalicylic acid solution. If protein is present, the white precipi
tate produced is proportional to the amount of protein present. 

Note.—This method has several disadvantages. In very alkaline 
urine the degree of acidification may be insufficient to reveal small 
amounts of protein. Uric acid may occasionally give false positive re
sults, and the test does not distinguish between albumin and Bence-
Jones protein. The test is fairly satisfactory in routine use, but the 
boiling test is more reliable. 

FIG. 49. Esbach's tube. 

Esbacfts method 
Esbach's reagent precipitates the protein which is allowed to 

settle for 24 hours. The result is read directly in grammes of 
protein per litre of urine. This method is suitable for amounts 
of protein exceeding 0*5 g./l. 

Picric acid . 
Citric acid . 
Distilled water 

. i g . 

. 2g. 

. 100 ml 
Method 

(1) The urine should be slightly acid. If it is alkaline or neutral, 
add a little 33 per cent acetic acid. The addition of a few drops of 
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concentrated acid to a urine specimen will not cause an appreciable 
dilution error. 

(2) Measure the specific gravity with a urinometer. If necessary, add 
measured volumes of distilled water, until the specific gravity of the 
urine is below 1 010. The precipitate does not settle adequately if the 
specific gravity of the urine is too high. If dilution has been necessary, 
the final result must be adjusted accordingly. 

(3) Pour urine into the Esbach tube (Fig. 49), until the meniscus 
reaches mark * U '. 

(4) Add reagent up to the mark ' R '. Insert the bung and mix the 
contents of the tube by inversion. 

(5) Leave the tube undisturbed for 24 hours, and read the result in 
grammes of protein per 1,000 ml. of urine, from the graduations of the 
Esbach tube. 

Colorimetrie method 
Proteins react with alkaline copper solution to produce a 

violet colour (biuret reaction), which is directly proportional 
to the amount of protein present. 

Reagents 
Trichloracetic acid 10 per cent 
Sodium hydroxide 30 per cent 
Copper sulphate . 5 per cent 

Method 
(1) If the urine is alkaline, add glacial acetic acid drop by drop to 

render it neutral or slightly acid. 
(2) Measure into a graduated centrifuge tube 5 ml. of trichloracetic 

acid and 5 ml. of urine. Mix by gentle inversion, and allow to stand 
for a few minutes to precipitate proteins. 

(3) Centrifuge well and discard all the supernatant fluid. 
(4) To the precipitate add 2 ml. of distilled water and 1 ml. of NaOH. 
(5) Shake the tube until the precipitate is completely dissolved. 
(6) Add 1 ml. of copper sulphate solution and make up to the 

10 ml. mark with distilled water. 
(7) Mix by inversion for 1 minute, and then centrifuge. 
(8) Transfer the clear supernatant fluid to a Lovibond comparator 

tube, and compare it with the glass standards provided. 

REDUCING SUBSTANCES 
Glucose in urine is usually demonstrated by its capacity to 

reduce the copper reagent used. This reduction is occasionally 
effected by drugs, uric acid and creatinine. Lactose and 
fructose also act as reducing agents, but sucrose (small amounts 
of which are normal in urine), does not. 
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Fehling and Benedict both evolved reducible copper re
agents, but Fehling's solution, as it is less specific, is not 
recommended. Benedict's solution has the additional advan
tage of being more sensitive to reduction by sugars. 

Benedict's copper reduction method 
Some substances are capable of reducing blue cupric sulphate 

(CuS04. 5H20) to red cuprous oxide (Cu20) when boiled in 
alkaline solution. If reduction occurs, a yellow to brick-red 
precipitate of cuprous oxide is formed. 

Reagent (qualitative) 
rct ,. ·. 4 m f Dissolve by heat in 

A f Sodium citrate 173 g. I a b o u t ^QQ m l 0f 
\Sodium carbonate (anhydrous) 100 g. | distilled water. 

{ Dissolve in about 
100 ml. of dis
tilled water. 

The two solutions are combined in a 1 litre volumetric flask 
and, when cool, the volume is made up to 1,000 ml. with dis
tilled water. 

Note.—Sodium citrate is necessary to prevent the spontaneous reduction 
of cupric hydroxide to cuprous oxide. 

Method 
(1) To 5 0 ml. of Benedict's reagent in a test tube, add 0-5 ml. of 

urine and mix. 
(2) Place in boiling water for 5 minutes. 
(3) Remove and observe any colour change due to precipitation of 

cuprous oxide. Phosphate precipitation may produce a white, turbid 
appearance, but this is not recorded. 

If the solution appears green, due to the suspension of a yellow 
precipitate in a blue solution, report reducing substances present as 
4 a trace \ If the solution shows a yellow tinge, report result as + , an 
orange precipitate as + + , and a brick-red precipitate as + + + . 

Note.—(1) Urine and reagent may be boiled for 2 minutes in a naked 
flame, but the solution is liable to spurt. 

(2) Benedict's quantitative reagent must not be used in place of the 
qualitative reagent above. 

(3) If reduction is observed, various tests may be used to identify the 
sugar, for example, the preparation of osazone crystals or yeast fermenta
tion. 

(4) Other reducible reagents have been devised, for example those 
containing bismuth, but these are not widely used. 
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MICROSCOPIC EXAMINATION 
Urine should be examined as soon as possible after it has 

been voided. Delay may result in disintegration of cells, and 
the deposition of amorphous urates or phosphates. 

Method 
(1) Centrifuge approximately 10 ml. of urine, and decant the super

natant fluid. 
(2) Tap the bottom of the centrifuge tube to loosen the deposit, and 

place one small drop on a clean slide. 
(3) Apply a coverslip, avoiding the formation of air bubbles. 
(4) Examine the field with the 2/3 inch objective to obtain a general 

impression of the deposit, then use the 1/6 inch objective to identify 
all the constituents. (Illumination of the field should not be too bright, 
as casts and other structures may not be seen). 

Note.—The best way of learning to identify urinary deposits is to seek 
constant guidance from an experienced technician. Many extraneous 
inclusions may be mistaken for casts by the beginner, for example, cotton 
wool, hair and scratches on the slide or coverslip. Oil or air bubbles 
may be mistaken for red blood cells (Fig. 50). Sometimes the entire 
deposit may be missed through incorrect focusing of the microscope. 

Deposits may be divided into two main groups as follows. 
Organized deposit 

Cells 
(1) Epithelial cells of the squamous type are present in many normal 

urine specimens, especially in non-catheter samples from female 
patients (Fig. 51). 

(2) Red blood cells are not present in the urine of normal males. In 
samples from* female patients they may be of menstrual origin. Red 
cells may be normal, crenated or swollen, depending on whether the 
urine is isotonic, hypertonic or hypotonie (Fig. 51). 

(3) Leucocytes in normal urine are found only occasionally, generally 
not more than 2 per field using the 1/6 inch objective. Depending on 
the tonicity of the urine, they may be normal, swollen or shrunken in 
size. When degenerate, they are sometimes called * pus cells ' (Fig. 51). 

Casts 
Casts of the renal tubules are not present in normal urine. 

They indicate renal dysfunction, and are usually associated 
with albuminuria. The sides of a cast are parallel, and the end 
may be either rounded or broken off (Fig. 51). They are of 
three main types, but these are not necessarily clearly defined. 
For example, a hyaline cast may have cellular inclusions. 
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FIG. 50. Some miscellaneous nclusions. (1) Hair. (2) Cotton 
wool. (3) Oil droplets. (4) Air bubbles. (5) Feather barbs. 

FIG. 51. (1) Epithelial cells. (2) Normal red blood cells. (3) 
Crenated red blood cells. (4) Swollen red blood cells. (5) Leuco
cytes. (6) Spermatozoa. (7) Hyaline casts. (8) Cellular casts. 
(9) Granular casts. 

FIG. 52. Various crystals. (1) Triple phosphate (ammonium 
magnesium phosphate). (2) Stellar phosphate (calcium phos
phate). (3) Calcium phosphate (plate form). (4) Amorphous 
phosphates. (5) Uric acid (various forms). (6) Calcium oxalate. 
(7) Ammonium and sodium urate. (8) Cholesterol. (9) Cystine. 
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(1) Hyaline casts are transparent and homogeneous. 
(2) Cellular casts are partially or wholly composed of pus* epithelial 

or red blood cells. 
(3) Granular casts are degenerated cellular casts, and are granular in 

appearance. 

Organisms 
Organisms are of no significance when they are found in 

urine samples that have been standing overnight. The pre
sence of bacteria and pus cells in freshly-voided urine is indica
tive of infection and the findings should be reported. 

Spermatozoa 
Spermatozoa (Fig. 51) should be reported when present in 

large numbers, which may suggest a lesion in the genito-urinary 
tract. 

Mucus 
Mucus is derived from the mucous glands of the urinary 

tract, and appears as long translucent shreds. The presence of 
small amounts of mucus is considered normal. 

TABLE V 
IDENTIFICATION OF CRYSTALLINE DEPOSITS 

Urine 

Deposit insoluble on boiling Deposit dissolved by boiling 

"""" "—■—-~^__^ Urates 

Soluble in acetic acid 
I 

(1) Without evolution 
of gas—Phosphates 

(2) With evolution of 
gas—Carbonates 

(3) Deposit dissolves 
only after 15-
minute exposure 
to the acetic acid— 
Ammonium Urates 

Insoluble in acetic acid 

/ \ 
Soluble in HCI Insoluble in HCI 

I I 
Calcium oxalate Uric acid 

(Soluble in con
centrated H2S04) 
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Unorganized deposit 
A knowledge of the reaction of urine samples is of great 

assistance in identification of deposits. In samples with an 
acid reaction, the commonest crystalline deposits likely to 
occur may be calcium oxalate, sodium urate or uric acid. In 
alkaline specimens, deposits are more likely to be phosphates, 
calcium carbonate or ammonium urate (Fig. 52). 

Table V is a useful guide to the identification of crystalline 
deposits. 

FURTHER CHEMICAL INVESTIGATIONS 
In addition to the routine tests described for examination of 
urine, the following investigations may be necessary: acetone 
and aceto-acetic acid, bile, blood, chloride, sugar (quantitative), 
urea, urobilin, and urobilinogen. 

ACETONE AND ACETO-ACETIC ACID (ΚΕΤΟΝΕ BODIES) 
In diabetes mellitus, the disturbances of metabolism may 

result in the presence of * ketone bodies ' in the urine. Suitable 
tests for these substances should always be performed when 
glycosuria is detected. If found, their presence should be 
reported at once. 

Rother cC s test for ketones 
Reagents 
Ammonium sulphate 
Sodium nitroprusside 
Concentrated ammonia 
Method 

(1) Fill about \ inch of a 6 x f inch test tube with ammonium 
sulphate. 

(2) Add approximately 5 ml. of urine and one crystal of sodium 
nitroprusside. 

(3) Shake well to mix and add 2 to 3 ml. of concentrated ammonia. 
(4) Mix by inversion and allow to stand for a few minutes. 

A purple (permanganate) colour indicates the presence of 
acetone, aceto-acetic acid, or both. 

Notes.—(1) The speed of colour development is a better quantitative 
guide than the intensity of the colour. 

(2) A brown colour is of no significance. 
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(3) The reaction is much less sensitive with acetone than it is with 

aceto-acetic acid. 
(4) The mixing of 100 parts of ammonium sulphate and 1 part of 

ammonium nitroprusside obviates the need for addition of a separate 
crystal of sodium nitroprusside each time the test is performed. 

Gerhardt's test for aceto-acetic acid 
Reagent 

Ferric chloride 10 g. 
Distilled water 100 ml. 

Method 
(1) Precipitate phosphates from 5 ml. of urine by adding ferric 

chloride drop by drop. Ferric phosphate is soluble in the presence of 
excess ferric chloride, so that it is essential not to add too much of the 
reagent. 

(2) Centrifuge and add one more drop of ferric chloride to ensure 
that no further precipitate is formed. 

(3) If ferric phosphate is still formed, add a few more drops of the 
reagent, centrifuge and test again. 

A red colour in the supernatant fluid indicates the presence 
of aceto-acetic acid or certain drugs (salicylates). 

To distinguish between the two possibilities, it is necessary 
to repeat the examination on a sample of urine which has been 
thoroughly boiled. The heat converts aceto-acetic acid into 
acetone, which is lost by volatilization and the Gerhardt's 
reaction is therefore negative. Persistence of a positive result 
after boiling indicates the presence of salicylates. 

BILE PIGMENT (BILIRUBIN) 
Three methods are described, but Fouchet's test is the one 

of choice, because of its greater sensitivity. 

Fouchet's test 
Barium chloride combines with sulphate radicals in the 

urine forming a precipitate of barium sulphate. Any bile 
pigment present adheres to these large molecules. A colour 
reaction is performed on the precipitate. 

Reagents 
10 per cent barium chloride 
Fouchet's reagent 

Trichloracetic acid. . 25 g. 
Distilled water . .100 ml. 
10 per cent ferric chloride 10 ml. 
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Method 
(1) Test the reaction of the urine, and if alkaline, acidify with glacial 

acetic acid. 
(2) Add 5 ml. of 10 per cent barium chloride to 10 ml. of urine and 

mix well. If the precipitate formed is insufficient, add a drop of dilute 
sulphuric acid or ammonium sulphate solution. 

(3) Filter to remove the precipitate. 
(4) Unfold the filter paper and pipette one drop of Fouchet's reagent 

on to the precipitate. If bile is present, a green or blue colour develops. 
This colour intensity is approximately proportional to the amount of 
bile pigment present. 

Gmelin's nitric acid test 
Filter the urine to concentrate the deposit, and allow the 

filter paper to dry. Add one drop of concentrated nitric acid 
to the paper. A positive reaction is indicated by development 
of a green or blue colour. 

Iodine test 
Pour 5 ml. of urine into a test tube. Into a second tube 

pour 5 ml. of ethanol coloured with iodine. Add the alcoholic 
solution slowly and carefully to the urine, so that the alcohol 
forms a layer. A green band at the junction of the two liquids 
is formed in the presence of bile pigment. 

BILE SALTS (Hay's test) 
Pour urine into a beaker, and sprinkle finely powdered 

sulphur on the surface. Bile acids lower the surface tension of 
urine, allowing sulphur to sink. Always sprinkle sulphur on 
to a normal urine as a control. 

BLOOD 
Chemical tests for detection of blood in urine are rendered 

unreliable by the presence of interfering substances, such as 
pus or enzymes. Microscopic detection of red blood corpuscles 
is more sensitive and certain than any chemical method. 

CHLORIDES 
Qualitative test for chlorides 

A simple qualitative test can be performed on urine, to 
ascertain whether the chloride content is reduced. 
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Silver nitrate in concentrated nitric acid is added to urine, 
forming a curdy precipitate of silver chloride. The amount 
of precipitate is proportionate to the amount of chloride 
present. 

Reagent 
Silver nitrate 3 g. 
Concentrated HNOa 17 ml. 
Distilled water . 100 ml. 

Method 
Pour 3-4 ml. of urine into a test tube, and add an approximately 

equal volume of reagent. 
Compare the amount of precipitate produced with that formed from 

a normal urine sample. Report the chloride content as normal, 
diminished, or absent. 

Quantitative tost for chlorides {Volhard's method) 
A known excess of silver nitrate is added to the urine. 

Chlorides present are precipitated as silver chloride, and the 
excess of silver nitrate is back-titrated with standard ammonium 
thiocyanate (using ferric alum as indicator). From these figures 
the amount of sodium chloride in the urine can be calculated. 

Reagents 
Standard silver nitrate solution N/5'85 

1 ml. of standard silver nitrate solution = 001 g. of NaCl 
Into a litre flask pour approximately 400 ml. of distilled water and 

add exactly 29 060 g. of silver nitrate. 
Dissolve 40 g. of ferric ammonium sulphate (iron alum) in 100 ml. 

of distilled water, and add 85 ml. of concentrated nitric acid. Add this 
solution to the silver nitrate in the litre flask. Mix the two solutions 
and make up the volume to 1,000 ml. with distilled water. 

Standard ammonium thiocyanate solution N/5-S5 
Dissolve 13 g. of ammonium thiocyanate in 1,000 ml. of distilled 

water. This makes an approximately N/5-85 solution. Titrate against 
the standard silver nitrate solution, and dilute with distilled water until 
10 ml. of the thiocyanate solution is equivalent to 10 ml. of silver 
nitrate solution. The standard ammonium thiocyanate solution is 
now exactly N/5-85. 
Method 

(1) Measure 10 ml. of urine into a 100 ml. volumetric flask. 
(2) Add approximately 25 ml. of distilled water and exactly 20 ml. of 

the standard silver nitrate/ferric alum solution. 
(3) Make up to the mark with distilled water. 

102 



FURTHER CHEMICAL INVESTIGATIONS 

(4) Filter the mixture and transfer 50 ml. of the solution to a conical 
flask. This contains 5 ml. of urine and 10 ml. of the silver nitrate 
solution. 

(5) Titrate against the ammonium thiocyanate solution until the 
permanent pale pink colour is produced (ferric thiocyanate). 
Calculation 

10 ml. thiocyanate solution = 10 ml. silver nitrate solution. 
The amount of silver nitrate which has reacted with the chloride in 

5 ml. of urine is 10 minus the amount of silver nitrate remaining. 
This can be calculated from the volume of thiocyanate required to 
react with it (both solutions being of the same normality). 

1 ml. standard silver nitrate solution = 0 01 g. sodium chloride, 
therefore the NaCl in 5 ml. of urine = (10 minus thiocyanate titration 
figure) x 0 01 g. 
Measurements are usually made on 24 hour samples of urine, and 

expressed as ' 24 hour excretion of NaCl '. 
The average normal value is approximately 10-12 g. 

SUGAR 
Meyer's modification of Benedict's method 

Urine is added to a known volume of Benedict's quantitative 
reagent until reduction of the reagent is complete. The 
volume of urine needed is a measure of the sugar present. 

Reagent (Benedict's quantitative reagent) 
Sodium citrate . . . 200 g. 
Sodium carbonate (anhydrous) 75 g. 
Potassium thiocyanate . . 125 g. 
Distilled water . . .600 ml 
Copper sulphate (crystals) . 18 g. 
Distilled water . . . 100 ml 
Heat solution A to dissolve completely, cool and filter. Dissolve solution B 

and add solution A in a litre volumetric flask, and add 5 ml. of 5 per cent 
potassium ferrocyanide. Dilute to 1,000 ml. with distilled water, and filter if 
necessary. This reagent will keep indefinitely. 
Method 

(1) Measure 1-2 g. of anhydrous sodium carbonate into a small 
flask. 

(2) Add exactly 5 ml. of Benedict's quantitative reagent. 
(3) Boil carefully, and add urine drop by drop from a graduated 

burette. A white precipitate is formed. 
(4) Allow to boil for a few seconds after each addition of urine. 

The blue-green colour of the reagent is lost when reduction is complete. 
(5) Note the volume of urine used. 
(6) Repeat the estimation three times, and average the last two results 
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Calculation 
5 ml. of reagent is completely reduced by 10 mg. of glucose (that 

is, the volume of urine needed contains 10 mg. of sugar). 
10 x 100 

Therefore sugar in mg./100 ml. of urine = —:—~—: -. 
ml. of urine used 

UREA 
' Urea clearance ' and * urea concentration ' tests are fre

quently performed as a measure of the adequacy of renal 
function. Estimation of the urea content of urine is an inte
gral part of these tests. As urea in urine is greatly in excess of 
blood urea, the estimation may be performed by similar 
methods as those used for blood analysis, after appropriate 
dilution of the urine. The concentrations of urea are so high, 
however, that a simpler and somewhat less sensitive method is 
permissible. 

The hypobromite method of urea estimation 
Urea reacts with alkaline sodium hypobromite to liberate 

nitrogen, which is collected over water. 

Reagent 
Pour approximately 25 ml. of 40 per cent NaOH into 

bottle A (Fig. 53). Open a 2*5 ml. ampoule of bromine, and 
drop it into the NaOH solution and mix. 

Method 
(1) Pipette 4 ml. of urine into a small tube, and place this upright in 

bottle A using Spencer-Wells forceps for this purpose. 
(2) Close bung B, and open tap C. 
(3) Adjust the height of funnel D until the water level in the burette 

is at ' Ο ' . (The surface of the water in the burette is now at atmo
spheric pressure). 

(4) Close tap C. 
(5) Carefully tilt bottle A, allowing the urine to flow out of the tube 

into the reagent. Nitrogen is evolved displacing the water from the 
burette into funnel D. 

(6) Shake the bottle A until evolution of gas has ceased. 
(7) Remove funnel D from its stand, and lower it until the water 

levels of funnel and burette correspond. The gas in the burette is 
now at atmospheric pressure. Read the volume of gas that has been 
evolved. 
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Calculation 
In the hypobromite method, 1 g. of urea evolves approximately 

400 ml. of nitrogen (at N.T.P.). 
Volume of nitrogen evolved 

4 ml. of urine contains 
therefore 100 ml. of urine contains 

100 Volume of nitrogen evolved 

400 g. of urea 

4 X 400 
Volume of nitrogen evolved 

Ì6 

g. of urea 

g. of urea 

Therefore g. of urea per 100 ml. of urine = 
Burette reading of nitrogen 

Î6 

FIG. 53. Apparatus for 
the estimation of urea 
in urine (hypobromite 
method). 

UROBILINOGEN AND UROBILIN 
The minute amount of these substances present in normal 

urine is not detectable by routine laboratory tests. A positive 
result with either of the tests described indicates an abnormal 
increase in these substances. 
Ehrlich's test for urobilinogen 

Reagent 
Paradimethylaminobenzaldehyde 2 g. 
Hydrochloric acid . . . 20 ml. 
Distilled water. . . . 80 ml. 
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Method 
(1) To 10 volumes of fresh urine add one volume of Ehrlich's reagent. 
(2) Allow the mixture to stand for 10 minutes. A deep red colour is 

produced when urobilinogen is present in abnormal amount. (A 
faint pink tinge is found with normal urine.) 

The urine must be freshly voided. When exposed to light 
and air, urobilinogen is rapidly oxidized to urobilin, which is 
not detected by Ehrlich's reagent. 

Schlesinger's test for urobilin 
Reagents 

Absolute ethyl alcohol (ethanol) 
Zinc acetate 
Tincture of iodine 

Method 
(1) Place 10 ml. of urine in a test tube, and add a few drops of 

tincture of iodine, to oxidize any urobilinogen present to urobilin. 
(2) Into another test tube, place 10 ml. of ethanol and add approxi

mately 1 g. of powdered zinc acetate. 
(3) Pass the solutions backwards and forwards from one tube to the 

other, until nearly all the powder is dissolved. 
(4) Filter the mixture into a clean test tube. 
(5) View the filtrate from above. If urobilin is present a distinct 

greenish fluorescence will be seen. A positive result should be checked 
by spectroscopic examination. A sample of normal urine should 
always be tested at the same time, and used as a control. 
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BLOOD 

BLOOD SUGAR 
THE SUGAR in blood is mostly glucose, but traces of sucrose 
and lactose may also be present. Under fasting conditions 
normal blood usually contains between 80 and 120 mg. of 
sugar per 100 ml. After food the level may reach 180 mg. 
per 100 ml. 

Oxidation of glucose in the muscles produces energy and 
heat. Sugar is absorbed from the intestines into the blood 
stream, and excess is stored as glycogen, mainly by the liver. 
Some of the excess sugar may be converted into fat and stored 
around the internal organs, especially the kidneys, and under 
the skin. When the carbohydrate intake is low, glycogen is 
converted into glucose, and allowed to pass back into the 
blood stream. 

Glucose metabolism is controlled by insulin, a hormone 
secreted by the islets of Langerhans of the pancreas. If the 
secretion of insulin is inadequate, diabetes mellitus may be 
caused. Metabolism of carbohydrates becomes disturbed and 
high blood sugar values (hyperglycaemia) may occur, for ex
ample, blood sugar of 1,000 mg. per 100 ml. High blood 
sugar levels obtained after a fasting period of 12 hours are 
suggestive of diabetes. For diagnostic purposes glucose toler
ance curves are of great value. 

GLUCOSE TOLERANCE CURVE 
The patient has nothing to eat after supper and no breakfast 

is given. In the morning, urine is collected before commence
ment of the test. A fasting blood sample is taken and the 
patient is then given a draught of 50 g. of glucose in 150 ml. of 
water, followed by a drink of about 100 ml. of water. Further 
blood samples are collected at half-hour intervals for 2\ hours. 
Additional urine samples are taken during the test. 

107 



BLOOD 

In health, the blood sugar level should never exceed 180 
mg. per 100 ml., and it usually returns to the fasting figure 
(that is, 80-120 mg./100 ml. blood), within 2 hours of drink
ing the glucose solution. Sugar is not found in the urine. 

In diabetes mellitus, the fasting blood sugar and the peak of 
the curve may be well above normal limits, and considerably 
longer than 2 hours may elapse before the blood sugar returns 
to the fasting level. Sugar may be found in one or more of 
the urine specimens (glycosuria). 

EXCRETION OF SUGAR IN URINE 

The kidney glomeruli may be regarded as the filters of the 
blood. They hold back all the formed elements and large 
protein molecules, and allow the fluid to pass on into the 
renal tubules, where substances that the body needs to retain 
are selectively reabsorbed by the lining cells, and restored to 
the circulation. The remaining waste fluid, urine, passes 
down to the bladder, and is finally excreted. 

The renal tubules are able to absorb all glucose passed 
through the glomeruli, provided the blood level does not 
exceed 180 mg. per 100 ml. At higher levels, however, 
tubular absorption may not be sufficiently rapid, and glucose 
may appear in the urine. This figure, 180 mg. of glucose per 
100 ml. of blood, is therefore known as the ' renal threshold '. 
The renal threshold may be somewhat lower, and in such cases 
glucose may be found in the urine whenever the blood sugar 
level exceeds the low threshold value, that is glycosuria may 
occur without the blood sugar level rising to abnormal heights. 
This condition is known as ' renal glycosuria ', and it may 
readily be distinguished from diabetes mellitus by examination 
of a glucose tolerance curve. 

Traces of blood sugars other than glucose are absorbed 
relatively slowly, and consequently they appear in the urine 
fairly readily. Sucrose does not reduce Benedict's qualitative 
solution (which is commonly used in testing for sugar in urine), 
and it is therefore not detected during routine examination. 
This is not a disadvantage, for the presence of sucrose in urine 
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is normal. Lactose is often found in the urine of pregnant 
women; this sugar reduces Benedict's solution, and if neces
sary other tests may be performed to differentiate it from 
glucose. 

COLLECTION OF BLOOD FOR SUGAR ESTIMATION 

Capillary or venous blood is suitable. If the sugar estima
tion is performed immediately the specimen is taken, oxalated 
blood is satisfactory. If there is liable to be any delay between 
time of collection and time of assay, sodium fluoride must be 
used as the anticoagulant. This is an enzyme poison and it 
destroys glycolytic enzymes. Prevention of glycolysis is also 
assisted by storing the specimen in a refrigerator, but whatever 
anticoagulant is used, it is advisable to estimate the sugar 
content as soon as possible. 

ESTIMATION OF BLOOD SUGAR 

There are two main methods of estimating the sugar content 
of body fluids. 

(1) Reduction of ferricyanide to ferrocyanide. 
(2) Reduction of cupric to cuprous salts. 
The second method is more often used. Several tech

niques have been devised, and Benedict's method will be 
described. 

Benedict's blood sugar method 
A protein-free blood filtrate is heated with alkaline cupric 

tartrate solution, under standard conditions. The cuprous 
salt resulting forms a blue compound upon the addition of 
phosphomolybdic acid solution. This colour is measured in 
an absorptiometer or colorimeter against a standard glucose 
solution treated in the same way. 

Reagents 
(1) Isotonic sodium sulphate solution (3 per cent crystalline). 
(2) Sodium tungstate, 10 g. per 100 ml. of distilled water. 
(3) 2/3 Normal sulphuric acid. 
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(4) Copper reagent 
Sodium carbonate (anhydrous) . . 15 g."̂  
Alanine 3 g. I Solution 
Sodium potassium tartrate (Rochelle salt) . 2 g. [ A 
Distilled water 250 m l j 
Copper sulphate (crystalline) . . . . 3 g . \ Solution 
Distilled water 100 ml . / B 

Add solution B to solution A and mix well by stirring. Pour into a 500 ml. volumetric 
flask and add distilled water to the 500 ml. mark. Store in a cool place. This reagent 
keeps for about 2 months. A slight growth of mould sometimes occurs after a few 
weeks. This can be filtered off, leaving the reagent unimpaired. 

(5) Potassium metabisulphite 1 g. dissolved in 100 ml. of distilled 
water. Renew solution every 4 weeks. 

(6) Copper reagent containing metabisulphite. To 10 ml. of copper 
solution add 0-5 ml. of the potassium metabisulphite solution. This 
solution does not keep for longer than one day. 

(7) Colour reagent. Into a large conical flask measure the following. 
Pure molybdic acid . . 150 g. 
Sodium carbonate (anhydrous) 75 g. 
Distilled water . . . 500 ml. 

Shake well and heat over a Bunsen flame until the solution is just 
boiling, and then filter. Wash the residue washed on the filter paper 
with about 100 ml. of hot distilled water; allow this water to filter 
through into the original filtrate. Now add 300 ml. of 85 per cent 
phosphoric acid. Cool and dilute to 1,000 ml. in a volumetric flask 
with distilled water. 

(8) Standard glucose solution. Dissolve 1 g. of pure dry glucose in 
a saturated solution of benzoic acid (2 g. per 100 ml. of distilled water), 
and make up the volume to 100 ml. Benzoic acid is added to prevent 
decomposition of glucose. 

(a) 100 mg. per 100 ml. glucose standard 
Dilute 0-5 ml. of the stock standard solution to 100 ml. with dis

tilled water. 
(b) 200 mg. per 100 ml. glucose standard 
Dilute 1-0 ml. of the stock standard solution to 100 ml. with dis

tilled water. 

Method 
Modification ofFolin and Wu 

(1) Pipette the following into a centrifuge tube. 

Isotonic sodium sulphate 3 0 ml. 
Whole blood . . 0-2 ml. 
Sodium tungstate . . 0-4 ml. 
Sulphuric acid . . 0-4 ml. 
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To ensure accurate measurement of the blood, wipe the outside of 
the 0-2 ml. pipette carefully, and rinse out the pipette well with the 
sodium sulphate solution after the blood has been delivered. 

It is essential to avoid lysing the red blood cells, which contain 
copper reducing substances. An isotonic solution is used for the 
initial blood dilution, and the protein précipitants are always added in 
the correct order, as the addition of the sulphuric acid first would lyse 
the red cells. After each addition, mix the contents of the tube by 
inversion. 

(2) Centrifuge the tube to pack down the precipitated proteins. 
(3) Pipette into Folin and Wu tubes as follows. 

Test Standard 
Copper/metabisulphite solution . . . 2 ml. 2 ml. 
Supernatant fluid (obtained above) . . 2 ml. — 
Standard glucose solution . . . . — 2 ml. 

Note.—When estimations of blood sugar are performed, 2 ml. of 
protein-free supernatant fluid are required. For the test 0-2 ml. of blood 
is used, and the volume made up to 4 ml., half of which is then removed. 
In a blood sample of 100 mg. glucose per 100 ml., 2 ml. of the super
natant will contain the glucose present in 01 ml. of blood, or 01 mg. 
of glucose. Therefore 2 ml. of dilute standard (a) treated as protein-free 
supernatant fluid will produce the same final colour as a blood sample 
containing 100 mg. glucose per 100 ml. 

(4) Mix the contents of the tubes by inversion. 
(5) Place them in a vigorously-boiling water bath for exactly 6 

minutes. 
(6) Remove the tubes, and cool them without delay by immersion 

in cold water for about 2 minutes. 

Note.—To prevent the re-oxidation of the copper, it is important not 
to shake the tubes at this stage. Folin and Wu sugar tubes have a 
narrow constriction above the bulb so as to present as small a surface 
area of the solution as possible to the air. 

(7) Add 2 ml. of phosphomolybdic colour reagent. Wait for 30 
seconds for the evolution of carbon dioxide to cease, and mix well by 
inversion of the tube. 

(8) Dilute to the 25 ml. mark with distilled water. (If the sugar 
content of the sample is low and the colour produced is therefore faint 
it is advisable to dilute only to the 12-5 ml. mark. If this is done, the 
final result must be halved.) Mix by inversion. 

(9) Allow the tubes to stand for 10 minutes, so that maximum colour 
may develop. Read within the next few minutes, using an absorptio-
meter and a red filter. 
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Calculation 
( Reading of test λ „ Λ ΛΛ , „, , 
(Reading of standardj X 1 0° = m g · o f S u g a r p e r 1 0° ml ° f b l o o ( L 

COLORIMETRIC DETERMINATION 
If an absorptiometer is not available, a visual colorimeter of 

the Dubosq type may be used. With this instrument two 
glucose standards must be prepared (100 mg. and 200 mg. 
per 100 ml.—standard dilutions (a) and (b) above). Using the 
naked eye, compare the two standards with the tests, and 
select the standard with colour intensity most closely approxi
mating to that of the specimen 

Calculation 
/Reading of standard\ Λ A _ _ „ A 
-—s-Hr -ΓΓ-.— x 100 (200) = mg. of sugar per 100 ml. of blood. 

\ Reading of test / 
BLOOD UREA 

Urea is one of the end products of protein metabolism. Some 
of it is derived from food, and some from breakdown of tissue. 
It is eliminated from the blood stream by the kidney, and passes 
out in the urine. In health, blood always contains some urea, 
the level varying between 15 and 40 mg. per 100 ml. In the 
elderly, values slightly higher than these may be present, even 
without significant renal dysfunction. In general, a blood urea 
of over 50 mg. per 100 ml. is suggestive of impaired renal 
function. Less frequent causes of raised blood urea are 
diarrhoea and vomiting, and circulatory failure. In childhood 
and in pregnancy low values are often found. 

Urea diffuses very readily through body fluids. For this 
reason, similar results are obtained if the estimation is carried 
out on whatever samples are most readily procurable, for 
example, cerebrospinal fluid, oedema fluid, plasma, serum or 
whole blood. 

Van Slyke has described an accurate but cumbersome 
technique, in which the C02 from urea decomposition is 
measured gasometrically. 

The sodium hypobromite is too insensitive for blood urea 
estimation, but it is sufficiently accurate for the very high values 
found in urine. 
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COLLECTION OF SAMPLES 

The estimation is usually performed on whole blood. Any 
of the routine anticoagulants may be used, except the two 
following. 

(1) Sodium fluoride, which is an enzyme poison, and therefore un
suitable for urease methods. 

(2) Ammonium oxalate, which may never be used, as all the routine 
techniques depend on the measurement of ammonia. 

PRINCIPLES OF BLOOD UREA DETERMINATION 
Most methods of estimating urea are based on the action of 

the enzyme urease, which decomposes urea to form ammonium 
carbonate. 

Hydrolysis of urea 
HaNv + H20 + H20 

\ C = O > 2NH8 + CO, > (NHJaCO, 
HaN' + Enzyme 
(Urea) (Ammonia 4- carbon dioxide) (Ammonia carbonate) 

The ammonia produced may be measured by direct colori
metrie methods. Alternatively, it may be separated by aeration 
or distillation, and then determined colorimetrically or titri-
metrically. 

THE UREASE METHODS 
The techniques to be described are all based on the use of 

urease. Soya bean (Jack bean) and melon seeds are all rich 
sources of this enzyme. To avoid high results due to the 
presence of impurities, it is not advisable to use the actual 
soya meal. Extracts of the meal can be made in the laboratory, 
but it is easier and far more reliable to obtain the refined 
product from a reputable manufacturer. 

Titrimetric method 
Urea is converted into ammonium carbonate by the action 

of urease. An excess of some weak base is added, such as 
potassium carbonate. This liberates ammonia which is 
aspirated into a known excess of standard acid. This is partly 
neutralized by the ammonia, and the acid which remains un
changed is titrated with standard alkali. The amount of acid 
neutralized by the ammonium carbonate is proportional to 
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the original urea concentration. This is one of the older 
methods for determination of urea, and it has largely been 
superseded by the colorimetrie technique described below. 

Colorimetrie method 
The urea is converted into ammonia by incubation with 

urease. The proteins are then removed by precipitation with 
zinc hydroxide. The ammonia liberated by the urease is 
measured by adding Nessler's solution, the resulting yellow 
colour being proportional to the amount of ammonia present. 

Reagents 
(1) Isotonic sodium sulphate solution (3 per cent crystalline). 
(2) Urease suspension. Using a glass rod, pulverize 1 urease tablet 
(B.D.H. or Dunning), in a test tube. Add approximately 2 ml. of the 
sodium sulphate solution and mix well. 
(3) Zinc sulphate; 10 g. (ZnS0 4 . 7H20) per 100 ml. of distilled 
water. 
(4) Sodium hydroxide 0-5 normal solution. 

Note.—Proteins are removed with zinc hydroxide, which is formed by 
the interaction of zinc sulphate and sodium hydroxide as follows. 

ZnS04 + 2NaOH > Zn(OH)a + NaaS04 
(Zinc sulphate) (Sodium hydroxide) (Zinc hydroxide) (Sodium sulphate) 

The proteins adhere to the gelatinous precipitate of zinc lydroxide, 
and the product is separated in he entrifuge. 

The two compounds must be accurately balanced for this purpose. If 
the proportions are incorrect, clouding may occur on subsequent Nessler-
ization. When the two solutions are prepared, the zinc sulphate should 
be titrated against the sodium hydroxide. A few drops of phenol-
phthalein indicator is added to 10 ml. of zinc sulphate, and the sodium 
hydroxide is added from a burette, until a permanent pink colour 
appears. 10 ml. of zinc sulphate solution should react with 10-8 to 
11 -2 ml. of the sodium hydroxide solution. 

(5) Standard ammonium chloride. Dissolve 0153 g. of ammonium 
chloride (AR) in distilled water, and make up the volume to 100 ml. 
To 25 ml. of this solution add 10 ml. of normal sulphuric acid, and 
dilute to 1,000 ml. with ammonia-free distilled water. (The addition 
of acid neutralizes any free alkali in the glass, which might otherwise 
liberate ammonia from the ammonium chloride solution.) 

1 ml. of standard ammonium chloride = 0 01 mg. of nitrogen. 

(6) Nessler's reagent. The addition of Nessler's reagent to a solution 
containing ammonia results in the formation of a yellow colour. The 
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intensity of this colour is directly proportional to the amount of 
ammonia present. The reagent being very sensitive, all distilled water 
used must be ammonia-free, and ammoniacal solutions in the labora
tory should not be open while Nessler's reagent is in use. 

For different purposes, Nessler's solution may be prepared in 
various ways. The best formula for use in routine medical bio
chemistry is that described below (Koch and McMeekin). Commercially 
prepared solutions are often unsatisfactory. 

(a) Dissolve 30 g. of potassium iodide in 20 ml. of distilled water, 
and add 22-5 g. of iodine (see notes 1 and 2 below). 

(b) Shake until completely dissolved, and add 30 g. of pure metallic 
mercury. 

(c) Continue shaking, keeping it cool by frequent immersions in 
cold water, until the supernatant fluid loses its brown colour and 
becomes greenish-yellow. 

(d) Decant and keep the supernatant fluid. Discard the sediment 
(see note 3 below). 

(e) Add one drop of the supernatant fluid to a small tube containing 
0-5 ml. of 1 per cent starch solution. 

( / ) If a blue colour is formed, the supernatant is ready for the 
addition of distilled water, to bring the total volume up to 200 ml. 
This is then mixed thoroughly with 975 ml. of accurately prepared 10 
per cent sodium hydroxide solution. 

(g) If no blue colour is formed, add one drop of potassium iodide/ 
iodine mixture (see (a) above), to the supernatant fluid. Mix well and 
test again with the starch solution. This procedure is repeated, one 
drop at a time, until just enough iodine has been added to give a 
positive test with starch. When positive, continue as in ( / ) above. 

Notes.—(1) Dissolve the potassium iodide first, to facilitate the subse
quent solution of the iodine. To prevent vaporization of the iodine, heat 
must be avoided. 

(2) As it may be necessary to use more iodine/potassium iodide 
mixture, it is advisable to prepare two quantities of this solution. The 
second batch is kept for possible addition to the supernatant fluid as in 
step (g) above. 

(3) The mercury and iodine have combined in the supernatant fluid; 
any excess of mercury, however, must be eliminated by the addition of 
further iodine. The iodine additions must be minimal, and frequent 
tests must be made with starch solution, which produces a blue colour in 
the presence of free iodine (iodine test for starch). 

Method.—The estimation, like all chemical analyses, should 
be carried out in duplicate. It is essential to carry through a 
' blank ', in order to exclude any false increase in readings due 
to the presence of ammonia in the distilled water or the reagents. 
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If an absorptiometer is used for the readings, tests should 
be read against the blank, rather than against distilled 
water. 
(1) Pipette the following into centrifuge tubes and mix the 
contents of the tubes by inversion. 

Test Blank 
Isotonic sodium sulphate . . 3-Orni. 3-2 ml. 
Whole blood, serum or plasma . 0-2 ml. — 
Urease suspension . . . 0-2 ml. 0-2 ml. 

(2) Incubate in a water bath at 37° centigrade for 20 minutes. 
Note.—Avoid prolonged incubation, which may produce clouding of 

the Nessler's reagent, due to the liberation of interfering substances 
from the red blood cells. 

(3) To the tubes add 0-3 ml. zinc sulphate solution and 
0-3 ml. sodium hydroxide solution. After each addition mix 
well by inversion. Allow to stand for 30 seconds to ensure 
that protein precipitation is complete, and centrifuge the 
tubes. 
(4) Set up three tubes, and add the following solutions to 
them, using volumetric pipettes. 

Distilled water 
Supernatant fluid (equivalent to 01 ml. 

of blood in the test fluid) . . 
Standard solution (equivalent to 0Ό2 

mg. of nitrogen) 

Test 
5 ml. 

2 ml. 

— 

Standard 
5 ml. 

— 

2 ml. 

Blank 
5 ml. 

2 ml. 

— 

(5) Immediately before reading the colour, add 1 ml. of Nessler's 
reagent to each tube, and mix. View the tubes from above, in 
order to detect any cloudiness following Nesslerization. Should 
this occur, results are valueless, and the test must be discarded. 
If the solution is clear, read immediately against the blank 
solution in an absorptiometer using a blue filter. 

Calculation 
2-14 mg. of urea contains 1 mg. of nitrogen, therefore: 

/ Reading of test \ ^ M 100 
\ Reading of standard/ 0 1 
/ Reading of test \ ._ _ . 4ΛΛ , . , , 
~ — r % 5—T I X 42-8 = urea m mg. per 100 ml. of blood. 

\ Reading of standard/ 
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BLOOD UREA 

Notes.—(1) Use the protein precipitant in the above order to avoid 
lysis of the red cells. 

(2) Do not filter off the protein-free filtrate, for many filter papers 
contain ammonium residues. 

(3) When using Nessler's solution, do not disturb the precipitate 
which settles in the stock bottle, and never use a pipette containing 
traces of acetone, or cloudiness will result. 

If an absorptiometer is not available, test and standard must 
be compared in a visual colorimeter. This necessitates the 
preparation of high and low standards but the relative in-
sensitivity of the instrument renders a blank redundant. 

As a preliminary, make a naked-eye comparison of the two 
standards with the tests, and select the standard with colour 
intensity most closely approximating that of the specimen. 

Carry out procedures (1), (2) and (3) as above. 
(4a) Set up four tubes, and add the following solutions to 

them using volumetric pipettes. 

Distilled water. 
Supernatant fluid (equiva

lent to 01 ml. of blood 
in the test fluid) . 

Standard solution 
(equivalent to 0Ό2 mg. 
of nitrogen) . 

Nessler's reagent 

Test 
5 ml. 

2 ml. 

— 
1 ml. 

4 Low ' 
Standard 

5 ml. 

— 

2 ml. 
1 ml. 

4 High ' 
Standard 
2 ml. 

— 

5 ml. 
1 ml. 

Blank 
5 ml. 

2 ml. 

— 
1 ml. 

The low standard usually suffices, but tests on high blood 
urea values may require use of the high standard for accurate 
comparison. Read in a colorimeter using a blue filter. 

Calculation 
(1) Using ' Low ' standard 

/Reading of standard \ 
I —^—r. ? X 42-8 = mg. of urea per 100 ml. of blood. 
\ Reading of test / 

(2) Using ' High ' standard 
/Reading of standard\ ^ _ ^ r «ΛΛ , * . , 
—-—§-. ? X 42-8 x 2-5 = mg. of urea per 100 ml. of blood 

V Reading of test / 
Note.—The plunger on one side may be immersed in the test solution. 

and set at 42-8 on the scale. If the plunger on the standard side is now 
varied until the colours match, the answer may be read directly in (mg. 
of urea per 100 ml. of blood) on the scale on the standard side. 
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CHAPTER 9 

FAECES AND GASTRIC ANALYSIS 

FAECES (stools) are the excretory products of digestion, dis
charged from the rectum. They are composed of the following: 
unabsorbed products of digestion; undigested food particles, 
such as starch granules and various vegetable fibres ; products 
derived from bacterial action in the intestines, for example, 
indole and various gases; intestinal secretions, such as mucus 
and broken down bile; various cells from the intestinal wall; 
bacteria ; and water. The colour and consistency of faeces is 
variable, depending on food and fluid intake. A diet rich in 
meat produces dark-brown faeces of low water content, while 
a diet containing mostly vegetables results in light coloured 
faeces of high water content. The colour of normal faeces 
also depends on the amount of stercobilin (urobilin) present, 
which is produced from stercobilinogen. 

NORMAL AND ABNORMAL CONTENT 
STERCOBILINOGEN 

Stercobilinogen, a breakdown product of bile, is found in 
normal faeces. (When found in urine it is called urobilinogen.) 
When there is excessive breakdown of haemoglobin to bile 
pigments, as may be found in haemolytic anaemia, the amount 
of stercobilinogen will be increased; when the flow of bile into 
the intestine is obstructed, the faecal stercobilinogen content 
will be depleted. On exposure to air stercobilinogen is rapidly 
oxidized to stercobilin. Its presence is detected in the form of 
stercobilin. 

Test for stercobilin 
Method 
(1) Using a swab stick, place a small portion of faeces into a test tube. 
(2) Add approximately 10 ml. of 5 per cent HC1 in alcohol, and 

thoroughly emulsify the specimen. 
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NORMAL AND ABNORMAL CONTENT 
(3) Neutralize the acid with sodium hydroxide or ammonium hydroxide 

solution. 
(4) Mix with an equal volume of alcoholic zinc acetate and continue 

as for Schlesinger's Test for urobilin in urine {see page 106). 
BILE 

Normal faeces contain no bile; its presence suggests a rapid 
expulsion of intestinal contents. Bile pigments (bilirubin) 
stain faeces from a yellow-brown to green. The faeces of new
born infants may be green due to the presence of an oxidation 
product of bilirubin, called biliverdin. 

Tests for bile 
Method 
(1) Using a swab stick, place a portion of faeces the size of a pea into 

a test tube. 
(2) Add about 5 ml. of water and emulsify the specimen. 
(3) To this suspension slowly add a few millilitres of Fouchet's reagent 

{see page 100). A greenish-blue colour develops if bilirubin is present. 
Note.—As an alternative method, slowly add the faecal suspension 

to approximately 5 ml. of concentrated nitric acid in a test tube. Bile 
is indicated by the presence of a greenish-blue ring at the junction of the 
two fluids (Gmelin's test). 

OCCULT BLOOD 
Blood or its breakdown products may be present in faeces. 

Minute quantities may not be visible to the naked eye, and the 
blood is said to be ' occult ' or hidden. It may be detected by 
chemical means, and microscopical examination may reveal 
intact red blood cells. 

Blood may be found in faeces from patients with cancer of 
the stomach, or an ulcer of the alimentary tract. Rectal or 
menstrual bleeding may contaminate the surface of the specimen 
with fresh blood. If this is seen, a report is issued stating that 
blood was detected macroscopically. 

It is necessary for the patient to be kept on a meat-free diet 
for three days prior to examination of the faeces for occult 
blood, and three daily specimens are usually submitted. 

The benzidine test for occult blood 
The haemoglobin of blood acts as a catalyst in the oxidation 

of benzidine to benzidine-blue by hydrogen peroxide. 
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Reagent 
Prepare the following immediately before use. 
(1) In a 6 X | inch test tube place as much benzidine powder as 

would cover a sixpence. 
(2) Add approximately 5 ml. of acetic acid and mix thoroughly by 

pouring backwards and forwards into a second test tube to saturate 
the acetic acid with benzidine powder. 

(3) Add an equal volume of hydrogen peroxide, and mix the solution 
as before. The reagent is now ready for use. 

Note.—(1) All glassware used throughout the test must be chemically 
clean if false positive results are to be avoided. 

(2) Do not mix the reagent by inverting with the thumb over the end 
of the tube, or the skin will be dyed blue. 

Method 
(1) Using a wooden swab stick, place a portion of faeces about the 

size of a pea in a test tube. Add about 5 ml. of water, and emulsify the 
faeces. If the specimen is hard, a little acetic acid may be added to 
facilitate breaking it up. 

(2) The specimen must be heated to inactivate any oxidizing enzymes 
present, which might give a positive reaction with the reagent. Place 
the tube into boiling water for 20 minutes, preferably in a fume cup
board. 

Note.—As an alternative the suspension may be boiled over a Bunsen 
flame for 2 minutes. This is not recommended, however, as the upper 
layer of faeces may rise in the tube and adhere to the sides. Where this 
occurs, it is not subjected to the same temperature and the benzidine 
reagent may turn blue as it touches the uninactivated faeces. 

(3) To the benzidine/peroxide reagent slowly add a few ml. of the 
cooled faecal suspension and note any colour change. A blue colour 
develops, the speed and intensity of the reaction being roughly pro
portional to the amount of blood present. 

MICROSCOPICAL EXAMINATION 
Faeces contain various crystals, cells, bacteria, and often 
extraneous inclusions, such as hairs. Also present are various 
food residues including various forms of fat, muscle fibres, 
starch granules, and cellulose structures. The microscopical 
appearance of muscle fibres, starch and cellulose will now be 
considered. For descriptions of the various crystals and fat 
forms, larger works should be consulted. 

120 



MICROSCOPICAL EXAMINATION 

Technique 
(1) On one end of a microscope slide place a drop of saline solution. 

At the other end place a drop of Lugol's iodine solution. 
(2) Using a swab stick, first emulsify a small portion of faeces in the 

saline, and another portion in the iodine. 
(3) Carefully apply a coverslip to each drop. 
(4) Using the f-inch objective examine the saline suspension to obtain 

a general impression of the specimen. 
(5) Use the J-inch objective to obtain a detailed view of the various 

constituents. 
(6) Now examine the iodine preparation. Confirm whether any 

structures thought to be starch granules in the saline preparation 
have stained blue in the presence of the iodine. 

CELLULOSE STRUCTURES 

These structures form the skeletal wall of plant cells. 
As cellulose is not usually digested, it tends to be excreted 
intact, and appears in some bizarre forms. Cellulose appears 
as a clear structure with a sharply defined wall. Some of the 
forms seen are illustrated in Fig. 54. 

FIG. 54. Faecal content, (A) Undigested muscle fibres; (B) partially digested 
muscle fibres; (c) totally digested muscle fibres; (D) starch granules in cellulose 

sac, and (E) various forms of cellulose. 
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STARCH GRANULES 

These granules, when found intact and undigested, are 
usually seen within a cellulose sac (Fig. 54D). The intake of 
raw vegetables results in more starch granules in faeces than 
when the vegetables are eaten cooked, as this softens the 
cellulose, releasing the starch granules which become digested. 

MUSCLE FIBRES 

Muscle fibres, which are derived from meat, are stained 
yellow-brown by faecal stercobilin. Muscle fibres are normally 
excreted fully, or almost fully, digested. The presence of un
digested fibres indicates digestive impairment, for example 
pancreatic insufficiency. The various stages in the appearance 
of muscle digestion are as follows, but it must be realized that 
there is no sharp demarcation between the types; it is a gradual 
transition. 

(a) Undigested fibres (Fig. 54A) appear with nuclei intact and with 
transverse fibres clearly visible. Several fibres may be adhering to
gether; the ends of such fibres tend to be jagged. 
(b) Partially undigested fibres (Fig. 54B) no longer have visible nuclei, 
the fibres are fully separated, and the transverse striations may not be 
quite so clearly shown. The ends of such fibres tend to be less jagged 
than undigested fragments. Various stages in the digestion process will 
be seen. 
(c) Fully digested fibres (Fig. 54c) are seen as small, rounded homo
geneous fragments. 

GASTRIC ANALYSIS 
The stomach is an organ of digestion. In response to food 
being eaten (or often the sight or smell of food), gastric 
juice is secreted by cells in the wall of the stomach. This juice 
contains hydrochloric acid, three enzymes (rennin, which begins 
the digestion of milk by converting its protein to casein, 
pepsin, which breaks down proteins into peptones and pro-
teoses, and lipase, which begins the digestion of fats), mucus 
and also the ' haemopoietic factor ' necessary for normal red 
cell formation. 

To investigate the gastric juice a * fractional test meal ' is 
performed. After supper the patient is allowed nothing to 
eat or drink; in the morning no breakfast is allowed. The 
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GASTRIC ANALYSIS 

patient swallows a soft, narrow tube (Ryle's tube), and this is 
carefully inserted until the end of the tube is known to lie in the 
stomach. A syringe is fitted to the projecting end of the tube, 
and all the stomach contents, called the ' resting juice ', are 
gently withdrawn. A clip is immediately attached to the free 
end of the tube and the syringe removed. The volume of 
' resting juice ' is measured and the specimen set aside. The 
patient now drinks a pint of oatmeal gruel, with the tube left 
in position. After 15 minutes the syringe is again fitted to the 
projecting end, the clip released, and about 10 ml. of the gastric 
juice is withdrawn. The clip is replaced and the syringe 
removed. The specimen is put into a universal container, 
which is clearly labelled with details of the patient and the 
time the sample was obtained. This is repeated every 15 minutes 
until a total of 13 specimens has been collected. The tube is now 
carefully withdrawn, and the collection of specimens is complete. 

Normally the quantity of * resting juice ' is between 20 and 
50 millilitres. Much greater quantities are sometimes obtained 
in pathological conditions. There should be no starch in the 
' resting juice '. The presence of the gruel is indicated by 
starch which normally disappears after 2 -2 | hours. Bile is not 
normally present; its presence usually indicates a régurgitation 
from the duodenum and is rarely of any significance. Mucus 
is normally present in small quantities ; excessive amounts may 
be due to swallowed saliva, or may indicate gastritis or car
cinoma. Blood is not normally present and if fresh blood is 
found it is most likely due to a little bleeding caused by the 
examination. Blood which has been in the stomach some little 
time becomes brownish in colour and this, when mixed with 
food particles, is sometimes referred to as * coffee grounds '. 
Such blood may be of pathological significance. 

The acidity of the gastric contents may yield valuable 
diagnostic information. In some pathological conditions, such 
as a duodenal ulcer, there may be an excess of acid produced; 
this is called hyperacidity. Sometimes the acid content is 
reduced, hypoacidity. It may even be entirely absent, that is 
there is no hydrochloric acid; such a condition is called 
achlorhydria. 
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FRACTIONAL TEST MEAL EXAMINATION 
Acidity 

Method 
(1) Dip a universal indicator paper into each specimen. If they are 

all alkaline, no further examination is necessary. Report no acid 
present in any of the specimens. 

(2) If acid is detected in any of the specimens, place them all in a 
centrifuge and spin hard. 

(3) Using a pipette with a wide bore, place 1 ml. portions of the 
supernatant fluid from each specimen into universal containers 
and label each bottle. 

(4) Using a Pasteur pipette, put 2 drops of thymol-blue indicator 
into each bottle and gently mix. 

Note.—Theoretically, slightly more accurate readings may be obtained 
by adding Töpfer's reagent, or methyl orange, to get a colour change from 
red to yellow for the free HCl, followed by the addition of phenol-
phthalein to obtain a reading for the total acid, from yellow back to 
red. In practice, use of thymol blue is quite satisfactory. This indicator 
is red at pH 1-5-2-8, yellow up to pH 8-0-9-5, and then becomes blue. 

(5) Titrate each specimen carefully with N/50 NaOH from a 25 ml. 
burette. Prepare the NaOH solution immediately before use by 
diluting 20 ml. of N/10 NaOH to 100 ml. with distilled water in a 
volumetric flask. If the juice is red on the addition of the indicator, 
free HCl is present. Add the NaOH solution until the fluid becomes 
just yellow. Note the volume used (A). 

(6) Continue the addition of the NaOH solution until the specimen 
just turns blue. Again note the burette reading (B). 

(7) Repeat the titrations from red to yellow to blue as above on all 
the samples. Add the NaOH solution at about the same speed for 
all the specimens and obtain the same tint of yellow and blue each 
time. Should a sample be yellow on the addition of the indicator, 
no free HCl is present. Titrate until just blue to calculate the total 
acidity and state that no free HCl was found in that specimen. 

(8) Express the results as— 
No. of ml. of N/10 acid per 100 ml. of test meal. 

The calculations are as follows : 
100 ml. of gastric juice Ξ 100 X Ami. N/50 NaOH 

Ξ 100 X Ami. N/50 HCl 
= 20 X Ami. N/10 HCl 

Therefore Free HCl = 20 X Ami. N/10 HCl/100 ml. 
Total acid = 20 X (A + B) ml. N/10 HC1/100 ml. 

Example.—2-7 ml. of N/50 NaOH was required to titrate 1 ml. of 
gastric juice from red to yellow and a further 0-8 ml. to 
titrate from yellow to blue. 

Free HCl = 2 0 X 2-7 = 54 ml. of N/10 HCl per 100 ml. of test meal. 
Total HCl = 20 x (2-7 -f 0-8) = 70 ml. of N/10 HCl per 100 ml. of test meal. 
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(9) From the titration results obtained above construct a curve for 
the free HC1 and another for the total acidity. The use of a specially 
printed graph, which has shown on it the curve of a normal test meal 
in faint outline, helps to access readily whether the acidity of the 
test meal is within normal limits. 

Blood 
Macroscopical examination for blood is usually sufficient. If 

there is doubt as to its presence, tip a small quantity of the 
fluid into a chemically clean test tube. Boil to kill the enzymes 
present and proceed as for occult blood in faeces {see page 119). 
Unless the specimen containers are chemically clean, there is 
no point in doing the test as false positive results will be 
obtained. 

Bile 
Examine each specimen for evidence of bile. This is easily 

seen, but if confirmation is required, apply Fouchet's test 
{see page 100) to a sample of the fluid in a test tube. 

Starch 
To the residue left in the original universal container add 

a few drops of Lugol's iodine. Starch is shown by the presence 
of a blue coloration. Record results as + , trace or nil. 
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CHAPTER 10 

EXAMINATION OF CEREBROSPINAL FLUID 

CEREBROSPINAL FLUID envelops the brain and spinal cord 
acting as a buffer against mechanical shock. It is clear and 
watery, and contains salts and organic compounds in solution, 
similar to those found in the plasma, such as urea and glucose, 
but the amount of protein present is negligible. The fluid con
tains no red cells, and only about 5 leucocytes per cubic milli
metre. 

Specimens of spinal fluid are obtained by introducing a 
needle between adjacent vertebrae, usually in the lumbar 
region, with the patient's back flexed to separate the bones. 

A sample of cerebrospinal fluid sent to the laboratory for 
* routine examination ' requires the following investigations : 
Appearance; cell count; total protein: globulin; chloride, 
and sugar; bacteriological examination may also be required 
{see Chapter 23). 

The diagnostic importance of cerebrospinal fluid examina
tion lies in the cytological and chemical changes produced by 
certain diseases. Normal ranges are fairly wide, and these are 
listed in Table VI, together with examples of the findings in 
tuberculous meningitis and cerebral haemorrhage. 

TABLE VI 
CHANGES IN CEREBROSPINAL FLUID CAUSED BY DISEASE 

Condition 

Normal 

Tuberculous 
meningitis 

Cerebral 
haemorrhage 

Appearance 

Clear and 
colourless 

May be 
cloudy 
and/or 

yellowish 
May be 
yellow 
and/or 
blood
stained 

No. of 
Leucocytes 

up to 5 
per c .mm. 

Increased 

Norma l or 
increased 

Type 

Lymphocytes 

Lymphocytes 
and 

polymorphs 

Lymphocytes 

Protein 

10-40 
mg. per 
100 ml . 
Raised 

May be 
raised 

Globulin 

Negative 

+ 

Negative 

Chlorides 

700-760 
mg. per 
100 ml . 

Lowered 
500-700 
mg. per 
100 ml . 
Norma l 

Sugar 

50-100 
mg. per 
100 ml . 
Low— 
may be 
absent 

May be 
raised 
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APPEARANCE 

All examinations should be carried out as soon as possible 
after the specimen is taken. If delay is unavoidable the speci
men should be put in the refrigerator and dealt with at the 
earliest opportunity. 

APPEARANCE 

This should always be reported. Normally the cerebrospinal 
fluid is clear and colourless, but pathologically it may be cloudy, 
blood-stained or purulent. In heavy infections turbidity may 
be caused by large numbers of leucocytes and organisms. 
Some pathological specimens of cerebrospinal fluid may contain 
a coagulum of fibrin which may be extremely small, delicate 
and colourless, or involve the whole specimen. Fluids with 
much blood in them invariably contain sufficient fibrin to form 
a coagulum. This may then not be of any significance, but 
should always be reported. Cerebrospinal fluids which form 
fibrin clots are very likely to have a high protein content. 

CELL COUNT 

Normal cerebrospinal fluid contains 0-5 lymphocytes per 
c.mm. If the number is greater, a film must be made and a 
differential count performed. The cell count may rise in many 
inflammatory conditions, the increase being predominantly 
lymphatic in certain diseases, and polymorphonuclear neutro-
philic in others. 

If blood is obviously present in the fluid, a cell count is 
valueless, as cells have been extraneously introduced. 

TOTAL PROTEIN 

This has a normal variation of 15-40 mg. per 100 ml. of 
fluid (compared with a range of 6,000-8,000 mg. per 100 ml. 
in plasma). 

Techniques for estimation of total protein 
There are two main methods: (a) Colorimetrie (Biuret); 

and (b) turbidometric. The latter method will be described. 
Protein is precipitated by the reagent. The resulting turbidity 

is proportional to the amount of protein present. The opacity 
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of the solution is compared with standard turbidity tubes of 
the same calibre. 

Reagent 
3 per cent sulphosalicylic acid solution. 

Method 
(1) Add one ml. of cerebrospinal fluid to a standard tube containing 

3 ml. of sulphosalicylic acid solution (half quantities may be used if 
there is insufficient cerebrospinal fluid). 

(2) Mix the contents and allow to stand for 5 minutes. 
(3) Compare the tube with the turbidity standards, which are 

marked in mg. of protein per 100 ml. of fluid. 

GLOBULIN 
A small amount of globulin is always present in normal 

cerebrospinal fluid, but this is not detectable by the methods 
to be described, namely, the Pandy and Nonne-Appelt tests. 
These tests for globulin are positive when total protein exceeds 
100 mg. per 100 ml. Normal cerebrospinal fluid gives a 
positive reaction if there is any blood present in the specimen. 
The Pandy and Nonne-Appelt reactions are roughly quantita
tive. Depending on the degree of turbidity produced, the results 
are expressed as a trace of globulin, +, + + , or + + + . 

Techniques for estimation of globulin 
Pandy's test.—If globulin is added to a saturated aqueous 

solution of phenol (Pandy's fluid), water is absorbed on to the 
globulin molecules, and the phenol displaced from solution. 
This causes a fine and persistent turbidity. 

Reagent 
Saturated aqueous solution of phenol (8-10 g. per 100 ml.). 

Method 
(1) Using a Pasteur pipette, carefully add 1 drop of cerebrospinal 

fluid to approximately 0-5 ml. of Pandy's fluid in a small tube. 
(2) The tube is held against the light to detect any turbidity. Normal 

cerebrospinal fluid remains quite clear. Cerebrospinal fluid with an 
increase in globulin causes turbidity of the fluid. 

Nonne-Appelt test.—If cerebrospinal fluid with globulin in 
abnormal amount is added to a saturated solution of ammon
ium sulphate, the globulin is precipitated. 
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CHLORIDES 

Reagent 
Saturated aqueous solution of ammonium sulphate. 

Method 
(1) Mix equal volumes of cerebrospinal fluid and reagent. 
(2) Allow to stand for 3 minutes. Increased globulin results in an 

opalescence which is proportional to the excess. Normal cerebrospinal 
fluid gives a clear or only faintly turbid solution. 

CHLORIDES 
Normal cerebrospinal fluid contains 700-760 mg. of chloride 

per 100 ml. (this is slightly higher than the plasma level of 560-
620 mg. per 100 ml.). Some diseases, such as meningitis, cause 
a fall in value, which may be of diagnostic significance. 

Principle of chloride estimation (Mohr's method) 
The chlorides are estimated as sodium chloride by titration 

against silver nitrate, using potassium chromate or dichloro 
(R-) fluorescein as an indicator. The reaction is as follows : 

AgN03 + NaCl > AgCl + NaNOa 
Silver Sodium Silver Sodium 

Nitrate + Chloride Chloride + Nitrate 

Silver nitrate is added until all the chloride ions present in 
the cerebrospinal fluid have combined with the silver ions. 
Any further silver added is now free to combine with the 
potassium chromate indicator yielding a red precipitate of 
silver chromate. If the dichloro-fluorescein indicator is used, 
the end point is shown by the pink colour of silver chloro-
fluoresceinate. 

Reagent 
Dissolve 2-906 g. of silver nitrate in 1,000 ml. of distilled water. This 

makes a N/58-5 solution. Keep the reagent in a dark bottle and check 
frequently by titration against an accurately prepared sodium chloride 
solution of 500 mg. per 100 ml. 

1 ml. of silver nitrate solution = 1 mg. of sodium chloride. 
Indicators 
(a) Potassium chromate 5 g. per 100 ml. of distilled water. 
(b) Dichloro(R-) fluorescein 0Ό5 g. per 100 ml. of ethyl alcohol. 

Method 
(1) Pipette 1 ml. of cerebrospinal fluid into a conical flask containing 

a few drops of distilled water and 2-3 drops of indicator. 
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(2) Slowly add the silver nitrate from a 10 ml. burette, and continually 
rotate the flask, to ensure intimate mixing. 

(3) Using the fluorescein indicator the end point is shown by the 
production of a permanent pink colour; using the potassium chromate 
indicator, a salmon pink colour develops. As the titration nears comple
tion, further additions of the silver nitrate solution must be made 
slowly and carefully to avoid adding excess of the reagent. 

Calculation 
1 ml. of AgN03 = 1 mg. of NaCl 
Λ ml. of AgN03 x 100 = mg. of NaCl/100 ml. of cerebrospinal fluid. 

SUGAR 
The sugar present in cerebrospinal fluid is glucose. The 

range of normal values is wide, but is generally considered to 
be 50-100 mg. per 100 ml. It is imperative to carry out the 
assay as soon as possible after withdrawal of the fluid. Any 
delay results in a fall of the glucose content, and the estimation 
becomes valueless after a few hours. This reduction is caused 
by glycolytic enzymes present in the fluid, and occasionally by 
the utilization of glucose by organisms present. 

In meningitis, sugar content may be low or even absent. In 
diabetes, raised values may occur. 

Technique for estimation of glucose 
The method is the same as that used for blood sugar estima

tion {see Chapter 8). In case the glucose level in the cerebro
spinal fluid is very low, it is advisable to carry through the test 
with two different volumes of fluid. 

Usual method Modified method 
Sodium sulphate. 3-0 ml. Sodium sulphate . 3-0 ml. 
Cerebrospinal fluid 0-2 ml. Cerebrospinal fluid 0-4 ml. 
Sodium tungstate 0-4 ml. Sodium tungstate 0*3 ml. 
Sulphuric acid . 0-4 ml. Sulphuric acid . 0-3 ml. 

Thereafter the test is carried out exactly as for blood sugar. 
When the modified method is used, the final result must be 
halved. 

If the final colour obtained is faint, it may be * intensified ' by 
making up the volume in the Folin-Wu tube to the 12-5 mark 
instead of the usual 25 ml. mark. The final result obtained by 
this procedure must also be halved. 
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UREA 

Rough method for sugar estimation.—An approximate 
estimate of the sugar content may be obtained by boiling for 
2 minutes an equal quantity of cerebrospinal fluid and Bene
dict's qualitative reagent. 

Normally a small amount of yellow precipitate results, with 
a greenish supernatant fluid. Absence of sugar leaves the 
colour of the reagent unchanged. Increase in sugar may result 
in a yellow or red precipitate. For practical purposes the test 
is too crude to be of much value. 

UREA 

Levels of urea in blood and cerebrospinal fluid are the same, 
that is 15-40 mg. per 100 ml. The estimation may therefore be 
carried out on whichever fluid is more readily available. The 
technique for estimating urea in the cerebrospinal fluid is 
exactly the same as that used for blood urea (see Chapter 8). 
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CHAPTER 11 

FIXATION 
SOON AFTER death the tissues begin to undergo post-mortem 
changes, which may be either putrefactive or autolytic. 

Putrefactive changes are due to the invasion of the tissue by 
bacteria, which disseminate from the alimentary tract and 
spread quickly into the surrounding organs. Autolytic 
changes are due to the action of enzymes from the dead cell. 
This phenomenon occurs chiefly in the central nervous system 
and in the ductless glands. 

These changes may be retarded by low temperatures or 
prevented by the use of chemical fixatives. Fixation is the 
basis of histological technique, and the results of all subsequent 
procedures depend on the selection and correct use of fixatives. 
It is essential to understand the action of these substances upon 
the cell and tissue constituents. 

Fixatives serve three main functions. 
(1) They cause sudden death of the cell. 
(2) They coagulate and preserve the various proteins, 

carbohydrates and lipoids, of which the cell is composed. 
(3) They render the cell resistant to shrinkage during subse

quent processing. 
The animal cell consists largely of proteins which may be 

precipitated and preserved by the action of simple fixatives. 
Compound fixatives consist of two or more simple fixatives 
which are mixed in order to achieve the combined effect of 
their individual actions. 

In order to preserve an accurate picture of the cell, it is 
necessary to ' fix ' the tissue as soon as possible after it is 
removed from the body. This is done by immersing the speci
men in a large volume of fixative. (With routine fixatives, the 
volume of fluid should be approximately 50-100 times that of 
the tissue. In the case of the chrome-osmium fixatives, for 
example, Flemming's fluid, the volume need only be ten times 
that of the tissue). 
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SIMPLE FIXATIVES 

ACTIONS AND PROPERTIES 
Many fixatives have been devised, but only about ten formulae 
are used in routine work. The action of the simple fixatives 
upon the cell and tissue constituents will now be described. 

Formaldehyde 
Formaldehyde (HCHO) is a gas produced by the oxidation 

of methyl alcohol, and is soluble in water to the extent of 40 
per cent by weight. Fats and mucin are preserved, but not 
precipitated, by formaldehyde. It is a powerful reducing agent, 
but is often used irrationally in conjunction with certain 
oxidizing agents (for example, Zenker-formol). 

After prolonged storage, formaldehyde often develops a 
white deposit of para-formaldehyde. The formation of this 
precipitate is said to be avoided by storage at low temperatures, 
but its presence does not impair the fixing qualities of formalde
hyde. The solution is usually acid in reaction, due to the 
presence of formic acid. Though not harmful, this acid can 
be neutralized by the addition of a small quantity of magnesium 
carbonate, or a few drops of sodium hydroxide. 

Mercuric chloride 
Mercuric chloride (HgCl2) is included in many fixatives and 

is frequently used in saturated aqueous solution. (At room 
temperature its solubility in water is approximately 7 per cent). 
It precipitates all proteins, but does not combine well with 
them, and penetrates and hardens tissues rapidly. Fixatives 
containing mercuric chloride leave a black precipitate in the 
tissue, and this must be removed by one of the methods 
described in the section on * pigments \ 

Osmium tetroxide 
Osmium tetroxide (OsOJ, commonly known as osmic acid, 

is a pale yellow powder which dissolves in water (up to about 
6 per cent at 20° C), forming a solution which is a strong 
oxidizing reagent. Osmium tetroxide is extremely volatile and 
is easily reduced by contact with the smallest particle of organic 
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matter, or by exposure to daylight. It should therefore be kept 
in a dark, chemically clean bottle. Prolonged exposure to the 
acid vapour must be avoided since the black oxide, Os02, can 
become deposited in the cornea, resulting in blindness. 

Although an expensive reagent, osmium tetroxide is widely 
used in cytological fixatives. It is the only substance that 
permanently fixes fat, rendering it insoluble during subsequent 
treatment with alcohol and xylol. (The Golgi element and 
mitochondria are also preserved.) Osmium tetroxide is seldom 
used alone as a fixative, but is usually combined with a chrom
ium salt. After fixation in these solutions, tissues should be 
washed in running water. Osmium tetroxide is a poor pene
trating agent, suitable only for small pieces of tissue. The 
vapour of osmium tetroxide may be used to fix some tissues, 
such as the adrenal. The vapour penetrates better than the 
solution, ' washing out ' is unnecessary and the production of 
artefacts is minimized. 

Picric acid 
Picric acid (C6H2(N02)3OH) is normally used in saturated 

aqueous solution, that is approximately 1 per cent solution. 
It precipitates all proteins and combines with them to form 
picrates. These picrates are soluble in water, and the tissue 
must not come in contact with water until the picrates have 
been rendered insoluble by treatment with alcohol. 

Acetic acid 
Acetic acid (CH3. CO . OH) is a colourless solution with a 

pungent smell. At approximately 17° C it solidifies, which 
accounts for its name ' glacial acetic acid \ 

Acetic acid is included in a number of histological fixatives. 
When used alone it causes considerable swelling of the tissue, 
and this property is used in certain compound fixatives to 
counteract the shrinkage produced by other components. In 
Heidenhain's ' Susa ', for example, the shrinkage produced by 
mercuric chloride is reduced by the addition of acetic acid. It 
is often used by cytologists in studying chromosomes, and its 
chromatin-precipitating properties make it useful in nuclear 
studies. It destroys mitochondria and the Golgi element, and 
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when used in conjunction with potassium dichromate destroys 
the lipoid-fixing properties of that reagent. 

Ethyl alcohol 
Ethyl alcohol (C2H5OH) is a colourless liquid that is freely 

miscible with water. It was used extensively by the early histo-
logists, but to-day its use as a simple fixative is confined to 
histo-chemical methods. It is frequently incorporated into 
compound fixatives. Ethyl alcohol is a reducing agent, and 
should not be mixed with chromic acid, potassium dichromate 
or osmium tetroxide. As a simple fixative, it is used at con
centrations of 70-100 per cent which preserves glycogen, but 
does not fix it. Ethyl alcohol produces considerable hardening 
and shrinkage of tissue. 

Potassium dichromate 
Potassium dichromate (K2Cr207) is one of the oldest and 

most widely used of the simple fixatives. Two entirely different 
forms of fixation can be produced, depending upon the pH of 
the solution. At a more acid reaction than pH 4-6 the results 
are similar to those produced by chromic acid. At a more 
alkaline reaction than/?H 4-6, the cytoplasm is homogeneously 
preserved and the mitochondria fixed. 

One of the most important properties of potassium dichrom
ate is its strong fixative action on certain lipoids. This attribute 
is used particularly in the study of myelinated nerve fibres. If 
a fixative contains potassium dichromate, tissues preserved in 
it should be well washed in running water, prior to dehydration. 

Chromic acid 
Chromic acid is prepared by dissolving crystals of the 

anhydride Cr03 in distilled water, and is conveniently stored 
as a 2 per cent stock solution. Chromic acid is a strong 
oxidizing agent, and should not be combined with reducing 
agents, such as alcohol and formalin. It is a strong protein 
precipitant, and preserves carbohydrates. Tissue fixed in 
chromic acid should be thoroughly washed in running water 
before dehydration, to avoid the formation of a precipitate of 
the insoluble sub-oxide. 
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COMPOUND FIXATIVES 
Compound fixatives may be conveniently considered under two 
headings: (1) Micro-anatomical; and (2) cytological. Micro-
anatomical fixatives are used for preserving the various layers 
of tissue and cells in relation to one another, so that general 
structure may be studied. Cytological fixatives are usually 
sub-divided into two groups : (a) nuclear; and (b) cytoplasmic. 
They are used for preservation of the constituent elements of 
the cells, though this often entails loss of the properties of the 
micro-anatomical fixatives. 

MICRO-ANATOMICAL FIXATIVES 

10 per cent formol-saline 
Formol-saline is a micro-anatomical fixative, but not a 

compound one. It is described here merely for convenience. 
This is recommended for the fixation of material from the 

central nervous system and general post-mortem tissue. The 
period of fixation required is 24 hours or longer. 

Formula 
Formaldehyde, 40 per cent . . . 1 0 0 ml. 
Sodium chloride 9 g. 
Distilled water 900 ml. 

Advantages.—This fixative is excellent for post-mortem 
material and is consequently very widely used. It causes even 
fixation and produces very little shrinkage. Large specimens 
may safely be fixed for an indefinite period provided that the 
solution is changed every three months. Fixation with formol-
saline can be followed by most staining techniques, and it is 
particularly valuable for work on the central nervous system. 
Though fat is not fixed, it is preserved and may be demonstrated 
by suitable staining procedures. This is the only routine 
fixative which conveniently facilitates the dissection of speci
mens ; 10 per cent formalin is the basis of all museum fixatives, 
for it is the only fixative that allows the natural colour to be 
restored to the specimen. 

Disadvantages.—It is a slow fixative and tissue which has 
been fixed in formol-saline is liable to shrink during dehydra-
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tion in alcohol. This shrinkage may be reduced by secondary 
fixation in formol-saline-sublimate {see page 140). The meta-
chromatic reaction of amyloid is reduced, and acid dyes stain 
less brightly than they do after mercuric chloride fixation. 
Formalin has an irritant vapour which may injure the nasal 
mucosa and cause sinusitis. Rubber gloves must be worn when 
handling specimens fixed in formol-saline, for dermatitis may 
be produced by prolonged contact of formalin with the skin. 

Heidenhain 's ' Susa ' 
This is recommended mainly for biopsies. The period of 

fixation required is from 3 to 12 hours. 
Formula 

Mercuric chloride . . . . 45 g. 
Sodium chloride . . . . 5 g. 
Trichloracetic acid . . . . 20 g. 
Glacial acetic acid . . . . 40 ml. 
Formaldehyde, 40 per cent . . . 200 ml. 
Distilled water 800 ml. 

Advantages,—This fixative penetrates rapidly, producing 
good and even fixation, with the minimum of shrinkage and 
hardening. It allows brilliant subsequent staining results with 
sharp nuclear detail, and may be followed by most staining 
procedures, including silver impregnations. Large blocks of 
fibrous tissue may be sectioned more easily after this fixative 
than after any other. The tissue is transferred directly from the 
fixative to 95 per cent or absolute alcohol. 

Disadvantages.—Slices of tissue should not exceed 1 cm in 
thickness, as prolonged fixation necessary for thicker material 
produces shrinkage and hardening. Red blood corpuscles are 
poorly preserved. Some cytoplasmic granules are dissolved. 

Formol-sublimate 
This is recommended for routine post-mortem material, The 

period of fixation required is 3 to 24 hours, depending on the 
thickness of the tissue. 

Formula 
Saturated aqueous mercuric chloride 90 ml. 
Formaldehyde, 40 per cent . . 10 ml. 
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Advantages.—This is an excellent routine fixative, and it 
produces little or no shrinkage or hardening of the tissue. It 
can be followed by most staining procedures, including the 
silver reticulum methods, with excellent results. Cytological 
details and red blood cells are well preserved. The tissue is 
transferred directly from fixative to 70 per cent alcohol. 

Disadvantages.—Slices of tissue should not exceed 1 cm. in 
thickness. 
Formol-saline-sublimate 

Good results are obtained if the formol-sublimate solution 
{see above) is diluted with an equal volume of 10 per cent 
formol-saline. The results obtained are similar to those 
following formol-sublimate. 

Zenker's solution 
This is recommended for the fixation of the liver and spleen. 

The period of fixation required is from 12 to 24 hours. 
Formula 

Mercuric chloride 5-0 g. 
Potassium dichromate . . . . 2-5 g. 
Sodium sulphate (optional) . . l-0g. 
Distilled water 1000ml. 

Add 5 ml. of glacial acetic acid just before use. 

Advantages.—Tissue fixed in Zenker's solution permits 
excellent staining of nuclei and of connective tissue fibres. It 
is recommended particularly for tissues which are to be stained 
by one of the trichrome techniques. 

Disadvantages.—Penetration is poor, and pieces of tissue 
should not exceed 0-5 cm. in thickness. Tissue immersed in the 
fluid for more than 24 hours tends to become brittle. After 
fixation, the tissue must be washed in running water for several 
hours. Zenker's solution is not recommended for frozen 
sections. The solution does not keep well after addition of the 
acetic acid. 

Zenker formol (Helly's) 
This is recommended for the fixation of pituitary tissue and 

bone marrow. The period of fixation required is from 12 to 
24 hours. 
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Formula 
Mercuric chloride . . . . 5 0 g . 
Potassium dichromate . . . 2-5 g. 
Sodium sulphate (optional) . . . 1Ό g. 
Distilled water 100Ό ml. 

Add 5 ml. of 40 per cent formaldehyde just before use. 

Advantages.—Although this fixative contains both an 
oxidizing and a reducing solution, it produces excellent nuclear 
fixation. Staining of nuclei is even more intense than after 
fixation with Zenker's solution. Cytoplasmic granules are well 
preserved. 

Disadvantages.—The disadvantages are comparable with 
those of Zenker's solution. If material is allowed to remain in 
the fixative for longer than 24 hours, a brown scum is produced 
on the tissue. 

Bouin's solution 
This is recommended for embryos. The period of fixation 

required is from 6 to 24 hours. 

Formula 
Saturated aqueous picric acid . 75 ml. 
Formaldehyde, 40 per cent . 25 ml. 
Glacial acetic acid . . . . 5 ml. 

Advantages.—This fixative produces very little micro-
anatomical distortion and permits brilliant staining results. 
The tissue should not be washed in running water, but trans
ferred directly from fixative to 70 per cent alcohol. Bouin's 
solution preserves glycogen and may be used for fixing tissue 
in which this carbohydrate is to be demonstrated. The yellow 
colour which Bouin's fluid imparts to tissue is useful when 
handling fragmentary biopsies. 

Disadvantages.—This fixative penetrates poorly, restricting 
its usefulness to small pieces of tissue. Kidney should never 
be preserved in this fixative, because of the extreme distortion 
produced. 

CYTOLOGICAL FIXATIVES 

As has been previously mentioned, cytological fixatives are 
141 



FIXATION 

usually divided into two groups: (a) Nuclear; and (b) cyto-
plasmic. 

Nuclear fixatives Cytoplasmic fixatives 
(1) Flemming's fluid. (1) Flemming's without acetic acid. 
(2) Carnoy's fluid. (2) Helly's fluid. 

(3) Formalin with ' post-chroming '. 

Nuclear fixatives 
Flemming's fluid.—This is recommended for nuclear struc

tures. The period of fixation required is from 24 to 48 hours. 

Formula 
Chromic acid, 10 per cent . . . 15 ml. 
Aqueous osmium tetroxide, 2 per cent . 4 ml. 
Glacial acetic acid . . . 1 ml. 

This fixative is the most commonly used of the chrome-
osmium-acetic fixatives. Excellent fixation of nuclear elements, 
especially chromosomes, is produced. It is the only fixative 
which permanently preserves fat. The reagent is costly, but 
relatively small volumes are required, that is the tissue may be 
fixed in ten times its own volume of Flemming's fluid. 

On the other hand, it penetrates poorly, and should only be 
used for small pieces of tissue. The solution deteriorates 
rapidly, and must be prepared immediately before use. Tissue 
fixed in Flemming's fluid should be washed for 24 hours in 
running tap water prior to dehydration. 

Carnoy's fluid.—This is recommended for chromosomes, 
lymph glands, and biopsies. The period of fixation required 
is from \ to 3 hours. 

Formula 
Absolute alcohol 60 ml. 
Chloroform 30 ml. 
Glacial acetic acid 10 ml. 

This fixative permits of good nuclear staining, but is not 
recommended for detailed nuclear studies. It fixes rapidly and 
also dehydrates, so it is useful for biopsy material. Glycogen 
is preserved. Following fixation, the tissue is transferred 
directly to absolute alcohol. 
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Excessive shrinkage is caused by this solution and it is only 
suitable for small pieces of tissue. Red blood corpuscles are 
haemolysed. 

Cytoplasmic fixatives 
Flemming\s fluid without acetic acid.—This is recommended 

for mitochondria and the period of fixation required is from 
24 to 48 hours. 

Formula 
Flemming's fluid but omitting the acetic acid. 

The advantages and disadvantages of this solution are similar 
to those listed for Flemming's fluid. The omission of acetic 
acid improves cytoplasmic detail. 

Helly's fluid.—This is synonymous with Zenker-formol (see 
page 40). 

Formol-saline 10 per cent.—Fixation in 10 per cent formol-
saline, followed by the post-chroming of the tissue, in 3 per 
cent potassium dichromate for 3-7 days, permits good cyto
plasmic staining, particularly of mitochondria. 

THE FIXATION OF GROSS SPECIMENS 
It is often necessary to fix specimens of entire organs. This 
may be done with 10 per cent formol-saline, or with one of the 
museum fixatives consisting of formaldehyde in conjunction 
with various acetates, such as Wentworth's solution : 

Formula 
Sodium acetate 40 g. 
Formaldehyde 100 ml. 
Distilled water 900 ml. 

The technique of fixation varies with the organ to be pre
served. A detailed description of the technique is outside the 
scope of this book, but the following brief notes will act as a 
guide. 
Central nervous system 

Tissue from the central nervous system should be fixed as 
soon after death as possible, for autolytic changes commence 
early. If the whole brain is to be preserved, it should be 
suspended in 10 per cent neutral formol-saline by means of a 
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cord passed under the basilar artery. If the spinal cord is 
required whole, it should be laid flat on a narrow strip of wood 
and the dura mater incised along its entire length. The dura 
mater should now be reflected and pinned on to the board 
with hedgehog quills (pins are not recommended for this 
purpose, as they rust and leave unsightly holes in the tissue). 
Fixation is accomplished by floating the pinned specimen, 
board uppermost, in 10 per cent neutral formol-saline. 

Lungs 
Formol-saline, 10 per cent, is run into each of the major 

bronchi from an aspirator placed four feet higher than the 
specimen. The fluid is run in until the angles of the lung 
appear sharply outlined. 

Heart 
The heart should be packed with small balls of absorbent 

cotton wool saturated with 10 per cent formol-saline. The 
specimen should then be immersed in a large volume of 10 per 
cent formol-saline. 

Li ver, kidney and spleen 
Such specimens are best fixed by injection. Formol-saline 

10 per cent is injected into the blood vessel of the organ by 
means of a Robert's bronchogram syringe, and the specimen 
then immersed in a large volume of fixative. 

Intestine 
The method of fixation depends on the pathology to be 

demonstrated. If the natural shape is to be preserved, as in 
Crohn's disease, the specimen should be packed with absorbent 
cotton wool and soaked in 10 per cent formol-saline. If it is 
desired to demonstrate such parasites as trichuris trichiura, the 
gut is opened and pinned to a board, in a similar manner to 
that described for spinal cord. 

4WASHING OUT' 
Reference has been made to the washing of tissue in running 
water, after certain fixatives have been used. This may be done 
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(«) Φ) 
FIG. 55. Two methods of washing tissue in running water. For 

explanation see text. 

in several ways, but whatever the method, it is important to 
ensure that the specimen is bathed in a constant stream of fresh 
water. The method shown in Fig. 55 (a) is convenient for 
several specimens which may be washed concurrently from one 
tap. An alternative method is that shown in Fig. 55 (b). 
In this method, small perforated porcelain pots are used to 
hold the specimens. They are placed in a Perspex dish which 
has sides slightly lower than the height of the pots, and with a 
hole bored at one corner. The Perspex dish is placed in the 
sink, and water is allowed to run into it at the corner remote 
from the hole. The flow of water should be adjusted so that 
the level remains constant. 

Various other simple methods for washing tissue can easily 
be devised, but it is important to ensure that neither the tissue 
nor the accompanying label can be washed out of the container 
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CHAPTER 12 

DECALCIFICATION 

WHEN HEAVY deposits of calcium salts are present in tissue the 
cutting of sections is facilitated by décalcification. Inadequate 
décalcification results in poor section-cutting and severe damage 
to the knife-edge. Heavy calcium deposits are most commonly 
encountered in bone, teeth, tuberculous tissue and lymph 
glands. 

An acid is the essential constituent in all decalcifying solu
tions and a second substance is usually incorporated to prevent 
distortion to the tissue. 

A good decalcifying agent should remove all calcium without 
damaging the tissue, and without impairing its capacity for 
subsequent staining. 

The four acids most commonly used for removal of calcium 
salts from tissue are formic, nitric, hydrochloric and tri-
chloracetic acid. 

The best results are obtained with formic acid in combination 
with formaldehyde, but the quickest acting is nitric acid, 
combined with phloroglucin. 

Technique 
(1) A thin slice of the tissue is suspended in the decalcifying 

solution, by means of a waxed thread (the wax protects the thread from 
the acid). The solution should have free access to all surfaces of the 
tissue. 

(2) The degree of décalcification should be tested daily, and in the 
final stages more frequent tests are made (for example, every hour). 
The fluid should be changed once a day. 

(3) When décalcification is complete, excess acid may be neutralized 
with 5 per cent sodium sulphate, and the tissue washed overnight in 
running tap water. After certain decalcifying agents, the tissue is trans
ferred direct to 90 per cent alcohol, and this is followed by several 
changes of alcohol. 

(4) The tissue is then dehydrated, cleared and vacuum-embedded in 
paraffin wax {see Chapter 13). 
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DEGREE OF DECALCIFICATION 
The degree of décalcification may be assessed by mechanical 

means, x-rays, or chemical tests. 
(1) Mechanical examination includes probing with a fine 

needle, and bending of the tissue. The needling procedure is 
liable to cause artefacts, and foci of calcification may not be 
detected. Bending of tissue, even in experienced hands, is a 
very poor criterion of décalcification. 

(2) X-ray examination is the method of choice if facilities 
are available. 

(3) A chemical test, which is simple to perform, reliable and 
convenient, may be carried out as follows : 

(a) Into a clean test-tube measure 5 ml. of the used decalcifying 
solution, and add a small piece of blue litmus paper. The latter becomes 
red, owing to the acidity of the decalcifying fluid. 

(b) Add strong ammonia (specific gravity 0-880) drop by drop until 
the litmus paper turns blue again, indicating alkalinity. 

(c) If the solution becomes cloudy, calcium is present in considerable 
amount and the tissue should be immersed in fresh decalcifying fluid. 
If the solution remains clear, add 0-5 ml. of a saturated aqueous solution 
of ammonium oxalate, and allow to stand for 30 minutes. If a trace of 
cloudiness occurs at this stage, décalcification is still incomplete and 
re-immersion in the decalcifying solution is necessary. If the fluid 
remains clear, the process is regarded as complete. 

DECALCIFYING SOLUTIONS 

Formic acid 
This is recommended for post-mortem and research tissue. 

The time necessary for décalcification is from 1 to 7 days. 

Formula 
Formic acid (S.G. 1.20) . . . . 10 ml. 
10 per cent formol-saline . . . 90 ml. 

Advantages.—This solution permits better subsequent stain
ing results than any of the other solutions. 

Disadvantages.—It is slow, and is unsuitable for urgent work. 
Excess acid in the tissue requires removing with 5 per cent 
sodium sulphate for several hours, followed by overnight 
washing in running tap water. 
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Phloroglucin—nitric acid 
This is recommended for urgent biopsies. The time required 

for décalcification is from 2 to 6 hours. 
Formula 

Phloroglucin 1 g. 
Concentrated nitric acid . . . 10 ml. 

When the dense brown fumes abate, add 100 ml. of 10 per cent nitric acid. 
(Prepare in an evaporating basin in a fume cupboard) 

The colour at first is dark red, but it becomes yellow when 
stored. This colour change does not indicate any impairment 
of decalcifying properties. 

Advantages.—It is the most rapidly acting of the decalcifying 
solutions. 

Disadvantages.—After using this solution, staining of nuclei 
is often poor. Excess acid in the tissue requires removing with 
5 per cent sodium sulphate, followed by washing in running 
tap water. The chemical test cannot be used to assess the 
degree of décalcification. 

Nitric acid—formaldehyde 
This is recommended for urgent biopsies. The time required 

for décalcification is from 1 to 3 days. 
Formula 

10 per cent formol-saline. . . . 100 ml. 
Nitric acid (S.G. 1.4) . . . 1 0 ml. 

Advantages.—It is a rapidly acting decalcifying solution, and 
permits of better nuclear staining than the phloroglucin-nitric 
acid technique. 

Disadvantages.—Nuclear staining is not as good as that 
obtained after more slowly-acting solutions. The solution 
requires removing with 5 per cent sodium sulphate, followed 
by overnight washing in running tap water. 

Von-Ebner's fluid 
The use of this fluid is recommended for teeth and the time 

necessary for décalcification is from 3 to 5 days. Various 
formulae have been given for this method, but the following 
gives good results. 
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Formula 
Saturated aqueous sodium chloride 

(36 per cent approx.) . . . . 5 0 ml. 
Distilled water 50 ml. 
Hydrochloric acid . . . . 8 ml. 

Advantages.—This is a fairly rapidly decalcifying solution 
and subsequent staining results are usually good. It is par
ticularly useful for decalcifying teeth. The excess acid is 
removed by several changes of 90 per cent alcohol for 24 
hours, instead of washing in running water. Dehydration is 
thereby hastened. 

Disadvantages.—Nuclear staining is not as good as that 
obtained after formic acid. The chemical test cannot be used 
to assess the degree of décalcification. 

Trichloracetic acid 
This is recommended for small pieces of bone removed post

mortem. The time necessary for décalcification is from 4 to 
5 days. 

Formula 
10 per cent formol-saline. . . . 95 ml. 
Trichloracetic acid . . . . 5 g. 

Advantages.—It permits good nuclear staining. The excess 
acid is removed by washing in several changes of 90 per cent 
alcohol. 

Disadvantages.—It is a slowly-acting decalcifying solution, 
and is not recommended for use with dense bone. 

Some specimens are composed of dense fibrous tissue which, 
while not containing calcium salts, is nevertheless too tough 
for sectioning. Blocks of tissue taken from such specimens 
may be softened, as described by Lendrum, by immersion in 
4 per cent phenol overnight. 
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CHAPTER 13 

PARAFFIN WAX TECHNIQUE 

DEHYDRATION 
THE ORIGINAL fixative solutions used are not miscible with 
paraffin wax, therefore preliminary dehydration is necessary. 
The three solutions commonly used for this purpose are 
alcohol, acetone and dioxane. 

THE ALCOHOL METHOD 

This consists in passing the tissue through a series of pro
gressively more concentrated alcohol* baths. The containers 
should be fitted with ground glass stoppers under which the 
accompanying labels should be clipped. The more delicate 
the tissue, the lower is the grade of alcohol suitable for com
mencing dehydration, and the smaller the intervals there should 
be between the strengths of the ascending alcohols. 

The exact times required in each alcohol, and the strength of 
the initial jar of alcohol used, depend on the size and type of 
tissue and on the fixative which was used. Table VII may be 
followed as an approximate guide. 

To ensure that the final bath of alcohol is pure, and free from 
water, it is advisable to keep a small bag of anhydrous 
copper sulphate immersed in it. This salt acts as an indicator, 
turning blue when water is present. The alcohol should be 
discarded if a blue tinge becomes apparent. 

* The purchase and use of absolute ethyl alcohol is subject to many restrictions for 
customs and excise purposes. For these reasons 74° O.P. spirit (Absolute Industrial 
Methylated Spirit), which is not subject to these restrictions, is normally used in 
laboratories. 

Proof spirit is legally defined as ' That which, at the temperature of 51° F weighs 
exactly twelve-thirteenth parts of an equal volume of distilled water.* At 60° F it has 
a S.G. of 0-9198 and contains 571 per cent V/V, or 49-2 per cent W/W, of ethyl 
alcohol. Spirits are described as so many degrees over-proof (O.P.) or under-proof 
(U.P.). Proof spirit is the standard and is referred to as 100°. A spirit stated as 70° 
would therefore be 30° U.P. (100° - 70°). A spirit stated simply as 160° would be 
60° O.P. (100° + 60°). 

Ninety-five per cent alcohol is equivalent to 66° O.P., which means that 100 volumes 
of this would contain as much ethyl alcohol as 166 volumes of proof spirit. 

As proof spirit (100°) contains approximately 57 per cent of ethyl alcohol, 74 O.P. 
(174°) would contain 

57 x 174 
— per cent ethyl alcohol = approx. 99 per cent. 
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TABLE VII 
ALCOHOL METHOD OF DEHYDRATION (TIME IN HOURS) 

Running water . 
Alcohol, 30 per cent . 
Alcohol, 50 per cent . 
Alcohol, 70 per cent . 
Alcohol, 90 per cent . 
Absolute alcohol 1 
Absolute alcohol 2 
Absolute alcohol 3 

10 per cent 
formol-
saline 

— 
— 
— 

3-12 
3-12 
3-12 
3-12 
3-12 

Zenker 
or 

Helly 

1-12 
1-6 
1-6 
1-6 
1-6 
1-6 
1-6 
1-6 

Bouirfs 
fluid 

— 
— 
— 

3-12 
3-12 
3-12 
3-12 
3-12 

Susa, 
Carnoy or 

formol-
sublimate 

— 
— 
— 
— 
1-6 
1-6 
1-6 
1-6 

Flemming 
fluid 

1-12 
1-3 
i-3 
*-3 
1-3 
1-3 
1-3 
1-3 

THE ACETONE METHOD 
This is used for the most urgent biopsies. Only small pieces 

of tissue should be treated, and dehydration takes from \ to 
2 hours. Considerable shrinkage is produced during the 
process, rendering it unsuitable for routine work. 

ΓΗΕ DIOXANE METHOD 
Dioxane (diethylene dioxide) is a unique reagent which has 

the unusual property of being miscible with both water and 
molten paraffin wax. It produces very little shrinkage, and is 
simple to use. These advantages are offset by the highly toxic 
vapour, the high cost of the reagent, and the fact that sections 
are prone to fall out of the surrounding wax. Dioxane should 
be used only in a well-ventilated laboratory, and any residues 
should be washed down the sink. 

Procedure 
The following is Graupner's and Weissberger's Dioxane Method. 
(1) Treat the tissue with pure dioxane solution for 1 hour; change 

to fresh dioxane for a further hour, and to yet another bath of dioxane 
for a final 2 hours. 

(2) Treat in paraffin-bath for 15 minutes, in a second paraffin-bath 
for 45 minutes, and in the final one for 2 hours. 

(3) Embed in a mould, and cool in water {see page 159). 
As an alternative method, the tissue may be wrapped in a gauze bag 

and suspended in a jar of dioxane, containing a little anhydrous calcium 
oxide. Dioxane displaces water from the tissue, which is absorbed by 
the calcium oxide. Dehydration takes from 3 to 24 hours, depending 
on the size of the block of tissue. 
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CLEARING 
' Clearing ' or ' de-alcoholization ', is the term applied to 
removal of alcohol from blocks or sections of tissue, which 
usually acquire a transparent appearance in the process. This 
transparency is due to the raising of the refractive index. 

Clearing agents must be miscible with both alcohol and paraf
fin wax. The most common clearing agents are xylene, benzene, 
chloroform, and cedar wood oil. 

XYLENE 
Xylene is recommended for urgent biopsies. The time 

required for clearing is from 15 to 30 minutes, and one bath is 
needed. It is miscible with absolute alcohol (74 O.P. spirit). 

Xylene is the most rapid of the clearing reagents. The tissue 
becomes transparent and the xylene volatilizes rapidly in the 
paraffin oven. It is, however, highly inflammable, and causes 
excessive shrinkage and hardening of the tissue. 

BENZENE 
This is recommended for routine work. The time required 

for clearing is from 15 to 60 minutes, and one bath is required. 
It is miscible with absolute alcohol (74 O.P. spirit). 

Benzene is the best routine clearing reagent if there is any 
urgency. It acts rapidly, volatilizes easily in the paraffin oven. 
and it does not harden the tissue as much as xylene. The 
tissue becomes transparent. 

As a certain amount of shrinkage is caused by benzene, the 
tissue should be transferred to paraffin wax as soon as possible. 
Benzene is highly inflammable. 
CHLOROFORM 

Chloroform is recommended for routine work. The time 
required for clearing is from 6 to 24 hours, and one bath is 
needed. It is miscible with absolute alcohol (74 O.P. spirit). 

Chloroform causes very little shrinkage or hardening of tissue 
and is the best routine clearing reagent. It is not inflammable. 

The disadvantages are that clearing is slow and the tissue does 
not become transparent. Chloroform does not volatilize 
rapidly in the paraffin oven, and the vapour given off may 
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attack the rubber sealing ring of the vacuum embedding bath. 
The reagent is expensive. 
CEDAR WOOD OIL 

This is recommended for the central nervous system and 
cytological work. Two baths are required. It is miscible with 
95 per cent alcohol. 

Cedar wood oil is the best clearing agent. It produces 
minimal shrinkage and hardening, and the tissue may safely 
be left in the oil indefinitely. The tissue becomes transparent. 

The method is extremely slow and it is difficult to remove oil 
from the tissue in the paraffin bath. Furthermore it is very 
expensive. 

Note.—When ordering cedar wood oil, specify that it is required as 
a clearing agent and not as microscope immersion oil. 

OTHER AGENTS 
Toluene, carbon disulphide, clove oil and methyl benzoate are also used 

as clearing agents, but have no particular advantage over those already 
described. Methyl benzoate, however, dissolves celloidin, and is used 
in conjunction with it for double-embedding of tough or fragile objects. 

IMPREGNATION WITH PARAFFIN WAX 
The tissues are thoroughly impregnated with wax by carrying 
them from the clearing agent through three or more baths of 
molten paraffin wax in the embedding oven. The wax used 
should be of suitable melting point. This varies with the 
nature of the tissue; hard tissue requires a higher melting point 
wax than soft tissue. The four common waxes used have 
melting points of 45° C, 52° C, 56° C, and 58° C respectively. 
The 56° C wax is normally used for routine work. Oven 
temperature should not exceed the melting point of the wax by 
more than 2° C. A common type of embedding oven is illus
trated in Fig. 56. 

The exact number of changes of wax, and the time which the 
tissue requires in each, is dependent upon the density and size 
of the block of tissue and the clearing agent used. 
DENSITY OF THE BLOCK OF TISSUE 

Dense tissue requires longer immersion in the paraffin wax, 
and very dense structures such as bone, fibroma, and brain 
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require approximately twice as long as such soft tissues as 
kidney or liver. Time in the oven may be reduced to a mini
mum, if dense tissues are impregnated with wax by the vacuum 
embedding technique {see page 157). 

SIZE OF THE BLOCK OF TISSUE 

The amount of clearing agent carried over into the wax 
depends on the surface area of the tissue block. When treating 
large pieces, the effects of this contamination may be mini
mized by frequent changes of wax. The time required for 
thorough impregnation depends on the thickness of the tissue 
block; a piece 5 mm. thick, for example, takes an average time 
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of three hours, whereas a piece 10 mm. thick may take up to 
ten hours. 

CLEARING AGENTS 

Paraffin wax displaces some clearing agents more rapidly 
than others. Benzene and xylene are easily removed; chloro
form and cedar wood oil are the most difficult, and require 
frequent changes of wax. 

Tissue which has been cleared in cedar wood oil may be 
treated by an alternative method. The block is transferred to 
a mixture of equal parts of paraffin wax and benzene, and 
placed on top of the embedding oven for 30 minutes. The 
tissue may then be transferred to pure molten wax inside the 
oven. By this method, the benzene helps to displace the cedar 
wood oil, and less shrinkage is produced. 

GUIDE TO IMPREGNATION TIMES 

Table VIII will serve as a guide to the impregnation time 
required by most tissues. 

Over-treatment in wax should be avoided, but impregnation 

TABLE VIII 
IMPREGNATION TIMES IN PARAFFIN WAX TECHNIQUE 

Thickness of 
tissue 

Under 3 mm. 

Under 3 mm. 

3-5 mm. 

3-5 mm. 

5 mm.-l cm. 

5 mm.-l cm. 

Over 1 cm. 

Over 1 cm. 

Clearing reagent 
employed 
Xylene 
Benzene 

Chloroform 
Cedar wood oil 

Xylene 
Benzene 

Chloroform 
Cedar wood oil 

Xylene 
Benzene 

Chloroform 
Cedar wood oil 

Xylene 
Benzene 

Chloroform 
Cedar wood oil 

Period in molten 
paraffin wax 

1 hour 

1J hours 

1-3 hours 

2-5 hours 

3-6 hours 

4-8 hours 

6-12 hours 

8 hours to 
overnight 

Number of changes 
of paraffin wax 

One 

Two 

Two 

Three 

Two 

Three 

Three 

Four 
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must be complete before the tissue is removed from the oven. 
Inadequate impregnation will result in shrinking of the block, 
and crumbling during sectioning. 

AUTOMATIC TISSUE PROCESSERS 
Automatic tissue processers (Fig. 57), which are rapidly be
coming standard equipment in histological laboratories, require 
the minimum of supervision. The constant agitation which the 
tissue undergoes not only increases penetration but also reduces 
the period required in each reagent. The time required for tissue 
to be fixed, dehydrated, cleared and impregnated with paraffin 
wax is thus considerably reduced, and more constant results 
can be produced. 

FIG. 57. An automatic tissue processer. 

The automatic tissue processer consists essentially of a series 
of beakers containing the various reagents and two thermo
statically-controlled paraffin-wax baths. The tissues are 
enclosed in perforated containers which are placed in a carrier 
basket. This is raised by means of a transfer arm and lowered 
into the appropriate reagent beaker at pre-set time intervals, 
governed by means of a 24-hour timer mechanism. Intervals 
of 15 minutes or more may be pre-selected by means of a 
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notched disc. An automatic cut-out comes into operation 
after each complete revolution of the machine, eliminating the 
possibility of the tissue being moved further than the second 
bath of paraffin wax. The 24-hour cycle of the machine can be 
pre-set to delay the start of processing up to 24 hours. This 
permits the machine to operate over week-end periods, the 
tissue being ready for ' blocking-out ' on Monday morning. 

VACUUM EMBEDDING TECHNIQUE 
The vacuum embedding technique depends on the production 
of negative pressure inside the embedding oven. This pressure 

FIG. 58. A type of 
vacuum embedding bath. 

reduction hastens the extrusion of air-bubbles and of the 
clearing agent from the tissue-block, facilitating rapid pene
tration by the wax. 

It is useful for the following tissues : (1) Urgent biopsies; (2) 
dense tissue ; (3) lung tissue ; (4) tissue from the central nervous 
system; and (5) tissue which contains a large amount of fat. 

VACUUM-EMBEDDING OVEN 
There are several types of vacuum-embedding bath (or 

vacuum-embedding oven). A type in common use is shown 
in Fig. 58. The vacuum compartment is a flat-bottomed 
brass chamber, with a heavy glass lid resting on a thick rubber 
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REGULATOR 

HEfìTÌNQ Et-EMENT 
"TRßP'(o07ri.E 

FIG. 59. This diagram illustrates the vacuum embedding apparatus. 

washer, which creates an airtight junction. The vacuum 
chamber is immersed in a thermostatically-controlled water-
jacket. A valve is fitted on one side of the chamber by means 
of which air may be admitted when the bath is under negative 
pressure. On the opposite side of the chamber is a small tube 
by which the interior is connected to the vacuum pump. 

Assembly of apparatus (Fig. 59). 
(1) Fit a Venturi water pump to a cold water tap of the mains supply. 
(2) Connect the pump to a trap bottle with pressure tubing. 
(3) Connect the bottle to a glass ' Y ' piece, with pressure tubing. 
(4) Attach one end of the ' Y ' piece to a manometer and the other 

end to a vacuum bath. A glass stop-cock should be inserted in the 
' pressure ' tubing between the ' Y ' piece and the vacuum bath. 

Method of using the vacuum-embedding oven 
(1) Transfer the cleared tissue to a container of molten paraffin wax, 

and place it in the vacuum bath. 
(2) Place the heavy glass lid in position and press it firmly down. 
(3) Close the valve and exhaust the chamber with the Venturi pump, 

until a negative pressure of 400-500 mm. is shown on the manometer. 
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(4) Close the stop-cock between the ' Y ' piece and the vacuum 
chamber, and turn off the pump. 

(5) When the tissue has been immersed in the wax for the requisite 
period, unscrew the valve gradually, allowing the pressure inside the 
bath to rise to that of the atmosphere. 

(6) Remove and change the wax, or embed the tissue, as necessary. 
Note.—Never turn off the water pump while the stop-cock between 

the * Y ' piece and the vacuum chamber is still open. If this precaution 
is not observed, water may be sucked back into the trap bottle and the 
vacuum chamber. AGeryke pump may be used in place of the water pump. 

When the oven is not in use, the rubber washer should be removed. 
Prolonged exposure to high temperatures causes the rubber to perish. 

MOULDS FOR EMBEDDING 
A variety of moulds is available for ' blocking out ' or 

embedding the tissue in paraffin wax. The Leuckhart embed
ding boxes are the most convenient moulds for routine work 
and they are very widely used. They consist of two L-shaped 
pieces of metal. On glass or metal plate they may be arranged 
to form a mould of any desired size. Cake tins, approximately 
3 inches in diameter, are convenient for embedding several 
pieces of tissue. Watch glasses are ideal for embedding frag
mentary biopsies. If the tins or watch glass are thinly smeared 
with glycerine before use, the paraffin block is easily removable. 
TECHNIQUE FOR EMBEDDING 

(1) Fill the mould with molten paraffin wax. 
(2) Warm a pair of blunt-nosed forceps, and use them to transfer 

the tissue from the paraffin bath to the mould. 
(3) Warm the forceps again, and orientate the tissue until it is lying 

in the desired plane. Run the warm forceps round the tissue to ensure 
that any wax which may have solidified during the transferring from 
the paraffin bath to the mould, is melted. 

(4) Remove the corresponding label from the paraffin bath, and 
place it against the side of the mould adjacent to the tissue. 

(5) Blow on the surface until a thin film of wax has solidified. 
(6) Transfer the mould to a container of cold water, and immerse it 

gently. The mould should remain submerged until the wax hardens. 
This may take 10-30 minutes, but solidification may be hastened by 
transferring the mould to running water 
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CHAPTER 14 

SECTION CUTTING 

THE MICROTOME 
THE MICROSCOPE is designed to facilitate the study of animal 
tissue by transmitted light and for this purpose the tissue must 
be sliced into thin lamellae or ' sections '. These are cut at a 
pre-determined thickness which depends on the character of 
the tissue. Uniform thickness can only be assured by using a 
machine known as a * microtome '. 

Various designs of microtome are made for use with different 
tissue-supporting media. For the preparation of paraffin 
sections, the rocker, the rotary and the sliding patterns are 
normally used. 
ROCKING TYPE MICROTOMES 

The Cambridge rocket 
This is available in two sizes, the smaller size being the more 

popular (Fig. 60a). It is simple to operate but has the disad
vantage of cutting sections in a curved plane. 

The Unicam microtome 
This is similar in size to the smaller Cambridge rocker. It 

is slightly more difficult to operate, but has the advantage of 
cutting perfectly flat sections (Fig. 606). 

THE ROTARY MICROTOME 
There are several models of the rotary type microtome, but 

the design and mechanism is essentially similar in all types of 
them. This is an excellent machine for research work, and is 
particularly valuable for preparing serial sections. All models 
cut perfectly flat sections. 

THE SLIDING MICROTOME 
The base sledge microtome has recently become popular for 

the preparation of paraffin sections. It is very rigid, and is 
excellent for cutting sections of tough tissue, especially if the 
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(a) 

FIG. 60. Rocking type microtomes: (a) Cambridge Rocker; (b) Unicam. 

blocks are large and offer marked resistance to the knife. The 
sections may be cut with the knife at an angle to the face of the 
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block or parallel to it. Larger sections can more easily be cut 
with the knife set at an angle, less resistance being offered by 
the block. 

THE FREEZING MICROTOME 

The freezing microtome (Figs. 61 and 62) is used for cutting 
sections when speed is of the utmost importance. It is possible 

FIG. 61. A type of freezing microtome. 
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to cut sections within minutes of receipt of the tissue. It is 
also useful for cutting sections to identify fat. 

The tissue is frozen by the application of C02 gas. It is first 
cut into small (3 mm.) blocks, boiled in 10 per cent formol 
saline for two minutes (to fix the surface) and is then placed 
on the microtome stage on a drop of Gum syrup (freezing 
mixture). The valve of the C0 2 cylinder is opened, and then 
the valve on the microtome stage is opened and shut rapidly 
so that short bursts of C0 2 flow through the holes in the stage. 
When the right consistency has been reached, the sections are 
cut and transferred, by means of a camel-hair brush, to a 
watch-glass containing distilled water. 

Notes.—If tissue is too frozen, the sections will crumble. To remedy 
this, partially thaw by placing the finger on the tissue. If tissue is not 
frozen enough, sections will cut thick, and the block of tissue may come 
away from the stage. To remedy this, give more bursts of C02. 

If sections are to be stained for fat, they are mounted in an aqueous 
mounting medium, such as glycerine-jelly. 

The sections are then stained, by transferring to watch-
glasses containing the stains, dehydrated, cleared and mounted 

FIG. 62. Another type of free
zing microtome, with low-
temperature knife cooling. 
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in D.P.X. Alternatively, the sections (unstained) can be 
mounted on a clean slide (previously coated with 0-2 per cent 
gelatin and dried), and exposed to concentrated formalin 
vapour for 1 minute. They are then carefully washed in water 
and stained. 

MICROTOME KNIVES 
These are classified according to the manner in which they 

are ground. 
(1) Plano-concave. The upper surface is hollow-ground and the 

lower one plane (Fig. 63a). 
(2) Semi-plano-concave. The upper surface is slightly concave and 

the lower one plane (Fig. 63b). 
(3) Plane-wedge. In cross-section both the upper and lower surfaces 

are plane (Fig. 63c). 
(4) Bi-concave. In cross-section both surfaces are concave (Fig. 

63d). 

Each knife described is used for specific purposes. The 
plano-concave type is used mainly for celloidin-embedded 
blocks on sliding microtomes. The semi-plano-concave and 
bi-concave knives are used for paraffin-embedded blocks. The 
wedge-type knife is used for work on a freezing microtome, 
or for cutting paraffin blocks of tough tissue on a base sledge 
type sliding microtome. 

À FIG. 63. Microtome knives: (a) Plano
concave ; (b) semi-plano-concave ; (c) 
plane-wedge ; (d) bi-concave. 

(a) (6) ( a <fd) 

The cutting facet (bevel) 
In cross-section all microtome knives are wedge-shaped. A 

second smaller wedge, of a more obtuse angle, is ground on 
the tapered edge of the knife. This second wedge produces the 
cutting facet and actual cutting edge. Most microtome 
knives have detachable handles which should be screwed into 
place whenever the knives are to be sharpened. In order to 
sharpen microtome knives with one or more plane surfaces, it 
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is necessary for backs to be fitted to them. The back, a spring-
loaded semi-circular metal sheath, is slipped on to the knife 
and is designed to hold the cutting facet at the correct angle to 
the hone or strop. 

A special knife is made for use with the rocker type micro
tomes. This knife, originally designed by John Heiffor, is bi
concave, and has the handle permanently attached to the blade 
(Fig. 606). 

Sharpening of microtome knives 
The knife must be frequently sharpened if a good cutting 

edge is to be maintained. The process of sharpening is divided 
into two stages, honing and stropping. 

Honing.—This is necessary whenever the cutting edge becomes 
blunt or nicked. There is a variety of hones available, but the 
Belgian yellow-stone is claimed to produce the best results. 
The hone should be lubricated with either fine oil or soapy 
water. The knife is placed at one end of the hone (Fig. 64), 
and is pushed diagonally forward with the cutting edge leading, 
so that the whole edge is equally ground. The knife is then 
turned over on its back, and with the cutting edge leading again, 
it is brought steadily back along the hone from heel to toe. 

FIG. 64. Photograph and diagram illustrate the honing of a 
microtome knife. 
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Pressure on the knife should be just sufficient to hold it 
steady during the operation and prevent it from rocking. The 
number of strokes required on the hone depends on the condi
tion of the knife, but twenty to thirty strokes in each direction 
is usually sufficient. If a knife has a nick protruding beyond 
the cutting facet, it should be returned to the makers for 
regrinding. Carborundum and Arkansas hones are also in 
common use. Plate glass may be used in lieu of a hone in 
conjunction with an abrasive such as finely powdered alumin
ium oxide. Hone when the edge becomes blunt. Strop 
after honing, and also strop when the knife edges become 
dull. 

Stropping.—This is performed in a manner similar to honing, 
but the knife is reversed and the back leads while the cutting 
edge is trailed (Fig. 65). 

FIG. 65. Photograph and diagram illustrate the stropping of a 
microtome knife. 

Strops may be flexible (' hanging ') or rigid, the former type 
having one canvas surface and one of horsehide. Good strops 
are marked * shell horse ' on the hide surface. This indicates 
that the hide has come from the ' rump ' of the horse. Cheaper 
and inferior strops are made from skin of other parts of the 
animal. The canvas side of a new strop is usually ' dressed ' 
by the manufacturer and it needs no attention, but the leather 
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surface is frequently too dry and treatment is necessary. This 
consists of gentle working of the back surface of the leather 
with a little vegetable oil. Mineral oil is unsuitable because it 
tends to blister the leather. Excess oil should be avoided as 
it makes the stropping surface slippery and the knife is not 
properly ' gripped ' by the hide0 The strop should not be used 
for at least twenty-four hours after such treatment. 

Several varieties of rigid strop are manufactured, but the 
Zimmer and Ross tri-side are the most popular types. These 
strops require treatment with a fine abrasive paste of jeweller's 
rouge. The paste is supplied in various grades and the knife 
should be stropped first on the coarse paste, then on the fine 
paste, and lastly on the leather surface. Many workers prefer 
the rigid to the flexible, or hanging strop, which is alleged to 
impart a rounded edge to the knife. 

TECHNIQUE OF SECTION CUTTING 
TRIMMING THE BLOCK 
If several pieces of tissue are embedded in the same mould, it 
must be divided into individual blocks. This may be done by 
cutting a V-shaped groove in the intervening wax, and breaking 
it along this line. If the pieces of tissue are embedded too 
closely to permit this, the mould should be divided with a fine 
fret saw. 

The individual paraffin blocks should then be trimmed with 
a hand razor to within J-inch of the tissue, taking care that the 
sides of the block are parallel. Excess wax on the face of the 
block should also be pared off. The shavings produced may 
be returned to the wax oven and used again. The trimmed 
blocks should be stored in cardboard boxes, each with its 
accompanying ticket. 

ATTACHING THE BLOCK TO THE HOLDER 

Heat a wooden-handled spatula over a Bunsen burner, and 
hold it on the surface of the block holder. Place the paraffin 
block on the spatula. The hot spatula melts the wax on the 
block-holder and the base of the block. After a few seconds 
the spatula is withdrawn and the paraffin block pressed down 
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firmly on the holder. The junction between the two is now 
sealed by re-heating the spatula and running it round the base 
of the paraffin block. 

Orientation of the block on the microtome 
(1) Fix the block-holder in position on the microtome. 
(2) Turn back the feed-mechanism. On the rotary and base sledge 

microtomes a special ' split nut clasp ' is provided for this purpose. 
(3) Insert a suitable knife in the microtome, and secure it with the 

tightening screws. 
(4) Move the block-holder forward until the paraffin block is almost 

touching the knife edge. 
(5) If the microtome has no centring screws, such as in the case of 

the rocker type microtome, the block must be accurately trimmed before 
it is attached to the block-holder. When adjusting screws are present 
they are used to orientate the block-holder so that the surface to be cut 
and the lower edge of the block are parallel to the knife edge at the 
moment of impact. 

(6) Check all tightening screws on the microtome. 
(7) The gauge controlling section-thickness is set to 15 microns, and 

the extreme end of the knife is used to trim the block until the whole 
surface is being cut. The block is now ready for sectioning. 

CUTTING THE SECTIONS 
Set the gauge to the required thickness and insert the knife 

so that the centre of the blade is positioned for cutting. Screw 
back the feed mechanism slightly. 

Note.—This precaution should be taken whenever the knife is moved, 
for the slightest discrepancy in the knife may cause the cutting edge to 
dig into the paraffin block when the next section is cut. 

Operate the microtome until complete sections are again 
being cut and then maintain a regular cutting rhythm. The 
cutting rate varies with the nature of the tissue, the size of the 
block, and the pattern of the microtome. The optimum 
cutting speed is determined empirically for each individual 
block. If the block face and upper and lower edges are parallel 
to the knife, the sections will form a ribbon. This ribboning 
is due to the slight heat generated between the block and the 
knife edge. Continue cutting until the ribbon produced is 
about 6 inches long, supporting its free end all the while with 
a moistened camel-hair brush. Moisten a second camel-hair 
brush and gently raise the last section cut, thereby freeing the 
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ribbon which is placed matt surface uppermost, on to a section 
board or a sheet of black paper. When serial sections are 
being prepared, the section board is essential, for the glass 
cover protects the sections from draught and dust. 

If the knife of the base sledge microtome is set at an angle, 
the sections should be removed individually, for ribboning does 
not usually occur. 
FAULTS IN SECTION CUTTING 

If instructions for trimming the block and orientating it on 
the microtome have been correctly observed, poor results are 
usually due to one of the following causes. 
Inadequate impregnation 

If dehydration, clearing or wax-impregnation are inadequate, 
crumbling of sections may occur. This fault is easily detected, 
as the block usually smells of the clearing agent. The block 
should be trimmed down as near to the tissue as possible, 
returned to the embedding oven to melt the remaining wax, 
and then transferred to the clearing agent. If dehydration is 
suspected as being at fault, the tissue should be taken back to 
absolute alcohol (74 O.P. spirit). 
Imperfect knife edge 

More failures can be attributed to badly prepared knives than 
to any other single factor. Nicks in the knife edge frequently 
result in scoring of the sections with vertical lines. To overcome 
this, re-sharpen the knife or move it along in the holder. If the 
knife is blunt, the sections may cut alternately thick and thin. 
This may be remedied by re-sharpening the knife. 
Incorrect setting of the knife 

The knife is set at a tilt on the microtome to allow a clearance 
angle between the cutting facet and the block of tissue (Fig. 
66). The angle of tilt may vary between 0 degrees and 15 
degrees. Bi-concave knives require a smaller clearance angle 
than wedge-type knives. The tilt of the knife may be adjusted 
by special attachments on the knife holder of the microtome. 

Faults due to an incorrect tilt are as follows. 
Chattering.—This term is used to describe horizontal lines or furrows 

across the section. The knife makes a hard metallic scraping sound as the 
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sections are cut. This may be remedied by reducing the tilt of the knife. 
Intermittent cutting.—If the angle of tilt of the knife is too small, the 

block is compressed by the cutting facet and a section is not cut. The 
degree of compression increases until the tissue expands suddenly, and 
results in the cutting of a thick section. This may be remedied by 
increasing the angle of tilt of the knife. 

BLOCK HOIÜSR 

BLOCK OF TISSUE 

FIG. 66. This diagram illustrates the angle of 
tilt of a microtome knife. 

CLEfirl*HC Ç. 

Brittle and tough tissue 
Blocks of tough fibrous tissue frequently offer such resistance 

to the knife that satisfactory sections cannot be cut. In these 
circumstances the block may be softened by immersion in 
running tap water or in * Mollifex ' (British Drug Houses). 
When possible the block should be cut on the base sledge 
microtome, and orientated so that it can be cut along the line 
of least resistance. 
Dirt 

When dirt is present in the paraffin wax, re-embedding of the 
tissue in freshly filtered wax is necessary. 
Minute particles of calcium in the tissue 

Once the tissue has been embedded in paraffin wax, décalci
fication is impracticable but the base sledge microtome, using 
a wedge knife set at an angle, will often allow the cutting of 
good sections. 

MOUNTING THE SECTION ON SLIDES 
Several glass slides should be cleaned, smeared with a drop of 
Mayer's egg albumin*, and the specimen number inscribed with 
a writing diamond. As sections tend to crease slightly on 

* Mayer's egg albumin 
Equal parts of white of egg and glycerin. 
Mix well and filter. 
Add one small crystal of thymol. 
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cutting they must be stretched by gentle heat before being 
attached to the slides. 

' Floating out ' sections on water 
(1) Heat a bowl of distilled water until its temperature is approxi

mately 6° C to 10° C lower than the melting point of the wax used for 
embedding the tissue. 

(2) Flood a glass slide with 20 per cent alcohol. 
(3) Using a moistened camel-hair brush, lower the sections, shiny 

surface downwards on to the alcohol. 
(4) Lower the slide gently into the water. The sections will be 

carried away from the slide by the convection currents set up by the 
alcohol. All creases in the tissue should disappear within a few seconds. 

(5) Insert one of the prepared slides vertically into the water, as close 
to the section as possible. 

(6) Withdraw the slide, and the section will adhere to its surface. 
(7) Position the section on the slide with a mounted needle. Allow 

excess water to drain off. Transfer the slides to an incubator for several 
hours, to ensure that the sections are thoroughly dried before being 
stained. 

* Floating out ' sections, using a hot plate 
(1) Flood a clean slide with distilled water containing 4 drops of 

albumin to every 15 ml. of water. 
(2) Arrange the ribbons of sections on the slide, shiny surface down

wards, with the first section in the bottom left-hand corner of the slide. 
If more than one ribbon is placed on the same slide, they should be 
arranged in sequence. 

(3) Transfer the slide to a thermostatically-controlled hot plate, at a 
temperature 6° C to 10° C lower than that of the embedding wax. 
Heat from the hot plate stretches the ribbon removing all creases. If 
necessary, the * stretching ' may be assisted by the use of mounted 
needles. 

(4) When the sections are fully extended, remove the slide from the 
hot plate and drain off any excess fluid. Using a mounted needle, 
arrange the sections in tidy rows on the slide. 

(5) The slide should then be returned to the hot plate, or transferred 
to an incubator to dry. Never attempt to stain serial sections until they 
have been thoroughly dried, for the loss of one of a series may render 
them valueless. 
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CHAPTER 15 

BIOLOGICAL STAINING 

BIOLOGICAL MATERIAL is stained in order to render the different 
constituents of tissues and cells more readily visible. Various 
cellular elements may have different refractive indices, which 
allows partial identification of unstained material. For 
detailed study, however, staining has such great advantages 
that it is normally practised. 

Stains are made from dyes and are classified into two groups, 
natural and synthetic, of which the latter greatly outnumber 
the former. They are further sub-divided into basic, acid and 
neutral dyes. Some of the most important biological stains, 
chiefly haematoxylin and carmine, fall into the natural group. 
In the following explanatory text, the term ' dye ' will be used 
to denote the powder, and the term * stain ' to denote the solu
tion of one or more dyes. 

NATURAL DYES 
HAEMATOXYLIN 

Haematoxylin is a dye derived by ether extraction from the wood 
of the Mexican tree haematoxylin campechianum. Haemato
xylin has poor staining properties and is normally used in con
junction with a mordant (see page 183). 

Haematoxylin must be ' ripened ' by exposure to air and sun
light, which oxidizes the haematoxylin to form the essential 
staining element haematein. This is a slow process, but it can 
be hastened by addition of a little neutral solution of hydrogen 
peroxide or other powerful oxidizing agent. 

Mordants have been described as substances which combine 
with the tissue and the stain, linking the two, and causing a 
staining reaction between them. Those commonly used in 
histology are compounds of aluminium and iron, but chromium 
and copper are also used. Aluminium compounds are suitable 
for the progressive staining (see page 176) of tissues in bulk, but 
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iron compounds may be used only for sections which permit 
differentiation. Mordants need not necessarily be included in 
the staining solution; some fixatives are used partly for their 
mordanting qualities. When myelinated fibres of the central 
nervous system are to be demonstrated the tissue is usually 
fixed in 10 per cent formal saline and prior to embedding is 
mordanted in Weigert's primary mordant, which is a mixture 
of potassium dichromate and fluorochrome. 

COCHINEAL AND ITS DERIVATIVES 

Cochineal is one of the older histological dyes. It is extrac
ted from the bodies of female cochineal bugs. The dye obtained 
is treated with alum, yielding a product relatively free of 
extraneous matter, and known as carmine. It is extensively 
used for staining zoological specimens and when combined 
with picric acid (picrocarmine) it is extremely useful in neuro
logy. It is a powerful nuclear stain and it is used for the 
demonstration of glycogen (Best's Carmine) in permanent 
preparations. 

ORCEIN 

Orcein s a vegetable dye extracted from certain lichens by 
the action of ammonia and air. It has a violet colour, and is a 
weak acid, soluble in alkalis. Its main use in histology is the 
demonstration of elastic fibres (Tanzer-Unna orcein stain). 

LITMUS 

Litmus is also obtained from lichens but they are treated 
with lime and potash or soda, in addition to exposure to 
ammonia and air. Litmus is a poor dye and is not used as a 
histological stain. It was widely used as an indicator but it 
has been largely superseded by synthetic dyes. 

SAFFRON 

Saffron, a natural pigment extracted from the stigmata of 
crocus sativus, is not widely used in histology, but has been 
incorporated by Masson into a connective tissue stain. 
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SYNTHETIC DYES 
These are usually referred to as 'aniline dyes ' because the first 
ones produced artificially were derived from aniline. The 
term is being slowly replaced by the correct name * coal tar 
dyes '. All these compounds are derivatives of the hydro
carbon benzene (C6H6), which consists of six carbon atoms 
arranged in a hexagon and having an atom of hydrogen 
attached to each free valency (Fig. 67a). For the sake of 
simplicity, benzene is usually drawn as a simple hexagon, the 
carbon and hydrogen symbols being omitted (Fig. 61b). 

Simple benzene compounds have absorption bands in the 
ultra-violet range of the spectrum. Certain substances 
(' chromophores ') are capable of moving this absorption band 
into the visible portion of the spectrum, thereby producing 
visible colour. Benzene compounds containing chromophores 
are known as 'chromogens \ 

/ \ 
FIG. 67. Hydrocarbon benzene : 

(a) showing hydrogen atom at-
I J tached to each free valency ; 
\ / (b) as usually illustrated. 

(6) 

The nitre group (N02) is a chromophore. If three of these 
groups displace three hydrogen atoms of benzene the com
pound trinitrobenzene is formed (Fig. 68a). 

The chromogen trinitrobenzene is coloured but it is not a dye. 
Chromogens differ from dyes in that any colouring they impart 
to tissue is easily removable. Before a substance can be called 
a dye, it must be capable of retention by tissue. A chromogen 
becomes a dye after the addition of another radicle, known as 
an ' auxochrome '. If a further hydrogen atom is replaced by 
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SYNTHETIC DYES 

an hydroxyl group, which is an auxochrome, the compound 
results as shown in Fig. 686. 

This compound, picric acid, is a dye by virtue of its capacity 
to form salts with alkalis. Picric acid is unique in that it is the 
only substance which may be used as a fixative, a differentiator 
or a stain. A synthetic dye may be described as a benzene 
derivative, to which a chromophore and an auxochrome have 
been added. 

N02
 N ° 2 

FIG. 68(a). Trinitrobenzene; (b) Picric acid. 

BASIC, ACID AND NEUTRAL DYES 
BASIC DYES 

In basic dyes, such as méthylène blue, the colouring substance 
is contained in the basic part of the compound. The colourless 
acid radicle is usually derived from hydrochloric, sulphuric or 
acetic acid. 
ACID DYES 

In these dyes, for example, eosin, the colouring substance is 
contained in the acid component, and the base is usually sodium. 
NEUTRAL DYES 

These are obtained by combining basic and acid dyes. They 
are usually insoluble in water, but soluble in alcohol, for 
example, Leishman's stain. 

Nuclei are usually stained by basic dyes, and cytoplasm by 
acid dyes. Neutral dyes stain both nuclei and cytoplasm. 

THE STAINING PROPERTIES OF DYES 
Dyes may be considered as having micro-anatomical orcyto-
logical staining properties, as already mentioned in Chapter 11. 
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Micro-anatomical stains are used for demonstrating the 
general relationship of tissues to each other. Nuclei and cyto
plasm are differentiated but their included structures are not 
necessarily emphasized. 

Cytological stains demonstrate the minute structures in the 
nucleus and cytoplasm of cells without necessarily aiding in 
the general differentiation of the various tissue types. 

Staining brought about by the aid of a mordant is called 
indirect staining, for example, haematoxylin. Conversely, where 
a mordant is unnecessary, as in the majority of the aqueous or 
alcoholic aniline stains, the term direct staining is used. 

Stains which colour the tissue elements in a definite order 
are termed progressive stains. Those which colour all the tissue 
elements at the same time, and necessitate ' washing out ' 
(differentiating), before the individual elements can be studied 
are termed regressive stains. 

The staining of inclusions in live cells is referred to as vital 
staining. Living cells may be stained after removal from the 
organism (supra-vital staining), or while still part of the body 
(intra-vital staining). Specific stains act only on certain con
stituents of cells and tissues, and have little or no effect upon 
the remaining elements. The specificity, however, is usually 
dependent upon the use of a definite procedure. Most dyes 
stain the tissue in various shades of their own fundamental 
colour. Some tissues, however, assume a different colour from 
that of the solution in which they are immersed. This is known 
as metachromatic staining, a phenomenon seen only with the 
basic aniline dyes, and frequently used in pathology, such as 
methyl violet for amyloid tissue. 

Negative staining is used for the examination of bacterial 
morphology. The organisms and substance of choice are 
mixed on a slide. When the slide is examined microscopically, 
the unstained organisms are sharply contrasted against a black 
background. 

Certain tissue constituents and some organisms are demon
strated by a procedure known as impregnation. The solutions 
used in the impregnation technique are not stains, but are 
solutions of metallic salts. They differ from stains in being 
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colourless. Opaque chemicals are precipitated on the surface 
of the tissue or bacteria. A stain is absorbed by the tissue, 
but an impregnating agent is deposited on its surface. This 
makes certain organisms (such as Spirochaetes) appear larger 
than they actually are. 

I.M.L.I. 177 G 



CHAPTER 16 

STAINING PROCEDURES 

STAINING EQUIPMENT 
THERE ARE two methods of staining slides commonly employed : 
(1) Using staining dishes; and (2) using a staining rack. 

STAINING DISHES 

A variety of these dishes is available, from small jars, used 
for staining single slides, and the Coplin jars, to staining 
troughs which enable up to 20 slides to be stained at the 
same time. 

STAINING RACKS 

Staining racks are often used in bacteriological laboratories. 
Two glass rods, 2 inches apart, are fixed across the sink. The 
slides are laid across these rods and the solutions poured on to 
the slides, using drop bottles. It is not advisable to use staining 
jars for staining smears, as material may be transferred from 
one smear to another and false results obtained. 

OTHER APPARATUS 

Other apparatus required for staining includes the following. 
(1) A bunsen burner for heating stains. 
(2) A hot plate (thermostatically controlled) for hardening 

mounting media. 
(3) A microscope and lamp for controlling the degree of 

staining. 
PROCEDURE FOR 

STAINING PARAFFIN WAX SECTIONS 
Before sections prepared by the paraffin wax technique can 
be stained, the surrounding wax must be removed and the 
section transferred, through graded alcohols, to distilled water. 
To avoid undue repetition in the following staining procedures, 

178 



PROCEDURE FOR STAINING PARAFFIN WAX SECTIONS 

the phrase ' deparaffinize with xylene, alcohol and water ' will be 
used to indicate that the following procedure should be adopted. 

(1) Free the section from paraffin wax by immersing the slide in 
xylene for 2 or 3 minutes. This process may be speeded up by first 
gently warming the section over a bunsen burner until the paraffin wax 
just begins to melt. 

(2) Transfer the slide to absolute alcohol for 30 seconds to remove 
the xylene. Blunt-nosed forceps should be used for transferring the 
slides from one reagent to another. 

(3) Transfer the slide to a second dish of absolute alcohol for a 
further 30 seconds to ensure that all the xylene is removed and not 
carried over into the lower grade alcohols. 

(4) Transfer the slide to 90 per cent alcohol for 30 seconds. 
(5) Transfer the slide to 70 per cent alcohol for 30 seconds. 
(6) Wash the slide thoroughly in distilled water. 

The section is now ready for staining by the appropriate 
technique. 

After staining, the section is passed back through the graded 
alcohols (that is, 70 per cent, 90 per cent and absolute alcohol), 
washing very thoroughly in the absolute alcohol. 

The section is next cleared in xylene. The object of this is 
two-fold. Firstly, the section, after having been immersed in 
xylene is miscible with the xylene-balsam (or D.P.X.). 
Secondly, the refractive index of the tissue is raised so that it is 
approximately the same as that of the glass slide to which it is 
attached. This is an important factor as the refraction of the 
light is reduced to a minimum when the section is examined 
under the microscope. 

PIGMENTS 
When stained sections are examined microscopically, a deposit 
or pigment is frequently observed. This may be either artificial 
or natural in origin. 

ARTIFICIAL PIGMENTS 

There are two artificial pigments commonly encountered, both 
being formed by the action of Jcertain fixatives. They are: (1) 
mercuric chloride deposit; and (2) formaldehyde {post mortem) 
precipitate. 
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Mercuric chloride deposit 
The exact nature of this deposit is not known. It is found in 

all tissue which has been preserved in a fixative containing 
mercuric chloride, and appears in the form of black clumps, 
differing from the fine brown deposit of the formaldehyde 
precipitate. It may be removed from the tissue by treatment 
with iodine in the following way. 

(1) Deparaffinize with xylene, alcohol and water. 
(2) Immerse in LugoPs iodine for 5-10 minutes. 
(3) Wash in tap water. 
(4) Decolorize in 0-5 per cent sodium thiosulphate (hypo). 
(5) Wash thoroughly in running tap water. 
(6) Continue staining in the usual manner. 

An alternative method is to add a few drops of a saturated 
solution of alcoholic iodine to each of the dehydrating alcohols, 
when dehydrating the bulk tissue. The disadvantage with this 
method is that the iodine tends to make the tissue rather brittle 
for sectioning. 
Formaldehyde post mortem precipitate 

This pigment occurs in tissue removed at post mortems per
formed 24 hours or more after death has occurred. It is believed 
to be a break-down product of haemoglobin, and occurs chiefly 
in blood-forming organs, such as the liver and spleen. It is 
readily soluble in alkaline solutions, and is easily removed by 
one of the following methods. 

Schriddes* method 
(1) Deparaffinize with xylene and wash thoroughly in absolute 

alcohol. 
(2) Immerse in the following solution for 30 minutes. 
Ammonia water (25-28 per cent) 1 ml.; alcohol (75 per cent) 200 ml. 
(3) Wash thoroughly in 90 per cent alcohol. 
(4) Bring the section to water and continue staining in the usual way. 

Verocafs method 
(1) Deparaffinize in xylene and wash the section thoroughly in 

absolute alcohol. 
(2) Immerse in the following solution for 10-20 minutes: potassium 

hydroxide (1 per cent) 1 ml.; alcohol (80 per cent) 100 ml. 
(3) Wash thoroughly in 90 per cent alcohol. 
(4) Bring the section to water and continue staining in the usual way. 
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NATURAL PIGMENTS 
Natural pigments are divided into two classes, exogenous 

and endogenous. 

Exogenous pigments 
These pigments consist of foreign matter absorbed by the 

body during life. The most commonly encountered is carbon, 
which occurs as a jet black pigment in sections of the lung and 
bronchial glands. It is impossible to remove the carbon 
pigment from sections. Other examples of exogenous pigments 
are asbestos fibres and tattooing ink. 

Endogenous pigments 
These are produced within the organism. There are a variety 

of pigments in this class which may be encountered when 
studying sections. Haemosiderin (free iron) is the one which 
occurs most commonly, and this can readily be demonstrated 
histochemically by the Prussian blue reaction, or if required to 
be removed, it is soluble in acid. Other true pigments which 
fall into this class are melanin and calcium. Endogenous 
pigments can be identified easily by means of chemical tests. 

Prussian blue reaction 
(1) Deparaffinize with xylene, alcohol and distilled water. 
(2) Place for 30 minutes in a freshly prepared solution of 

20 per cent hydrochloric ac id . . . 1 part 
10 per cent potassium ferrocyanide... 1 part 

(3) Wash thoroughly in distilled water. 
(4) Wash in tap water. 
(5) Counterstain with 1 per cent neutral red or 0-5 per cent safranine 

for 1 minute. 
(6) Wash and blot carefully. 
(7) Dehydrate rapidly and mount in D.P.X 
Result Haemosiderin . . . Blue 

Nuclei . . . . Red 

MOUNTING OF SECTIONS 
After the section has been stained it must be prepared as a 
permanent preparation for microscopic examination. This is 
accomplished by mounting the section in a suitable medium 
under a glass coverslip. 

The medium most commonly used for mounting stained 
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sections is Canada balsam, which may be either acid or neutral. 
The choice of balsam depends entirely upon the staining pro
cedure used. In addition to Canada balsam, there are several 
synthetic mounting media which give excellent results, such as 
D.P.X. or Gurr's Neutral Mounting Media. 

METHOD OF MOUNTING SECTIONS 
(1) Clean a coverslip of the appropriate size, and place it on the 

bench on a sheet of Whatman's No. 1 filter paper. 
(2) Wipe off the excess xylene from the back of the slide with a clean 

duster. 
(3) Lay the slide on the filter paper in front of the coverslip. 
(4) Gently blot the section with a folded sheet of Whatman's No. 1 

filter paper. 
(5) Place the necessary number of drops of mounting media on the 

section. 
(6) Quickly invert the slide and lower it on to the coverslip, applying 

gentle pressure until the mounting media flows evenly to the edge of the 
coverslip. 

(7) Turn the slide over and, if necessary, square up the coverslip by 
means of a mounted needle. 

(8) After the sections have been mounted, the slides should be trans
ferred to the 37° C incubator for 12-24 hours in order to harden the 
balsam. Slides which are examined before the mounting media is 
hardened frequently have their coverslip moved, resulting in damage to 
the section. If the slides are required for examination quickly, they 
can be placed on a hot plate to dry. 

Note.—(1) The object of blotting the section is to remove all excess 
xylene. If this is not done, the xylene will mix with the mounting media 
and form air bubbles which become trapped beneath the coverslip. On 
no account should the section be blotted so hard that it becomes dry as 
shrinkage and cracking will result. 

(2) Excess balsam may be removed by wiping with a clean duster, 
dipped in xylene. 

(3) If D.P.X. is used as the mounting media, an excess amount should 
be placed on the slide, the surplus being stripped off 24 hours later when 
it has hardened. This is necessary in order to counteract the shrinkage 
which it undergoes on drying. 

Coverslips for mounting stained preparations should be kept stored 
in absolute alcohol on the staining bench. The coverslips most com
monly used are approximately i mm. in thickness. For use with 3 inch 
by 1 inch slides the sizes range from £ inch square to 2f inches by £ inch. 

FORMULAE OF STAINS AND REAGENTS 
HAEMATOXYLIN STAINS 
The mordants used in conjunction with haematoxylin 
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for demonstrating the nucleus and the cytoplasmic contents 
are alum and iron. Of these, the solutions containing alum 
stain the nucleus a light transparent blue which rapidly turns 
red in the presence of acid. The solutions containing iron as a 
mordant stain the nucleus a more intense grey-black colour 
and are less susceptible to acid. Iron haematoxylin is of 
particular value when the counter-stain to be employed is of 
a strongly acid nature. It is also used when fine structural 
details of the nucleus and cytoplasm are required. 

ALUM HAEMATOXYLIN SOLUTIONS 
A large number of haematoxylin solutions which contain 

alum as their mordant have been devised, but only three are 
commonly employed. Alum haematoxylin is used as a routine 
stain in conjunction with eosin, for demonstrating the general 
structure of tissue. The most widely used formulae are as 
follows. 

•9s acid alum haematoxylin 
Haematoxylin . . . . 
Sodium iodate . . . . 
Ammonium or potassium alum . 
Citric acid . . . . 
Chloral hydrate 
Distilled water . . . . 

1 g. 
0-2 g. 

50 g. 
1 g. 

50 g. 
. 1,000 ml 

Preparation.—Dissolve the haematoxylin in the water by the 
aid of gentle heat. Add the sodium iodate and the alum, 
shaking at intervals until the alum has dissolved. Add the 
citric acid and chloral hydrate. The solution, which turns 
reddish-violet in colour, is ready for use immediately. No 
ripening is necessary owing to the inclusion of the sodium 
iodate. The solution remains stable for several months. 

Ehrlich's acid alum haematoxylin 
Haematoxylin . . . . 
95 per cent alcohol 
Glycerine . . . . . 
Ammonium or potassium alum . 
Glacial acetic acid 
Distilled water . . . . 

2g . 
100 ml 

. 100 ml 
3g . 

10 ml 
. 100 ml 
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Preparation.—Dissolve the haematoxylin in the alcohol before 
adding the other ingredients. Expose to the air in a flask 
lightly plugged with cotton wool for 2 weeks or more, shaking 
daily. Bottle and store in a warm place for 3 or 4 weeks, con
tinuing to shake at intervals. The shaking will help to accelerate 
the oxidation. The solution may be ripened at once by the 
addition of 0-4 g. of sodium iodate. 

Harris's alum haematoxylin 
Haematoxylin . . . . 
Absolute alcohol 
Ammonium or potassium alum . 
Mercuric oxide . . . . 
Distilled water . . . . 

1 g. 
10 ml. 
20 g. 
0-5 g. 

. 200 m l 

Preparation.—Dissolve the haematoxylin in the alcohol and 
the alum in the distilled water. Mix the two solutions together 
in a flask, rapidly bring to the boil and add the mercuric oxide. 
The solution immediately becomes dark purple. Cool at once 
by standing the flask in a bowl of cold water. When cool, the 
solution is ready for use. This stain will remain stable for 
years if kept stored in a tightly-stoppered bottle. To increase 
the precision of nuclear staining, 4 per cent of glacial acetic 
acid should be added just before use. 

IRON HAEMATOXYLIN SOLUTIONS 

There are two main iron haematoxylin solutions employed 
for routine work in the laboratory, Heidenhain's and 
Weigert's. Of these two solutions, that of Weigert has the 
advantage of being a much more rapid stain, and is of particular 
value in pathological work where time is an important factor. 
It is commonly used to stain the nuclei of sections which are to 
be counter-stained with Van-Gieson stain, to demonstrate 
collagen fibres. The Heidenhain's solution on the other hand, 
has the advantage of giving very precise staining of both 
nuclei and cytoplasmic inclusions. It is also used as a routine 
stain for demonstrating the striations in muscle fibres, and for 
staining fungi in sections. 
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5 
100 

g. 
ml, 

0-5 g. 
10 
90 

ml. 
ml 

Weigert"s iron haematoxylin 
Solution A 

Haematoxylin . . . . 1 g. 
Absolute alcohol . . . . 100 ml. 

Solution B 
30 per cent Aq. solution of ferric chloride 4 ml. 
Concentrated hydrochloric acid . . 1 ml. 
Distilled water . . . . . 100 ml. 

Preparation.—Mix equal parts of solutions A and B. The 
mixture immediately turns a deep purple-black. The solution 
does not keep well and should be prepared fresh each time. 
Heidenhain's iron haematoxylin 

Solution A 
Iron ammonium alum 
Distilled water . . . . 

Solution B 
Haematoxylin . . . . 
Absolute alcohol 
Distilled water . . . . 

Preparation.—Dissolve the haematoxylin in the alcohol and add the 
water. Ripen for 3-4 weeks in a flask lightly plugged with cotton wool, 
shaking vigorously at intervals. 

Verhoeff's elastic tissue stain 
Solution A 

Haematoxylin 5 g. 
Absolute alcohol . . . . 100 ml. 

Solution B 
Ferric chloride . . . . . 10 g. 
Distilled water 100 ml. 

Preparation.—Dissolve the haematoxylin in the alcohol and 
the ferric chloride in the water, by the aid of gentle heat. Take 
20 ml. of solution A, add 8 ml. of solution B and 8 ml. of 
Lugol's iodine (page 188). The solution must only be mixed 
immediately before use. 
RED NUCLEAR STAINS 

Although nuclear stains, these are used in the role of a 
counter-stain. Their object is to show the position of the cell 
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nuclei in relation to other structures, and not to give cytological 
detail. The following solutions are used. 

Neutral red 
Neutral red . 1 g. 
Distilled water 100 ml. 

Carmine.—When used for staining nuclei, carmine is com
bined with ammonium or potassium alum, which acts as a 
mordant. The resulting solution is known as * Carmalum \ 
The following gives good results : 

Kirkpatrick*s carmalum 
Carmine . . . . 
Glacial acetic acid 
Potassium alum 
Distilled water . 
Salicylic acid 

25 g. 
25 ml 
25 g. 

. 1,000 ml 
l g . 

Preparation.—Place the carmine in a flask and add the 
acetic acid and 100 ml. of distilled water. Allow to stand for 
20 minutes. Add a further 400 ml. of distilled water. Boil 
gently for one hour. Dissolve the potassium alum in the 
remaining distilled water, and when the above mixture is cool, 
combine the two solutions. Bring to the boil again for one 
hour, cool and filter. Add the salicylic acid to inhibit the growth 
of moulds. The solution remains stable for years. 

BASIC ANILINE STAINS 

Méthylène blue 
Méthylène blue 1 g. 
Distilled water 100 ml. 

Loeffler's méthylène blue 
Saturated solution of méthylène blue in absolute alcohol. 30 ml. 
Solution of potassium hydroxide in water (1 : 10,000) . 100 ml. 
(The solution of potassium hydroxide is prepared by adding 1 ml. of 
a 1 per cent solution to 99 ml. of water.) 
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ACID ANILINE STAINS 

Eosin 
Eosin W/S (yellowish) . . 1 g. 
Distilled water 100 ml. 

Orange G 
Orange G . . . . . 0-5 g. 
Distilled water 100 ml. 

An alternative solution to use is a saturated alcoholic solution 
of orange G. 

Van-Gieson 
1 per cent acid fuchsin . . . 5-10 ml. 
Saturated aqueous solution of picric acid 100 ml. 

Curtis's Ponceau ' S ' substitute for Van-Gieson 
1 per cent Aq. Ponceau ' S ' . . 10 ml. 
Saturated aqueous solution of picric acid 90 ml. 
2 per cent glacial acetic acid . . 1-2 ml. 

This solution does not fade so quickly as the Van-Gieson 
solution, but it is not so precise for demonstrating young 
collagen fibres. 

BACTERIOLOGICAL STAINS 

Methyl violet 
Methyl violet 6 B . . . 1 g. 
Distilled water 100 ml. 

Crystal violet 
Crystal violet . . . . . 0-5 g. 
Distilled water 100 ml. 

Weigert's gentian violet 
Saturated solution of gentian violet in 

absolute alcohol . . . . 1 ml. 
5 per cent phenol in distilled water . 10 ml. 
Use on day that solution is made. 

Carbol fuchsin 
Basic fuchsin . . . . . 1 g. 
Absolute alcohol . . . 10 ml. 
5 per cent phenol in distilled water . 100 ml 
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Preparation.—Dissolve the basic fuchsin in alcohol and then 
combine with the phenol solution. 

Filter the above stains through Whatman No. 1 filter paper 
before use. 
Dilute carbol fuchsin 

Carbol fuchsin . 
Distilled water . 

Albert's stain 
Solution (1) 

Toluidine blue . 
Malachite green. 
Glacial acetic acid 
Alcohol (95 per cent). 
Distilled water . 

Solution (2) 
Potassium iodide 
Iodine 
Distilled water . 

. 

. 

. 

. 
. 

♦ 

Add the iodine and iodide to 25 ml. of water. 
add the remainder of the water. 

Iodine solutions 
Gram's 

Iodine . . . 1 g. 
Pot. iodide . . 2 g. 
Distilled water . 300 ml 

1 ml. 
19 ml. 

015 g. 
0-2 g. 
1 ml. 
2 ml. 

100 ml. 

3g . 
2g . 

300 ml. 

When in solution, 

LugoVs 
Iodine 
Pot. iodide 

i g . 
2g . 

Distilled water 100 ml. 

Preparation.—Dissolve the iodide in 25 ml. of distilled water 
and then add the iodine. Make up to the required amount. 
The strength of the solutions deteriorates after being stored for 
several months. 

ROMANOWSKY STAINS 

Leishman stain 
Leishman stain . . . . 015 g. 
Pure methyl alcohol (acetone free) . 100 ml. 

Place the dye and alcohol together in a flask, plug with cotton 
wool and warm for 15 minutes in a water bath, shaking at 
intervals. 
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Giemsas stain 
Azur II eosin 3 0 g. 
Azur II 0-8 g. 
Glycerine 125*0 g. 
Pure methyl alcohol (acetone free) . 375*0 ml. 

Place the above in a flask and plug with cotton wool. 
Immerse in a water bath for 1 hour. Cool and filter. It is 
essential to keep Romanowsky stains free from water during 
preparation and storage. 

Note.—This stain may be purchased ready for use. 

DIFFERENTIATING SOLUTIONS 
Acid alcohol 

Concentrated hydrochloric acid . . 1 ml. 
70 per cent or absolute alcohol . . 99 ml. 

Iodine alcohol 
Tincture of iodine . . . . 1 ml. 
Absolute alcohol . . 99 ml. 

Scott's tap water substitute 
Sod. bicarbonate . . . 3*5 g. 
Mag. sulphate . . . . . 200 g. 
Tap water . . . . 1,000 ml. 

Aniline-xylene 
Aniline . . . . . . 1 part 
Xylene 1 part 

Add a crystal of thymol to stock solution to prevent the 
growth of moulds. 

MOUNTING MEDIA 

Neutral Canada balsam 
Dissolve Canada balsam in xylene until a fairly thin solution 

results. This may be hastened by placing it in the 37° C incuba
tor. Add calcium carbonate and stir the mixture thoroughly. 
Allow the mixture to settle, store the supernatant fluid in a 
stock bottle and discard the residue. 

189 



STAINING PROCEDURES 

Acid Canada balsam 
Prepare as for neutral balsam but add salicylic acid instead 

of calcium carbonate. 

D.P.X. 
This solution is obtainable commercially from most reputable 

firms. Unlike Canada balsam, it does not cause fading, and 
any excess on the slide after mounting is easily peeled off when 
dry. 

TECHNIQUES AND RESULTS 

HAEMATOXYLIN AND EOSIN 

The following solutions are required. 
Alum haematoxylin. 
1 per cent acid alcohol. 
1 per cent Eosin w/s yellowish 

Method 

(1) Deparaffinize with xylene, alcohol and water. 
(2) Stain with the alum haematoxylin 10-30 minutes. 
(3) Wash thoroughly with water. 
(4) Differentiate with 1 per cent acid alcohol until only the cell nuclei 

are stained. 
(5) Wash with running water until the haematoxylin has been * blued*. 
(6) Counter-stain with 1 per cent eosin 1-2 minutes. 
(7) Wash with running water until the excess eosin is removed. 
(8) Dehydrate, clear and mount in neutral balsam or D.P.X. 

Results 
Cell nuclei . . blue 
Muscle fibres . red 
Collagen . . pink 
Red blood cells . bright red 

Notes.—(a) All differentiation (that is, removal of excess stain) must 
be controlled microscopically. 

(b) When a section stained with alum haematoxylin is transferred from 
an acid solution to an alkaline one, the haematoxylin develops a blue 
tinge. Waim tap water is generally used, but in districts where the tap 
water has an acid reaction, ' Scott's * tap water substitute (p. 189) may 
be used. 
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WEIGERT'S IRON HAEMATOXYLIN AND VAN-GIESON 

The following solutions are required 
Weigert's Iron Haematoxylin Ά ' 1 per cent acid alcohol 
Weigert's Iron Haematoxylin ' B ' Van-Gieson stain 
Method 
(1) Deparaffìnize with xylene, alcohol and water. 
(2) Stain with Weigert's Iron Haematoxylin for 10-20 minutes. 
(3) Wash with running tap water. 
(4) Differentiate with 1 per cent acid alcohol until the cell nuclei are 

only slightly over-stained. 
(5) Wash with running tap water 5-10 minutes. 
(6) Counter-stain with Van-Gieson for 1-3 minutes. 
(7) Rinse quickly in water. 
(8) Dehydrate rapidly, clear and mount in acid balsam or D.P.X. 
Results Cell nuclei . . brown-black 

Muscle fibres . yellow 
Collagen . . red 
Red blood cells . yellow 

Note.—Curtis's Ponceau ' S ' substitute may be used in place of the acid 
fuchsin in the preparation of the Van-Gieson stain (p. 187). This has the 
advantage of not fading so quickly but it is not so precise for demon
strating young collagen fibres. 

HEIDENHAIN'S IRON HAEMATOXYLIN 

The following solutions are required. 
Heidenhain's Iron Haematoxylin solution A and B 
Saturated Alcoholic Orange G 

Method 
(1) Deparaffìnize with xylene, alcohol and water. 
(2) Mordant in solution A for 3-12 hours. 
(3) Rinse in distilled water. 
(4) Stain with solution B for 1-6 hours. 
(5) Wash with running tap water. 
(6) Differentiate with solution A, controlling the degree of staining 

under the microscope. Rinse the section in tap water before examining it. 
(7) Wash with running tap water for 20-30 minutes. 
(8) Counter-stain in saturated Alcoholic Orange G for 1-2 minutes. 
(9) Dehydrate with absolute alcohol, clear and mount in neutral 

balsam or D.P.X. 

Results 
Mitochondria, mitotic figures, red blood cells and muscle striations 

are stained black; the background is stained orange-yellow. 
191 



STAINING PROCEDURES 

Note.—Excellent results may be obtained by staining for 45 minutes in 
each of the solutions at 45° C. The iron alum solution may be reduced 
to half strength to obtain greater control over the differentiation. One 
per cent eosin (w/s) or Van-Gieson stain is an alternative counter-stain. 

VERHOEFF'S ELASTIC TISSUE STAIN 
The following solutions are required. 

Verhoeff's elastic tissue strain 5 per cent sodium thiosulphate 
2 per cent ferric chloride Van-Gieson stain 

Method 
(1) Deparaffinize with xylene, alcohol and water. 
(2) Stain with Verhoeff's elastic tissue stain for 15-30 minutes. 
(3) Rinse in distilled water. 
(4) Differentiate in 2 per cent ferric chloride, controlling the degree 

of staining under the microscope until only the elastic fibres are stained 
black. If the differentiation is carried too far, the section may be 
returned to the haematoxylin solution. 

(5) Wash with running tap water. 
(6) Place in 5 per cent sodium thiosulphate for 1 minute to remove 

the iodine. 
(7) Wash with running tap water. 
(8) Counter-stain in Van-Gieson stain for 1-3 minutes. 
(9) Rinse rapidly in water. 

(10) Dehydrate, clear and mount in D.P.X. 
Results Elastic fibres . black 

Nuclei. . . blue to black 
Collagen . . red 
Muscle fibres . yellow 
Red blood cells . yellow 

Note.—The addition of 16 ml. of Lugol's iodine to the haematoxylin 
solution, instead of the usual 8 ml., decreases the staining of the nuclei. 

GRAM'S STAIN 

Sections 
In Jensen's modification the following solutions are required 

Methyl violet 6 B Iodine alcohol 
Lugol s iodine Neutral red 

Method 
The following method is used. 

(1) Deparaffinize with xylene, alcohol and water. 
(2) Stain with methyl violet 6 B for 2-3 minutes. 
(3) Pour off the stain, wash with Lugol's iodine, and immerse in fresh 

iodine for a further 60 seconds. 
(4) Differentiate in iodine alcohol until no more colour comes away. 
(5) Wash thoroughly with water. 
(6) Counter-stain with neutral red for 1 minute. 
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(7) Blot dry, dehydrate rapidly with absolute alcohol and clear in 
xylene. Mount in neutral balsam or D.P.X. 
Results Gram-positive organisms . blue-black 

Gram-negative organisms . red 
Note.—The iodine-alcohol prevents over-differentiation of the Gram-

positive organisms. 

Smears 
The following solutions are required. 

1 per cent methyl violet 6B Dilute car bol fuchsin 
Lugol's iodine Acetone 

Method 
The following method is used. 
(1) Fix the smear by heat. 
(2) Stain with methyl violet 6B for one minute. 
(3) Wash off the stain with Lugol's iodine and flood the slide with 

fresh iodine for 1 minute. 
(4) Differentiate rapidly with acetone, or methylated spirit. 
(5) Wash with running tap water. 
(6) Counter-stain with dilute fuchsin for 30 seconds and blot dry. 

Results Gram-positive organisms . blue-black 
Gram-negative organisms . red 
Cell nuclei . . . red 

GRAM-WEIGERT FOR STAINING BACTERIA IN SECTIONS 
Weigert's gentian violet Aniline-xylene 
Gram's iodine Dilute carbol-fuchsin 

Method 
The following method is used. 
(1) Deparaiffnize with xylene, alcohol and water. 
(2) Stain with dilute carbol-fuchsin for 20 seconds. 
(3) Wash in water. 
(4) Stain with Weigert's gentian violet 2-3 minutes. 
(5) Pour off stain, wash with Gram's iodine and immerse in fresh 

iodine for 1 minute. 
(6) Differentiate in aniline-xylene. 
(7) Wash in xylene. 
(8) Mount in neutral balsam or D.P.X. 

Results Gram-positive organisms . blue-black 
Gram-negative organisms . red 
Fibrin . . . . blue-black 

ZIEHL-NEELSEN'S STAIN 
Sections 

The following solutions are required. 
Carbol fuchsin. 1 per cent acid alcohol. 0-2 per cent méthylène blue. 
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Method 
The following method is used. 
(1) Deparaffinize with xylene, alcohol and water. 
(2) Flood the slide with hot carbol-fuchsin (re-heat at intervals) and 

stain for 10-15 minutes. 
(3) Wash with running tap water. 
(4) Differentiate with 1 per cent acid alcohol until only the red blood 

corpuscles retain the stain when examined under the staining micro
scope. 

(5) Wash with running tap water. 
(6) Counter-stain with 0-2 per cent méthylène blue for 2 minutes. 
(7) Wash with running tap water. 
(8) Dehydrate rapidly, clear and mount in neutral balsam or D.P.X. 

Results 
Acid fast bacilli . . red 
Cell nuclei . . . blue 
Red blood corpuscles . pink 

Smears 
The following solutions are required. 

Carbol fuchsin 
20 per cent sulphuric acid or 1 per cent acid alcohol 
1 per cent méthylène blue 

Method 
The following method is used. 
(1) Fix the smear by heat. 
(2) Flood the slide with hot carbol fuchsin (re-heat at intervals) and 

stain for 10 minutes. 
(3) Wash in running tap water. 
(4) Differentiate in 20 per cent sulphuric acid or 1 per cent acid 

alcohol. 
(5) Wash in running tap water. 
(6) Counter-stain with 1 per cent méthylène blue for 1-2 minutes. 
(7) Wash in running tap water. 
(8) Blot dry and examine with the oil immersion objective. 

Results 
Acid fast bacilli . red 
Cell nuclei . . blue 

LOEFFLER'S METHYLENE BLUE FOR BACTERIA IN SMEARS 

Method 
(1) Fix the smear by heat. 
(2) Stain with Loeffler's méthylène blue for 2 minutes. 
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(3) Wash with running tap water. 
(4) Blot dry and examine with the oil immersion objective. 

Result 
Bacteria . blue 

ALBERT'S STAIN FOR C. diphtheriae 
The following solutions are required. 

Albert's Stain No. 1 
Albert's Stain No. 2 

Method 
(1) Fix the smear by heat. 
(2) Stain with Albert's stain No. 1 for 3-5 minutes 
(3) Wash with running tap water and blot dry. 
(4) Stain with Albert's stain No. 2 for 1 minute. 
(5) Wash with running tap water and blot dry. 

Results 
Bacilli stain light green. Corynebacteriae stain green and granules 

black. 

NEGATIVE STAINING 
The following solution is required. 

5 per cent Nigrosin. 
Method 

(1) Mix 1 loopful of culture with 1 loopful of 5 per cent Nigrosin 
on a 3-inch by 1-inch slide. 

(2) Place a li-inch by i-inch coverslip over the preparation. 
(3) Examine under the microscope with the 2 mm. objective. 

Results 
Organisms, capsules and cells show unstained against a dark back

ground. 

ROMANOWSKY STAINS 
These stains depend, for their staining properties, upon 

certain derivatives produced when alkaline méthylène blue is 
combined with eosin. All stains in this group are sensitive to 
variations in pH. The méthylène blue components stain more 
intensely in an alkaline environment, and the eosin derivatives 
in an acid medium. 

Buffered distilled water should be used throughout, and when 
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preparing the solution from powder, it is essential that the 
methyl alcohol be acetone and water free. 

These stains are widely used, particularly in haematology. 
Blood cell reactions are illustrated in the frontispiece. 

Leishmarìs stain 
The following solutions are required. 

Leishman's stain 
Distilled water ^H 6-8.* 

Method 
The following method is used. 
(1) Cover the dry unfixed blood film with 5 or 6 drops of the un

diluted stain for 1 minute. 
(2) Add to the undiluted stain, on the blood film, twice its volume of 

distilled water, pH 6-8, and mix by rocking the slide gently or with a 
Pasteur pipette. 

(3) Wash the stain from the slide with distilled water, pH 6 8, and 
continue to differentiate in the distilled water for 1-2 minutes until the 
smear is just pink. 

(4) Pour off the distilled water and blot dry. 
(5) Examine under the oil immersion objective. 

Geimsds stain 
The following solutions are required. 

Geimsa's stain 
Distilled water /?H 7 0 

Method 
The following method is used. 
(1) Fix the blood film in methyl or ethyl alcohol for 2 minutes. 
(2) Dilute the stain by adding 1 drop of the concentrated stain to 

1 ml. of distilled water, pH 7Ό. 
(3) Stain the film in the diluted stain for 10-20 minutes. 
(4) Rinse in distilled water, pH 7Ό and blot dry. Examine under the 

oil immersion objective. 
* For details of preparation see Appendix. 
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CHAPTER 17 

INTRODUCTION TO BACTERIOLOGY 

BACTERIOLOGY is the study of micro-organisms. The term 
micro-organisms is generally applied to bacteria only, but 
strictly speaking should also include viruses, fungi and protozoa. 
Bacteria may be pathogenic (that is, they have the power of 
producing disease), or they may be commensals (organisms 
which occur on or in the body without exerting any harmful 
effect). Under certain conditions, however, commensals may 
become pathogens and pathogens may assume a commensal 
role. 

In 1675, while Antony van Leeuwenhoek was examining 
rainwater under one of his home-made microscopes, he saw 
minute rod-shaped organisms. These findings probably con
stitute the first recorded observation in bacteriology. 

In the latter half of the nineteenth century, Louis Pasteur's 
fermentation and other experiments laid the foundations of 
bacteriology as a science. Robert Koch introduced culture 
media, which led to the isolation and identification of the 
causative organisms of many infectious diseases. By the 
beginning of the twentieth century, the organisms responsible 
for the majority of infectious diseases had been discovered. 

Bacteria are microscopic cells * of simple structure. They are 
devoid of chlorophyll, and belong to the order " Schizo-
mycetes " which simply means fission, or splitting fungi. 

Bacteria have much in common with fungi, but reproduction 
of bacteria is carried out by simple binary fission, that is, the 
cell divides into two equal parts (Fig. 69 a). 

When unstained, most bacteria are transparent colourless or 
granular bodies, with a refractive index approximating that of 
water. Each bacterium consists of four morphologically 

* The sizes of bacteria are measured by the use of a graduated micrometer eyepiece 
and slide. The unit of measurement is a micron (μ), which is 1/1,000th of a millimetre 
or 1/25,000th of an inch. The average diameter of cocci varies between 0-75 μ and 3 μ. 
Bacilli show a greater variation in width and length, sometimes measuring up to 100 μ. 
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distinct structures, namely, protoplasm, cytoplasmic membrane, 
cell wall and capsule (Fig. 69 b), each having varying chemical 
and physiological constituents. 

The protoplasmic body of the organism is a fluid surrounded 
by an extremely thin cytoplasmic membrane which in turn is 
enclosed by the cell wall. This cell wall is very elastic and can 
modify its shape. On striking a solid body the cell wall will 
bend but will soon return to its original form. Under normal 
conditions the cell wall is surrounded by a loosely attached 
slime layer consisting of mucoid substances which diffuse 
constantly into the surrounding medium. When this material 
is produced in sufficient amounts, and remains concentrated at 
the surface of the cell wall, it is called a capsule. 

The cell wall appears to be permeable. It will allow food 
constituents to permeate inwards, and its waste products to 
diffuse outwards. 

Most cells are nourished only by soluble substances, but 
some bacteria have the power to utilize as food various sub
stances which are not in solution or able to pass through the cell 
membrane. This is accomplished by means of enzymes which 
are chemical ferments secreted by bacteria. These enzymes act 
upon various compounds, breaking them down into substances 
which can be utilized as food. These substances then diffuse 
inwards through the permeable cell membrane. 

This digestive property of enzymes is used in the identification 
of bacteria. Some organisms can act on gelatin so that it will 
no longer gel (gelatin liquefiers); others, such as B. coli, 
produce an enzyme which will ferment lactose and produce 
from it a mixture of hydrogen and C02. Certain enzymes are 
named after the substances they attack, or the reaction they 
bring about: for example protease—attacking proteins; 
lactase—attacking lactose; reductase—causing reduction; oxi-
dase—causing oxidation; and hydrolase—causing hydrolysis or 
decomposition. 

MORPHOLOGY OF BACTERIA 
Morphologically, bacteria can be roughly divided into three 
main classes. 
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1. 
2. 
3. 

Straight rods 
Spherical 
Curved or spiral forms . 

Plural 
Bacilli 
Cocci 
Spirilla 

Singular 
Bacillus 
Coccus 
Spirillum 

Bacilli.—These are the commonest form of bacteria and have one 
axis of the cell longer than either of the other two approximately equal 
axes. In microscopic preparations or films, they are seen as two-
dimensional bodies. The ends of bacilli often vary, for example they 
may be square cut, rounded, pointed or form club shapes. 

Cocci.—Cocci are small spherical organisms, dividing along their 
diameter (Fig. 69 a). Some, after dividing into two, remain together in 

CAPSULE->M!,*;lw**f'' 
(b) 

FIG. 69. (a) Bacteria pro
duced by the splitting of a 
mature cell into two halves. 
(b) Morphological struc
tures of bacterial cell. 
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FIG. 70. Types of bacteria: (a) cocci 
and staphylococci, {b) streptococci, (c) 
tetrads, (d) (e) (/) bacilli, (g) spirilla, 
(h) spirochaetes, (/) vibrios. 

pairs—these are called diplo-cocci (diplo meaning two or pair). If, on 
dividing, they form packets of four they are known as tetiads (Fig. 
70 c), and if they form cubes of eight, as sarcinae. 

Others cling together in long chains (Fig. 70 b) as they continue to 
divide and are called streptococci (strepto meaning chain). 

Still others form irregular groups or masses like clusters of grapes 
(Fig. 70 a) and are called staphylococci (staphylo meaning cluster). 

Spirilla.—If a bacterium shows a single curve like a comma, it is 
called a vibrio (Fig. 70 /). If it shows a series of curves or twists like 
a corkscrew, it is known as a spirillum and is a relatively long organism 
with rounded or pointed ends (Fig. 70 g). 
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FIG. 71. The flagella, which 
enable bacilli to move, may 
be arranged in one of four 
ways. (A) Monotrichate— 
one flagellimi at one pole; 
(B) Amphitrichate—one flag
ellimi at both poles; (C) 
Lophotrichate—tuft of flag
ella at one or both poles ; (D) 
Peritrichate — flagella com
pletely surrounding the bac
terial body. 

Spirilla are usually motile, Gram-negative (p. 205), and fairly easily 
stained. 

Spirochaetes (Fig. 70 h) are also motile, and possess an axial fibre 
around which the body is twisted in a spiral manner. Their length is 
usually 200-500 μ, and thickness 0-5-0-7 μ. The number of spirals 
varies between 100 and 250. They are not easily stained with aniline 
dyes, and for the best results, the silver impregnation methods (for 
example Levaditi) are used. 

Motility 
When suspended in a fluid and examined microscopically 

{see hanging-drop preparations, page 204) many bacteria are 
seen to be motile, that is they move from one position to another. 
True motility must not be confused with Brownian movement 
(vibration caused by molecular bombardment) or convection 
currents. A motile organism is one which actively changes its 
position relative to other organisms present. 

Motile bacilli, vibrios, and a few rare species of cocci have 
delicate external thread-like processes. These appendages, or 
flagella, vibrate, enabling the organism to move actively. 
Spirochaetes, on the other hand, move by contraction of the 
body. Flagella may be situated on or around the organism in 
different ways (Fig. 71). 

Spores 
When the supply of nutrient is becoming exhausted, certain 

bacilli are capable of passing into a resting phase. They have 
the power of forming a small, round or oval granule. The 
protoplasm of the cell is collected, concentrated and dehydrated 
within this granule, which is thick-walled. Such granules are 
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known as spores and are highly resistant to heat, sunlight and 
disinfectants. When conditions are favourable (that is moist 
and warm), the spores germinate, changing back into the 
ordinary vegetative and multiplying form of the organism. 
Spores may be situated within the organism without causing 
distortion, or they may cause the organism to bulge. 

MICROSCOPIC EXAMINATION 

Microscopic examination of bacteria necessitates making smears 
and hanging-drop preparations on microscope slides. These 
smears are stained in order to render the organisms more 
readily visible. 

Wire loops are necessary for making smears; they may be 
made of platinum or nicrome wire. Nicrome wire is preferable to 
platinum because it is cheaper, more elastic, and it cools faster. 

Nicrome has the disadvantage of burning more readily than 
platinum, and consequently it must be renewed more frequently. 

FIG. 72. This illustrates the construction of wire loops necessary for 
making smears. For explanation see text. 

MAKING OF LOOPS 
These are usually circles of approximately 1 -5 mm. and 3 mm. 

in diameter. They are made as follows. 
(1) Wind the wire once round a metal rod of appropriate diameter 

(Fig. 72 a and b). 
(2) With a pair of old scissors, cut one arm of the wire at junction 

(Fig. 72 c and d). 
(3) Bend back the loop to centre it (Fig. 72 e). 
(4) Insert into a metal wire-holder. 
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MAKING OF SMEARS 

To prevent contamination, flaming of the mouth of the tube 
after withdrawal and before replacement of the cotton-wool 
plug is necessary (that is, aseptic precautions are taken). 

From liquid media 
(1) Sterilize loop in Bunsen flame. 
(2) Using aseptic precautions, withdraw 1 loopful of culture. 
(3) Transfer this to a clean slide and spread it with the loop, to form 

a thick film of liquid. Sterilize the loop. 
(4) Allow the film to dry without heating, and then ' fix ' it by rapidly 

passing the slide three times through the Bunsen flame. 
(5) Allow the slide to cool, and then stain the film by the requisite 

method. 

From solid media 

Aseptic precautions must be observed during the manipula
tion of culture tubes or plates. 

(1) Sterilize loop in Bunsen flame. 
(2) Place 1 drop of distilled water on to a clean slide. 
(3) With the loop, transfer to the slide a small portion of the growth 

to be examined, and emulsify it in the drop of water until a thin homo
geneous film is produced. Sterilize the loop. 

(4) Allow to dry, fix and stain. 

MAKING OF HANGING-DROP PREPARATIONS 

(1) Clean a slide and a J-inch coverslip. 
(2) On the slide, make a ring of plasticine or Vaseline | inch in diameter. 
(3) Transfer a loopful of culture to the centre of the coverslip. 
(4) Gently press the ring of Vaseline on to the coverslip, ensuring 

that the ' drop ' of culture is in the centre of the circle, and does not 
come in contact with the slide. 

(5) With a quick movement, invert the slide, so that the coverslip is 
uppermost (Fig. 73). 

(6) Examine under the microscope using the |th objective. 
(7) Discard the whole hanging-drop preparation into ajar containing 

5 per cent Lysol, taking care that the Lysol penetrates into the ' ring ' 
and kills the culture. 
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FIG. 73. Hanging-drop 
preparations. 

STAINING 
The most important stain in bacteriology is Gram's stain, 

first described in 1884. By this method, organisms are divided 
into two main groups : Gram-positive and Gram-negative. 

To appreciate the staining of bacteria, however, it is necessary 
first to understand a little about electrolysis. If an electric 
current is passed through acidulated water, decomposition 
occurs, and H2 and 0 2 gases are produced: this process is 
called electrolysis. The electric current is passed into the water 
by means of electrodes ; the electrode connected to the positive 
pole of the battery is called the anode, and that connected to the 
negative pole is called the cathode. The current is carried 
through the solution by atoms or radicals, and those deposited 
on the anode are called anions, while those on the cathode are 
called cations. As unlike charges attract, the charge on the 
anion will be negative (attracted to the positive anode), and the 
charge on the cation will be positive (attracted to the negative 
cathode). 

Basic stains (page 167) consist of a coloured cation with a 
colourless anion. Acid stains have a coloured anion, and a 
colourless cation. 

Bacterial cells are rich in ribonucleic acid (large amounts have 
been found in the bacterial cytoplasm), which bears a negative 
charge. The cation of a stain is therefore attracted to it. Basic 
stains therefore stain bacteria, whilst acid stains having the 
colour in the negatively charged anion do not (acid stains are 
used mainly for staining background material). 

Bacteria are first stained with a triphenylmethane dye, such 
as gentian violet, and then treated with iodine, which fixes the 
blue dye in the Gram-positive organisms. 
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The smear is then flooded with alcohol or acetone (decolor-
izers) which removes the blue dye from the Gram-negative 
organisms. It will not remove the iodine-fixed dye from any 
Gram-positive organisms providing the described techniques 
are followed (see Chapter 16). 

After counter-staining with a red dye, the Gram-negative 
organisms stain red, and the Gram-positive organisms remain 
blue. The reason why these organisms stain red and blue is pro
bably due to the fact that Gram-positive organisms have a more 
acid protoplasm (pii 2 0) than the Gram-negative organisms 
(/?H 5Ό), are therefore stained more intensely, and are more 
able to resist decolorization. Also the iodine is able to pene
trate the cell wall of the Gram-positive bacteria more easily, and 
to alter the blue stain in such a way as to render it less likely to 
diffuse through the cell on decolorization. 

Gram's stain is most helpful in differentiating bacterial 
groups. 

REACTION OF SOME ORGANISMS TO GRAM'S STAIN 
GRAM-POSITIVE GRAM-NEGATIVE 
Staphylococci B. coli 
Streptococci Gonococci 
Pneumococci Meningococci 
C. diphtheriae Vibrios 
Cl. welch ii Spirochaetes 
Tubercle bacilli Typhoid (paratyphoid groups) 
B. anthracis Dysentery groups 

For full staining procedures see Chapter 16. 
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CHAPTER 18 

STERILIZATION 

IN BACTERIOLOGY the word sterile means * free from life of any 
kind ', and sterilization is the process whereby organisms are 
killed or removed. To achieve a state of sterility, one of three 
groups of methods may be used, namely physical agencies, 
chemical agencies or filtration. 

PHYSICAL AGENCIES 
LIGHT 
Sunlight is capable of destroying bacteria, by virtue of the ultra
violet rays present. Ultra-violet light is often used as a steriliz
ing agent, and it kills by producing peroxides in the medium 
which act as a disinfectant. 

MOIST HEAT 
Moist heat may be applied by boiling water or steam. Boiling 
water is generally used for sterilizing instruments and syringes. 
These are boiled for 10 minutes in a water-bath. This will kill 
all non-sporing organisms, but certain spores can resist the 
temperature of boiling water for 1-2 hours. The addition of 
2 per cent sodium carbonate increases the disinfecting power 
of boiling water, and spores which resist boiling water for 10 
hours have been killed in 30 minutes by this addition. The 
sodium carbonate also prevents the rusting of metal instruments. 
Infected glassware can also be sterilized in this way, if it is 
placed in warm water and the temperature gradually raised 
until the water is boiling. 

This method is unsuitable if instruments are to be stored in 
a sterile condition. 

STEAM 
Steam is used extensively for sterilization, particularly in the 

making of media. Steam sterilizers {see Chapter 2) are simple 
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to operate and may be used in one of two ways. 
(1) Exposure to steam for 90 minutes. 
(2) Exposures to steam for 30 minutes on each of 3 successive days. 

The second method is known as ' Tyndallization ' or inter
mittent steaming and is used for the sterilization of such sub
stances as ' sugars ', which are decomposed by prolonged 
heating. The principle of Tyndallization is as follows. 

The first exposure kills all non-sporing organisms and some spores. 
Surviving spores, provided they are in a favourable medium, become 
vegetative and are killed by the second heating. Similarly, any spores 
left after the second exposure to heat become vegetative and are killed 
by the third. 

The advantages of steam sterilization are as follows. 
(1) The apparatus required is cheap and simple to use. 
(2) The steam-saturated atmosphere reduces evaporation to a 

minimum. 

STEAM UNDER PRESSURE 
The autoclave is extensively used for sterilizing surgical 

dressings, pathogenic cultures, most infected material, media, 
and glassware. A pressure of 15 lb. produces a temperature 
of 121° C and exposure to these conditions for 15 minutes will 
kill the most resistant spores. 

LOW TEMPERATURE STERILIZATION 

Biological fluids may be sterilized by heating them in a water-
bath at 56° C for periods of 1 hour daily for as long as may be 
necessary. The principle is the same as Tyndallization, but the 
lower temperature may necessitate more than three exposures 
to heat. If the temperature of 56° C is exceeded, the fluids may 
be coagulated. This method of sterilization can be used only 
when the fluid does not contain resistant spores. 

Vaccines may be sterilized by placing them in a water-bath 
at a temperature of 60° C for 1 hour. This is usually adequate, 
as vaccines are prepared under aseptic conditions and spores 
are not normally present. Temperatures higher than 60° C 
may diminish the immunizing power of the vaccine. 
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DRY HEAT 

Red heat.—Loops, wires, and tips of forceps may be sterilized 
by heating them in a Bunsen flame until they become red hot. 
Allow the instruments to cool before using them. 

Flaming.—Metal spatulae, glass slides and coverslips may be 
sterilized by passing them through a Bunsen flame, without 
letting them become red hot. Alternatively, they may be 
dipped in methylated spirit, and the alcohol burned off. This 
procedure should be repeated two or three times. 

HOT-AIR OVEN 
Owing to the low penetrating power of dry heat and the 

greater resistance of bacteria to it, higher temperatures are 
needed with a hot-air oven than with an autoclave. 

A temperature of 160° C for 1 hour will kill most resistant 
spores providing the article to be sterilized is placed in a cold 
oven and the temperature raised and maintained at 160° C for 
1 hour. The sterilized material should not be removed until the 
oven is cold. This is most important, particularly with petri 
dishes, as cold air will be sucked into them, causing con
tamination, if they are removed before the oven is cold. This 
is due to the contraction of hot air as it cools. 

Sterilization in a hot-air oven is not a suitable method for 
culture media, but it is an ideal method for test tubes, plugged 
with non-absorbent cotton wool, petri dishes, all glass syringes, 
throat swabs, and instruments. 

CHEMICAL AGENCIES 
Chloroform is sometimes used to maintain the sterility of serum. 
When the serum is required for use it is placed in a 56° C water-
bath for a short while in order to vaporize the chloroform. To 
be effective, chloroform must be present in a concentration of 
0-25 per cent. 

Lysol is a powerful antiseptic, used mainly for discarded 
cultures, infected pipettes, and other infected material. A 
5 per cent solution is generally used and it is important to leave 
the articles in Lysol for 24 hours. 
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Glycerol in 50 per cent solution will kill contaminating 
organisms. It is used for the preservation of certain viruses 
which are not affected by the glycerol. 

Mercuric chloride in 0-1 per cent solution is useful for steri
lizing the hands after working with infected material. 

Note.—Never use mercuric chloride solution to sterilize metal instru
ments. 

Chlorine derivatives are useful for sterilizing pipettes. In 
10 per cent solution they kill most organisms fairly rapidly. 

STERILIZATION BY FILTRATION 
Filters may be made of diatomaceous earth, porcelain, asbestos 
or sintered glass. 
DIATOMACEOUS EARTH FILTERS 

Filter candles made of diatomaceous earth include the 
German ' Berkefeld ' and the American ' Mandler ' types. 
Berkefeld filters consist of Kieselguhr-asbestos and organic 
matter. They are made in three grades, V—viel (coarse), 
N—normal, and W—wenig (fine). The grade is assessed by 
the rate of passage of water through the filter at standard 
pressure. V-grade filters are used mainly for ' clarifying ' 
liquids, but they are not fine enough to sterilize liquids by 
holding back bacteria. 

The American Mandler filter candles are made from Kiesel
guhr-asbestos and plaster of paris. The three grades are deter
mined by the amount of air pressure they will stand without 
allowing water to seep through. 

The diatomaceous earth filters are usually made in the form 
of hollow candles open at one end. A metal nozzle is inserted 
and cemented in the open end. These instruments may be used 
to filter liquid poured into the candles, or alternatively for the 
passage of fluid into the candle from without (Fig. 74). 
Cleaning and sterilizing 

If necessary, these filters are autoclaved after use. They 
should then be well washed with soap and water, and scrubbed 
with a test-tube brush. A 2 per cent sodium hydroxide solution 
should then be passed through the filter in the opposite direction 
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to that in which it was last used. This is followed by N/1 HC1 
until the filtrate has a pYL of approximately 7*4. Wash through 
with distilled water, drain and dry. Wrap the instrument in 
Kraft paper, and sterilize it in the autoclave. 

To vacuum f/ask. and. pump. 

FIG. 74. Two methods of filtration, FIG. 75. Filtration, using a 
using a Berkefeld filter candle. porcelain filter candle. 

PORCELAIN FILTERS 
The most common type of porcelain filter is the Chamber-

land, a French filter candle made of kaolin and sand. It is 
made in various porosities, which are graded LI, Lia, L2, L3, 
L5, L7, L9 and Ll l . LI is for clarifying, and is equivalent to 
the Berkefeld V; the others are for sterilizing. 

For use, the candle is mounted in a rubber bung, and filtra
tion is effected from within outwards (Fig. 75). 

Cleaning and sterilizing 
This may be done by the method described for Berkefeld and 

Mandler filters. A muffle furnace may be used to remove all 
organic material, but this treatment eventually affects the 
porosity of the candle. 

SEITZ-TYPE FILTERS 
The asbestos-disc or Seitz filter is probably the most satisfac

tory one for general purposes. 
It consists of an asbestos disc supported in a metal mount 

(Fig. 76). The disc is inserted rough side uppermost. 
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After use, discard the asbestos disc, clean the metal mount, 
insert a fresh disc, and sterilize by autoclaving. The discs are 
supplied in three grades : FCB or K, which is a clarifying filter 
only; normal, which is a sterilizing filter; and GS or EK, which 
is also a sterilizing filter. 

IRWGHSIDE 

FLUID FOG FILTRATION 

FIG. 76. Filtration, using a Seitz-
Tovecuom PUMP t y pe fi|ten 

Notes.—Never filter material containing solid matter, if the latter can be 
removed by other methods, for example by centrifugation. 

Test sterilizing filter candles periodically by filtering a culture of C. 
prodigiosum and testing the filtrate for sterility. 

Filtration should not be effected too rapidly; 5--10 drops per minute 
is a suitable rate. 

SINTERED GLASS FILTERS 
These are glass filters made of finely ground glass which is 

fused to make the small particles adhere. 
A special grade for sterilizing is manufactured, and is used 

by attachment to the filtering apparatus and sterilization in the 
same way as a Seitz filter. To clean, first disinfect in a suitable 
disinfectant, run water through the filter in the reverse direction, 
and then pass through warm sulphuric acid. Wash well in tap 
water and distilled water and dry in a warm oven—high 
temperatures must be avoided. 

ULTRAFILTRATION 
Filters for ultrafiltration, as used in the filtering of viruses, 

consist of collodion membranes of graded porosity, called 
4 gradocol membranes '. Compared with filter candles they 
have the advantages of uniformity and minimal absorption loss. 
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CHAPTER 19 

THE USE OF CULTURE MEDIA 

ESSENTIAL REQUIREMENTS FOR BACTERIAL NUTRITION 

THE BASIC requirements for bacterial nutrition are moisture, 
carbon and nitrogen. If organisms are to be grown in an 
artificial medium, these three essentials must be provided. 

Moisture plays an important part in the nutrition of bacteria, 
as in the absence of water, bacteria cannot grow. (This fact is 
utilized in the preservation of foodstuffs by drying, which, 
although preventing bacteria from growing, will not necessarily 
kill them.) 

Organisms cannot always obtain their nitrogenous and 
carbon requirements from complex proteins and these sub
stances must be broken down into simpler compounds. This 
breaking down is performed by the organism's enzyme system 
(page 200). For their carbon requirements some bacteria can 
utilize the C0 2 in the atmosphere, whilst others have to decom
pose certain organic substances. The form in which nitrogen 
is added to the medium depends on the enzyme-reducing 
abilities of the organism. The simplest way of ensuring a supply 
of nitrogen is by the addition of peptone, as most organisms 
are capable of utilizing the amino acids and other nitrogenous 
compounds present in this substance. 

With the addition of blood, or serum, vitamins and inorganic 
salts, the majority of organisms can be cultivated. 

Apart from these nutritional requirements, bacteria require 
certain other conditions before they will grow satisfactorily in 
or on artificial culture medium. Oxygen must be present for 
the growth of some organisms, whilst others can live only in the 
absence of free oxygen (Chapter 21). Some organisms will grow 
best in an alkaline medium, others in an acid environment, so 
that the accurate determination of the /?H of the medium is 
essential (Chapters 5 and 20). 

The correct temperature at which cultures are incubated 
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must be observed, as most organisms have an optimum tem
perature at which the most luxuriant growth is obtained. 
Organisms which grow in the human body are best cultivated 
artificially at approximately 37° C (body temperature) and an 
incubator is used for this purpose {see Chapter 2). The medium 
must be sterile, so that the organism inoculated into or on to 
the medium is the only one cultivated, and external contamina
tion must be prevented. Media are therefore prepared in tubes, 
plugged with non-absorbent cotton-wool, or in screw-capped 
bottles, and sterilized at temperatures which will not destroy 
the nutritional properties of the medium. 

LIQUID MEDIA 

After introduction into a liquid medium, the organism takes 
a little time to adjust itself to its new environment—this is 
called the lag phase, but after this initial phase the organism 
commences to multiply by binary fission. This is called the 
logarithmic phase. After a time, due to the exhaustion of the 
nutritional factors of the medium and the accumulation of 
waste products, some bacteria die, and there is a balance of 
dead and living bacteria. That is, the number of bacteria 
multiplying is equivalent to the number dying. This is referred 
to as the stationary phase. After this short period of balancing 
out, the number dying is greater than the number multiplying 
and the phase of decline sets in. 

As the organism grows in liquid media, it utilizes the com
ponents of the medium, and excretes by-products of bacterial 
metabolism into the medium. Provided the medium is 
originally free of these by-products, use can be made of their 
production to help identify the organism. For example, certain 
organisms produce a by-product called indole. By growing 
these organisms in a medium rich in nitrogen and free from 
indole, tests can be made on the culture to show whether the 
organism has, or has not, produced indole. Another use for 
liquid media is to demonstrate whether an organism has the 
power to ferment specific carbohydrates (sugars). To a sugar-
free medium is added the specific carbohydrate, and the 
organism is then grown in the medium. An indicator included 
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in the medium shows whether the organism has fermented 
this sugar (page 229). 

SOLID MEDIA 

In liquid media, the bacteria are free to move about, but 
when grown on solid media, they multiply at the site of 
inoculation and form colonies. The appearance of these 
colonies is often typical of the species. A solidifying substance 
is therefore added to the liquid medium without altering its 
nutritional content. Agar-agar is the solidifying agent which 
is most widely used in media making. 

Agar, as it is more commonly called, is prepared from a sea
weed found in Japan, China, New Zealand or California. It 
is available in fibre or powder form. It dissolves at a tempera
ture of 98° C and solidifies on cooling to approximately 42° C. 
Blood or serum, which coagulates at 60° C, can therefore be 
incorporated in the medium before the agar solidifies. It is 
essential not to over-sterilize nutrient agar, or to melt it down 
repeatedly, as excessive heating causes precipitation of phos
phate and also results in an increase of acidity. This alteration 
in pH, plus the heating, destroys the gelling powers of the agar. 

PLATE CULTURAL METHODS 
If colonial characteristics of an organism are to be examined, 
the Petri dish is an excellent container for the medium. The 
shallowness of the dish and the large surface area render 
macroscopic examination of colonies easy, and, if necessary, 
microscopic examination is possible. The dish should be flat-
bottomed, and of heat-resistant soda-free glass. The most 
commonly used Petri dishes are 4 inches in diameter. 

Petri dishes may be sterilized in copper tins which have a 
deep lid to prevent air penetration on cooling. They should be 
sterilized in a hot air oven for one hour at 160° C and allowed 
to cool slowly in the oven. 
PLATE INOCULATION METHODS 

To isolate single colonies, the medium in the Petri dish 
should be inoculated as follows. 
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Using a sterile loop, smear a loopful of the specimen over 
area A (Fig. 77). With a fresh sterile loop streak over area B. 
Repeat over area C, D and E. Incubate the plates at 37° C. 

An alternative method is to use a sterile spreader. This is a 
glass rod, 3 mm. in diameter, bent at right angles and sterilized 
either by boiling, or by wrapping it in Kraft paper and placing 
in the hot air oven at 160° C for one hour. 

A small amount of the specimen is placed on the medium, 
and smeared over the whole surface using a sterile spreader. 
With the same spreader, another Petri dish is inoculated. Any 
of the specimen from the first inoculation will be transferred to 
the second Petri dish, and single colonies should be obtained. 

In both methods, it is essential that the medium surface is dry 
so that discrete colonies are obtained. 

TUBE CULTURAL METHODS 
SLOPE CULTURES 
Many tests devised to differentiate organisms require solid 
cultures. It is not always necessary to grow an organism on a 
whole Petri dish of medium, and slope cultures often suffice. 
* Slopes ' or * slants ' are tubes or bottles containing a small 
quantity of medium, that has been allowed to solidify with the 
bottles slightly raised at one end (Fig. 78). 

DEEP CULTURES 
* Anaerobic ' organisms (see page 238), require an oxygen-free 

atmosphere. For cultivation of these organisms ' shake ' or 
' deep ' cultures are sometimes made. The medium is distri
buted in 6 x f-inch tubes to a depth of 6-7 cm. and allowed to 
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solidify. For use, the medium is melted, cooled to about 45° C, 
inoculated with the organism, and mixed by rotation between 
the palms of the hands. When it has solidified, the culture is 
incubated and the anaerobic organisms grow at the bottom of 

FIG. 78. Slope cultures. A tube or a bottle containing a quantity of the medium 
to be solidified is slightly raised at one end. 

the tube. These shake, or deep, tubes can also be used for 
counts of viable organisms. In similar fashion, the medium is 
melted, cooled, inoculated with a known dilution of the organ
ism and mixed. It is then poured into a sterile Petri dish, and 
after incubation a count is made of colonies growing in and on 
the medium. 

ROLL TUBES 
The * roll tube ' method is also useful for counting viable 

organisms. The medium is distributed into 6 x f-inch tubes, 
1-2 ml. per tube, and stored. For use, the medium is melted, 
cooled to approximately 50° C, and a known quantity of a 
known dilution of the test sample is added. The tube is then 
tilted and rolled between finger and thumb, allowing the 
medium to run all round the sides of the tube just below the 
half-way mark. This rolling is carried out under cold tap 
water. A thin film of agar solidifies around the sides of the 
tube, and this is incubated upside down. Colonies are counted 
on following day. By varying the dilution of the bacterial inocu
lum and taking the mean of several readings, a fairly accurate 
count of viable organisms in a specimen can be obtained. 
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TUBE INOCULATION METHODS 
When inoculating tubes of media, it is essential to keep the 

medium free from contamination and the following method 
should be adopted when inoculating one culture tube from 
another. 

(1) The two tubes are held in the left hand. The culture tube is held 
between the thumb and first finger, the tube to be inoculated between 
the first and second fingers (Fig. 79). They are held in a near horizontal 
position and close to the bunsen burner. 

(2) With the right hand, the plug from the culture tube is removed 
and placed between the second and third fingers; the plug from the 
inoculated tube is then removed and placed between the third and fourth 
fingers. The protruding end of the plug should be between the fingers. 

(3) Using the right hand, flame the mouths of the tubes with the 
bunsen flame. 

(4) Using a sterilized loop (page 203) scrape a little of the growth from 
the culture, and smear it over the surface of the uninoculated slope, still 
keeping the slopes in the near horizontal position. 

(5) Sterilize the loop, place it on a loop rest, and again flame the 
mouths of the tubes. 

(6) Replace the plugs in the right order. 

FIG. 79. Method of holding tubes and plugs when inoculating one tube 
from another. 

By keeping the tubes horizontal, and bringing the bunsen to 
them, contamination from the air is minimized. When inocu
lating broth tubes, care must be taken not to spill the contents. 
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PREPARATION OF CULTURE MEDIA 

TYPES OF MEDIA 
NUTRIENT broth and nutrient agar form the basis of many 
media used in bacteriology, and are made in two forms. 

Infusion broth or agar.—A watery extract of meat is prepared and 
peptone is added, supplying the nitrogenous requirements of most 
organisms. 

Digest broth or agar.—Meat is digested by the reaction of an enzyme, 
trypsin, which breaks down the protein into peptones and amino-acids, 
so that the organisms can readily obtain their nitrogenous requirements. 

Enriched media such as blood, serum or chocolate agar or 
broth are used for the growth of delicate organisms that would 
not grow on the basal medium. If blood, serum or other 
enriching factors are added to the basal medium (nutrient broth 
or agar) the medium is then called enriched. 

Differential media are those containing substances or indica
tors which will differentiate one organism from another. 
MacConkey agar will distinguish lactose fermenting organisms 
from non-lactose fermenting organisms. 

Selective media are solid media containing substances which 
will inhibit the growth of most organisms other than those for 
which the media are devised ; for example, tellurite media for 
the diphtheria bacillus and desoxycholate-citrate-agar for the 
Salmonella and Shigella groups. 

Enrichment media are, according to Mackie and McCartney, 
fluid media which incorporate substances that inhibit the 
growth of organisms other than those for which the media was 
devised ; for example, Selenite F inhibits coliform bacilli, 
whilst allowing the typhoid-paratyphoid organisms to grow 
freely, giving an enriched culture of these organisms. 

STORAGE OF CULTURE MEDIA 
For bulk media for routine use, many laboratories use screw-

capped bottles instead of flasks or tubes plugged with non-
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absorbent cotton wool. Small bottles may be sterilized with 
their caps screwed down firmly, but they should not be packed 
tightly in the baskets. Before heating, it is essential to loosen 
the caps of all bottles of capacity over one ounce. If test-tubes 
are used, they should be plugged with non-absorbent cotton 
wool. 

A useful method of distinguishing between types of media is 
the use of coloured cotton-wool plugs in tubes ; in the case of 
bottles, coloured caps or beads may be used. Each laboratory 
has its own code of colours. 

Cotton-wool plugs must not be so tight that air is excluded. 
On the other hand, they should be firm enough to allow one to 
raise each tube by its plug. 

To plug tubes, grip a pledget of wool in a pair of forceps 
and thrust it into the neck of the tube. For a 6-inch tube, the 
plug should be inserted 1 inch into the tube and about \ inch 
should project from the neck. The protruding part of the plug 
should be greater in diameter than the tube, to prevent dust 
entering. 

Alternatively, rolled plugs may be used. On the bench lay 
a thin layer of wool approximately 1 inch wider than the final 
length of plug desired. Fold the two sides inward about \ inch. 
Roll the wool until it is the required thickness, and insert the 
plug. 

Cotton wool for plugging tubes must be non-absorbent, that 
is cotton which has had practically no cotton wax removed. 
To differentiate between absorbent and non-absorbent wool, 
place a small pledget on the surface of cool water. Absorbent 
wool sinks almost immediately whilst non-absorbent wool floats. 
The fibres of cotton wool should not be less than § inch in length, 
and if coloured wool is used the dye must be water-fast. 

Media should always be stored in a cool moist atmosphere 
and should not be kept too long. If tubes of media have been 
kept for any length of time, they should be heated in a boiling 
water bath (to drive off dissolved gasses) and cooled quickly in 
cold water just prior to inoculation. Agar slopes should be 
melted and allowed to solidify to give a moist surface. 
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THE ADJUSTMENT OF pH 
It is essential that all media are adjusted to the correct pH 
and great care must be taken to ensure that this is performed 
accurately. Methods 1 and 2 described below are those 
generally employed in media preparation rooms. 

METHOD I 
This is a colorimetrie method. An indicator is added to the 

medium and to a standard buffer solution. The medium is 
adjusted until the colours are matched. 

Apparatus required 
(1) Comparator rack. 
(2) Set of standard /?H tubes, that is, tubes containing buffer 

solution and indicator. 
(3) Comparator tubes, that is, glass tubes of same bore and 

wall-thickness as standard tubes. 
(4) Indicator solution. 
(5) Pipettes. 
(6) ION, N and N/10 NaOH. N and N/10 HC1. 
(7) Micro-burettes. 

FIG. 80. Illustrating position of tubes in 
a comparator rack. A and C: 5 ml. of 
medium. B: distilled water. D and F: 
Standard ρΆ tubes. E : 5 ml. of medium 
+ indicator. 

Method 
(1) Measure 5 ml. of medium into each of 3 comparator tubes and 

5 ml. of distilled water into another comparator tube. 
(2) To one of the comparator tubes of medium add the same amount 

of indicator as is present in the standard pH tube. 
(3) Place tubes in comparator rack as shown in Fig. 80. The 

standard /?H tubes used should be those above and below the required 
/?H; for example, if pH 7-5 is the desired reaction of the medium, the 
two standard tubes to be used should be/?H 7-4 and 7-6. 

(4) If the medium is too alkaline, add sufficient N/10 HC1 from a 
burette to alter the colour of the tube containing medium and indicator, 
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to a tint midway between those of the two standard tubes. If the 
medium is too acid add N/10 NaOH instead of N/10 HC1. 

(5) Measure the volume of alkali or acid that was necessary to adjust 
the reaction of 5 ml. of the medium. 

(6) Average two readings and calculate the amount of alkali or acid 
to add to the bulk of medium. Add the necessary alkali or acid in 
concentrated form. 

Example of calculation 
If 0-5 ml. of N/10 HC1 is required to adjust the/?H of 5 ml. of medium; 

then 5 ml. of N/10 HC1 would be required for 50 ml. of medium and 
100 ml. of N/10 HC1 would be required for 1,000 ml. of medium, or 
10 ml. of N/HC1, which is a suitable small quantity to add. 

After the addition of alkali or acid to the bulk of the medium, mix 
well and check the pH using the same method. 

METHOD II 
This method is also colorimetrie, but the sample of medium 

plus indicator is matched against permanent coloured glass 
standards (see Chapter 6). 

Method 
(1) Tubes A and B contain known volume of medium. 
(2) Add standard volume of indicator to tube B (right hand tube). 
(3) Close comparator, and turn indicator disc to required pH reading. 
(4) Add alkali or acid to tube B, until colours are matched. 
(5) Calculate amount of acid or alkali to add to bulk of medium, as 

in Method I. 

METHOD III! B.D.H. CAPILLATOR OUTFIT (FIG. 81) 

This micro-technique is useful if small amounts of media are 
being prepared, and for the estimation of pH changes in bac
teriological culture. It is a modification of Method I, using 
capillary tubes instead of test-tubes. 

Method 
(1) Each standard consists of 3 capillary tubes containing buffer 

solution and indicator. To determine the pH of the medium, fill a 
fresh capillary tube up to the mark with the medium, and transfer to 
a watch glass. 

(2) Without preliminary rinsing, fill the same capillary tube with 
indicator and allow it to run on to the watch glass. Mix the medium 
and indicator on the glass, 

(3) Refill the capillary with the mixture in the watch glass, and com
pare it with the standard tubes on the card. 
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(4) Add alkali or acid to small volumes of the bulk solution and test 
the pH after each addition, until the required reaction is attained. 

FIG. 81. The 
British Drug 
Houses capil-
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METHOD IV : pH METER 
This is the most accurate method of estimating hydrogen ion 

concentration. It involves the use of glass or hydrogen elec
trodes, but is not generally used in routine media preparation. 

NOTES ON ESTIMATING THE pH OF MEDIA 
(1) Readings must not be made until the medium is cool. 
(2) If agar is used, the tube containing agar plus indicator, 

and the tube containing agar alone, must be cooled until the 
agar has solidified. Alternatively, 0-5 ml. of hot agar can be 
added to 4-5 ml. of hot neutral distilled water plus indicator, 
and then cooled. The control tube must contain similar 
amounts of agar and water. 

(3) All tubes must be of the same glass, bore and wall-
thickness. 

(4) Tubes must be thoroughly washed and rinsed with 
neutral distilled water before they are used again. 

(5) Never match colours in direct sunlight or artificial light, 
unless a special viewing box is used. Use daylight wherever 
possible. 

(6) One's perception of the delicate colour tints is soon 
dulled by prolonged examination. It is advisable to glance at 
the tubes briefly but frequently, when matching colours. 
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PREPARATION OF CULTURE MEDIA 
(1) At no stage of its preparation should a medium be over

heated, for fear of destroying its nutritive qualities. Steriliza
tion should be effected at the lowest temperature, and for the 
shortest time, which will ensure complete sterility. 

(2) The adjustment of pH should be carried out accurately. 
(3) Utensils and glassware should be clean. 
(4) Fresh batches of peptone should be examined for solu

bility, colour (which should be pale), reaction (which should be 
neutral), absence of sugar and suitability for indole production. 

To test for presence of sugar and suitability for indole pro
duction, prepare tubes of peptone water and others of peptone 
water plus indicator. Inoculate them with a culture which is 
capable of fermenting most sugars (to produce acid) and of 
liberating indole; the most suitable organisms for this test are 
those of the B. coli group. Alternatively a chemical test for 
the presence of sugar may be performed. 

(5) Agar should be examined for cleanliness, solidifying 
properties and clarity in solution. 

NUTRIENT BROTH 
Heart broth 

Minced ox heart (freed from fat) . . 500 g 
Peptone 10 g. 
Sodium chloride . . . . . 5 g. 
Tap water 1,000 ml. 

(1) Stir well and stand in a cool place overnight. 
(2) Steam for 2 hours with occasional stirring. 
(3) Filter through muslin to remove coarse particles. 
(4) Filter through Chardin-type filter paper and adjust reaction 

to/?H8 0. 
(5) Bottle and sterilize at 10 lb. for 15 minutes, label and store. 
(6) For use; filter, adjust reaction to/?H 7-5. 
(7) Fill into tubes or bottles and sterilize at 10 lb. for 15 minutes. 

When broth of pH 8Ό is first autoclaved, phosphates present in 
the medium are precipitated, and require removal by filtration. 
Broth may be stored with phosphates present and filtered just 
prior to use. One heating is thereby avoided. 
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ENRICHED MEDIA 

Lab-Lemco broth 
Lab-Lemco 10 g 
Peptone 10 g. 
Sodium chloride 5 g. 
Water 1,000 ml. 

(1) Dissolve by heat, adjust reaction to pH 7-4. 
(2) Filter and bottle. 
(3) Sterilize by autoclaving. 

Digest broth 
A useful digest broth is as follows. 

Hartley's broth 
Minced ox heart, lean beef or horse muscle 

(freed from fat) 1,800 g. 
Tap water 3,000 ml. 

(1) Heat to 80° C, and add: 
0-8 per cent anhydrous sodium carbonate 3,000 ml. 

(2) Cool to 45° C, and add: 
Cole's pancreatic extract * . . . 60 ml. 
Chloroform 60 ml. 

(3) Mix well, and incubate at 37° C for 5-6 hours, stirring every hour. 
(4) At the end of this digestion period, add 480 ml. of N/1 HC1. 
(5) After steaming for 30 minutes, filter and adjust the pH to 8 0. 
(6) Bottle and sterilize at 10 lb. pressure for 15 minutes. 
(7) Label and store. 
(8) For use: filter, adjust the reaction to pH 7-6, tube or bottle the 

broth, and sterilize at 10 lb. for 15 minutes. 

ENRICHED MEDIA USING NUTRIENT BROTH 

Blood broth.—Sterile nutrient broth plus 5 per cent sterile 
defibrinated or oxalated horse blood added aseptically. 

Serum broth.—Sterile nutrient broth plus 5 per cent sterile 
serum added aseptically. 

* Cole and Onslow's Pancreatic Extract 
Cole's pancreatic extract is rich in the enzyme trypsin, which works better at 

an alkaline /?H, hence the addition of sodium carbonate. The N/1 HC1 is added 
to counteract the sodium carbonate and to stop digestion. 

Fresh pig pancreas (minced and free from fat) 500 g. 
Distilled water 1,500 ml. 
Absolute alcohol . . . . . 500 ml. 

Mix well in a large stoppered bottle, and leave at room temperature for 3 days. 
Shake occasionally. Strain through muslin, then filter. Add 01 per cent pure con
centrated HCl. 

This extract will keep for several months. 
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Chocolate broth.—Blood broth mixed and heated at 90° C 
for 10 minutes. 

Fildes' broth.—Sterile nutrient broth plus 5 per cent Fildes' 
medium added aseptically. 

Glucose broth.—Sterile nutrient broth plus 0-25 per cent 
sterile glucose. 

Cooked meat 
This is used for the cultivation of anaerobic organisms. 

(1) Boil 500 g. of minced ox heart in 500 ml. of N/20 NaOH, to 
neutralize its lactic acid content. 

(2) Drain off fluid and partially dry the meat with a clean cloth. 
(3) Fill narrow-necked one-ounce bottles, with screw caps and rubber 

washers, to a depth of 2 inches. 
(4) Add nutrient broth to 1 inch above the level of the meat. 
(5) Sterilize at 15 lb. pressure for 20 minutes. 

NUTRIENT AGAR 
(1) Adjust the reaction of broth to pH 8 0 and add the required 

amount of agar (generally 2-2-5 per cent of agar fibres, or 1-1-5 per 
cent powdered agar). 

(2) Steam until the agar is dissolved. 
(3) Filter through paper pulp. 
(4) Adjust the reaction to pW 7-5. 
(5) Bottle, and autoclave at 10 lb. for 15 minutes. 

Filtration of agar 
(1) Boil a quantity of paper pulp in distilled water. 
(2) Cover a large Büchner funnel with muslin. Add the pulp, and 

spread it evenly over the whole area of the filter. 
(3) Fold the sides of the muslin over the pulp, and press it down 

firmly. Insert the funnel into a large vacuum flask, and place a Petri 
dish lid on to the centre of the muslin (Fig. 82). Turn on the vacuum 
pump slowly, until water from the paper pulp begins to extrude, then 
pour hot water on to the Petri dish. The dish serves to prevent destruc
tion of the soft filter, by dispersing the water flow evenly. 

(4) Pour the agar on to the Petri dish. When agar appears through 
the filter, empty the receiving flask. 

(5) Add agar gradually, keeping the negative pressure as low as 
possible (3-4 litres of agar can be filtered without changing the paper 
pulp). 

By an alternative method, the agar is prepared in an enamel 
container or pail. The agar is dissolved and left standing over-
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NUTRIENT AGAR 

night at room temperature. Next morning the agar consists of 
two layers, a turbid lower layer and a clear supernatant. Dis
card the turbid portion and re-melt the clear agar. Adjust the 
pH and distribute the medium in bottles. 

ήύήΛ ρουαεο οητο PETRI PISH 

MOLTEN eCHR 

FIG. 82. Illustrating the filtration 
of nutrient agar. 

Some media made from nutrient agar 
Blood agar slopes, serum agar slopes, chocolate agar slopes 

and Fildes' agar slopes.—These are prepared either from 
individual agar slopes which are melted down, cooled and 
the required enrichment added, or from a larger amount of 
agar, as for blood agar plates, which is distributed aseptically 
into sterile tubes or bottles which are then sloped. 

Nutrient agar plates are used for the cultivation of many 
easily-growing organisms (for example, staphylococci, B. coli.). 
Melt the nutrient agar by steaming, cool to 56° C and pour 
15-20 ml. aseptically into clean sterile Petri dishes. 

Blood agar plates are used for the cultivation and differentia
tion of more delicate organisms (for example, streptococci, 
gonococci). 

Method 1 
Melt the nutrient agar by steaming. Cool to 50° C and add 5-10 per 
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cent sterile defibrinated or oxalated horse blood. Pour 15-20 ml. 
volumes aseptically into clean sterile Petri dishes. 

Method 2 
Pour a thin layer of agar into sterile Petri dishes, and when this has 

set, add the molten blood agar. This technique is preferable to the first 
one described above, in that haemolysis is more easily seen, the blood 
agar layer is more uniform in thickness and less horse blood is neces
sary. For further economy, 2 per cent agar in saline may be used for 
the base. 

Chocolate agar plates may be used for the cultivation of cer
tain organisms (for example, H. influenzae and pneumococci). 
Add blood to nutrient agar, as when making blood agar plates. 
Heat at 90° C for 10 minutes and pour aseptically into clean 
sterile Petri dishes. H. influenzae requires two growth factors 
called X and V. Both of these are found in blood. The X 
factor is haematin. Red blood cells contain haemoglobin 
(Ch. 25) which is made up of haem and globin. If red cells 
are disrupted, haemoglobin is liberated, but if red cells are 
heated, the globin part is destroyed, allowing the haem, which 
is the X factor, to readily diffuse into the medium. Fildes' 
medium acts in the same way, the globin being digested by the 
pepsin. The V factor is not destroyed by heating or digestion 
and is also present in ordinary nutrient agar. 

Serum agar plates are used for the cultivation of more 
delicate organisms such as pneumococci and gonococci. Pre
pare as for blood agar plates (Method 1) using serum instead 
of blood. 

Fildes' agar plates are used for cultivation of H. influenzae. 

(1) Mix together in a 250 ml. ground glass stoppered bottle the 
following. 

Saline (made with tap water) . . . 150 ml. 
Pure hydrochloric acid . . . . 6 ml. 
Defibrinated sheep's blood . . . 50 ml. 
Pepsin (B.P. granulated) . . . . 1 g. 

(2) Shake well and place in a 55° C waterbath overnight. 
(3) Add 12 ml. of 20 per cent NaOH. 
(4) Remove a small quantity of the mixture, dilute 20 times with 

distilled water, and test its reaction to cresol red and phenol red 
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Phenol red is just pink at the correct reaction of pH 7-6, but there is no 
colour change with cresol red. Correct adjustment of the pH is essen
tial. If the addition of 12 ml. of NaOH is insufficient, add more until 
the correct reaction is obtained. If 12 ml. of NaOH was excessive, 
neutralize the excess with pure hydrochloric acid. 

(5) Preserve with 0-25 per cent chloroform, and store in a refrigerator. 
(6) For use: add to melted agar, as when making blood plates. 

Glucose agar 
This consists of 10 per cent solution of glucose in distilled 

water sterilized by Seitz filtration. 
(1) Taking aseptic precautions, add sufficient glucose solution to 

melted and cooled agar to give a final concentration of 0-5 per cent. 
(2) Distribute aseptically into required containers, that is, Petri 

dishes, tubes or bottles. 
(3) If in tubes or bottles, steam for 20 minutes, and slope if necessary. 

OTHER MEDIA 
Loeffler's serum slopes 

These are used for the cultivation of organisms such as C. 
diphtheriae. 

Ox serum, 3 parts 
2 per cent glucose broth, 1 part 

(1) Sterilize the broth by autoclaving at 10 lb. pressure for 15 
minutes. 

(2) Sterilize the serum by Seitz filtration. 
(3) Mix and distribute aseptically into sterile tubes or bottles. 
(4) Inspissate at 75° C until set. 
(5) Next day inspissate at 75° C for 1 hour. It is important not to 

exceed 75° C. 

CARBOHYDRATE MEDIA 
The ability of different organisms to ferment specific carbo
hydrates is used in their identification and classification. It is 
essential that the medium used for this test shall be free from all 
carbohydrates except those specifically added. Nutrient broth 
is useless for this purpose, as it contains small amounts of 
' muscle ' sugar. An aqueous solution of suitable peptone and 
sodium chloride is prepared. The selected carbohydrate and 
indicator is added to this solution, and it is dispensed in tubes 
or bottles containing a small Durham's tube. This must be 
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inverted and completely filled with the medium. The indicator 
will reveal the production of acid and the inverted Durham's 
tube will trap any bubbles of gas that may be formed (Fig. 83). 

DURHRM3. 
TUfbB COM 
PLETELV 
FILLEP UJI7U 
MEDIUM 

FIG. 83. Production of gas 
Durham's tube. 

For the fermentation reactions of more delicate organisms 
such as streptococci, pneumococci and C. diphtheriae, the med
ium must be enriched with serum. Other organisms, such as 
gonococci and meningococci, prefer a solid medium and for 
these, agar is incorporated in the serum sugar media. 

Peptone water 
This is used for testing indole production, for the preparation 

of sugar media, and, when alkaline, for the cultivation of V. 
cholera. It consists of the following. 

Peptone 
Sodium chloride 
Distilled water 

(1) Dissolve in steamer. 
(2) Adjust reaction to /?H 7-5. 
(3) Filter through Chardin type filter paper. 
(4) Distribute in tubes or bottles. 
(5) Autoclave at 10 lb. pressure for 15 minutes. 

10 g. 
5g. 

1,000 ml. 

PEPTONE WATER SUGARS 
Preparation 

(1) To sterile peptone water add 1 per cent Andrade's indicator and 
sufficient of a 10 per cent solution of the required sugar (sterilized by 
Seitz filtration) to give a final concentration of 0-5 per cent. 

(2) Distribute aseptically into sterile tubes or bottles containing 
inverted Durham fermentation tubes. 

(3) Steam for 30 minutes. If the medium is of the correct reaction 
and the indicator is satisfactory, the solution becomes pink during 
heating but returns to a straw colour on cooling. 
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SUGAR MEDIUM 

Preparation of Andrade's indicator 
(1) Dissolve 0-5 g. of acid fuchsin in 100 ml. of distilled water. 
(2) Add 16 ml. of N/l NaOH and leave overnight. 
(3) The colour should change from pink to brownish-red and then to 

yellow. 
(4) If it is necessary to add more N/l NaOH, small amounts only 

should be added, and 24 hours allowed for any colour change. 

HISS'S SERUM WATER SUGARS 

These are used for fermentation reactions of Neisseriae, 
Corynebacterium and other genera requiring serum for growth. 

Ox serum 
Distilled water 

1 part 
3 parts 

(1) Adjust reaction to pH 7-5 and add Andrade's indicator, 1 per 
cent, and sugar, 1 per cent. 

(2) Tube or bottle and steam for 20 minutes on 3 consecutive days. 

SOLID SUGAR MEDIUM 

This is used for fermentation reactions of Neisseriae, Coryne
bacterium, and other genera requiring serum for growth. 

Peptone 
Sodium chloride 
Agar fibre 
Nutrient broth 
Distilled water 

20 g 
5 g. 

20 g. 
. 100 ml 
. 900 ml 

Preparation 
(1) Steam to dissolve and filter. 
(2) Adjust reaction to pW 7 -6. 
(3) Bottle in 100 ml. amounts and sterilize at 10 lb. pressure for 15 

minutes. 
(4) For use: Melt, cool to 55° C and, using aseptic precautions, add 

to each 100 ml. the following: 
0 04 per cent phenol red solution 
Sterile rabbit serum 
10 per cent sterile sugar solution 

5 ml. 
5 ml. 

10 ml. 

(5) Distribute aseptically into tubes or bottles and allow to solidify 
in a sloping position. 

(6) Test for sterility by incubation. 
Note.—It is essential to use rabbit serum (or human serum) in this medium, 
as horse, sheep or ox serum contains maltose, which may give a false 
reaction. 
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LITMUS MILK 
Litmus milk is used for the fermentation of its contained 

lactose and for the clotting and digestion of milk. 
Preparation 

(1) Centrifuge fresh milk at high speed. The cream is freed from the 
milk, forming a surface layer. 

(2) Syphon off the milk and discard the cream. 
(3) Add sufficient of 10 per cent litmus solution to give the desired 

tint to the cream-free milk. 
(4) Tube or bottle and steam for 20 minutes on 3 consecutive days. 

10 per cent Litmus solution 
Litmus 10 g. 
Distilled water 100 ml. 

Boil for 10 minutes. Allow to stand overnight. Filter and bottle. 

Nutrient gelatin 
This is used for identifying gelatin-liquefying organisms. 
Preparation 

Lab-Lemco beef extract . . . . 3 g. 
Peptone 5 g. 
Gelatin (Coignets) . . . 120-140 g. 
Tap water 1,000 ml. 

(1) Heat water to 90° C, add Lab-Lemco, peptone and gelatin. 
(2) Adjust reaction to pH 8 0. 
(3) Add the white of one egg and steam for 30 minutes. 
(4) Filter through Chardin type filter paper and adjust the reaction 

topHl'5. 
(5) Tube or bottle in 10 ml. quantities, and steam for 20 minutes on 

3 consecutive days. 

MEDIA FOR SPECIAL PURPOSES 
Intestinal organisms may be pathogenic (most of these do not 
ferment lactose), or they may be non-pathogenic (usually 
lactose-fermenters). Special media are required for differ
entiating these organisms; bile salt is incorporated as a nutri
tional factor, together with lactose and an indicator. 

MACCONKEY'S AGAR 

This is used for differentiating intestinal organisms into 
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lactose and non-lactose fermenters. The organisms, by fer
menting lactose, produce acids which act upon the bile salts 
and absorb the neutral red, giving red colonies. The non-
lactose fermenters give an alkaline reaction, and produce 
colourless transparent colonies. 

Peptone . . . . . 2 per cent 
Sodium chloride (optional) . · 0-5 per cent 
Sodium taurocholate . · . 0 - 5 per cent 
Agar fibre 2 per cent 

Preparation 
(1) Dissolve the salts and peptone in distilled water and adjust the 

reaction to pH 7-8. 
(2) Add the agar fibre ; autoclave at 10 lb. pressure for 15 minutes. 
(3) Filter and adjust the reaction to pH 7-5. 
(4) Add 1 per cent lactose and enough of a 1 per cent solution of 

neutral red to give the required colour (usually 5 ml. per litre of medium). 
(5) Sterilize at 10 lb. pressure for 15 minutes. 

(Plates should be poured when the temperature of the medium is 
45°-50° C; this prevents a scum appearing on the surface.) 

DESOXYCHOLATE-CITRATE AGAR 
This is a very selective medium for isolation of typhoid, 

paratyphoid, Salmonella and dysentery organisms. 
Preparation 

(1) Dissolve 20 g. of Lab-Lemco in 200 ml. of water over a flame; 
make just alkaline to phenolphthalein with 50 per cent sodium 
hydroxide solution, boil and filter. 

(2) Adjust the reaction to pH 7-3, make up the volume to 200 ml. and 
add 20 g. of Difco proteose peptone. 

(3) Dissolve 90 g. of agar fibre in 3,700 ml. distilled water by 
steaming for 1 hour. 

(4) Filter the agar and add the Lab-Lemco-peptone solution. 
(5) Add 10 ml. of a 1 per cent solution of neutral red and 40 g. of 

lactose. 
(6) Bottle in 100 ml. amounts and sterilize by autoclaving at 10 lb. 

pressure for 20 minutes. 

Solution A 
Sodium citrate (Analar . Na3C6H507. 2H20) . 17 g. 
Sodium thiosulphate (Analar . Na2S203 . 5H20) . 17 g. 
Ferric citrate (scales) . . . . 2 g. 
Distilled water 100 ml. 

Dissolve by allowing to stand at room temperature for 2-3 days. 
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Solution B 
10 per cent solution of sodium desoxycholate in distilled water. 
Sterilize solutions A and B in the 60° C water bath for 1 hour. 

(7) For use: Melt 100 ml. of the agar and add 5 ml. of solution A. 
Mix thoroughly and add 5 ml. of solution B. Mix and pour plates. 

WILSON AND BLAIR'S MEDIUM 
Wilson and Blair's medium is prepared with the following 

solutions. 
Solution A 

(1) Bismuth ammonio-citrate scales . . 30 g. 
Distilled water 250 ml. 

Dissolve by boiling. 
(2) Anhydrous sodium sulphite · · · 100 g. 

Distilled water 500 ml. 
Dissolve by boiling. 

Mix (1) and (2), boil, and add 100 g. of sodium phosphate crystals 
(Na2HP04 12H20). When cool add 250 ml. of 20 per cent dextrose 
solution. 

This constitutes the stock bismuth-sulphite-dextrose-phosphate 
mixture. 

Solution B 
1 per cent solution iron citrate scales . 200 ml. 
1 per cent brilliant green in distilled water. 25 ml. 

This constitutes the iron-citrate brilliant green mixture. 
To prepare the medium, add 20 ml. of solution A and 4-5 ml. of solu

tion B to 100 ml. of nutrient 3 per cent agar (melted and cooled to 
60° C). 

Mix and pour into Petri dishes. 
B. typhosus reduces the sulphite to sulphide in the presence of 

dextrose and appears as black colonies. 
Coliform organisms are inhibited by the brilliant green and bismuth 

sulphite in the presence of an excess of sodium sulphite. 

ENDO'S MEDIUM 

Endo's medium is made up as follows. 
Meat extract . . . . . . 5 g. 
Peptone 10 g. 
Agar 30 g. 
Water 1,000 ml. 

(1) Dissolve. 
(2) Adjust reaction to pH 8 -2. 
(3) Filter and bottle in 100 ml. amounts 
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(4) Sterilize and store. 
(5) For use: Melt agar, and to each 100 ml. add the following. 

20 per cent sterile lactose solution . . 5 ml. 
10 per cent alcoholic solution basic fuchsin 0-5 ml. 
Anhydrous sodium sulphite . . . 0125 g. 

(6) Pour plates and incubate at 37° C overnight to test for sterility. 
Typhoid and dysentery organisms appear as grey colonies ; coliform 

organisms as red colonies. 

EOSIN METHYLENE BLUE AGAR 
Peptone . . . . . 10 g. 
Dipotassium phosphate (K2HP04) . . 2 g. 
Agar 15 g. 
Distilled water 1,000 ml. 

(1) Steam until dissolved. 
(2) Distribute in 100 ml. amounts and sterilize at 10 lb. pressure for 

15 minutes. 
(3) For use: Melt and add to each 100 ml. the following. 

20 per cent sterile lactose solution . . 5 ml. 
2 per cent aqueous solution eosin 

(yellowish) . . . . . . 2 ml. 
0-5 per cent aqueous méthylène blue . 2 ml. 

4g. 
5g. 
4g . 
9-5 g. 

0-5 g. 
,000 ml. 

(4) Mix and pour into sterile Petri dishes. 

SELENITE F MEDIUM 
Sodium acid selenite . . . . 
Peptone 
Lactose . . . . . . 
Disodium hydrogen phosphate (Na2HP04) 
Sodium dihydrogen phosphate 

(NaH2P04) 
Distilled water 

Distribute 10 ml. amounts into screw-capped bottles, and steam for 
30 minutes. 

MEDIA FOR ISOLATION OF 
CORYNEBACTERIUM GROUP 

Most media used for the isolation of C. diphtheriae from mixed 
cultures contain compounds of tellurium, which inhibit the 
growth of organisms not of the corynebacterium genus. 
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10 g. 
10 g. 
5 g . 

20 g. 
1,000 ml. 

Distribute in 200-ml 

0-7 g. 
20 ml. 

Once isolated, subcultures of Corynebacteria can be maintained 
on serum media, such as Loeffler's medium. 
HOYLE'S MEDIUM 

This is one of many media used for the isolation of Coryne
bacteria. 

(1) Lab-Lemco . 
Di fco proteose peptone . 
Sodium chloride 
Agar . . . . 
Water . . . . 
Adjust to pH 7-8 and autoclave. Distribute in 200-ml. quantities 
in screw-capped bottles. 

(2) Sterile laked horse blood. 
(3) Potassium tellurite 

Water . . . . 
Store, tightly stoppered, in the dark. 

To each 200 ml. agar, melted and cooled to 55° C, add: laked blood 
10 ml., and potassium tellurite solution, 2 ml. 

Pour into sterile Petri dishes. 
After 24-48 hours' incubation, colonies of the Gravis type appear a 

slate grey colour with a bluish tinge, the shape approximating to a 
daisy head. Colour and size of the Mitts type colonies are similar to 
the Gravis type, but appear more glistening, are convex and have a 
perfectly circular outline. 

Intermediate type colonies are never larger than 2 mm. They are 
blacker than the other types and have a poached egg shape. 

EGG MEDIUM 
Egg medium is generally used for growing the tubercle bacillus. 

Lowenstein-Jensen medium is one of the most useful for the 
primary isolation of Myco. tuberculosis, the incorporated 
malachite green inhibiting the growth of many contaminants. 

GLYCEROL EGG 
Glycerol egg is used for cultivation of human tubercle bacilli 

which grows better in the presence of glycerol. 
Egg . . . . . . . 78 per cent 
Nutrient broth 20 per cent 
Glycerin 2 per cent 

(1) Sterilize the broth and glycerin in the autoclave at 10 lb. pressure 
for 15 minutes. 

(2) Break the eggs under aseptic conditions into a sterile flask con
taining glass beads. 
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(3) Shake well and filter through sterile muslin into the sterile 
glycerin broth. 

(4) Distribute in sterile tubes or bottles under aseptic conditions and 
inspissate in a sloping position at 75° C. Heat until solidified on the 
first day, and for 2 hours on each of the 2 successive days. 

DORSET EGG 

This is used for cultivation of human and bovine tubercle 
bacilli. 

Egg 80 per cent 
Nutrient broth . . . . . 20 per cent 

Proceed as for Glycerol egg medium. 

LOWENSTEIN-JENSEN MEDIUM 

This is used for the primary isolation of human and bovine 
tubercle bacilli. 

Asparagin-mineral salt solution 
Potassium dihydrogen phosphate (Analar) 0-4 per cent 
Magnesium sulphate (Analar) . . 0Ό4 per cent 
Magnesium citrate . . . . 0-1 per cent 
Asparagin . . . . . . 0 - 6 per cent 
Glycerol (Analar) . . . . 2 0 per cent 

In distilled water. 
Steam for 2 hours and store in the refrigerator. 

(1) Add 6 g. of potato flour to 150 ml. of this solution, heat over a 
flame with constant stirring until a smooth mixture is obtained. 

(2) Sterilize in the autoclave at 10 lb. for 20 minutes. 
(3) Break 5 eggs, under aseptic conditions, into a sterile flask con

taining glass beads. Shake well and filter through sterile muslin. 
(4) Mix the eggs with the cool asparagin-potato starch mixture and 

add 5 ml. of 2 per cent malachite green solution. 
(5) Distribute, under aseptic conditions, in sterile tubes or bottles 

and sterilize by inspissating at 75° C for 30 minutes on 2 consecutive 
days. 

The tubercle bacilli obtain their nitrogen from the asparagin present, 
and their carbon from the glycerol. The malachite green helps to inhibit 
the growth of other organisms. 

The human type of tubercle bacillus grows as heaped-up, dry, yellow 
colonies, and the bovine type as small, discrete, colourless colonies. 
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CHAPTER 21 

ANAEROBIC METHODS 

OXYGEN, apart from other nutritional factors, may be neces
sary for the growth of bacteria. Organisms which cannot grow 
without oxygen are known as ' obligatory aerobes ' ; those that 
grow only in the absence of oxygen are called ' obligatory 
anaerobes ' ; and those that grow in the presence or absence 
of oxygen are known as ' facultative aerobes '. 

One explanation as to why anaerobic organisms do not grow 
in the presence of oxygen is that many organisms form hydrogen 
peroxide (H202) when seeded and incubated on culture 
medium in the presence of oxygen. Most aerobic organisms 
produce an enzyme, called catalase, which will neutralize this 
peroxide. Many anaerobes do not have this enzyme, catalase, 
and are therefore destroyed by the peroxide. When grown in 
the absence of oxygen, however, H202 is not produced and the 
organism will grow. 

Culture of organisms in the absence of oxygen (anaerobiosis) 
may be performed in several ways as follows. 

GROWTH IN SPECIAL MEDIA 

Glucose ogar deeps.—The organism is inoculated into the 
molten medium at 45° C. The culture is then allowed to 
solidify, and incubated at 37° C. Growth of the anaerobic 
organisms takes place below the surface of the medium. 

Glucose broth.—Long thin tubes are half-filled with this 
medium, boiled for 5 minutes to remove the oxygen, and the 
surface of the medium covered with sterile molten Vaseline. 
This effectively seals the medium from the air, and inoculation 
is carried out through this layer of Vaseline by means of a 
Pasteur pipette. 

Brewer's broth.—Digest broth containing 0-1 per cent 
sodium thioglycollate, 0Ό5 per cent agar, 1 per cent glucose and 
0Ό02 per cent méthylène blue, is autoclaved at 15 lb. pressure 
for 20 minutes. The glucose acts as a reducing agent, while 
the thioglycollate maintains the anaerobic conditions achieved 
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after autoclaving; the agar prevents convection currents. 
The méthylène blue acts as an indicator, remaining colourless 
except where oxygen is present at the surface of the medium. 

Cooked meat medium.—The meat contains reducing substances 
which maintain anaerobic conditions at the bottom of the tube. 

Smith-Noguchi method.—A catalase present in rabbit kidney 
can remove the peroxide formed by growing anaerobic organ
isms. The medium consists of fresh sterile rabbit kidney 
covered with a long column of ascitic fluid on which a layer of 
Vaseline is poured. The tubes are inoculated through the 
Vaseline surface by means of a Pasteur pipette. 

Iron strips.—Heated to redness, cooled, and added to liquid 
media, iron strips will oxidize in the medium, and produce 
anaerobic conditions. 

OTHER METHODS 

(1) Inoculate two Petri dishes of medium, one with a known 
aerobic organism (such as Ps. pyocyaneus) and the other with 
the culture to be grown anaerobically. Discard the lids, and 
place the two inoculated portions of the dishes edge to edge. 
Seal with a rubber band or Sellotape, and incubate at 37° C 
(Fig. 84). The aerobic organism will utilize the oxygen present, 
allowing the * anaerobe ' to grow. 

(2) A mixture of pyrogallic acid and sodium hydroxide 
rapidly absorbs oxygen. By means of a Büchner tube (Fig. 85) 
culture tubes may be incubated anaerobically. 

(3) Methods using ' anaerobic jars ' are probably the most 
satisfactory. The method consists essentially of a jar with a 
palladiumized asbestos capsule fitted to the lid (Fig. 86). This 
capsule acts as a catalyst, combining the oxygen in the jar, with 
added hydrogen, to form water. 

The most efficient type is the Mclntosh and Fildes jar. This 
consists of a glass or metal jar to which is fitted a metal lid. 
This lid has an inlet and outlet valve, and two terminals fixed 
on the outside connected with a capsule within. This capsule 
(Fig. 86Z?) is composed of aporcelain core around which is wound 
nichrome wire. This wire is connected to the two terminals on 
the lid. Palladiumized asbestos is moulded around the wire, and 
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the whole encased in a wire-gauze shield to prevent sparks from 
igniting the hydrogen and causing an explosion. Mica or fibre 

FIG. 84. Illustrating a FIG. 85. Culture FIG. 86 (a). An anaerobic jar ; 
method of culture tubes may be (6) A palladiumized asbestos 
of organisms in incubated an- capsule which is fitted to the 
absence of oxygen. aerobically by a lid of an anaerobic jar. 

Büchner tube. 

plates at each end insulate the capsule from the lid. The cap
sule is heated by connecting the two terminals to a resistor, 
which in turn is connected to the electricity supply. 

Method of use 
(1) Place cultures in the jar, close inlet valve, and screw down lid. 
(2) Connect outlet valve to a vacuum pump, and evacuate a half to 

two-thirds the volume of air. 
(3) Close outlet valve and connect hydrogen supply to inlet valve. 
(4) Connect terminals to resistor. 
(5) Open inlet valve and allow hydrogen to enter the jar. 
(6) Turn on current to heat capsule. 
(7) When no more hydrogen will enter the jar, close inlet valve, turn 

off current, disconnect terminals and incubate the jar. 

Hydrogen may be supplied from a hydrogen cylinder or from 
a Kipp's apparatus. If a hydrogen cylinder is used, a regulating 
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valve must be employed to control the inflow of the gas. An 
alternative method is to pass the hydrogen into a football 
bladder connected to a wash bottle containing water. The 
bubbles formed indicate the rate of hydrogen flow (Fig. 87). 

FIG.87. Method of filling an anaero- FIG. 88. Kipp's 
bic jar using a hydrogen cylinder. Apparatus. 

With a Kipp's apparatus, hydrogen is obtained by reacting 
granulated zinc and dilute sulphuric or hydrochloric acid. 

Zn + H2S04 = ZnS04 -f H2 
Zn + 2HC1 = ZnCl2 + H2 

Zinc metal is placed in the central bulb B. With tap T open, 20 per 
cent HC1 or 20 per cent H2S04 is poured through funnel A until the 
lower vessel C is filled and the acid is covering the zinc in bulb B (Fig. 
88 a). When tap T is closed, the pressure of the hydrogen, evolved by 
the action of the acid on the zinc, forces the liquid up into funnel A, and 
out of contact with the zinc (Fig. 88 b). The reaction now ceases, and 
no more hydrogen is evolved. When tap T is open the acid rises again 
on to the zinc, and the reaction begins again. 
The hydrogen must be purified by bubbling it through 10 per 

cent silver nitrate to remove arsine, AsH2, and if sulphuric acid 
was used, through 10 per cent lead acetate, to remove hydro
gen sulphide, H2S. If desired, a further wash bottle containing 
pyrogallic acid and sodium hydroxide may be used to absorb 
any oxygen present. 

Carbon dioxide may be prepared by using a Kipp's apparatus. 
Marble chips are placed in bulb B, and dilute hydrochloric 
(not sulphuric) acid is poured through funnel A. The reaction is 
according to the formula: CaC03 + 2HC1 = CaCl2 + C02 + H20 
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CHAPTER 22 

SIMPLE AGGLUTINATION TEST 

WHEN certain organisms invade the body, substances are 
formed in the blood which help to increase the resistance of the 
body to infection by that specific organism. These substances 
are called antibodies. For example, if a patient has had typhoid, 
antibodies are formed in the blood which help to fight the 
disease, and remain to combat any possible re-infection. 
Apart from the knowledge that when antibodies are present, 
resistance to a specific disease is increased, the exact signi
ficance of these substances is not fully understood. 

The detection of antibodies is a valuable aid in diagnosing 
certain diseases and is carried out by mixing the patient's serum 
with a killed suspension of the organism suspected of causing 
the disease. They are mixed in saline and incubated. If anti
bodies have been formed by the organism under test, they will 
combine with the organisms and clump together. This clump
ing or flocculation (the formation of small visible particles) is 
called agglutination. 

Agglutination will only take place in the presence of an 
electrolyte, hence the use of saline. The killed suspension of 
organisms is known as an antigen. The terms antigen and anti
body have been defined by Topley and Wilson {Principles of 
Bacteriology and Immunity) as follows. 

Antigen,—An antigen is any substance which, when introduced 
parenterally into the animal tissues, stimulates the production of an 
antibody, and which, when mixed with that antibody, reacts specifically 
with it in some observable way. 

Antibody.—An antibody is any substance which makes its appearance 
in the blood serum or body fluids of an animal, in response to the 
stimulus provided by the introduction of an antigen into the tissues, and 
reacts specifically with that antigen in some observable way. 

The agglutination test may be utilized in one of two ways. 
(1) To discover the presence of antibodies in serum, by test

ing against suspensions of known organisms. 
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(2) To identify an organism by testing with sera containing 
known antibodies. 

The test may be performed using slides or tubes, the latter 
being the method of choice. 

The serum is prepared in a series of dilutions (in saline) and 
an equal quantity of antigen added. The tubes are incubated 
in a water bath at 56° C (to hasten the agglutination reaction) 
and examined at 1, 4 and 24-hour intervals. The highest 
serum dilution at which agglutination occurs is noted, and this 
dilution denotes the titre of the serum. The greater the con
centration of antibodies present the higher the titre becomes. 

Method 
Apparatus required : Pipettes, test-tubes, agglutination tubes, grease 

pencil, racks for tubes, serum, saline, antigen, and 56° C water-bath. 
(1) Place 10 test-tubes in a rack. 
(2) Add 4 ml. of saline to tube 1 and 1 ml. to tubes 2 to 10. 
(3) Add 1 ml. of serum to tube 1 and mix. This dilutes the serum 

1 in 5. That is, 1 volume of serum plus 4 volumes of saline, giving 
5 volumes of solution of which 1 volume is serum. 

(4) Transfer 1 ml. of serum saline solution to tube 2. This dilutes 
the serum 1 in 10. 

(5) Repeat the procedure up to and including tube 10. This gives 
serum dilutions of 1 in 5, 1 in 10, 1 in 20, 1 in 40, 1 in 80, 1 in 160, 
1 in 320, 1 in 640, 1 in 1,280, and 1 in 2,560. 

(6) Using a fresh pipette and starting from the highest dilution, 
transfer 0-5 ml. from each test-tube into a corresponding agglutination 
tube in an agglutination-tube rack. 

(7) Add 0-5 ml. of antigen to each tube. The addition of an equal 
quantity of antigen dilutes the serum again, the final serum dilution 
being 1 in 10 in the first tube, 1 in 20 in the second tube, and so on. 

(8) To another agglutination tube add 0-5 ml. of saline and 0-5 ml. 
of antigen. This tube serves as a control and shows if the antigen is 
salt-agglutinable. 

(9) Place the agglutination rack in the water-bath and adjust the 
water level until it covers one-third of the tube. This not only heats the 
tube, but sets up convection currents which will assist in keeping the 
serum/antigen suspension mixed. 

(10) After incubation, examine the tubes carefully for agglutination. 
For example, if the last tube to show agglutination was tube 8 (a serum 
dilution of 1 in 1,280), that dilution constitutes the titre of the serum. 

The simple doubling dilutions, as described above, are easy to prepare, 
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but some difficulty may be experienced when other types of dilutions 
are necessary. The following tables are included to assist in the making 
of these dilutions : 

DILUTIONS OF SERUM FOR THE AGGLUTINATION TEST 
To 9 volumes of saline add 1 volume of serum. This dilutes the 

serum 1 in 10. From this 1 in 10 dilution proceed as follows: 

dilution of serum 
2 volumes 
8 volumes 
6 volumes 
4 volumes 
3 volumes 

! Saline 
— 

4 volumes 
6 volumes 
8 volumes 
9 volumes 

Antigen 
12 volumes 

do 
do 
do 
do 

Final titre or dilution 
1 in 20 
1 in 30 
1 in 40 
1 in 60 
1 in 80 

Dilute the 1 in 10 serum with 4 times its volume of saline to make a 
1 in 50 dilution. 
1 in 50 dilution of serum Saline Antigen Final titre or dilution 

12 volumes 
8 volumes 
6 volumes 
4 volumes 
3 volumes 

— 
4 volumes 
6 volumes 
8 volumes 
9 volumes 

12 volumes 
do 
do 
do 
do 

1 in 100 
1 in 150 
1 in 200 
1 in 300 
1 in 400 

Dilute the 1 in 50 serum with 4 times its volume of saline to make a 
1 in 250 dilution. 
1 in 250 dilution of serum Saline Antigen Final titre or dilution 

1 in 500 
1 in 600 
1 in 750 
1 in 1,000 
1 in 1,200 
1 in 1,500 
1 in 2,000 

Dilute the 1 in 250 serum with 4 times its volume of saline to make 
a 1 in 1,250 dilution. 

12 volumes 
10 volumes 
8 volumes 
6 volumes 
5 volumes 
4 volumes 
3 volumes 

— 
2 volumes 
4 volumes 
6 volumes 
7 volumes 
8 volumes 
9 volumes 

12 volumes 
do 
do 
do 
do 
do 
do 

1 in 1,250 dilution < 
12 volumes 
10 volumes 
8 volumes 
6 volumes 
5 volumes 
4 volumes 
3 volumes 

Of! serum Saline 
— 

2 volumes 
4 volumes 
6 volumes 
7 volumes 
8 volumes 
9 volumes 

Antigen 
12 volumes 

do 
do 
do 
do 
do 
do 

Final titre or dilution 
1 in 2,500 
1 in 3,000 
1 in 3,750 
1 in 5,000 
1 in 6,000 
1 in 7,500 
1 in 10,000 
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CHAPTER 23 

ROUTINE BACTERIOLOGICAL EXAMINATION 
OF SPECIMENS 

THIS chapter is a guide to the routine examination of specimens. 
For a more detailed account of techniques, the major text-books 
in bacteriology should be consulted. 

Many types of specimen are received daily in a routine 
bacteriology laboratory, and it is important that the following 
details are observed before any examination is started. 

(1) The specimen should be properly labelled with the 
patient's name, hospital number, ward and date of collection. 
This is essential in order to obviate confusion of specimens 
from patients of similar name. 

The date of collection is required so that delays in reaching 
the laboratory are apparent, and misleading results avoided; 
for example, pathogens in pleural fluids may be overgrown by 
contaminants if there is a long delay in transit from ward to 
laboratory. 

(2) The request form should state the provisional diagnosis 
and the nature of examination required. This facilitates 
selection of techniques ; for example, if a specimen of sputum 
is sent for detection of Mycobacterium tuberculosis (in a sus
pected case of pulmonary tuberculosis) detailed examination 
for other organisms is obviously not required. 

(3) Any information with regard to the chemotherapy should 
be noted. 

Certain precautions may be necessary; for example, speci
mens from patients receiving sulphonamides should be inocu
lated on to media containing /?ara-aminobenzoic acid, which 
prevents the bacteriostatic action of sulphonamides on the 
organisms. Similarly, the use of penicillinase may be required 
for the isolation of organisms from a patient receiving penicillin. 

(4) The correct container should be used. Most specimens 
for bacteriological examination should be received in a sterile 
container. For sputum, urine and blood, one-ounce, wide-
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mouth universal bottles are convenient. Waxed cartons are 
suitable for faeces and sputum which is to be treated by one of 
the concentration methods for culture of My co. tuberculosis. 
Narrow-mouthed universal bottles, containing 20 per cent 
sodium citrate for pleural fluids, and one-ounce wide-mouth 
universal bottles with tri-sodium phosphate, for specimens of 
gastric lavage. It follows from this, that a specimen received in 
a gastric lavage bottle, would be useless for general investiga
tion of organisms present. By the time it reached the labora
tory, many of the bacteria would be destroyed by the tri-
sodium phosphate. 

BLOOD CULTURES 
In certain diseases, bacteria may be present in the blood; for 
example, septicaemia and typhoid fever, and the presence of 
the causative organisms may be detected by cultures. Blood is 
taken from the patient, and immediately inoculated into tubes 
or bottles of a suitable medium. These are incubated at 37° C. 
Under normal conditions, the cultures are sterile. Lack of 
aseptic technique may result in contamination with skin flora, 
for example, Staphylococcus albus; inadequate sterilization of 
instruments may cause overgrowth by Bacillus subtilis. 

Method 
(1) Distribute 3-4 ml. of blood into each of three bottles containing 

100 ml. of digest broth and 0-1 per cent glucose. 
(2) Incubate one bottle aerobically, one anaerobically and the third 

in 10 per cent C0 2 , all at 37° C. 
(3) The next day sub-culture each bottle on to 3 blood agar plates 

and incubate these aerobically, anaerobically and in 10 per cent C0 2 . 
(4) Re-incubate the bottles as before, and repeat sub-culture after a 

further 24 hours' incubation. 
(5) Should no growth appear, incubate the bottles for a further 3 

weeks, and sub-culture at weekly intervals. If growth occurs, the 
organism should be identified. 

Note.—If typhoid fever is suspected, 0-5 per cent sodium tauro-
cholate broth is used as well as digest broth. The cultures are inoculated 
on to blood and MacConkey agar plates. The blood plates are incubated 
as described above, the MacConkey plates incubated aerobically only. 

Other media can be used in place of digest broth ; for example, * liquoid * 
broth or glucose trypsin broth. 

Saponin broth may be used for the isolation of Str. viridans. 
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The following organisms are pathogenic if isolated from blood 
cultures: Streptococcuspneumoniae, Str. pyogenes, Str. viridans, 
Coliform bacilli, Bruceila, Salmonella typhi, Staph. aureus, but 
any organism isolated must be investigated carefully. 

CEREBROSPINAL FLUID 
It is very important that the clinician should be informed, as 

soon as possible, of any organisms found in a cerebrospinal 
fluid specimen. In most cases, this can be ascertained by 
examination of stained direct smears. Normally cerebrospinal 
fluid is sterile, but contaminants may be introduced by careless 
technique, both in ward and laboratory. 

Method 
(1) Note the appearance of the fluid; for example, whether clear or 

cloudy, and transfer it to a clean sterile centrifuge tube. 
(2) Centrifuge at 3,000 revolutions per minute for 15 minutes. 
(3) Discard the supernatant fluid into a jar of Lysol (unless required 

for biochemical examination) and make two smears from the deposit. 
(4) Stain one smear by Gram and the other by Ziehl-Neelsen. If 

fluorescent microscopy is preferred, use auramine-phenol instead of 
Ziehl-Neelsen. 

(5) Inoculate the following media from the deposit : One blood agar 
plate and incubate aerobically at 37° C ; one chocolate agar plate and 
incubate in 10 per cent C 0 2 at 37° C. 

The following day, any organisms grown should be identified. 
(6) If tuberculous meningitis is suspected, inoculate two Lowenstein-

Jensen slopes (in addition to the plates), and incubate at 37° C for 8 
weeks, examining the slopes at weekly intervals. 

(In suspected meningococcal meningitis the cerebrospinal fluid may 
be incubated overnight at 37° C and then cultured as above.) 

The following organisms are pathogenic if isolated from 
cerebrospinal fluid : Neisseriae, Str. pneumoniae, Haemophilus 
influenzae, Str. pyogenes, Staph. aureus, Myco. tuberculosis. 

Noie.—In cases of tuberculous meningitis a pellicle is often formed on 
the fluid. The pellicle is carefully decanted into a watch glass. If a piece 
of lens paper is carefully laid on the clot, the clot will adhere to the paper. 
The clot is then * blotted ' on to a clean glass slide, fixed and stained by the 
Ziehl-Neelsen method. 

FAECES 
Faeces are sent to the laboratory in waxed cartons. Usually the 
organisms to be isolated are pathogenic Gram-negative bacilli 
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or tubercle bacilli. The normal flora may include coliform 
bacilli, Str. faecalis and B, subtilis. 

Method for Gram-negative bacilli 
(1) Inoculate a large portion of the faeces on to a desoxycholate 

citrate agar plate. 
(2) Emulsify a further portion in peptone water; from the peptone 

water inoculate a MacConkey agar plate and a tube of Selenite F 
medium. Incubate at 37° C. 

(3) The following day examine the plates for non-lactose fermenting 
colonies. 

(4) Pick off suspicious colonies and identify by biochemical reactions 
and agglutination tests. 

(5) Plate out the Selenite F medium on to a MacConkey agar plate. 
Incubate at 37° C overnight. 

(6) Examine and identify any non-lactose fermenting colonies present. 
Method for isolation of My co. tuberculosis; ether concentration test 

(1) Make a thick saline suspension of faeces in a screw-capped bottle. 
(2) Add an equal volume of ether and shake well. 
(3) Centrifuge at 3,000 revolutions per minute for 5 minutes. 
(4) Pipette off the supernatant ether into a Lysol jar and make a smear 

from the gelatinous layer. 
(5) Stain smear by Ziehl-Neelsen and examine. 
(6) If culture is required, remove gelatinous layer, treat as for sputum 

(vide infra), and inoculate two Lowenstein-Jensen slopes. 
(7) Incubate at 37° C for 8 weeks, examining weekly. 

FLUIDS 
PLEURAL, PERITONEAL AND OTHER FLUIDS 

The fluids are sent to the laboratory in a sterile narrow-mouth 
bottle containing 1 ml. of 20 per cent sodium citrate. This 
prevents any clotting of blood present in the fluid. A similar 
procedure is adopted as for cerebrospinal fluid. These fluids 
are commonly sterile, but contaminants may occur as in blood 
cultures. 

Method 
(1) Note the appearance and quantity of fluid. 
(2) Transfer to a clean sterile centrifuge tube and centrifuge at 

3,000 revolutions per minute for 15 minutes. 
(3) Discard the supernatant fluid into a Lysol jar. From the deposit 

inoculate two blood agar plates and make two smears. 
(4) Incubate the plates aerobically and anaerobically at 37° C. 
(5) Stain the smears by Gram and Ziehl-Neelsen or auramine-

phenol and examine. 
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(6) After incubation identify any organisms isolated. 
(7) If Mycô. tuberculosis is suspected and no secondary organisms 

are present in the deposit, it is inoculated on to two Lowenstein-Jensen 
slopes. If secondary organisms are present, the deposit is treated as 
for sputum. 

Possible pathogens that might be isolated include Myco. 
tuberculosis, Str. viridans, haemolytic streptococci. Staph. 
aureus and Str. pneumoniae. 

PUS 
The nature of the examination is again governed by the type of 
pus received, that is, whether from ear, wound or boil. It may 
be sent in a sterile container or on a swab or gauze. The normal 
flora depends on the site of the pus. If from the skin, staphylo-
cocci, diphtheroids and coliform bacilli may be present; if 
from the eye, diphtheroids. 

Method 
(1) Note the appearance and smell, which may indicate the type of 

organism present. 
(2) Inoculate two blood agar plates and make two smears. 
(3) Incubate the plates aerobically and anaerobically at 37° C. 
(4) Stain smears by Gram and Ziehl-Neelsen or auramine-phenol. 
(5) Examine smears, and next day identify any organisms isolated. 
(6) If Myco. tuberculosis is suspected and no secondary organisms 

are present, the pus is inoculated on to two Lowenstein-Jensen slopes. 
If secondary organisms are present the pus is treated as for sputum. 

Possible pathogens that might be isolated include Staph. 
aureus, haemolytic streptococci, Myco. tuberculosis, Clostridium 
welchii, B. subtilis, Proteus vulgaris, Actinomyces Israeli (bovis). 

SEROLOGY 
For serological examination, whole blood is sent to the labora
tory in a sterile universal bottle. The blood is allowed to clot, 
then freed from the sides of the bottle with a firm straight wire, 
and incubated at 37° C for a short time to hasten clot retraction. 
The serum is removed, with a sterile pasteur pipette, into a 
centrifuge tube and spun down to remove any free red cells. 

The serum is pipetted into a clean sterile bottle and clearly 
labelled with the patient's name, hospital number, ward, date 
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and nature of specimen. Depending on the investigations 
required, tests are carried out. These may include: Widal tests 
in suspected Salmonella or dysentery infections; agglutination 
tests in suspected Bruceila infections; Wassermann and Kahn 
tests in suspected syphilitic cases ; and gonococco! complement 
fixation tests in suspected gonorrhoea cases. 

SPUTUM 
Sputum examination can be divided into two main groups. 
Examination may be for Myco. tuberculosis or for other organ
isms. The normal flora may include Str. viridans, non-haemo-
lytic streptococci, neisserieae, diphtheroids, fusiform bacilli and 
spirochaetes. 

Method for organisms other than Myco. tuberculosis 
(1) Note appearance of sputum, whether salivary, mucoid, purulent 

or blood-stained. 
(2) Homogenize the sputum either by shaking with sterile Ringer's* 

solution and glass beads, or by adding 1 per cent pancreatinf and 
incubating for 1 hour. 

(3) Stain the smears by Gram and Ziehl-Neelsen or auramine-phenol. 
(4) Incubate the blood agar plate aerobically at 37° C. 
(5) Examine the smears and next day identify any organisms isolated. 

Possible pathogens that might be isolated from sputum in
clude H. influenzae, haemolytic streptococci, Friedlander's 
bacillus (Klebsiella pneumoniae), Str. pneumoniae and Staph. 
aureus. 
ROUTINE EXAMINATION FOR Myco. tuberculosis 

A smear from a specimen of sputum will demonstrate the 
presence or absence of acid fast bacilli, but will not prove that 

* Ringer's solution 
Sodium chloride . . 9 0 g. 
Potassium chloride . . 0-42 g. 
Calcium chloride . . 0-48 g. 
Sodium bicarbonate . 0-2 g. 
Glass-distilled water . 1000-0 ml. 

t 1 per cent pancreatin solution for homogenizing sputum 
Dissolve 1 g. of pancreatin in the following solution : 

Normal saline . . . 100 ml. 
Buffer solution . . . 7 ml. 

Buffer solution N/5 NaOH, i voi# 
M/5KH,P04 > 12 vols. 
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these are tubercle bacilli. Owing to the slow growth of tubercle 
bacilli, specimens for culture have to be treated to kill any 
secondary organisms that would outgrow them. Most cultural 
methods make use of the fact that tubercle bacilli will with
stand the action of acid or alkali for periods up to 1 hour, and 
after this treatment the material is spun at high speed to con
centrate any bacilli present. These are termed concentration 
methods. These techniques are used for either concentrating 
the tubercle bacilli for microscopic examination, or for destroy
ing secondary organisms for cultural isolation. The ideal 
method is one which combines efficiency in achieving both 
these objectives with a simplicity of technique. Two methods 
are described. Petroff's method is ideal if performed with strict 
adherence to the recommended times. Failure to do so may 
result in the killing of scanty tubercle bacilli owing to the fairly 
quick lethal action of sodium hydroxide. For larger numbers 
of specimens, the tri-sodium phosphate method is recommended 
as sputa may be treated for 24 hours without any apparent 
lethal effect. 

Petroff's method 
(1) Mix the sputum with 3 or 4 times its volume of 4 per cent sodium 

hydroxide in a sterile, one-ounce wide-mouth universal bottle. 
(2) Incubate at 37° C for 20 minutes and shake at 5-minute intervals. 
(3) Centrifuge at 3,000 revolutions per minute for 20 minutes. 
(4) Pour the supernatant fluid into a container of Lysol and re-

suspend the deposit in 25 ml. of sterile glass-distilled water. 
(5) Spin at 3,000 revolutions per minute for 20 minutes. Pour off 

supernatant fluid and film the deposit. 
(6) If necessary neutralize the deposit with 8 per cent hydrochloric 

acid using bromthymol blue as an indicator. 
(7) Inoculate two Lowenstein-Jensen slopes. 
(8) Incubate at 37° C in a flat position for 24 hours to allow the fluid 

to spread evenly over the surface of the medium. Then incubate in an 
upright position for up to 8 weeks. 

(9) Examine the cultures weekly. 

Trisodium phosphate (Na3POé) 
(1) Add 4 volumes of 15 per cent trisodium phosphate in glass-

distilled water, to one volume of sputum in a one-ounce wide-mouth 
universal bottle. 
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(2) Incubate at 37° C, with occasional shaking, for 24 hours. 
(3) Centrifuge at 3,000 revolutions per minute for 15 minutes. 
(4) Re-suspend the deposit in 25 ml. of sterile glass-distilled water 

containing 40 i.u. penicillin per ml. and spin at 3,000 revolutions per 
minute for a further 15 minutes. 

(5) Film the deposit and inoculate two Lowenstein-Jensen slopes. 
(6) Incubate at 37° C in a flat position for 24 hours to allow the fluid 

to spread evenly over the surface of the medium. Then incubate in an 
upright position for up to 8 weeks. 

(7) Examine the cultures weekly. 

SWABS 

THROAT AND NASAL SWABS 

These should be cultured immediately on arrival, as the 
material soon dries on the swabs. If delay in transit is suspected 
the swab should be moistened with a little broth before in
oculating media. All media should be inoculated before films 
are made, owing to the scantiness of material on the swab. 
Reliance should not be placed on the film result alone, and its 
main use is to exclude Vincent's infection, that is, the presence 
of spirochaetes and fusiform bacilli. 

The normal flora may include neisserieae, Str. viridans, non-
haemolytic streptococci and diphtheroids. 

Method 
(1) Inoculate two blood agar plates and incubate aerobically and 

anaerobically at 37° C. 
(2) In suspected diphtheria cases, a Loeffler's serum slope and blood 

tellurite plates are also inoculated and incubated aerobically at 37° C. 
(3) If N. meningitidis is suspected, another blood agar plate is 

inoculated and incubated in 10 per cent C0 2 at 37° C. 
(4) The next day identify any organism present. 

GENITO-URINARY SWABS 

These swabs are generally received from cases of suspected 
puerperal sepsis or gonorrhoea. 

The normal flora may include Staphylococci, diphtheroids, 
Streptococcus faecalis, coliform bacilli, fusiform bacilli. 
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SWABS 

Method 
(1) Inoculate three blood agar plates and incubate aerobically, 

anaerobically and in 10 per cent C02 at 37° C. 
(2) Make a smear, after inoculation of plates, and stain by Gram's 

method. 
(3) The next day, identify any organisms grown on the plates. 

Possible pathogens may include haemolytic streptococci, N. 
gonorrhoeae, Staph. aureus, CL welchii. C. albkans. 

LARYNGEAL SWABS 

Laryngeal swabs are made from approximately 9 inches of 
brass wire which is slightly bent 2 inches from one end. 
Absorbent cotton wool is wrapped round this end which is then 
inserted into a large test tube, plugged with non-absorbent 
cotton wool and sterilized by dry heat. Alternatively, calcium 
alginate wool can be used in place of absorbent cotton wool. 
This wool will dissolve in a sodium salt solution, and has 
proved very effective for laryngeal swabs. The whole swab is 
investigated, and there is no loss of material by immersion into 
acid and alkali. 

Method 1 : Absorbent wool swabs 
(1) Immerse the laryngeal swab in a few ml. of 6 per cent sulphuric 

acid for 6 minutes. 
(2) Pour off acid and replace with 4 per cent NaOH. Leave for 20 

seconds and inoculate the swab on two Lowenstein-Jensen slopes. 
(3) Incubate slopes at 37° C for 8 weeks, examining at weekly 

intervals. 
Method 2 : Alginate wool swabs 

(1) Immerse the laryngeal swab in 5 ml. of 15 per cent tri-sodium 
phosphate. 

(2) Agitate the swab until the wool has dissolved. 
(3) Centrifuge and treat as for sputum. 

Films should not be made owing to the scanty amount of 
material on the swab. 

GASTRIC LAVAGE 
Place the gastric washings in a sterile one-ounce universal bottle 
containing 5 ml. of 15 per cent tri-sodium phosphate, incubate 
for 24 hours at 37° C and treat as for concentration of sputum. 

253 



EXAMINATION OF SPECIMENS 

By placing the gastric washings direct into tri-sodi urn phos
phate, the acid washed from the stomach (which would be 
sufficient to kill the tubercle bacilli) is neutralized. 

URINE 
Owing to possible contamination, catheter specimens of urine 
should be sent to the laboratory in sterile universal containers. 
If ordinary specimens are sent, skin contaminants will pre
dominate especially in specimens from females. Catheter 
specimens of normal urine are usually sterile. If the isolation 
of Myco. tuberculosis is requested, a 24-hour specimen should 
be sent. 

Method for catheter specimens 
(1) Note appearance of urine, if clear or cloudy. 
(2) Transfer to sterile centrifuge tube and centrifuge at 3,000 revolu

tions per minute for 15 minutes and pour off the supernatant fluid into 
a Lysol jar. 

(3) From the deposit make a wet preparation and smear. 
(4) Stain the smear by Gram's stain. 
(5) Examine the smear and wet preparation, noting presence of cells, 

casts, crystals and such like {see Chapter 7). 
(6) From the deposit inoculate a MacConkey agar plate and blood 

agar plate. Incubate at 37° C. 
(7) The next day identify any organisms present. 

Provided the specimen has been taken with adequate aseptic 
precautions the following organisms may be considered to be 
pathogenic: Coliform bacilli, Str. faecalis, Staph. aureus, 
haemolytic streptococci, Proteus, Shigella and Salmonella 
species. 

Method for 24-hour specimens (Myco. tuberculosis) 
(1) The 24-hour specimen of urine is allowed to stand overnight in 

the refrigerator. 
(2) The sediment is poured into 4 X 100 ml. centrifuge tubes and 

centrifuged at 3,000 revolutions per minute. 
(3) The deposits are pooled and treated as for sputum. 
(4) A guinea-pig may be inoculated with the neutralized deposit and 

two Lowenstein-Jensen slopes inoculated. 
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SENSITIVITY TESTS 

SENSITIVITY TESTS 
The sensitivity of organisms to anti-bacterial substances is an 
important factor in the treatment of patients. The sensitivity 
of an organism can be determined by one of several methods. 
Only a brief reference to these will be made. 

DITCH PLATES 

A trench is cut in the middle or at one side of a blood agar 
plate. This is then filled with agar containing a known amount 
of the antibiotic or drug. Organisms are streaked across the 
plate and ditch, together with a known sensitive organism such 
as the Oxford Staphylococcus. This is incubated at 37° C for 
18 hours and the zone of inhibition is measured. The sensitivity 
or resistance is expressed in terms of the control. 

ANTIBIOTIC TABLETS 

A blood agar plate is flooded with a broth culture of the 
organism. Tablets of various strengths of different antibiotics 
or drugs are then placed on the plate, incubated at 37° C over
night and the zone of inhibition measured. The sensitivity or 
resistance is determined from this zone. 

Other methods include: 
(1) Filter-paper strips or discs soaked in the antibiotic and 

placed across streaks of the organisms and control. 
(2) Broth dilutions of the antibiotic inoculated with a 

standard inoculum of the organism. 
Sensitivity tests for Myco. tuberculosis can be carried out in 

(1) Dubos medium, a medium which gives a dispersed growth 
of Myco. tuberculosis, in which dilutions of the antibiotic (for 
example streptomycin) are added; and (2) Lowenstein-Jensen 
slopes in which the drug or antibiotic has been added before 
inspissation. 

COAGULASE TESTING 

Certain pathogenic staphylococci have the power of clotting 
or coagulating blood plasma. This is due to a product called 
coagulase. The coagulase test is performed as follows : 
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EXAMINATION OF SPECIMENS 

Method 1 : Slide test 
(1) Emulsify a colony of staphylococci in one drop of saline on a 

clean glass slide. 
(2) Add 1 loopful of fresh human plasma. 
(3) Rock the slide to and fro. 
A positive coagulase test will show clumping, a negative test will 

show no clumping. 

Method 2 : Tube test 
(1) Dilute fresh citrated human plasma 1/10 with normal saline. 
(2) To 0-5 ml. of this (in a 3 x | inch tube), add 5 drops of an over

night broth culture of the staphylococcus under test. 
(3) To another 0-5 ml. add 5 drops of sterile broth (this acts as a 

control). 
(4) Incubate at 37° C for up to 6 hours. 
A positive coagulase test will show clotting, usually within 1 hour. 

The control of course should be negative, that is no clotting should 
occur. 

POSTAGE OF PATHOLOGICAL SPECIMENS 

Certain regulations are laid down by the Postmaster-General 
for the sending of specimens through the post. Universal 
containers wrapped in absorbent cotton wool and sent in thick 
cardboard boxes are permissible, providing that the label is 
clearly marked ' Pathological specimen ' and * Fragile with 
care '. These regulations may be obtained from the Post 
Office, and if any doubt about a type of box or container arises, 
it should be submitted to the Secretary, General Post Office, 
for confirmation of its suitability. Failure to do so may lead 
to the prosecution of the person sending the specimen. 
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CHAPTER 24 

THE CARE AND MAINTENANCE OF 
LABORATORY ANIMALS 

THE ANIMAL house is an important adjunct of the laboratory. 
The essential features of any animal house are light and airy 
rooms with adequate heating and drainage, separate food 
stores, and a sterilizing room. The design of the animal house 
depends on the facilities available, but the minimum essentials 
are a quarantine room, a normal stock room and an infected 
animal room. 

As new animals arrive, they should be housed in the quaran
tine room until all danger of possible infection has passed. 
They are then given a batch number, transferred to the stock 
room, and when inoculated are moved into the infected room. 

Separate rooms should be maintained for each breed of 
animal, but availability of space may necessitate keeping more 
than one breed in the same room. The animal rooms should 
be maintained at a temperature of between 60° and 70° F. 
Each cage should be clearly labelled with the batch number, 
date of arrival and any other relevant data. 

Infected animals must be clearly labelled with the date and 
full details of each inoculation. A record book must be kept of 
all inoculations and signed by the person giving them. Only 
holders of a certificate, issued by the Home Office, are allowed 
to perform inoculations. 

Mice, rats, guinea pigs and rabbits are the more common 
animals used for experimental purposes. Whilst these are 
hardy animals in their natural surroundings, when housed 
together they are susceptible to epidemic infections. Cleanli
ness and regular feeding are two very important factors in 
maintaining a * trouble free ' stock. It is not sufficient to 
' double feed ' the animals on Saturday, leaving them without 
fresh food on Sunday. 

Cages should be cleaned two or three times a week. They 
are emptied, scraped and supplied with fresh bedding. 
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Infected animals are transferred to a clean cage, and the 
dirty cage sterilized before cleaning. If a sterilizer large enough 
to take cages is not available, the whole cage may be soaked in 
5 per cent Lysol. Thorough washing of the cage, after Lysol 
sterilizing, is essential. The sawdust and excreta are burnt in 
an incinerator. 
GENERAL INFORMATION 

Mice 
Breeding.—See Table IX. 
Diet.—Mixture of 1 part oats and 3 parts bran moistened and made 

into small balls. One per mouse once a day. Alternatively, com
mercial ' compressed food cubes ' may be used. This is probably the 
most convenient form of feeding. Constant drinking water. 

Housing.—Mice should be housed in boxes (Fig. 89). Clean two or 
three times a week. 

Normal rectal temperature.—37 4° C. 
Bleeding.—From the tail vein. 
Common diseases.—Intestinal infections; mouse typhoid; respiratory 

diseases; ringworm; worm parasite; virus diseases. 
Rats 

Breeding.—See Table IX. 
Diet.—As for mice, but larger amounts. Constant drinking water. 
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FIG. 90, A cage 
for housing 
rats. 
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FIG. 91. A cage 
for housing 
guinea-pigs. 

FIG. 92. A cage 
housing rabbits. 

for 
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Housing.—See Fig. 90. 
Normal rectal temperature.—37-5° C. 
Bleeding.—From tail vein or cardio-puncture. 
Common diseases.—As for mice; mange. 

Guinea-pigs 
Breeding.—See Table IX. 
Diet.—Bran, hay and cabbage, or cubes and cabbage. 

water. 
Housing.—A cage of the type illustrated in Fig. 91. 
Normal rectal temperature.—38 -6° C. 
Bleeding.—From ear or leg vein or cardio-puncture. 
Diseases.—Pseudo-tuberculosis; respiratory infection; 

infection ; virus diseases. 
Rabbits 

Breeding.—See Table IX. 
Diet.—Bran; oats; greenfood, or cubes and greenfood. 

water. 
Housing.—See Fig. 92. 
Normal rectal temperature.—39 · 1 ° C. 
Bleeding.—From marginal vein in ear or cardio-puncture 
Diseases.—Pseudo-tuberculosis; respiratory infection; 

infection; virus diseases; mange; worms; canker of ear. 

TABLE IX 
ANIMAL BREEDING 

Mice 
Rats 
Guinea-

pigs 
Rabbits . 

Ratio of bucks 
to does 

Bucks Does 
1 5 
1 5 

1 5 
1 12 

Gestation period 

18-21 days 
21 days 

70 days 
31 days 

Weaning time 

1 month 
5-6 weeks 

14 days 
6 weeks 

A verage number 
in litter 

4 
5-7 

3 
4 

INOCULATION METHODS 
Animal inoculation may only be carried out by a person 

holding a Home Office certificate. Always use sharp needles 
to avoid unnecessary suffering. Methods of inoculation are 
as follows. 
Subcutaneous 

Choose a site where the skin is loose. Pinch the skin between 
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INOCULATION METHODS 

thumb and forefinger and push the hypodermic needle into this 
fold until the subcutaneous layers are reached. Amounts up 
to 5 ml. may be injected into guinea-pigs but not more than 
1 mi. should be injected into mice. 

Intraperitoneal 
Hold the animal with the head pointing downwards and 

inoculate into the mid-line of the lower half of the abdomen. 
The inoculum should not exceed 5 ml. for guinea-pigs and 2 ml. 
for mice. 

Intradermal 
This method is used to produce skin reactions and the site of 

inoculation must first be depilated (removal of hair). Remove 
the hair by clipping and shaving, or by using depilating 
powder.* Pinch the skin between thumb and forefinger and 
insert the intradermal needle, bevel uppermost, into the top 
fold of skin. 

Intramuscular 
Using a fairly stout needle, inoculate into the thigh muscles. 

Intravenous 
Rabbits and guinea-pigs.—Shave the ear, exposing the 

marginal vein. Rub with alcohol to dilate the veins, and inject. 
If difficulty is encountered with guinea-pig ears, the leg vein 
can be used. 

Mice.—Inoculate the vein in the tail, starting at the tip and 
working upwards if necessary. 

Intracerebral 
Anaesthetize the animal and make an incision through the 

skin over the vertex. Using a trephine, drill a hole through 
the bone. Inoculate through the hole and sew up the skin with 
catgut. 

In mice, trephining is not necessary. The mouse is anaes
thetized, and inoculation is made directly through the skull. 

* Depilating powder.—Make a mixture of: Barium sulphide, 1 part; zinc oxide, 
1 part; soluble starch, 2 parts. For use make a thick paste in water. 

Clip the hair with scissors and apply the mixture. Leave for a few minutes, and 
scrape off. Apply lanoline to the skin after depilating. 
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Intra-cardial 
Anaesthetize the animal and shave the anterior thorax. 

Insert the hypodermic needle at a point to the left of the sternum 
through the third intercostal space. A little blood should be 
withdrawn first, to ensure entry into the heart; the inoculum 
is then injected. 

Cardio-puncture 
Insert the hypodermic needle as for intra-cardial inoculation 

and withdraw the blood. 

HANDLING OF ANIMALS 

Mice and rats 
For subcutaneous, intradermal and intraperitoneal injection 

grasp the tail with the left hand and lift until the hind legs are 
off the ground. With the right hand, grasp the loose skin at 
the back of the neck between bent forefinger and thumb. 
Hold the animal so that its back is stretched across the fingers 
of the right hand, stretching the tail slightly with the left hand 
(Fig. 93). 

As the tail vein is utilized in intravenous injections a cylinder 
of perforated zinc (Fig. 94) is very useful. The cylinder is 
closed with cotton wool at one end and with a cork at the other. 
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HANDLING OF ANIMALS 

A V wedge is cut in the cork through which the tail passes. 
With wild rats it is advisable to use forceps for lifting them 
from the cages. 

FIG. 95. Method of hand
ling a guinea-pig: (a) 
Held in left hand; (b) 
thumb of right hand 
behind hind legs; (c) 
position of left hand 
changed, thumb on jaw 
and fingers steadying 
neck from behind. 

(e) 
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Guinea-pigs 
Hold the pig in the left hand (Fig. 95α), reverse the pig and 

place the thumb of the right hand behind the hind legs (Fig. 
95b). Change the position of the left hand, and place the thumb 
on the jaw of the pig, the fingers steadying the neck from 
behind (Fig. 95c). 

FIG. 96. Method of hold
ing a rabbit. 

FIG. 97. Inoculation box. 

Rabbits 
For intravenous injection, hold the loose skin, in the middle 

of the back, with the right hand, and grasp the ears with the 
left. Place the rabbit on a flat surface, and gently, but firmly 
hold down the rear of the rabbit with the right arm (Fig. 96). 
An inoculation box (Fig. 97) may be used, and is extremely 
useful as it frees both the operator's hands for other manipula
tions. 

For intraperitoneal inoculation, roll the rabbit on to its back, 
and with one hand extend the hind legs (Fig. 98), the other hand 
extending the fore-legs. 
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ANAESTHESIA AND EUTHANASIA 

FIG. 98. Method of holding a rabbit for intraperitoneal inoculation. 

When handling animals it is important to remember that 
slow sure movements will not frighten them. Sudden move
ments unsettle animals and make them more difficult to handle. 

ANAESTHESIA 

Mice, rats, guinea-pigs and rabbits 
For simple operations, a funnel containing cotton wool 

soaked in ether is placed over the head of the animal. Care 
must be taken that the wool does not touch the animal. 

For major operations an intraperitoneal injection of Nembu
tal is given. The dose is 1 ml. for each 5 lb. of body-weight. 
For mice this is approximately 0-1 ml. of a 10 per cent solution 
of Nembutal. 

In cases of asphyxia in mice, following an anaesthetic, 
spontaneous breathing may be obtained by holding the mouse 
by its tail and gently swinging in a horizontal circle. 

EUTHANASIA 
All methods of euthanasia must be humane. An overdose 
of Nembutal is painless and quick and is the method of choice 
although coal gas and chloroform may be utilized. In some 
cases breaking the neck with a single blow is preferable. 

When killing by coal gas, the animal should be placed in a 
lethal chamber (any airtight container with an inlet can be 
used), and the coal gas introduced by attaching gas tubing 
from the gas supply to the inlet. Cotton wool, soaked in 
chloroform, can be placed in the container, instead of using 
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coal gas. The inlet valve must of course be closed. The chamber 
should be in the dark, otherwise if light is introduced, the 
animal scrambles and tries to fight its way out. When killing 
by breaking the neck, care must be taken to see that death is 
instantaneous and that the animal is not merely stunned. Un
due suffering may be caused if these precautions are not taken. 

Always treat animals kindly, even when killing them, and 
avoid inflicting unnecessary pain and suffering. 

PREPARATION OF ANIMALS FOR POST-MORTEM 
Equipment required 

Instrument sterilizers 5 per cent Lysol Blood and MacConkey 
Scalpel Record book agar plates 
Cork or wooden board Scissors and forceps Absorbent wool 
Loops and bunsen burner Dissecting pins Rubber gloves 
Searing iron Enamel tray Grease pencil 
Digest broth Microscope slides 

Procedure 
(1) Note date of death, cage number and any other relevant 

details in the record book. 
(2) Sterilize scissors and forceps. 
(3) Label blood and MacConkey plates, broth and slides with 

details of animal number and tissue that is to be inoculated. 
(4) Wearing rubber gloves, immerse the animal in 5 per cent 

Lysol for a few seconds to kill any fleas or mites, and to prevent 
loose hairs from contaminating the tissues when the animal is 
opened. 

(5) Transfer the animal, back downwards, to a suitable board 
placed in an enamel tray. 

(6) Pin the legs to the board so that each leg is stretched to
wards its appropriate corner of the board. 

(7) Heat the searing iron. 
The animal is now ready for post-mortem, which is per

formed using an aseptic technique. Cultures taken are in
cubated, and smears stained by the appropriate stains. All 
observations and cultural findings are recorded, and the cause 
of death noted in the record book. 
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CHAPTER 25 

INTRODUCTION TO HAEMATOLOGY 

HAEMATOLOGY, the study of blood, deals with the examination 
of cells, the determination of blood groups, blood transfusion, 
antibody investigations, and other miscellaneous matters. 

Essentially, blood consists of innumerable microscopic cells; 
erythrocytes (red blood cells), and leucocytes (white blood cells). 
These are suspended in a pale yellow fluid, called plasma. It 
also contains minute structures called platelets (or thrombo-
cytes), which are necessary for the coagulation of shed blood, 
though their precise role is not fully understood. 

Plasma contains nutritive matter absorbed from the intestine. 
As the blood circulates throughout the body, this nourishment 
is distributed to the tissues, and metabolic waste material is 
carried to the kidneys, where it is excreted. Many mineral 
salts present in plasma act as buffers, maintaining the pH of 
the blood at the normal constant of 7-3-7*4. Various anti
bodies (see Ch. 22) are present in the circulating blood, as well 
as protein, blood coagulation factors, enzymes and hormones. 

Blood cells are evolved in bone marrow and lymphoid tissue. 
Immature red and white cells are not normally present in the 
circulating blood. Leucocytes retain their nuclei when mature, 
but erythrocytes do not. Any nucleated red cells or immature 
white cells in the peripheral blood are a sign of blood disorder. 
Cells that may be found in the blood are illustrated in the 
frontispiece. 

STRUCTURE AND FUNCTION OF BLOOD CELLS 
ERYTHROCYTES 
There are approximately 5 million red blood cells in each cubic 
millimetre of blood. The average normal range depends on 
the age and sex of the person. Women have between 4-8-6Ό 
million per cubic millimetre and men between 5-4-8Ό million 
per cubic millimetre. During childhood, the range of normal 
values is wider. 
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STRUCTURE AND FUNCTION OF BLOOD CELLS 

Mature erythrocytes survive in the blood stream for approxi
mately 90-120 days, after which they are removed from the 
blood-stream, broken down, and some of the constituents re-
utilized for the development of new cells. 

Microscopically, erythrocytes are seen as pale greenish-
yellow biconcave discs, but when treated with a Romanowsky 
stain, they appear pink. The colour intensity of the stained 
erythrocyte is roughly proportional to the amount of haemo
globin the cell contains. 

Red cells transport oxygen from the lungs via the heart to 
the tissues, where it is utilized. Carbon dioxide, a waste product 
is absorbed by the cells and released when the blood returns 
to the lungs. The carbon dioxide is exhaled, and a fresh inhala
tion provides further oxygen. Haemoglobin, which is an iron-
containing compound present in red blood cells, combines with 
oxygen to form oxyhaemoglobin. 

Evaluation of the haemoglobin content of blood (see 
Chapter 26) is an indirect measure of the oxygen-carrying 
capacity of the blood. Reduction in the haemoglobin content 
of red blood cells can produce weakness and loss of energy, due 
to inadequate carriage of oxygen to the tissues, despite the 
presence of erythrocytes in normal numbers. As haemo
globin is an iron-containing compound, this condition is called 
an * iron-deficiency ' anaemia, and usually it can be corrected 
by the administration of iron-containing compounds. 

In certain conditions, although the red cells contain the 
normal amount of haemoglobin, the total count may be 
reduced. Sometimes the red cells may be present in normal 
numbers, but each cell may be a little smaller than the average 
(microcytic anaemia). Alternatively, the number of red cells 
may be reduced, but each cell may be unusually large (macro-
cytic anaemia). In certain heart disorders, when the circulation 
is retarded, there may be a great increase in the number of red 
blood cells (polycythaemia), in an attempt to increase the 
circulation of oxygen. 

In women, the average haemoglobin content per 100 ml. of 
blood is 14 0 ± 2-0 g., and for men it is 16-0 ± 2-0 g. The 
blood of infants up to 3 months of age has a slightly higher 
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haemoglobin value. It falls to approximately 12 Ό g. per 100 
ml., and during childhood it gradually rises, until it reaches the 
adult level at about 15 years of age. 

To express the amount of haemoglobin per 100 ml. of blood 
as a percentage is meaningless, unless the value chosen as 100 
per cent is also stated. For example, Haldane chose 13-8 g. 
per 100 ml. as his standard, while Sahli took a standard of 
17-2 g. per 100 ml. The present accepted standard is 14-8 g. 
per 100 ml. of blood. 

LEUCOCYTES 

Leucocytes are present in much smaller numbers than 
erythrocytes. The average adult has between 5,000 and 10,000 
leucocytes per cubic millimetre of blood. In infants, it usually 
varies between 8,000 and 16,000 per cubic millimetre of blood. 
The number is lower during childhood, but in healthy adults 
the total number is relatively stable. 

Certain diseases may produce wide variations in leucocyte 
counts. A total of over 10,000 leucocytes per cubic 
millimetre constitutes a leucocytosis. A condition producing 
a count of less than 5,000 is called leucopoenia. 

Unstained leucocytes appear colourless, but a thin blood film, 
stained by the Romanowsky method, can be seen to contain 
white cells of three main types; the granulocytes, lymphocytes 
and monocytes. These cells are illustrated in the frontispiece. 

Normal differential count in adults 

Type of cell 
Neutrophils 
Eosinophils 
Basophils . 
Lymphocytes 
Monocytes . 

Total per 
cubic millimetre 

3,000-6,000 
150-400 
0-100 

1,500-2,700 
350-800 

Percentage of 
total leucocytes 

60-70 
1-4 
0-1 

25-30 
5-10 

GRANULOCYTES 
There are three varieties of this cell, all characterized by 

cytoplasmic granules. In blood smears, the diameter of these 
cells lies between 10 and 12 microns. 
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Polymorphonuclear neutrophil leucocytes.—These cells are 
often called * neutrophils ' or ' polymorphs \ In adults, they 
form the largest proportion of white cells, and are considered 
to play an important role in resistance to infection. The cells 
are phagocytic, implying that they are capable of ingesting 
bacteria. It is for this reason that such local infections as boils 
are accompanied by the formation of * pus ', which is an 
accumulation of these leucocytes. 

The nuclei of neutrophils have two or more lobes, which 
stain blue-violet, using the Romanowsky technique. The 
number of nuclear lobes, and the intensity with which they 
stain, increases with the age of the cell. The cytoplasm 
stains a light pink colour, and contains pale violet or pink 
granules. 

Eosinophils.—These cells are also believed to be produced in 
response to substances introduced into the body, their function 
being one of detoxication. They resemble neutrophils in 
appearance, but are somewhat larger, the nuclei having only 
two lobes and the cytoplasm containing large granules, which 
stain orange-pink. 

Basophils.—Although the function of basophils is obscure, 
the cells contain the anti-coagulant factor, heparin, and it is 
surmised that their function is concerned with the prevention 
of coagulation in the circulating blood. Basophils, stained by 
the Romanowsky methods, appear as a mass of purple granules 
of varying degrees of intensity. They are between 8 and 10 
microns in diameter, and have a nucleus which is usually 
obscured by the granules. 

LYMPHOCYTES 

Lymphocytes are probably connected with antibody forma
tion, but this is by no means certain. 

The cells tend to be slightly smaller than neutrophils, al
though larger forms are often seen. When stained, the eccen
trically situated single nucleus is a deep purple colour, and the 
cytoplasm is pale blue. Sometimes a few reddish-violet 
granules are seen in the cytoplasm. 
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MONOCYTES 

Monocytes are cells capable of ingesting bacteria and parti-
culate matter, and act as ' scavenger cells ' at the site of infec
tions. They are larger than other leucocytes, measuring 
between 16 and 22 microns in diameter. Monocytes have one 
large nucleus, which is usually centrally placed within the cell. 
This nucleus has a stranded appearance, like a skein of wool, 
and when stained, is a pale violet colour. The copious cyto
plasm, staining a pale greyish-blue, contains innumerable dust
like granules of reddish-blue. It may also possess vacuoles, 
which appear as clear spaces in the cytoplasm. 

BLOOD COAGULATION 
Blood circulating within the body remains fluid ; outside the 
body, however, blood will coagulate, or clot, usually within 
from 5 to 10 minutes. This phenomenon was explained by 
Morawitz in 1905, and his explanation is known as the 
Classical Theory of Coagulation. It is now realized, however, 
that many additional factors are involved. According to the 
theory of Morawitz, the main substances concerned in blood 
coagulation are as follows. 

(a) Thrombokinase, a substance liberated by ruptured platelets and 
other tissue cells. This same substance is now called Thromboplastin. 

(b) Prothrombin, a proteinous substance found in plasma. 
(e) Fibrinogen, a plasma protein formed in the liver. 
(d) Calcium. 

MECHANISM OF BLOOD COAGULATION 
When blood is shed, the liberated thromboplastin converts 

prothrombin into thrombin, in the presence of calcium ions. 
Fibrinogen, in the presence of this thrombin, is converted into 
fibrin forming a fine network of fibres which traps the red cells, 
forming a typical blood clot. 

In the presence of thromboplastin and calcium 
Prothrombin > Thrombin 

In the presence of thrombin thus formed 
Fibrinogen > Fibrin (clot) 

Anticoagulants 
Samples of blood will clot if transferred to dry containers. 

While this is desirable for certain laboratory investigations 
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(such as serological examinations), the examination of blood 
cells requires blood which has not been allowed to clot. 

As has been shown above, certain steps are involved in blood 
coagulation, and if one of the factors is removed or inactivated, 
the coagulation reaction will not take place. The substance 
responsible for this removal or inactivation is called an anti
coagulant. Uncoagulated blood is obtained by transferring 
blood samples immediately they are obtained into bottles con
taining a known amount of anticoagulant. Thorough mixing 
of the blood in the bottle is now necessary. There are several 
anticoagulants in general use, some of which are described. 

Oxalates.—Oxalates are often used for laboratory investiga
tions of blood, but never in transfusion work, as they are 
poisonous. Sodium, potassium and ammonium oxalate are all 
used ; they act by combining with the calcium in blood to form 
insoluble calcium oxalate. Once the calcium is so combined 
it cannot be utilized, and blood coagulation does not take place. 

Citrate.—Sodium citrate is non-poisonous^ and is used 
especially as an anticoagulant in blood transfusion work. It 
combines with calcium, thereby preventing the conversion of 
prothrombin to thrombin, and coagulation does not occur. 

Heparin.—This substance is believed to inactivate thrombin, 
preventing conversion of fibrinogen to fibrin. Red cells are 
unaltered by the action of heparin, and it is a useful, though 
expensive, anticoagulant to use. 

BLOOD GROUPS 
Human blood is divided, according to the Landsteiner nomen
clature, into four groups; A, B, AB and O. The blood group 
of an individual is dependent upon the presence or absence of 
certain agglutinating properties. Each of the Landsteiner 
groups is sub-divided into two further groups, Rhesus positive 
(Rh +) , and Rhesus negative (Rh —). This sub-division is 
dependent upon the presence or absence of a second agglutinat
ing factor. Approximately 46 per cent of people are group O; 
40 per cent group A; 10 per cent group B; and 4 per cent 
group AB. Whilst 85 per cent of people are Rh positive, 15 
per cent are Rh negative. 
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If two blood samples of the same group are mixed, there will 
be no reaction, and they are said to be compatible. If two 
blood samples of different groups are mixed (for example, 
group A Rh + and group B Rh +) , clumping and eventual 
lysing of the red cells will occur, and the samples are said to be 
incompatible. 

Before a blood transfusion, the patient must have his Land
steiner and Rhesus group identified, and the blood to be trans
fused should be cross-matched with the patient's serum, in 
order to ensure compatibility. Even when the Landsteiner 
and Rhesus group of the patient are the same, the presence of 
a rare sub-group may result in an incompatible transfusion. 
Usually blood is only transfused if the group of the donor and 
recipient are the same. 

Further details of Blood Grouping will be found in 
Section VI. 
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CHAPTER 26 

HAEMATOLOGICAL TECHNIQUES 

COLLECTION OF BLOOD 
FOR haematological investigations, capillary or venous blood 
may be used. 

CAPILLARY BLOOD 

Select a suitable site for puncture, either the lobe of the ear, 
the ball of the finger, or the side of the thumb. Blood from a 
baby is best obtained from the base of the heel. The area 
chosen must be vigorously cleaned with 75 per cent alcohol,* 
and allowed to dry. This sterilizes the skin, and promotes a 
free flow of blood. A quick stab is made either with a three-
sided Hagedorn needle, a small, sharp-pointed scalpel blade, 
or a sliver of glass made by breaking a slide and selecting a 
suitable sharp fragment. Some workers prefer to use a pre-set 
release type of needle. Whichever method is adopted the 
' pricker ' must be thoroughly cleansed with 75 per cent alcohol 
after each bleeding. 

After the skin has been punctured, a little pressure is applied 
to ensure a free flow of blood. Undue squeezing must be 
avoided as this can cause lymph to dilute the blood, giving 
erroneous results. Undue or prolonged pressure can cause 
congestion and concentration of cells arTd haemoglobin. Wipe 
away the first few drops of blood, and then carefully draw 
blood into the appropriate pipette by means of gentle suction 
applied to the rubber tubing attached to the pipette. Make 
sure that there are no air bubbles, and check that the blood level 
is exactly to the mark. Wipe the outside of the pipette, and 
either fill the bulb of the pipette with diluting fluid, or slowly 
blow the blood into a tube containing diluent {see below for 
details of cell counting and haemoglobin methods). 

If blood films are required, gently touch a fresh drop of blood 
on to one end of a clean, grease-free slide. Using a bevelled 

* Medical Research Council recommendation. 
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piece of glass a little narrower than the slide, allow the drop to 
spread along it. Holding the slide and * spreader ' at a suitable 
angle (see Fig. 99), push the spreader fairly slowly along the 
slide, drawing the blood behind it, until the whole of the drop 
has been smeared. Do not have too large a drop, or incline 
the spreader at too great an angle, as the film will be too thick 
for satisfactory microscopic examinations. 

i 

SLIDE 

i - — 

VENOUS BLOOD 

If larger volumes are required, a venous sample of blood 
must be obtained. Using a dry, sterile syringe and needle, the 
blood is withdrawn from a suitable vein in the arm. 

If serum is required, the needle of the syringe is removed, 
and the blood slowly ejected into a clean, dry, sterile bottle. If 
plasma is required, the blood is transferred to a bottle contain
ing a suitable anti-coagulant. 

Note.—It is important to realize the difference between serum and 
plasma. 

Serum is the fluid which remains after blood has clotted. It contains 
no fibrin, but still contains calcium. 

Plasma is the fluid portion of circulating blood, and is present in blood 
taken into an anti-coagulant. If this is oxalate, the blood will not contain 
calcium, but will still contain other coagulation factors. 

BLOOD COUNTS 
Considerable clinical importance is placed on red and white 
blood cell counts. Accurate results are dependent upon care
ful manipulation of the apparatus, and attention to technical 
detail. Considerable practice is required before optimum 
results can be obtained. 

The apparatus for counting blood cells is called a haemocyto-
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meter and consists of a counting chamber, a coverglass, pipettes 
for diluting blood, and a rubber tube with a plastic mouth
piece for drawing the fluid into a pipette. If a stained prepara
tion is required, slides and a ' spreader ' are also necessary. 
COUNTING CHAMBER AND COVERGLASS 

This consists of a heavy glass slide, with four troughs or 
channels extending across the slide, set parallel to each other. 
The centre platform thus formed is set slightly lower than the 

(a) 

FIG. 100. (a) Double-sided 
counting chamber; (b) 
side view of chamber. 
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two adjacent ones and is engraved by one or more of several 
rulings (Fig. 100). When placed in position the coverglass 
rests upon the two outer platforms, producing a clearance 
between itself and the rulings on the central platform. This 

FIG. 101. The ruled area of 
the improved Neubauer 
counting chamber. It is 
important to remember 
that all 9 squares are of 
equal area. The 4 cor
ner squares are divided 
into 16 smaller squares, 
and the central square 
into 25 smaller squares 
which are further divided 
into 16. 
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clearance is referred to as the depth of the counting chamber. 
Improved Neubauer counting chamber 

The central platform is set 0-1 mm. below the level of the two 
side ones. The ruled area used covers an area of 9 square 
millimetres, and is divided into 9 squares of 1 mm. each (Fig. 
101). The four corner squares are sub-divided into 16 smaller 
squares, each with an area of 1 /16th of a square millimetre. The 
central square millimetre of the chamber is ruled to form 400 
small squares, each with an area of 1/400th of a square milli
metre. By means of three engraved lines, these four hundred 
squares are divided into twenty-five groups of sixteen squares, 
and when counting, cells resting on these lines must be included 
in the count {see Technique, p. 282). 

Burker counting chamber 
Like the Neubauer counting chamber, this has a ruled area 

of 9 square millimetres and a depth of 0-1 mm. {see Fig. 102). 

% FIG. 102. (a) The ruled area of 
the Burker counting chamber; 
φ) enlarged view showing 
actual measurements. 

(*) (A) 
Fuchs-Rosenthal counting chamber 

This chamber was originally designed for counting cells in 
cerebrospinal fluid, but as such a relatively large area is covered, 
it is preferred by some workers for counting leucocytes. The 
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depth is 0-2 mm. and the ruled area consists of sixteen milli
metre squares divided by triple lines. These squares are sub
divided to form sixteen smaller squares, each with an area of 
l/16th of a square millimetre (Fig. 103). 
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FIG. 103. The ruled area of the Fuchs-Rosenthal counting chamber. 

DILUTING PIPETTES 
Red cell pipettes 

These are graduated to give a dilution of 1 in 100 or 1 in 200. 
The stem of the pipette is etched with two lines marked 0-5 and 
1Ό. Another line, immediately above the bulb, is marked 101 
(Fig. 104a). 

In order to facilitate adequate mixing of blood and diluent, 
a bead is contained within the bulb. This bead is usually 
coloured red to indicate that the pipette is used for counting 
erythrocytes. 

White cell pipettes 
These pipettes are similar in design to the above, with the 
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figures 0-5 and 1-0 engraved on the stem, but it has the figure 
11 marked just above the bulb (Fig. 1046). This gives a dilution 
of 1 in 10, or 1 in 20. The bulb contains a white bead, to 
distinguish it from the red cell pipette. 

<I>*=̂  
FIG. 104. Pipettes: (a) Red 

cell diluting; (b) white cell 
diluting. 

The red and white cell pipettes supplied for use with a 
haemacytometer are usually Thoma pipettes. Such pipettes 
conform to the British Standards Institution criteria. 

The bulb capacity of the Thoma red cell pipettes is one 
hundred times the volume of fluid drawn up to the 1Ό mark on 
the stem of the pipette. When the diluent is drawn into the 
pipette, the blood held within the stem is drawn into the bulb, 
together with 99 times its own volume of diluting fluid. One 
volume of diluent remains within the stem of the pipette. 
When the blood diluent suspension is mixed within the bulb, a 
final dilution of 1 in 100 is obtained, the fluid held within the 
stem not entering into the dilution factor. If the blood is only 
drawn to the 0-5 mark, the dilution within the bulb will be 1 in 
200. The same principle is applicable to the Thoma white 
cell pipette, the final dilution obtained being 1 in 10 or 1 in 20. 
Therefore all the fluid contained within the stem of the pipette 
must be expelled before charging the counting chamber. 

ZD FIG. 105. Haemo
globin pipettes: (a) 
0 05 ml.; (b) 0 02 
ml. 

cf» 

Haemoglobin pipettes 
As these pipettes do not contain the final dilution of blood 

and diluent they do not have a bulb for mixing purposes. They 
are graduated to contain 0-02 ml. and 0-05 ml. of blood (Fig. 
105). Those graduated to contain 0-02 ml. may be used for 
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red cell counting, the contents being expelled into diluting fluid 
to give final dilutions of 1 in 200 or 1 in 250. The 005 ml. 
pipette is used for white cell counting, the blood being expelled 
into 0-95 ml. of diluent to give a dilution of 1 in 20. 

DILUTING FLUIDS 
Fluids used as diluents must be isotonic, and have a high 

specific gravity which prevents the cells from settling too 
quickly. The following are commonly used. 

ed cell diluting fluids 
Hayerrìs fluid 

Toissorfs fluid 

Formol citrate 

Mercuric chloride . 
Sodium sulphate 
Sodium chloride 
Distilled water 

Sodium chloride 
Sodium sulphate 
Glycerine 
Distilled water 

Sodium citrate 
Formaldehyde 
Distilled water 

0 05 g 
5-0 g. 
1-0 g. 

. 200 ml. 

1 0 g. 
8 0 g. 

. 30 ml. 

. 160 ml. 

. 3 0 g. 

. 1-0 ml. 

. 1000 ml. 

White cell diluting fluids 
Tuerk solution 

1 per cent glacial acetic acid, which destroys the erythrocytes, tinged 
with gentian violet, which stains the leucocytes. 

ToissorCs fluid 
This solution, tinted with methyl violet to give a purple colour, may 

be used for leucocyte counts. 

RED CELL COUNTING METHODS 
METHOD 1 
Apparatus and reagent 

(1) Improved Neubauer counting chamber. 
(2) Red cell pipette (bulb type). 
(3) Red cell diluting fluid. 
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Technique 

(1) Draw blood from the chosen site of the patient, or from 
a sample of oxalated blood, into a red cell pipette, until it is 
level with the 0-5 mark. This will give a final dilution of 1 in 
200. If the patient is very anaemic, it is advisable to draw 
the blood up to the 1 mark, to obtain a final dilution of 1 in 
100. If blood is drawn above the chosen mark, the end of 
the pipette should be touched against the hand, to withdraw 
the excess. 

(2) Wipe the outside of the pipette with a piece of clean 
gauze and draw the diluting fluid up to the 101 mark, rotating 
the pipette during the process. 

(3) Withdraw the pipette from the diluting fluid and wipe 
the outside with a piece of clean gauze. Close the tip of the 
pipette with the thumb, remove the sucker, place the middle 
finger over the top and mix well by shaking. 

(4) Thoroughly clean the counting chamber and the cover-
glass, place on a flat horizontal surface and using a firm 
pressure, slide the coverglass into position on the counting 
chamber, obtaining a rainbow effect on both sides (Newton's 
rings). 

(5) Mix the suspension well by shaking the pipette for 3-4 
minutes and discard about a quarter of the mixture. 

(6) Fill the chamber by holding the pipette at an angle of 
45 degrees and lightly touching the tip against the edge of the 
coverslip. It is important that the fluid is not allowed to 
overflow into the channels. Should this occur, the chamber 
should be cleaned and re-filled. Too much fluid in the chamber 
may raise the coverglass, causing a variation in the depth, 
resulting in gross errors. 

(7) Place the chamber on the microscope stage, allow several 
minutes for the cells to settle. Using a 4 mm. objective and 
X 10 eyepiece, focus the objective on to the central square 
millimetre of the counting chamber and count all the cells 
contained within 80 of the 400 small squares (five groups of 
sixteen small squares) (Fig. 101). Cells touching the centre 
line bordering the top and right hand side of each group of 
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sixteen squares should be included within the count. Those 
which touch the centre line on the left hand and lower border 
should be disregarded (Fig. 106). 

FIG. 106. Diagram showing which cells are 
counted within each small square. 
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For the final result to be expressed as the number of cells 
per cubic millimetre, the following calculation is necessary. 

Calculation 
Let N equal the number of cells counted in 80 small squares. Then 

N 
—■ equals the number of cells in one small square 8 0 1 1 

The area of one small square is —- sq. mm., and the depth is —- mm. 
400 10 

The volume of one small square is therefore r^ X — = r-^—■ c. mm 
400 10 4,000 

The result is given as the number of cells in 1 cubic millimetre, 
N 

therefore — is multiplied by 4,000. 
o0 

The blood was originally diluted 1 in 200, therefore multiply by 200 to 
give the number of red cells per cubic millimetre of undiluted blood. 

That is N X 4,000 X 200 
80 

= number of red blood cells per c. mm. 

Example 
No. of red cells counted . . = 500 
Dilution = 1 in 200 
No. of small squares counted . = 80 

Erythrocytes per c. mm. of blood 
500 X 4,000 X 200 

80 = 5,000,000 

In practice, with a dilution of 1 in 200, and when cells in 80 small 
squares are counted, four zeros may be added to the number of cells 
counted. 
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METHOD 2 

Apparatus and reagent 
(1) Burker counting chamber. 
(2) 0Ό2 ml. haemoglobin pipette. 
(3) Red cell diluting fluid. 
(4) 3 x \ inch tube with rubber bung 

Technique 
(1) Prepare the counting chamber as for the previous method. 
(2) Draw blood up to the 0Ό2 ml. (20 cubic millimetres) 

mark of a haemoglobin pipette, wipe the outside and slowly 
discharge into 4 ml. of the diluting fluid in a 3 x | inch tube. 
Thoroughly rinse the pipette with the diluting fluid to ensure 
removal of all traces of blood. This gives a dilution of 1 in 
200 (5 ml. may be used, to give a dilution of 1 in 250). Stopper 
with a rubber bung and mix thoroughly by slow inversion. 

(3) Using a fine Pasteur pipette, fill the counting chamber, 
taking care that no fluid flows into the surrounding channels. 

(4) Allow the cells to settle, and then using a 4 mm. objective 
and a X 10 eyepiece, count a minimum of 500 red cells. The 
cells in three, or if necessary six of the 3 mm. x l/20th mm. 
rectangular columns should be counted, as previously described 
(Fig. 106). 

Calculation 
Let N = number of cells counted in three rectangular columns. 

1 ' (ä 8 q 'm m) 

N 
Then - = number of cells in 1 column. 

Each column has an area of 3 x — sq. mm. ( ~ sq. mm. ) and a depth 

1 3 
of — mm. The volume of the column is therefore — c. mm. If we divide 
, . . N . u u r ,. - i L . N 200 

this into -— we arrive at the number of cells in 1 c. mm. that is, — X -— 
3 3 3 

The blood was diluted 1 in 200 

.·. — x —- X 200 = No. of cells in one c. mm. of undiluted blood. 
3 3 
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_ . N X 40,000 
That is ô 

Example 
Number of cells counted in 3 rectangular columns = 810 

810 x 40,000 „ rr^ ΛΛΛ η% / . erythrocyte count = 5 = 3,600,000 Rbc per c. mm. 

WHITE CELL COUNTING METHODS 
Leucocytes may be counted in a similar manner to erythrocytes. 
METHOD 1 

Apparatus and reagent 
(1) Improved Neubauer counting chamber. 
(2) White cell pipette (bulb type). 
(3) White cell diluting fluid. 

Technique 
Draw blood to the 0-05 ml. mark, on the stem of a white cell 

pipette, and diluting fluid to the 11 mark immediately above the 
bulb. Using the improved Neubauer chamber, count the cells 
in the 4 corner square millimetres, and those in the central 
square millimetre of the ruled area. Apply the same margin 
rule as for the erythrocyte count. 

Calculation 
Let N = No. of cells counted in 5 large squares. 

N Then — = No. of cells in 1 large square. 
5 j 

As the volume of each square is -^ cubic millimetre, 
10 N 

the number of cells in 1 cubic millimetre = -^ χ 10 
The blood was diluted 1 in 20 

N .*. No. of cells per c. mm. of undiluted blood = - χ 10 χ 20 
„ N χ 200 5 

That is ^ 

Example 
Leucocytes counted = 200 
Dilution = 1 in 20 
No. of millimetre squares counted = 5 
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Therefore, the number of leucocytes per cubic millimetre of blood = 

* » X » * _ j g = 8,000 

In practice, with a dilution of 1 in 20 and when 5 millimetre squares 
are counted, the number of white cells may be multiplied by 40. For 
example, number of white cells counted = 200. Multiplying this by 
40 = 8,000 per cubic millimetre of blood. 

Notes on technique 
(1) When using bulb type pipettes, be sure to expel all the fluid con

tained within the stem of the pipette before filling the counting chamber. 
The stem contains only diluting fluid, the blood diluent suspension being 
within the bulb of the pipette. 

(2) All pipettes should be cleaned immediately after use. The count
ing chamber and coverglass must be cleaned both before and after use. 

(3) Pipettes should be examined periodically to ensure that the tips 
are not chipped or damaged. 

(4) After cleaning, new pipettes should be checked for accuracy. 
Haemoglobin pipettes should be filled to the mark with mercury which 
is then expelled into a vessel and carefully weighed (Chapter 2). 0 02 ml. 
of mercury weighs 272 mg., and 0Ό5 ml. of mercury weighs 680 mg. 
The graduation marks of bulb type pipettes are relevant to each other 
and their accuracy may be calculated accordingly. 

SOURCES OF ERROR IN COUNTING 
Errors in counting may be due to any of the following factors. 
LOW COUNTS 

(1) Squeezing the site of puncture when filling the pipette. 
(2) Insufficient blood being drawn into the pipette. 
(3) Too much diluent being drawn into the pipette. 
(4) Insufficient mixing. 
(5) Using the first fluid expelled from the pipette. 
(6) Insufficiently filling the counting chamber. 
(7) Undue delay in performing the count after filling the 

counting chamber. 
(8) Uneven distribution of the cells in the counting chamber. 
(9) Inaccurately calibrated pipettes. 

(10) Faulty counting technique. 
(11) Saliva in the mouthpiece increasing the dilution. 
(12) Errors in calculation. 
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HIGH COUNTS 

(1) Using the first drop of blood expelled from the site of the 
puncture. 

(2) Too much blood being drawn into the pipette. 
(3) Insufficient diluent being drawn into the pipette. 
(4) Insufficient mixing of the blood diluent suspension. 
(5) Over-filling the counting chamber. 
(6) Uneven distribution of the cells in the counting chamber. 
(7) The inclusion of yeasts and particles of dust in the count. 
(8) Inaccurately calibrated pipettes. 
(9) Faulty counting technique. 

(10) Errors in calculation. 

NORMAL ERRORS 

If the erythrocytes in two groups of eighty small squares are 
counted from the same specimen of blood diluent suspension, it 
is most unlikely that identical counts will be obtained. The 
difference in the two results is caused by the random distribu
tion or4 normal error '. When the counting chamber is charged, 
the erythrocytes take up their position * at random ' among the 
ruled squares of the chamber, resulting in a variation of the 
number of cells which appear in each square. In order to 
minimize this error and increase the accuracy of the count, as 
many cells as possible should be counted. It is for this reason 
that the method is used whereby 500 cells are counted {see 
Method 2, p. 284). This number is considered as the absolute 
minimal count. The inherent error is much higher with the 
erythrocyte count than with the leucocyte count, as a larger 
number of cells is involved and there is a greater multiplication 
factor. 

DIFFERENTIAL LEUCOCYTE COUNT 
A smear, prepared and stained as previously described, is 
examined microscopically. The thickness and the even distri
bution of the cells plays an important part in obtaining accurate 
results. The smear should be slightly thicker at the commence
ment than at the tail end. In badly prepared films, the poly-
morphonuclear neutrophils frequently concentrate at the edges 
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of the preparation. The count is performed using either the 
battlement method or the longitudinal method (Fig. 107). 

BATTLEMENT METHOD 

The film is examined systematically, by being traversed 3 
fields along the edge, 2 fields up, 2 fields along and 2 fields down. 
This sequence is continued until a minimum of 200 cells has 
been enumerated. 

LONGITUDINAL METHOD 

The cells are counted in one complete longitudinal strip of 
the film. If less than 200 cells are counted, a second strip 
should be similarly enumerated. 

For both methods of counting, a mechanical stage is desirable. 
All cells encountered should be noted, until the final total is 
obtained. The result is then expressed as a percentage. In 
cases where extreme accuracy is required, a minimum of 400 
cells should be counted. 

fa\ FIG. 107. Two methods ofleucocyte counting: 
_ _ _ « _ ^ ^ _ _ . (a) Battlement method; (b) longitudinal 
i . v I method. 

HAEMOGLOBIN ESTIMATION 
The object of estimating haemoglobin (Hb) is to determine the 
oxygen-carrying capacity of the blood. The results assist in 
detecting diseases which cause a deficiency or excess of haemo
globin, and in studying changes in the haemoglobin concen
tration before or after operations and blood transfusions. 

Most methods are based on standards prepared from oxygen 
capacity determinations, but it is more useful to express the 
result in grammes of haemoglobin per hundred ml. of blood 
(g/100ml.). 

288 



HAEMOGLOBIN ESTIMATION 

Generally, haemoglobin estimations rely on a comparison of 
colours. Visual comparisons can lead to inaccuracies, and the 
use of photo-electric absorptiometers is to be preferred. Most 
large laboratories have these instruments, but as they are not 
universally used, four methods of haemoglobin determination 
will be described, two relying on visual matching (Haldane and 
Sahli) and two using the absorptiometer (alkaline haematin and 
oxyhaemoglobin). 
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FIG. 108. A haemoglobinometer, 
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CARBOXYHAEMOGLOBIN METHOD (HALDANE) 
The haemoglobin is converted to carboxyhaemoglobin by 

the action of coal gas on diluted blood. 

Apparatus and reagent 
(1) Haldane graduated tube and standard (Fig. 108). 
(2) Approximately 0-4 per cent ammoniacal distilled water. 
(3) 0-02 ml. pipette. 
Technique 

(1) Fill the graduated tube to the 20 mark with the ammoniacal 
distilled water. 

(2) Add 0 02 ml. of the patient's blood and mix well. 
(3) Pass coal gas through this solution for 2-3 minutes. By means of 

rubber tubing attach a Pasteur pipette to the gas supply. Dip the end 
of the pipette into caprylic alcohol and gently bubble the gas through 
the blood solution. The caprylic alcohol prevents frothing. 
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(4) Add ammoniacal distilled water drop by drop, mixing between 
each addition, until the solution, viewed in diffuse daylight, matches the 
standard. 

(5) Read the amount of solution in the calibrated tube. The calibra
tions give the haemoglobin concentration as a percentage. 

(6) Calculate the amount of haemoglobin in g. per 100 ml. of blood. 

Example 
If the colour standard is defined as corresponding to 14-8 g./100 ml., 

and the reading of the test is 95, then the Hb content in g./100 ml. is 
calculated as follows. 

14*8 
100 per cent = 14-8 g./100 ml. /. 1 per cent = ^-r 14-8 X 95 and 95 per cent = — — — = 14 06 g. of Hb. per 100 ml. of blood. 

100 

ACID HAEMATIN METHOD (SAHLl) 
Haemoglobin is converted to acid haematin by the action of 

hydrochloric acid. 
Apparatus and reagent 

(1) Sahli graduated tube and standard (Fig. 108). 
(2) N/10 HC1. 
(3) 0-02 ml. pipette. 
Technique 

(1) Fill the graduated tube to the 20 mark with N/10 HC1. 
(2) Add 0Ό2 ml. of blood, mix well and leave for 5-10 minutes. 
(3) Add N/10 HC1 drop by drop, mixing between each addition, 

until the colour matches the standard. 
(4) Read the amount of solution in the graduated tube. The calibra

tions give the haemoglobin concentration as a percentage. 
(5) Calculate the haemoglobin content, in g. per 100 ml. of blood. 

ALKALINE HAEMATIN METHOD (GIBSON AND HARRISON STANDARD) 
Haemoglobin is converted to alkaline haematin by the action 

of sodium hydroxide. The standard may be purchased ready 
made. 
Apparatus and reagent 

(1) Photo-electric absorptiometer with a green filter. 
(2) Gibson and Harrison artificial haemoglobin standard. 
(3) N/10 NaOH. 
(4) 0-05 ml. pipette. 
(5) Test tubes. 
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Technique 
(1) Add 005 ml. of blood to 495 ml. of N/10 NaOH> 
(2) Mix well and boil for 4 minutes. At the same time, boil 5 ml. of 

standard solution. 
(3) Cool both tubes quickly in cold water, and match the test against 

the standard, using the colorimeter and a green filter. 
(4) Calculate the haemoglobin content in g. per 100 ml. of blood. 

Notes.—(a) It is essential to heat the standard at the same time as the 
test solution; (b) matching must take place within 30 minutes after 
boiling; (c) the standard is equivalent to 16-0 g. haemoglobin per 100 ml. 
of blood. 

OXYHAEMOGLOBIN METHOD 

The haemoglobin is converted to oxyhaemoglobin by dilution 
with ammoniated water. The standard haemoglobin solution 
is prepared as directed by Thomson. 

Apparatus and reagent 
(1) Photo-electric absorptiometer with a yellow/green filter 

(Ilford No. 625). 
(2) Standard haemoglobin solution. 
(3) 0Ό4 per cent ammonia in distilled water. 
(4) 0-02 ml. pipette. 
(5) Test tube with a rubber bung. 
Technique 

(1) Add 0 02 ml. of blood to 4 ml. of ammoniated water in a test tube. 
(2) Mix well by inversion. 
(3) Read the standard solution, and then the test solution in the 

absorptiometer against distilled water. 
(4) Calculate the amount of haemoglobin in g. per 100 ml. of blood. 

SEDIMENTATION RATE (E.S.R. or B.S.R.) 
If ' anti-coagulated ' blood is allowed to stand undisturbed, 
the red cells will gradually settle at the bottom of the bottle, 
leaving a clear layer of plasma. The rate at which the cor
puscles fall is called the sedimentation rate. This rate of sedi
mentation varies according to (a): the number of red cells 
present (the fewer the cells the more quickly they will sediment); 
and (b) certain physiological and pathological conditions. It 
has been consistently noted, for example, that the E.S.R. of 
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persons suffering from tuberculosis is often greatly accelerated. 
This fact is an important aid to diagnosis. 

FIG. 109. A Wintrobe haematocrit tube for sedimentation rate and packed cell 
volume determinations. 

WINTROBE'S METHOD 

Apparatus and reagent 
(1) Wintrobe haematocrit tube (Fig. 109). 
(2) 5 ml. venous blood collected into a bottle containing 

4 mg. potassium oxalate and 6 mg. ammonium oxalate.* 

Technique 
Fill the haematocrit tube to the 10 mark. Fix the tube in the stand, 

ensuring that the tube is vertical and not in direct sunlight. Read the 
level of red cells after one hour. (The calibrations used are those from 
0 (at the top) to 10 (at the bottom) of the tube.) 

Normal values are: Men, 0-9 mm.; and women, 0-20 mm. 
An alternative method which may be used is that of Westergren. 

This is considered to be superior for tuberculosis examination. A 
longer tube, of smaller bore, is used and 4 volumes of blood are added 
to 1 volume of 3-8 per cent sodium citrate, mixed and allowed to 
sediment for 1 hour. Read as for Wintrobe, E.S.R. 

An advantage of using a Wintrobe tube for E.S.R. estimation is that, 
if required, a P.C.V. {see below) may be carried out by centrifuging the 
same tube after reading the E.S.R. 

PACKED CELL VOLUME (P.C.V.) 
The estimation of the packed cell volume is often a valuable 
guide in diagnosing certain blood disorders. Wintrobe's tubes 
are used in this estimation and anti-coagulated blood is spun at 
high speed. The height of the column of red cells is taken as 
the packed cell volume. The normal ranges are: Men 40-54 
per cent; women 36-47 per cent. 

* Wintrobe's or Paul-Heller's anticoagulant. 
Potassium oxalate . 2 g. 
Ammonium oxalate. 3 g. 
Distilled water . 100 ml 

Dissolve and measure 0-2 ml. into each bottle. Evaporate to dryness in an incubator 
ensuring that the temperature does not exceed 60° C. 

292 



RED CELL FRAGILITY TEST 

Method 
(1) Add venous blood to a bottle containing 01 mg. heparin, or 

oxalate as above. 
(2) With a capillary pipette fill the haematocrit tube to the 100 mm. 

mark. 
. (3) Centrifuge at 3,000 revolutions per minute for 30 minutes. 

(4) Read the height of the red cells and express the result as a per
centage. 
Example 

If the height of the column of red cells was 51 mm., then in the 
100 mm. column of venous blood 51 mm. consisted of red cells. 
Therefore percentage = 51, that is, packed cell volume = 51 per cent. 

RED CELL FRAGILITY TEST 
Red blood cells, suspended in an isotonic solution of saline 
(0-85 per cent) remain intact. As the salt concentration is 
decreased (making a hypotonie solution), the cells disrupt, 
causing haemolysis. The red cell fragility test is performed to 
find the salt concentration at which lysis takes place. 

Normal blood shows slight haemolysis at 045-0-39 per cent, 
complete haemolysis occurring at 0-33-0-30 per cent (Wintrobe). 
In some diseases the fragility of the cells is increased (con
genital haemolytic anaemia) and in others the fragility is 
decreased (hypochromic anaemia). 

As the differences in salt concentrations are extremely 
small, great care and accuracy must be exercised when per
forming this test. 

Apparatus and reagents 
(1) Chemically pure 0-75 per cent solution of sodium chlor

ide. 
(2) Glass-distilled water. 
(3) Venous blood (anti-coagulated) from patient. 
(4) Normal venous blood (anti-coagulated). 
(5) 1 ml. pipettes. 
(6) Small test tubes and racks. 
Technique 

(1) Set up two racks of 12 test tubes and label 1-12. 
(2) Into tubes 1 of each rack add 4 0 ml. of sodium chloride solution; 
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into tubes 2 of each rack add 3-8 ml. of saline; into tubes 3 of each 
rack add 3-6 ml. of saline; repeat for tubes 4-12, decreasing by 0-2 ml. 
amounts for each tube. 

(3) Add distilled water to each tube, to bring the volumes up to 
5 ml., that is, 1 ml. to tubes 1, 1-2 ml. to tubes 2, and so on. 

The salt concentrations then range from 0-60 per cent in tubes 1 to 
0-27 per cent in tubes 12, decreasing by 0Ό3 per cent amounts. 

(4) Add 0-2 ml. of the test blood to each tube in rack 1 and 0-2 of 
normal blood to each tube in rack 2. 

Shake gently to mix, and refrigerate for 2-3 hours. 
(5) Note in which tube haemolysis commences and in which tube 

haemolysis is complete. Haemolysis is complete where the solution is 
a clear red colour with no residue in the bottom of the tube. Record 
your findings as follows : Commencement of haemolysis and comple
tion of haemolysis for both test and normal blood. 

Note.—Before adding the blood to the tubes (step 4, above) it must be 
well aerated. This may be achieved by blowing air, using a Pasteur 
pipette fitted to the positive pressure side of a vacuum pump, through the 
blood. 

RETICULOCYTE COUNT 

Reticulocytes (immature erythrocytes) normally comprise 0-2 
per cent of the total red cell count. They are slightly larger 
than normal red cells, and by using a supravital staining 
technique, basic dyes, such as brilliant cresyl blue, are pre
cipitated into a meshwork (called reticulum) within the cell. 
This meshwork appears deep blue against a relatively unstained 
background. The reticulum is considered to be remnants of 
basophilic ribonucleoprotein (normally found in the cyto
plasm), and the more mature the cell the less reticulin found. 

Apparatus and reagent 
(1) Small glass tube (8 mm. internal diameter). 
(2) Clean slides and spreader. 
(3) Ehrlich's microscope eyepiece. 
(4) 37° C incubator. 
(5) Brilliant cresyl blue. 

Sodium citrate 0-6 g. 
Sodium chloride . . . . 0·7 g. 
Distilled water 100-0 ml. 
Dissolve and add 
Brilliant cresyl blue G (Gurr) . . 1 ·0 g. 
Dissolve and filter. The solution is now ready for use. 
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RETICULOCVTE COUNT 
Technique 

(1) Place 2-3 drops of the dye in the glass tube. 
(2) Add 2-4 drops of the patient's blood and gently mix. 
(3) Incubate at 37° C for 15-20 minutes. 
(4) Gently resuspend the red cells. 
(5) Make blood films and allow them to dry quickly. 
(6) Using the Ehrlich's eyepiece* and the 2 mm. oil objective examine 

the unfixed, uncounterstained film. Normal red cells appear greenish 
blue; reticulocytes are greenish blue with a deep blue precipitate net
work. 

(7) Count at least 1,000 red cells and calculate the percentage of 
reticulocytes present. 

If a permanent preparation is desired, counterstain with a 
Romanowsky stain such as Leishman's stain. The fixation in 
methyl alcohol decolorizes the cresyl blue staining of the red 
cells but leaves the precipitate in the reticulum. 

* Ehrlich's eyepiece has a square diaphragm, inserted below the eye lens, which can be adjusted 
to give a square field of varying size. 
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CHAPTER 27 

THE COLOUR INDEX AND ABSOLUTE VALUES 

THESE VALUES are calculated from the red cell count, haemo
globin content and packed cell volume. The information 
obtained provides a useful basis for the regulation of treat
ment. 

As the results are dependent upon the accuracy of the various 
estimations, it must be remembered that the cell count, which 
has the greatest potential error, must be performed with 
extreme care. 

COLOUR INDEX (C.I.) 

This expresses the average haemoglobin content of a patient's 
single red blood cell, compared with the accepted haemo
globin content of a normal red blood cell. It is calculated by 
dividing the haemoglobin content (percentage of normal) by 
the red cell count (percentage of normal). 

Calculation 
The values, taken as 100 per cent, are 14-8 g. of haemoglobin per 

100 ml. of blood and 5,000,000 red cells per cubic millimetre of blood. 
In normal blood the colour index would be 10 , that is, 

Example 
Rbc 5,000,000 100 % 

1 0 

Hb 140 g./100 ml. 
Rbc 4,500,000 per cubic millimetre 

140 
Hb content (percentage of normal) = —— X 100 = 94 6 per cent 

14*8 
c 4,500,000 

Rbc count (percentage of normal) = x 100 = 90 per cent 
j,OUU,000 
94-6 

Therefore the Colour Index = ^—- = 1 -05 

MEAN CELL HAEMOGLOBIN ( M . C . H . ) 

This expresses the average haemoglobin content (in 
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micro-micrograms) of a single red blood cell. The normal 
M.C.H. ranges from 27-32 micro-micrograms. 

Calculation 
Express the haemoglobin content (in micro-micrograms) per 1 cubic 

millimetre of blood and divide by the red cell count per 1 cubic 
millimetre. 

Example 
Hb = 14-5 g./100 ml. of blood 
Rbc = 5,000,000 per c.mm. 

There are 103 cubic millimetres in 1 ml. and 1012 micro-micrograms 
in 1 gramme. As the Hb content in 100 ml. = 14-5 g. 

/ . the Hb content in 1 ml. = —— g. 
100 

14-5 
and the Hb content in 1 c.mm. = —— ΓΤγ^ 8· 

^ u 4 . 14-5 14-5 X 1012 . 
That is —— g. or — micro-micrograms. 

There are 5,000,000 (5 X 106) Rbc per cubic millimetre. 
145 X 1012 

.*. the Hb content of 1 cell = — —β micro-micrograms 

That is 29 micro-micrograms of Hb per single cell. 
Therefore the M.C.H. = 29 micro-micrograms. 

In practice, a convenient way of determining the M.C.H. is 
to multiply the Hb content in g. per 100 ml. by 10 and divide 
by the number of millions of red cells per cubic millimetre. 

_, f . .14-5 X 10 _ . 
That is = 29 micro-micrograms. 

MEAN CELL VOLUME ( M . C . V . ) 

This is the average volume of a single red cell expressed in 
cubic microns (c/x). 

The normal M.C.V. ranges from 79 to 96 c/x. 

Calculation 
Divide the packed cell volume (expressed as cubic microns per cubic 

millimetre) by the red cell count per cubic millimetre. 
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Example 
P.C.V. = 40 per cent. 
Rbc count = 5,000,000 per cubic millimetre. 

There are 103 μ in 1 mm. and 109 cμ in 1 cubic millimetre. 
As the P.C.V. = 40 per cent, in 100 cubic millimetres of blood there 
are 40 cubic millimetres of packed cells. 

40 
Λ the volume of packed cells in 1 cubic millimetre = — c. mm. 

1UU 
There are 5,000,000 Rbc in 1 cubic millimetre. 

40 
.·. volume of 1 cell = — -f- 5,000,000 c. mm. = 

100 
40 X 10* 

. Cμ = 80 C[L. 100 X 5,000,000 
Therefore the M.C.V. = 80 cubic microns. 

In practice multiply the P.C.V. by 10 and divide by the 
number of millions of red cells per cubic millimetre. 

T h a t i s ^ - ^ = 80c/x. 

MEAN CELL HAEMOGLOBIN CONCENTRATION (M.C.H.C. ) 

This refers to the percentage of haemoglobin in 100 ml. of 
red blood cells, as opposed to the percentage of haemoglobin 
in 100 ml. of whole blood. 

The normal M.C.H.C. ranges from 32-36 per cent. 
Calculation 

Divide the haemoglobin content in grammes per 100 ml. by the P.C.V. 
per 100 ml. of blood, expressing the resuli as a percentage. 

Example 
Hb content = 15 g./100 ml. blood 
P.C.V. = 48 per cent 

Therefore M.C.H.C. = — x 100 = 31-25 per cent 

M.C.H.C. - 31 25 per cent. 
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CHAPTER 28 

INTRODUCTION TO BLOOD TRANSFUSION TECHNIQUES 

IN ORDER to save life it is often essential to replace blood lost 
by haemorrhage, haematemesis, injuries and surgical operations. 
Blood may also be necessary to replace that destroyed in certain 
types of anaemia. Unfortunately, however, blood cannot be 
taken from one person and given to another until several 
important factors have been determined. These are discussed 
in Chapter 29. 

The problems involved in giving a successful blood trans
fusion are extremely complex. In the early days many un
successful transfusions were attempted from animals to man. 
It was later shown that blood transfusions could only be carried 
out between animals of the same species, and it was not until 
1829 that the first successful transfusion of blood from one 
human being to another was carried out, when 8 ounces of 
blood were given. 

The twentieth century, however, yielded several major 
discoveries which made blood transfusion a practical possi
bility. In 1900, Landsteiner discovered that the blood of human 
beings could be divided into a limited number of groups, 
according to the agglutinin content of the blood (the ABO 
grouping system, Chapter 29). In 1914, sodium citrate was 
introduced as an anticoagulant for blood transfusion, and in 
1940 Landsteiner and Weiner described the Rhesus group {see 
page 308). 

The risk attached to giving blood has now been minimized, 
owing to the meticulous techniques which have been devised. 
Unless the case is one of dire emergency, when group O Rhesus 
Negative blood may be given, patients receive blood of the 
same group as their own. Two bloods of the same group 
however, may not mix (that is, they are incompatible—see 
Chapter 29) and cells from the donor's blood are therefore 
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mixed with serum from the patient as a preliminary test. 
Mixtures of these cells and serum are treated in different ways 
to exclude any possibility of incompatibility. Occasionally 
various antibodies may be present in the patient's blood. 
These must be identified before suitable blood can be found 
for the patient to receive. 

National blood transfusion service 
Largely due to improved techniques, blood transfusion is 

now an everyday procedure in most large hospitals, and to meet 
the need for readily available blood the National Blood Trans
fusion Service came into being. For administrative and 
practical purposes Great Britain is divided into regions, each 
having a Transfusion Centre, which supplies most of the blood 
requirements in its area. Some of the larger hospitals maintain 
their own blood bank and have their own panel of donors. 
The British Red Cross Society also organizes blood donoi 
sessions, and acts as liaison between hospitals and donors when 
very fresh blood, or that of a rare group, is required. 

Under the National Blood Transfusion Service, mobile 
collecting teams, consisting of a medical officer, and technical, 
clerical and donor attendants, set up temporary, suitably 
equipped clinics throughout the country. 

COLLECTION OF BLOOD 

Donors 
Donors must comply with certain standards. They must be 

between 18 and 65 years of age, and conform to the National 
Standard of Fitness as laid down by Act of Parliament. That 
is, they must have a haemoglobin level of 85 per cent or more 
(Haldane Standard), and must not be suffering from, or have 
suffered from, a prescribed list of diseases. If a donor is under 
21 years of age the signature of one of the parents or guardian 
is required. 

Assessment of haemoglobin level 
To assess the haemoglobin level, a drop of whole blood, 

301 



INTRODUCTION TO BLOOD TRANSFUSION TECHNIQUES 

obtained by finger prick, is carefully delivered into a solution 
of copper sulphate, S.G. 1Ό53 {see page 322). The drop of 
blood must enter the solution vertically from a height of about 
1 cm. If the blood contains over 85 per cent haemoglobin the 
drop will sink to the bottom of the bottle; if the haemoglobin 
content is exactly 85 per cent the drop will remain stationary 
for a few seconds prior to sinking; if less than 85 per cent the 
drop will first rise to the surface before finally sinking. 

•GIVING* SET 

Bottle containing donor's 
blood 

Gauze filter 

Blood outlet tube within 
gauze filter 

Drip chamber 

Screw clip 

Air inlets plugged with cotton wool 

TAKING ' SET 

•Taking* needle 

Anti coagulant solution 

Giving* needle 

Fig. 110. Blood transfusion ' giving ' and * taking ' apparatus. 

Preparation of donor and collection of blood 
The suitable donor lies on a couch and is prepared for 

bleeding; the chosen site (the left or right antecubital fossa), 
302 



COLLECTION OF BLOOD 

is cleansed and sterilized with 75 per cent alcohol, and local 
anaesthetic (1 per cent Procaine) is injected subcutaneously 
into the area. As soon as anaesthesia is complete, a sphygmo-
manometer cuff is placed in position round the upper arm and 
inflated. Fig. 110 shows the assembled bottle into which the 
donor is bled. The taking needle is introduced into the selected 
vein, and once bleeding has commenced satisfactorily, the donor 
attendant is left in charge. The operation itself is carried out 
by the medical officer. The bottle must be frequently shaken 
while it is filling in order to prevent clotting {see page 321 for 
details of anti-coagulant used). 

When the blood has reached the 540 ml. mark on the bottle, 
which usually takes about 4 minutes, the pressure on the 
armlet band is released, the tubing near to the taking needle is 
pinched, and the needle withdrawn from the vein and returned 
to its glass tube. The blood left in the rubber tubing runs into 
the glass tube, providing the laboratory sample. The bottle 
and glass tube are labelled, and entries are made on the donor's 
record card with the utmost care. All clerical data is then 
checked; mistakes could have the most serious consequences. 
The bottle is removed from the taking set, provided with a 
viscap and placed in a refrigerator at 4° C as soon as possible. 

Storage 
On returning to the Transfusion Centre the blood is carefully 

stored at 4°C {see Chapter 32). The laboratory sample is 
classified into its ABO and Rhesus group and is also Kahn 
tested. If Kahn positive, the blood is not used, and further tests 
are then carried out, such as the Wassermann reaction and a 
confirmatory Kahn test, by laboratories specializing in such 
techniques. 

USE OF PLASMA 

In certain circumstances, plasma, or one of its substitutes, is 
transfused instead of whole blood. After shock, especially 
when due to burns, the blood volume is often reduced. This is 
due to the diffusion of plasma from the blood stream into the 
surrounding tissues, causing the blood to become viscous. In 
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such circumstances much can be done to overcome this harmful 
effect of shock by transfusing plasma to restore the blood 
volume to normal. In excessive blood loss, as in some accident 
cases, plasma can be given immediately, without knowing the 
blood group of the patient. This helps to restore blood loss 
until whole blood becomes available. The storage and transport 
of plasma is easier and less hazardous than for whole fresh blood. 

The preparation and storage of plasma 
Plasma is recovered from blood not required or used by 

hospitals. Such blood, returned to the Transfusion Centre, 
is allowed to separate, and is inspected for any signs of haemo
lysis. If the plasma is quite clear, it is removed aseptically and 
pooled in a sterile Winchester bottle, with plasma from nine 
other donor bottles. Plasma from different groups is mixed 
together to minimize any possible effect such differing groups 
may have on the recipient. The plasma is then bottled in 
400 ml. amounts and freeze-dried. Each small pool yields 
sufficient dried plasma for 4 or 5 bottles. The bottles are 
viscapped and stored at room temperature, preferably in the 
dark. Providing the viscap remains intact, preventing the entry 
of moisture, they may be used any time within 8 years. 

Reconstitution of plasma 
Immediately before plasma is required for use, 400 ml. of 

sterile pyrogen-free distilled water (see page 322) are poured 
into the bottle under aseptic conditions. The bottle is re-capped 
and the contents mixed gently by inversion. The reconstituted 
plasma should be a smooth creamy fluid within a few minutes. 
Any signs of lumpiness indicates de-naturation of the protein, 
and the contents of the bottle are unfit for use and must be 
discarded. 

Reconstituted plasma should be used immediately. If there 
is a slight delay, the mixture must be placed in a refrigerator 
under the same conditions as for whole blood. Under no 
circumstances whatever may reconstituted plasma be used 
after 3 hours. 
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SERUM 
Serum is sometimes pooled, freeze-dried, reconstituted and 

used in exactly the same way as plasma. It has no advantages 
over plasma, and is not in general use. 

PLASMA SUBSTITUTES 

These are fluids having as their object the retention of a 
normal blood volume in the same way as does plasma. 

Such preparations include ' Intradex ' (Glaxo) and ' Dextraven ' 
(Bengers). These consist of 6 per cent dextran in normal saline solution, 
the dextran being of such molecular size as to remain in the circulation 
for a satisfactory period. ' Plasmosan ' (May and Baker) is a 10 per 
cent solution of a substance called polyvinyl pyrrolidone, which also 
relies on its molecular size for circulatory retention. 

These plasma substitutes are supplied in 500 ml. volumes and 
are ready for immediate transfusion. They should be stored 
in a refrigerator. 
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CHAPTER 29 

BLOOD GROUPS 

A B O GROUPING SYSTEM 

RED cells contain an antigen called an agglutinogen which will 
react with (be agglutinated by) a specific anti-serum. 

Plasma and serum contain an agglutinin, which is an anti
body capable of causing clumping or agglutination of red cells 
possessing the corresponding antigen. In other words, red 
cells containing a specific agglutinogen will react with a serum 
containing a corresponding agglutinin. A person's serum, 
however, does not contain agglutinins specific for the aggluti
nogen in his own red cells. The agglutinins present in his 
serum are specific for the agglutinogens his red cells do not 
possess. 

In Table X, blood is divided into its four main Landsteiner 
groups ; the agglutinogens, corresponding agglutinins and 
approximate distribution of each group are shown. 

TABLE X 
LANDSTEINER BLOOD GROUPS 

Blood group 

AB 
A 
B 
O 

Individuals in 
each group 

(per cent) 

3 
42 
9 

46 

Agglutinogen 
found in 
red cells 

AB 
A 
B 
O 

Agglutinin normally 
found in the serum 

None 
anti-B (j3) 
anti-A (a) 
anti-A and anti-B (a and ß) 

It will be seen that as Group AB serum contains no agglu
tinins, theoretically, red cells from any group can be mixed 
with it and there will be no reaction. 

Group A serum contains anti- B (against B) or ß agglutinins, 
and will react with red cells containing the corresponding (B) 
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agglutinogen. A reaction will therefore take place if mixed 
with AB or B red cells. Similarly, group B serum (containing 
anti-A or a agglutinin) will react with group AB or group A 
red cells. Group O plasma contains both anti-A (a) and anti-B 
(/?) agglutinins and will therefore react with group AB, A or B 
red cells. 

TECHNIQUE OF GROUPING 

To group blood into one of the four main groups it is neces
sary to perform in vitro (in the tube), a simple agglutination 
test. Red cells to be grouped are mixed in normal saline solution 
to form a suspension. A drop of this cell suspension is mixed 
with a drop of known anti-A serum, and another drop is mixed 
with a drop of known anti-B serum. The presence or absence 
of agglutination denotes to which group the blood belongs 
(Table XI). 

TABLE XI 
AGGLUTINATION REACTIONS 

Red cells 

AB 
A 
B 
O 

Anti-B serum 
containing 

iß) agglutinins 

+ 
+ 

Anti-A serum 
containing 

(°0 agglutinins 

+ 
+ 

+ = Agglutination — = No agglutination 

As group O cells are not agglutinated by anti-A or anti-B 
serum, people belonging to this group are often referred to as 
4 universal donors '. Conversely, as AB blood contains no 
agglutinins in its plasma (Table X), those belonging to this 
group are often referred to as * universal recipients '. Although 
this is theoretically quite permissible, it is never advisable to 
give group O blood to anyone irrespective of their own group, 
or for group AB patients to receive any blood other than AB. 
In general, patients should receive blood of their own blood 
group, except in cases of absolute emergency. Such emergencies 
are rare. 
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ADDITIONAL ABO GROUPS 
There is a further division of the ABO system which is 

important in transfusion. Group A blood may contain one 
of two agglutinogens, namely, A± and A2; this divides group A 
and AB blood into groups Al5 A2, A ^ , A2B, and brings the 
total number of groups to six. Anti-A serum contains two 
agglutinins designated a and ax. Therefore, in serum the 
following agglutinins may be present. 

a capable of agglutinating Ai and A2 agglutinogens. 
ai capable of agglutinating Αχ agglutinogen only. 
β capable of agglutinating B agglutinogen. 

The disposition of agglutinins is summarized in Table XII. 

TABLE XII 
DISPOSITION OF AGGLUTININS IN ABO BLOOD GROUPS 

Blood group 

AjB 
A2B 

A2 

B 
O 

Agglutinins normally 
present 

None 
None 

(25 per cent may have α,) 
ß 
ß 

(2 per cent may have a j 
a + ax 

(a + a i ) + j8 

It will be seen from Table XII that when grouping blood into 
AB, A, B or O groups the anti-A and anti-B serum must be 
of very high titre otherwise the reaction may be so slight as to 
be undetected. It would be possible, unless high titre serum 
was used, to confuse group A2B blood for group B, or group 
A2 for group O. Full techniques for ABO groupings are on 
pages 312-317. 

RH SYSTEM 
In 1940, Landsteiner and Weiner, using serum prepared by 
injecting red cells from Rhesus monkeys into rabbits and other 
animals, found that the red cells of some 85 per cent of white 
persons were agglutinated by this serum. The serum was 
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termed anti-Rh, and the blood that was agglutinated by this 
serum as Rh positive. Blood that was not agglutinated was 
called Rh negative. It was shown that if Rh-positive blood 
was given to an Rh-negative person, anti-Rh antibodies were 
formed in the blood and subsequent transfusions were 
potentially dangerous. It is doubly important never to give 
an Rh-negative woman of child-bearing age Rh-positive blood 
as possible antibodies thus formed would harm any future 
Rh-positive child she may carry. The cells of such a child 
may be so seriously affected that it is jaundiced at birth owing 
to the destruction of its red cells. The peripheral blood may 
contain many erythroblasts (nucleated red cells, see Frontis
piece) and the haemoglobin level may be dangerously low. In 
such cases it is necessary to replace the child's blood by trans
fusion with fresh Rh-negative blood. Once this has been done, 
the child's blood, freed from antibodies, will function normally. 
If an Rh-negative woman has a child by an Rh-positive man, 
and the child is Rh-positive, the positive cells of the child's 
blood may sensitize the mother's blood, forming anti-Rh 
antibodies. If this occurs the child's blood is affected, and 
haemolytic disease of the newborn (erythroblastosis foetalis) 
may result. 

The whole field of Rhesus groups is extremely complex, and 
can only be dealt with briefly here. It has been suggested that 
the Rh type is determined by certain chromosomes (structures 
within the nucleus of a cell), each carrying three genes (units 
responsible for hereditary characteristics). 

ANTIGENS 

There are six antigens commonly found in red cells. They are 
called C, c, D, d, E and e, and each of these stimulates the 
production of its specific antibody. As each chromosome can 
carry three genes, the combination of antigens possible is there
fore CDe, cde, cDe, cDE, and so on. Each red cell during its 
formation carries two such chromosomes (one from each parent), 
so that the combination of antigens (and corresponding 
antibodies) is even more complex, namely CDe/cde, CDe/CDe, 
cde/cde and so on. The permutations of these is obviously 
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great but those mentioned above are the more common 
combinations found. The antibody first discovered (anti-Rh) 
is said to be responsible for the majority of dangers arising 
from Rh-blood groups; therefore in practice this antibody is 
used for testing patients' red cells. The Rh antigen is called D 
and the corresponding antibody, anti-D. Red cells agglutinated 
by anti-D serum are termed Rh positive (D+) and those not 
reacting as Rh negative (D — ). 

The need for correct Rh grouping is obvious and must 
always be carried out at the same time as ABO grouping. The 
Rh grouping technique is described on page 318. 

OTHER BLOOD-GROUP SYSTEMS 

Apart from the ABO and Rh grouping systems there are seven 
other major systems; fortunately these are not generally of 
clinical importance. They are as follows : 

The P, Kell and Lutheran blood groups, and the MNSs, 
Lewis, Duffy and Kidd blood group systems. For further 
information about these groups more specialized text-books 
should be consulted. 

COMPATIBILITY TESTS 

The techniques involved in compatibility tests are outside the 
scope of this book and only brief mention of them will be made. 

For blood transfusion, the donor's and recipient's ABO and 
Rh group must be known. Even though these are the same, 
it is essential to carry out compatibility tests between the two. 
A saline and albumin suspension of the donor's cells is mixed 
with the recipient's serum, incubated for two hours (if there is 
no urgency) then examined for agglutination. Normally, only 
the red cells of the donor are tested with the serum of the 
recipient, and not the plasma of the donor with the red cells 
of the recipient. The reason for this is that when plasma is 
introduced into the body, it is rapidly diluted with the recipient's 
own plasma, and has no opportunity to attack the recipient's 
own cells with agglutinins in high concentration. 
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For example, if O blood is given to a group A patient the O plasma 

contains a and ß agglutinins which are capable of clumping A cells; 
they do not do so because the O plasma is rapidly diluted; with red 
cells, however, they are immediately immersed in the patient's own 
plasma, and if this contains antagonistic agglutinins, the red cells will 
rapidly become clumped. 

When such incompatible blood is given, the clumped red 
cells are unable to pass through the capillaries of the patient's 
circulation and the new cells are rapidly lysed. They disin
tegrate and the kidneys try to secrete the débris. A dangerous 
load is imposed on the kidneys and, together with the ineffectual-
ness of the transfusion, may quite easily be fatal. 

311 



CHAPTER 30 

BLOOD GROUPING TECHNIQUES 

ABO GROUPING 
Methods 
There are three methods used in grouping techniques, namely, 
tube, tile and centrifugation methods. Of these the most 
reliable is the tube method. An essential feature of agglutina
tion is that the red cells (antigens) should be adequately bathed 
and in contact with the serum (antibodies) and each other. In 
tube techniques, tubes with a narrow bore should be used, so 
that a longer time is taken for the red cells to sediment (by 
gravity), thereby keeping them in contact for a longer period and 
ensuring adequate agglutination even when weakly reacting 
forms of group A are present. In the tile method, the distance 
for the red cells to travel is obviously very much less, and may 
lead to the weakly reacting forms being missed. The centrifu
gation method hastens the reaction by rapidly bringing the red 
cells into close contact with each other and can be used when 
a rapid result is required. For routine use, however, the tube 
method is recommended, and for emergencies, the tile method. 

Temperature.—Whichever method is used, the tests are per
formed at room temperature; 15°C-25°C is the optimum 
temperature for agglutination by anti-A and anti-B serum. 

Controls.—Adequate controls must be set up with every 
batch of tests, using known A, B and O cells. When possible, 
serum grouping should be performed to check the cell grouping. 

TUBE TECHNIQUE 

Method 1 : cell grouping 
Materials Required 

Patient's red blood cells 
Red blood cells of known groups A, B and O 
Grouping serum (anti-A and anti-B) 
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Sterile isotonic saline solution 
Precipitin tubes, 50 mm. x 7 mm., or 75 mm. x 8 mm. 
Suitable rack or wooden block with holes to hold the tubes 
Sterile Pasteur pipettes 

Method 
(1) Prepare a 2 per cent suspension of red blood cells in the saline 

solution. The sample is obtained by finger prick, or from a venous 
sample of blood, with or without an anticoagulant. 

(2) Wash the red cells by centrifuging the tube gently, discarding the 
supernatant fluid, and re-suspending the cells in fresh saline solution. 
Mix the final suspension of cells in saline solution by inverting the tube 
several times. 

(3) Prepare separate 2 per cent suspensions of known A, B and O cells 
in the same way as the patient's cells. 

(4) Using a Pasteur pipette, add one drop of anti-A serum to each of 
the tubes in row 1 (Fig. 111). 

(5) Using a fresh pipette, add one drop of anti-B serum to each of 
the tubes in row 2. 

(6) To tubes 1 and 2, add one drop of the patient's cell suspension. 
(7) To tubes 3 and 4, add one drop of known A cells. 
(8) Repeat to tubes 5, 6, 7 and 8, using B and O cells. 
(9) Leave at room temperature for a minimum of 1 \ hours. 

Patients Cells 

Group A Cells 

Group B Cells 

Group 0 Cells 

A N T ! - A SERUM 

'Θ 
'® 
'® 
'® 

ROW! 

ANTI-B SERUM 

'© 
4 # 
6(S*\ 

8 # 

ROW 2 

PATIENTS SERUM 

•Θ 

Fig. 111. Disposition of grouping sera and cells for tube or tile grouping 
technique. 
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Reading of Results 
The method of examination is to hold the tubes over a concave mirror 

and examine the button of cells at the bottom of the tube. A smooth 
edge indicates no agglutination ; a serrated edge indicates agglutination. 
If doubt arises, gently tap the tube and examine. 

No agglutination 
Cells rise, re-suspend easily in the supernatant fluid, and 

fall slowly. 
Agglutination 

Cells rise in clumps and fall quickly. 
Check all apparently negative results by microscopic examination, 

gently transferring, with a pipette, some of the cell suspension on to a 
slide, and examining with the 2/3 objective. 

Method 2: serum grouping 
Materials Required 

Patient's serum 
Sterile isotonic saline solution 
2 per cent suspension of washed pooled known group A cells 
2 per cent suspension of washed pooled known group B cells 
Patient's cells 
Precipitin tubes (as in Method 1) 
Rack or block to hold tubes 
Sterile Pasteur pipettes 

Method 
(1) Take 3 precipitin tubes and add 1 drop of the patient's serum to 

each. 
(2) To tube 1 add one drop of known A cells 
(3) To tube 2 add one drop of known B cells. 
(4) To tube 3 add one drop of the patient's cells. 
(5) Leave at room temperature for 2 hours and examine for agglutina

tion as in Method 1, above. 

TILE GROUPING 
Materials required 

20 per cent suspension of washed patient's red cells 
20 per cent suspension of washed known group A cells 
20 per cent suspension of washed known group B cells 
20 per cent suspension of washed known group O cells 
Patient's serum 
Anti-A serum 
Anti-B serum 
Pasteur pipettes 
Grouping tile of opal perspex 

Note.—The technique of washing cells is given under Method 1, (2). 
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Method 
(1) Add 1 drop of neat anti-A serum to squares 1, 3, 5 and 7. 
(2) Add 1 drop of neat anti-B serum to squares 2, 4, 6 and 8. 
(3) Add 1 drop of neat patient's serum to square 9. 
(4) Add 1 drop of the suspension of patient's red cells to squares 1, 2 

and 9. 
(5) Add 1 drop of the suspension of known A cells to squares 3 and 

4; 1 drop of the suspension of B cells to squares 5 and 6, and 1 drop of 
the suspension of O cells to squares 7 and 8. 

(6) Mix the cell/serum suspension by gentle rocking. 
(7) Read the controls first (Fig. I l l ) generally within 5 minutes. 

If agglutination occurs in square 9 (auto-agglutination) then grouping 
cannot be determined by this method. 

The determination of groups by the above methods is shown 
in Table XIII. 

CLASSIFICATION OF A AND AB GROUPS INTO Al9 A2, AXB ΟΓ A2B 

This is performed as for ABO grouping, using anti-Αχ serum 
and a suspension of patient's red blood cells and suspensions 
of known group Ax and A2 red blood cells. 

Materials Required 
2 per cent suspension of patient's washed red blood cells 

(previously determined as group A or group AB) 
2 per cent suspension of washed Ax cells 
2 per cent suspension of washed A2 cells 
Anti-Ai serum 
Precipitin tubes (see Tube Techniques, 1) 
Sterile Pasteur pipettes 
Rack or wooden block to hold the tubes 

Method 
(1) To 3 precipitin tubes add 1 drop of anti-A! serum. 
(2) To tube 1 add one drop of the patient's washed red cells. 
(3) To tube 2 add one drop of Ax red cells. 
(4) To tube 3 add one drop of A2 red cells. 
(5) Leave at room temperature for two hours and examine for 

agglutination as previously described. 
Results 

Agglutination in tube 1 Ì 
Agglutination in tube 2 >Group Ax or ΑχΒ 
No agglutination in tube 3 J 
No agglutination in tube 1 "1 
Agglutination in tube 2 >Group A2 or A2B 
No agglutination in tube 3 J 
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TABLE XIII 
THE DETERMINATION OF BLOOD GROUPS 

Cell grouping with 
patient's cells 

Anti-A 
serum 

+ 
+ 
+ 

Anti-B 
serum 

+ 
+ 
+ 

Serum grouping with 
patient's serum 

A 2 cells 

+ 
+ + 

B cells 

-t-

+ 
+ 

Own cells 

+ 

Group 

A 
B 
AB 
O 

Not groupable due 
to panagglutination* 

+ = agglutination — = no agglutination. 
* Panagglutination is due to an agglutinin in the serum capable of agglutina

ting all red cells. To remove the agglutinin from red cells, wash m saline 
at 37° C several times. To remove from serum, add 2 volumes of the person's 
red cells (prepared as above) to one volume of the person's serum. Mix well, 
and centrifuge slowly at 0° C. Repeat three times, separating the serum from 
the cells at 0° C. 

FACTORS INFLUENCING THE RESULTS OF BLOOD GROUPING 

Age of donor 
After 21 years of age, the agglutinability of a person's red 

blood cells slowly decreases. 
Age of cells and storage of specimens 

Fresh red cells should be used for grouping. If clotted 
blood is taken, it must be stored in the refrigerator at 4° C, 
and may be used up to 4 days. Saline suspensions of red cells 
should not be used after 8 hours. Acid-citrate-dextrose (see 
page 321) suspensions will keep for 28 days. 

Concentration of cells 
As agglutination depends to some extent on the correct 

proportions of antigen to antibody, the correct suspensions of 
red cells should be used. When using the tube method of 
grouping a 2-5 per cent red-cell suspension is best; tile methods 
require suspensions of 20-30 per cent of red cells. 

Rouleaux formation 
This is a property of serum which causes red cells to " pile 

up " on each other. It must not be confused with agglutination, 
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in which the cells are clumped together. Serum which causes 
rouleaux formation with normal cells, should not be used for 
grouping, and red cells should be adequately washed in saline 
solution to rid them of any serum (which might contain this 
factor) adhering to their surface. 

Cold agglutinins 
Agglutinins contained in serum which will agglutinate red 

cells at room temperature or below, are termed * cold agglu
tinins '. The cells of such blood must be washed thoroughly 
in saline solution and warmed to 37° C to remove these cold 
agglutinins, before they are added to the grouping serum, or 
cell clumping will result. 

Infected red blood cells 
Red cells contaminated with bacteria may agglutinate in 

normal serum, thus giving a false result, for example, group O 
cells may agglutinate in both anti-A and anti-B serum, giving 
what appears to be a group AB reaction. Red cells must be 
taken and kept under aseptic conditions. 

Grouping serum 
Grouping serum, of course, must be of high titre. Only 

2 per cent of the population has serum of sufficient potency for 
use as grouping serum. The criterion of a good grouping 
serum is that it must have a good titre (1: 512 for anti-A and 
1: 256 for anti-B) and good avidity (power to agglutinate 
quickly and strongly). The anti-A serum must react with known 
Ax, A2, AiB and A2B cells ; anti-B serum must react with known 
B cells. The titration of anti-A and anti-B sera is performed by 
preparing serial doubling dilutions of the serum and adding 
an equal volume of a well-washed, freshly prepared, 1 per cent 
suspension of appropriate red cells. Agglutination is read 
after 2 hours at room temperature, the titre of the serum being 
the highest dilution showing agglutination. If the serum is 
left at room temperature for any length of time, or is rapidly 
thawed and frozen, there is a loss of potency. Improperly 
inactivated serum, that is serum which has not been heated at 
56° C for 30 minutes, may lyse the red cells, destroying any 
visible agglutination and giving a false negative result. 
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RHESUS GROUPING 
ABO antibodies are ' complete ' antibodies, that is they cause 
a visual agglutination of the appropriate red cells in most 
isotonic solutions such as saline. 

Many Rh antibodies, however, are * incomplete ', that is, 
they fail to agglutinate the appropriate red cells in saline solution. 
Another suspending medium must therefore be used, simulating 
plasma. Group AB serum or plasma can be used, but the most 
common suspending fluid is bovine albumin. Depending on 
the type of Rh antibody present in the grouping serum, one of 
two techniques can be used, namely, saline or albumin. In the 
former, a potent saline anti-D serum is used, and in the latter 
a potent albumin anti-D serum. For routine Rh grouping, a 
tube method (similar to that in ABO grouping techniques) is 
used; for rapid Rh grouping, Chown's capillary tube method 
can be used, but only in an emergency. 

TECHNIQUES 

Method 1 : complete anti-D {saline) 
Materials Required 

2 per cent suspension of patient's washed red cells 
2 per cent suspension of known group O D-positive, 

and group O D-negative washed red cells 
Potent saline anti-D grouping serum 
50 x 6 mm. tubes with glass caps 
Rack or wooden block to hold tubes 

Method 
(1) To 3 tubes add 1 drop of grouping serum. 
(2) To tube 1 add one drop of the patient's washed red cells. 
(3) To tube 2 add one drop of D-positive red cells. 
(4) To tube 3 add one drop of D-negative red cells. 
(5) Incubate at 37° C for 2 hours. 
(6) Using a concave mirror examine for agglutination as in ABO 

grouping (page 314). 
(7) Confirm the findings microscopically, removing the cells with great 

care, as the clumps of agglutinated cells are easily broken up. To 
remove the cells for microscopic examination use a capillary tube 
0-5 mm. in diameter, and suck up by capillary attraction a little of the 
supernatant serum, followed by a small column of cells. Gently expel 
on to a clean slide and examine microscopically using a 2/3 objective. 
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Method 2: incomplete anti-D (albumin) 

Method 
This is performed in the same way as Method 1, up to stage 4, using 

albumin anti-D grouping serum. Then proceed as follows. 
(5) Incubate at 37° C for l i hours. 
(6) Remove the supernatant fluid, leaving the button of cells, and 

replace carefully with one drop of 20 per cent bovine albumin. 
(7) Re-incubate at 37° C for a further 30 minutes. 
(8) Remove from the incubator and read the results as in Method 1. 

Method 3 : Chown's capillary tube method 
Materials Required 

30 per cent suspension of patient's washed red cells 
30 per cent suspension of washed known D-positive red cells 
30 per cent suspension of known D-negative red cells 
Potent saline anti-D serum 
Small glass capillary tubes (approx. 1 mm. bore and 

90 mm. in length—Chown's capillary tubes) 
Plasticine or Chown rack 

Fig. 112. A Chown rack. The tubes are inserted in grooves, and held at an 
angle of 45°. 
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Method 
(1) Dip one end of a capillary tube in the anti-D serum, and allow 

about an inch of the serum to run up the tube by capillary attraction. 
Repeat for each of the other tubes. 

(2) Using the same technique, allow about the same volume of the 
suspension of patient's cells to run into one of the capillary tubes 
containing anti-D serum, being careful not to introduce an air bubble. 

(3) Take the same amount of known D-positive cells into another 
tube. 

(4) Repeat with D-negative cells into the remaining tube. 
(5) Seal the serum end of the tubes in a Bunsen flame and insert 

into the plasticine, or Chown rack (Fig. 112), at an angle of 45°, with 
the red cell suspension uppermost. 

(6) Allow to stand in a warm place (preferably at 37° C), until it is 
seen that the positive control has ' clumped ', and then read the test. 

Results 
A positive result is indicated by irregular beaded clumps of cells in the 

serum column. 
A negative result is indicated by a smooth trail of red cells in the serum 

column. 
Rouleaux formation, which may give the appearance of a positive result, 

can be eliminated by thoroughly washing the red cells in sterile isotonic 
saline solution before preparing the 30 per cent suspension. 
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CHAPTER 31 
SOLUTIONS AND APPARATUS USED IN 

BLOOD TRANSFUSION 

ANTICOAGULANT SOLUTION 

THE DONOR'S blood must be preserved in a fluid state; it is 
therefore taken into a bottle containing an anticoagulant/ 
preservative solution. The following solution is in general use 
throughout Great Britain. 

Di-sodium citrate 2g. 
Glucose (dextrose) 3g. 
Pyrogen-free distilled water 120 ml. 

This volume of anticoagulant solution is sufficient for one 
blood transfusion bottle, that is for 420 ml. of whole blood. 
The solution is carefully prepared in bulk, and quantities of 
120 ml. are measured into each transfusion bottle. A metal 
cap, which has two holes in the top of it, and an intact rubber 
liner (for method of cleaning see page 323) is screwed loosely 
into position and the bottles are sterilized by autoclaving at 
20 lb. pressure for 30 minutes. Immediately upon removal 
from the autoclave the caps are firmly tightened. 

NOTES ON THE COMPONENTS OF THE ANTICOAGULANT SOLUTION 
(1) Di-sodium citrate is a reasonably good, non-poisonous anti

coagulant, but requires fairly vigorous and continuous mixing as blood 
is taken into it. The acidity of this salt is sufficient to reduce the pH 
of the whole blood from 7-4 to 7 0-7 · 1, which is believed to be the 
ideal p¥L for the storage of blood. The use of di-sodium citrate (rather 
than sodium citrate) reduces to a minimum caramelization or break 
down, of the glucose, during sterilization. 

(2) Glucose, an essential ingredient, supplies the nutriment necessary 
to prolong the storage life of red blood cells up to 21 days, after which 
they quickly deteriorate. After this time the usefulness of the blood 
rapidly diminishes. 

(3) Pyrogen-free distilled water is also essential. A pyrogen is any 
substance which, when introduced into the blood circulation, causes 
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a rise in temperature. For practical purposes pyrogens are defined as 
bacteria (living or dead), and their waste products. Pyrogens are 
thermostable and able to pass through most filters. 

Production of pyrogen-free distilled water 
A reliable still must be used, designed to prevent the carrying over of 

impurities by splashing, and only allowing pure steam to pass to the con
denser. Suitable containers must be set aside and used only for the 
collection of the distillate, in such a way as to prevent contamination by 
impurities. Fresh distilled water should be used for rinsing all apparatus 
used in the preparation of the acid-citrate-glucose solution, which must be 
prepared, and sterilization begun, within three hours of the distillation of 
the water. 

Test for pyrogens.—A series of rabbits are injected with 10 ml. of the 
water (made isotonic by the addition of sodium chloride) into the 
marginal vein of the ear. A rise of 1 ° F or more in rectal temperature, 
taken at half-hourly intervals for up to three hours, indicates the presence 
of pyrogens. 

COPPER SULPHATE SOLUTION FOR 
HAEMOGLOBIN ESTIMATION 

Stock solution of copper sulphate (S.G. 1 -100) 
CuSo4.5H20 (A.R.) 159.00 g. 
Distilled water at 25° C to 1000 ml. 

Preparation 
(1) Dissolve the copper sulphate in some of the distilled water in a 

volumetric flask, and make up to the mark with more water. 
(2) Stopper the flask and mix well by repeated inversion. 
(3) Check the specific gravity by using a 100 ml. density bottle {see 

page 14 for details). 

Copper sulphate solution (S.G. 1 -053) 
(1) Dilute 520 ml. of the stock solution of copper sulphate (S.G. 

1 -100) to 1,000 ml. with distilled water in a volumetric flask. 
(2) Stopper and mix well by repeated inversion. 
Note.—This solution must be prepared at a temperature within 5°C of 
the temperature at which the stock solution was prepared. 

TAKING AND GIVING SETS (Fig. 110) 

A Taking Set is used to transfer blood from a donor into a transfusion 
bottle. It consists of a needle, to be inserted in the donor's arm, con
nected by rubber tubing to the bottle cap by a second needle pushed 
through the rubber liner. The air outlet is a glass tube (containing a 
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cotton-wool filter to prevent contamination) connected to the rubber 
liner of the cap by a needle. A Giving Set is required to give blood to a 
patient. It consists of two pieces of glass tubing inserted, into a rubber 
bung. The air inlet, plugged to prevent contamination, reaches almost 
to the bottom of the bottle; the blood outlet is short and contained 
within a gauze filter. Attached to this outlet is a length of rubber tubing 
carrying a glass drip chamber and terminating in the needle to be inserted 
in the patient's vein. The flow is regulated by means of a screw clip. 

CLEANING OF SETS 
After use, taking and giving sets (Fig. 110, page 302) are dis

mantled; each part is then thoroughly washed to remove all 
traces of blood, and is rinsed and dried. Finally the sets are re
assembled, inserted into tins, sterilized, labelled and sealed. 

Glass components of taking and giving sets are first thoroughly 
cleaned by boiling in a non-caustic detergent solution, which 
lyses and removes any blood. The glass is then rinsed well 
in running water, which is forced through the various com
ponents to ensure that all traces of the cleaning solution have 
been removed. Excess water is drained off, and the components 
are rinsed in several changes of distilled water, which must be 
frequently renewed so that only really fresh, pure distilled water 
is used. The glassware is now dried in a hot-air oven. New glass 
components must first be treated in exactly the same way. 

Rubber tubing, on removal from the sets, is soaked in cold 
water overnight, to lyse any adherent blood. The next day 
each length is connected to a tap, and cold water forcefully 
run through. The rubber tubing is then boiled in distilled water 
for 10-15 minutes, followed by running tap water through 
each length of tubing once again. The rubber is now rinsed 
thoroughly in distilled water, and drained to remove excess 
water. Each length of tubing is now hung in a warm-air oven, 
controlled at between 70 and 80° C, until thoroughly dry. 

New rubber tubing must never be used without thorough 
cleaning to ensure that all traces of talc have been removed. 

Needles are first boiled for 10-15 minutes in a detergent 
solution to remove all traces of blood. This is followed by a 
thorough washing in tap water, which is squirted through each 
needle, to remove all the detergent solution. The needles are 
then rinsed in distilled water. 
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After cleaning, each needle must be re-sharpened. Taking 
and giving needles are rather large, and it is therefore essential 
that they should have a good bevel, a keen cutting edge, 
and sharp point. Unless the needles are in perfect con
dition the tissues are liable to be injured. The needles are 
sharpened on a well-oiled circular carborundum stone, which 
also gives the needles a polished surface. The needles used 
for the intradermal injection of local anaesthetic prior to taking 
blood from a donor, should have a much shorter bevel than the 
long bevel suitable for intravenous, subcutaneous or intra
muscular injections (Fig. 113). 

Fig. 113. Side and front views 
of a needle bevel suitable for 
(A) subcutaneous, intramuscu
lar, and intravenous injection ; 
(B) intradermal injection. 

(A) (B) 
After sharpening, the lumen of the needle is clogged with a 

mixture of carborundum and grease, which is removed by 
placing the sharpened needles side by side in a vessel containing 
tri-chlorethylene. The jar is covered and left overnight. The 
next morning the needles are shaken free from the tri-chlor
ethylene, which rapidly evaporates, are squirted twice with 
spirit and left ready for assembly with the taking and giving 
sets. 

ASSEMBLY OF TAKING AND GIVING SETS 

Taking sets.—The rubber, glass and needle components are 
assembled as in Fig. 110. Each needle is placed in a glass tube, 
which is sealed with non-absorbent cotton wool. The complete 
taking set is placed in a tin, sealed and sterilized at 20 lb. 
pressure for 30 minutes in the autoclave. After sterilization 
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the tins are removed and stamped with the date of sterilization 
and the date on which the set must be resterilized. 

Giving sets.—The air inlet tube of the giving set, which is 
inserted into the bottle of blood (see Fig. 130), is surrounded by 
a woven gauze filter. Its purpose is to prevent fibrinous clots 
from entering the tubing leading to the drip chamber, and so 
to the patient. After use this filter is discarded and a new one 
attached to the set, prior to final assembly. When completed 
and checked, the whole set is enclosed in cellophane, placed in 
a tin and sterilized at 20 lb. for 20 minutes. The tin is then 
labelled, taped and sealed. 
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CHAPTER 32 

BLOOD STORAGE AND REFRIGERATION PRINCIPLES 

STORAGE OF BLOOD 

BLOOD for transfusion purposes must be handled and stored 
with the utmost care. During storage, suitable records must be 
kept of the blood group, bottle number and date of expiry. 
When a bottle of blood is issued, full details such as the patient's 
group, date of cross-matching of the blood, and whether the 
blood is used or not, must be entered on the patient's record 
card. An accurately compiled clerical record of all blood 
transfusion work is essential. Mistakes may be fatal. 

Blood which has been opened and not used must be dis
carded, due to possible bacterial contamination. Bottles of 
blood must be handled with extreme care: they must not be 
mixed or shaken until they are actually required for transfusion, 
and must not be used after the expiry date. 

TEMPERATURE FOR STORAGE OF BLOOD 
The optimal temperature for blood storage is 4° C, with a 

permissible range of 4°-6° C (38°-42° F). It is important to 
ensure that the temperature does not fall below 2° C, as the 
cells may be affected, or exceed 6° C as any bacteria present 
may multiply. Blood should be kept in a refrigerator designed 
and used only for transfusion requirements. The refrigerator 
should have a temperature recorder, by means of which it is 
possible to tell at a glance what the temperature of the refrigera
tor is, or has been. Ideally, the refrigerator should be connected 
to an alarm system which rings if the temperature is outside the 
permissible 4°-6° C range. 

On no account must blood be stored in a ward refrigerator, 
as the temperature in this may be outside the desired range. 
This may be due to (a) the constant opening of the cabinet; 
(b) the placing of the blood so close to the freezing compartment 
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as to cause the blood partially to freeze, haemolysing the red 
cells ; or (c) the refrigerator being switched off while the plug 
is used for other purposes. 

If blood is left at room temperature (17°-20° C or 63°-
68° F), its temperature will rise to above 10° C (50° F), and the 
blood is then considered unfit to use. 

STORAGE OF SERA 
Unlike whole blood, all types of sera used in blood transfusion 
and cross-matching techniques must be stored frozen. Small 
quantities of serum should be distributed into tubes, and sealed 
with rubber bungs, thus avoiding repeated thawing and re-
freezing the whole stock each time a little serum is used. As 
serum diluted with saline or albumin rapidly deteriorates, 
even though kept frozen, only enough serum for immediate 
use should be diluted. Thoroughly mix a de-frozen serum 
before use. 

TEMPERATURE FOR STORAGE OF SERUM 
The correct storage temperature for sera is — 20° C. Some 

refrigerators have a built-in cabinet which will maintain a 
suitable temperature, but a ' deep-freeze ' cabinet designed for 
this purpose is probably desirable. 

Sometimes preservation of serum is effected by * freeze-
drying ', but storage of liquid serum is the method generally 
used. 

STORAGE OF ALBUMIN 
Bovine albumin must be kept in a fluid state, at 4° C. It 
must never be frozen as this causes deterioration. 

PRINCIPLES OF REFRIGERATION 
As the correct storage temperature of blood and its products 

is so vitally important, it is obvious that some form of refrigera
tion must be available to create these conditions. The principles 
and aims of refrigeration will therefore be discussed. 

For small laboratories, a compact, suitably designed refrigera
tor, with a storage compartment for sera, will suffice, whilst a 
large blood depot will require a refrigerated room, and large 
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deep-freeze cabinets for the storage of sera at temperatures of 
— 20° C and lower. Whatever scale of refrigeration is used 
however, the general principles are the same. 

The aim of refrigeration is to draw heat from the material 
to be cooled and transfer it to the air outside the refrigerator. 
This is achieved by the application of three basic facts: 

(1) Heat will pass spontaneously from a hot body to a colder one, 
but not vice versa. 

(2) The temperature at which a liquid boils depends on the pressure 
exerted on its surface; for example, water boils at below 100° C where 
the pressure is below atmospheric pressure, and higher than 100° C when 
the pressure exceeds that of the atmosphere. 

(3) A liquid, while it is boiling and being converted into a vapour, 
absorbs a considerable quantity of heat, called the * latent heat of 
evaporation,' for example, water boiling in a kettle is deriving latent 
heat of evaporation from the burning gas flame or electric hot plate. 

METHOD OF OPERATION 
A refrigerator operates as follows (Fig. 114): 

COMPRESSOR PUMP 
creates high pressure 
m condenser and 
heats vapour to 
above room temperature 

Refrigerant as vapour 

CONDENSER 
(high pressure) 

Combined heat ^.\ 
from pump and 
refrigerator *-\ 
given off in to 
air When cooled -~ 
toroom temp
erature the "~ 
refrigerant is 
converted from *~ 
a vapour to a liquid 

Refrigerant as liquid 

Valve to regulate 
flow of refrigerant 

Refrigerator cabinet 

■c 

Heat absorbed from air 

Refrigerant 
as vapour at 
low pressure 

EVAPORATOR 
(low pressure) 

Refrigerant in liquid 
form at high pressure 

Fig. 114. Diagrammatic illustration of principle of refrigeration. 

A liquid, called the refrigerant, is kept boiling in a coiled 
metal tube called the evaporator, which is usually built into the 
walls of the freezing compartment. By suitably adjusting the 
pressure, it boils at a temperature below that existing in the 
refrigerator; heat therefore passes to the refrigerant in the 
evaporator from the air inside the refrigerator cabinet, causing 
a fall in temperature. The rest of the cooling system serves to 
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maintain a constant supply of refrigerant to the evaporator, 
and to remove the vapour as it is formed by the boiling refriger
ant. The vapour is pumped into another coiled metal tube, the 
condenser, the inside of which is maintained at a high pressure. 
This condenser is situated outside the refrigerator, so that it is 
kept at room temperature. The pumping action heats the vapour 
to above room temperature, so that when it reaches the 
condenser it cools down, and the heat which has been taken 
from the air inside the refrigerator is transferred by the vapour 
to the air outside the refrigerator. The pressure in the con
denser is adjusted, so that when the temperature of the vapour 
falls, it condenses to a liquid, which is allowed to flow back into 
the evaporator, where it is boiled again under low pressure. 
In this way the same quantity of refrigerant is circulated over 
and over again. The flow of liquid from condenser to evapora
tor is adjusted so that there is a reservoir of boiling liquid 
maintained in the evaporator. 

Refrigerants are liquids having a high latent heat, and which 
are converted into vapours under small changes of pressure. 
They must also be non-corrosive, and preferably non-toxic. 
TYPES OF REFRIGERATOR 

There are two main systems (a) compression and (b) absorp
tion. Both are based on the principles just described but differ 
essentially in the transfer of refrigerant from the evaporator to 
condenser. 
Compression type 

In this type the vapour is withdrawn from the evaporator by 
a mechanical pump, and passes through a valve into the con
denser. Refrigerants used in the compression type of refrigera
tors are generally ammonia, carbon dioxide, sulphur dioxide, 
or the group of fluorocarbon compounds called the 4 Arctons '. 
Absorption type 

In these refrigerators the vapour of the refrigerant, which 
in this case is liquid ammonia, is absorbed out of the evaporator 
by dissolving in water. This aqueous ammonia solution is 
then boiled by a flame, or other form of heater, and the ammonia 
gas so evolved passes to the condenser. 
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PRECAUTIONS IN USE OF REFRIGERATORS 
Whatever type of refrigerator is used, there are certain 

elementary rules to be observed. 
(1) Never cover up the radiator or air vent. To do so means that 

no cool air can circulate, and the cycle of gaseous-liquid changes is 
hindered. 

(2) Never place hot liquids inside a refrigerator. To do so places an 
unfair burden on the refrigerant. The mechanism is only designed to 
cool from room temperature, not from higher temperatures. 

(3) Defrost the freezing compartment regularly, 7-10 days. 
(4) Keep the inside of the refrigerator dry, and always dry the interior 

after defrosting. 
(5) Never pack things inside the cabinet so tightly that air cannot 

circulate freely. Some refrigerators have a small fan connecting the 
freezing and general storage compartments. To block the air around 
such a fan leads to faulty working of the refrigerator. 

(6) Do not tamper with the mechanism if faults develop. A com
petent engineer should deal with the trouble. 

CARBON DIOXIDE REFRIGERATION 
When * deep-freeze ' refrigerators are not available special 
insulated containers can be used, which will maintain tempera
tures of about — 60° C. This is achieved by placing blocks of 
solid carbon dioxide in the container. A block of frozen C02 is 
generally sufficient for 7 days deep-freezing. 

PREPARATION OF SOLID CARBON DIOXIDE 
Carbon dioxide gas is first liquified by pressure and then 

subjected to a reduced pressure. This causes some of it to 
evaporate and extract heat, absorbed by the vapour, from the 
rest of the liquid. This heat extraction causes it to freeze to a 
hard, compact solid, with a temperature of — 78° C at atmo
spheric pressure. It vapourizes without melting, and, as no 
liquid is produced, is much cleaner in use than ice, and gives a 
much greater cooling effect. 

When using frozen carbon dioxide it is essential to wear 
heavy, insulated rubber gloves with long gauntlets, and to 
handle it with tongs. Never, under any circumstances 
allow the skin to come into contact with the carbon dioxide, 
as serious burns will result. 
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REFRIGERATION AND THE TRANSPORT OF BLOOD 

Each Regional Centre will supply hospitals in its region with 
the blood they require, and the apparatus for its transfusion. 
If transported by road the blood is conveyed in metal crates in 
a refrigerated, or insulated van, especially designed for this 
purpose. If the blood is to be sent by rail a suitable insulated 
box is used. Such a container is the ' Jablo ' box. It is 
made of a non-conducting material, and is designed to take 
an ice insert in the centre. Using such a box a temperature of 
4°C-6° C can be maintained for at least 12 hours. This type of 
container is also very suitable for carriage of blood between 
the laboratory and the ward or theatre. Blood may remain in 
this box until it is actually given to the patient. Stored under 
such conditions blood is less likely to give rise to a bacterial 
reaction than when allowed to stand at room temperature in 
the ward or theatre. 
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CHAPTER 33 

SOME ASPECTS OF ELEMENTARY PHYSIOLOGY 

INTRODUCTION 

A KNOWLEDGE of physiology, the science of bodily functions, 
is necessary if the technician is to have an intelligent under
standing of laboratory investigations. Only an elementary out
line of some aspects is possible within this chapter and further 
reading is recommended to all students. 

The basic substance of all living things is protoplasm, which 
is contained within small units, called cells, many millions of 
which go to make up the human body. Aggregates of cells 
which have become specialized to perform a specific function 
are called tissues, for example, muscle, nerve and blood tissues. 
Groups of tissue form the various organs. For example, the heart 
is an organ composed of muscle, nerve, blood and connective 
tissues. Organs compose the various systems in the body. For 
example, the digestive system is composed of the stomach, small 
and large intestine, the liver and the pancreas. Besides the actual 
organs of a given system, there are many other factors involved. 
Included in the digestive system are the various glands and their 
chemical secretions; blood and lymph is intimately connected 
with the processes of digestion, and playing a complementary 
role are the senses of sight, smell and taste. It will be seen 
that there is no clear-cut distinction between the various 
systems; all are complementary to each other. It is con
venient, however, when considering the bodily functions, to 
differentiate between the various systems, always remembering 
that they are intimately connected. 

Protoplasm has the consistency of thin jelly, and contains 
70-80 per cent by weight of water, together with a complex 
colloidal mixture of mineral salts, sugars and proteins. Cease
less chemical activity takes place within the protoplasm as some 
materials are built up (anabolism), while simultaneously others 
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are broken down (catabolism). The sum total of all these 
chemical changes is termed metabolism. Metabolism is accom
panied by the production of heat and occurs at an optimum 
temperature. Protoplasm is destroyed at temperatures much 
above 40° C , while too low a temperature slows down the 
metabolic rate until metabolism finally ceases. 

The energy required for metabolism and the maintenance 
of bodily heat is derived from foodstuffs by a complex series 
of oxidation processes, some of which are controlled by a 
number of organic catalysts, called oxidizing enzymes. When 
completely at rest, and having fasted for 10 hours, the energy 
output of the body is called the basal metabolic rate (B.M.R.). 
This can be assessed from the oxygen consumption of the body, 
and expressed in kilocalories per square metre of body surface 
per hour. 

DIGESTIVE SYSTEM 
FOOD 

Food is classified according to its chemical structure and 
physical properties. 

Proteins 
Proteins are the means of introducing into the body the 

nitrogen which is essential for the construction of protoplasm, 
and hence all body tissues. Proteins are obtained chiefly from 
meat, eggs, cheese, milk and fish, and smaller quantities from 
certain vegetables, notably peas and beans. Proteins are com
plex compounds containing nitrogen, carbon, hydrogen, oxygen 
and sulphur, and are capable of being hydrolysed (as during 
digestion) into a number of simpler substances, called amino-
acids, which can be absorbed by the body. Albumin is com
posed of about 20 different amino-acids, of which cystine, 
tyrosine and trytophane are examples. 

Carbohydrates 
There are three main groups of carbohydrates as follows : 

(1) Monosaccharides (hexoses) CeH12Oe.—These are simple sugars 
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which can be directly absorbed by the body. Glucose, fructose and 
galactose are monosaccharides. 

(2) Disaccharides C12H220n.—These cannot be absorbed directly 
and are hydrolysed to monosaccharides. Examples are sucrose, maltose 
and lactose. The hydrolysis equation is: C12H220n + H 2 0 = 2 C6H1206. 

(3) Polysaccharides (CeH10O5)x.—The exact formula is unknown. 
They are insoluble in water, and have to be hydrolysed to mono
saccharides before they can be utilized by the body. Starch, glycogen 
and cellulose come in this category. 

Fats 
Fats are neutralization products of the reaction between 

glycerol and certain organic acids (fatty acids). On hydrolysis 
during digestion, they are broken down into their two com
ponents. Bacon fat, for example, is hydrolysed to glycerol and 
oleic acid. 

Oxidation of carbohydrates, proteins and fats yields energy. 
For example oxidation of glucose is as follows. 

C6H1206 -f 6 0 2 = 6 C02 + 6 H20 + energy 

The carbon dioxide is a waste product, the water and energy are 
utilized by the body. The average amount of energy made 
available is as follows : 

Carbohydrate 4-2 kilocalories per gramme 
Fat 9-3 kilocalories per gramme 
Protein 5-6 kilocalories per gramme 

Water 
Many foods contain at least 75 per cent by weight of water; 

some water is taken in as liquid, and some is derived from the 
oxidation of foods {see above). 

Mineral elements 
Examples of mineral elements and their importance are 

calacium and magnesium phosphates the chief constituents of 
bones and teeth, and sodium and potassium which occur as 
chloride and phosphates in body tissues and fluids. Iron is 
contained in haemoglobin. Minute traces of zinc are required 
for the hormone insulin, and fluorine for the formation of tooth 
enamel. 
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Vitamins 
Vitamins are organic compounds present in some foods. 

They are necessary to the body in small amounts, and their 
absence causes the so-called * deficiency diseases '. Vitamins 
A and D are found in fish oils and animal fats, vitamin C in 
fruit juices, and vitamins Bl9 B2 and B12 (the ' B complex ') in 
cereals, yeast, eggs and liver. Vitamin K, essential for blood 
coagulation, is contained in green vegetables. 

DIGESTION 

Digestion is the conversion of foodstuffs into simple soluble 
substances which are absorbable by the body. It is effected 
mainly by hydrolysing enzymes and occurs in the alimentary 

R.L. = Right lung 
L.L. = Left lung 
H. = Heart 
L. = Liver 
S. = Stomach 
P. = Pancreas 
D. = Duodenum 
S.I. = Small intestine 
A.C. = Ascending colon 
T.C. = Transverse colon 
D.C. = Descending colon 
B. = Bladder 
R. = Rectum 

FIG. 115. Diagram showing the position of the main organs of the body. 

canal (see Fig. 115), a convoluted tube extending from the mouth 
to the anus. Digestion begins in the mouth. The chewing of 
food divides it into small portions which can be swallowed, and 
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exposes a larger surface area to the processes of digestion. The 
saliva, which is secreted by the stimulus of the sight and smell 
of food, contains an enzyme ptyalin, which begins the conver
sion of starch to maltose. The chewed food, rolled into a ball 
by the tongue, is swallowed, and is carried down the gullet, or 
oesophagus, by muscular contractions into the stomach, a 
muscular bag situated in the upper part of the abdomen. Here, 
powerful muscular action, and admixture with the acid gastric 
juice changes the food into a semi-liquid state called chyme. 
Three enzymes continue the chemical break-down of food. 
Rennin converts caseinogen (milk protein) into casein, pepsin 
hydrolyses proteins into soluble peptones and proteoses, and 
the gastric lipase begins the hydrolysis of fats. 

The partially digested chyme gradually passes out of the 
stomach by the relaxation of a muscular valve, called the 
pyloric sphincter, into the first part of the small intestine, called 
the duodenum. Here digestion continues in an alkaline medium. 
Flowing into the duodenum from the pancreas is the pancreatic 
juice, a dilute alkaline solution of sodium bicarbonate con
taining at least three enzymes : amylase (which continues car
bohydrate hydrolysis to maltose), lipase, (which hydrolyses fats 
into fatty acids and glycerin) and trypsin (which converts pep
tones and proteoses into amino-acids). Also flowing into the 
duodenum is bile from the liver. Bile maintains the alkalinity 
of the intestinal contents, assisting the action of the pancreatic 
enzymes, and emulsifies fats into small globules so that they are 
more readily attacked by the lipase. 

The partially digested food content is gradually transferred 
from the duodenum into the second part of the small intestine, 
the jejunum, and then into the ileum, the latter part of the 
small intestine, by muscular contractions known as peristalsis. 
Glands in the walls of the intestine secrete intestinal juice, or 
succus entericus. This contains several enzymes: enterokinase, 
which activates the trypsin found in the panreatic juice; 
erepsin, which completes the digestion of protein into amino-
acids; invertase, which converts sucrose (cane sugar) into glucose 
and fructose; lactase, which converts lactose (milk sugar) to 
glucose ; and maltase, which converts maltose to glucose. 
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Food digested by the various enzymes into its simplest forms 
is now absorbed, or assimilated by the intestinal walls. 

ASSIMILATION 

Assimilation begins in the jejunum and continues in the ileum. 
Minute projections in the wall of the intestine, called villi (see 
Fig. 116), which create an enormous surface area of intestinal 
wall, come into intimate contact with the digested food. Each 
villus has a central duct, a lacteal, which leads to the lymphatic 

COLUMNAR EPITHELIAL CELLS 

RETICULAR TISSUE 

ARTERIOLE 

BLOOD CAPILLARIES SURROUNDING 
LACTEAL 

LACTEAL CONTAINING FAT DROPLETS" 
CCHYLE) 

-VEIN 
LYMPHATIC VESSEL 

FIG. 116. A diagramatic illustration of a villus. 

vessels. Blood capillaries surround the lacteals. The products 
of fat hydrolysis pass through the semi-permeable membrane 
of the villus into the lymphatic circulation, where they recom
bine as fatty droplets and pass back into the blood stream. 
Sugars and amino-acids pass through the walls of the villi 
directly into the blood capillaries and are carried by the portal 
vein to the liver. 

EXCRETION OF WASTE PRODUCTS 

The ileum leads into the large intestine, the colon, which in 
turn leads into the rectum. By the time the food materials reach 
the colon, all the utilizable portions have been assimilated. In 
the colon, water is absorbed, mucin is secreted, and undigested 
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protein is broken down by bacteria. Some cellulose is also 
broken down by bacterial action, but the majority passes on 
unimpaired. Certain minerals, such as iron, in excess of bodily 
needs are here excreted. The whole solidified matter, called 
faeces, is expelled by the muscular action of the rectum. 

THE LIVER 

The liver is the largest organ in the body, and is situated under
neath the diaphragm. It is composed of five lobes and is dark 
red due to a rich blood supply. Leading from the liver is a 
small pear-shaped sac, the gall bladder, which acts as a reservoir 
for the bile before it is discharged into the duodenum. The 
liver has many important functions. The main ones are as 
follows : 

(1) Secretion of bile 
Bile is composed of bile salts, for example sodium taurocho-

late, bile pigments derived from haemoglobin breakdown, 
cholesterol and mucin. 

(2) Deamination {urea formation) 
Excess amino-acids are broken down so that ammonia is 

liberated. This ammonia then combines with carbon dioxide 
to form urea, which passes back into the blood stream and is 
excreted by the kidneys. 

(3) Maintenance of blood sugar levels 
Excess glucose is converted into the insoluble carbohydrate 

glycogen, which is stored in the liver (and also in muscles). 
Under the influence of insulin, secreted by the islets of Langer
hans in the pancreas, glycogen is reconverted to glucose when 
the blood sugar level is lowered. If the liver becomes incapable 
of storing any more glycogen, excess sugar is converted into 
fatty tissue and stored round various organs and under the skin. 

(4) Breakdown of fats 
The non-utilizable products of fat metabolism are oxidized 

to carbon dioxide and water. 
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(5) Assistance in the maintenance of body heat 
The various oxidation processes of tissues produce heat ana 

energy. The conversion of glycogen to glucose is accompanied 
by the evolution of heat. This, together with all the other 
exothermic chemical reactions which take place in the liver 
make this organ the greatest single heat producer of the body. 

The energy required for muscular activity is obtained by the 
conversion of muscle glycogen to lactic acid, with the pro
duction of both heat and energy. Since about half the body 
weight is muscle, it is obvious that most of the body's heat 
comes from muscular activity. 

(6) Detoxication 
Poisonous substances in the blood stream, mostly derived 

from foods, are here broken down into harmless substances 
which are then removed by the kidneys. If the quantity of 
harmful material is too great for the liver effectively to deal 
with it, symptoms of poisoning develop. 

THE URINARY SYSTEM 

The kidneys are primarily organs of excretion of the various end-
products of metabolism in the blood stream, carried to the 
kidneys by the renal arteries. These blood vessels subdivide 
in the kidneys into innumerable tufts of capillaries called 
glomeruli (see Fig. 117) in intimate contact with uriniferous 
tubules. Salts in solution pass into the tubules, which then 
select materials which are still required by the blood, and re-
secrete them into the blood stream, together with water. 
Sufficient water is retained in the tubules to keep the substances 
to be excreted in solution. This fluid passes into the main 
channel of each kidney, a tube known as the ureter, which 
leads into the bladder. Here the watery fluid and its salts in 
solution, urine, is stored until the bladder is sufficiently full to 
require emptying through the urethra. The main functions of 
the kidney are as follows : 
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(1) Excretion of end-products of metabolism 
These waste products are mainly derived from protein meta

bolism, and consist primarily of urea, uric acid, creatinine and 
purines. Various substance derived from vegetable sources, 
such as phosphates, oxalates and sulphates are also excreted in 
the urine. 

EFFERENT CLOMERULAR ARTERY 
(Salts in solution have diffused 

through capillary walls and into 
Bowman's capsule) 

fFERENT CLOMERULAR ARTERY 

(Blood contains waste products 
to be excreted) 

CAPILLARY NETWORK 

— T H E CLOMERULUS 

BOWMAN'S CAPSULE 

JHIN ENÖOTHELIAL CELLS 

URINI FEROUS TUBULE 

FIG. 117. Diagram of a glomerulus. 

(2) Salt and water balance 
Excess salts are excreted and salt depletion is rectified by the 

excretion of more liquid, thus concentrating the salt content 
of the blood. If, due to excessive perspiration, there is an 
abnormally large water loss through the skin, the urine volume 
is proportionately reduced. Conversely, absence of visible 
perspiration, as in cold weather, results in increased volumes of 
urine being excreted. 

(3) Maintenance of correct blood pH 
By selectively excreting various salts the pH of the blood is 

kept between 7-3 and 7-4. 
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SKIN 
The skin, besides being a protective covering for the internal 
tissues, is an organ of excretion. Normally about 500 ml. of 
sweat is secreted daily by the sweat glands which lie in the lower 
skin, or dermis. Sweat contains the same inorganic salts as 
blood, but in a lower concentration, and small quantities of 
nitrogenous excretory end-products of metabolism, including 
urea and uric acid. The skin plays an important role in the 
regulation of body temperature. Within the skin are found 
nerve endings which respond to touch, heat, cold and pain. 

BLOOD 
FUNCTIONS 

Blood acts as a transport medium for the following substances : 
(1) Oxygen.—This is conveyed from the lungs to the tissues 

of the body. 
(2) Carbon dioxide.—This waste product is brought back 

from the tissues and excreted from the lungs in the breath. 
(3) Products of food digestion.—The substances obtained 

from the digestion of food, necessary for the nourishment 
of the tissues, are carried in the blood stream. 

(4) Waste products of metabolism.—The waste products pro
duced in the tissues are carried to the organs of excretion. 

(5) Chemicals, hormones and enzymes.—These are required 
for the various bodily processes. 

(6) Leucocytes and antibodies.—These assist in fighting 
infection and are carried in the blood stream. 
Body temperature is partially regulated by blood flow. 

When the body is overheated, the capillaries near the surface 
of the skin dilate and heat is lost, whereas when the body 
becomes cooled the capillaries near the surface contract, and 
heat is conserved. 

See also Chapters in preceding Sections. 

THE CIRCULATION 

Blood is pumped throughout the body in a continuous series 
of tubes—the blood vessels. Arteries carry blood from the 
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pumping organ, the heart {see Fig. 118). They have thick muscu
lar walls, and except for the pulmonary artery, which leaves the 
right ventricle of the heart, they carry blood rich in oxygen. 
In the tissues the arteries subdivide into a fine meshwork of 
microscopic blood vessels called capillaries. The walls of the 
capillaries are very thin, and nutrient materials, oxygen and 
waste products are able to diffuse through them to the tissues. 
The capillaries link up with thin-walled veins, which carry 

AORTA (AORTIC ARTERY) 
" Blooji to general circulation 

.PULMONARY ARTERY 
Carries blood to lungs from 
" * - Li ventricle 

De-oxygenated ^ 
returning from general 
circulation into the 
right auricle 

PULMONARY VEINS 
Carry re-oxygenated Wood 
from lungs to left aurîcle 

Blood pumped from left 
ventricle through aortic 
valve Into aortic artery 

FIG. 118. The circulation of the blood through the heart. 

blood back to the heart. All veins except the pulmonary vein, 
which returns blood from the lungs to the left auricle of the 
heart, carry de-oxygenated blood. The larger veins possess 
valves to prevent blood from flowing backwards. Blood passes 
through the pulmonary artery into the lungs, where the waste 
product of metabolism, carbon dioxide, is given up and fresh 
oxygen absorbed. This re-oxygenated blood returns to the 
heart via the pulmonary vein and is then pumped through the 
aortic artery into the general circulation. 

Fluid from the blood passes through the walls of the capilla
ries and forms lymph, a watery fluid containing a few white 
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cells, chiefly lymphocytes, and about 4 g. of protein per 100 ml. 
(plasma contains 6-8 g. per 100 ml.). Lymph bathes the tissues 
and is conveyed in small lymph capillaries and larger lymphatic 
vessies, along the course of which are small lymph glands, 
within which lymphocytes are formed. 

The spleen 
Also concerned with blood circulation is the spleen, a dark 

purplish organ lying in the abdomen close against the stomach. 
Although its many functions are not yet fully understood, they 
may briefly be summarized as follows : 

(1) It acts as a reservoir for blood which may be required to 
make good blood loss, or when additional blood is required in 
the circulation in response to the stimulus of adrenaline. 

(2) It haemolyses and removes effete red blood cells from 
the circulation. 

(3) It stores the iron liberated from destroyed blood cells. 
(4) It controls the maturation rate of blood cells in the bone 

marrow. 
(5) It is concerned with the formation of antibodies against 

infection. 

RESPIRATION 

Respiration includes all the processes by which the body takes 
up oxygen and gets rid of carbon dioxide. Air is drawn into 
the lungs (inspired) by breathing in through the nostrils. This 
air passes down the windpipe, or trachea, which divides into 
two tubes called bronchi, each of which passes into the sub
stance of a lung, and divides into a series of smaller bronchioles. 
Branching of the bronchioles continues until each one ends in a 
minute air sac, called an alveolus. The walls of the alveoli are 
covered with a film of water, which, because of the constant 
supply of air, is saturated with oxygen. Each alveolus is within, 
and in close contact with, a meshwork of capillaries. The 
oxygen diffuses through the alveolar walls into the blood 
capillaries, first into the plasma and then into the red cells 
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where it combines with the haemoglobin to form the unstable 
compound oxyhaemoglobin. Simultaneously the carbon dioxide 
in the plasma and red cells diffuses out of the blood capillaries 
and dissolves in the watery covering of the alveolus. This 
carbon dioxide now diffuses into the alveolus and it is removed 
as air is breathed out (expired). 

HORMONES 
These are chemical agents which, together with the nervous 
system, integrate and co-ordinate the cellular processes of the 
organs. Whereas nervous control acts rapidly by the passage 
of nervous impulses transmitted along specialized nerve 
tissue, the hormonal control is induced more slowly and 
effects those processes in which the controlling influences have 
to be maintained over long periods. 

Hormones are produced in endocrine or ductless glands 
from which they are secreted directly into the blood stream, 
and thereby conveyed to the organ they are required to stimu
late. The principal endocrine glands are shown in Table XIV. 

TABLE XIV 

Gland 

Pituitary 

Thyroid 

Adrenals 

Islet tissue 

Gonads : ovaries 
and testes 

Location 

Base of brain 

Neck 

Near the kid
neys 

Pancreas 

Lower abdomen 
Scrotum 

Hormone 

Several 

Thyroxin 

Adrenalin 

Insulin 

Progesterone and 
testosterone 

Activity 

Controls other 
glands, growth 
of bone, and so 
on 

Metabolic rate 

Muscle tone and 
b lood sugar 
levels in emo
tional crisis 

Glucose/glycogen 
balance 

Reproduction 
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GENERAL NOTES AND PRECAUTIONS 

Cork boring 
The cork borer must be sharp. The boring should be commenced on the 
narrowest end of the cork, the opposite end being placed on a block of 
wood on the edge of the bench The cork borer should be rotated in one 
direction only. When boring rubber bungs, the borer should be suitably 
lubricated and rotated very slowly. 

To insert glass tubing or rod into corks, bungs or rubber tubing, 
round the end as described in Chapter 3, and lubricate. Hold the cork 
or bung against a firm surface, NOT the palm of the hand, apply gentle 
pressure to the glass tubing and rotate slowly. 

Fume cupboards 
These must be used when working with chemicals which evolve 

poisonous fumes, and volatile liquids with a low flash point such as ether. 

Glass apparatus 
Always inspect glass apparatus for defects before use. Do not use 

damaged glassware until it has been repaired. Broken glassware should 
be discarded into a bucket reserved for this purpose. Waste paper buckets 
should on no account be used. Always replace reagent bottles on the 
shelves and never leave bottles of acid or alkali where they may be over
turned. Label all bottles clearly to show their contents. 

Soiled swabs 
Always place soiled swabs into a swab bin or a dish of 10 per cent 

Lysol, immediately after use. On no account discard them into the waste 
paper bucket. 

Spillage and residues 
Clean up immediately any chemical which is spilt. Strong acids and 

alkalis must be neutralized at once. Apparatus containing corrosive 
chemicals should be rinsed out with water before being placed in the 
washing-up bucket. 
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FIRST AID TREATMENT 
All accidents which occur in the laboratory MUST be reported and entered 
in the accident book. It is emphasized that the following procedures are 
emergency measures only and must be followed by adequate treatment. 

General treatment of superficial wounds 
If a limb is involved, raise it to reduce the bleeding. With a clean 

dressing apply digital pressure to the wound to arrest the flow of blood. 
Fragments of glass should be left unless they can be easily removed with 
a sterile dressing. Blood clots which form should not be disturbed. 
Place a dry sterile dressing over the wound and, if the bleeding is profuse, 
back the dressing with cotton wool. Bandage firmly into position and 
obtain further treatment in the casualty or out-patients' departments. 
General treatment of burns and scalds 

Dry burns and scalds.—Pain produced by burns may be reduced by 
covering with a dry sterile dressing as quickly as possible. Burn dressings, 
such as tannic acid, should only be applied under a doctor's supervision 
and blisters must not be punctured. 

Chemical burns.—Dab away as much of the chemical as possible and 
bathe with water. If the corrosive chemical is an acid, sprinkle powdered 
sodium bicarbonate over the site of injury. If acid splashes into the eye, 
wash with water from a wash bottle and bathe with 5 per cent sodium 
bicarbonate. If the corrosive chemical is an alkali, sprinkle powdered 
boracic acid over the affected area. In the event of an alkali entering the 
eye, immediately wash the eye with water or 1 per cent acetic acid. 

All cases of burns must be referred to a doctor as quickly as possible. 

Poisoning 
Corrosive poisoning.—This is caused by swallowing strong acid or alkali. 

Treatment consists of rinsing the mouth immediately, followed by copious 
draughts of water. If acid has been swallowed, Milk of Magnesia or 
sodium bicarbonate should be given. For alkali poisoning, very dilute 
acetic acid should be administered. Vomiting should NOT be encouraged. 

Non-corrosive poisoning.—The immediate treatment for non-corrosive 
poisoning is to encourage vomiting by giving an emetic, such as salt 
and water. This should be followed by drinks of water. In all cases of 
poisoning, a doctor should be sent for as quickly as possible. 
Contamination by infected material 

In the event of an accident occurring involving infected material, such 
as cutting a hand on an infected Petri dish, treatment must be obtained 
immediately from the casualty or out-patients' department. If a fluid 
culture contaminates the mouth, immediately spit out the fluid, wash the 
mouth with a dilute antiseptic and immediately go for treatment. Any
thing in the mouth must be spat out at once, and the mouth rinsed with 
large draughts of water. 
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FIRE PRECAUTIONS 
Adequate fire precautions must be enforced in all laboratories. Equip
ment for dealing with all minor fires and for controlling larger ones should 
be kept in each laboratory. 

Hoses 
These must be checked regularly to ensure that they are in good working 

order. 

Water and sand buckets 
These must be kept filled and covered, checking and refilling periodi

cally. 

Fire blankets (asbestos 
These must be fixed in easily accessible positions. They are effective in 

smothering and preventing the spreading of fires. They are particularly 
useful for extinguishing fires involving clothing or cotton wool. 

Fire extinguishers 
Foam type.—Used on fires started by solvents immiscible with water, 

for example, xylene, benzene. They should NOT be used where live 
electrical circuits are exposed. 

Soda-acid type.—Used on fires involving solid material such as paper 
and wood. They may also be used on water-miscible solvents but NOT 
where live electrical circuits are exposed. 

Carbon tetrachloride type.—Used on small fires and where live electrical 
circuits are exposed. After use, the room must be well ventilated as 
phosgene may have been generated. 

BRITISH STANDARD COLOURS FOR 
MEDICAL GAS CYLINDERS 

Nature of Gas 
Oxygen 
Nitrous oxide 
Cyclopropane 
Carbon dioxide 
Ethylene 
Helium 
Nitrogen 
Oxygen and carbon dioxide mixture 

Oxygen and helium mixture 

Air 
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Colour of cylinder 
Black with white top 
Blue 
Orange 
Grey 
Mauve 
Brown 
Grey with black top 
Black bottom with grey 

and white top 
Black bottom with brown 

and white top 
Grey bottom with black 

and white top 
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STORAGE OF CHEMICALS 
Acids must be kept in glass-stoppered bottles. Winchester quart bottles 

should be stored at floor level. 
Alcohol. Duty-free alcohol must be kept locked, and all details of its 

use recorded. Customs and Excise officials periodically inspect the stock. 
Ammonia must be kept tightly stoppered and away from heat and 

other chemicals. 
Bromine ampoules must be stored in absorbent material. 
Cyanide and all other poisonous chemicals must be clearly marked 

4 poison ' in red letters, and kept locked in a poisons cupboard. 
Deliquescent and hygroscopic chemicals must be stored in air-tight 

containers. Such chemicals include potassium and sodium hydroxide, 
sodium carbonate, phenol, and phosphorus pentoxide. 

Ether must be kept in a glass bottle, stoppered with a tinfoil-covered 
cork, or a waxed-lined bakélite screw top. Never use a rubber bung, as 
ether attacks rubber. 

Hydrogen fluoride attacks glass and must be stored in a gutta-percha or 
polythene bottle. 

Hydrogen peroxide must be kept in a brown glass bottle in the refrigera
tor. Exposure to warmth and light causes oxygen to be evolved, which 
may build up such a pressure inside the bottle that it explodes. 

Inflammable liquids. Keep well-stoppered in a metal container clearly 
marked * inflammable '. Stocks of such fluids should be kept in a store 
used solely for this purpose. This store room should have a sunken floor 
so that in the event of breakages no liquid will flow from the room. Keep 
the bottles as cool as possible, and never use the liquids near a naked 
flame. Inflammable chemicals include acetone, alcohols, benzene, ether, 
toluene and xylene. 

Iodine must be kept in a brown glass bottle with a glass stopper. Never 
use a rubber bung as iodine attacks rubber. 

Potassium hydroxide solution (store as for sodium hydroxide). 
Potassium permanganate must be stored in a dark glass-stoppered bottle, 

as it decomposes when exposed to light. 
Sodium must NEVER be allowed to come into contact with water, as 

spontaneous combustion will result Keep completely covered with 
ligroin, naphtha or xylene. 

Sodium hydroxide solution should be stored in bottles waxed on the 
inside or polythene containers, as it attacks glass forming sodium silicate. 
Glass stoppers must never be used, as the C 0 2 in the air combines with 
the NaOH, forming Na2C03 which acts as a cement, firmly fixing the 
stopper into position. The solution in daily use should be stored in an 
aspirator. A soda lime guard tube will absorb and prevent any C0 2 from 
entering the aspirator. 

Silver nitrate solution must be kept in a dark, glass-stoppered bottle. 
Exposure to light decomposes the silver nitrate to silver oxide. 

Sodium nitroprusside must be stored in a dark, glass-stoppered bottle, 
as it decomposes upon exposure to light. 
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CONVERSION FACTORS 
° F into ° C (and vice versa) 

To convert0 F into ° C : 
Subtract 32 and multiply by -

To convert ° C into ° F : 
9 

Multiply by -̂  and add 32 
Mgm.j'100 ml. into milliequivalents per litre 

To convert mgm./100 ml. into milliequivalents and vice versa: 

w . „ . . , x mgm. per 100ml. x valency x 10 Milliequivalents = — -t : . . molecular weight 
i ΛΛ , milliequivalents x molecular weight Mgm. per 100 ml. = : — ^ — valency x 10 

Dilution of solutions 
The following equation is useful when the dilution of solutions of 

known strengths is required. 
Where R = Required concentration 

V = Total volume of solution required 
O = Original concentration 

R x V = Volume of original solution to be diluted with distilled 
O water to the final volume required. 

Example. The original solution is 70 per cent: 45 ml. of 30 per cent solution 
is required. 

Using the equation 
30 x 45 

70 19-3 

Therefore, 19-3 ml. of 70 per cent solution must be diluted with 25-7 ml. 
of distilled water to obtain 45 ml. of a 30 per cent solution. 

METRIC/IMPERIAL EQUIVALENTS 
1 kilo = 2 - 2 lb. 
1 lb. = 453-59 g. 
1 oz. (avoir.) = 28-35 g. 
1 milligram (mg.) = 1/1,000 g. 
1 microgram (γ) = 1/1,000 mg. = 1/1,000,000 g. 
1 litre = 35-196 fluid oz. 
1 gallon = 4-546 litres 
1 litre = 1 -7598 pints. 
1 metre = 39-37 inches. 
1 inch =2-54 cm. 

1 micron (μ) = 1/1,000 mm. = 1/25,000 inch. 
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BOILING POINTS 
The following boiling points are correct to the nearest degree Centigrade. 

Acetone 
Acetic acid 
Amyl alcohol 
Benzene 
Butyl alcohol 
Caprylic alcohol. 
Carbon disulphide 
Chloroform 
Ether. 
Ethyl alcohol 
Methyl alcohol . 
Toluene 
Water 
Xylenes 

56 
118 
130 
80 

118 
180 
46 
62 
34 
78 
65 

111 
100 
138-144 

BUFFER SOLUTIONS 
{After Clark and Lubs) 

To 50 ml. M/5 KH phthalate 
(40-844 g./l·), add the following 
amounts of N/5 HC1 and dilute to 
200 ml. 

ρΆ 

2-2 

2-4 

2-6 

2-8 

3 0 

3-2 

3-4 

3-6 

3-8 

Amount of N/5 
HCl in millilitres 

46-60 

39-60 

33 00 

26-50 

20-40 

14-80 

9-95 

6 0 0 

2-65 

To 50 ml. M/5 KH phthalate add the 
following amounts of N/5 NaOH 
(C02 free), and dilute to 200 ml. 

/>H 

4 0 

4-2 

4-4 

4-6 

4-8 

5 0 

5-2 

5-4 

5-6 

5-8 

6 0 

6-2 

Amount of N/5 
NaOH in millilitres 

0-40 

3-65 

7-35 

1200 

17-50 

23-65 

29-75 

35-25 

39-70 

4310 

45-40 

47 00 
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To 50 ml. M/5 KH2P04 (27-219 g./l.). 
add the following amounts of N/5 
NaOH and dilute to 200 ml. 

/>H 

60 

6-2 

6-4 

6-6 

6-8 

7 0 

7-2 

7-4 

7-6 

7-8 

8 0 

Amount of N/5 
NaOH in millilitres 

5-70 

8-60 

12-60 

17-80 

23-65 

29-65 

35 00 

39-50 

42-80 

45-20 

46-80 

To 50 ml. M/5 KC1. H3B03 (14-912 g. 
KC1 + 12 . 369 g. H3BO3/I.), add the 
following amounts of N/5 NaOH and 
dilute to 200 ml. 

/>H 

7-8 

8 0 

8-2 

8-4 

8-6 

8-8 

9 0 

9-2 

9-4 

9-6 

9-8 

100 

Amount of N/5 
NaOH in millilitres 

2-61 

3-97 

5-90 1 

8-50 

1200 

16-30 

21-30 

26-70 

32 00 

36-85 

40-80 

43-90 
Note.—Providing the salts are in correct ratio to each other, the exact 

degree of the final dilution is not important. 
Use the purest chemicals available when making the buffer solutions. 

SOLUTIONS OF ACIDS AND ALKALIS 
Dilution of concentrated acids and alkalis to make approximately 
normal solutions. 

Acids 

Acetic (glacial) 
Hydrochloric 
Nitric . . . . 
Sulphuric 

Alkalis 
Ammonium hydroxide 
Potassium hydroxide (solid) 
Sodium hydroxide (solid) . 

Mis. diluted to 
1,000 ml with 
distilled water 

60 
100 
63 
28 

50 
58 g. 
42 g. 
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SATURATED SOLUTIONS 
{After Bayley) 

Substance 

Ammonium chloride 
Ammonium oxalate . 
Ammonium sulphate 
Aniline . 
Barium chloride 
Barium sulphate 
Barium sulphide 
Benzidine 
Benzoic acid . 
Bromine . 
Calcium carbonate 
Calcium chloride (anhyd) 
Calcium chloride (cryst) 
Calcium hydroxide . 
Calcium oxalate 
Cholesterol 
Citric acid 
Copper hydroxide . 
Copper oxide · 
Cupric sulphate 
Cuprous sulphate 
Ferric ammonium sulphate 
Ferric chloride 
Ferric oxide 
Lithium carbonate . 
Magnesium carbonate 
Magnesium sulphate. 
Mercuric chloride 
Naphthalene . 
Osmium tetroxide 
Oxalic acid 
Phenol . 
Phosphorus pentoxide 
Phloroglucinol. 
Picric acid 
Potassium acetate 
Potassium carbonate 
Potassium chloride . 
Potassium chromate 
Potassium dichromate 

* . 

Potassium hydroxide 

Solubility in grammes per 100 ml. of 
distilled water 

o°c 
29-7 

2-54 
70-6 

31-0 

Various 
temperatures 

3-4 at 20° C 

0-00023 at 18° C 
Decomposes in water 
Only slightly soluble 

59-5 
279 0 

0-185 

0-27 at 18° C 
3-58 at 20° C 

00014 at 25° C 

00014 at 95° C 
Only slightly soluble 

1300 | 116° C a t 25° C 
Insoluble in water 
Insoluble in water 

31-6 | 
Decomposes in water 

1 124 at 25° C 
74-4 1 

Insoluble in water 
| 1*33 at 20° C 

Only slightly soluble 
1 7 1 0 at 20° C 
1 6-9 at 20° C 

Insoluble in water 
6-23 at 25° C 
9-5 at 15° C 
6-7 at 16°C 

Decomposes in water 
Only slightly soluble 

4-9 

J 

l - 4 a t 2 0 ° C 
253 at 20° C 
112 at 20° C 
34-7 at 20° C 
62-9 at 20° C 

107 at 15° C 

100° C 

75-8 
34-8 

103-8 

59 0 

0 077 

203-3 

535-7 

0-72 

61-3 

156 
56-7 
79-2 

102 
178 
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SATURATED SOLUTIONS—conta, 

Substance 

Potassium iodide 
Potassium metabisulphite 
Potassium nitrate 
Potassium nitrite 
Potassium oxalate . 
Potassium permanganate 

Silver nitrate . 
Sodium acetate 
Sodium carbonate 
Sodium chloride 
Sodium citrate 
Sodium hydroxide 
Sodium nitrate. 
Sodium nitrite. 
Sodium oxalate 
Sodium thiosulphate 
Zinc hydroxide 
Zinc sulphate . 

Solubility in grammes per 100 ml. of 
distilled water 

0°C 

127-5 
Only s 

122-0 
76-2 

7-1 
35-7 

42-0 
73-0 

79-4 
Inso 

Various 
temperatures 

lightly soluble 
31-6 at 20° C 
313 at 25° C 
33 at 16° C 

6-33 at 20° C 
2 5 0 at 65° C 

92-6 at 25° C 

83-3 at 15° C 
3-7 at 20° C 

291-1 a t 4 5 ° C 
uble in water 

86-5 at 80° C 

100° C 

208 

247 
413 

45-5 
39-12 

2500 
347 0 
1800 

6-33 

CLASSIFICATION OF WHATMAN'S FILTER PAPERS 

Speed of filtration and size of particles 
retained by the paper 

Ordinary unwashed papers 

Acid washed papers . . . . 

Hardened ; acid washed ; tough when wet ; 
will withstand alkalis . . . . 

8 
S 

•S ja 

^ S, 

4 

31 
41 

54 
531 
541 

f 
fco 
-Sì 

1 

1 
7 

11 

43 

Ì 
"S 

Su 

S 

1-3 

2 

30 
40 

52 
530 
540 

! 
fco 
-Si 

1 
I 

«5 
3 

544 

5 8, 

5 

32 
42 

50 
542 

355 



APPENDIX 

STAIN SOLUBILITIES AT 20° C 
(After G. T. Gurr) 

Auramine . 
Bismarck brown . 
Brilliant cresyl blue 
Brilliant green 
Carminic acid 
Congo red . 
Crystal violet 
Eosin alcohol soluble 
Eosin water soluble 
Fuchsin acid 
Fuchsin basic 
Gentian violet 
Haematoxylin 
Janus green 
Light green. 
Malachite green . 
Methyl blue 
Methyl green 
Methyl red 
Methyl violet 6B 
Méthylène blue . 
Neutral red 
Orange G . 
Picric acid . 
Pyronine . 
Safranine . 
Scarlet R . 
Sudan black 
Sudan III . 
Thionin 
Toluidine blue . 
Trypan blue 

Per cent solubility 
In water 

0-3 
10 
20 
30 
8-17 
40 
1-43 
nil 

41 0 
20 0 
0-66 

. 
1-66 
50 

20 0 
6-6 

100 
8 0 

5 0 
2 0 
2-37 
7-44 
11 

100 
6-25 
nil 
nil 
nil 
0-2 
2-5 

10-58 

In alcohol 
7 0 
10 
0-48 
3 0 

1-2 
5 0 
0-4 
5 0 
0-25 

10-6 
12 
600 
10 
0-75 
7 0 

109 
5 0 
1-6 
2 0 
0-35 
8 0 

2 0 
0-2 
0-2* 
015 
0-2 
0-5 

* In 70 per cent alcohol. 

REFRACTIVE INDICES 
(After G. T. Gurr) 
R.I. Material R.I. 

. 1-3310 Cedar oil (clearing) . 1-505 

. 1-3620 Neutral mounting media 1-5172 

. 1 -3629 Canada balsam (natural) 1 -5218 

. 1-4432 DePeX . . . 1-5240 

. 1-4915 Canada Balsam in xylene 1 -5250 

. 1-5020 Xam . . . . 1-5260 

Material 
Alcohol (methyl) 
Alcohol (ethyl) 
Acetone 
Glycerine jelly 
Xylene. 
Benzene 
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SQUARE ROOTS OF 01 TO 2 09 
{After G. A. Harrison) 

0 1 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

0-8 

0-9 

1 0 

11 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1-8 

1-9 

2 0 

0 0 0 

0-32 

0-45 

0-55 

0-63 

0-71 

0-77 

0-84 

0-89 

0-95 

100 

105 

1-10 

114 

118 

1-23 

1-27 

1-30 

1-34 

1-38 

1-41 

001 

0-33 

0-46 

0-56 

0-64 

0-71 

0-78 

0-84 

0-90 

0-95 

101 

105 

110 

115 

119 

1-23 

1-27 

1-31 

1-35 

1-38 

1-42 

0 0 2 

0-35 

0-47 

0-57 

0-65 

0-72 

0-79 

0-85 

0-91 

0-96 

101 

106 

111 

115 

119 

1-23 

1-27 

1 31 

1-35 

1-39 

1-42 

0 0 3 

0-36 

0-48 

0-57 

0-66 

0-73 

0-79 

0-85 

0-91 

0-96 

102 

106 

111 

115 

1-20 

1-24 

1-28 

1-32 

1-35 

1-39 

1-43 

0 0 4 

0-37 

0-49 

0-58 

0-66 

0-73 

0-80 

0-86 

0-92 

0-97 

102 

107 

111 

1-16 

1-20 

1-24 

1-28 

1-32 

1*36 

1-39 

1-43 

0 0 5 

0-39 

0-50 

0-59 

0-67 

0-74 

0-81 

0-87 

0-92 

0-97 

103 

107 

112 

116 

1-20 

1-25 

1-29 

1-32 

1-36 

1-40 

1-43 

0 06 

0-40 

0-51 

0-60 

0-68 

0-75 

0-81 

0-87 

0-93 

0-98 

103 

108 

1-12 

117 

1-21 

1-25 

1-29 

1-33 

1-36 

1-40 

1-44 

1 0 0 7 

0-41 

0-52 

0-61 

0-69 

0-76 

0-82 

0-88 

0-93 

0-98 

103 

108 

113 

117 

1 21 

1-25 

1-29 

1-33 

1-37 

1-40 

1-44 

0 08 

0-42 

0-53 

0-62 

0-69 

0-76 

0-82 

0-88 

0-94 

0-99 

104 

109 

113 

118 

1-22 

1-26 

1-30 

1-33 

1-37 

1 41 

1-44 

0 09 

0-44 

0-54 

0-62 

0-70 

0-77 

0-83 

0-89 

0-94 

0-995 

104 

109 

114 

118 

1-22 

1-26 

1-30 

1-34 

1-38 

1 41 

1-45 
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LOGARITHMS 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

1 30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

0 
0000 

0414 

0792 

1139 

1461 

1761 

2041 

2304 

2553 

2788 

3010 
3222 
3424 
3617 
3802 
3979 
4150 
4314 
4472 
4624 
4771 
4914 
5051 
5185 
5315 
5441 
5563 
5682 
5798 
5911 
6021 
6128 
6232 
6335 
6435 
6532 
6628 
6721 
6812 
6902 

1 
0043 

0453 

0828 

1173 

1492 

1790 

2068 

2330 

2577 

2810 

3032 
3243 
3444 
3636 
3820 
3997 
4166 
4330 
4487 
4639 
4786 
4928 
5065 
5198 
5328 
5453 
5575 
5694 
5809 
5922 
6031 
6138 
6243 
6345 
6444 
6542 
6637 
6730 
6821 
6911 

2 
0086 

0492 

0864 

1206 

1523 

1818 

2095 

2355 

2601 

2833 

3054 
3263 
3464 
3655 
3838 
4014 
4183 
4346 
4502 
4654 
4800 
4942 
5079 
5211 
5340 
5465 
5587 
5705 
5821 
5933 
6042 
6149 
6253 
6355 
6454 
6551 
6646 
6739 
6830 
6920 

3 
0128 

0531 

0899 

1239 

1553 

1847 

2122 

2380 

2625 

2856 

3075 
3284 
3483 
3674 
3856 
4031 
4200 
4362 
4518 
4669 
4814 
4955 
5092 
5224 
5353 
5478 
5599 
5717 
5832 
5944 
6053 
6160 
6263 
6365 
6464 
6561 
6656 
6749 
6839 
6928 

4 
0170 

0569 

0934 

1271 

1584 
1875 

2148 

2405 

2648 

2878 

3096 
3304 
3502 
3692 
3874 
4048 
4216 
4378 
4533 
4683 
4829 
4969 
5105 
5237 
5366 
5490 
5611 
5729 
5843 
5955 
6064 
6170 
6274 
6375 
6474 
6571 
6665 
6758 
6848 
6937 

5 

0212 

0607 
0969 

1303 

1614 
1903 

2175 
2430 

2672 

2900 
3118 
3324 
3522 
3711 
3892 
4065 
4232 
4393 
4548 
4698 
4843 
4983 
5119 
5250 
5378 
5502 
5623 
5740 
5855 
5966 
6075 
6180 
6284 
6385 
6484 
6580 
6675 
6767 
6857 
6946 

6 

0253 

0645 

1004 

1335 

1644 

1931 

2201 

2455 

2695 

2923 
3139 
3345 
3541 
3729 
3909 
4082 
4249 
4409 
4564 
4713 
4857 
4997 
5132 
5263 
5391 
5514 
5635 
5752 
5866 
5977 
6085 
6191 
6294 
6395 
6493 
6590 
6684 
6776 
6866 
6955 

7 

0294 

0682 

1038 

1367 

1673 

1959 

2227 

2480 

2718 

2945 
3160 
3365 
3560 
3747 
3927 
4099 
4265 
4425 
4579 
4728 
4871 
5011 
5145 
5276 
5403 
5527 
5647 
5763 
5877 
5988 
6096 
6201 
6304 
6405 
6503 
6599 
6693 
6785 
6875 
6964 

8 

0334 

0719 

1072 

1399 

1703 

1987 

2253 

2504 

2742 

2967 
3181 
3385 
3579 
3766 
3945 
4116 
42« 1 
4440 
4594 
4742 
4886 
5024 
5159 
5289 
5416 
5539 
5658 
5775 
5888 
5999 
6107 
6212 
6314 
6415 
6513 
6609 
6702 
6794 
6884 
6972 

9 

0374 

0755 

1106 

1430 

1732 

2014 

2279 

2529 

2765 

2989 
3201 
3404 
3598 
3784 
3962 
4133 
4298 
4456 
4609 
4757 
4900 
5038 
5172 
5302 
5428 
5551 
5670 
5786 
5899 
6010 
6117 
6222 
6325 
6425 
6522 
6618 
6712 
6803 
6893 
6981 

1 2 3 4 
4 9 13 17 
4 8 12 16 
4 8 12 15 
4 7 11 15 
3 7 11 14 
3 7 10 14 
3 7 10 13 
3 7 10 12 
3 6 9 12 
3 6 9 12 
3 6 9 11 
3 5 8 11 
3 5 8 11 
3 5 8 10 
3 5 8 10 
2 5 7 10 
2 5 7 9 
2 5 7 9 
2 4 7 9 
2 4 6 8 
2 4 6 8 
2 4 6 8 
2 4 6 8 
2 4 6 7 
2 4 5 7 
2 3 5 7 
2 3 5 7 
2 3 5 6 
2 3 5 6 
1 3 4 6 
1 3 4 6 
1 3 4 6 
1 3 4 5 
1 3 4 5 
1 3 4 5 
1 2 4 5 
1 2 4 5 
1 2 3 5 
1 2 3 5 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 

5 6 7 8 9 
21 26 30 34 38 
20 24 28 32 37 | 
19 23 27 31 35 
19 22 26 30 33 
18 21 25 28 32 
17 20 24 27 31 
16 20 23 26 30 
16 19 22 25 29 | 
15 18 21 24 28 
15 17 20 23 26 
14 17 20 23 26 
14 16 19 22 25 
14 16 19 22 24 
13 15 18 21 23 | 
13 15 18 20 23 
12 15 17 19 22 
12 14 16 19 21 
11 14 16 18 21 | 
11 13 16 18 20 
11 13 15 17 19 
11 13 15 17 19 | 
10 12 14 16 18 
10 12 14 15 17 
9 11 13 15 17 
9 11 12 14 16 1 
9 10 12 14 15 | 
8 10 11 13 15 
8 9 11 13 14 
8 9 11 12 14 
7 9 10 12 13 
7 9 10 11 13 
7 8 10 11 12 
7 8 9 11 12 
6 8 9 10 12 
6 8 9 10 11 1 
6 7 9 10 11 
6 7 8 10 11 
6 7 8 9 10 
6 7 8 9 10 
5 7 8 9 10 
5 6 8 9 10 
5 6 7 8 9 
5 6 7 8 9 
5 6 7 8 9 
5 6 7 8 9 
5 6 7 8 9 
5 6 7 7 8 
5 5 6 7 8 
4 5 6 7 8 
4 5 6 7 8 
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LOGARITHMS 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

0 
6990 
7076 
7160 
7243 
717,4 
7404 
7482 
7559 
7634 
7709 

7782 
7853 
7924 
7993 
806? 
8129 
8195 
8261 
8325 
8388 

8451 
8513 
8573 
8633 
8692 

8751 
8808 
8865 
8921 
8976 
9031 
9085 
9138 
9191 
9243 
9294 
9345 
9395 
9445 
9494 
9542 
9590 
9638 
9685 
9731 
9777 
9823 
9868 
9912 
9956 

1 
6998 
7084 
7168 
7251 
7312 

7412 
7490 
7566 
7642 
7716 

7789 
7860 
7931 
8000 
8069 

8136 
8202 
8267 
8331 
8395 

8457 
8519 
8579 
8639 
8698 
8756 
8814 
8871 
8927 
8982 
9036 
9090 
9143 
9196 
9248 
9299 
9350 
9400 
9450 
9499 
9547 
9595 
9643 
9689 
9736 
9782 
9827 
9872 
9917 
9961 

2 
7007 
7093 
7177 
7259 
7340 
7419 
7497 
7574 
7649 
7723 
7796 
7868 
7938 
8007 
8075 
8142 
8209 
8274 
8338 
8401 
8463 
8525 
8585 
8645 
8704 
8762 
8820 
8876 
8932 
8987 
9042 
9096 
9149 
9201 
9253 
9304 
9355 
9405 
9455 
9504 
9552 
9600 
9647 
9694 
9741 
9786 
9832 
9877 
9921 
9965 

3 
7016 
7101 
7185 
7267 
7348 
7427 
7505 
7582 
7657 
7731 
7803 
7875 
7945 
8014 
8082 
8149 
8215 
8280 
8344 
8407 
8470 
8531 
8591 
8651 
8710 
8768 
8825 
8882 
8938 
8993 
9047 
9101 
9154 
9206 
9258 
9309 
9360 
9410 
9460 
9509 
9557 
9605 
9652 
9699 
9745 
9791 
9836 
9881 
9926 
9969 

4 
7024 
7110 
7193 
7275 
7356 
7435 
7513 
7589 
7664 
7738 
7810 
7882 
7952 
8021 
8089 

8156 
8222 
8287 
8351 
8414 
8476 
8537 
8597 
8657 
8716 
8774 
8831 
8887 
8943 
8998 
9053 
9106 
9159 
9212 
9263 
9315 
9365 
9415 
9465 
9513 
9562 
9609 
9657 
9703 
9750 
9795 
9841 
9886 
9930 
9974 

5 
7033 
7118 
7202 
7284 
7164 
7443 
7520 
7597 
7672 
7745 
7818 
7889 
7959 
8028 
8096 
8162 
8228 
8293 
8357 
8420 
8482 
8543 
8603 
8663 
8722 
8779 
8837 
8893 
8949 
9004 
9058 
9112 
9165 
9217 
9269 
9320 
9370 
9420 
9469 
9518 
9566 
9614 
9661 
9708 
9754 
9800 
9845 
9890 
9934 
9978 

6 
7042 
7127 
7210 
7292 
7372 
7451 
7528 
7604 
7679 
7752 
7825 
7896 
7966 
8035 
8102 
8169 
8235 
8299 
8363 
8426 
8488 
8549 
8609 
8669 
8727 
8785 
8842 
8899 
8954 
9009 
9063 
9117 
9170 
9222 
9274 
9325 
9375 
9425 
9474 
9523 
9571 
9619 
9666 
9713 
9759 
9805 
9850 
9894 
9939 
9983 

7 
7050 
7135 
7218 
7300 
7380 
7459 
7536 
7612 
7686 
7760 
7832 
7093 
7973 
8041 
8109 
8176 
8241 
8306 
8370 
8432 
8494 
8555 
8615 
8675 
8733 
8791 
8848 
8904 
8960 
9015 
9069 
9122 
9175 
9227 
9279 

9330 
9380 
9430 
9479 
9528 
9576 
9624 
9671 
9717 
9763 
9809 
9854 
9899 
9943 
9987 

8 
7059 
7143 
7226 
7308 
7388 
7466 
7543 
7619 
7694 
7767 
7839 
7910 
7980 
8048 
8116 
8182 
8248 
8312 
8376 
8439 

8500 
8561 
8621 
8681 
8739 
8797 
8854 
8910 
8965 
9020 
9074 
9128 
9180 
9232 
9284 
9335 
9385 
9435 
9484 
9533 
9581 
9628 
9675 
9722 
9768 
9814 
9859 
9903 
9948 
9991 

9 
Ό67 
7152 
7235 
7316 
7396 
7474 
7551 
7627 
7701 
7774 
7846 
7917 
7987 
8055 
8122 
8189 
8254 
8319 
8382 
8445 
8506 
8567 
8627 
8686 
8745 
8802 
8859 
8915 
8971 
9025 
9079 
9133 
9186 
9238 
9289 
9340 
9390 
9440 
9489 
9538 
9586 
9633 
9680 
9727 
9773 
9818 
9863 
9908 
9952 
9996 

1 2 3 4 
1 2 3 3 
1 2 3 3 
1 2 2 3 
1 2 2 3 
1 2 2 3 
1 2 2 3 
1 2 2 3 
1 2 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 

1 5 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

6 7 8 9 
5 6 7 8 
5 6 7 8 
5 6 7 7 
5 6 6 7 
5 6 6 7 
5 5 6 7 
5 5 6 7 
5 5 6 7 
4 5 6 7 
4 5 6 7 
4 5 6 6 
4 5 6 6 
4 5 6 6 
4 5 5 6 
4 5 5 6 
4 5 5 6 
4 5 5 6 
4 5 5 6 
4 4 5 6 
4 4 5 6 
4 4 5 6 
4 4 5 5 
4 4 5 5 
4 4 5 5 
4 4 5 5 
3 4 5 5 
3 4 5 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 3 4 

Note.—These tables are so constructed that the fourth figure of a logarithm obtained by their use i: 
never more than one unit above or below the best 4-figure approximation. E.g. if the logarithm foun< 
is 0*5014 the best 4-ôgure approximation may be 0-5013, or 0*5015. Greater accuracy than this canno 
be obtained by the use of a uniform table of differences of this kind. 
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ANTILOGARITHMS 

1 00 
01 
02 
03 1 04 

1 05 
06 
•07 
•08 1 09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
•19 
20 
21 
•22 
•23 
24 
25 
26 
27 
28 
29 
•30 
31 
•32 
•33 
•34 
•35 
•36 
•37 
•38 
•39 
•40 
•41 
•42 
•43 
•44 
•45 I 
•46 
•47 
•48 
•49 

0 
1000 
1023 
1047 
1072 
1096 
1122 
1148 
1175 
1202 
1230 
1759 

1288 
1318 
1349 
1380 
1413 
1445 
1479 
1514 
1549 
1585 
1622 
1660 
1698 
1738 
1778 
1820 
1862 
1905 
1950 
1995 
2042 
2089 
2138 
2188 
2239 
2291 
2344 
2399 
2455 
2512 
2570 
2630 
2692 
2754 
2818 
2884 
2951 
3020 
3090 

1. 
1007 
1026 
1050 
1074 
1099 
1125 
1151 
1178 
1205 
1233 
1262 
1291 
1321 
1352 
1384 
1416 
1449 
1483 
1517 
1552 
1589 
1626 
1663 
1702 
1742 
1782 
1824 
1886 
1910 
1954 
2000 
2046 
2094 
2143 
2193 
2244 
2296 
2350 
2404 
2460 
2518 
2576 
2636 
2698 
2761 
2825 
2891 
2958 
3027 
3097 

2 
1005 
1028 
1052 
I 1076 
1102 

1127 
1153 
1180 
1208 
1236 
1265 
1294 
1324 
1355 
1387 
1419 
1452 
1486 
1521 
1556 
1592 
1629 
1667 
1706 
1746 

1786 
1828 
1871 
1914 
1959 
2004 
2051 
2099 
2148 
2198 
2249 
2301 
2355 
2410 
2466 
2523 
2582 
2642 
2704 
2767 
2831 
2897 
2965 
3034 
3105 

3 
1007 
1030 
1054 
1079 
1104 
ino 
1156 
1183 
1211 
1239 
1268 
1297 
1327 
1358 
1390 
1422 
1455 
1489 
1524 
1560 
1596 
1633 
1671 
1710 
1750 

1791 
1832 
1875 
1919 
1963 
2009 
2056 
2104 
2153 
2203 
2254 
2307 
2360 
2415 
2472 
2529 
2588 
2649 
2710 
2773 
2838 
2904 
2972 
3041 
3112 

4 
1009 

1033 
1057 
1081 
1107 
1132 
1159 
1186 
1213 
1242 
1271 
1300 
1330 
1361 
1393 
1426 
1459 
1493 
1528 
1563 
1600 
1637 
1675 
1714 
1754 
1795 
1837 
1879 
1923 
1968 
2014 
2061 
2109 
2158 
2208 
2259 
2312 
2366 
2421 
2477 
2535 
2594 
2655 
2716 
2780 
2844 
2911 
2979 
3048 
3119 

5 
1012 
1035 
1059 
1084 
1109 
1135 
1161 
1189 
1216 
1245 
1274 
1303 
1334 
1365 
1396 
1429 
1462 
1496 
1531 
1567 
1603 
1641 
1679 
1718 
1758 
1799 
1841 
1884 
1928 
1972 
2018 
2065 
2113 
2163 
2213 
2265 
2317 
2371 
2427 
2483 
2541 
2600 
2661 
2723 
2786 
2851 
2917 
2985 
3055 
3126 

6 
1014 
1038 
1062 
1086 
1112 

1138 
1164 
1191 
1219 
1247 
1276 
1306 
1337 
1368 
1400 
1432 
1466 
1500 
1535 
1570 
1607 
1644 
1683 
1722 
1762 
1803 
1845 
1888 
1932 
1977 
2023 
2070 
2118 1 
2168 
2218 
2270 
2333 
2377 
2432 
2489 
2547 
2606 
2667 
2729 
2793 
2858 
2924 
2992 
3062 
3133 

7 
1016 
1040 
1064 
1089 
1114 
1140 
1167 
1194 
1222 
1250 
1279 
1309 
1340 
1371 
1403 
1435 
1469 
1503 
1538 
1574 

1611 
1648 
1687 
1726 
1766 
1807 
1849 
1892 
1936 
1982 
2028 
2075 
2123 1 
2173 
2223 
2275 
2328 
2382 
2438 
2495 
2553 
2612 
2673 
2735 
2799 
2864 
2931 
2999 
3069 
3141 

8 
1019 
1042 
1067 
1091 
1117 
1143 
1169 
1197 
1225 
1253 
1282 
1312 
1343 
1374 
1406 

1439 
1472 
1507 
1542 
1578 
1614 
1652 
1690 
1730 
1770 
1811 
1854 
1897 
1941 
1986 
2032 
2080 
2128 1 
2178 
2228 
2280 
2333 
2388 
2443 
2500 
2559 
2618 
2679 
2742 
2805 
2871 
2938 
3006 
3076 
3148 

9 
1021 
1045 
1069 
1094 
1119 

1146 
1172 
1199 
1227 
1256 
1285 
1315 
1346 
1377 
1409 
1442 
1476 
1510 
1545 
1581 
1618 
1656 
1694 
1734 
1774 
1816 
1858 
1901 
1945 
1991 
2037 
2084 
2133 
2183 
2234 
2286 
2339 
2393 
2449 
2506 
2564 
2624 
2685 
2748 
2812 
2877 
2944 
3013 
3083 
3155 

1 2 3 4 
0 0 1 1 
0 0 1 1 
0 0 1 1 
0 0 1 1 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
O l l i 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 1 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
0 1 1 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 2 1 1 2 2 1 
1 1 2 2 
1 1 2 2 
1 1 2 2 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 
1 1 2 3 

5 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 I 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 

6 7 8 9 
1 2 2 2 
1 2 2 2 
1 2 2 2 
1 2 2 2 
2 2 2 2 
2 2 2 2 
2 2 2 2 
2 2 2 2 
2 2 2 3 
2 2 2 3 
2 2 2 3 
2 2 2 3 
2 2 2 3 
2 2 3 3 
2 2 3 3 
2 2 3 3 
2 2 3 3 
2 2 3 3 
2 2 3 3 
2 3 3 3 
2 3 3 3 
2 3 3 3 
2 3 3 3 
2 3 3 4 
2 3 3 4 
2 3 3 4 
3 3 3 4 
3 3 3 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 1 
3 3 4 4 
3 3 4 4 
3 3 4 4 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 4 5 
3 4 5 5 | 
4 4 5 5 
4 4 5 5 
4 4 5 6 
4 4 5 6 
4 4 5 6 
4 5 5 6 | 
4 5 5 6 
4 5 5 6 
4 5 6 6 
4 5 6 6 
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ANTILOGARITHMS 

•50 
•51 
•52 
•53 
•54 
•55 
•56 
■57 
•58 
•59 
•60 
•61 
•62 
•63 
•64 
•65 
•66 
•67 
•68 
•69 
•70 
•71 
•72 
•73 
•74 
•75 
•76 
•77 
•78 
•79 
1 80 
81 
82 
•83 
1 84 
1 85 
86 
•87 
•88 1 89 
•90 
•91 
•92 
•93 
•94 
•95 
•96 
•97 
•98 
•99 

0 
3162 
3236 
3311 
3388 
3467 
3548 
3631 
3715 
3802 
3890 
3981 
4074 
4169 
4266 
4365 
4467 
4571 
4677 
4786 
4898 
5012 
5129 
5248 
5370 
5495 
5623 
5754 
5888 
6026 
6166 
6310 
6457 
6607 
6761 
6918 
7079 
7244 
7413 
7586 
7762 
7943 
8128 
8318 
8511 
8710 
8913 
9120 
9333 
9550 
9772 

1 
3170 
3243 
3319 
3396 
3475 
3556 
3639 
3724 
3811 
3899 
3990 
4083 
4178 
4276 
4375 
4477 
4581 
4688 
4797 
4909 
5023 
5140 
5260 
5383 
5508 
5636 
5768 
5902 
6039 
6180 
6324 
6471 
6622 
6776 
6934 
7096 
7261 
7430 
7603 
7780 
7962 
8147 
8337 
8531 
8730 
8933 
9141 
9354 
9572 
9795 

2 
3177 
3251 
3327 
3404 
3483 
3565 
3648 
3733 
3819 
3908 
3999 
4093 
4188 
4285 
4385 
4487 
4592 
4699 
4808 
4920 
5035 
5152 
5272 
5395 
5521 
5649 
5781 
5916 
6053 
6194 
6339 
6486 
6637 
6792 
6950 
7112 
7278 
7447 
7621 
7798 
7980 
8166 
8356 
8551 
8750 
8954 
9162 
9376 
9594 
9817 

3 
3184 
3258 
3334 
3412 
3491 
3573 
3656 
3741 
3828 
3917 
4009 
4102 
4198 
4295 
4395 
4498 
4603 
4710 
4819 
4932 
5047 
5164 
5284 
5408 
5534 
5662 
5794 
5929 
6067 
6209 
6353 
6501 
6653 
6808 
6966 
7129 
7295 
7464 
7638 
7816 
7998 
8185 
8375 
8570 
8770 
8974 
9183 
9397 
9616 
9840 

4 
3192 
3266 
3342 
3420 
3499 
3581 
3664 
3750 
3837 
3926 

4018 
4111 
4207 
4305 
4406 
4508 
4613 
4721 
4831 
4943 
5058 
5176 
5297 
5420 
5546 
5675 
5808 
5943 
6081 
6223 
6368 
6516 
6668 
6823 
6982 
7145 
7311 
7482 
7656 
7834 
8017 
8204 
8395 
8590 
8790 
8995 
9204 
9419 
9638 
9863 

5 
3199 
3273 
3350 
3428 
3508 
3589 
3673 
3758 
3846 
3936 
4027 
4121 
4217 
4315 
4416 
4519 
4624 
4732 
4842 
4955 
5070 
5188 
5309 
5433 
5559 
5689 
5821 
5957 
6095 
6237 
6383 
6531 
6683 
6839 
6998 
7161 
7328 
7499 
7674 
7852 
8035 
8222 
8414 
8610 
8810 
9016 
9226 
9441 
9661 
9886 

6 
3206 
3281 
3357 
3436 
3516 
3597 
3681 
3767 
3855 
3945 
4036 
4130 
4227 
4325 
4426 
4529 
4634 
4742 
4853 
4966 
5082 
5200 
5321 
5445 
5572 
5702 
5834 
5970 
6109 
6252 
6397 
6546 
6699 
6855 
7015 
7178 
7345 
7516 
7691 
7870 
8054 
8241 
8433 
8630 
8831 
9036 
9247 
9462 
9683 
9908 

7 
3214 
3289 
3365 
3443 
3524 
3606 
3690 
3776 
3864 
3954 
4046 
4140 
4236 
4335 
4436 
4539 
4645 
4753 
4864 
4977 
5093 
5212 
5333 
5458 
5585 
5715 
5848 
5984 
6124 
6266 
6412 
6561 
6714 
6871 
7031 
7194 
7362 
7534 
7709 
7889 
8072 
8260 
8453 
8650 
8851 
9057 
9268 
9484 
9705 
9931 

8 
3221 
3296 
3373 
3451 
3532 
3614 
3698 
3784 
3873 
3963 
4055 
4150 
4246 
4345 
4446 
4550 
4656 
4764 
4875 
4989 
5105 
5224 
5346 
5470 
5598 
5728 
5861 
5998 
6138 
6281 
6427 
6577 
6730 
6887 
7047 
7211 
7379 
7551 
7727 
7907 
8091 
8279 
8472 
8670 
8872 
9078 
9290 
9506 
9727 
9954 

9 
3228 
3304 
3381 
3459 
3540 
3622 
3707 
3793 
3882 
3972 
4064 
4159 
4256 
4355 
4457 
4560 
4667 
4775 
4887 
5000 
5117 
5236 
5358 
5483 
5610 
5741 
5875 
6012 
6152 
6295 
6442 
6592 
6745 
6902 
7063 
7228 
7396 
7568 
7745 
7925 
8110 
8299 
8492 
8690 
8992 
9099 
9311 
9528 
9750 
9977 

1 2 3 4 
1 1 2 3 
1 2 2 3 
1 2 2 3 
1 2 2 3 
1 2 2 3 
1 2 2 3 
1 2 3 3 
1 2 3 3 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 5 
1 2 3 4 
1 2 4 5 
1 2 4 5 
1 3 4 5 
1 3 4 5 
1 3 4 5 
1 3 4 5 
1 3 4 5 
1 3 4 6 
1 3 4 6 
1 3 4 6 
2 3 5 6 
2 3 5 6 
2 3 5 6 
2 3 5 6 
2 3 5 7 
2 3 5 7 
2 3 5 7 
2 4 5 7 
2 4 5 7 
2 4 6 7 
2 4 6 8 
2 4 6 8 
2 4 6 8 
2 4 6 8 
2 4 6 8 
2 4 6 8 
2 4 7 9 
2 4 7 9 
2 5 7 9 

5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
10 
10 
10 
10 
11 
11 
11 

6 7 8 9 1 
4 5 6 7 
5 5 6 7 
5 5 6 7 
5 6 6 7 
5 6 6 7 
5 6 7 7 
5 6 7 8 
5 6 7 8 
5 6 7 8 
5 6 7 8 
6 6 7 8 
6 7 8 9 
6 7 8 9 
6 7 8 9 
6 7 8 9 
6 7 8 9 
6 7 9 10 
7 8 9 10 
7 8 9 10 
7 8 9 10 
7 8 9 11 
7 8 10 11 
7 9 10 11 
8 9 10 11 
8 9 10 12 
8 9 10 12 
8 9 11 12 
8 10 11 12 
8 10 11 13 
9 10 11 13 
9 10 12 13 
9 11 12 14 
9 11 12 14 
9 11 13 14 
10 11 13 15 
10 12 13 15 
10 12 13 15 
10 12 14 16 
11 12 14 16 
11 13 14 16 
11 13 15 17 
11 13 15 17 
12 14 15 17 
12 14 16 18 
12 14 16 18 
12 15 17 19 
13 15 17 19 
13 15 17 20 
13 16 18 20 
14 16 18 20 

These logarithm and antilogarithm tables originally appeared in Four Figure 
Tables and Constants for the Use of Students, published by Her Majesty's 
Stationery Office. They are reproduced here by courtesy of the Controller of 
Her Majesty's Stationery Office. 

The copyright of the part of the tables giving the logarithms of numbers from 
1,000 to 8,000 is the property of Messrs. Macmillan & Co. Ltd., who have 
authorized their reprint for educational purposes. 
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GLOSSARY 

ABSCESS: A localized formation of pus in a cavity produced by the 
breakdown of tissues. 

ABSORPTION: In bacteriology and haematology, the removal of specific 
antibodies from a serum by mixing with their specific antigen. 

ACIDOPHILIC : Staining readily with acid dyes. 
ACUTE: Short and severe; not chronic. 
ADIPOSE: Of a fatty nature, fatty, fat. 
ADSORPTION : Condensation of gases on surfaces of solids (distinct from 

absorption). 
AEROBE: An organism requiring oxygen for multiplication. 
AEROSOL: (1) A colloid in which the dispersion medium is a gas. 

(2) A solution finely atomized to sterilize air. 
(3) A medicinal solution atomized to a fine mist for inhalation. 

AFFERENT : Conducting inwards, or towards, for example, afferent nerves. 
AGGLUTININ: Antibody capable of causing the agglutination of its 

specific antigen. 
AGGLUTINOGEN : An antigen which will react with a specific anti-serum. 
ALBUMIN: A water-soluble heat-coagulable protein found in animal 

tissues. 
ALICYCLIC COMPOUNDS: Ring compounds resembling aliphatic com

pounds. 
ALIPHATIC COMPOUNDS: Open chain compounds. One of the major 

groups of organic compounds. 
ALLERGY: A specific hyper-sensitiveness to a substance which is harmless 

for the majority of members of the same species. 
ALLOTROPY: The existence of a chemical element or compound in two 

or more forms, each with different physical properties, for example, 
carbon as diamond, charcoal or blacklead. 

AMBULANT: Able to walk, not confined to bed. 
AMOEBA : A minute unicellular protozoan. 
AMORPHOUS: Substances which are not crystalline, for example, amor

phous urates and phosphates in urine. 
AMPERE : The current produced by the electromotive force of one volt in 

a wire having the resistance of one ohm. 
AMPOULE : Small glass container capable of being sealed to preserve the 

contents in a sterile condition. 
AMYLOID DISEASE: A disease in which liver, spleen and kidney tissue is 

replaced by an amorphous wax-like material. 
AMYLOPSIN: Enzyme of pancreas which hydrolyses complex carbo

hydrates into soluble sugars. 
ANABOLISM : The elaboration of complex substances from simpler com

pounds, with absorption and storage of energy—a metabolic process. 
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ANAEROBE : An organism not requiring oxygen for multiplication. 
ANALYTICAL REAGENTS: Pure chemicals of known composition. 
ANAPHYLOSIS: A reaction produced in a sensitized animal by injection of 

a substance to which the animal has been sensitized. 
ANATOMY: The study of the structure of the animal body. 
ANATOXIN OR TOXOID: A toxin which has been inactivated by formalin 

and heat. 
ANEURYSM: A sac produced by the dilation of the walls of a blood vessel. 
ANGSTRÖM UNIT: One ten-millionth of a millimetre. Unit of length used 

for measurement of wavelengths of light. 
ANHYDRIDE : The anhydride of a substance is that substance after chemical 

removal of water, which gives the substance itself; for example, 
acetic acid minus water forms acetic anhydride. 

ANHYDROUS: Without water. Often refers to a salt which crystallizes 
without water, for example, NaCl. 

ANION: Negatively charged ion attracted to the anode during electrolysis. 
ANODE: Positive electrode. 
ANTE : Prefix meaning before, in time or place, for example, antecubital, 

situated in front of the cubitus, or forearm. 
ANTERIOR: Situated in the forward or frontal part. 
ANTI- : Prefix denoting opposite. 
ANTIBIOSIS: An association between two organisms which is detrimental 

to one of them. 
ANTIBIOTIC: An antibacterial substance of biological origin. 
ANTI-COAGULANT: A substance which when added to blood prevents 

clotting. 
ANTISEPTIC: A substance that will inhibit the growth of organisms with

out necessarily destroying them. 
ANTITOXIN: A substance that will neutralize toxins. 
AORTA : Main artery of the body, leaving the left ventricle of the heart. 
AQUEOUS: Watery, especially with reference to solutions having water as 

solvent. 
ARACHNOID: A membrane surrounding the brain and spinal cord and 

interposed between the dura mater and pia mater. 
AROMATIC COMPOUNDS: Ring compounds containing at least one benzene 

ring. 
ARTEFACT (MICROSCOPICAL) : An artificial optical effect. 
ARTERY : A vessel through which blood is conveyed from the heart. 
ASCITIC FLUID : An accumulation of fluid in the peritoneal cavity. 
ASCORBIC ACID : Vitamin C. 
ASEPSIS: Freedom from infection. 
ASPIRATION: (1) Drawing in of breath. 

(2) Withdrawal of fluid from a cavity by means of suction. 
ASSIMILATION: The absorption and utilization of digested foodstuffs by 

the tissue cells. 
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ATMOSPHERIC PRESSURE: The pressure of the air upon the earth. At 
sea level approximately 15 lb. per square inch. 

ATOMIZER : Apparatus for producing a fine spray. 
ATYPICAL: Differing from type. 
AUTO-: A prefix signifying self, for example, auto-agglutination— 

agglutination of blood corpuscles of an animal by its own serum. 
AUTO-AGGLUTININ : An antibody present in a donor's serum which will 

react with the donor's red blood cells. 
AUTOGENOUS: Self-produced; originating within the organism. 
AUTOLOGOUS: A normal occurrence in a tissue structure. 
AUTOLYSIS: The destruction of tissues by autogenous enzymes. 
AUTOLYTIC: Pertaining to autolysis. 
AUTOPSY: Post mortem examination of a body. 

BACILLUS: A rod-shaped organism. 
BACTERIA: Minute simple-celled organisms. 
BACTERIAL: Pertaining to bacteria. 
BACTERIOLOGY: The study of bacteria. 
BACTERIOSTATIC : Preventing the multiplication of bacteria. 
BENCE-JONES PROTEIN: A protein which coagulates at 60° C but redis-

solves at higher temperatures. 
BENIGN: Not malignant. 
BENZENE: Benzol. CeH6. Hydrocarbon found in coal tar. 
Bi- : Prefix denoting two, or twice. 
BICONCAVE: Having two concave surfaces. 
BICONVEX: Having two convex surfaces. 
BIFURCATION: A division to form two branches. 
BILE: A fluid produced by the liver which assists in emulsification and 

absorption of fats. 
BILIRUBIN : The pigment of bile, derived from haemoglobin breakdown. 
BINOCULAR: Pertaining to both eyes, for example, binocular microscope. 
BIOCHEMISTRY: The chemistry of living matter. 
BIOLOGY: The study of life in general. 
BIOPSY : Diagnostic examination of tissue removed during life. 
BOTULISM : Food poisoning due to a toxin produced by C. botulinum. 
BOVINE: Pertaining to ox, cow or heifer. 
BRITISH THERMAL UNIT: Amount of heat required to raise the tempera

ture of 1 lb. of water through 1° F. 
BRONCHUS : Either of the two main branches of the trachea. 
BUDDING: Asexual reproduction by division into two parts, the larger 

parent body, and smaller bud, for example, yeast. 
BUFFER SOLUTION: A solution which resists change of /?H. 
BOUILLON: A meat broth used as a culture medium. 
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CALCULUS: An abnormal concretion of mineral salts formed within the 
body, for example, renal calculus. 

CALORIE: Amount of heat required to raise the temperature of 1 g. of 
water through 1°C. 

CANE SUGAR: Sucrose, saccharose. Ci2H22Oii. Identical with beet sugar. 
CAPILLARY : Hair-like, for example, capillary tube. 
CARAMELIZATION: The process whereby a brown complex is produced 

when sugar is heated. 
CARBOHYDRATE: Organic compounds of carbon, hydrogen and oxygen, 

for example, sugars, gums, starches and cellulose. 
CARDIAC : Relating to the heart. 
CARRIER: In bacteriology, a person who harbours specific organisms 

without necessarily having symptoms of disease, but is capable of 
spreading the infection to other persons. 

CASEIN : Principal protein of milk. 
CATABOLISM: That part of metabolic process dealing with the breakdown 

of complex substances into simpler compounds with a release of 
energy. 

CATALYST: A substance which alters the rate of a reaction. 
CATHETER : A tube for withdrawing fluids, for example, urine. 
CATHODE: Negative electrode. 
CATION: Positively charged ion which is attracted to the cathode during 

electrolysis. 
CELL (Biol.) : A minute protoplasmic mass containing a nucleus. 
CELLULAR: Composed of cells. 
CELLULOSE : A carbohydrate forming the outer walls of plant cells. 
CENTI-: Prefix denoting 1/100th part, for example, a centimetre is l/100th 

of a metre. 
CENTRIFUGATION : The process of separating a lighter portion of a solu

tion, mixture or suspension from the heavier portion, by centrifugal 
force. 

CEREBRAL: Pertaining to the cerebrum. 
CEREBRUM: The main portion of the brain—consists of two hemispheres. 
CHEMOTHERAPY: The treatment of disease by the administration of 

chemicals. 
CHLOROPHYLL: The green colouring substance of plants. 
CHROMATIC : Pertaining to colour for, example, monochromatic. 
CHROMATIN: Deeply staining portion of the cell nucleus. 
CHROMOSOMES: Small dark staining rod-shaped bodies present in the cell 

nucleus during division. 
CHRONIC: Long-standing; not acute. 
CHYLE : Milky looking fluid of lymph and emulsified fat absorbed into the 

intestine after digestion of food. 
CLARIFY : To clear of turbidity. 
Cocci : Spherical bacteria. 
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COLLOIDAL STATE: The condition in which molecules in solution are 
aggregated together to form solid particles held in suspension. 

COLONY (Bact.): A collection or group of bacteria on a solid culture 
medium. 

COMBUSTION: A chemical combination with oxygen with the production 
of heat, light and flame. 

COMPLEMENT: A thermolabile substance formed in normal blood serum. 
Used in complement fixation tests. 

CONGENITAL : Existing at the time of birth ; born with. 
CRENATED: With a notched or toothed edge, for example, crenated red 

blood cell. 
CRYSTAL: The definite geometric form of solidified substances. Most 

pure substances have characteristic crystalline forms. 
CULTURE: The propagation of micro-organisms. 
CURRENT : A flow of electricity. 
CUTANEOUS: Relating to the skin. 
CYST : A hollow sac containing a liquid or semi-solid fluid. 
CYTOLOGY : The study of cells. 
CYTOLYSIS: The destruction of cells. 
CYTOPLASM : The protoplasmic structure of a cell, other than the nucleus. 

DARK GROUND ILLUMINATION: The system used in microscopy in which 
the central rays of light are blocked out and the peripheral ones are 
directed obliquely against the object, showing it up brightly on a 
dark background. 

DEFIBRINATION: The removal of fibrin. 
DEHYDRATION: LOSS or removal of water. 
DELIQUESCENCE: The absorption of water from the air by certain 

chemicals so that they eventually dissolve, for example, NaOH and 
p2o5 . 

DENSITY : The weight of a substance divided by its volume. 
DERMATOLOGY : The study of skin. 
DERMIS: The true skin. 
DESICCATION: The removal of water; drying. 
DEXTRIN: Mixture of carbohydrates obtained by partial hydrolysis of 

starch. 
DEXTROSE: See GLUCOSE. 
DIASTASE: Enzyme which converts starches into sugars. 
DIPHASIC : Occurring in two phases. 
DISINFECTANT: A substance capable of destroying micro-organisms. 
DISTILLATION: The process of converting a liquid into a vapour, con

densing the vapour and collecting the condensed liquid or distillate. 
DORSAL: Relating to the back. 
DURA MATER: The outermost of the three membranes (méninges) sur

rounding the brain and spinal cord. 
DYSGONIC : Poorly growing. 
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EFFERENT : Conducting outwards or away. 
EFFLORESCENCE: The loss of water of crystallization on exposure to air, 

for example, crystals of washing soda crumble into powder. 
ELECTROLYSIS: Chemical decomposition of certain substances (electro

lytes) by an electric current. 
EMBRYOLOGY: The study of the development of the embryo. 
EMULSION : A milky fluid containing fatty droplets in a state of suspension. 
ENDO-: A prefix denoting within, for example, endogenous, occurring 

within the body. 
ENDOTHERMIC REACTION : A chemical process accompanied by absorption 

of heat. 
ENZYMES: Organic substances produced by living cells, which act as 

catalysts. 
EQUILIBRIUM: A state of balance. 
EUGONIC : Growing luxuriantly. 
Exo- : A prefix denoting outside, for example, exospores, spores occurring 

outside a hair fibre. 
EXOTHERMIC REACTION: A chemical process accompanied by release of 

energy in the form of heat. 
EXPECTORATION: Clearing of secretions from the respiratory tract by 

coughing. 

FAECES (STOOL) : Matter excreted by the bowels. 
FILTRATION: Passing of a fluid through a filter to separate fluids from 

solids. 
FLACCID : Soft, flabby, not firm. 
FLASH POINT: The temperature at which the vapour of a combustible 

fluid will ignite if exposed to a naked flame. 
FLOCCULATION: A flaky precipitation. 
FRACTIONAL CRYSTALLIZATION: A process for the separation of a mixture 

of dissolved substances by making use of their differing solubilities. 
FRUCTOSE: Fruit sugar. C6H12Oe. 
FUNGI: A class of vegetable organisms of a low order of development 

and lacking chlorophyll. 

GLANDS: An organ capable of secretion. 
GLOBULIN: A characteristic type of protein insoluble in water. 
GLUCOSE (DEXTROSE). Grape sugar. C6H12Oe. 
GLYCOGEN: A carbohydrate stored in various tissues (mainly the liver). 

It can be converted into glucose and released into the blood stream. 

HABITAT: The natural abode or home of an organism. 
HAEM-: A prefix meaning pertaining to blood. 
HAEMATOLOGY: The study of blood and blood-forming tissues. 
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HEPATIC: Pertaining to the liver. 
HETEROCYCLIC COMPOUNDS: Organic ring compounds which include 

atoms of elements other than carbon, for example, pyridine C5H5N. 
HISTOLOGY : The study of the structure of tissues. 
HOMO- : Prefix denoting the same. 
HOMOGENEOUS: Of uniform composition throughout. 
HORMONES : Substances, produced by endocrine glands, which specifically 

regulate organic functions; for example, insulin, produced in pan
creas, regulates blood sugar levels. 

HYALINE: Glass-like; transparent. 
HYDRATES : Compounds forming crystals which contain water of crystal

lization, for example, copper sulphate crystals. 
HYDRO- : Prefix denoting water. 
HYDROLYSIS: The chemical decomposition of a substance by water, 

the water being decomposed during the process. 
HYDROMETER: Instrument for measuring the specific gravity of liquids. 
HYGROMETER : Instrument for measuring humidity of the atmosphere. 
HYGROSCOPIC: Solids which absorb water from the air without lique

faction, for example, NaC03, and liquids which absorb moisture, 
for example, H2S04. 

HYPER- : Prefix denoting over or above, for example, hypertonic meaning 
of greater osmotic pressure. 

HYPO- : Prefix denoting under or below, for example, hypotonie. 
HYPO: Abbreviation for sodium thiosulphate. 

IMMUNE: Protected against any particular disease. 
IMMUNIZE : To render immune. 
INACTIVATION : Destruction of the activity of serum by action of heat, that 

is at 56° C for 30 minutes. 
INDICATOR : Substance which indicates thepH of a liquid or which denotes 

the end of a chemical reaction by a colour change. 
INERT: Chemically inactive. 
INFECTION: Invasion and injury of the tissues of the body by pathogenic 

organisms. 
INFERIOR: Situated below. 
INFLAMMATORY: Relating to inflammation. 
INHIBITION: Arrest or restraint of a process. 
INOCULATION: The introduction of any organism or substances into the 

body tissues. 
INOCULUM: The substance used in inoculation. 
INSPISSATION : The process of thickening or condensing often by heat or 

evaporation, for example Loefflers serum slopes. 
INTER-: Prefix denoting between, among. Intercellular means between 

cells. 
INTRA-: Prefix meaning within, for example, intracellular. 
ION : A charged atom. 
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Iso-: Prefix denoting equal, for example, isotonic solutions, meaning of 
equal osmotic pressure. 

ISO-AGGLUTININ : An antibody which will agglutinate all red blood cells of 
the same species. 

ISOMERISM: Phenomenon occurring where compounds have the same 
molecular formulae but different physical and chemical properties 
for example, lactose, maltose and sucrose. 

ISOTONIC SALINE: 0*85% sodium chloride in distilled water, which has the 
same osmotic pressure as red blood cells. 

JAUNDICE : A yellow discoloration of the skin due to an excess of bilirubin 
in the blood. 

LACTOSE: Milk sugar. Ci2H2 20ii. 
LAEVULOSE: Fruit sugar; see Fructose. 
LAKE: (1) The colour formed between a dye and a mordant. 

(2) To cause blood to lyse. 
LATENT HEAT: Heat required to convert a solid into a liquid, or a liquid 

into a vapour without change of temperature. 
LESION : An alteration in the structure of living tissues by injury or disease. 
LIPIDS : Fats. 
LITRE: Metric unit of volume. The volume of 1 kilogram of pure air-free 

water at 4° C and 760 mm. pressure. A litre is equivalent to 1000 ml. 
or 1000 027 cc. 

LUMEN : The interior of a tubular structure. 
LYMPH : A transparent, alkaline fluid filling lymphatic vessels. 
LYSIS: A breaking up or dissolution, for example, haemolysis, disintegra

tion of red blood cells. 

MACRO- : Large, the opposite of MICRO-. 
MACROPHAGE: A large mononuclear phagocytic cell. 
MACROSCOPICAL: Visible without the aid of a microscope. 
MALIGNANT: Virulent; tending to deteriorate. 
MALTOSE: Malt SUgar. >-Ί2Η22^/ιΐ. 
MANOMETER: An instrument for measuring the pressures exerted by 

liquids and gases. 
MEDIAL: Relating to the middle. 
METABOLISM: The sum of all the physical and chemical processes of a 

living organism. 
MICRO-: (a) Very small; (b) one millionth part (metric system), for 

example, microgram. 
MICROSCOPY : The use of the microscope. 
MICROTOMY: The preparation of thin sections. 
MISCIBLE: Capable of being mixed to form a homogeneous substance, 

for example, ethyl alcohol and water. 
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MITOCHONDRIA: Rod-shaped structures found in the cytoplasm of cells. 
MITOSIS: Indirect cell division. The nucleus resolves into chromosomes, 

which then divide longitudinally. The halves separate and form a 
complete nucleus in each daughter cell. 

MONO- : Prefix meaning one, for example, mononuclear. 
MONOMORPHISM : Uniformity of structure. 
MORDANT: Substance used to bring about a staining reaction which 

otherwise would not occur. 
MORPHOLOGY: The study of the structure and forms of organized beings. 
MOTILITY (Bact.): The ability to move spontaneously through the sur

rounding medium. 
MULTI-: Prefix meaning many. 

NECROSIS: Death of a circumscribed piece of tissue. 
NEO-: Prefix meaning new growth, for example, neoplasm. 
NEPHRO- : Prefix denoting kidney. 
NERVE: Structure which conveys impulses and sensations in the body. 
NEUROLOGY: The study of the nervous system. 
NON-VOLATILE : Liquids which can remain exposed to air for an indefinite 

period without evaporating, for example, oil. 
NUCLEUS: In cytology, a spheroid body within a cell, with a dense 

structure, and containing chromatin ; essential and vital part of a cell. 

OEDEMA: Excessive fluid in the tissues. 
OESOPHAGUS: The gullet. 
OHM: The resistance of a column of mercury at 0° C, 14-452 g. in weight, 

with a cross sectional area of 1 sq. mm. and 106,30 cm. long. 
OPTIMUM: Most favourable conditions. 
ORGANIC CHEMISTRY: The chemistry of carbon compounds. 
OSMOSIS: A process whereby liquids of different concentrations, separated 

by a semi-permeable membrane, percolate and mix until their con
centrations are equal. 

OSTEOLOGY: The study of the skeleton. 
OXIDATION: Combination with oxygen (or removal of hydrogen). 

PARA-: Prefix meaning beside, against, apart from. 
PARALLEX: A shift in the apparent position of an object due to a change 

in position of the observer. 
PARASITE : A plant or animal living upon or within another living organism 

at whose expense it gains advantage, without any compensations. 
PARASITOLOGY : The study of parasites. 
PARENTERAL: Not through the alimentary canal. 
PATHOGEN: Any disease-producing organism. 
PATHOLOGY: Science dealing with the nature of disease and the structure 

and functional changes it brings about. 
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PELLICLE: A thin skin or film: the scum on the surface of a liquid. 
PENTOSE: A sugar with the formula C5H10O5. 
PEPSIN: A gastric enzyme which converts proteins into peptone in an acid 

medium. 
PEPTONE : A substance produced during the hydrolysis of protein by the 

action of pepsin. 
PERI-: Prefix denoting around, about, for example, periphery. 
PERISTALSIS: Muscular contractions of the alimentary tract which propel 

food material along. 
PERITONEUM : The membrane lining the abdominal cavity and the organs 

contained within it. 
/?H : The symbol used to denote acidity and alkalinity. It is the logarithm 

of the reciprocal of the hydrogen ion concentration, to base 10. 
PHAGOCYTE : A cell capable of ingesting micro-organisms and other sub

stances. 
PHOTOSYNTHESIS: Process by which plants containing chlorophyll can 

manufacture carbohydrates in the presence of light and air. 
PHYSIOLOGY: Science dealing with structure and function of living 

organisms. 
PIA MATER: The innermost of the three membranes surrounding the brain 

and spinal cord. 
PLASMA: Fluid portion of the blood. 
PLASMOLYSIS: Contraction of cells due to loss of water by osmosis. 
PLEOMORPHIC: Occurring in various distinct forms. 
PLEURA: Membranes which line the thoracic cavity and surround the 

lungs. 
POLY- : Prefix denoting many. 
POST-: Prefix denoting behind or after, for example, posterior, post

mortem. 
PRE-: Prefix meaning before. 
PROTEINS: Characteristic constituents of animal tissues. They are com

binations of a amino acids mostly condensed together by the peptide 
linkage. 

PROTEOLYTIC : Having the power to decompose proteins. 
PROTOPLASM: The main constituent of cells, of a colloidal nature, with 

water, proteins, carbohydrates, lipids and inorganic salts. 
PROTOZOA: Unicellular animal organisms. 
PSEUDO-: Prefix meaning false. 
PYROGENS: Substances, generally of bacterial origin, which are thermo

stable and able to pass bacterial filters. May cause a reaction in the 
recipient if present in intravenous solutions. 

QUALITATIVE ANALYSIS: The determination of the chemical nature of 
substances present. 

QUANTITATIVE ANALYSIS: The determination of the amount of substances. 
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REDUCTION (Chem.): Removal of oxygen (or the addition of hydrogen). 
RENAL: Pertaining to the kidney. 
RESPIRATION: The act of breathing, that is, inspiration and expiration. 
RETICULAR: Resembling a network. 
RETRO-: Prefix denoting behind or backwards. 
RIGOR: (a) A chill accompanied by a fever; (b) stiffening, for example, 

rigor mortis. 
RINGER'S SOLUTION: Solution of same osmotic pressure as body fluids. 
ROULEAUX FORMATION : A property of serum which causes red blood cells 

to stack like a pile of coins. Must not be confused with agglutination. 

SAPONIN : A compound capable of laking blood. 
SAPROPHYTES : Organisms which live on dead organic matter. 
SCARIFICATION : The making of many small cuts in the skin. 
SATURATED (SOLUTION) : One that can exist unchanged in contact with the 

solid (solute) which is partly in solution. 
SEROLOGY : The study of serum. 
SEROUS: Pertaining to serum. 
SERUM: Fluid portion of blood which separates after blood has clotted. 
SLOUGH : A mass or sheet of dead tissue cast off from living tissue. 
SOLUBILITY: The extent to which a solute will dissolve in a solvent. 

Usually measured in grammes per 100 millilitres at a given tempera
ture. The substance in solution is called the solute. The liquid in 
which the solute is dissolved is called the solvent. 

SPATULA: A flat blunt instrument used for depressing tongues and 
transferring samples of chemicals. 

SPECIFIC GRAVITY : The ratio of the mass of a given substance to the mass 
of an equal volume of water, at the same temperature. 

SPECTROSCOPE: An instrument for viewing a spectrum. 
SPECTRUM: The coloured bands into which light is split when passed 

through a prism. 
SPHYGMOMANOMETER : An instrument for measuring blood pressure. 
STARCH: Carbohydrate stored by certain plants. (C6H l0O5)x. 
STERILE : Free from contamination with living organisms. 
STOOL: Faecal discharge from the bowels. 
STRIATED : Having lines or furrows. 
SUB-: A prefix denoting beneath or under. 
SUBLIMATION (Chem.): The conversion of a solid direct into a vapour, 

and its subsequent condensation. A method of purification. 
SUCROSE: Cane sugar. Q2H22OH. 
SUPERIOR: Higher, above. 
SUPERNATANT: The liquid above a solid deposit. 
SUPERSATURATED SOLUTION: A solution containing more solute than 

the saturation value. 
SYMBIOSIS (Bact.): An association between two different organisms which 

is of mutual benefit. 
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TACHOMETER: An instrument for measuring velocity, for example, speed 
of a centrifuge in revolutions per minute 

TERTIARY: Third. 
THERAPY: Treatment of disease. 
THERMO-: Prefix denoting relation to heat, for example, thermometer. 
THERMOLABILE: Easily altered or decomposed by heat. As applied to 

serum, losing its activity at a temperature of 55-56° C. 
THERMOSTABLE : Not easily affected by heat. 
THORAX: The chest and its enclosed organs. 
TINCTURE: A solution of a medicinal substance in alcohol. 
TISSUE: An aggregation of cells similar in structure and function. 
TITRATION: Volumetric determination using standard solutions. 
TITRE: The highest dilution of a serum that will still react with its specific 

antigen. 
TONICITY: Condition of tension, for example, tonicity of muscle. 
Toxic: Poisonous. 
TRACHEA : Wind pipe. 
TURGID: Firmly distended with blood or fluid. 

ULTRA-: Prefix denoting beyond, in, excess of, for example, ultra-
centrifuge. 

URAEMIA : Condition due to the accumulation in the blood of toxic sub
stances normally excreted by the kidneys. 

UROBILIN: Brownish pigment found in faeces; an oxidized form of uro-
bilinogen. 

UROBILINOGEN : Colourless compound formed in intestines by reduction 
of bile and excreted in faeces where it is oxidized to urobilin. 
Occasionally found in urine. 

VACUOLE: A clear space filled with fluid, such as found in the proto
plasm of amoebae. 

VAPORIZATION : The conversion of a liquid into a vapour. 
VEIN: A vessel through which blood is conveyed towards the heart. 
VELOCITY: Rate of motion in a given direction. 
VENEPUNCTURE: Introduction of a needle into a vein for the withdrawal 

of blood or the injection of a fluid. 
VIRULENCE (Bact.): The relative infectiousness of a micro-organism. 
VIRUS : A micro-organism so small that it will pass through Chamberland 

sterilizing filter, cannot generally be seen by ordinary microscopy and 
will only grow in the presence of living cells. 

VISCERA: The large interior organs, for example, abdominal viscera. 
VISCOSITY: Quality of being viscous. 
Viscous: Sticky, gummy, viscid. 
VITAMINS : Accessory food factors necessary for a well-balanced diet. 
VOLATILE: Liquid capable of rapid evaporation, for example, acetone. 
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VOLT: The unit of electromotive force which would cause the flow of 
1 ampere through a resistance of 1 ohm. 

XANTHOCHROMIC : Having a yellow colour. 
XANTHOUS: (pronounced zanthus) Yellow. 

YEAST: A unicellular fungus lacking in mycelium. 

ZYMASE: Enzyme found in yeasts. Acts on glucose to form ethyl alcohol 
and C02. 

ZYME: A ferment. 
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Abbé condenser, 52 
Aberration, 

chromatic, 47 
spherical, 46 

Absolute alcohol, as a fixative, 137 
Absolute temperature, 63 
Absolute values, 296-298 

mean cell haemoglobin, 296 
mean cell haemoglobin con

centration, 298 
mean cell volume, 297 

Absorbent wool mats, 253 
Absorptiometer, photoelectric, 86 
Absorption of light rays, 87 
Absorption refrigeration, 329 
Accidents, treatment of, 348 

burns and scalds, 348 
contamination by infected ma

terial, 348 
poisoning, 348 
superficial wounds, 348 

Acetic acid, 
alum haematoxylins, in, 184 
fixative, as, 136 

Aceto-acetic acid in urine, 99 
Acetone, 

cleaning syringes, for, 17 
dehydration of tissues, by, 151 
drying pipettes, for, 3 
urine, in, 99 

Achlorhydria, gastric juice, 123 
Achromatic objectives, 48 
Acid alcohol, 189 
Acid-base indicators, 76 
Acid dyes, 175 
Acid-fast bacilli, staining of, 193 
Acid fuchsin, 

Andrade's indicator, in, 231 
Van Gieson's stain, in, 187 

Acid stains, 175, 187 
Acidity of gastric juice, 123-125 
Acids, 

cleaning of spilt, 347 
concentrated, 75 
dilute, 75 
dilution for normal solutions, 

353 
properties of, 69 
storage of, 350 
strength of, 74 

Adrenal glands, 346 
Aerobes, 238 
Agar, 

nutrient, 226 
plates and slopes, 227 
use of, 215 

Agglutination reactions of blood 
groups, 307 

Agglutination test, 242 
Agglutinin, 306 
Agglutinogen, 306 
Albert's stain, 188, 195 
Albumin and glycerol solution, 170 
Albumin rhesus grouping, 318 
Albumin, storage of, 327 
Alcohol, 

dehydration of sections by, 172 
dehydration of tissues, in, 150 
removal of, in clearing, 152 
Romanowsky stains, in, 188 
storage of, 350 

Alginate wool swabs, 253 
Alkali, 

glassware, in, 37 
pipette cleaning, in, 3, 4 
test for, in glassware, 2 

Alkalis, 
concentrated, 75 
dilute, 75 
dilution for normal solutions, 353 
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Alkalis—continued 
properties of, 70 
strength of, 74 

Alum, 
Ehrlich's haematoxylin, in, 183 
Harris's haematoxylin, in. 184 
Heidenhain's haematoxylin, in, 

185 
Mayer's haematoxylin, in, 183 

Alveolus, 345 
Amino acids, 335, 338 

breakdown of, 340 
Ammonia, 

detected by Nessler's reagent, 
114 

storage of, 350 
urine, in, 89 

Ammonium oxalate, 273, 292 
Ammonium urates, 98 
Amorphous phosphates in urine, 

92-98 
Amorphous urates in urine, 89, 

98 
Amylase, 338 
Anabalism, 334 
Anaemia, 

iron deficiency, and, 269 
macrocytic, 269 
microcytic, 269 

Anaerobes, 238 
Anaerobic methods, 238-241 

anaerobic jars, 239 
Brewer's broth, 238 
cooked meat medium, 239 
glucose agar deeps, 238 
glucose broth, 238 
growth with Ps. pyocyaneus, 239 
iron strips, 239 
production of hydrogen, 240 
pyrogallic acid, 239 
Smith-Noguchi medium, 239 

Anaerobiosis, 238 
Anaesthesia of animals, 265 
Andrade's indicator, 231 
Anhydric incubator, 34 
Aniline dyes, 174 

Aniline-xylene, 189 
Animals, 

anaesthesia, 265 
breeding of, 260 
cages for, 259 
care of, 257 
euthanasia, 265 
general information, 258 
guinea-pigs, 260 
handling of, 262 
inoculation of, 260 
mice, 258 
preparation for post mortem, 

266 
rabbits, 260 
rats, 258 

Anions, 205 
Annealing of glass, 40 
Anode, 205 
Antibodies, 242, 343 

blood, in, 301 
' complete ' ,318 
formation of, 271, 345 
' incomplete ' ,318 
Rhesus, 309 

Anticoagulants, 272 
blood transfusion, for, 321 
citrate, 273 
di-sodium citrate, 321 
heparin, 273 
oxalate, 109, 273 
sodium fluoride, 109, 113 

Anti-D serum, 318 
Antigens, 242 
Anti-logarithms, table of, 359 
Apochromatic lenses, 48 
Apparatus, 

anaerobic jar, 239 
autoclave, 208 
balance, 22 
batswing burner, 37 
bellows, 38 
blood pipettes, 279 
blood transfusion, for, 302, 322 
blow-lamp, 38 
bottles, 5 



Apparatus—continued 
Buchner tube, 239 
cages, 258 
centrifuges, 26 
Chown rack, 319 
colorimeter, 83 
comparators, 85, 221 
counting chambers, 277 
distillation, 28 
embedding oven, 154 
Esbach's tube, 93 
filters, 210 
glass-blowing, for, 37 
glassware, 1-18 
haemoglobinometer, 289 
hones, 165 
hot air oven, 35 
hydrogen cylinder for anaerobic 

jar, 241 
hypobromite urea method, 105 
incubators, 34 
inoculation box, 264 
inspirator, 35 
Jablo box, 331 
Kipps', 240 
knives, 164 
microscope, 

binocular, 55 
monocular, 44 

microtomes, 160 
needles, 324 
photoelectric absorptiometers, 87 
pipettes, 11 
refrigerators, 327 
specific gravity, 13, 14 
staining, 178 
still, 22 
strops, 166 
syringes, 15 
tissue processor, automatic, 156 
tissue washer, 145 
vacuum embedding oven, 157 
water bath, 36 
weights, 26 
wire loops, 203 

Arteries, 343 

INDEX 

Artificial pigments in tissue, 179 
Asbestos, 

fibres, 181 
filters, 211 

Ascitic fluid, 239 
Aseptic precautions, 204 
Assimilation, 339 
Atmospheric pressure, 63 
Atomic number, 58 
Atomic weight, 58, 60, 68 
Atoms, 58 
Autoclaves, 19-22 

description of, 19 
efficiency tests, 21 
heating of, 19 
method of use, 20 
principle, 19 
table of pressures, 20 

Autolysis of tissue, 134 
Automatic pipettes, 11 
Automatic tissue processers, 156 
Auxochrome, 174 

B 
Bacilli, 201 
Bacteria, 

cellulose breakdown by, 340 
culture of, 215 
enzymes of, 200 
flagella of, 202 
growth phase, 214 
growth requirements, 213, 238 
measurement of, 199 
microscopic examination of, 203 
morphology of, 200 
motility of, 202, 204 
nutritional requirements, 213 
protein breakdown by, 340 
reproduction of, 199 
spores, 202 
staining of, 192, 205 
structure of, 199 
urine, in, 98 

Bacteriological examinations, 
blood cultures, 246 
cerebrospinal fluid, 247 
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Bacteriological examinations— 
continued 

coagulase test, 255 
faeces, 247 
fluids, 248 
gastric lavage, 253 
genito-urinary swabs, 252 
laryngeal swabs, 253 
making of hanging drops, 204 
making of smears, 204 
nasal swabs, 252 
pus, 249 
serology, 249 
sensitivity tests, 255 
sputum, 250 
staining, 205 
throat swabs, 252 
urine, 254 

Bacteriological stains, formulae and 
preparation of, 187 

Bacteriology, introduction to, 199— 
206 

Balances, 22-26 
care of, 25 
principle of, 22 
riders, 22, 24 
technique of using, 23, 24 
weights, 26 

Balsam as mounting medium, 179, 
189 

Basal metabolic rate, 335 
Base, mathematical, 70 
Bases, chemical, properties of, 69 
Basic dyes, 175 
Basic stains, 175, 186 
Basins, evaporating, 8 
Basophils, 271 
Batswing burner, 37 
Beakers, 5 
Beer's law, 83 
Bellows, 38 
Bence-Jones protein, 92 
Bending glass tubing, 40 
Benedict's blood sugar method, 

109-112 
Benedict's qualitative test, 95, 108 

Benzene dye compounds, 174 
Benzene for tissue cleaning, 152 
Benzidine test for occult blood, 119 
Berkefeld filters, 210 
Bevel of knives, 164 
Bi-concave knife, 164 
Bile, 338 

breakdown of, 118 
gastric juice, in, 123 
secretion by liver, 340 
urine, in, 90, 100 

Bile salts, culture media in, 232 
Biliverdin, 119 
Bilirubin, 100, 119 
Binocular microscope, 55 
Biological staining, 172 
Biopsies, 

cleaning of, 152 
décalcification of, 148 
dehydration of, 151 
embedding of, 157 
fixing of, 139 

Bladder, 341 
Blood, 

anticoagulation of, 109, 113, 272, 
321 

carbon dioxide in, 269 
coagulation of, 272 
collection of, 275 

counts, for, 275 
donors, from, 301 
sugar, for, 109 
urea for, 113 
venous, 276, 302 

compatibility, 274 
composition of, 268 
counts, 276 
cultures of, bacteriological 

examination for, 246 
development of cells, 268 
donation of, 301 
faeces, in, 119 
fibrin, 272 
films, 275 
fragility of cells, 293 
functions of, 343 
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Blood—continued 
gastric juice, in, 123 
glucose, 107 
glycogen, 107 
groups, 273 
haemoglobin, 269 
lactose, in, 107 
occult, 119 
oxalated, 109, 113, 273, 292 
oxygen, 269 
oxyhaemoglobin, 269 
pH of, 268 
plasma, 303 
platelets, 268, 272 
red cell fragility, 293 
reticulocytes, 294 
sedimentation, 291 
storage, 303 
sugar, 107-112 

Benedict's method, 109 
collection of samples, 109 
estimation of, 109-112 
fasting blood sugar, 108 
levels, 107, 340 
modification of Folin and Wu, 

110 
values, 107 

transfusion, 274, 300 
transport of, 331 
urine, in, 96, 101 

Blood agar plates, 227 
Blood agar slopes, 227 
Blood broth, 225 
Blood cells, 268-272 

counting of, 276 
crenation of, in urine, 96 
red, 268 
structure and function, 268 
urine, in, 96 
white, 270 

Blood donors, 
requirements of, 301 
universal, 307 

Blood films, 
fixing and staining of, 196 
making of, 275 

Blood grouping techniques, 
cell grouping, 312, 314 
Chown's method for Rhesus 

grouping, 319 
classification of group A and 

AB, 315 
factors influencing results of, 316 
Rhesus grouping, 318 
serum grouping, 314 
serum titre for, 317 
tile technique, 314 
tube technique, 312 

Blood groups, 
agglutinogens, 306 
agglutinins, 306 
antigens, 306, 309 
Landsteiner, 306 
Rhesus systems, 310 
RH system, 308 
technique of, 307, 312-320 

Blood transfusion, 
anticoagulant solution, 321 
apparatus required for, 302, 322 
blood groups, 306-310, 312-320 
collection of blood, 301 
compatibility tests, 310 
haemoglobin estimation for, 322 
introduction, 300 
National Blood Transfusion 

Service, 301 
plasma, 303 
plasma substitutes, 305 
storage of albumin, 327 

of blood, 303, 326 
of plasma, 304 
of serum, 327 

Blood urea, 112-117 
collection of samples, 113 
colorimetrie method, 114 
estimation of, 113-117 
titrimetric method, 113 
values, 112 

Blowlamps, 38 
4 Blueing ' of sections, 190 
Body heat, 341 
Body temperature, 343 
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Boiling points, 352 
Boiling test for protein, 92 
Bone, 

décalcification of, 146 
marrow, 268 

Bottles, 
blood transfusion, 302 
drop, 6 
polythene, 6 
reagent, 5 
screw-capped, 5, 219, 245 
specific gravity, 14 
trap, 17 
wash, 18 
Winchester quart, 5 

Bovin's fixative, 141 
Boyle's law, 63 
Breeding of animals, 260 
Brewer's broth, 238 
Brilliant cresyl blue, 294 
British Red Cross blood trans

fusion service, 301 
British standard colours for gas 

cylinders, 349 
Bromine, storage of, 350 
Bronchi, 345 
Bronchioles, 345 
Browne's sterilizer control tubes, 

22 
Brownian movement, 202 
Buffer solutions, 75, 195, 352 
Buffers, plasma, 268 
Bulb type pipettes, 13 
Bulbs, blowing of, 42 
Burettes, 6 
Burker counting chamber, 278 
Burns, treatment of, 348 

C 
Cages for animals, 259 
Calcium, 

cause of faulty section cutting, 
170, 181 

coagulation, and, 272 
food, in, 336 
tissue, in, 146 

! Calcium carbonate in urine, 98 
Calcium oxalate crystals, 97 
Calcium oxide and tissue dehydra

tion, 151 
Calcium phosphate in urine, 97 
Cambridge microtome, 160 
Camel hair brush, for section 

manipulation, 168 
Canada balsam, 179, 182, 189 
Capillaries, 344 
Capillary tube, Rh method in, 319 
Capsule, 200 
Carbohydrate media, 229 
Carbohydrate metabolism, 107 
Carbohydrate, storage of, 107 
Carbohydrates, 335 
Carbol fuchsin, 187 
Carbon dioxide, 82, 111, 112, 344 

blood, in, 269, 343 
frozen section cutting, for, 163 
handling of, 330 
refrigeration, 330 
respiration, 346 
urea formation, in, 340 
waste oxidation product, 336 

Carbon disulphide for tissue clear
ing, 153 

Carbon-tetrachloride fire extin
guisher, 349 

Cardiac puncture, 262 
Care of animals, 257-266 

I Carmine, 173, 186 
I Carnoy's fluid, 142 
I Casts in urine, 96 

Catabolism, 335 
Cathode, 205 
Cations, 205 
Cedar wood oil for tissue clearing, 

153 
Cell grouping, 312, 314 
Cell wall, 200 
Cells, 

C.S.F., in, 127 
epithelium, 96 
faeces, in, 120 
fixation of, 134 



Cells—continued 
phagocyte, 271 
red blood, 96, 268 
urine, in, 96 
white blood, 96, 270 

Cellular casts, 97 
Cellulose, 336 

bacterial breakdown of, 340 
structure in faeces, 121 

Central nervous system, fixation 
of, 143 

Centrifuge tubes, 7 
Centrifuges, 26-28 

R.C.F., 26 
technique for using, 28 

Cerebral haemorrhage, changes in 
C.S.F. in, 126 

Cerebrospinal fluid, 126-131 
appearance, 127 
bacteriological examination of, 

247 
blood in, 127 
cell-count, 127 
changes in, 126 
chemical examination, 127-131 
chlorides, 129 
coagulation, 127 
constituents, 126 
fibrin clots in, 127 
globulin, 128 
method of obtaining, 126 
normal values, 127 
protein, 127 
sugar, 130 
urea, 131 

Chamberland filters, 211 
Charles's law, 63 
4 Chattering ' of sections, 169 
Chemical equations, 66 

equivalents, 67 
formulae, 66 
reactions, 66 
sterilization, 209 
test for calcium detection in tis

sue, 147 
Chemically clean glassware, 120 
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Chemical theory of coagulation, 272 
Children, 

blood urea in, 112 
haemoglobin values, 270 
red blood count in, 268 
white blood count in, 270 

Chlorides, 
C.S.F., in, 129 
urine, in, 

qualitative test, 101 
quantitative test, 102 

Chlorine for sterilization, 210 
Chloroform for maintenance of 

sterility, 209 
Chloroform for tissue clearing, 152 
Chocolate agar slopes, 227, 228 
Chocolate broth, 226 
Chown's Rhesus grouping tech

nique, 319 
Chromatic aberration 47 
Chromic acid as fixative, 137 
Chromium trioxide, 137 
Chromogens, 174 
Chromophores, 174 
Chromosomes, 309 
Chyme, 338 
Circulation, 343 
Classification of filter papers, 355 
Cleaning, 

animal cages, 257 
biochemical glassware, 2 
colorimeter plungers, 85 
filters, 210 
general glassware, 2 
4 giving ' and ' taking ' sets, 323 
microscopic objectives, 55 
new glassware, 2 
pipettes, 3 
slides, 2 
syringes, 16 

Cleaning fluid for glassware, 3 
Clearing agents, 

benzine, 153 
cedar wood oil, 153 
chloroform, 153 
xylene, 153 



INDEX 

Clearing of tissue, 152 
Clove oil for tissue clearing, 153 
Coagulase testing, 255 
Coagulation of blood, 272 
Coagulum in C.S.F., 127 
Coal tar dyes, 174 
Cocci, 201 
Cochineal, 173 
Cole and Onslow's pancreatic ex

tract, 206 
Collagen fibres, staining of, 191, 

192 
Collection of blood for transfusion, 

301 
Colon, 339 
Colorimeters, 83-88 

Dubosq type, 83, 112 
filters for, 81 
Lovibond comparator, 85, 222 
photo-electric absorptiometer, 86 
visual, 83-86 

Colorimetrie determinations, 
blood sugar, 112 
blood urea, 117 
pH of culture media, 221 

Colorimetrie methods, 
blood sugar, 112 
blood urea, 114 
haemoglobin estimation, 288 
/?H determination, 86, 202 

Colour index, 296 
Colour filters, 87 
Commensals, 199 
Comparator, Lovibond, 85 
Compatibility tests, 274 
Compensating eyepiece, 48, 51 
' Complete ' antibodies, 318 
Compound fixatives, 138-143 
Compounds, 

chemical, 59 
valency and equivalent weight 

of, 69 
Compression refrigeration, 329 
Concentration methods for sputum, 

250 
Condenser, refrigeration, 328 

Condensers, 51 
Conical flasks, 9 
Conservation of matter, law of, 62 
Constant composition, law of, 62 
Conversion factors, 351 
Cooked meat medium, 226, 239 
Copper sulphate, 

dehydration indicator, as, 150 
haemoglobin estimator, 302, 322 

Cork boring, 347 
Cotton wool, 220 
Counting chambers, 277 

Burker, 278 
Fuchs-Rosenthal, 278 
improved Neubauer, 278 

Coverslips, 
storage of, 183 
size of, 183 
thickness of, 183 

Crenated red blood cells, 96 
Critical illumination, 54 
Cross-matching of blood, 274 
Crystals in urine, 97, 98 
Crystal violet, 187 
C.S.F. (see CEREBROSPINAL FLUID), 

126-131 
Cultural methods, 215, 216 

plate cultures, 215 
roll tubes, 217 
slope cultures, 216 
tube cultures, 216 

inoculation, 218 
Culture media, 

adjustment of/?H, 221 
Andrade's indicator, 231 
blood agar slopes, 227 

plates, 227 
blood broth, 225 
Brewer's broth, 238 
chocolate agar plates, 228 

slopes, 227 
chocolate broth, 226 
Cole and Onslow's pancreatic 

extract, 225 
cooked meat, 226 
desoxycholate-citrate agar, 233 
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Culture media—continued 
digest broth, 225 
Dorset egg, 237 
Endo's medium, 239 
eosin-methylene blue agar, 235 
Fildes' agar plates, 228 

slopes, 227 
Fildes' broth, 226 
Fildes' medium, 228 
glucose agar plates, 229 

slopes, 229 
glucose broth, 226 
glycerol egg, 236 
Hartley's broth, 225 
heart broth, 224 
Hiss's serum water sugars, 231 
Hoyle's medium, 236 
infusion broth, 224 
inoculation of, 215-218 
Lemco broth, 225 
litmus milk, 232 
Loeffler's serum slopes, 229 
Lowenstein-Jensen, 237 
MacConkey's agar, 232 
notes on preparation, 213 
nutrient agar, 226 

plates, 227 
slopes, 227 

nutrient broth, 224 
nutrient gelatin, 232 
pancreatic extract, 225 
peptone water, 230 
peptone water sugars, 230 
preparation of, 229 
requirements of, 213 
selenite F medium, 238 
serum agar plates, 228 

slopes, 227 
serum broth, 225 
serum water sugars, 231 
Smith-Noguchi, 239 
solid sugar medium, 231 
storage of, 219 
types of, 219 
use of, 213 
Wilson and Blair's, 234 

Cultures, 213 
anaerobic, 238 

Curtis's Ponceau * S ', substitute 
for Van Gieson, 187, 191 

Cuts, treatment of, 348 
Cutting of glass tubing, 38 
Cutting of sections, 167 

attaching block to holder, 167 
cutting, 168 
faults in cutting, 169 
thinning the block, 167 

Cyanide, storage of, 350 
Cylinders, gas, standard colours 

of, 349 
Cylinders, measuring graduated, 10 
Cytological fixatives, 141-143 
Cytological stains, 176 
Cytoplasm, 200 

D 

Dark-ground condenser, 51 
De-alcoholization, see CLEARING, 

152 
Décalcification, 

decalcifying solutions, 147-149 
degree of, tests for, 147 
formic acid, 147 
nitric-acid-formaldehyde, 148 
object of, 146 
phloroglucin acid, 148 
technique of, 146 
tissue, of, 146-149 
trichloracetic acid, 149 
Von Ebner's fluid, 148 

Deep cultures, 216 
4 Deep-freezing ' ,330 
Dehydration, 7 
Deliquescent chemicals, storage of, 

350 
Delivery pipettes, 12 
Density bottles, 14 
Depilating powder, 261 
Desiccators, 7 
Desoxycholate-citrate agar, 233 
Detoxication, 341 

INDI 
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Dextraven , 305 
Diabetes mellitus, 107 
Dichloro (R-) fluorescein, 129 
Differential leucocyte count, 287 
Differential media, 219 
Differentiating solutions, 189 
Digest broth, 225 
Digestion, 337 
Digestive system, 335 
Diluting fluids (blood), 

formol citrate, 281 
Hayem's, 281 
Toison's, 281 
Tuerck's, 281 

Dilutions of serum, 244 
Dioxane, dehydration of tissues, 

151 
Diplococci, 201 
Direct staining, 176 
Disaccharides, 336 
Di-sodium citrate as anticoagulent, 

321 
Distillation, 28 
Distilled water, 

ionization of, 73 
plasma reconstitution, for, 304 
production of, 28, 322 

Dorset egg, 237 
D.P.X. mounting medium, 179, 

182, 190 
Drop bottles, 6 
Dropping pipettes, 41 
Drugs in urine, 90, 94, 100 
Duboscq colorimeter, 83, 112, 117 
Duodenum, 338 
Durham's tubes, 229 
Dyes, 

staining properties of, 175 
urine, in, 90 

E 
Egg albumin (Mayer's), 170 
Egg media, 236 
Erhlich's 

acid alum haematoxylin, 183 
eyepiece, 295 

INDEX 

Ehrlich's—continued 
test for urobilinogen, 105 

Electrolysis, 205 
Electrolyte, 242 
Electrons, 58 
Elements, 58 

equivalent weights of, 68 
table of, 60 
valency of, 60 

Embedding, 
moulds, 159 
oven, 153 
tissues, of, 159 

Endocrine glands, 346 
Endogenous pigments, 181 
Endo's medium, 234 
Enrichment media, 219 
Enterokinase, 338 
Enzymes, 109 

amylase, 338 
autolytic, 134 
bacterial, 200 
diastase, 89 
enterokinase, 338 
erepsin, 338 
gastric juice, in, 122, 125 
hydrolase, 200 
hydrolysing, 337 
invertase, 338 
lactase, 200, 338 
lipase, 122, 338 
maltase, 338 
oxidase, 200 
oxidizing, 120, 335 
pepsin, 122, 338 
protease, 200 
ptyalin, 338 
rabbit kidney, in, 239 
reductase, 200 
rennin, 122, 338 
trypsin, 338 
urease, 113 

Eosin, 175, 187 
méthylène blue agar, 235 
haematoxylin and, 189 

Eosinophils, 271 



Epithelial cells in urine, 96 
Equations, chemical, 66 
Equivalents, 67 
Equivalent weights, 68 
Erepsin, 338 
Erlenmeyer flasks, 9 
Errors in cell counts, 286 
Erythroblastosis foetalis, 309 
Erythroblasts, 309 
Erythrocytes, 268 
Esbach's protein method, 93 
Ether, storage of, 350 
Ethyl alcohol, 

definition of O.P., 150 
fixative, as, 137 

Euthanasia of animals, 265 
Evaporating basins, 8 
Evaporator, refrigerator, 328 
Excretion, 339 
Exogenous pigments, 181 
Exothermic reactions, 341 
Eyepieces, 51 

F 

Faeces, 340 
bacteriological examination of, 

231 
bile in, 119 
blood in, 119 
cellulose structure found in, 121 
colour of, 118 
consistency of, 118 
microscopical examination, 120 
muscle fibres in, 122 
starch granules in, 122 
stercobilin, 118, 122 
stercobilinogen, 118 
urobilin, 118 
urobilinogen, 118 

Fasting blood sugar, 108 
Fat, emulsification by bile, 338 
Fats, 

breakdown of, 340 
food material, as, 336 

Fatty tissue, 340 

INDEX 

Fehling's reagent, 95 
Ferric alum as indicator, 102 
Ferric chloride test for aceto-

acetic acid, 100 
Fibrin (blood), 272 
Fibrin in C.S.F., 127 
Fibrinogen, 272 
Fibrous tissue, softening of, 149 
Fildes' agar plates, 228 

slopes, 227 
broth, 226 
medium, 228 

Filter funnels, 8 
papers, classification of, 355 

Filters, 227 
Berkefeld, 210 
Chamberland, 211 
cleaning and sterilizing, 210 
light, 52 
Mandler, 210 
Seitz type, 211 
sintered glass, 212 
ultrafilters, 212 

Filtration, 
agar, of, 226 
notes on, 212 

Fire blankets, 349 
extinguishers, 349 
precautions, 349 

First aid, 
burns and scalds, for, 348 
chemical burns, for, 348 
contamination by infected ma

terial, 348 
poisoning, for, 348 
superficial wounds, for, 348 
treatment, 348 

Fixation, 
gross specimens, of, 143 

central nervous system, 143 
heart, 144 
intestine, 144 
liver, kidney and spleen, 144 
lungs, 144 
Wentworth's solution, 143 

objects, of, 134 



Fixation—continued 
post-mortem changes, 134 
tissue, of, 134-144 

Fixation (histological), 134 
Fixatives, compound, 

cytological, 141 
Carnoy's, 142 
Flemming's, 143 
formol saline, 143 
Helly's, 143 

gross specimens, 140 
formol saline, 143 
Wentworth's fluid, 143 

micro-anatomical, 138 
Bouin's, 141 
formol saline, 138 
formol-saline-sublimate, 140 
formol sublimate, 139 
Heidenhain Suza, 139 
Helly's Zenker-formol, 140 
Zenker, 140 

Fixatives, simple, 
acetic acid, 136 
action and properties, 135 
chromic acid, 137 
ethyl alcohol, 137 
formaldehyde, 135 
mercuric chloride, 135 
osmium tetroxide, 135 
picric acid, 136 
potassium dichromate, 137 

Fixatives, washing out of, 144 
Flagella, 202 
Flasks, 

calibration of, 9 
conical, 9 
Erlenmeyer, 9 
flat-bottomed, 9 
round-bottomed, 9 
volumetric, 9 

Flemming's fluid, 143 
4 Floating out ' of sections, 171 
Fluids, bacteriological examina

tion of, 248 
Foam type fire extinguisher, 349 
Folin and Wu sugar tubes, 111 
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Food, classification of, 335 
Formaldehyde, 135 

post-mortem precipitate, as, 180 
Formalin (see FORMALDEHYDE), 135 
Formic acid, 135 

decalcifying fluid, as, 147 
Formol citrate diluting fluid, 281 
Formol saline, 138, 143 

sublimate, 139 
Formulae (chemical), 59 
Fouchet's test for bile, 119 
Fractional test meal, 122 
Fragility test for red cells, 293 
Freezing microtome, 162 
Fructose in urine, 24 
Fuchs-Rosenthal counting cham

ber, 278 
Fuchsin, 

acid, 187, 231 
basic, 187 

Fume cupboards, 347 
Funnels, 

filter, 8 
separating, 8 

G 

Galvanometer, in absorptiometry, 
86 

Gas, 
general constant of, 65 
general equation, 65 
gram molecular weight of, 65 
molar volume of, 65, 67 
pressures of, 65 
S.T.P., 69 

Gas cylinders, standard colours of, 
349 

Gas laws, 63-65 
Gastric analysis, 

acidity, 123-125 
bile, 125 
blood, 123 
mucus, 123 
resting juice, 123 



INDEX 

Gastric analysis—continued 
starch, 125 

Gastric juice, 122 
Gastric lavage, bacteriological 

examination of, 253 
Gay-Lussac's law, 63 
Gelatin, nutrient, 232 
Gelatin, to fix sections and slide, 

164 
General chemistry, 58-82 
General gas equation, 65 
Genito-urinary swabs, bacterio

logical examination of, 
252 

Gerhardt's test for aceto-acetic 
acid, 100 

Gibson and Harrison haemoglobin 
standard, 290 

Giemsa's stain, 189, 196 
' Giving ' sets, 302, 323 
Glacial acetic acid, as fixative, 

136 
Glass apparatus, general precau

tions, 283 
Glass blowing, 37-43 

annealing, 40 
bats wing burner, 37 
bellows, 38 
bending of tubing, 40 
blowlamp, 38 
bulbs, blowing of, 42 
cutting tubing, 38 
dropping pipettes, 41 
joining tubes, 40-41 
Pasteur pipettes, 41 
storage of tubing, 37 
T and Y pieces, 42 
types of tubing, 37 

Glass distilled water, 29 
Glass, heat resistant, 1 
Glass tubing, 37 
Glassware, 

biochemical, 2 
care of, 347 
chemical cleaning, 2 
cleaning of, 2 

I Glassware—continued 
general, 1-18 
standardized, 4 
testing for free alkali, 2 
treatment of slides, 2 

Globulin in C.S.F., 128 
Globulin, 

Pandy's test for, 128 
Nonne-Appelt test for, 128 

Glomeruli, 341 
Glomeruli of kidney, 108 
Glucose agar deeps, 238 
Glucose agar plates, 229 

slopes, 229 
Glucose, 

anticoagulant, as, 321 
blood, in, 107 
broth, 226 
cerebrospinal fluid, in, 126, 130 
culture media, in, 229 
metabolism, 107 
tolerance curve, 107 
urine, in, 94, 108 

Glycerol egg, 236 
Glycerol for preservation of viruses, 

210 
Glycogen, 107, 336, 340 

carmine staining of, 173 
preservation of, 137 

Glycolysis, prevention of, 109 
I Glycosuria, 108 
ί Gmelin's test for bile, 101, 119 

Gonads, 346 
Gradocol membranes, 212 
Graduated pipettes, 13, 14 
Gram equivalent, 68 
Gram molecular weight, 65 
Gram's iodine, 188 

stain, 192, 247 
Granular casts, 97 
Granulocytes, 270 
Graupner and Weissberger's 

di-oxane method, 151 
Guinea-pigs, 260 
Gurr's neutral mounting medium, 

| 182 
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H 

Haematein, 172 
Haematin, 228, 290 

urine, in, 90 
Haematocrit tube, 292 
Haematological techniques, 275-

298 
absolute values, 296 
blood collection of, 275 
blood counts, 276 
blood, dilution of, 279 
blood smears, 275 
differential leucocyte count, 287 
errors in counting, 286 
fragility test, 293 
Hb estimation, 288-291 

alkaline haematin, 290 
Haldane, 289 
oxyhaemoglobin, 291 
Sahli, 290 

notes on blood pipettes, 286 
packed cell volume, 292 
red cell count, 281 
reticulocyte count, 294 
sedimentation rates, 291 
white cell count, 285 

Haematoxylin, 
Ehrlich's, 183 
formulae of, 182-185 
Harris's, 184 
Heidenhain's, 185 
Mayer's, 183 
notes on, 172 
Weigert's, 185 

Haematoxylin and eosin, 190 
Haemocytometers, 276-279 
Haemoglobin, 

alkaline haematin method, 290 
blood donor, of, 322 
breakdown products of, 118, 

181, 340 
copper sulphate estimation of, 

322 
estimation of, 288-291 
free in urine, 90 

Haemoglobin—continued 
function of, 269 
Haldane's carboxyhaemoglobin 

method, 289 
normal range of values, 269 
oxyhaemoglobin method, 290 
Sahli's acid haematin method, 

290 
specific gravity method, 302 

Haemoglobinometer, 289 
Haemolytic disease of newborn, 309 
Haemopoietic factor, 122 
Haemosiderin in sections, 181 
Haldane's haemoglobin method, 

274 
Hanging drop preparations, 204 
Harris's alum haematoxylin, 184 
Hartley's broth, 225 
Hayem's red cell diluting fluid, 281 
Hay's test for bile salts, 101 
Heart broth, 224 
Heart disorders, 269 
Heart fixation of, 144 
Heat-resistant glass, 1 
Heat sterilization, 207-209 
Heidenhain's iron haematoxylin, 

185,191 
Heidenhain's ' Susa ' fixative, 139 
HeifTor knife, 165 
Heller and Paul anticoagulant, 292 
Helly's fluid, 143 

Zenker formol, 140 
Heparin, 

anticoagulant, as, 273 
inbasophils, 271 

Hexoses, 335 
Hiss's serum water sugars, 231 
Homogenizing sputum, 250 
Honing of microtome knives, 165 
Hormones, 346 

insulin, 107, 336, 340 
Hoses, 349 
Hot-air sterilizers, 35 
Hoyle's medium, 236 
Huygenian eyepiece, 51 
Hyaline casts, 97 
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Hydrochloric acid, 
differentiate haemotoxylin, to, 

190 
gastric juice, in, 123, 338 
preparation of normal, 77 
standardization against NaOH, 79 

Hydrogen ion concentration, 73 
Hydrogen to oxidize haematoxylin, 

172 
Hydrogen, peroxide storage of, 350 
Hydrogen, production of, 240 
Hydrolase, 200 
Hydrolysis, 

carbohydrates, of, 336 
fat, of, 336, 338 

Hydrometers, 15 
Hydroxyl ions, 73 
Hygroscopic chemicals, storage of, 

350 
Hyperacidity of gastric juice, 123 
Hyperglycaemia, 107 
Hypertonie urine, cells in, 96 
' Hypo ' , see SODIUM THIOSUL-

PHATE. 
Hypoacidity of gastric juice, 123 
Hypobromite, urea method, 104 
Hypotonie solution, 293 
Hypotonie urine, cells in, 96 

Ileum, 338, 339 
Illumination of microscope, 52 
Imperial/metric equivalents, 351 
Impregnation, 177 
Impregnation of tissue with para

ffin wax, 153 
Incomplete Rh antibodies, 318 
Incubators, 34 
Indicators, 76 

Andrade's, 231 
B.D.H. universal, 86 

'4460', 91 
brom-cresol purple, 91 
brom-thymol blue, 91 
copper sulphate as, 150 

Indicators—continued 
dichloro (R) fluorescein, 129 
ferric alum as, 102 
litmus, 76, 90, 147, 173, 232 
methyl orange, 76, 78, 124 
methyl red, 76 
neutral red, 233 
phenolphthalein, 76, 80, 81, 217 
phenol red, 76, 91 
potassium chromate, 129 
Topfer's reagent, 124 
universal, 86, 90 

Indices, 
haematological, 296-298 
mathematical, 70 

Indirect staining, 176 
Indole, 214 
Inflammable liquids, storage of, 

350 
Infusion broth, 224 
Inoculation methods, 

cardio puncture, 262 
intracardial, 262 
intracerebral, 261 
intradermal, 261 
intramuscular, 261 
intraperitoneal, 261 
intravenous, 261 
plates, of, 216 
subcutaneous, 260 
tubes, of, 218 

Inspissators, 35 
Insulin, 107, 340 
Intermittent steaming, 208 
Intestine, fixation of, 144 
' Intradex ', 305 
Invertase, 338 
Iodine 

alcohol, 189 
Nessler's solution, 115 
removing mercuric chloride pig

ment, 180 
solutions, 188, 192 
storage of, 350 
test for bile, 101 

starch, 115 
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Ions, coloured, 73, 76 
Iron, 340 

deficiency anaemia, 269 
food, in, 336 
haemotoxylin solutions, 184 
stored in spleen, 345 
strips for anaerobic methods, 

239 
Islets of Langerhans, 107, 340, 346 
Isotonic solutions, 281, 293 

saline, 75, 293 
sodium sulphate, 109, 114 

Isotonic urine, cells in, 96 

J 

Jar, anaerobic, 239 
Jejenum, 338 
Joining of glass tubing, 40, 41 

K 

Kahn test, 303 
Ketones in urine, 99 
Kidneys, 

elimination of urea in, 112, 340 
fixation of, 141, 144 
function of, 90, 96, 104, 108, 112, 

268, 341 
incompatible blood transfusion, 

in, 311 
storage of fat round, 107 

Kipp's apparatus, 240 
Kirkpatrick's carmalum, 186 
Knives for section cutting, 

bevel of, 164 
honing of, 165 
stropping of, 166 
types of, 164 

Kraft paper, 211 

L 

Labelling of specimens, 245 
Lab lemco broth, 225 
Lactase, 200 

INDEX 

Lacteal, 339 
Lactic acid, 341 
Lactose, 

blood in, 107 
culture media, in, 232 
during digestion, 338 
food, in, 336 
urine, in, 94, 108 

Lag phase of organisms, 214 
Landsteiner blood groups, 273, 306 
Large intestine, 339 
Laryngeal swabs, bacteriological 

examination of, 253 
Latent heat of evaporation, 328 
Laws, 

chemical, 
conservation of matter, 62 
constant composition, 62 
multiple proportions, 62 

gas, 
Boyle's, 63 
Charles's, 63 
general gas equation, 65 

Gay-Lussac's, 63 
optical, 

Beer's, 83 
Lead acetate for removal of H2S, 

241 
Leishman's stain, 175, 188, 196 
Lemco broth, 225 
Lendrum's softening fluid, 149 
Leuckhart embedding boxes, 159 
Leucocytes (see WHITE BLOOD 

CELLS), 270-272, 343 
Leucocytosis, 270 
Leucopoenia, 270 
Liebig condenser, 29 
Light, 

absorption and transmission, 87 
filters, 52, 87 

Lipase, 122, 338 
Litmus, 77, 90, 147 

milk, 232 
Liver, 

fibrinogen formed in, 272 
fixation of, 144 
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Liver—continued 
functions of, 338, 340 
glycogen storage, 107 
post-mortem precipitate in, 180 

Loeffler's méthylène blue, 186, 194 
serum slopes, 229 

Logarithmic phase of organisms, 
214 

pH scale, 74 
Logarithms, 

definition of, 71 
table of, 358 

Loops, making of, 203 
Lovibond comparator, 85 
Lowenstein-Jensen medium, 237 
Low temperature sterilization, 208 
Lugal's iodine, 128, 188, 192 

to detect starch, 125 
Lungs, 

fixation of, 144 
function of, 269, 344 

Lymph, 344 
Lymphatic vessels, 339 
Lymphocytes, 271 
Lysol, 209 

M 

Macrocytic anaemia, 269 
Magnesium in food, 336 
Magnification of microscope, 54 
Making of smears, 204 
Making of wire loops, 203 
Malachite green, 237 
Maltose, 338 
Mandler filters, 210 
Manometer, 158 
Mathematical expressions, 70-73 
Mayer's acid alum haematoxylin, 

183 
egg albumin, 170 

McConkey's agar, 232 
Mclntosh and Fildes' anaerobic 

jar, 240 
Mean cell haemoglobin, 296 

concentration, 298 

Mean cell volume, 297 
Measuring cylinders, 10 
Mechanical examination for cal

cium in tissue, 147 
Mechanical stages, 53 
Media (see CULTURE MEDIA), 213-

237 
isolation of corynebacteria, for, 

235 
special purposes, for, 232 

Medical gas cylinders, colours of, 
349 

Melanin, 181 
Mercuric chloride, 

deposit in sections, 180 
fixative, as, 135 
sterilizing, for, 210 

Mercury to calibrate pipettes, 286 
Metabolism, 335 

excretion of and products, 342 
Metachromatic staining, 176 
Methyl alcohol, 196 
Methyl benzoate for tissue clearing, 

153 
Methyl orange, 76, 78 
Methyl red, 76, 77 
Methyl violet, 176, 187, 192 
Méthylène blue, 175, 186 

urine, in, 90 
Metric/Imperial equivalents, 351 
Meyer's test for sugar in urine, 103 
Mice, 258 
Micro-anatomical fixatives, 138 

stains, 176 
Microcytic anaemia, 269 
Micrometer eyepiece, 199 
Micron, 199 
Microscopes, 44-56 

binocular, 55 
care of, 55 
chromatic aberration, 47 
coarse adjustment, 52 
condensers, 51 
critical illumination, 54 
eyepieces, 51 
fine adjustment, 53 
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Microscopes—continued 
magnification, 54 
monocular, 44 
numerical aperture, 50 
objectives, 48 
optical tube length, 54 
principle of 44 
refractive index, 45 
spherical aberration, 46 

Microscope slides, treatment of, 2 
Microscopical examination, 

bacteria, of, 199, 203 
faeces, of, 120 
red cells, of, 281 
urine, of, 96 
white cells, of, 285 

Microtome knives, 164 
honing, 165 
stropping, 166 
types, 164 

Microtomes, 
Cambridge, 160 
freezing, 162 
knives for, 164 
rotary, 160 
sliding, 160 
Unicam, 160 

Milk medium, 232 
Milliequivalents per litre, 351 
Mineral elements in food, 336 
Mitochondria, staining of, 191 
Mixtures (chemical), 59 
Mohr's chloride method, 129 
Molar solutions, 76 
Molar volume of a gas, 65 
Molar weight, 65 
Molecular weight, 59 
Molecules, 59, 73 
Monocular microscope, 45 
Monocytes, 272 
Monosaccharides, 335 
Morawitz, theory of coagulation, 

272 
Mordants, 172, 183, 186 
Morphology of bacteria, 200 
Motility of bacteria, 202, 204 

Moulds for tissue embedding, 159 
Mounting media, 179, 182 
Mounting of sections, 170, 181 
Mouth, 337 
Mucin, 339 
Mucus, 

gastric juice, in, 123 
urine, in, 98 

Multiple proportions, law of, 62 
Muscle fibres, 

faeces, in, 122 
staining of, 190-192 

My co-tuberculosis, routine exami
nation for, 250 

N 

Nasal swabs, bacteriological exami
nation of, 252 

National Blood Transfusion Ser
vice, 301 

Natural dyes, 172 
cochineal, 173 
haematoxylin, 172 
litmus, 173 
orcein, 173 
saffron, 173 

Natural pigments in sections, 181 
Negative staining, 176, 195 
Nessler's reagent, 114 
Neubauer counting chambers, 278 
Neutral dyes, 175 
Neutral red, 186 
Neutral water, 73 
Neutralization indicators, 76 
Neutrophils, 271 
Nicrome wire loops, 203 
Nitric acid-formaldehyde as de

calcifying fluid, 148 
Nitric acid test for bile, 119 
Nonne-Appelt test for globulin, 128 
Normal conditions of temperature 

and pressure (N.T.P.), 64 
' Normal ' saline, 75 
Normal solutions, 75, 82 

acids and alkalis, of, 353 



INDEX 

Normal solutions—continued 
definition of, 75 
hydrochloric acid, 77 
N/10 potassium permanganate, 

81 
sodium hydroxide, 79 

Normal values, 
blood sugar, 107 
blood urea, 112 
cells in C.S.F., 127 
chlorides in C.S.F., 129 
chlorides in urine, 103 
gastric juice, 123 
globulin in C.S.F., 128 
haemoglobin, 269 
leucocytes, 270 
lymph proteins, 345 
plasma proteins, 345 
protein in C.S.F., 127 
red cells, 268 
sugar in C.S.F., 130 
urea in C.S.F., 131 
urea in urine, 89 

Nuclear stains, 182-186 
Nucleus, 

atomic, 58 
staining of, 190 

Numerical aperture, 50 
Nutrient agar, 226 

plates, 227 
slopes, 227 

Nutrient broth, 224 
gelatin, 232 

O 
Occult blood, 119 
Oil of cedar, 155 

cloves, 155 
O.P. spirit, definition of, 150 
Optical tube length, 54 
Orange G,187-191 
Orcein, 173 
Organisms (see BACTERIA) 
Orientation of tissue, 

embedding, in, 159 
Osmicacid (seeOSMIUM TETROXIDE) 

Osmium tetroxide as fixative, 135 
Oxalated blood, 109, 113, 273, 292 
Oxidase, 200 
Oxidation of fat in liver, 340 

foodstuffs, of, 336 
haematoxylin, of, 172, 184 

Oxygen, 
bacteria, for, 238 
blood, in, 343, 344 
respiration, 345 

Oxyhaemoglobin, 269, 346 

Packed cell volume, 292, 297, 298 
Panagglutination, 316 
Pancreas, 107, 338 
Pancreatic extract, 225 
Pancreatic juice, 338 
Pancreatic solution, 250 
Pandy's test for globulin, 128 
Paraffin wax, melting points, 153 
Paraffin wax technique, 

automatic tissue processers, 156 
clearing reagents, 

benzene, 152 
carbon disulphide, 153 
cedar wood oil, 152 
chloroform, 152 
clove oil, 153 
methyl benzoate, 153 
toluene, 153 
xylene, 152 

dehydration of tissue, 
acetone method, 151 
alcohol method, 150 
dioxane, 151 

embedding, 
automatic tissue processer, 156 
impregnation, 153, 155 
moulds, 159 
oven, 153 
technique of, 159 
vacuum embedding, 157 

sections, 
cutting of, 167-170 
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Paraffin wax technique—continued 
sections—continued 

faults in, 169 
floating out, 171 
knife sharpening for, 165 
microtomes, 160-163 
mounting of, 170 
staining of, 178-190 

Para-formaldehyde, 135 
Pasteur pipettes, 4, 41 
Pathogens, 199 
Paul-Heller anticoagulant, 292 
Pepsin, 122, 338 
Peptone, 

testing of, 224 
water, 230 
water sugars, 230 

Peptones, 338 
Peristalsis, 338 
Peritoneal fluids, bacterial exami

nation of, 248 
Perspiration and water balance, 

342 
Pestle and mortar, 11 
Petri dishes, 11, 215 
PetrofTs method for sputum, 251 
pH, 

adjustment of, 85, 221 
blood, of, 268, 342 
definition of, 73 
determination of, 85, 221 
distilled water, of, 73 
indicators, 76 
meter, 223 
new glassware, of, 2 
notes on estimating, 223 
urine, of, 89 

Phagocytic cells, 271 
Phase of decline of organisms, 214 
Phenolphthalein, 76, 77, 80, 81, 233 
Phenol red, 76, 90, 228, 231 
Phloroglucin acid, decalcifying 

fluid, as, 148 
Photo-electric absorptiometer, 

blood urea method for, 116 
blood sugar method for, 110 

Photo-electric cells, 86 
Physical agencies for sterilization. 

207 
Physiological saline, 75, 293 
Physiology, 334-346 
Picric acid as fixative, 136 
Picric acid as a stain, 175, 187 
Pigments in sections, 179 

artificial, 179 
natural, 181 

Pigments in urine, 90, 100 
Pipettes, 

automatic, 11 
blood, 279 
bulb type, 13 
calibration of, 286 
calibrations, N.P.L., 4 
cleaning of, 3 
contain, to, 13 
delivery, 12 
dropping, 41 
graduated, 13, 14 
haemoglobin, 280 
Pasteur, 4, 41 
red cell, 279 
sterilization of, 209 
storage of, 3 
tolerances, 4 
volumetric, 12 
white cell, 279 

Pituitary gland, 346 
Plane-wedge knife, 164 
Plano-concave knife, 164 
Plasma, 268, 276, 303 

definition of, 253, 276 
preparation of, 304 
storage of, 304 
substitutes, 305 
use of, 303 

' Plasmosan', 305 
Platelets, 268, 272 
Plating methods, 215 
Platinum wire loops, 203 
Pleural fluids, bacteriological exam

ination of, 248 
Plugging of tubes, 220 
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Poisoning, treatment of, 348 
Polycythaemia, 269 
Polymorphs, 271 
Polysaccharides, 336 
Polythene bottles, 6 
Porcelain filters, 211 
Postal regulations for specimens, 

256 
Post-chroming, 143 
Post-mortem, 

changes, 134 
precipitate, 180 
preparation of animals, 266 

Potassium chloride in body fluids, 
326 

Potassium chromate as indicator, 
129 

Potassium dichromate, 
fixative, as, 137 
cleaning fluid, in, 3 

Potassium hydrogen phthalate, 80 
Potassium hydroxide, storage of, 

350 
Potassium oxalate, 273, 292 
Potassium permanganate, 

equivalent weight of, 69 
N/10 solution of, 81 
storage of, 350 

Powder, depilating, 261 
Precautions in the laboratory, 347 
Pregnancy, blood urea in, 112 
Preparation of culture media, 224 
Pressure, 

air and steam, of, 19 
gauge, 20 
table of, 20 

Primary standards, 76 
Progressive staining, 172, 176 
Protease, 200 
Protein, 

bacterial breakdown of, 340 
Bence Jones, 92 
Biuret reaction, 94 
boiling test for, 92 
C.S.F., in, 127 
Esbach's test for, 93 

Protein—continued 
fixation of, 134 
food requirement, as, 335 
lymph, 345 
plasma, 345 
precipitation of, 92-94, 111, 114, 

116, 127 
sulpho-salicylic acid test for, 

93, 128 
urine, in, 91-94 

Proteoses, 338 
Prothrombin, 272 
Protoplasm, 200, 334 
Prussian blue reaction, 

haemosiderin, for, 181 
iron, for, 181 

Ptyalin, 338 
Pulmonary artery, 344 
Pus, 

bacteriological examination of, 
249 

urine, in, 96 
Putrefactive changes, 134 
Pyloric sphincter muscle, 338 
Pyrogallic acid, for anaerobic 

methods, 239 
Pyrogen-free distilled water, 321 

R 

Rabbits, 260 
Radicals (chemical), 61 
Rats, 258 
Reagent bottles, 5 
Rectum, 339 
Red blood cells, 268 

CO 2 transport, 269 
cold agglutinations and, 317 
C.S.F., in, 127 
disorders of, 269 
faeces, in, 119 
fixation of, 139, 140 
fragility of, 293 
functions of, 269 
gastric juice, in, 123 
grouping of, 312 
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Red blood cells—continued 
haemolysin, 293 
* haemopoietic factor ' ,122 
immature, 268 
interference with Nesslerization 

frontispiece, 116 
maturation control of, 345 
microscopic appearance, 267 
normal values, 268 
nucleated, 268 
oxygen-carrying, 269 
removal of effete, 345 
Rouleaux formation of, 316, 320 
staining of, 269 
storage of for grouping, 316 
survival of, 269 
urine, in, 96 

Red nuclear stains, 185 
Reducing substances, in urine, 94 
Reductase, 200 
Refraction, 44 
Refractive index, 45 
Refractive index of tissue, 152 
Refractive indices, 356 
Refrigerants, 328, 329 
Refrigerators, 

absorption, 329 
carbon dioxide, 330 
compression, 329 
C.S.F. fluid in, 127 
plasma storage in, 304 
principles of, 327 
storage in, 303, 326 
storage of albumin, 327 
storage of serum, 327 

Regressive staining, 176 
Relative centrifugal force, 26 
Renal function, 90, 96, 104, 108, 

112,268, 341 
glycosuria, 108 
threshold, 108 

Rennin, 122, 338 
Respiration, 345 
Resting juice, 123 
Reticulocyte count, 294 
Reticulocytes, 294 

Rhesus grouping system, 308-310 
Rhesus grouping techniques, 318-

320 
albumin ' incomplete ' anti-D, 

319 
Chown's method, 319 
saline, ' complete ' anti-D, 318 

Rhesus groups, 273 
Ribonucleic acid, 205 
Ringer's solution, 250 
Rocking type microtomes, 160 
Roll tubes, 217 
Romanowsky stains, 188, 195 

erythrocytes, 269 
leucocytes, 270 
reticulocytes, 295 

Rotary microtomes, 160 
Rothera's test for ketones, 99 
Rouleaux formation of red blood 

cells, 316, 320 
Round-bottomed flasks, 9 
Ryle's stomach tube, 123 

I Saffron, 173 
I Sahli haemoglobin method, 290 

Saline, 
I normal physiological, 75 
I Saliva, 338 

Salt and water balance, 342 
Salts, 70 

| Sarcinol, 201 
! Saturated solutions, 354 

Scalds, treatment of, 348 
Schlesinger's test for urobilin, 106, 

118 
Schridde's method for removal of 

post-mortem precipitate, 
I 180 
| Scott's tap water substitute, 189 

Screw-capped bottles, 5, 219 
Secondary standards, 76 

I Section cutting techniques, 
I attaching block to holder, 167 
i block trimming, 167 
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Section cutting techniques— 
continued 

cutting sections, 168 
faults in, 169 

brittle and tough tissue, 170 
calcium in tissue, 170 
contamination with dirt, 170 
imperfect knife edge, 169 
inadequate impregnation, 169 
incorrect setting of knife, 169 

floating out sections, 171 
frozen section cutting, 162 
microtome knives, 164 
microtomes, 160 
mounting sections on slides, 170 

Sedimentation rates, 291-292 
Westergren, 292 
Wintrobe, 292 

Seitz Alters, 211 
Selective media, 219 
Selenite F medium, 235 
Selenium cells, 86 

photo-electric, 87 
Semi-plano-concave knife, 164 
Sensitivity tests, 

antibiotic tablets, 255 
ditch plates, 255 
filter paper discs, 255 

Separating funnels, 8 
Serology, 249 
Serum, 305 
Serum agar slopes, 227 

plates, 228 
Serum broth, 225 
Serum definition of, 276 
Serum grouping, for, 314, 317 
Serum inactivation of, 317 
Serum storage of, 327 
Serum water sugars, 231 
Shock, use of plasma in, 303 
Silicone oil as lubricant, 17 
Silver nitrate, 

chloride estimation, for, 102,129 
removal of AsH2, for, 241 
storage of, 350 

Simple fixatives, 135 

Sintered glass filters, 212 
Skin, 343 

fat storage under, 107 
Slides, cleaning of, 2 
Sliding microtome, 160 
Slope cultures, 216 
Small intestine, 338 
Smears, preparation of, 204 
Smith-Noguchi medium, 239 
Soda-acid fire extinguisher, 349 
Sodium chloride in body fluids, 336 
Sodium citrate, 273 
Sodium fluoride, 109, 113 
Sodium hydroxide, 

gastric analysis, in, 124 
neutralize formic acid, to, 135 
normal solution of, 79 
protein precipitant, as, 114 
urine urea estimation, 104 

Sodium nitroprusside, 350 
Sodium oxalate, 273 
Sodium storage of, 350 
Sodium thiosulphate to remove 

iodine from sections, 180 
Solid sugar medium, 231 
Solubilities, 

chemical, table of, 354 
stains, table of, 356 

Solutions, 
accurate preparation of, 10 
acids and alkalis, of, 353 
buffer, 75 
molar, 76 
normal, 75 
saturated, 354 
standard, 75 

Solvents, boiling point of organic 
352 

Soya bean, 113 
Specific gravity, 

apparatus, 13, 14 
bottle, 14 
diluting fluids, of, 281 
haemoglobin, method of, 302 
urine, of, 90 

Specific staining, 176 
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Specimens, 
bacteriological examination of, 

246 
labelling, 245 
treatment of, 245 

Spectrum, absorption bands, 174 
Spermatozoa in urine, 98 
Spherical aberration, 46 
Spirilla, 201 
Spirochaetes, 202 

impregnation of, 177 
Spleen, 

fixation of, 144 
functions of, 345 
post-mortem precipitate in, 180 

Spores, 202, 207, 208 
Sputum, 

bacteriological examination of, 
250 

homogenization of, 250 
Square roots, 357 
Stain solubilities, 356 
Staining equipment, 178 
Staining procedures, 190-196 

Albert's, 195 
Giemsa's, 196 
Gram's, 192 
Gram-Weigert, 193 
haematoxylin and eosin, 190 
Heidenhain's iron haematoxylin, 

191 
Leishman, 196 
Loeffler's méthylène blue, 194 
Romanowsky stains, 195 
VerhoefFs elastic, 192 
Weigert's iron haematoxylin and 

Van Gieson, 191 
Ziehl-Neelsen's stain, 193 

Stains, 
cytological, 176 
direct, 176 
impregnation, 176 
indirect, 176 
metachromatic, 176 
micro-anatomical, 176 
negative, 176 

Stains—continued 
progressive, 176 
regressive, 176 
specific, 176 
vital, 176 

Stains, formulae and preparation 
of, 182-189 

Albert's, 188, 195 
carbol fuchsin, 187 
crystal violet, 187 
Curtis's ponceau ' S ' substitute 

for Van Gieson, 187 
Ehrlich's acid alum haematoxy

lin, 183 
eosin, 187 
Giemsa, 189 
Gram's iodine, 188 
Harris's alum haematoxylin, 184 
Heidenhain's iron haematoxy

lin, 185 
Kirkpatrick's carmalum, 186 
Leishman, 188 
Loeffler's méthylène blue, 186 
Lugol's iodine, 188 
Mayer's acid alum haematoxy

lin, 183 
methyl violet, 187 
méthylène blue, 186 
neutral red, 186 
orange G, 187 
reticulocytes, for, 295 
Van Gieson, 187 
VerhoefFs elastic tissue, 185 
Weigert's gentian violet, 187 

iron haematoxylin, 185 
Standard conditions of temperature 

and pressure (S.T.P.), 64 
Standardized glassware, 4 
Standard solutions, 75 
Staphylococci, 201 
Starch, 336, 338 

gastric juice, in, 125 
granules in faeces, 122 

Stationary phase of organisms, 214 
Stellar phosphate crystals, 97 
Stercobilin in faeces, 118, 122 
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Sterilization, 207-212 
blood transfusion apparatus, of, 

325 
chemical, 

chlorine derivatives, 210 
chloroform, 209 
glycerol, 210 
lysol, 209 
mercuric chloride, 210 

donor's arm, of, 303 
dry heat, 

flaming, 209 
hot-air oven, 209 
red heat, 209 

filters, 
diatomaceous earth, 210 
porcelain, 211 
Seitztype, 211 
sintered glass, 212 
ultra-filters, 212 

hot-air oven, 35 
syringes, 16 

Stills, 28 
Stomach, 122 
Stools (see FAECES), 118-122 
Storage, 

chemicals, of, 350 
glass tubing, of, 37 
media, of, 219 
pipettes, of, 3 

Streptococci, 201 
Stropping of microtome knives, 166 
Sub-culturing, 218 
Substage condenser, 44, 51 
Succus entericus, 338 
Sucrose, 

blood, in, 107 
urine, in, 94, 108 

* Sugar ', 
blood, in, 107-112 
C.S.F., in, 130 
digestion of, 338 
urine, in, 94, 103, 108 

Sugar media, 
preparation of, 229 
sterilization of, 208 

Sulphosalicylic acid test for pro
teins, 93 

Sulphuric acid in cleaning fluid, 3 
Supra-vital stains, 176 
* Susa ' fixative, 139 
Swabs, disposal of, 347 
Swan cube, 55 
Sweat, 343 
Synthetic dyes, 174 
Syringes, 

cleaning and care of, 16 
lubrication of, 17 
sharpening of needles, 17 
sterilization of, 16 
type of needle mount, 15 

T 
Tables, 

alcohol dehydration times, 151 
animal breeding, 260 
anti-logarithms, 358 
atomic weights, 60 
boiling points, 352 
boiling test for protein, 92 
buffer solutions, 352 
compound valencies, 61 
conversion factors, 351 
crystalline deposits in urine, 98 
C.S.F. composition of, 126 
differential leucocyte count, 270 
elements, 60 
filter paper classification, 355 
formulae, valency and equivalent 

weight of compounds, 69 
gas cylinder colours, 349 
hormones, 346 
impregnation with paraffin wax, 

155 
indicators, 76, 91 
logarithms, 358 
metric/imperial equivalents, 351 
N/1 solutions of acids and 

alkalis, 353 
pipette tolerances, 4 
pressure, 20 



Tables—continued 
refractive indices, 356 
saturated solutions, 354 
serum dilutions, 244 
square roots, 357 
stain solubilities, 356 
storage of chemicals, 350 
temperature at increased pres

sures, 21 i 
urine reaction, 91 
valency of compounds, 61 
valency of radicals, 62 

β Taking ' sets, 302, 323 
Tap water substitute, 190 
Teeth, 

décalcification of, 146 
fluorine for, 336 

Temperature, 
absolute scale, 63 
blood storage, range for, 326 
conversion of °C. and °F., 351 
effect on volumes, 10 
standard conditions of, 64 

Tetrads, 201 
Thermostats, 

bi-metallic, 33 
capsules, 30 
electrically-heated hot-air ovens, 

33 
electrically-heated incubator, 32 
electrically-heated water bath, 32 
gas-heated incubator, 30 
gas-heated water-bath, 32 

Thoma pipettes, 280 
Throat swabs, bacteriological exam

ination of, 252 
Thrombin, 272 
Thrombocytes, 268, 272 
Thrombokinase, 272 
Thyroid gland, 346 
Tissues, 

clearing of, 152 
cutting of, 167 
décalcification, 146-149 
dehydration of, 150 
embedding, 159 

INDEX 

Tissues—continued 
fixation, 134-144 
impregnation with paraffin wax, 

153 
post-mortem changes, 134 
softening of, 149 
staining of, 190 

Titrations, 76-82 
Titres of serum, 243 
Toisson's red cell diluting fluid, 281 
Toluene for tissue clearing, 153 
Toluidine blue, 188 
Tonicity of urine, 96 
Töpfer's reagent, 124 
T pieces, 42 
Trachea, 345 
Transfusion of blood, 274 
Trap bottles, 17 
Trichloracetic acid, 

decalcifying fluid, as, 149 
fixative, in, 139 

Trichuris trichiura, 144 
Triple phosphate crystals, 97 
Tri-sodium phosphate for sputum, 

251 
Trypsin, 338 
Tubercle bacilli, 

fluids, in, 247, 248 
gastric lavage, in, 253 
laryngeal swabs, in, 253 
pus, in, 249 
sputum, in, 250 
urine, in, 254 

Tuberculous meningitis, changes 
in C.S.F. in, 126 

Tuerk white cell diluting fluid, 281 
Turbidity method of protein estima

tion, 93, 128 
Tyndallization, 208 
Types of media, 219 

U 

Ultra-filters, 212 
Ultrafiltration, 212 
Unicam microtome, 100 

406 



INDEX 

' Universal donors ', 307 
Universal indicator, 

gastric analysis, in, 124 
Lovibond comparator, in, 86 
urine analysis, in, 90 

' Universal recipients ', 307 
Urea, 

blood, in, 112-117 
C.S.F., in, 131 
urine, in, 89, 104 

Urea formation by liver, 340 
Urease, method for blood urea, 
Ureter, 341 
Urethra, 341 
Uric acid in urine, 98 
Urinary system, 341 
Urine, 89, 342 

acetone, 99 
aceto-acetic acid, 99 
acidity, 91 
ammoniacal, 89 
amorphous phosphates, 92, 9 
amorphous urates, 89, 92 
bacteria, 98 
bacteriological examination 

254 
bile, 100 
bile salts, 101 
blood, 90, 96, 101 
casts, 96 
cells, 96 
chlorides, 101 
colour, 89, 90 
crystals, 97, 98 
diabetes mellitus, in, 99, 108 
diastase, 89 
drugs in, 90, 94, 100 
Esbach's protein method, 93 
formation of, 341 
fructose, 94 
glucose, 94, 108 
ketones, 99 
lactose, 94, 108 
microscopic examination, 96 
mucus, 98 
normal characteristics of, 89 

113 

of, 

Urine—continued 
organisms in, 97, 
organized deposit, 96 
pH, 89, 91 
pigmentation, 90, 100 
protein, 91-94 
reaction, 89-90 
reducing substances, 94, 108 
routine examination, 90-98 
specific gravity, 13, 89, 90 
spermatozoa, 98 
sucrose, 94, 108 
sugar, 

qualitative test, 95 
quantitative test, 103 

tonicity, 96 
unorganized deposit, 98 
urea, 89, 104 
uric acid, 97 
urobilin and urobilinogen, 105 
volume, 89 

Uriniferous tubules, 341 
Urinometer, 15 
Urobilin, 

faeces, in, 118 
urine, in, 105 

Urobilinogen, 
faeces, in, 118 
urine, in, 105 

V factor for H. influenzae, 228 
Vaccines, sterilization of, 208 
Vacuum, 

desiccator, 7 
embedding-oven, 157 

technique, 157 
pump, water, 17 

Valency, 60-62, 68, 174 
Van Gieson's stain, 187 
Van Slyke urea determination, 112 
Veins, 344 
Venous blood, 276 
Venturi pump, 17, 158 
Verhoeff's elastic stain, 185, 192 
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Verocay's method for removal of 
post-mortem precipitate, 
180 

Viable counts, 217 
Vibrios, 201 
Villi, 339 
Visual colorimeter, 83, 

blood sugar, method for, 112 
urea, method for, 117 

Vital staining, 176 
Vitamins, 337 
Volhard's chloride method, 102 
Volumetric flasks, 9 

technique of using, 10 
Volumetric pipettes, 12 
Von Ebner's fluid, 148 

W 
Wash bottles, 18 
Washing and cleaning of glass

ware, 2 
Washing tissue after fixation, 144 
Wassermann reaction, 303 
Watch glasses, 

biopsy embedding, for, 159 
frozen sections, for, 163 

Water 
baths, 36 
body requirement of, 336 
jacketed incubator, 34 
sand buckets, and, 349 
vacuum pump, 18 

Wax impregnation of tissue, 153 
Weigert's 

gentian violet, 187 
iron haematoxylin, 185 
iron haematoxylin and Van 

Gieson, 191 
primary mordant, 173 

Weights, 26 
Wentworth's fixative, 143 
Westergren E.S.R. method, 292 

Whatman's filter paper classifica
tion, 355 

White blood cells, 
basophils, 271 
counting methods, 285 
differential count, 287 
eosinophils, 271 
granulocytes, 270 
immature, 268 
lymph, in, 344 
lymphocytes, 271 
monocytes, 272 
normal values, 270 
polymorphs, 271 
urine, in, 96 

Winchester quart bottles, 5 
Wilson and Blair's medium, 234 
Wintrobe's 

anticoagulant, 292 
E.S.R. method, 292 
haematocrit tube, 292 
P.C.V. method, 292 

Wire loops, 203 
Wounds, treatment of, 348 

X 
X factor for H. influenzae, 228 
X-ray detection of calcium in 

tissue, 147 
Xylene for tissue cleaning, 152 

Y 
Y pieces, 42 

Z 
Zenker fixative, 140 
Ziehl-Neelsen's stains, 247, 248, 

249, 250 
Zimmer and Ross's rigid strop, 167 
Zinc in food, 336 
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