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Preface

This book is a revised edition of the Manual of basic techniques for a health laboratory
(WHO, 1980), major revisions having been carried out by Dr K. Engbaek, Dr C.C.
Heuck and Mr A.H. Moody. The revision was necessary because of new procedures and technology that have been developed since the previous edition and that
have proved to be useful to small laboratories in developing countries. The procedures have been included in the relevant sections of the manual, and some obsolete
procedures have been replaced by more up-to-date techniques.
The original objective of the manual remains unchanged. It is intended mainly for
the use of laboratory personnel in developing countries during their training and
thereafter in their work. In the selection of techniques, particular attention has
been paid to the low cost, reliability and simplicity of the methods and to the availability of resources in small laboratories.
WHO expresses its thanks to all those who have assisted in the revision of this
manual.
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1. Introduction

1

1. Introduction

1.1 Aim of the manual
This manual is intended for use mainly in medical laboratories in developing countries. It is designed particularly for use in peripheral laboratories in such countries
(i.e. in small or medium-sized laboratories attached to regional hospitals) and in
dispensaries and rural health centres where the laboratory technician often has to
work alone. The language used has been kept as simple as possible although
common technical terms are employed when necessary.
The manual describes examination procedures that can be carried out with a microscope or other simple apparatus. Such procedures include the following:
— the examination of stools for helminth eggs;
— the examination of blood for malaria parasites;
— the examination of sputum for tubercle bacilli;
— the examination of urine for bile pigments;
— the examination of blood for determination of the white cell (leukocyte) type
number fraction (differential leukocyte count)
— the examination of blood for determination of the glucose concentration.
The intention is to provide an account of basic laboratory techniques that are
useful to peripheral laboratories and can be carried out with a limited range of
basic equipment.
Some laboratories may not be able to perform all the procedures described. For
example, a laboratory in a rural health centre may not be able to carry out certain
blood chemistry or serological tests.

1.2 Reagents and equipment
1.2.1 Reagents
Each reagent has been given a number. The reagents required and their numbers
are indicated in the description of each technique. An alphabetical list of all the
reagents used, with the numbers assigned to them, their composition, methods of
preparation and storage requirements appears in the Annex at the end of the manual.
For example, one of the reagents needed for Gram staining is crystal violet, modified
Hucker (reagent no. 18). The composition of crystal violet and the method of preparing it are given in the alphabetical list of reagents (see Annex).

1.2.2 Equipment
The items required for each technique are listed at the beginning of the corresponding section. A list of the apparatus needed to equip a laboratory capable of
carrying out all the examinations described in this manual can be found in section
2.5.
When certain articles are not available, the technician should find an appropriate
substitute; for example, empty bottles that formerly contained antibiotics for injection (“penicillin bottles”) and other drug containers can be kept; racks for test1
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tubes and slides can be made locally; and empty tins can be used to make waterbaths.

1.3 The responsibility of laboratory workers
Laboratory workers carry out laboratory examinations to provide information for
clinical staff in order to benefit patients. They therefore play an important role in
helping patients to get better. At the same time, in the course of their work, they
gain a lot of information about patients and their illnesses. Laboratory workers, like
clinical staff, must regard this information as strictly confidential; only the clinical
staff who request the examinations should receive the reports on them. When patients enquire about test results they should be told to ask the clinical staff.
In most countries there are high moral and professional standards of behaviour for
clinical staff and qualified laboratory personnel. Every laboratory worker handling
clinical materials must maintain these standards.

1.4 Units of measurement
In the laboratory you will work extensively with both quantities and units of measurement, and it is important to understand the difference between them.
Any measurable physical property is called a quantity. Note that the word “quantity” has two meanings; the scientific meaning just defined and the everyday meaning “amount of ”. In scientific usage height, length, speed, temperature and electric
current are quantities, whereas the standards in which they are measured are units.

1.4.1 Quantities and units in the clinical laboratory
Almost all your work in the laboratory will involve making measurements of quantities and using units for reporting the results of those measurements. Since the
health — and even the life — of a patient may depend on the care with which you
make a measurement and the way in which you report the results, you should thoroughly understand:
— the quantities you measure;
— the names that are given to those quantities;
— the units that are used to measure the quantities.

1.4.2 SI units and names for quantities
A simple standardized set of units of measurement has been the goal of scientists
for almost two centuries. The metric system was introduced in 1901. Since then
this system has been gradually expanded, and in 1960 it was given the name “Système
international d’Unités” (International System of Units) and the international abbreviation “SI”. Units of measurement that form part of this system are called “SI
units”. These units have been used to an increasing extent in the sciences, especially chemistry and physics, since 1901 (long before they were called SI units), but
most of them were introduced into medicine only after 1960.
To accompany the introduction of SI units, medical scientists prepared a systematic list of names for quantities. Some of these names are the same as the traditional
ones; in other cases, however, the traditional names were inaccurate, misleading or
ambiguous, and new names were introduced to replace them.
This manual uses SI units and the currently accepted names for quantities. However, since traditional units and names for quantities are still used in some laboratories, these are also included and the relationship between the two is explained.
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The following section gives a brief description of the SI units and of the quantity
names that are used in this manual.
SI units used in this manual
All SI units are based on seven SI base units. Only four of them are used in this
manual; they are listed in Table 1.1.
Table 1.1 SI base units used in this manual
Quantity

Unit name

Symbol

Length

metre

m

Mass

kilogram

kg

Time

second

s

Amount of substance

mole

mol

The first three of these units will be familiar to you, although the quantity names
“mass” and “amount of substance” and the unit name “mole” may need
explanation.
Mass is the correct term for what is commonly called “weight”. (There is a technical meaning of the term “weight”: it is a measure of the force with which the earth’s
gravity attracts a given mass. Mass, on the other hand, is independent of the earth’s
gravitational attraction. The two terms are mixed up in everyday usage; furthermore, we speak of measuring a mass as “weighing”.) “Amount of substance” and
its unit, mole, are important terms in medicine and they will affect your work in the
laboratory more than any other quantities or SI units. When two or more chemical
substances react together, they do not do so in relation to their mass. For example:
sodium
hydrochloric
sodium carbon
+
Æ
+
+ water
bicarbonate acid
chloride dioxide
In this reaction 1 kg (1 kilogram) of sodium bicarbonate does not react with 1 kg of
hydrochloric acid; in fact, 1 mol (1 mole) of sodium bicarbonate reacts with 1 mol
of hydrochloric acid. Whenever chemical substances interact, they do so in relation
to their relative molecular mass (the new name for what used to be called “molecular weight”). Use of the mole, which is based on the relative molecular mass, therefore gives a measure of equivalent amounts of two or more different substances
(use of mass units does not).
Most of the SI units are called SI derived units. These are obtained by combining
the SI base units (by multiplication or division) as appropriate. Some common SI
derived units are shown in Table 1.2.

Table 1.2 SI derived units used in this
manual
Quantity

Unit name

Symbol

Area

square metre

m2

Volume

cubic metre

m3

Speed

metre per second

m/s or ms-1

The unit of area is metre ¥ metre = metre squared or square metre; the unit of
volume is metre ¥ metre ¥ metre = metre cubed or cubic metre; and the unit of
speed is metre divided by second = metre per second. All the SI derived units are
obtained in this simple way. In some cases, however, it is necessary to multiply and
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divide several times, and the resulting expression becomes very cumbersome; for
example, the unit of pressure is kilogram divided by (metre ¥ second ¥ second). To
avoid this difficulty such units are given special names. For example, the unit of
pressure is called the pascal.
If the SI base units and derived units were the only ones available, measurements
would be difficult because these units are too large or too small for many purposes.
For example, the metre is far too large to be convenient for measurement of the
diameter of a red blood cell (erythrocyte). To overcome this difficulty, the SI incorporates a series of prefixes, called SI prefixes, which when added to the name of a
unit multiply or divide that unit by a certain factor, giving decimal multiples or
submultiples of the unit. The SI prefixes used in this manual are listed in Table 1.3.
Table 1.3 SI prefixes
Factor

Prefix

Symbol

Multiply by 1 000 000 or 1 million (¥ 10 )

mega

M

Multiply by 1000 (¥ 103)

kilo

k

Divide by 100 (¥ 0.01 or 10-2)

centi

c

milli

m

Divide by 1 000 000 (¥ 0.000 001 or 10 )

micro

m

Divide by 1000 million (¥ 0.000 000 001 or 10-9)

nano

n

6

Divide by 1000 (¥ 0.001 or 10-3)
-6

For example, 1 kilometre (1 km) = 1000 metres (1000 m); 1 centimetre (1 cm) =
0.01 metre (0.01 m or 10-2 m); 1 millimetre (1 mm) = 0.001 metre (0.001 m or
10-3 m); and 1 micrometre (1 mm) = 0.000 001 metre (0.000 001 m or 10-6 m). These
prefixes have the same meaning when they are applied to any other unit.
Quantity names used in this manual
Certain names for quantities were introduced to accompany the change to SI units.
Most of these names are used to describe concentration and related quantities.
Units for measurement of concentration
The difficulty with concentration is that it can be expressed in different ways. Traditionally all of these were called simply “concentration”, which was misleading.
Now each different way of expressing concentration has its own special name. Before these names can be described, it is necessary to explain the unit of volume
called the “litre” (l). You are probably familiar with this unit of volume, and may
have been surprised that it has not already been mentioned. This is because the
litre is not an SI unit.
The SI derived unit of volume is the cubic metre, but this is far too large to be
convenient for measurements of body fluids. A submultiple of the cubic metre is
therefore used; the cubic decimetre. The prefix “deci” was not listed above because
it is not used in this manual, but it means division by 10 (or multiplication by 0.1 or
10-1). A decimetre is therefore 0.1 m, and a cubic decimetre is 0.1 ¥ 0.1 ¥ 0.1 m3 =
0.001 m3 (or 10-3 m3; that is, one-thousandth of a cubic metre). The name “litre”,
although not part of the SI, has been approved for use as a special name for the
cubic decimetre. The litre and its submultiples, such as the millilitre (ml), are used
mainly for measuring relatively small volumes of liquids and sometimes gases; volumes of solids and large volumes of liquids and gases are usually measured in
terms of the cubic metre or one of its multiples or submultiples. The litre is the unit
used in the clinical laboratory for reporting all concentrations and related quantities. However, you may encounter (for example, on graduated glassware) volumes
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Table 1.4 SI derived units of volume
Unit name
Cubic decimetre
—

Symbol
dm3
100 cm

3

10 cm3

—
Cubic centimetre

cm3

Cubic millimetre

mm3

a

Equivalent in
cubic metres (m3)
0.001

Unit name
litre

Symbol
l

a

Equivalent in
litres (l)
1

Equivalent in
millilitres (ml)
1000

0.0001

decilitre

dl

0.1

100

0.000 01

centilitrea

cl

0.01

10

0.000 001

millilitre

ml

0.001

1

0.000 000 001

microlitre

ml

0.000 001

0.001

Seldom used in the laboratory.

marked in terms of submultiples of the cubic metre. The equivalent submultiples of
the cubic metre and of the litre are listed in Table 1.4.
Having explained the litre, we can now return to the names for different ways of
expressing concentration. First, suppose that we have a solution of salt. The mass
of dissolved salt divided by the volume of solution is called the mass concentration. A
more general definition of mass concentration is “the mass of a given component
(e.g. a dissolved substance) divided by the volume of solution”. The unit in which
it is measured is gram (or milligram, microgram, etc.) per litre. In the SI mass
concentration is rarely used; it is used only for substances such as proteins whose
relative molecular mass is uncertain.
Now suppose that we have another solution of salt, only this time the amount of
dissolved salt is expressed in terms of the “amount of substance”. The amount of
substance of salt (that is, the number of moles of salt) contained in the solution
divided by the volume of the solution is called the amount of substance concentration, or, for short, the substance concentration. The unit in which substance concentration is measured is mole (or millimole, micromole, etc.) per litre. When SI units
are used all concentrations are expressed in terms of substance concentration wherever possible.
This use of substance concentration instead of mass concentration is the most important difference between the use of SI units and the use of traditional units.
In the traditional system mass concentration was used almost exclusively.
However, mass concentration was not, in the traditional system, always
expressed in terms of “per litre”. Sometimes “per litre” was used, sometimes
“per 100 ml” (0.1 litre), and sometimes “per millilitre”. Different countries
(and even different laboratories in the same country) followed different practices, making for considerable confusion.
For particles or entities that are not dissolved, a different quantity must be used.
For example, the blood contains many different kinds of cell. These cells are suspended in the blood, and we must have a way of expressing the number of cells in
each litre of blood. In this case the quantity name is the number concentration, which
is defined as “the number of specified particles or entities in a mixture divided by
the volume of the mixture”. The unit in which number concentration is measured
is number per litre.
In the traditional system number concentration was called a “count” and it
was expressed in the unit “number per cubic millimetre”.
Sometimes the quantity that is of concern is not the actual number of cells per litre
(number concentration) but the proportion of cells of a given type — that is, the
fraction of the total number that is accounted for by cells of that type. This quantity
is called the number fraction, and it is expressed as a fraction of 1.0 (unity). At first
sight this may seem a little confusing, but it is really very simple. Unity or 1.0
represents the whole, 0.5 represents one-half, 0.2 one-fifth, 0.25 one-quarter, 0.1
one-tenth, and so on. For example, five kinds of leukocyte occur in the blood. The
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number fraction of each type might be 0.45, 0.35, 0.10, 0.08 and 0.02. (If you add
these fractions, you will find that the total is 1.0 — the whole.)
In the traditional system this quantity had no name and results were reported as percentages instead of fractions. For example, a number fraction
of 0.5 was reported as 50%, and a number fraction of 0.08 was reported as
8%. From this you will see that percentage divided by 100 gives the number
fraction.
Another quantity that is expressed as a fraction of 1.0 is the volume fraction. This is
defined as the volume of a specified component of a mixture divided by the total
volume of the mixture. For example, if the total volume occupied by all the
erythrocytes in 1 litre (1000 ml) of blood is 450 ml, the erythrocyte volume fraction
is 450/1000 = 0.45. The erythrocyte volume fraction is important for the diagnosis
of many diseases and you will often measure it in the laboratory.
In the traditional system volume fraction had no special name: instead, each
different volume fraction had a different name. Erythrocyte volume fraction, for example, was called “packed cell volume” (which was misleading
because it did not specify what kind of cell was measured and because it was
reported as a percentage, not as a volume).
From the above explanation you will see that number fraction is “number per
number” and volume fraction is “volume per volume” — that is, they are both
ratios.
Table 1.5 lists metric and traditional quantity names and units, with conversion
factors.
Table 1.5 Metric and traditional quantity names and units
Quantity name

SI unit

Traditional quantity
name

Traditional unit

Conversion factors and examplesa

Erythrocyte number
concentration
(see section 9.5)

no. ¥ 1012/l

erythrocyte count

million/mm3

No conversion factor:
4.5 million/mm3 = 4.5 ¥ 1012/l
5.0 ¥ 1012/l = 5.0 million/mm3

Erythrocyte volume fraction
(see section 9.4)

1

packed cell volume
(haematocrit)

%

Packed cell volume 38% ¥ 0.01 =
erythrocyte volume fraction 0.38
Erythrocyte volume fraction 0.4
¥ 100 = packed cell volume 40%

Leukocyte number
concentration (blood)
(see section 9.6)

no. ¥ 109/l

leukocyte count
(blood)

no./mm3

8000/mm3 ¥ 0.001 = 8.0 ¥ 109/l
7.5 ¥ 109/l ¥ 1000 = 7500/mm3

Leukocyte number
concentration (CSF)
(see section 8.3.3)

no. ¥ 106/l

leukocyte count (CSF)

no./mm3

No conversion factor:
27/mm3 = 27 ¥ 106/l
25 ¥ 106/l = 25/mm3

Leukocyte type number
fraction (blood and CSF)
(e.g. lymphocyte number
fraction; see sections 9.13
and 8.3.3)

1

differential leukocyte
count (e.g.
lymphocytes)

%

Lymphocytes 33% ¥ 0.01 =
lymphocyte number fraction 0.33

Reticulocyte number
concentration
(see section 9.12)

no. ¥ 109/l

reticulocyte count

no./mm3

86 000/mm3 ¥ 0.001 = 86.0 ¥ 109/l
91.5 ¥ 109/l ¥ 1000 = 91 500/mm3

Reticulocyte number
fractionb (see section 9.12)

no. ¥ 10-3

reticulocyte count

%

0.5% ¥ 10 = 5 ¥ 10-3
12 ¥ 10-3 ¥ 0.1 = 1.2%

‰

5‰ = 5 ¥ 10-3
12 ¥ 10-3 = 12‰

Lymphocyte number fraction
0.33 ¥ 100 = lymphocytes 33%
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Table 1.5 (cont.)
Quantity name

SI unit

Traditional quantity
name

Traditional unit

Conversion factors and examplesa

Thrombocyte number
concentration (see
section 9.14)

no. ¥ 109/l

platelet count

no./mm3

220 000/mm3 ¥ 0.001 = 220 ¥ 109/l
250 ¥ 109/l ¥ 1000 = 250 000/mm3

Glucose, substance
concentration
(blood and CSF)
(see sections 10.1 and 8.3.4)

mmol/l

glucose, mass
concentrationc (blood
and CSF)

mg/100 ml

81 mg/100 ml ¥ 0.0555 = 4.5 mmol/l
4.2 mmol/l ¥ 18.02 = 75.7 mg/
100 ml

Haemoglobin (Fe),
substance concentration
(see section 9.3)

mmol/l

haemoglobin, mass
concentrationc

g/100 ml

Hb 13.7 g/100 ml ¥ 0.621 = Hb(Fe)
8.5 mmol/l

Haemoglobin, mass
concentration
(see section 9.3)

g/l

haemoglobin, mass
concentrationc

g/100 ml

14.8 g/100 ml ¥ 10 = 148 g/l
139 g/l ¥ 0.1 = 13.9 g/100 ml

Mean erythrocyte
haemoglobin (Fe) substance
concentration
(see section 9.4)

mmol/l

mean corpuscular
haemoglobin
concentration (i.e. mass
concentration)d

%e

35% ¥ 0.621 = 21.7 mmol/l
22 mmol/l ¥ 1.611 = 35.4%

Mean erythrocyte
haemoglobin mass
concentration (see section
9.4)

g/l

mean corpuscular
haemoglobin
concentration (i.e. mass
concentration)

%e

35% ¥ 10 = 350 g/l
298 g/l ¥ 0.1 = 29.8%

Protein, mass concentration
(CSF) (see section 8.3.5)

g/l

protein, mass
concentrationc

mg/100 ml

25 mg/100 ml ¥ 0.01 = 0.25 g/l
0.31 g/l ¥ 100 = 31 mg/100 ml

g/l

No change

urea, mass
concentrationc

mg/100 ml

15 mg/100 ml ¥ 0.167 = 2.5 mmol/l
2.9 mmol/l ¥ 6.01 = 17.4 mg/100 ml

urea nitrogen,e mass
concentration

mg/100 ml

urea nitrogen 7 mg/100 ml
¥ 0.357 = urea 2.5 mmol/l

Urea, substance
concentration (blood)
(see section 10.2)

Hb(Fe) 9 mmol/l ¥ 1.61 = Hb 14.5
g/100 ml

mmol/l

CSF: cerebrospinal fluid.
a
The examples show first the conversion of actual numerical values in traditional units into values in SI units, and then the conversion from SI
into traditional units. The conversion factor is underlined.
b
In this case, the number fraction is reported not as a fraction of 1, but as a fraction of 1000, in order to avoid inconveniently small numerical
values.
c
Mass concentration is what was measured, but the term “mass concentration” was not usually used.
d
Mean corpuscular haemoglobin concentration was sometimes expressed as a decimal fraction rather than a percentage, e.g. 0.35 instead of
35%. In this case, each of the conversion factors listed must be multiplied or divided by 100, as in the following examples:
0.35 ¥ 62.1 = 21.7 mmol/l
22 mmol/l ¥ 0.01611 = 0.354
0.35 ¥ 1000 = 350 g/l
298 g/l ¥ 0.001 = 0.298
e
In the traditional system urea was sometimes reported in terms of urea and sometimes in terms of urea nitrogen (i.e. the nitrogen content of
the urea).
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2. Setting up a peripheral
health laboratory

2.1 Plan of a peripheral medical laboratory
2.1.1 A one-room laboratory
Figure 2.1 sets out the possible arrangement of a peripheral medical laboratory
attached to a health centre. It shows a laboratory suitable for carrying out some or
all of the techniques described in the manual. The plan is limited to one room,
since often this is all the space that is available for the laboratory. The room should
measure at least 5 m ¥ 6 m.
Figure 2.2 indicates another possible arrangement of a peripheral laboratory. It can
obviously be modified to suit different circumstances.

Fig. 2.1 Plan for a one-room laboratory
11
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Fig. 2.2 Alternative plan for a one-room laboratory
1: outpatient’s table; 2: hand-operated centrifuge; 3: microscopes; 4: haematology area; 5: colorimeter; 6: waterbath; 7: electric centrifuge; 8: syphilis serology and biochemistry area; 9: reagent refrigerator; 10: reagent shelf;
11: glassware shelf; 12: balance; 13: staining box; 14: area for examination of sputum specimens; 15: Bunsen
burner; 16: sinks; 17: waste sink; 18: bed for patients; 19: record-keeping area; 20: area for examination of stool
specimens; 21: area for examination of urine specimens; 22: area for reception of specimens; 23: gas bottle.

2.1.2 A two-room laboratory
If two rooms are available, it is recommended that the second be used for washing
and sterilization. Dirty and/or contaminated material should be removed from the
laboratory working area as quickly as possible, both for the safety of the workers
and to avoid errors and cross-contamination.

2.2 Electricity
A reliable energy supply should be available to ensure continuity of the work in a
laboratory. The energy can be provided from the following sources:
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— mains electricity supply
— generators
— solar energy supply system.
Remote laboratories often have problems in ensuring a continuous supply of electrical power and may need to generate electricity by using a local generator or a
solar energy supply system.

2.2.1 Sources of electricity
Generators
Electrical energy can be provided by a fuel generator. It is possible to use the combustion engine of a motor car or a purpose-built generator. A purpose-built generator produces an alternating current of 110 volts (V) or 220 V and can usually generate
more energy than a car engine. A car engine provides a direct current of 12 V or
24 V, which can be fed into rechargeable batteries (see below).
The type of current available will limit the selection of laboratory equipment; for
example, an instrument that requires direct current can be supplied with energy from:
— batteries
— a direct current network with a transformer
— an alternating current network with a converter.
The installation of a direct current network is simple and it is safe to operate.
However, for instruments that require a low-voltage (6 V, 12 V or 24 V) direct current, the high voltage produced from the direct current network must be converted
by means of a transformer. Alternatively, for instruments that require alternating
current (110 V, 220 V or 240 V), the direct current must be converted into alternating current by means of an inverter. Inverters are heavy and expensive and significant
energy losses occur in the conversion process. It is therefore preferable to use either
direct current or alternating current appliances, depending on your supply, and
avoid the need for conversion.
If no generator is available or if a mains power supply is accessible, but the electrical current fluctuates or is prone to frequent breakdowns, a solar energy supply
may be preferable (see below).
Solar energy supply systems (photovoltaic systems)
A laboratory with a few instruments with low energy requirements can work with a
small energy supply. For laboratories located in remote areas, a solar energy supply
system may be more suitable than a generator since there are no problems of fuel
supplies and it can be easily maintained.
A solar energy supply system has three components:
— solar panel(s)
— an electronic charge regulator
— batteries.
Solar panels
Two different types of solar panel are commercially available:
— panels with cells of crystalline silicon
— panels with cells of amorphous silicon.
Amorphous silicon panels are less expensive, but produce solar energy less efficiently
than crystalline silicon panels.
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Solar panels must be installed so that they are exposed to direct light, since shade
reduces the efficiency of energy production. They should be inclined at an angle of
15°. The underside of the panel must be freely ventilated. The minimum distance
of the underside of the panel from the surface of the supporting construction must
be more than 5 cm to avoid heating of the panel, which would reduce the efficiency
of energy production.
Electronic charge regulators
A charge regulator controls the charging and discharging of the batteries automatically. When the battery voltage falls below a threshold value during discharge, the
laboratory instrument will be disconnected from the battery. On the other hand, if
the voltage increases above a threshold value (e.g. when the battery is recharged),
the solar panel will be disconnected from the battery. A good charge regulator
adapts the maximal voltage of the battery to the change in the temperature of the
ambient environment. This prevents the loss of water in the battery by evaporation.
It is important to keep a spare charge regulator in stock in case of breakdown. The
charge regulator chosen should be stable under tropical conditions. It is advisable
to choose a charge regulator with an integrated digital display that allows the battery charge to be monitored easily.
Batteries
Lead batteries
Solar energy systems require rechargeable batteries, which may be either lead or
nickel–cadmium (Ni–Cd) batteries. Lead batteries are preferred and many types
are available commercially (see Table 2.1). High-efficiency batteries have practical
advantages, although they are more expensive than normal batteries.
When purchasing batteries choose 12 V batteries with the highest capacity (1000
ampere-hours (Ah)).
Several types of maintenance-free lead batteries are commercially available, but
they are expensive and less efficient than those that require maintenance. The development of this type of battery is still in progress; it has not been thoroughly
tested in tropical climates. Therefore, the maintenance-free batteries are not recommended.
Transport of lead batteries
Lead batteries should be emptied before being transported. It is important to remember that if lead batteries are to be transported by air they must be empty of
electrolyte solution, which should be replaced on arrival at the destination.
Table 2.1 Specifications for batteries used for solar power supply
Specification

Type of battery
Nickel–cadmium

Lead–calcium
antimony (2%)

Lead–calcium
antimony (6%)

Lead–calcium

Type of electrolyte

liquid

liquid

liquid

liquid

Maximum discharge

100%

80%

80%

50%

Discharge during normal operation

20%

20%

20%

20%

Voltage/cell

1.2 V

2V

2V

2V

Self-discharge rate

high

low

medium

low

minimal

infrequent

frequent

infrequent

high

mid-range

mid-range

low

highly
recommended

highly
recommended

recommended

not
recommended

Topping up required
Capital costs
Suitability for photovoltaic use
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Maintenance of lead batteries
The daily discharge of lead batteries should not exceed 20% of the batteries’ capacity, otherwise the lifetime of the batteries (normally about 1100 recharge cycles), will be shortened. If the batteries are repeatedly discharged to 40% of their
capacity, they will last for only about 600 cycles. (There are some special lead
batteries available that can be discharged by 40%, but will last for about 3000
recharge cycles.) For maintenance the level of fluid must be checked regularly and
when necessary refilled with the distilled water that is used for car batteries.
High-efficiency batteries cannot be replaced by normal car batteries in case of a
breakdown.When only car batteries are available to replace a defective high-efficiency
battery, all the batteries in the energy storage system must be replaced with car batteries.
Nickel–cadmium (Ni–Cd) batteries
Ni–Cd batteries can be recharged by a solar panel. Some Ni–Cd batteries are the
same size, but have different capacities. The AA-size Ni–Cd battery is available with
a capacity from 0.5 Ah up to 0.7 Ah. Choose the batteries with the highest capacity.
The small Ni–Cd batteries, type AAA to D, for use in laboratory instruments should
be recharged in advance to enable continuous operation in a laboratory. The lifespan
of Ni–Cd batteries may be 1000 recharging cycles, depending on their quality.
Maintenance of Ni–Cd batteries
Ni–Cd batteries appear to work unreliably in tropical countries. This apparent
unreliability is caused by an increased rate of discharge rather than inefficient recharging of the battery at high ambient temperatures (see below). Such problems
may be partially overcome as follows:
●

Ni–Cd batteries should be recharged at a low ambient temperature (e.g. in a
refrigerator or in a specially constructed recharging box) shortly prior to being
used. (For example, only 62% of the energy can be made available from a Ni–Cd
battery that was charged at 40 °C.)

●

Recharged Ni–Cd batteries should be stored under cool, dry conditions to minimize their rate of self-discharge. (For example, a Ni–Cd battery stored for 2
weeks at 40 °C will have a residual capacity of only 32%.) High humidity will
also accelerate the self-discharge of the battery.

2.2.2 Setting up simple electrical equipment
If the laboratory has an electricity supply the following equipment can be used:
— an electric lamp for the microscope (stable illumination makes adjustment
easier);
— an electric centrifuge (much faster than the manually operated type);
— a microhaematocrit centrifuge (for detection of anaemia);
— a spectrophotometer or colorimeter (allows accurate estimation of haemoglobin);
— a water-bath, refrigerator etc.
You may have to make simple connections or repairs to this equipment in the laboratory. The explanations given below are intended to help the laboratory technician
to do this and are limited to the steps to follow in each case. Inexperienced persons
should start by carrying out the procedures in the presence of an instructor.
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The electricity meter (Fig. 2.3)
An electricity meter measures and records the amount of
electricity used. It indicates:
— the voltage, measured in volts (220 V, 110 V, etc.);
— the strength of the current, measured in amperes (A);
— the frequency of the alternating current, e.g. 50 hertz
(Hz) (cycles per second).
Some types of meter have switches or buttons:
— a flip-switch that can be flipped one way to cut off the
electricity supply to the whole building (the mains
fuse) and the other way to restore it;
— a button marked “OFF” that can be pushed to cut off
the electricity supply;
ON

— a button marked “ON” that can be pushed to restore
the electricity supply.
The flip-switch or “OFF” button also acts as a circuitbreaker, automatically cutting off the current when the circuit is overloaded. When this happens, first find and correct
the fault that caused the cut-off, then press the “ON” button or flip the switch to restore the current.

OFF

Fig. 2.3 An electricity meter

Setting up new electrical equipment
Voltage
Check that the voltage marked on the instrument is the same as that of your electricity supply. The instrument has a label on it stating the voltage with which it
must be used. The voltage of your electricity supply is marked on your electricity
meter.
Dual-voltage equipment
Dual-voltage instruments can be used with two different voltage supplies.
There is a device on the instrument that enables you to select the appropriate
voltage, i.e. the voltage marked on your electricity meter. Depending on the instrument, this device may be:
— a lever or switch that can be moved to the 110 V position or the 220 V position (Fig. 2.4(a));
— an unwired plug that can be transferred from the 110 V position to the 220 V
position (Fig. 2.4(b));
— a screw that can be turned to the 110 V position or the 220 V position (Fig.
2.4(c)).
(c)
(a)
(b)

Fig. 2.4 Dual-voltage instruments
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The electrical power of the instrument
The electrical power is measured in watts (W) and is marked on the plate that
shows the correct voltage for the instrument. Each piece of electrical equipment in
the laboratory uses a certain amount of power. The total power used at any one
time must not exceed the power of your electricity supply. You can work out how
much power is available from the figures shown on the meter: multiply the voltage
(V) by the current (A). For example, if the voltage is 220 V and the current is 30 A,
the electrical power supplied will be 220 ¥ 30 = 6600 watts or 6.6 kW.
Using a transformer
If an instrument is intended for use with a voltage different from that of the laboratory electricity supply, it can be used with a transformer. For example, if the centrifuge provided only works at 110 V and the voltage of your electricity supply is
220 V, ask for a 110 –220 V transformer, indicating the wattage of the centrifuge.
Plug the centrifuge into the 110 V connection of the transformer supplied, then
plug the 220 V lead from the transformer into the laboratory electricity supply (wall
socket).
Switching off electrical equipment
After an instrument has been switched off, it must be unplugged from the wall
socket. If left plugged in, it is a fire risk.

2.2.3 What to do in case of failure of electrical equipment
If an instrument does not work, check the following:
— the fuses
— the plug at the end of the cable
— the cable
— the wall socket
— the voltage of the instrument and that of the electricity supply.
Before doing anything, cut off the electricity supply:
— either by pressing the button or the switch marked “OFF” on the meter
— or by removing the mains fuse (Fig. 2.5).
Tools (Fig. 2.6)
●

Screwdriver

●

Wire-cutters

●

Flat-nose or taper-nose pliers

●

Fuse wire

●

Various spare parts: plugs, switches, etc.

Fig. 2.5 Removing the mains fuse

Fig. 2.6 Tools for electrical work
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Changing the fuse
Remove the cover from the fuse box.

Fig. 2.7 Removing fuse wire from a blown
fuse

If it is a screw-type fuse, the fuse wire is stretched between two screws.
If the wire is broken or melted, the current no longer passes: the fuse
has blown. Loosen the two screws (Fig. 2.7). Remove the old fuse
wire. Replace it with new fuse wire of the same gauge (thickness), or
with thinner wire if the same size is not available. Fix the wire in an
“S” shape, with a loop at either end. The wire must pass beneath
the small washers under the screws.
If it is a two-pin fuse, fix the fuse wire to the base of the pins, and
then tighten the pins with pliers (Fig. 2.8).
Once the fuse has been repaired, check the whole circuit before
switching on the electricity supply.
Checking the plug
If a fault is suspected in a plug, it must be repaired or replaced.
There are many different types of plug; some have a screw on the
outside that can be unscrewed so that the cover can be removed.

Fig. 2.8 Changing a two-pin fuse

Two-pin plug (Fig. 2.9)
Inside the plug, the two wires of the cable are fixed to the terminal
screws (T) of the contact pins (P). Check that the terminal screws
are tightened. Sometimes this is all that is needed to repair the plug.

Fig. 2.9 A two-pin plug

Fitting a new plug
To fit a new plug, remove the insulating material along a length of
1.0–1.5 cm from the end of each of the two wires making up the
cable. This can be done by scraping with a knife but take care not to
damage the wire inside. Twist the exposed ends of both wires to
allow them to fit neatly into the terminal once the screw has been
loosened (Fig. 2.10).
Insert one exposed end into each of the terminals of the plug. Tighten
the terminal screws and replace the terminals (Fig. 2.11). The screws
should hold the wires firmly; check by pulling the wires gently.

Fig. 2.10 Twist the exposed ends of both
wires

Fig. 2.11 After inserting the wires into the
plug terminals, tighten the
terminal screws

Three-pin plug (Fig. 2.12)
Two of the pins are connected to the electricity supply; one is “live” and one is
“neutral”. The third (usually the middle) pin is connected to the “ground” or “earth”.
It is most important to connect each of the three wires in the cable to the correct
pin, and the plug usually contains instructions that should be strictly followed. If
there is the slightest doubt, consult an electrician.
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Fig. 2.12 A three-pin plug

The ground or earth wire is covered in green or green and yellow insulating material.
It provides an escape for the electric current in case of poor insulation, thus avoiding passage of the current through the human body.
Checking the cable or switch
Check to see whether the cable is burned or broken. If so, it should be replaced.
There are many different types of switch. They have to be unscrewed and opened if
you want to check that they are working properly. Make sure that the two incoming
wires and the two outgoing wires are firmly fixed in their respective terminals
(Fig. 2.13).

Fig. 2.13 A switch

Extension lead
An extension lead is a cable with a male plug (M) on one
end and a female plug (F) on the other (Fig. 2.14). The female plug is fixed to the cable by two terminals inside the
plug, just as in the normal male plug.
Checking the wall socket
To check a wall socket, plug in a lamp that you know to be
working. Some sockets are fitted with a small replaceable fuse.
If this is not the case, it is usually wise to call in an electrician
to repair a wall socket.

Fig. 2.14 An extension lead

Precautions
●

Never take electrical equipment apart without first disconnecting the electricity
supply.

●

Never touch electrical equipment with wet hands (water is a good conductor of
electricity).
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●

Never plug a new piece of equipment into the electricity supply without first
checking the plate to see whether the voltage marked is the same as that of the
laboratory supply (110 V, 220 V, etc.).

●

Never remove a plug from a socket by pulling the cable.

●

Never replace fuse wire with wire that is thicker.

2.3 Plumbing: simple procedures
A fault in the plumbing of the laboratory (a dripping tap, a blocked sink, etc.) can
hamper laboratory work considerably. Some simple remedies are described below,
in case a plumber is not readily available.

2.3.1 Tools and materials (Fig. 2.15)

Fig. 2.15 Tools and materials for plumbing repairs

●

Adjustable wrench

●

Pipe wrench

●

Set of screwdrivers

●

Bottle brush

●

Rubber washers for taps

●

Rubber stoppers such as those used in penicillin
bottles

●

Plunger for clearing blocked pipes

●

Tow and jointing compound for sealing joints, if
available.

Important: Before starting any plumbing operation, cut off
the water at the mains.

2.3.2 Taps
A tap is made up of two parts (Fig. 2.16):
— the body (B), through which the water flows
— the head (H), which controls the flow of water by means of a rubber
washer (W).
Between the head and the body, there is a joint (J) of rubber or tow.

Fig. 2.16 Components of a tap
B: body; H: head; J: joint; W: washer.

Fig. 2.17 Removing the head of a tap

2. Setting up a peripheral health laboratory

21

What to do if water flows when the tap is
turned off
If water continues to flow when the tap is turned off, the
washer needs to be replaced.
1. Unscrew the head of the tap using an adjustable wrench
(turn in an anticlockwise direction) (Fig. 2.17).
2. Remove the worn washer from the base of the head (B).
If the washer is embedded (Fig. 2.18(a)), pull it out. If it
is screwed on (Fig. 2.18(b)), unscrew it.
3. Replace it with a new washer of the same type.
4. If the tap continues to leak after the washer has been replaced, the seating (S) that receives the washer (Fig.
2.19(a)) is probably faulty. In this case place a rubber
stopper in the hole (Fig. 2.19(b)).

Fig. 2.18 Removing the washer
B: base of the head of the tap.

This will act as a temporary seal until a plumber can be
called in.
(a)

(b)

Fig. 2.19 Repairing the seating for the washer
S: seating.

What to do if water leaks out of the head of
the tap
If water leaks out of the head of the tap, the joint needs to be replaced.
1. Unscrew the head of the tap using an adjustable wrench.
2. Replace the joint with a new one of the same type.
If the joint is made of tow:
1. Remove the old joint, scraping the screw thread with a pointed knife (Fig. 2.20).
2. Wind new tow around the screw thread, starting at the top and winding in a
clockwise direction (Fig. 2.21).
3. Smear jointing compound over the tow (Fig. 2.22).
4. Replace the head of the tap on the body and screw down as far as it will go.
Replacing the whole tap
Unscrew the faulty tap, using a pipe wrench (turn in an anticlockwise direction).
Take the new tap; the body ends in a large screw (S) (Fig. 2.23(a)). Wind tow
around the thread and smear with jointing compound as described above.

Fig. 2.20 Removing the tow
from around the
screw thread
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Fig. 2.21 Winding new tow around the screw

Fig. 2.22 Applying jointing compound to the tow

Fig. 2.23 Replacing a tap
S: screw.

Screw the new tap into the water pipe in the wall in place of the old one
(Fig. 2.23(b)). Tighten with the wrench.

2.3.3 Sink traps
Components of a sink trap (Fig. 2.24)
The sink trap consists of:
— the body, fixed to the sink outflow by a joint ( J1);
— the swan neck of the U-shaped trap, fixed to the body by a joint
( J2).
The whole trap is attached to the waste pipe by a joint ( J3).

Fig. 2.24 Components of a sink trap
J1, J2, J3: joints.

The wastewater flows into the trap, which is permanently filled with water
(the seal). This prevents foul air from the waste pipes and sewers from
coming up into the sink. Sink traps may become blocked so that wastewater
from the sink or basin cannot drain away.
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Unblocking with a plunger
Place the plunger over the waste pipe. Let a little water
flow around it to help it stick. Press down on the wooden
handle to flatten the plunger (Fig. 2.25).
Pull it up and then push it down hard again. Repeat this
procedure several times, as fast as you can. The suction
caused may break up whatever is blocking the sink.
Unblocking with chemicals
Use a commercial product intended for the purpose. AlFig. 2.25 Unblocking a sink with a plunger
ternatively, use 250 g of sodium hydroxide pellets. Put the
pellets in the bottom of the sink or basin, over the waste
pipe. Pour 2 litres of boiling water on to the pellets (avoid splashing). Leave for 5
minutes, then rinse the sink thoroughly with cold water from the tap.
Warning: Sodium hydroxide solution is highly corrosive and should be used with
extreme care. If it is splashed on the skin or in the eyes, wash the affected areas
immediately with large quantities of water.
Unblocking by emptying the sink trap
Place a bucket beneath the trap. Unscrew joint J2 using an adjustable spanner (Fig.
2.26).
Clean the trap with a bottle brush or piece of wire. Clear away all waste material. If
there is a white deposit (limescale) in the trap, take it apart completely. Heat the
components in diluted acetic acid (20 ml of acid per litre of water).
Reassemble the sink trap.
What to do if the sink trap is leaking
If foul smells come up through the waste pipe of the sink, the permanent reservoir
of water (the seal) at the bottom of the trap must have leaked because of a fault in
joint J2. Screw the joint down tightly, or replace it with a new one (Fig. 2.27).
Important: Never pour strong acids down a sink, since they can cause corrosion.

Fig. 2.26 Unblocking a sink by emptying the sink trap

Fig. 2.27 Replacing the seal at the bottom of a sink

2.4 Water for laboratory use
The medical laboratory needs an adequate water supply for its work. It requires:
— clean water
— distilled water
— demineralized water (if possible)
— buffered water (if possible).
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2.4.1 Clean water
To check whether the water supply is clean, fill a bottle with water and let it stand
for 3 hours. Examine the bottom of the bottle. If there is a deposit, the water needs
to be filtered.
Filtering
Using a porous unglazed porcelain or sintered glass filter
This type of filter can be attached to a tap. Alternatively, it can
be kept immersed in a container of the water to be filtered (Fig.
2.28).
Important: Filters of this type must be dismantled once a month
and washed in boiling filtered water.
Using a sand filter
A sand filter can be made in the laboratory. You will need the
following (see Fig. 2.29):

Fig. 2.28 Filtering water using a porous unglazed
porcelain or sintered glass ﬁlter

— a filter reservoir (a large container such as a metal drum, a
big earthenware pot or a perforated bucket)
— sand (S)
— gravel (G).
Note: Water that has been filtered through a sand filter is almost
free of particles, but it may contain water-soluble chemical compounds and bacteria.
Storage of water
If water is scarce or comes from a tank or well, always keep a
large supply in reserve, preferably in glass or plastic containers.
Decant water that has been stored before filtering it.
Water supply
If there is no running water in the laboratory, set up a distributor
as follows (see Fig. 2.30):
1. Place the container of water on a high shelf.
2. Attach a length of rubber tubing to the container so that the
water can flow down.

Fig. 2.29 Filtering water using a sand ﬁlter
G: gravel; S: sand.

3. Clamp the rubber tubing with a Mohr clip or a small screw
clamp.

2.4.2 Distilled water
Distilled water is free from nonvolatile compounds (e.g. minerals) but it may contain volatile organic compounds.
Preparation

Fig. 2.30 A water distributor

Distilled water is prepared using a still, in which ordinary water
is heated to boiling point, and the steam produced is cooled as it
passes through a cooling tube where it condenses to form distilled water.
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The following types of still are available:
— copper or stainless steel stills (alembics)
— glass stills
— solar stills.
They are heated by gas, kerosene, electricity or solar energy, depending on the type
of still.
Copper or stainless steel alembics (Fig. 2.31)
1. Fill the reservoir (R) with the water to be distilled.
2. Connect the cold-water tube (T) to a tap.
3. Heat the reservoir with a Bunsen burner (B) or kerosene heater.
The still can produce 1 or 2 litres of distilled water per hour, depending on the
efficiency of the heating system.

Fig. 2.31 Components of a copper or stainless steel alembic
B: Bunsen burner; C: cooling column; R: reservoir; T: cold-water tube.

Glass stills (Fig. 2.32)
Glass stills are more fragile, but almost always produce purer water than metal
stills. The distillation method is the same. Make sure that the running water circulates freely round the condenser (C). The water can be heated in the flask by the
electric element (E).
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Fig. 2.32 Components of a glass still
C: condenser; D: distillate; E: electric element.

Fig. 2.33 Components of a solar still

Solar stills (Fig. 2.33)
For laboratories in remote areas and with limited resources, a simple solarpowered water still can be easily constructed using a clean plastic container with
two compartments (one large and one small) and a large surface area, over which is
placed a glass cover in a sloping position.
The water is poured into the large compartment from which it is evaporated by the
sun. It condenses on the glass cover and drops into the small compartment. The
small compartment has an outlet at the bottom through which the distilled water
can pass into a glass bottle placed underneath the container.
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In tropical climates 2–7 litres of distilled water can be produced daily from a solar
still with a surface area of 1 m2.
Important:
●

Collect the distilled water in a glass or plastic container.

●

Do not distil the last quarter of the water heated; it contains residues.

Quality control
The pH of distilled water is normally between 5.0 and 5.5 (i.e. it is acid).
Use a 1.7% solution of silver nitrate (AgNO3) (reagent no. 49) to check for the
absence of chloride compounds (e.g. calcium chloride).
Put in a beaker:
— 10 ml of distilled water;
— 2 drops of nitric acid;
— 1 ml of silver nitrate solution.
The water should remain perfectly clear.
If a slight whitish turbidity appears, the distillation process should be repeated.
Uses
Distilled water is used for the preparation of reagents and as a final rinse for some
glassware before drying.
Important:
●

Do not use commercial distilled water (the type sold for filling car batteries) for
the preparation of laboratory reagents.

●

Freshly prepared distilled water is preferable; if this is not available, use distilled
water stored in glass or plastic containers, which should be washed periodically.

●

Always use distilled water prepared the same week.

2.4.3 Demineralized water
Principle
Demineralized water is free from ions but not necessarily free from organic compounds.
Preparation
Demineralized water is prepared by passing ordinary water through a column of
ion-exchange resin. The apparatus consists of a long cartridge filled with ionexchange resin granules. The water filters through the column of granules, which
retain all the mineral ions (i.e. all the dissolved mineral salts). Some demineralizers
have two cartridges through which the water passes successively (Fig. 2.34).
1. Check that the cartridge is completely filled with ion-exchange resin granules.
2. Connect the inlet tube of the apparatus to the water supply (a tap or a small tank
placed above the apparatus). In some models the water flows in at the top of the
column, in others it flows in at the bottom.
3. Let the water flow in slowly.
4. Collect the demineralized water in a closed container.

28

Manual of basic techniques for a health laboratory

Fig. 2.34 A demineralizer

Quality control
Apparatus with a control dial
The dial registers the resistivity of the water resulting from the presence of ions.
The more complete the demineralization, the higher the electrical resistivity of the
water.
1. Check that the control system is fitted with a battery in good working order.
2. To check that the battery is charged, press the button marked “zero test”; the
needle on the dial should swing to zero (Fig. 2.35(a)).
3. Let water flow into the cartridge.
4. When demineralized water begins to flow out at the other end, press the button
marked “water test”. The needle should register a resistivity of over 2 megaohms/
cm (2 MW/cm) (Fig. 2.35(b)).
5. If the needle stops at a point below 2 MW/cm or stays at zero, the cartridge of
ion-exchange resin granules has been used for too long and must be replaced or
reactivated.
The apparatus may indicate the resistivity (MW/cm) or the reciprocal value, the
conductivity (cm/MW or Siemens, S).
Apparatus without a control dial
Using an indicator paper, determine:
— the pH of the water supply flowing into the apparatus, and
— the pH of the demineralized water that flows out at the other end.
If the pH remains the same (usually below 6.5), the resin is no longer active.
Demineralized water should have a pH between 6.6 and 7.0.
An additional check can be made using a 1.7% solution of silver nitrate (reagent
no. 49). Pass a weak solution of sodium chloride (cooking salt) through the
resin, then carry out the test described in section 2.4.2 for the quality control
of distilled water. If a slight whitish cloudiness appears, the resin must be
replaced.
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Fig. 2.35 Measuring the resistivity of demineralized water

Change of colour in resin
If the resin changes colour (e.g. it turns black), consult the instructions for use
supplied by the manufacturer.
It may need to be reactivated or replaced, as described below.
Replacement or reactivation of ion-exchange resin
This can be done in one of the following ways, depending on the model:
●

The cartridge is replaced by another filled with ion-exchange resin granules.

●

The column of the apparatus is refilled with ion-exchange resin or a mixture of
two resins.

●

The exhausted ion-exchange resin is reactivated by passing a solution of ammonia through the apparatus. Follow the instructions supplied by the manufacturer.

Uses
Demineralized water can be used for:
— rinsing glassware before drying;
— preparing almost all the reagents used in medical laboratories, including stains.

2.4.4 Buffered water
Distilled water is usually acid and demineralized water becomes acid on exposure
to the air. For a number of laboratory procedures (preparation of stains, etc.) the
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pH of the water has to be around 7.0 (neutral water) and has to be kept neutral.
This is achieved, if possible, by dissolving buffer salts in the water (buffered water).
Materials and reagents
●

Measuring cylinders, 10 ml and 1000 ml

●

Volumetric flask, 1000 ml

●

Universal indicator paper (for measuring pH from 1 to 10)

●

Indicator paper of limited pH range: for the 5.0 –7.0 range and for the 6.0 – 8.0
range

●

Distilled (or demineralized) water

●

Acetic acid, 5% solution (reagent no. 1), diluted 1:10 with distilled water

●

Disodium hydrogen phosphate (Na2HPO4·2H2O), hydrated

●

Phenol red, 1% solution (reagent no. 42)

●

Potassium dihydrogen phosphate (KH2PO4), anhydrous

●

Sodium carbonate, 0.2% solution (reagent no. 51).

Method
1. Weigh out accurately 3.76 g of disodium hydrogen phosphate.
2. Transfer the chemical to a 1000-ml volumetric flask through a funnel (Fig.
2.36).
3. Rinse out the weighing container into the volumetric flask several times with
water. Rinse the funnel into the flask.
4. Weigh out accurately 2.1 g of potassium dihydrogen phosphate and proceed as
in steps 2 and 3.
5. Add a little more water and mix the solution until the chemicals are dissolved.
6. Fill the flask to the 1000-ml mark with water.
7. Replace the flask stopper and mix the solution well.
8. Store the solution in a white glass reagent bottle and keep in a refrigerator.

Fig. 2.36 Transferring disodium hydrogen phosphate into a volumetric ﬂask
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9. Dip a strip of the universal indicator paper into the buffer
solution and compare the colour obtained with that shown
on the standard chart (Fig. 2.37). Read off the pH unit
given for the colour that matches the test paper most
closely.
10. According to the result obtained, select a strip of indicator paper for the corresponding limited range. For example, if the pH is 6, use indicator paper for the range
5.0 –7.0. If the pH is 7.5, use indicator paper for the range
6.0–8.0.
11. Repeat the test, using the paper for the corresponding limited range. Read off the pH of the buffer solution on the
standard chart.

Fig. 2.37 Checking the pH using universal indicator
paper

12. If the pH is between 7.0 and 7.2, the buffered water is satisfactory. If it is below
7.0, the water is acidic. If the water is acidic, make a fresh solution, using distilled water that has been boiled for 10 minutes in an uncovered round flask
(this gets rid of the carbon dioxide).
13. If the water is still acidic after boiling:
— add five drops of phenol red solution for every litre of water;
— neutralize by adding sodium carbonate solution, one drop at a time, until
the water turns pink (Fig. 2.38).
14. If the water is alkaline (pH above 7.2):
— add five drops of phenol red solution for every litre of water;
— neutralize by adding acetic acid solution, one drop at a time, until the water
turns orange (Fig. 2.39).

Fig. 2.38 Correcting the pH of acidic buffered
water

Fig. 2.39 Correcting the pH of alkaline
buffered water

If neither disodium hydrogen phosphate nor potassium dihydrogen phosphate is
available, neutralize distilled or demineralized water directly, as shown in steps
12–14 above.
Note: The pH can also be corrected by adding small quantities of the buffer salts:
●

Disodium hydrogen phosphate can be used to increase the pH if the water is
acidic (pH below 7.0).

●

Potassium dihydrogen phosphate can be added to reduce the pH if the water is
alkaline (pH above 7.2).
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2.5 Equipment
The following is a list of the apparatus needed to equip a laboratory capable of
carrying out all the examinations described in this manual. Such a laboratory would
usually be located in a small rural hospital (district level) which might have between 60 and 100 beds.

2.5.1 Essential laboratory instruments
Microscopes1
The laboratory should be equipped with two microscopes.
●

One microscope is for use in haematology. It should have an inclined binocular
tube, a mechanical stage, three objectives (¥ 10, ¥ 40, ¥ 100), two eyepieces (¥ 5,
¥ 10), a condenser and an electric lamp that can be connected to the mains
electricity supply or a battery.

●

The second microscope is for use in other laboratory procedures (parasitology,
urine analysis, bacteriology, etc.) and should have an inclined binocular tube
and accessories as listed above.

At the health centre level one binocular microscope is sufficient.
Centrifuges2
It is useful to have two centrifuges:
— an electric centrifuge with a microhaematocrit head attachment and a reader;
— a hand-operated or an electric centrifuge with four buckets.
Balance3
An analytical balance with a set of weights is necessary if reagents are to be prepared in the laboratory.
If the laboratory is required to prepare a wide range of reagents, a two-pan balance
with a corresponding set of weights (see section 3.2.2) is useful.
Refrigerator
Reagents (such as those required for pregnancy tests, etc.) and materials (such as
certain transport media, specimens, etc.) should be kept in the refrigerator.
Water-bath
A water-bath equipped with a thermostat for temperature control is required when
samples or materials must be kept at a certain temperature and when measurements must be made at a given temperature.
Differential counter
Although a hand tally counter can be used, a differential counter saves time.
Photometer or colorimeter
It is necessary to have a photometer or colorimeter for blood chemistry tests and
for accurate determination of haemoglobin levels. Battery-powered models are commercially available.

1
2
3

For further information, see section 3.1.
For further information, see section 3.3.
For further information, see section 3.2.3.
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2.5.2 Additional items
Autoclave
If the laboratory is in a hospital, the hospital sterilization service can be used. If the
laboratory is in a health centre one of the following is needed (see section 3.5.5):
— a small autoclave (electric or heated by an oil stove or with butane gas)
— a pressure cooker.
Hot-air oven
If the laboratory is fairly large, a small hot-air oven is useful for drying glassware
and for sterilization in conjunction with the autoclave (see section 3.5.5).
Deionizer or water still
A deionizer is an apparatus for demineralizing water by means of cartridges filled
with ion-exchange resin (see section 2.4.3).
If a deionizer is not available, a water still can be used (see page 25).

2.5.3 Equipment and supplies
A list of equipment and supplies for a peripheral-level health laboratory is given in
Table 2.2. The quantities proposed are sufficient to enable a laboratory with one or
two technicians to perform 20–50 examinations per day for a period of 6 months.
Glassware and small items of equipment for laboratory use are shown in Fig. 2.40.

2.5.4 Making glass equipment
Glass is produced by the fusion at a very high temperature of sand and potassium
(or sodium). This forms a silicate (ordinary soda-lime glass). Sometimes boric acid
is added to the ingredients to produce borosilicate glass, which is less brittle and
more resistant to heat than ordinary glass. Certain pieces of equipment can be
made in the medical laboratory by heating ordinary glass.
Materials
●

Hollow glass tubing with an external diameter of 4–8 mm and 0.9–1.0 mm thick

●

Glass rods with a diameter of 4–8 mm

●

File, glass cutter or diamond pencil

●

Cloth

●

Bunsen burner (or a small gas or petrol blowlamp).

Making a Pasteur pipette
1. Take a piece of glass tubing 4–6 mm in diameter. Using the file, mark off the
required lengths of tubing:
— 14–15 cm for small pipettes;
— 18–25 cm for large pipettes.
Etch the mark right round the tube, forming a circle (Fig. 2.41).
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Fig. 2.40 Glassware and equipment for laboratory use
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Table 2.2 Equipment and supplies for a peripheral-level health
laboratory
Item

Quantity required

Equipment for collection of specimens
Essential equipment
Syringes, graduated, disposable, 20 ml

as needed

Syringes, graduated, disposable, 10 ml

as needed

Syringes, graduated, disposable, 5 ml

as needed

Needles, disposable, 18-gauge (1.2 mm) ¥ 40 mm

as needed

Needles, disposable, 19-gauge (1.0–1.1 mm) ¥ 40 mm

as needed

Needles, disposable, 20-gauge (0.9 mm) ¥ 40 mm

as needed

Needles, disposable, 22-gauge (0.7 mm) ¥ 40 mm

as needed

Needles, disposable, 23-gauge (0.6 mm) ¥ 32 mm

as needed

Needles, disposable, 23-gauge (0.6 mm) ¥ 90 mm

as needed

Rubber tubing for tourniquet, 2–5 mm bore

2 pieces

Lancets for taking capillary blood

as needed

Cotton wool, white, absorbent

2 ¥ 500 g

Cotton wool, non-absorbent

2 ¥ 500 g

Bottles, previously containing antibiotics, reagents, etc. for
injection (5, 10, 20 ml)

as many as
possible

Additional equipment
Scalpel with disposable blades for taking slit skin smear
specimens (for leprosy)

1

Curved clamp forceps without teeth for taking slit skin smear
specimens (for leprosy)

1

Boxes, plastic or cardboard, disposable, for stool collection

50

Applicators, wooden (12 cm ¥ 1 mm) (can be made locally)

50

Bottles, 2.5 ml and 5 ml, preferably plastic

50

Bottles, white glass, wide-mouthed, 50 ml, with metal screw cap
and rubber washer, for collection of sputum specimens

25

Bottles, white glass, 25 ml, with metal screw cap and rubber
washer, for various specimens

25

Bottles, wide-mouthed, all sizes, for collection of urine
specimens

20–40

Forceps, punch, for taking skin biopsies (for onchocerciasis)

1

Tongue depressors, wooden

50

Glassware
Essential items
Glass rods, solid, 6 mm diameter

3

Beakers, plastic, flat, 50 ml

4

Beakers, plastic, flat, 100 ml

4

Beakers, plastic, flat, 250 ml

4

Staining troughs, rectangular, for 20 slides

4

Funnel, glass, 60 mm diameter

1

Funnels, glass, 90 mm diameter

2

Funnel, plastic, 200 mm diameter

1

Measuring cylinders, graduated, glass, 25 ml

3

Measuring cylinders, graduated, glass, 50 ml

3

Measuring cylinders, graduated, glass, 100 ml

3

Measuring cylinders, graduated, glass, 250 ml

2

Measuring cylinder, graduated, glass, 500 ml

1

Measuring cylinder, graduated, glass, 1000 ml

1

Flasks, Erlenmeyer, heat-resistant, wide-mouthed, 250 ml

3
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Table 2.2 (cont.)
Item

Quantity required

Flasks, Erlenmeyer, heat-resistant, wide-mouthed, 500 ml

3

Flasks, Erlenmeyer, heat-resistant, wide-mouthed, 1000 ml

3

Drop bottles, plastic or glass, 100 ml

12

Drop bottles, brown glass, 100 ml

3

Reagent bottles, plastic or glass, 100 ml

20

Reagent bottles, plastic or glass, 500 ml

10

Reagent bottles, plastic or glass, 1000 ml

10

Flasks, volumetric, glass, with stoppers, 100 ml

4

Flasks, volumetric, glass, with stoppers, 250 ml

2

Flasks, volumetric, glass, with stoppers, 500 ml

2

Flask, volumetric, glass, with stoppers, 1000 ml

1

Microscope slides, 25 mm ¥ 75 mm

2 ¥ 1000

Coverslips, 20 mm ¥ 20 mm

20 ¥ 100

Wash bottles, plastic, 500 ml

2

Wash bottles, plastic, 1000 ml

2

Watch glasses, 50 mm diameter

2

Pipettes, graduated from the top (and not to the tip), 1 ml
(0.01-ml subdivisions)

12

Pipettes, graduated from the top (and not to the tip), 2 ml
(0.01-ml subdivisions)

10

Pipettes, graduated from the top (and not to the tip), 5 ml
(0.1-ml subdivisions)

10

Pipettes, graduated from the top (and not to the tip), 10 ml
(0.1-ml subdivisions)

6

Pipettes, Pasteur

2 ¥ 144

Test-tubes, heat-resistant, 150 mm ¥ 16 mm

50

Test-tubes, heat-resistant, 85 mm ¥ 15 mm (Kahn tubes)

100

Test-tubes, heat-resistant, 50 mm ¥ 6 mm (cross-matching tubes)

20

Centrifuge tubes, conical, 15 ml

40

Centrifuge tubes, conical, graduated, 15 ml (0.1-ml subdivisions)

50

Glass tubing, 1.0–1.5 mm thick, 7–8 mm diameter

1 kg

Additional items
Petri dishes, glass, 112 mm diameter

4

Petri dishes, glass, 156 mm diameter

4

Evaporating dishes, 75 mm diameter (75 ml)

2

Dessicator

1

Equipment for haematology tests
Pipettes, Sahli, 0.02 ml, with rubber tubing

30

Pipettes, blood, 0.05 ml

20

Counting chambers, improved Neubauer (bright line if possible)

3

Counting chamber, Fuchs–Rosenthal

1

Coverslips, optically plane, for counting chambers

12

Tally counter

1

Tubes, Westergren, for determination of erythrocyte
sedimentation rate

30

Stands for Westergren tubes

2

Microhaematocrit centrifuge

1

Microhaematocrit capillary tubes, heparinized

1000

Wax, for sealing microhaematocrit tubes

1 roll

Equipment for bacteriological and biochemical tests
Nichrome wire, 1 mm diameter

1m
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Table 2.2 (cont.)
Item
Loop holders

Quantity required
4

Wooden block for loop holders

1

Protein standard tubes

1 set

Test-tube racks, large, for 12 tubes

4

Test-tube racks, small, for 12 tubes

4

Wooden test-tube holders

2

Forceps, stainless steel, for slides

2

Bunsen burner for use with butane gas

1

Butane gas cylinder

as needed

Tripod with asbestos gauze

1

Spatulas, various sizes, for weighing reagents

3

Laboratory records and reports
Record books, hardbacked, large

6

Glass-marking pencils, wax, red

12

Glass-marking pencils, wax, blue

12

Glass marker, diamond point

1

Pencils, lead

12

Pens, ballpoint, red ink (for recording positive specimens)

2

Pens, ballpoint, black or blue ink

3

Cellophane tape

3 rolls

Adhesive tape, white

3 rolls

Labels for specimen bottles

1000

Laboratory request forms (preferably standardized centrally)

as needed

Miscellaneous equipment
Microscopes

2

Colorimeter

1

Water bath

1

Refrigerator

1

Hot-air oven

1

Centrifuge

1

Balance

2

Deionizer or water still

1

Timer, 0–60 min, with alarm

1

Spirit lamp

1

Hammer

1

Pliers

1 pair

Pliers, electrician’s

1 pair

Screwdriver, small

1

Screwdriver, medium

1

Screwdriver, large

1

Round metal file, 5 mm

1

Small ampoule files

12

Saucepan, flat-bottomed with lid, 30 cm diameter

1

Hot plate

1

Pestle (10 cm diameter) and mortar

1

Bowls, plastic, 50 cm ¥ 30 cm

3

Bucket, plastic, 12 litres

1

Rubber safety bulb

4

Micropipette, 20 ml

1
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Table 2.2 (cont.)
Item

Quantity required

Micropipette, 50 ml

1

Micropipette, 100 ml

1

Micropipette, 200 ml

1

Micropipette, 500 ml

1

Micropipette tips, plastic, disposable, 20 ml

as needed

Micropipette tips, plastic, disposable, 50 ml

as needed

Micropipette tips, plastic, disposable, 100 ml

as needed

Micropipette tips, plastic, disposable, 200 ml

as needed

Micropipette tips, plastic, disposable, 500 ml

as needed

Scissors, medium

1

Scissors, large

1

Vacuum pump, metal

1

Thermometer, 0–100 °C

1

Stoppers, rubber

1 set

Stoppers, cork

1 set

Corkscrew

1

Test-tube and bottle cleaning brushes (various sizes)

6

Filter-paper, 15 cm diameter (Whatman’s No. 1 or equivalent)

4 boxes

pH paper, narrow range (6.8–7.2)

6 books

pH paper, wide range (0–12)

6 books

Lens paper

2 packets

Fine paintbrush, soft camel-hair brush or blower (for cleaning lenses)

1

Small rubber bulb (for cleaning lenses)

1

Toilet tissue

10 rolls

Towels and clean rags

as needed

Immersion oil

6 bottles
(10 ml each)

Fig. 2.41 Marking off the required length of glass tubing using a ﬁle

Fig. 2.42 Breaking the glass tubing by
hand

Fig. 2.43 Rounding off the ends of the
glass tubing by ﬂaming

2. Wrap the part to be broken in a cloth. Hold the tube with both hands, one
thumb on either side of the etched mark (Fig. 2.42). Snap by pressing with your
thumbs.
3. Round off the end of each piece of tubing as shown in Fig. 2.43:
— heat the end, holding the tube almost vertical just above the blue flame of
the burner;
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— keep turning slowly;
— stop when the glass becomes red hot.
4. Stand the tubes in a beaker or a can, heated ends up,
and leave to cool.
Wash all the pieces of tubing prepared (following the
instructions given in section 3.5.1). Rinse and dry.
5. Pulling the pipette is carried out as follows:
— heat the middle of the length of tubing over the
blue flame (Fig. 2.44);
Fig. 2.44 Heating the glass tubing before pulling the
pipette

— keep rotating the tubing until the glass becomes
red.

Fig. 2.46 Rounding off the ends of the pipette
by ﬂaming

Fig. 2.45 Pulling the pipette

6. Remove the tubing from the flame, still rotating it continuously, and pull the two
ends apart slowly, keeping your hands perfectly level (Fig. 2.45). Pull the glass to
the length required (10–20 cm).
7. Leave to cool. Cut off the drawn portion at the exact length required. Round off
the sharp edges by holding them for a few seconds in the flame (Fig. 2.46).
Alternatively, separate and seal the two pipettes by heating the pulled-out portion in the flame.
Making a stirring rod
1. Use a glass rod about 5 mm in diameter. Cut the rod into lengths of 15, 20 or
25 cm according to requirements, using a file (see Fig. 2.41).

Fig. 2.47 Rounding off the
ends of the glass
rod by ﬂaming

2. Round off the ends by rotating them over the blue flame of the burner, until
about 1 cm of the rod is bright red (Fig. 2.47).
3. Flatten the heated end against the (dry) tiled working surface with a 500-g or
1-kg weight (Fig. 2.48).
4. Heat the other end and press it gently down on the tiled surface (Fig. 2.49).
Glass rods can be used to decant liquids or to pour them slowly (see Fig. 3.52).
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Fig. 2.48 Flattening the heated end of the glass
rod using a weight

Fig. 2.50 Heating glass tubing before bending
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Fig. 2.49 Pressing the heated end of the
glass rod down on a tiled surface

Fig. 2.51 Bending glass tubing to make a right angle

Bending glass tubing
1. Heat the spot where the bend is to be made, rotating the tubing over the flame
until the glass turns pale red (Fig. 2.50) and sags.
2. Bend the heated tubing slowly to make a right angle (follow the corner of a tile;
Fig. 2.51).
Poor bends (Fig. 2.52)
Poor bends may result if:
— the glass was too hot (a)
— the glass was not hot enough (b).

Making a wash bottle
Materials
●

Erlenmeyer flask, 1000 ml

●

Two pieces of glass tubing

●

Cork or rubber stopper.

Fig. 2.52 Common problems
with bending glass
tubing
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Method
Pierce the stopper with a cork borer. Moisten the ends of the tubing with
a few drops of water (for cork) or glycerol (for rubber) before inserting
them in the holes (Fig. 2.53). Protect your hands with a cloth.

2.5.5 Specimen containers
Different types of containers are used for the collection of specimens
such as stools, blood, urine and sputum in the laboratory.
Containers for stool specimens
The following types of container are suitable for the collection of stool
specimens (Fig. 2.54):
— waxed cardboard box
— empty tin with a lid

Fig. 2.53 Components of a wash bottle

— light plastic box
— glass jar specially designed for stool collection, with a spoon attached to the stopper.
Bottles and test-tubes for collecting blood specimens
Without anticoagulant
The best type of test-tube to use for blood specimens is one that can be
centrifuged: this avoids excessive handling of the specimen.
●

Use clean dr y test-tubes of 5–20 ml capacity, depending on
requirements.

With anticoagulant for haematological tests

Fig. 2.54 Containers for stool specimens

EDTA1 dipotassium salt
Put 0.5 ml of EDTA dipotassium salt, 10% solution (reagent no. 22)
into each of a series of 5-ml bottles (Fig. 2.55) (or use 0.2 ml in 2-ml
bottles). Place the open bottles in an incubator at 37 °C or leave them to
dry at room temperature, if no incubator is available.

Use these bottles for:
— blood cell counts
— haemoglobin estimation.
Heparinized tubes
Heparin is an expensive anticoagulant that is not very stable in hot climates.
Heparinized tubes are usually obtained commercially or prepared by central laboratories and are already marked to show the level to which the blood should be
added.
Trisodium citrate
Trisodium citrate, 3.2% solution (reagent no. 60) is used for the determination of
the erythrocyte sedimentation rate.
Use 1 ml of trisodium citrate solution per 4 ml of blood (or 0.4 ml per 1.6 ml of
blood).

1

Ethylene diamine tetraacetic acid; also known as edetic acid.
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Fig. 2.55 Dispensing EDTA solution into bottles for collection of blood specimens

Important: Never carry out a blood cell count on citrated blood.
With anticoagulant for biochemical tests
Sodium fluoride (NaF) is the anticoagulant normally used for biochemical tests.
Use 10 mg of sodium fluoride powder per 10 ml of blood, or 2 mg per 2 ml of blood.
Use for:
— blood glucose estimation
— blood urea estimation (certain techniques).
Warning: Sodium fluoride is a poison.
Precautions to be taken when using anticoagulants
●

Mix as soon as the blood is collected by inverting the bottle several times gently
and evenly. Do not shake.

●

Use clean bottles. Dry before adding anticoagulant.
Warning: Traces of detergent will dissolve the erythrocytes. Ensure that the bottles are rinsed thoroughly before drying.

●

Store bottles containing anticoagulants in a dry place. EDTA dipotassium salt
solution and sodium fluoride are stable at room temperature but trisodium citrate
solution and heparin must be kept in the refrigerator.

●

Use the correct proportions. Use bottles and tubes with a graduation mark, or
stick on a label so that its upper edge corresponds to the required amount of
blood (2 ml, 5 ml, etc.).
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Bottles and tubes for collecting other specimens
●

Urine — use clean, dry, wide-mouthed Erlenmeyer flasks of 250-ml capacity or
clean wide-mouthed bottles.

●

Cerebrospinal fluid (CSF) — use test-tubes measuring 150 mm ¥ 16 mm. See
section 8.2.

Boxes and jars for collecting sputum specimens
Glass screw-top jars or disposable plastic jars with lids can be used for collecting
sputum specimens, or small cartons can be made in the laboratory using cardboard
and a stapler. These cartons can be used once only for sputum collected in the
laboratory.
1. Cut out pieces of thin cardboard 18 cm square and fold them as shown in Fig.
2.56:
— first from corner to corner
— then into nine equal squares.
2. Fold the diagonal creases in each corner square inwards (Fig. 2.57).
3. Fold two of the corners back against one side, and the other two against the
other side (Fig. 2.58).
4. Staple the two folded corners on each side of the box (Fig. 2.59), which is now
ready to receive the specimen.
5. Burn these cartons and plastic jars after use, as described in section 3.6.2.

Fig. 2.56 Folding cardboard to make cartons
for sputum collection

Fig. 2.58 Folding two of the corners back against
one side of the carton

Fig. 2.57 Folding the corners inwards

Fig. 2.59 Securing the folded corners
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2.5.6 Storage, stocktaking and ordering supplies
Storage
Glassware
Keep glassware on the shelves of a cupboard away from dust. Erlenmeyer flasks
should be plugged with non-absorbent cotton wool or covered with brown paper
(or preferably with thin sheets of paraffin wax or clinging plastic, if available) and
arranged by type and size. Graduated pipettes should be kept in drawers divided
into sections.
Chemicals and reagents
Arrange chemicals and reagents in strict alphabetical order. Acids and inflammable
and dangerous chemicals (indicated by appropriately coloured labels) should be
stored separately in a special section. Unopened stocks can be kept in crates filled
with sawdust.
Poisons (also indicated by appropriately coloured labels) should be stored separately in a locked cupboard.
Instruments
Some instruments, e.g. spectrophotometers, should be kept in an air-conditioned
room if the climate is hot and humid. For storage of microscopes see section 3.1.6.
Stocktaking
Stock cards
A stock card should be prepared for every chemical, stain, piece of glassware, etc.
A sample stock card is shown in Table 2.3.
When you order an item, indicate:
— in the column headed “Ordered from”: where you sent the order
— in the column headed “Ordered”: the date and the quantity ordered.
When you receive an item, indicate:
— in the column headed “Received”: the date of receipt and the quantity received
— in the column headed “In stock”: the total in stock in the laboratory after the
item has been received.
When an item has been used up (or broken), indicate:
— in the column headed “Issued”: the date of issue and the amount issued
— in the column headed “In stock”: the total left in stock after the item has
been issued.
Table 2.3 A sample stock card
Item: Giemsa stain (250-ml bottle)
Ordered from

Item no.: 29

Ordered
Date

Quantity

Received
Date

Quantity

Issued
Date

In stock

Quantity
2 bottles

Company A

Company A

1.8.01

2 bottles

15.11.01 2 bottles

20.8.01

2 bottles

10.12.01 2 bottles

4 bottles
10.10.01 1 bottle

3 bottles

3.12.01

2 bottles

1 bottle

4 bottles
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Table 2.4 Estimating the quantity of supplies required
Year

Quantity used per month
Jan.

Feb.

March

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

2000
2001
2002

Classify the stock cards in strictly alphabetical order and keep them in a box or
filing drawer. Each item can be given a number, which is then entered on the stock
card after the heading “Item no.”.
Inventory
Make an inventory of all laboratory supplies every 6 months. Count the quantity of
each item in stock and check that the figure corresponds to the one shown in the
“In stock” column of the stock card.
Ordering supplies
A well-organized laboratory should submit an order to the central supply stores
every 3 months. To draw up the order, check the stock cards one by one.
It makes it easier to estimate the quantities required if a table summarizing the
stock used each month (see Table 2.4) is added to the bottom of each stock card.
In the case of chemicals, stains and reagents, order the quantity used in a 3-month
period, taking into account any recent increase or decrease in the amount used. For
example:
●

Eight bottles of Giemsa stain have been used in a year.

●

This gives an average of two bottles used every 3 months.

●

Order two bottles every 3 months (or four bottles every 6 months if orders are
submitted twice a year).

Expiry dates
Reagents (e.g. blood group antisera, antigens, etc.) have to be used before a certain
date. This expiry date should be marked on the container by the supplier. Make a
note of the expiry date on the stock card in the column headed “In stock”.

2.6 Registration of specimens and preparation of monthly
reports
2.6.1 Registration of specimens
All specimens must be registered and given numbers when they arrive at the laboratory and the results of all investigations must be recorded. This will:
— prevent the specimens from getting mixed up;
— make it possible to look up a result;
— make the results available for the promotion of public health.

2. Setting up a peripheral health laboratory

47

The laboratory should have:
— examination request forms that accompany the specimens;
— a register for recording details concerning the specimens and the results
obtained;
— monthly report forms.
Numbering the specimens (Fig. 2.60)
Give each specimen a number as soon as it is received.
Write this number immediately:
— on the request form
— on the specimen container (use a grease pencil)
— on every test-tube used for the specimen
— on every microscope slide used for the specimen.
This will prevent any mistakes.
Laboratory registers

Fig. 2.60 Numbering the specimens

Each numbered specimen should be recorded in a register for that type of specimen. The following registers are suggested:
— haematology
— blood chemistry
— urine analysis
— CSF examination
— pregnancy tests
— bacteriology
— parasitology
— mycology
— serology (if the samples are few, incorporate in the bacteriology register;
otherwise keep a separate register)
— histopathology
— water analysis.
Tables 2.5–2.11 show examples of some of these registers, which should be modified
according to your requirements.
It is both helpful and time-saving to have rubber stamps for the most common tests
and results. For example:
●

For parasitology: no. of ova or parasites seen.

●

For bacteriology: no. of leukocytes
no. of erythrocytes
no. of epithelial cells
no. and type of organisms.

2.6.2 Preparation of monthly reports
At the end of every month the laboratory should submit a report to the director of
laboratory services at the central level or, if there is none, to the department of
public health at both the provincial and the central level. The report is valuable for
two main reasons.
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Firstly, it helps to keep a check on the laboratory’s activities and is useful for ensuring adequate staffing, for the ordering of supplies by the central stores, and for the
preparation of the budget for laboratory services at the national level. Reports based
on the number of tests done are the most suitable.
Secondly, a monthly report is an aid in public health surveillance of the area
covered by the laboratory since it reports the number of positive results obtained
for various communicable diseases. An example of a monthly report is given in
Table 2.12.

2

2.1.01

Mrs L

Mr R

Dr H

Dr M

58

117

Hb
concentrationb
(g/l)

0.21

—

52

23

—

—

ANS ++
POIK ++
HC ++
PMN +

ANS ++
POIK +
PMN ++

Volume
ESR
No.
Morphology
fraction (mm/h) concentration

Erythrocytes

0.071 ¥ 10-3

124 ¥ 10

-3

276

—

Reticulocyte MEHCd
no. fractionc
(g/l)
E
O

4.2 ¥ 10

0.32 0.56 0.04 0.08 — Moderate
no. of P.
falciparum
trophozoites

M

5.7 ¥ 109

L

0.48 0.35 0.13 0.04 — Many P.
falciparum
trophozoites

N

Type no. fraction

Malaria

9

No.
concentration

Leukocytes

—

—

2.1.01

2.1.01

Other Results
tests
sent
(date)

1

2

2.1.01

2.1.01

Mr G

Mrs W

Patient

Dr W

Ward 1

Sent by

1

2

2.1.01

2.1.01

Mrs E

Mr C

Patient

Dr A

Dr R

Sent
by

6.8

7.0

pH

Leukocytes (5–10 per
high-power field), few
epithelial cells

+++

Negative

Test for
glucose

5.3

—

Negative

Negative

ND

ND

Test for
bile
pigments

—

—

Other tests
(specify)

Test for
protein

Glucose concentration
(mmol/l)

Leukocytes (20–30
per high-power field),
few hyaline cysts

Direct microscopic
examination

—

12.8

Urea, substance
concentration (mmol/l)

ND: test not done; —: negative; +: weakly positive; ++: moderately positive; +++: strongly positive.

Specimen
no.

Date

Table 2.7 Urine analysis register

Specimen
no.

Date

Table 2.6 Blood chemistry register

a

ND

ND

Test for
urobilinogen

2.1.01

2.1.01

Results sent
(date)

+

ND

Test for
ketones

ND

ND

Chemical
test for
blood

Pregnancy
test: positive

ND

Other tests
(specify)

2.1.01

2.1.01

Results
sent
(date)

Hb: haemoglobin; ESR: erythrocyte sedimentation rate; ANS: anisocytosis; POIK: poikilocytosis; PMN: polymorphonuclear erythrocytes; HC: hypochromic erythrocytes; MEHC: mean erythrocyte haemoglobin
mass concentration; N: neutrophils; L: lymphocytes; M: monocytes; E: eosinophils; O: other.
For explanation of the column headings, see the relevant sections of the text.
b
Haemoglobin may also be reported in terms of the substance concentration; the column heading would then be “Hb (Fe), substance concentration (mmol/l)”. In that case, the values quoted in the two
examples would be 7.3 and 3.6 mmol/l, respectively.
c
The reticulocyte concentration may also be reported in terms of the number concentration, i.e. the number per litre. In that case the column heading would read “reticulocyte no. concentration” and the
values would depend on the erythrocyte number concentration (not reported in the examples given).
d
MEHC may also be reported in terms of the substance concentration; the column heading would then be “mean erythrocyte haemoglobin (Fe) concentration (MEH(Fe)C (mmol/l)”. In that case the example
quoted (no. 2) would have a value of 17.1.

1

Specimen Patient Sent
no.
by

2.1.01

Date

Table 2.5 Haematology registera
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1

2

2.1.01

17.1.01

Mr L

Ms W

Patient

Dr C

Dr G

Sent
by

Specimen
no.

1

2

3

4

Date

2.1.01

2.1.01

3.1.01

3.1.01

Mrs R

Mr L

Mrs A

Mr J

Patient

Clear

Cloudy

ND

Medical
ward 1

Dr M

Medical
ward 2

Dr R

CSF

Urethral pus

Pus from
wound

Sputum

4

30

3.3

1.5

Glucose
concentration
(mmol/l)

Microscopic examination of
Gram-stained smear

Microscopic examination of
Gram-stained smear

Microscopic examination of
Gram-stained smear

Microscopic examination of
smear for tuberculosis

0.25

0.45

Negative

+

Other tests (specify)

ND

Occasional leukocytes and epithelial
cells, no erythrocytes or organisms
seen

Moderate no. of intracellular Gramnegative diplococci seen, including
gonococcal cocci

Many leukocytes, few erythrocytes, few
epithelial cells, moderate no. of Gramnegative rods

17.1.01

2.1.01

Results
sent
(date)

3.1.01

3.1.01

2.1.01

2.1.01

Results sent
(date)

Leukocyte type no. fraction:
neutrophils 0.94,
lymphocytes 0.06

Results

Pandy test
for
globulin

No acid-fast bacilli seen

Total protein
concentration
(g/l)

Examination requested

Leukocyte no.
concentration

Specimen

Gram-staining
shows many
leukocytes and a
few Gram-negative
intracellular
diplococci

Direct microscopic
examination

Sent by

Macroscopic
appearance

Table 2.9 Bacteriology register

Specimen
no.

Date

Table 2.8 CSF examination (in urine analysis register or separate)
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Table 2.10 Parasitology register
Date

Specimen
no.

Patient

Sent by

Specimen
provided

2.1.01

1

Mr F

Dr A

Stool

2.1.01

2

Ms M

Dr C

Stool

Examination
requested

Results

Results sent
(date)

Intestinal
parasites

Direct microscopy: moderate no.
of Ascaris lumbricoides ova seen

2.1.01

Intestinal
parasites

Direct microscopy: no ova or
parasites seen

2.1.01

Concentration technique: no ova
or parasites seen
2.1.01

3

Mrs L

Medical
ward 1

Skin
snips

Onchocerciasis

No parasites seen

3.1.01

3.1.01

4

Mr S

Dr R

Stool

Parasites

Occult blood: positive

3.1.01

Direct microscopy: many
trophozoites of Entamoeba
histolytica and a few hookworm
ova seen

Table 2.11 Serology register
Date

Specimen no.

Patient

Sent by

Specimen

Examination requested

Results

Results sent
(date)

3.1.01

1

Mrs P

Prenatal clinic

Blood

ELISA for determination
of antibodies to HIV

Non-reactive

3.1.01

3.1.01

2

Mrs T

Dr M

Blood

ELISA for determination
of antibodies to HIV

Reactive, 1 : 8

3.1.01

ELISA: enzyme-linked immunosorbent assay; HIV: human immunodeficiency virus.
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Table 2.12 Sample monthly report for a health laboratory
Name of laboratory:
Report for the month ending:
LABORATORY RECORD
Number of examinations carried out
Haematology (general)
Blood chemistry

1235
27

Urine analyses:
— direct examination

287

— chemistry

43

Pregnancy tests

17

CSF examinations:
— direct examination

3

— chemistry

3

Parasitology:
— examination of stools

162

— examination of blood

802

— other examinations (e.g. examination of lymph glands for trypanosomes)

2

Bacteriology:
— Gram stains

63

— acid-fast stains

41

— Wayson stains

11

Mycology

3

Serology:
— qualitative
— quantitative

114
16

Number of specimens sent to specialized laboratories
Water for bacteriological analysis
Specimens for bacteriological culture
Sera for serology

8
32
0

Tissue biopsies

2

Other specimens

0

COMMUNICABLE DISEASES RECORDa
Number of cases reported
Gonorrhoea

11

Leprosy

0

Plague

0

Tuberculosis

7

Amoebiasis

14

Ascariasis

22

Filariasis
Hookworm
Malaria

1
80
253

Onchocerciasis

0

Schistosomiasis

2

a

The list of notifiable diseases varies from country to country. It is established by the central public
health authority on the basis of:
— international regulations on reporting communicable diseases
— diseases prevalent in the area.
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3. General laboratory
procedures

3.1 Use of a microscope
The microscope is an essential instrument for the diagnosis of disease. It is a precision instrument and requires careful maintenance to prevent damage to the mechanical and ocular parts and also to stop fungi from obscuring the lenses.

3.1.1 Components of a microscope
The various components of the microscope can be classified into four systems:
— the support system
— the magnification system
— the illumination system
— the adjustment system.
Support system (Fig. 3.1)
This consists of:
— the foot (1)
— the limb (2)
— the revolving nosepiece (objective changer) (3)
— the stage (4)
— the mechanical stage (5), which gives a slow controlled movement to the object slide.
Magnification system (Fig. 3.2)
This consists of a system of lenses. The lenses of the
microscope are mounted in two groups, one at each end
of the long tube — the body tube.
●

The first group of lenses is at the bottom of the tube,
just above the preparation under examination (the
object), and is called the objective.

●

The second group of lenses is at the top of the tube
and is called the eyepiece.

Objectives
Magnification
The magnifying power of each objective is shown by a
figure engraved on the sleeve of the lens (Fig. 3.3):
— the ¥ 10 objective magnifies 10 times;
— the ¥ 40 objective magnifies 40 times;
— the ¥ 100 objective magnifies 100 times.

Fig. 3.1 Components of the support system of a
microscope
1: foot; 2: limb; 3: revolving nosepiece; 4: stage;
5: mechanical stage.
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Eyepiece

Tube

Objective

wh
o

01
24
3

Fig. 3.2 Components of the magnification system of a microscope

Fig. 3.3 Objective lenses

(The ¥ 100 objective is usually marked with a red ring to show that it must be used
with immersion oil.)
Some microscopes are fitted with a ¥ 3 or ¥ 5 objective instead of a ¥ 10 objective.

Fig. 3.4 Numerical aperture

Numerical aperture
The numerical aperture is also engraved on the sleeve, next to the magnification
(Fig. 3.4), for example:
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— 0.30 on the ¥ 10 objective
— 0.65 on the ¥ 40 objective
— 1.30 on the ¥ 100 objective.
The greater the numerical aperture, the greater the resolving power (see below).
Moreover, the greater the numerical aperture, the smaller the front lens mounted
at the base of the objective. The front lens of the ¥ 100 objective is the size of a
pinhead, so handle it with care.
Other figures that may be marked on the sleeve
The sleeve may also display:
— the recommended length in millimetres of the tube (between the objective
and the eyepiece) — usually 160 mm;
— the recommended thickness in millimetres of the coverslip used to cover the
object slide — e.g. 0.16 mm.
The screw threads of all objectives are standard, so the objectives in the revolving
nosepiece are interchangeable.
Working distance
The working distance of an objective is the distance between the front lens of the
objective and the object slide when the image is in focus. The greater the magnifying power of the objective, the smaller the working distance (Fig. 3.5):
— ¥ 10 objective: the working distance is 5–6 mm
— ¥ 40 objective: the working distance is 0.5–1.5 mm
— ¥ 100 objective: the working distance is 0.15–0.20 mm.

Fig. 3.5 Working distance of an objective

Resolving power
The resolving power of an objective is its ability to reveal closely adjacent details as
separate and distinct. The greater the resolving power of the objective, the clearer
the image.
The maximum resolving power of a good medical laboratory microscope is about
0.25 mm (the resolving power of the normal human eye is about 0.25 mm).
Immersion oil increases the resolving power by conserving many light rays that
would be lost by refraction if a dry objective were used.
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Eyepiece
Magnification
The magnifying power of the eyepiece is marked on it (Fig. 3.6):
— a ¥ 5 eyepiece magnifies the image produced by the objective five times;
— a ¥ 10 eyepiece magnifies the image 10 times.
If the object is magnified 40 times by the ¥ 40 objective, then by five times by the
¥ 5 eyepiece, the total magnification is: 5 ¥ 40 = 200. To calculate the total
magnification of the object observed, multiply the magnifying power of the objective by that of the eyepiece. Microscopes used in medical laboratories have a magnifying power of between ¥ 50 and ¥ 1000.
Certain eyepieces have a calibrated graticule. These eyepieces are used to measure
the size of an object under the microscope (e.g. protozoan cysts).

Fig. 3.6 An eyepiece

Binocular microscopes
Binocular microscopes (two eyepieces but using only one objective at a time) are
generally recommended. They are less tiring for the eyes than monocular microscopes when long examinations have to be made. Electric illumination is, however,
essential for using the ¥ 100 objective.
Illumination system
Light source
An electric light source is preferable, since it is easy to adjust. It is provided either
by a lamp built into the microscope beneath the stage, or by an external lamp
placed in front of the microscope.
Mirror
The mirror reflects rays from the light source onto the object. One side has a plane
surface, the other a concave surface (Fig. 3.7). The concave side forms a low-power
condenser and is not intended to be used if the microscope already has a condenser.

Fig. 3.7 A microscope mirror

Condenser
The condenser (Fig. 3.8) brings the rays of light to a common focus on the object
to be examined. It is situated between the mirror and the stage.
The condenser can be raised (maximum illumination) and lowered (minimum illumination). It must be centred and adjusted correctly.
Diaphragm
The diaphragm (Fig. 3.9), which is inside the condenser, is used to reduce or
increase the angle and therefore also the amount of light that passes into the
condenser.
Fig. 3.8 A condenser

The wider the diaphragm the greater the numerical aperture and the smaller the
detail seen. But the contrast is correspondingly diminished.
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Fig. 3.9 A diaphragm

Filters
In some microscopes coloured filters (particularly blue filters) are fitted below the
condenser. These can be left in place or removed according to the type of preparation being examined.
Adjustment system (Figs. 3.10 and 3.11)
This consists of:
— a coarse adjustment screw
— a fine adjustment screw
— a condenser adjustment screw
— condenser centring screws
— an iris diaphragm lever
— mechanical stage controls.
Coarse adjustment screw
This is the largest screw. It is used first to achieve an approximate focus.
Fine adjustment screw
This moves the objective more slowly. It is used to bring the object into perfect
focus.

Fig. 3.11 Mechanical stage controls

Fig. 3.10 Microscope adjustment system
1: coarse adjustment screw;
2: fine adjustment screw;
3: condenser adjustment screw;
4: condenser centring screws;
5: iris diaphragm lever.
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Condenser adjustment screw
This is used to raise the condenser for greater illumination or to lower it to reduce
the illumination.
Condenser centring screws
There may be three screws placed around the condenser: one in front, one on the
left and one on the right. They are used to centre the condenser exactly in relation
to the objective.
Iris diaphragm lever
This is a small lever fixed to the condenser. It can be moved to close or open the
diaphragm, thus reducing or increasing both the angle and the intensity of the
light.
Mechanical stage controls
These are used to move the object slide on the stage: one screw moves it backwards
and forwards and the other screw moves it to the left or right (see Fig. 3.11).

3.1.2 Setting up the microscope
When a new microscope is received in the laboratory, it is important to know how
to set it up correctly.
Positioning the microscope
Place it on a firm level bench (check with a spirit level) of adequate size but not too
high. The microscope must be placed in the shade away from the window. Place a
square felt pad under the microscope. If no felt is available, use a piece of heavy
cloth.
Setting up a lamp for the microscope
If the microscope has a mirror, you can make a lamp to provide illumination. A
porcelain holder for a light bulb is fixed on a wooden base and the whole is encased
in a wooden or tin box with an opening for the light (Fig. 3.12). Cut slits in the top
of the box to enable the bulb to cool.
Alternatively, a flap can be fitted above the opening to serve as a shutter (Fig. 3.13).
Use a 100 W opaque electric bulb of the “daylight” type (blue–white).
Fitting the accessories
Screw the objectives into the revolving nosepiece, following this order in a clockwise direction:
— ¥ 3, ¥ 5 or ¥ 10 objective;
— ¥ 40 objective;
— ¥ 100 oil-immersion objective.
The screw threads are standard. After you have screwed in the objectives:
●

Put the eyepiece(s) in place.

●

Fix the condenser under the stage.

●

Fix the mirror on the foot.
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Fig. 3.12 Setting up a lamp for the microscope

Fig. 3.13 Alternative light source for the microscope

Positioning the lamp
If electric illumination is to be used, place the lamp 20 cm in front of the microscope facing the mirror. Adjust the position of the lamp so that it shines on the
centre of the mirror (Fig. 3.14).

Fig. 3.14 Positioning the light source

60

Manual of basic techniques for a health laboratory

If the lamp is fitted with a lens, the filaments of the bulb are projected on to a piece
of paper covering the mirror. This makes it possible to centre the beam more precisely. In some models the bulb is turned until a clear image of the filament is
obtained.
Preliminary adjustment of the mirror
Use the plane side of the mirror. Remove any coloured filters. Open the iris diaphragm to the maximum. Raise the condenser. Place a piece of thin white paper
over the lens at the top of the condenser (Fig. 3.15).
The piece of paper should show an image of the electric bulb, surrounded by a
circle of light. Adjust the mirror so that the image of the bulb is in the exact centre
of the circle of light (Fig. 3.16). If daylight is being used, adjust the mirror so as to
maximize the amount of light passing through the condenser.

Fig. 3.15 Adjusting the mirror

Fig. 3.16 Image of the light
source, as seen
through the
condenser

Centring the condenser (if centring is provided for)
Fig. 3.17 To centre the
condenser, first close
the diaphragm

It is very important to centre the condenser correctly. This is often overlooked.
1. Place a slide preparation without a coverslip on the stage. Lower the condenser.
Open the iris diaphragm. Examine with the lowest-power objective (¥ 3, ¥ 5 or
¥ 10). Look through the eyepiece and bring the slide into focus.
2. Close the diaphragm. A blurred circle of light surrounded by a dark ring appears
in the field (Fig. 3.17).
3. Raise the condenser slowly until the edges of the circle of light are in sharp focus
(Fig. 3.18).

Fig. 3.18 Raise the condenser
until the edges of
the circle of light are
in focus

4. Adjust the position of the mirror (if necessary) so that the circle of light is in the
exact centre of, or superimposed upon, the bright area surrounded by the dark
zone (Fig. 3.19).
5. Adjust the centring screws of the condenser so that the circle of light is in the
exact centre of the field (Fig. 3.20). Then check with the other objectives.

3. General laboratory procedures

61

Adjusting the diaphragm
Open the diaphragm completely. Remove the eyepiece and look down the tube: the
upper lens of the objective will be seen to be filled with a circle of light. Close the
diaphragm slowly until the circle of light takes up only two-thirds of the surface
(Fig. 3.21). Do this for each objective as it is used.
Adjusting the eyepieces
Selecting the eyepiece
The ¥ 5 and ¥ 10 eyepieces give good results in the medical laboratory. The highpower eyepiece increases magnification but there may be no great increase in detail. The eyepiece to use is a matter of individual choice.

Fig. 3.19 Adjust the position of
the mirror to centre the
light source

Binocular adjustment
When a binocular microscope is used, the interpupillary distance (the distance between the pupils of the eyes) can be adjusted to suit the operator.
Focusing the eyepieces
One of the eyepiece holders (usually the left) has a focusing collar (Fig. 3.22). If the
collar is on the left eyepiece holder, close your left eye and, using the ¥ 40 objective,
bring the image into focus for your right eye with the right eyepiece.
Then close your right eye and look through the left eyepiece. If the image is in
focus, no adjustment is needed. If the image is not clear, turn the focusing collar
until it is in focus. The microscope is now adjusted to suit your own binocular
vision.

Fig. 3.20 Use the centring
screws of the
condenser to centre
the light source

3.1.3 Focusing the objective
Low-power objective (¥
¥ 10)
Rack the condenser down to the bottom. Lower the objective until it is just above
the slide preparation. Raise the objective, using the coarse adjustment screw, until
a clear image is seen in the eyepiece.

Fig. 3.21 Adjusting the diaphragm

Fig. 3.22 Focusing the eyepieces
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Occasionally a clear image cannot be obtained although the objective has been
lowered as far as possible. This is because the fine adjustment screw has been turned
right to the end. Turn it back as far as it will go in the other direction and then focus
by raising the objective. Rack the condenser up slightly if there is insufficient illumination.
High-power objective (¥
¥ 40)
Rack the condenser half-way down. Lower the objective until it is just above the
slide preparation (the working distance is very short — about 0.5 mm). Using the
coarse adjustment screw, raise the objective very slowly until a blurred image appears in the field. Bring into focus using the fine adjustment screw. Raise the condenser to obtain sufficient illumination. If the microscope has no condenser, use
the concave side of the mirror.
Oil-immersion objective (¥
¥ 100)
Perfectly dry, stained preparations must be used. Place a tiny drop of immersion oil
on the part to be examined (use synthetic oils, which do not dry, in preference to
cedarwood oil, which dries quickly). Rack the condenser up as far as it will go, and
open the iris diaphragm fully. Lower the ¥ 100 objective until it is in contact with
the oil. Bring it as close as possible to the slide, but avoid pressing on the preparation (modern objectives are fitted with a damper). Look through the eyepiece and
turn the fine adjustment screw very slowly upwards until the image is in focus. If
the illumination is inadequate, use the concave side of the mirror as recommended
for the ¥ 40 objective.
Important: In most modern microscopes, it is not the objective holder but the stage
which is moved up and down by the coarse and fine adjustment screws to bring the
image into focus.
Depth of the microscope field
The image is seen in depth when a low-power objective is used. When the highpower objectives (¥ 40, ¥ 100) are used, the depth of focus is small and the fine
adjustment screw must be used to examine every detail from the top to the bottom
levels of focus of the object observed (e.g. the different nuclei in a spherical amoeba
cyst).
Images seen under the microscope
Remember that the circle of light seen in the eyepiece is called “the microscopic
field”.
How to establish the position of images seen
Images observed in the microscopic field can be placed in relation to the hands of
a clock. For example, a schistosome egg is placed at “2 o’clock” in Fig. 3.23.
Inversion of images
The image seen is inverted by the lenses:

Fig. 3.23 Establishing the
position of images
seen under the
microscope

●

Objects seen at the bottom of the microscopic field are actually at the top.

●

Objects seen on the left side of the microscopic field are actually on the right.

Moving the object
If you move the slide in one direction, the object examined moves in the opposite
direction (Fig. 3.24).
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Changing the objective
Modern microscopes are made so that the object remains
more or less in focus when you change from a low-power
objective to a more powerful one. If this is not the case for
your microscope, raise the nosepiece before changing to the
more powerful objective and refocus. Before changing objectives, make sure that the object examined is in the middle of
the field, so that it is not lost after changing the objective.

3.1.4 Use of an ocular micrometer
The size of microorganisms or substructures of organisms
can be measured by microscopy using an ocular with a calibrated micrometer disc. The micrometer disc has a scale that
is usually divided into 0.1-mm and 0.01-mm subdivisions
(Fig. 3.25).

Fig. 3.24 Moving the object

A stage micrometer is used to calibrate the ocular micrometer.
Materials
●

Binocular microscope

●

Ocular with a ¥ 10 magnification

●

Ocular micrometer disc

●

Stage micrometer

●

Lens paper

●

Immersion oil.

Method
1. Unscrew the eye lens of the ocular.

Fig. 3.25 An ocular micrometer disc

2. Place the micrometer with the engraved scale face-down in the ocular. Use lens
paper to handle the disc.
3. Replace the lens carefully.
4. Place the ocular with the micrometer in the ocular tube of the microscope.
5. Put the calibrated stage micrometer on the stage of the microscope and focus
on the scale. You should be able to clearly distinguish the 0.1-mm and 0.01mm subdivisions.
6. Adjust the stage micrometer so that the 0-mm line coincides with the
0-mm line of the ocular micrometer.
7. Look for another set of lines where the scale of the stage micrometer coincides
with that of the ocular micrometer. This set of lines should be as far away from
the 0-mm line as possible (Fig. 3.26). The distance between the two coinciding
sets of lines varies, depending on the magnification of the objective of the
microscope.
8. Count the number of 0.1-mm subdivisions of the stage micrometer scale between the 0-line and the second set of coinciding lines.
9. Count the number of subdivisions of the ocular micrometer scale
between the 0-line and the second set of coinciding lines.
10. Calculate the proportion of a millimetre that is measured by a single
ocular unit using the following formula:
stage reading (mm ) ¥ 1000 mm
= ocular units (mm )
ocular reading ¥ 1mm

Fig. 3.26 Calibration of an ocular
micrometer with a stage
micrometer
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Example
For a microscope with a high-power objective (¥ 40), the calculation is as follows:
0.1mm ¥ 1000 mm
= 2 mm
50 units ¥ 1mm

Important: Corresponding objectives should not be exchanged for a calibrated objective, but must be separately calibrated. The ocular containing the micrometer
disc should be stored until required. Each microscope that is to be used for measuring the size of organisms must be individually calibrated.

3.1.5 Dark-field microscopy
To obtain a dark field a special condenser with a blacked-out centre is used. If this
is not available it is possible to obtain a dark field under the ¥ 10 and ¥ 40 objectives
by inserting a disc or stop in the filter holder below the condenser.
The stops must be made of a material through which light cannot pass and must be
the correct size for the objective in use. If the stop is too small, too much light will
pass into the objective and a dark field will not be obtained.
If the stop is too large, insufficient light will be available to illuminate the specimen.

3.1.6 Routine maintenance
Microscopes must be installed in a clean environment, away from chemicals.
Workplaces should be well ventilated or permanently air-conditioned (intermittent
use of air conditioners produces condensed water). The microscope needs daily
attention to keep it in good working order and thus to ensure reliable laboratory
results. Optical instruments should not be kept for long periods in closed compartments since these conditions also favour fungal growth which can corrode optical
surfaces. Special care is required in hot and humid climates.
Cleaning the microscope
Microscopes are used to investigate biological tissues and fluids and must therefore
be decontaminated at regular intervals.
Materials
●

Clean pieces of old cloth and a fine linen handkerchief

●

Special lens tissue paper or, if unavailable, white absorbent paper or medicalgrade cotton wool

●

A piece of chamois leather, if possible (otherwise a non-fluffy rag)

●

A small bottle of cleaning solution (see below)

●

A plastic cover

●

A small rubber bulb and, if possible, a soft camel-hair brush (or a fine paintbrush or blower for cleaning lenses)

●

A desiccator 15–20 cm in diameter containing not less than 250 g of dry blue
silica gel (which indicates humidity by turning pink).

Method
Cleaning the optical surfaces
The optical surfaces (condenser, objectives, eyepieces) must be kept free of dust
with a fine paintbrush, a soft camel-hair brush (Fig. 3.27) or a blower. If dust is
found inside the eyepiece, unscrew the upper lens and clean the inside.
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Oil residues on the lenses should be removed with special lens
tissue paper, absorbent paper or medical-grade cotton wool. The
optical surfaces may be finally cleaned with a special solution,
consisting of the following:
— 80% petroleum ether (boiling point 60–80°C)
— 20% 2-propanol.
Note: Do not use 95% ethanol, xylene or toluene for cleaning
the lenses, since these substances dissolve the cement. They can,
however, be used for cleaning mirrors.
Cleaning the instrument
Heavy contamination can be removed with mild soapy solutions.
Grease and oil can be removed with the special cleaning solution described above. The instrument should then be cleaned
with a 50 : 50 mixture of distilled water and 95% ethanol. This
mixture is not suitable for cleaning the optical surfaces.

Fig. 3.27 Cleaning the objective lenses using a
soft camel-hair brush

The mechanical parts (coarse adjustment screw, fine adjustment
screw, condenser focusing and mechanical stage) should be
periodically cleaned and lubricated with machine oil to make
them run freely.
Maintaining the microscope
When you carry out repair and maintenance procedures, take care not to confuse
the condenser centring screws with the condenser clamp screws. To maintain the
microscope proceed as follows:
●

Check the mechanical stage.

●

Check the focusing mechanism.

●

Remove any fungal growth.

●

Check the diaphragm.

●

Clean all mechanical parts.

●

Lubricate the microscope according to the manufacturer’s instructions.

●

Check the spring load on the specimen clamp. Too high a tension may result in
breakage of slides and damage to the clamp.

●

Check the optical alignment. A dim appearance of the specimen is often due to
misalignment of the optical parts rather than to insufficient light.

Precautions
●

Never dip the objectives in xylene or ethanol, as this may cause the lenses to
become detached.

●

Never use ordinary paper to clean the lenses.

●

Never touch the lenses with your fingers.

●

Never clean the support or the stage with xylene or acetone.

●

Never clean the inside lenses of the eyepieces and objectives with cloth or paper
(this might remove the anti-reflective coating); use a soft camel-hair brush, a
fine paintbrush or a blower instead.

●

Never leave the microscope without the eyepieces unless the openings are plugged.

●

Never keep the microscope in a closed wooden box in hot humid countries.

●

Never press the objective on to the slide, since both the slide and the objective
may break. Take care when focusing the microscope.
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●

Keep the mechanical stage clean.

●

Do not dismantle the optical components, as this may cause misalignment. The
optical surfaces should be cleaned with lens cleaning tissue or soft tissue
paper.

●

Never put the microscope away with immersion oil on the objective. Remove
any oil daily. Mild soap solution is suitable for most cleaning.

●

Use organic solvents only in accordance with the manufacturer’s recommendations.

●

Never carry the microscope by the limb with one hand; use both hands, one
under the foot, the other holding the limb.

●

When changing a bulb, avoid touching the glass with your fingers, as fingerprints reduce the intensity of illumination.

●

To maximize the lifespan of bulbs, adjust the voltage with a dimmer switch to
give the lowest required light intensity.

●

If the mains voltage fluctuates excessively, use a voltage stabilizer.

Additional precautions to be taken in hot climates
Dry climates
In hot, dry climates the main problem is dust. Fine particles work their way into the
threads of the screws and under the lenses. This can be avoided as follows:
●

Always keep the microscope under an airtight plastic cover when not in use.

●

At the end of the day’s work, clean the microscope thoroughly by blowing air
over it with a rubber bulb.

●

Finish cleaning the lenses with a soft camel-hair brush, a fine paintbrush or a
blower. If dust particles remain on the surface of the objective, clean it with
special lens tissue paper.

Humid climates
In hot, humid climates and during the wet season in hot, dry climates, fungi may
grow on the microscope, particularly on the surface of the lenses, in the grooves of
the screws and under the paint, and the instrument will soon be useless. This can
be prevented as described below.
Always keep the microscope under an airtight plastic cover when not in use, together with a dish filled with blue silica to dry the air under the cover. (The silica
will turn red when it has lost its capacity to absorb moisture from the air. It can be
simply regenerated by heating in a hot-air oven or over a fire.) The microscope
must be cleaned daily to get rid of dust.
These procedures must be carried out regularly, and are essential in conjunction
with repair and maintenance procedures.

3.2 Weighing: use of laboratory balances
Balances may be either electrically or manually operated. All types should be positioned on a firm level bench away from vibrations, draughts and direct sunlight.
The balance is used to weigh chemicals for production of reagents, and cleanliness
is essential if accurate results are to be obtained:
●

Remove dust by blowing or using a soft brush.

●

Remove stains or chemicals using a soft brush.

●

Use a plastic weigh boat or filter-paper to weigh chemicals on the balance; never
place chemicals directly on to the pan.
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Important: If water has been used to clean the balance, make sure that it is thoroughly dry before weighing. Always set the balance to zero before weighing. Check
the accuracy of the balance regularly according to the manufacturer’s recommendations. Handle loose weights with forceps.

3.2.1 Sensitivity of a balance
The sensitivity corresponds to the smallest mass that makes the pointer move over
one division on the scale. For example, if the sensitivity of a balance is 1 mg, this
means that a mass of at least 1 mg is needed to move the pointer.
For routine laboratory purposes, the sensitivity of a balance can be considered to
be the smallest mass that it will measure accurately.

3.2.2 Open two-pan balance (Fig. 3.28)
The two-pan balance has two pans supported by shafts. It may be designed for use
with separate weights, as illustrated in Fig. 3.29, or may incorporate a graduated
arm with a sliding weight. It is used to weigh large amounts (up to several kilograms) when a high degree of accuracy is not required, e.g. 22.5 g, 38 g, 8.5 g,380 g.
Sensitivity: 0.5 g.
If the pans are made of easily scratched or corroded material, protect them with
circles cut out of strong plastic or old X-ray films; the two circles should be of equal
weight.
Instructions for use
1. Place the bottle containing the substance to be weighed to the left of the
balance.
2. Place on the left-hand pan the receptacle (folded paper or dish) in which the
substance will be weighed.
3. Place on the right-hand pan the weights equivalent to the weight of the receptacle plus the amount of the substance to be weighed.
4. To measure out the substance to be weighed, hold the bottle tilted in your left
hand (label upwards) and tap the neck of the bottle gently with your right hand,
so that the powder or crystals to be weighed fall little by little into the receptacle
(Fig. 3.30). (Use a clean spatula to dispense small amounts of substances for
weighing.)
When the substance has been weighed, move the bottle to the right-hand side of
the balance (Fig. 3.31).

Fig. 3.28 An open two-pan balance

Fig. 3.29 Set of weights (in grams) for use
with an open two-pan balance
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Fig. 3.30 Measuring out the substance to be
weighed

Fig. 3.31 Keep weighed and unweighed substances
apart to avoid confusion

Thus place:
— the weighed substances on the right
— the unweighed substances on the left.
This avoids confusion.
Read the label three times:
— before taking the bottle off the shelf;
— while weighing the substances (label facing upwards);
— after weighing, when you move the bottle to the right of the balance.

3.2.3 Analytical balance
This balance has two pans suspended from a cross-beam inside a glass case.
Use the balance:
— to weigh small quantities (up to 20 or 200 g, depending on the model);
— when great accuracy is required: e.g. 3.85 g, 0.220 g, 6.740 g.
Sensitivity: 0.1–0.5 mg, depending on the model.
Components (Fig. 3.32)
●

Cross-beam (CB). This is the structure from which the pans are suspended.

●

Knife edges (KE1, KE2, KE3). These support the beam at the fulcrum during
the weighing and give sensitivity to the balance. Those on the beam support the
suspended pans.

●

Stirrups (S1, S2).

●

Pointer (Pt).

●

Pans (P).

●

Beam release screw (or pan lock control) (B). Locks the pan so that the sudden
addition of weights or chemicals will not damage the delicate knife edges.

●

Adjusting screws (AS1, AS2). Used only for initial adjustment of the unloaded
balance to a reading of zero.

Figure 3.33 shows a set of weights for use with an analytical balance.
Instructions for use
●

Always ensure that the cross-beam is at rest (beam release screw tightened) before placing the weights and the substance to be weighed on the pans.
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Fig. 3.32 Components of an analytical balance
AS1, AS2: adjusting screws; B: beam
release screw; CB: cross-beam;
KE1, KE2, KE3: knife edges; P: pans;
Pt: pointer; S1, S2: stirrups.
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Fig. 3.33 Set of weights for use with an
analytical balance
Single pieces: 1 g, 2 g, 5 g, 10 g, 20 g,
50 g, 100 g, 200 g and 500 g.
Single fractional pieces: 2 mg, 5 mg,
10 mg, 20 mg, 50 mg, 100 mg, 200 mg
and 500 mg.

●

Check that the pans are balanced (after closing the glass case) by unscrewing the
beam release screw.

●

Always place the substance to be weighed on a piece of paper folded in four, or
in a watch glass or porcelain dish.

●

Use the adjusting screws (AS1 and AS2) to obtain a perfect balance when compensating for the weight of the receptacle in which the substance will be weighed.

●

Always use forceps to pick up the weights.

●

Always put the cross-beam back at rest before removing the weights and
the substance that has been weighed from the pans.

3.2.4 Dispensary balance (Fig. 3.34)
This balance also has two suspended pans, but it has no glass case and no
supports.
Sensitivity: 5–10 mg.
The dispensary balance is more accurate than the open two-pan balance,
but weighs only up to 50 g.
After using the dispensary balance, put it away in a closed cupboard.
Fig. 3.34 A dispensary balance

3.3 Centrifugation
3.3.1 Principle
A body is rotated in a circular movement at speed. This creates a force that
drives the body away from the centre of the circular movement (Fig. 3.35).
To calculate the relative centrifugal force (rcf) for an individual centrifuge,
measure the radius (r) of the rotor arm (in cm) and the number of revolutions per minute (rpm) and use the formula below:
rcf = 1.118 ¥ 10-6 ¥ r ¥ (rpm)2
For example, if the radius is 25 cm and the rpm is 1300 rev/min, the rcf is
about 50g.

Fig. 3.35 Principle of centrifugation
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Components of a centrifuge (Fig. 3.36)
A centrifuge consists of:
— a central shaft or spindle (A) that rotates at high speed;
— a head (E), fixed to the shaft, with buckets for holding the centrifuge tubes;
— tubes (T) containing the liquid to be centrifuged.
When the spindle rotates the tubes are subjected to centrifugal force. They swing
out to the horizontal and the particles in suspension in the liquids in the tubes are
thrown to the bottom of the tubes. The particles are compacted at the bottom of
the centrifuge tubes. These particles form the centrifuge deposit which can be separated from the supernatant fluid and examined. The deposit may contain, for example:
— blood cells;
Fig. 3.36 Components of a
centrifuge
A: central shaft or spindle;
E: centrifuge head;
T: centrifuge tubes.

— parasite eggs (in diluted stools);
— cells from the urinary tract (in urine).

3.3.2 Types of centrifuge
Hand-operated centrifuge (Fig. 3.37)
This is operated manually by turning a handle. It takes two or four tubes.
The hand-operated centrifuge can be used:
— to examine urinary deposits;
— to concentrate certain parasites in stools.
The speed is insufficient for satisfactory separation of erythrocytes from plasma in
blood.
Important:
●

Clamp the centrifuge firmly on a stable support (edge of a table).

●

Balance the two diametrically opposite tubes perfectly as described in the instructions for use, section 3.3.3.

●

Keep your distance while operating the centrifuge.

●

To stop the centrifuge, do not slow down the turning of the handle. Pull the
handle out of the machine with a sharp movement.

●

Remove the tubes slowly and carefully (so as not to disturb the deposit).

●

Lubricate the spindle of the centrifuge regularly.

Fig. 3.37 A hand-operated
centrifuge

Warning: The hand-operated centrifuge can cause serious injury, so follow the instructions above carefully.
Electric centrifuges
Electric centrifuges are more accurate than hand-operated centrifuges and should
be used whenever possible. Electric centrifuges are used with two types of head —
the “swing-out” head and the “angle” head.
“Swing-out” head (Fig. 3.38)
The head is designed to swing the tubes out to a horizontal position during centrifuging. This is the type most frequently needed.
“Angle” head (Fig. 3.39)
The “angle” head holds the tubes at an angle of about 45° during centrifuging. It is
useful for certain techniques, e.g. agglutination tests in blood-grouping by the testtube method.
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Fig. 3.38 A centrifuge with a swing-out head

Fig. 3.39 A centrifuge with an angle head

Fig. 3.40 Types of bucket for a centrifuge

Buckets (tube holders)
There are several types of bucket for use with electric centrifuges (Fig. 3.40). The
choice depends on the model of centrifuge:
— buckets designed to hold one round-bottomed or conical tube only;
— buckets that hold two round-bottomed or conical tubes;
— buckets that hold nine small (precipitin) tubes, etc.
Some models are also fitted with:
— a timer that stops the centrifuge automatically when the time is up (e.g. after
5 or 10 minutes);
— a cooling chamber that prevents heating of the specimen during centrifuging;
— a revolution counter, i.e. a dial with a needle that indicates the speed of the
machine during centrifuging (this is useful for some methods of concentration of parasites).
Battery-operated centrifuges
Small battery-operated centrifuges are sometimes used to measure the packed cell
volume in haematology.

3.3.3 Instructions for use
You should always follow the manufacturer’s instructions when using the centrifuge.
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Installing the centrifuge
The centrifuge must be placed on rubber pads or a mat on a flat
level surface.
Balancing the tubes
If the tubes are numbered, place them as shown in Fig. 3.41:
— tube 1 opposite tube 2;
— tube 3 opposite tube 4.
Fig. 3.41 Balancing centrifuge tubes

Balance the tubes that are opposite each other by weighing them
in their buckets on the open two-pan balance.

Fig. 3.42 Balancing centrifuge tubes by adding
liquid to the lighter tube

Fig. 3.43 Balancing centrifuge tubes by adding water to
the bucket containing the lighter tube

To balance: either add more of the liquid to be centrifuged to the lighter tube (Fig.
3.42); or add water to the bucket containing the lighter tube (using a wash bottle;
Fig. 3.43).
If only one tube of liquid is to be centrifuged, balance it with an identical tube filled
with water.
Preventing breakage of tubes
Always pad the bottom of the buckets with the rubber cushions provided with the
machine. This protects the bottom of the centrifuge tubes.
Using a wash bottle, add a little water between each tube and its bucket.
Safety precautions
●

Check that the tubes are the correct size for the centrifuge. Tubes that are too
long or too small may break.

●

Fill the tubes to no more than three-quarters full to prevent spillage in the bowl.

●

Always balance the centrifuge buckets before starting the centrifuge. Failure to
do this can cause excessive wear or the centrifuge may move.

●

Ensure that the lid is closed before starting the centrifuge.

●

When starting the centrifuge, gradually increase the speed, turning the knob
slowly, until the desired speed is reached.

●

Stop the centrifuge gradually (some models have a brake that can be applied).
Never try to slow the centrifuge down with your hand.

●

Never open the centrifuge until it has come to a complete stop.

●

Remove the tubes slowly and carefully.
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Cleaning and maintenance
For details of cleaning and maintenance of centrifuges, see section 3.5.3.

3.4 Measurement and dispensing of liquids
Many of the liquids handled in the laboratory are either infectious, corrosive or
poisonous. It is important for the prevention of accidents that the correct procedures for the measurement and dispensing of these liquids are clearly understood and are followed conscientiously.
Many of the new procedures for analysis require very small volumes of fluid and
various pipetting and dispensing devices are available to enable small volumes to
be measured with great precision.
Large volumes can be measured using a measuring cylinder or a volumetric flask.
A measuring cylinder measures various volumes of fluid but is not very accurate. A
volumetric flask measures a single volume of fluid, e.g. 1 litre, accurately.
Small volumes of fluid (0.1–10 ml) can be dispensed rapidly and accurately using
one of the following methods:
●

A fixed or variable volume dispenser attached to a reservoir made of glass or
polypropylene. Various volumes from 0.1 to 1.0 ml and from 2.0 to 10.0 ml can
be dispensed.

●

A calibrated pipette with a rubber safety bulb.

3.4.1 Pipettes
Types of pipette
Graduated pipettes
Graduated pipettes have the following information marked at the top (Fig. 3.44):
— the total volume that can be measured;

Fig. 3.44 A graduated
pipette

— the volume between two consecutive graduation marks.
There are two types of graduated pipette (Fig. 3.45):
●

A pipette with graduations to the tip (A). The total volume that can be measured
is contained between the 0 mark and the tip.

●

A pipette with graduations not extending to the tip (B). The total volume is contained between the 0 mark and the last mark before the tip (this type is recommended for quantitative chemical tests).

Various volumes can be measured using graduated pipettes. For example:
— a 10-ml pipette can be used to measure 8.5 ml;
— a 5-ml pipette can be used to measure 3.2 ml;
— a 1-ml pipette can be used to measure 0.6 ml.
Volumetric pipettes
Volumetric pipettes are intended to measure a precise volume with a high degree
of accuracy.
There are two types of volumetric pipette (Fig. 3.46):
●

A pipette with a single graduation mark (A), which is intended to be filled to the
mark. After discharge of the contents, the pipette is allowed to drain for 15–
45 seconds, according to its size (marked on the bulb) and the last drop is
expressed against the side of the recipient container. It should not be expelled.

Fig. 3.45 Types of graduated
pipette
A: pipette with
graduations to the tip;
B: pipette with
graduations not
extending to the tip.

74

Manual of basic techniques for a health laboratory

●

A pipette with two graduation marks (B) may be more accurate
in skilled hands. It is less reliable when used by an
inexperienced person because it is easy to overrun the lower
graduation mark when discharging the contents.

Hold the pipette vertically to check that the liquid reaches the
desired graduation mark (G in Fig. 3.47). This mark should be
level with the bottom of the meniscus formed by the liquid. The
tip of the pipette should be held against the side of the receptacle while the fluid is discharged.
Plastic bulb pipettes
Plastic bulb pipettes are cheap and very useful for transferring
volumes of liquid such as serum or disinfectant. They are available
with different tips and can be obtained with calibrations marked
on the stem.

Fig. 3.46 Types of volumetric pipette
A: pipette with a single graduation
mark; B: pipette with two graduation
marks.

They can be reused after disinfection and washing but cannot
be autoclaved.
Micropipettes
Micropipettes with disposable tips are frequently used to measure
small volumes. They are available in a variety of volumes, ranging
from 5 ml to 1000 ml. Used tips are disposed of directly into
disinfectant using an ejector mechanism. The micropipettes have
two positions of the plunger operated by thumb (Fig. 3.48).The
first position is used to pick up the sample and the second to
expel the sample from the tip into a tube or well.

Fig. 3.47 How to hold a pipette
G: graduation mark;
S: safety bulb.

Fig. 3.48 A micropipette with
a disposable tip
T: disposable tip.
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Fig. 3.50 Calibrating a dropping pipette
S: safety bulb.

Micropipettes must be calibrated and maintained according to the instructions of
the manufacturer.
Calibrated dropping pipettes
Ordinary calibrated dropping pipettes often deliver 20 drops per ml of distilled
water, thus 1 drop = 0.05 ml. Hold the dropping pipette absolutely vertical to expel
the drops (Fig. 3.49).
Calibration of dropping pipettes (Fig. 3.50)
Using a volumetric pipette (see page 74), measure 1 ml of water into a small tube.
Draw the water into the dropping pipette to be calibrated. Count the number of
drops delivered from the millilitre of water. Repeat the procedure three times to
check the accuracy.
Precautions
Pipetting by mouth is dangerous and should not be done. It can cause the
following:
— infection
— burns
— poisoning
— cuts.
Always use a rubber safety bulb (see Fig. 3.50) with the pipette instead.

3.4.2 Volumetric flasks
Volumetric flasks are graduated to measure a certain volume when filled to the
graduation mark.
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They have various capacities:
— 2000 ml
— 1000 ml
— 500 ml
— 250 ml
— 200 ml
— 100 ml
— 50 ml
— 25 ml.
Volumetric flasks are more accurate than measuring cylinders. They should be used
for the preparation of reagents.

Fig. 3.51 Preparing sodium chloride solution
in a volumetric flask

Fig. 3.52 Alternative method for preparing
reagents using a volumetric flask

For example: 1 litre of sodium chloride, 0.85% solution (reagent no. 53), is prepared by washing 8.5 g of sodium chloride, dissolved in 100 ml of distilled water in
a beaker, into a 1000-ml flask through a funnel and diluting to the 1000-ml mark
(Fig. 3.51). The solution should be shaken before use.
Alternatively, the substance(s) can be dissolved in a small container and the solution poured into the flask along a glass rod (Fig. 3.52). Fill to the graduation mark.
(This method is recommended for the preparation of titrated chemical reagents.)
Temperature of the liquid
The temperature at which liquids should be measured is etched on the flask (after
the capacity figure; Fig. 3.53).
Liquids expand with heat and contract with cold. Never measure hot liquids, or
cold liquids just taken from the refrigerator.
Stoppers

Fig. 3.53 Mark the temperature at which the
reagent should be
measured on the
flask

Volumetric flasks should have plastic stoppers; if these are not available use ground
glass ones. Be careful not to lose them.
Cost
Volumetric flasks are very expensive, so use them with great care.
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3.4.3 Burettes
These are graduated glass tubes with a glass stopcock at the lower end. Burettes are
filled from the top with the liquid to be measured (Fig. 3.54). They are of 10 ml,
20 ml, 25 ml and 50 ml capacity.
Maintenance of burettes
The stopcock and tap should be kept well greased. To grease a clean stopcock
properly, apply the tiniest smear of petroleum or silicone jelly with a finger tip
down the two sides of the stopcock away from the capillary bore. Then insert the
stopcock in the burette and rotate it until a smooth covering of the whole stopcock
is obtained. Keep the top plugged or covered (Fig. 3.55).

Fig. 3.55 Keep the top of the burette
plugged or covered

Fig. 3.56 A graduated conical
testing glass

3.4.4 Graduated conical glasses (Fig. 3.56)
These are not accurate. Avoid using them for laboratory tests.

3.5 Cleaning, disinfection and sterilization
3.5.1 Cleaning glassware and reusable syringes and needles
Instructions for cleaning:
— glass containers (Erlenmeyer flasks, beakers, test-tubes)
— pipettes
— microscope slides
— coverslips
— reusable syringes and needles.
Glass containers
New glassware
Glassware that has never been used may be slightly alkaline.
In order to neutralize it:
●

Prepare a bowl containing 3 litres of water and 60 ml of concentrated hydrochloric acid (i.e. a 2% solution of acid).

●

Leave the new glassware completely immersed in this solution for 24 hours.

●

Rinse twice with ordinary water and once with demineralized water.

●

Dry.

Fig. 3.54 Filling a burette
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Dirty glassware
Preliminary rinsing
Rinse twice in cold or lukewarm water (never rinse bloodstained tubes in hot
water).
If the glassware has been used for fluids containing protein, it should be rinsed
immediately and then washed (never allow it to dry before rinsing).
Soaking in detergent solution
Prepare a bowl of water mixed with washing powder or liquid detergent. Put the
rinsed glassware in the bowl and brush the inside of the containers with a test-tube
brush (Fig. 3.57). Leave to soak for 2–3 hours.
Rinsing
Remove the articles one by one. Rinse each one thoroughly under the tap, then
soak them all in a bowl of ordinary water for 30 minutes.
Rinse each article in a stream of clean water. (Do not forget that traces of detergent
left on glassware can lead to false laboratory results.)
Draining
Place containers (beakers, flasks, measuring cylinders) on the pegs of a draining
rack. Place test-tubes upside-down in a wire basket.
Drying
Place the glassware in wire baskets and dry in a hot-air oven at 60 °C. Alternatively,
place the baskets in a sunny spot in the laboratory and cover them with a fine cloth.
Plugging
The clean dry glassware should be put away in a cupboard to protect it from dust.
It is recommended that glass containers be plugged with non-absorbent cotton
wool or their mouths covered with small caps made from newspaper (Fig. 3.58) or,
preferably, thin sheets of paraffin wax or clinging plastic, if available.
Pipettes
Immediate rinsing
Once a pipette has been used, rinse it immediately in a stream of cold water to
remove blood, urine, serum, reagents, etc.

Fig. 3.57 Cleaning dirty glassware

Fig. 3.58 Plug or cover glassware to
protect it from dust
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Soaking in water
After rinsing, place the pipettes in a large, plastic measuring cylinder (or bowl) full
of water. If the pipettes have been used to measure infected material, leave them in
a cylinder full of disinfectant solution (e.g. a quaternary ammonium compound or
1% bleach solution; see pages 84 and 85) for 4 hours.
Soaking in detergent and rinsing
Follow the instructions given above for soaking and rinsing of laboratory
glassware.
Blocked pipettes
1. Put blocked pipettes in a cylinder filled with dichromate cleaning solution (reagent no. 20). Slide them carefully into the solution and leave for 24 hours.
2. The next day, pour the dichromate solution into another cylinder (it can be used
four times).
3. Hold the cylinder containing the pipettes under the tap and rinse thoroughly.
4. Remove the pipettes one at a time. Check that the obstruction has been washed
away. Rinse again.
5. Leave to soak in ordinary water for 30 minutes, then change the water and soak
for a further 30 minutes.
Warning: Dichromate cleaning solution is highly corrosive and should be used with
extreme care. If it is accidentally splashed on the skin or clothing or into the eye(s),
wash at once with large quantities of water.
Drying
Dry heat-resistant glass pipettes in a hot-air oven at 60 °C and ordinary pipettes in
an incubator at 37 °C. Alternatively, leave pipettes to air-dry.
Using the vacuum pump
This is a small instrument made of metal, plastic or glass that is attached to the
water tap.
1. Turn the water on hard to drive a strong jet through the pump. This causes air
to be sucked into the side arm of the pump and the rubber tubing attached to
it.
2. Fit this rubber tubing over the tip of the pipette.
3. Dip the other end of the pipette into the rinsing liquid (water or detergent
solution), which is sucked through the pipette and discharged by the pump
into the sink (Fig. 3.59).
Microscope slides
New slides
Soaking in detergent solution
Prepare a bowl of water mixed with washing powder or liquid detergent. Use the
amounts recommended by the manufacturer. Place the slides in the bowl one by
one and leave to soak overnight.
Rinsing in water
Rinse each slide with tap water and then soak in clean water for 15 minutes.

Fig. 3.59 Using a vacuum pump
to rinse a pipette
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Wiping and drying
Wipe the slides, one at a time, with a soft, non-fluffy cloth. Place them on a sheet of
filter paper, one by one. Leave to dry. Examine each slide. Discard any slides that
are stained, scratched or yellow or that have dull patches on them, or try to clean
them again.
Wrapping up
Divide the slides into piles of 10 or 20 and wrap each pile in a small sheet of paper.
Numbering
In some laboratories the slides are numbered in advance in series of five packets
with a diamond pencil. (For example, for packets containing 20 slides each, the
slides are numbered 1–20, 21–40, 41–60, 61–80 and 81–100, respectively.)
Dirty slides
Slides covered with immersion oil
Take the oily slides one by one and rub them with newspaper to remove as much of
the oil as possible.
Slides with coverslips
Using the tip of a needle or forceps, detach the coverslips and drop them into a
beaker of water (Fig. 3.60) (for cleaning of coverslips, see overleaf).
Soaking in detergent solution
Prepare a bowl of cold or lukewarm water mixed with detergent. Use the amount
recommended by the manufacturer to produce a strong detergent solution.
Leave the slides to soak for 24 hours.
Note: Detergents containing enzymes are excellent for removing blood films.
Fig. 3.60 Removing
coverslips from a
slide for cleaning

When slides have been used for infected specimens (e.g. urine, stools), they should
be placed in disinfectant solution before cleaning.
Cleaning
After the slides have soaked for 24 hours, prepare another bowl containing a weak
detergent solution (15 ml of household detergent per litre of water).
Remove the slides one by one from the strong detergent solution.
Rub each one with cotton wool dipped in the strong detergent solution, then drop
into the bowl of weak detergent solution and leave to soak for 1 or 2 hours.
Rinsing
Preferred method
Remove the slides one by one from the weak detergent solution using forceps. If
you must use your fingers, pick the slides up by their edges. Rinse each slide separately under the tap, then soak for 30 minutes in a bowl of water.
Quick method
Empty the bowl of weak detergent solution and fill with clean water. Change the
water three times, shaking the bowl vigorously each time.
Wiping, drying and wrapping up
Follow the instructions given above for new slides.
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Coverslips
Used coverslips can be cleaned and reused.
1. Make up the following solution in a large beaker:
— 200 ml of water
— 3 ml of detergent
— 15 ml of bleach or 5 ml of a quaternary ammonium disinfectant (see pages 84
and 85).
2. Put the coverslips into the beaker one by one.
3. Leave the coverslips to soak for 2–3 hours, shaking gently from time to time.
4. Rinse out the beaker containing the coverslips with tap water four times, shaking
gently.
5. Give a final rinse with demineralized water.
6. Drain the coverslips by tipping them out carefully on to a pad of gauze.
7. Dry in a hot-air oven at 60 °C, if possible.
Keep clean, dry coverslips in a small Petri dish. If possible, use special coverslip
forceps for taking them out.
Reusable syringes and needles
As soon as a sample has been collected, remove the plunger from the used syringe
and rinse both the barrel and the plunger. Fill the barrel with water, insert the
plunger and force the water through the needle. Finally remove the needle and
rinse the hub cavity.
Reusable syringe with blocked piston
To loosen the piston, choose one of the following methods:
●

Soak for 2 hours in hot water (about 70 °C).

●

Stand the syringe on its end, piston down. Pipette 50% acetic acid
solution (reagent no. 3) into the nozzle of the syringe with a fine Pasteur pipette (Fig. 3.61). Leave for 10 minutes.

After loosening the piston, soak the syringe for several hours in a bowl of
1 mmol/l hydrogen peroxide.
Rinsing and soaking needles
As soon as the needle has been used, rinse it while it is still attached to
the syringe, then remove it and leave it to soak in hot water.
Blocked needles
To remove the blockage, use a nylon thread dipped in 50% acetic acid
solution (reagent no. 3); alternatively, you can use a stylet.

Fig. 3.61 Cleaning a blocked (reusable)
syringe using acetic acid

3.5.2 Cleaning non-disposable specimen containers
Non-disposable containers, such as jars and bottles, may contain stools, sputum,
pus, CSF, blood or urine, all of which may harbour potentially infectious
organisms.
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Containers for stool specimens
If the lavatory is not connected to a septic tank, fill the jars containing stools with a
5% solution of cresol (see page 83) or a similar disinfectant. Leave for 6 hours.
Empty into the lavatory.
If the lavatory is connected to a septic tank, cresol or other disinfectants should not
be added to the stools before disposal. Clean the jars with detergent and water, as
described on page 80.
Sputum pots and tubes containing pus or CSF specimens
There are several possible methods.
Using an autoclave1
This is the best method.
1. Place the containers in the autoclave and sterilize for 30 minutes at 120 °C.
2. After the containers have cooled, empty the contents into the sink or lavatory.
3. Clean with detergent and water, as described on page 80.
Boiling in detergent
Keep a large pan especially for this purpose.
Boil sputum pots for 30 minutes in water containing washing powder (60 g per
litre of water) (Fig. 3.62).
Using formaldehyde solution or cresol
Pour into each sputum pot either:
— 10 ml of undiluted formaldehyde, 10% solution (reagent no. 28), or
— 5 ml of 5% cresol (see page 83).
Leave for 12 hours.
Urine bottles
Empty the bottles into the lavatory.
Fill them with either:
Fig. 3.62 Cleaning sputum pots by
boiling in detergent

— a 10% solution of household bleach (see page 84), or
— a 5% solution of cresol (see page 83).
Leave for 4 hours.

Test-tubes containing blood specimens
Test-tubes of fresh blood collected on the same day should be:
— rinsed in cold water
— left to soak in a detergent solution (see page 80).
Test-tubes of “old” blood kept for several days at room temperature may contain large
numbers of microorganisms. They should be:
— filled with a 10% solution of household bleach (see page 84)
— left for 12 hours and then
— rinsed and cleaned.

1

For further information, see section 3.5.5.
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3.5.3 Cleaning and maintenance of other laboratory equipment
Centrifuges1
Clean the bowl of the centrifuge daily or after any spillage occurs. Use 70% ethanol
for metal bowls and 1% bleach (see page 84) for plastic ones. (Do not use bleach
for metal bowls as it may cause corrosion.)
Rinse the centrifuge buckets after use and remove any traces of blood, etc.
Check the wiring for fraying and loose connections at regular intervals. If the centrifuge is sparking or running irregularly, the carbon brushes may need replacing.
Lubrication of the centrifuge should be carried out by a specialist, according to the
manufacturer’s instructions.
Water-baths
If possible fill the water-bath with distilled water or rainwater to prevent deposits
forming inside. A crystal of thymol will help to prevent algal growth.
Change the water and clean the inside of the water-bath at least once a month or
whenever it looks dirty. Use a thermometer to check the water temperature each
time the water is changed as scale on the heating element may cause the thermostat
to malfunction.
Incubators
Incubators are used for bacterial culture by laboratories working in microbiology.
The incubator must maintain a constant average temperature of 35 °C (range 33–
37 °C). The actual temperature must correspond to the thermostat setting when
the instrument is used.
In carbon dioxide incubators used for microbial culture, the concentration of
carbon dioxide should be maintained at 5–10% and the humidity at 50–100%.
The temperature in the incubators should be recorded daily. Like all laboratory
instruments, incubators must be cleaned at regular intervals (at least every fortnight) and also after spillage of any material, whether infectious or non-infectious.
Westergren tubes
Rinse in water, then leave to soak in clean water for 12 hours. Dry completely (in
an incubator at 37 °C, if possible). Do not use washing powder, acids or ethanol.

3.5.4 Disinfectants
There are many disinfectants that have various different chemical actions on infective agents. Table 3.1 lists the disinfectants that are most commonly used in health
laboratories.
Cresols
Cresols may be solid or liquid; they are less water-soluble than phenol, but a 5%
aqueous solution can be kept as a stock solution. Cresols emulsify well in soap
solutions.
Lysol
Lysol is an emulsion of 50% cresol in an aqueous solution of soap. Cresol can be
replaced by phenol, but since phenol is a less powerful disinfectant the time of

1

For further information, see section 3.3.3.
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Table 3.1 Commonly used disinfectants
Intended object of
disinfection
Blood

Stool

Disinfectant

Recommended
Minimum
dilution for
duration of
disinfection (v/v) treatment

Stock preparation of
disinfectant

Cresol, 5% solution

2:1

6h

crystals or liquid

Calcium hypochlorite solution (1%
available chlorine)

2:1

6h

powder

Cresol, 5% solution

2:1

6h

crystals or liquid

Calcium or sodium hypochlorite solution
(1% available chlorine)

3:1

6h

powder

Calcium hydroxide, 20% solution

2:1

6h

powder

Chloramine (4% available chlorine)

undiluted

6h

powder

Urine

Cresol, 5% solution

1:1

4h

crystals or liquid

Sputum

Cresol, 5% solution

1:1

4h

crystals or liquid

Skin

Cresol, 50% solution

undiluted

2 min

50% cresol in soap solution

Ethanol, 80% solution

undiluted

2 min

95% solution

Iodine, 1% solution

undiluted

2 min

5% solution

Polyvidone iodine, 1% solution

undiluted

2 min

pure

Isopropanol, 70% solution

undiluted

2 min

pure

n-Propanol, 60% solution

undiluted

2 min

pure

Chloramine (1% available chlorine)

undiluted

2 min

powder

Quaternary ammonium compounds

undiluted

2 min

solution

Drinkingwater

Chloramine, 0.25% solution

undiluted

16 min

powder

Work benches

Cresol, 50% solution

undiluted

4h

50% cresol in soap solution

Cresol, 5% solution

undiluted

4h

crystals or liquid

Chloramine (5% available chlorine)

undiluted

4h

powder

Sodium hypochlorite (1% available
chlorine)

undiluted

4h

powder

Laboratory
instrumentsa

Sodium hypochlorite (0.1% available
chlorine)

undiluted

4h

5%, 10%, 15% solution

Glassware

Sodium hypochlorite (1% available
chlorine)

undiluted

12 h

5%, 10%, 15% solution

a

Chemical disinfection for skin-cutting and invasive instruments should be employed only as the last resort, if neither sterilization nor highlevel disinfection by boiling is possible, and then only if the appropriate concentration of the chemical is available and if the instruments
have been thoroughly cleaned to remove gross contamination before soaking in the chemical disinfectant.

exposure of material to phenol solution must be longer than for cresol. Phenol and
cresol solutions cause irritation of the skin and eyes.
Sodium and calcium hypochlorite
Sodium and calcium hypochlorite solutions (household bleaches) are very strong
disinfectants. They are used in a number of laboratory, household and industrial
applications. Hypochlorites are rapidly inactivated by particles of dust and organic
materials and must be freshly prepared from stock solutions every day. Hypochlorites
cause irritation of the skin, eyes and lungs.
Strong, undiluted solutions should contain 10% available chlorine.
For preparing working dilutions, the following dilutions are recommended:
●

For jars and containers in which used pipettes, slides or other glassware are
discarded and for swabbing bench surfaces: 10 ml of concentrated hypochlorite
solution in 990 ml of water (0.1% available chlorine). Place the used glassware
into the jars of hypochlorite solution and leave for at least 12 hours. Do not
overfill the containers. Change the containers daily.
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For decontamination of blood spills and other specimens with a high protein
content: 40 ml of concentrated hypochlorite solution in 360 ml of water (1%
available chlorine).

Strong hypochlorite solutions are corrosive and can cause burns. Handle solutions
of bleach carefully: wear rubber gloves to protect the hands, and eye shields to
prevent splashing in the eyes.
Calcium hypochlorite is available in its solid form as powder or granules. It decomposes at a slower rate than sodium hypochlorite. A solution of 1% available chlorine is obtained by dissolving 14 g of calcium hypochlorite in 1 litre of water.
Chloramine
Chloramine (tosylchloramide sodium) is a crystalline powder which, like the
hypochlorites, releases chlorine as the active disinfectant agent, although at a slower
rate. It is also used for water disinfection: chlorinated water has a concentration of
0.05% chloramine. Note that chlorinated water can interfere with laboratory tests.
Distilled water must therefore be used.
Calcium hydroxide
Calcium hydroxide solution is prepared from quicklime (calcium oxide) powder or
granules dissolved in water (1 part : 3 parts w/v). Calcium hydroxide solution is not
suitable for disinfecting stools from patients with tuberculosis.
Quaternary ammonium compounds
Quaternary ammonium compounds (QUATS) are effective against vegetative bacteria and some fungi. They are not effective against spores, viruses and mycobacteria; they are not toxic and are harmless to the skin.
Alcohols
Alcohols (e.g. ethanol, isopropanol, n-propanol) are fast-acting, but relatively expensive disinfectants that are usually used for skin disinfection. They kill bacteria
and some viruses, but not fungi.
Iodine
Iodine is an excellent, fast-acting disinfectant with a wide range of action. It kills
bacteria, many spores, viruses and fungi. At low temperatures iodine is more active
than other disinfectants. Some people are hypersensitive to iodine and suffer a rash
on areas of skin that have been exposed to iodine solution. Their sensitivity is
much less when iodophores (polymer solutions that bind iodine) such as polyvidone
iodine are used.

3.5.5 Sterilization
Sterilization is defined as the destruction of all microorganisms in or about an
object. In the medical laboratory sterilization is achieved either by moist heat
(autoclaving, boiling) or by dry heat (hot-air oven, flaming). Materials are sterilized for three main purposes in the medical laboratory:
— in preparation for taking specimens (needles, syringes, tubes, etc. must be
sterile);
— to disinfect contaminated materials;
— to prepare the equipment used for bacteriological cultures (Petri dishes,
Pasteur pipettes, tubes, etc.).
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Sterilization by steam
Using an autoclave
Clinical samples and other contaminated waste materials are placed in a special
autoclave bag or into a metal or plastic bucket for autoclaving. Use the autoclave
sterilizing indicators to control the sterilizing cycle.
Principle
Water is heated in a closed container. This produces saturated steam under pressure, with a temperature of over 100 °C. Most types of microorganism, including
all bacteria (but not all viruses) are killed when apparatus is heated for 20 minutes
at 120 °C in this steam under pressure.
Components of an autoclave (Fig. 3.63)
1. Boiler
A large deep cylinder in which the items to be sterilized are placed.
2. Basket
A big wire basket that holds the materials to be sterilized.
3. Basket support
A support in the bottom of the autoclave that holds the basket above
the water level.
4. Drainage tap
A tap fitted at the base of the boiler to drain off excess water.
5. Lid
The lid covers and seals the boiler and is fitted with a rubber washer.
6. Lid clamps
These clamps, together with the rubber washer, seal the lid and prevent steam from escaping.
7. Air outlet valve
A valve at the top of the boiler or on the lid that is used to let air out
when the water is first heated.
8. Safety valve
A valve at the top of the boiler or on the lid that lets steam escape if
the pressure becomes too high and so prevents an explosion.
9. Temperature gauge or pressure gauge
All gauges indicate the temperature in degrees Celsius (°C); some
also have a second set of figures indicating the pressure.

Fig. 3.63 Components of an autoclave
1: boiler; 2: basket; 3: basket
support; 4: drainage tap; 5: lid;
6: lid clamps; 7: air outlet valve;
8: safety valve; 9: temperature
gauge or pressure gauge.

Heating system
The heating system may be built into the autoclave in the form of:
— electric elements
— gas burners
— a paraffin oil stove.
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Fig. 3.64 Autoclaving syringes and needles

Installation
Autoclaves should be installed away from the main working area, as they are noisy.
If gas or a paraffin oil stove is used for heating, it should be kept away from flammable
materials and chemicals.
Preparation of material for sterilization
Reusable syringes
Reusable syringes are placed in large glass test-tubes plugged with non-absorbent
cotton wool (the pistons and barrels in separate tubes; Fig. 3.64), or they are wrapped
in gauze and placed in metal trays.
Reusable needles
Reusable needles should be placed separately in small test-tubes that are
then plugged (see Fig. 3.64). Place a pad of non-absorbent cotton wool at
the bottom of each tube to protect the tip of the needle.
Otherwise, arrange the needles in metal trays with their points stuck into a
folded gauze pad (Fig. 3.65).
The metal trays are placed uncovered in the autoclave.

Fig. 3.65 Alternative method for
autoclaving needles

Glassware
Specimen tubes, Petri dishes, etc. should be wrapped in autoclavable
polyethylene bags and tied with string.
Pasteur pipettes (Fig. 3.66)
Pasteur pipettes should be placed in large tubes which are then plugged.
Alternatively they may be placed in autoclavable polyethylene bags.
Sterilization procedure
1. Fill the bottom of the autoclave with water (up to the basket support).
Make sure that the water does not touch the basket. If necessary, drain
off excess water by opening the drainage tap.
2. Put the basket containing the material to be sterilized in the autoclave
together with sterilization indicator papers. The indicator papers turn
black when the correct temperature is reached.

Fig. 3.66 Autoclaving Pasteur pipettes
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3. Close the lid, making sure that the rubber washer is in its groove. Screw down
the lid clamps evenly and firmly, but not too tightly.
4. Open the air outlet valve.
5. Begin heating the autoclave.
6. Watch the air outlet valve until a jet of steam appears. Wait 3 or 4 minutes until
the jet of steam is uniform and continuous. This shows that all the air has been
driven out of the autoclave.
7. Close the air outlet valve. Tighten the lid clamps and reduce the heat slightly.
8. Watch the temperature gauge. When the desired temperature is reached (i.e.
120 °C) the heat must be regulated to maintain it. Reduce the heat until the
needle on the dial remains at the temperature selected. Start timing at this point.
Sterilization times
Materials for collecting specimens (reusable syringes and needles, tubes): 20
minutes at 120 °C.

●

●

Containers of infected material (sputum pots, tubes of pus): 30 minutes at 120 °C.

●

Bacteriological culture media: follow the instructions of the bacteriologist or the
chief laboratory technician.

Turning off the heat
1. Turn off the heat as soon as the required time is up.
2. When the temperature falls below 100 °C, open the air outlet valve to equalize
the pressures inside and outside the autoclave.
3. When the hissing sound stops, unscrew the lid clamps. Take off the lid. Leave the
autoclave to cool, then carefully remove the basket of sterile equipment. If drops
of water have formed, dry the sterile equipment in an incubator at 37 °C, if
possible.
Cleaning
Wipe the inside of the autoclave daily or whenever spillages occur.
Precautions
Never touch the drainage tap, outlet valve or safety valve of the autoclave while
heating it under pressure.

●

●

Never heat the autoclave too quickly to bring up the pressure once the outlet
valve is closed.

●

Never leave the autoclave unattended while the pressure is rising.

●

Never open the lid before the pressure has dropped to normal, as you may be
scalded with steam.

●

During sterilization make sure the lid is secured and no steam escapes as if it
does, neither the pressure nor the temperature will be correct.

●

Never leave the autoclave to cool for too long, because if it is left for several
hours without the outflow valve being opened, a vacuum forms.

Using a pressure cooker
Pressure cookers are large saucepans designed to cook food very quickly, using
steam under pressure. They are used in some small laboratories to sterilize equipment used for specimen collection.
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Pressure cooker with revolving valve
1. Fill the bottom of the pressure cooker with water. Place the material or object to
be sterilized in the basket (which is held above the water level by a support). The
wrapped articles should be placed upright (never lay them flat; Fig. 3.67).
2. Fit on the lid. Screw it down with its knob. Place the revolving valve (V1) on its
shaft in the lid (Fig. 3.68).
3. Start heating the pressure cooker on the stove. The valve soon begins to turn,
letting a jet of steam escape.
4. Wait until the jet of steam is continuous, then lower the heat so that the
valve keeps turning slowly. Leave the pressure cooker on moderate heat for 20
minutes.

Fig. 3.67 Sterilizing
equipment using a
pressure cooker

5. Turn off the heat. Leave the pressure cooker to cool (or cool it in cold water).
6. Pull off the revolving valve so that air can enter. Remove the lid. Take out the
sterilized material or object and leave the pressure cooker to dry.
Warning: Never touch the safety valve (V2 in Fig. 3.68), which is fixed to the lid.
Pressure cooker with fixed valve
1. Put the water and material or object to be sterilized in the pressure cooker as
described above.
2. Open the valve in the lid. Start heating the pressure cooker.
3. As soon as a continuous jet of steam escapes from the valve, close the valve.
4. Wait until the valve begins to whistle. When it does, reduce the heat. Leave the
pressure cooker on moderate heat for 20 minutes.
5. Turn off the heat. Leave the pressure cooker to cool (or cool it in cold water).
6. Open the valve so that air can enter. Remove the lid. Take out the sterilized
material or object and leave the pressure cooker to dry.
Warning: Never touch the safety valve.
Sterilization by boiling
This method should be used only where there is no alternative. Use a special boiling pan or, if not available, a saucepan. Fill the pan with water (preferably
demineralized) and heat over the stove. Glassware (reusable syringes) should be
put in while the water is still cold. Metal articles (reusable needles, forceps) should
be put in when the water is boiling. Leave the articles to boil for 30 minutes.
Sterilization by dry heat
Using a hot-air oven
This method should be used only for glass or metal articles (reusable syringes and
needles, pipettes, etc.) when an autoclave is not available. It must not be used for
culture media used in microbiology, which should be autoclaved (see page 86).
1. Prepare the object to be sterilized in the same way as for the autoclave method.
Cotton-wool plugs should not be too thick, otherwise the hot air cannot penetrate. Raise the lids of the metal boxes slightly and arrange them so that they
face the back of the oven.
2. Set the thermostat to 175 °C and switch on the oven. If there is a fan, check that
it is working.
3. Watch the thermometer. When the temperature reaches 175 °C, continue heating at this temperature for a further 60 minutes. If the object to be sterilized is
heavy or bulky or if it includes powders, oils or petroleum jelly, heat at 175 °C for
2 hours.

Fig. 3.68 Components of a
pressure cooker
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4. Switch off the heat. Wait until the temperature falls to 40 °C. Open the oven
door. Close the lids of the metal boxes. Remove the sterile object.
By flaming
This method should be used only for metal articles such as forceps and scalpels. It is not suitable for general use.
1. Place the articles in a metal tray.
2. Add about 10 drops of ethanol and ignite.
3. During flaming tilt the tray first one way, then the other (Fig.
3.69).
To sterilize bacteriological loops, heat them in the flame of a gas
burner or spirit lamp until they are red hot.

Fig. 3.69 Sterilization by flaming

3.6 Disposal of laboratory waste
3.6.1 Disposal of specimens and contaminated material
Any clinical material brought into the laboratory and any apparatus used to handle
this material must be considered as infectious. To avoid laboratory accidents, make
sure that priority is given to correct handling and disposal of specimens and contaminated material (see section 3.8).

3.6.2 Incineration of disposable materials
Making an incinerator (Fig. 3.70)
An old metal drum is suitable for this purpose.
1. Fix a strong metal grating (G) firmly about one-third of the way up the drum.
2. Cut a wide opening or vent (V) below the level of the grating.
3. Find a removable lid (L) for the drum.
Using an incinerator
●

At the end of each morning’s and each afternoon’s work, place all used stool and
sputum boxes on the grating of the incinerator (Fig. 3.71).

Fig. 3.70 Components of an incinerator
G: metal grating; L: lid; V: vent.

Fig. 3.71 Using an incinerator
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●

Always keep the metal drum tightly closed (both lid and vent), except
during incineration.

●

Incinerate once a week, or more often if necessary. Fill the bottom of the
drum with paper, sticks, wood shavings, etc.

●

Remove the lid. Light the fire and keep it burning until all the infected
material has been reduced to ashes.

●

The ash produced is not dangerous and can be thrown on the refuse
heap.
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3.6.3 Burial of disposable materials
Dig a pit 4–5 metres deep and 1–2 metres wide at a location where neither
groundwater nor surface water can enter and where leaching of waste liquids into the groundwater cannot occur (Fig. 3.72). A pit must never be
constructed near a water source.
Make a lid that fits tightly over the pit. It is advisable to strengthen the
upper rim of the pit by lining it with bricks or stones.
●

The pit must be protected from animals, birds and humans.

●

Throw stool or sputum boxes and other infected material into the pit
twice a day. Replace the lid immediately.

●

Once a week, cover the refuse with a layer (about 10 cm thick) of dried
leaves.

●

If possible, instead of using dry leaves add a layer of quicklime (calcium
oxide) once a week.

3.7 Dispatch of specimens to a reference laboratory
The peripheral laboratory sends specimens to reference laboratories or
more specialized laboratories for examinations that cannot be carried out
locally. For example, serological examinations for treponemal infection or
typhoid; culture of stools for detection of cholera vibrio; and histological
examination of biopsy material.

Fig. 3.72 Disposal of materials by
burying

Table 3.2 shows, for each type of specimen and each examination:
— which container and preservative (where necessary) to use;
— how much of the specimen to send;
— how long the specimen will keep.

3.7.1 Packing specimens for dispatch
Always observe the regulations in force in your country.
Double pack specimens. Place the specimen in the bottle or tube and seal hermetically (fixing the stopper with sticking-plaster; see Fig. 3.73).
Check that the bottle is labelled with the patient’s name and the date of collection
of the specimen. Then place the sealed bottle in an aluminium tube with a screw
cap. Wedge it in the tube with absorbent cotton wool.
Wrap the request form around the metal tube (Fig. 3.74).
It should show:
— the patient’s name (written in capital letters) and date of birth;
— the nature of the specimen;
— the date of collection of the specimen;
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Table 3.2 Dispatch of specimens
to a reference laboratory
Type of
specimen
Sputum

Throat swabs

CSF (see
section 8)

Type of laboratory
examination

Container and preservative

Amount of
specimen to
send

Culture of tubercle bacilli (see
section 5.4)

45-ml bottle containing 25 ml of
cetylpyridinium bromide, 0.6% solution

—

10 days

Culture of other organisms

No preservative

—

2 hours

Culture of diphtheria bacilli
(see section 5.4)

Tube containing coagulated serum

—

24 hours

Cotton-wool swab

—

4 hours

Special bottle containing Stuart
transport medium, modified (reagent
no. 56) (see section 8.4.2)

—

24–48 hours

Culture of meningococcus

Sterile airtight bottle sent in a vacuum
flask filled with water at 37 °C

2 ml

Preservation
time

12 hours

Culture of other organisms

Sterile bottle

2 ml

2 hours

Chemical tests (for glucose,
protein, chloride, etc.; see
sections 8.3.4 and 8.3.5)

Sterile bottle

2–4 ml

2 hours

Urethral pus

Culture of gonococcus (see
section 5.5)

Special bottle of Stuart transport
medium, modified (reagent no. 56)

Swab of pus

24 hours

Pus from other
sources

Bacteriological culture (see
section 5)

Sterile tube

1 ml

2 hours

Blood (see
sections 9–11)

Erythrocyte and leukocyte cell
EDTA dipotassium salt, 10% solution
counts (see sections 9.5 and 9.6) (reagent no. 22)

5 ml

12 hours

Serological tests for syphilis
(see section 11.10)

Sterile tube without anticoagulant; send
serum or dried drops of blood as
appropriate

10 ml

3 days

Send successive specimens of serum:
taken at the onset of the disease
● taken after 2–4 weeks (to detect
● increase in antibodies)

5 ml

24 hours

Tests for glucose (see section
10.1)

5 mg of sodium fluoride

5 ml

2 hours

Other biochemical tests:
● bilirubin
● cholesterol
● serum iron
● serum lipids
● proteins
● liver function
● uraemia

Bottle without anticoagulant (send
serum)

10 ml

48 hours

Enzyme estimations:
amylase phosphatase
● transaminases

Bottle without anticoagulant

5 ml

2 hours

Culture

Special sterile flask containing 50 ml of
broth raised to 37 °C as quickly as
possible after adding the specimen

5 ml

24 hours

Culture of all organisms,
including Vibrio cholerae (see
section 5.9)

Cary–Blair transport medium (reagent
no. 17)

—

4 weeks

Culture of all organisms,
except Vibrio cholerae

Buffered glycerol saline (reagent no. 14)

—

2 weeks

Examination for parasite ova,
larvae and cysts (see section
4.2.4)

30-ml bottles containing 15 ml of
formaldehyde, 10% solution (reagent
no. 28)

Examination for vegetative
forms of amoebae (see section
4.2.4)

10-ml tube containing thiomersal–
iodine–formaldehyde (TIF) fixative
fixative (reagent no. 58) or polyvinyl
alcohol (reagent no. 44)

Serological tests for HIV and
hepatitis B virus (see sections
11.7 and 11.8)

●

●

Stools

about 5 ml

—

Keeps
almost
indefinitely
Keeps
almost
indefinitely
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Table 3.2 (cont.)
Type of
specimen

Type of laboratory
examination

Urine (see
section 7)

Biochemical tests (for glucose,
protein, acetone, etc.; see
sections 7.2.4–7.2.6)

Urinary deposit (see section
7.2.7)

Container and preservative

Clean dry bottle (sealed)

Amount of
specimen to
send

Preservation
time

20–50 ml,
depending on
number of
tests to be
performed

2 hours

Clean dry bottle

30 ml

2 hours

Bottle containing 8 drops of
formaldehyde, 10% solution (reagent
no. 28)

30 ml

2 days

Schistosome eggs (see section
7.2.8)

For concentration: 2 ml of household
bleach and 1 ml of hydrochloric acid

100 ml

Keeps
almost
indefinitely

Bacteriological culture (see
section 5)

Sterile bottle

20 ml

1 hour

Pregnancy test (see section
11.5)

Sterile bottle

20 ml (first
urine of
day)

12–24 hours
(or 4 days in
refrigerator)

Biopsy tissue
(from an
organ)

Histological examination (see
section 3.7.2)

The following fixatives are used:
formaldehyde saline (reagent no. 27)
● Zenker fixative (reagent no. 66)

—

●

Hair, nails,
cutaneous
tissue

Examination for fungi
(mycoses) (see sections 6.1
and 6.3)

Paper envelope or screw-capped bottle
(do not use tubes with rubber stoppers
or plugged with cotton-wool)

—

—

At least a
week
(sometimes
longer)

Name and address of health
facility requesting exam
ination:
Outpatients’ Clinic,
Maternity Hospi
tal,
Mwanza
Name of patie
nt: J. Smith
Sex: F
Nature of sp
ecimen: Ur
ine
Name of patient: J. Smith
Sex: F
Date of birth: 3.8.65
Date of collection of
specimen: 9.7.01

W

Fig. 3.73 Packing specimens for transport

— the address of the health facility where the specimen was collected;
— the examinations required (with the physician’s diagnosis, where
appropriate).
It should also be signed by the physician.
Place the metal tube in a strong cardboard or wooden box for dispatch. Wedge
the tube in tightly with non-absorbent cotton wool. Label the outside of the
box: URGENT, FRAGILE and, if appropriate, INFECTIOUS MATERIAL
(Fig. 3.75).
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Fig. 3.74 Wrap the request form around the metal tube containing the specimen
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Fig. 3.75 Label the box containing the specimen
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3.7.2 Fixation and dispatch of biopsy specimens for
histopathological examination
Biopsy specimens
To diagnose certain diseases of the organs, the physician removes a piece of tissue
with forceps or a special scalpel. This piece of tissue is called a biopsy specimen. It is
examined under the microscope after a thin section has been cut and treated with
a special stain.
Histopathology
The cells of biopsy specimens from tissues and organs can be studied under the
microscope. This type of examination is called histopathology and can be most
important, particularly for the diagnosis of cancer.
The laboratory technician must be able to fix the biopsy specimen and to ensure
that it is properly dispatched and arrives at the pathology laboratory in a good state
of preservation.
Fixation of biopsy specimens
The piece of tissue is immersed in a fixative fluid. This procedure should preserve
the tissue in a state as close to the living state as possible, by protecting it against
bacterial action, autolysis, shrinkage, etc.
The most suitable type of bottle for biopsy specimens is a plastic-capped bottle
with a wide mouth (pill bottle). Such bottles are obtainable in 60-ml, 45-ml, 30-ml
and 15-ml sizes.
Fixatives
Fixatives that are simple to prepare are:
— formaldehyde saline (reagent no. 27);
— Zenker fixative (reagent no. 66). Just before use, add 5 ml of glacial acetic
acid per 100 ml of Zenker solution.
Technique
Amount of fixative
The volume of fixative required is about 50 times the volume of the biopsy tissue.
Biopsy tissue is normally 3–5 mm thick (if it is thicker, fixation is difficult or
impossible).
The area of the specimen, however, can vary and this is what determines the amount
of fixative to be used (see Table 3.3).
Table 3.3 Calculating the amount of fixative
to use for biopsy material
Dimensions of specimen (cm)
0.5 ¥ 0.5

Amount of fixative (ml)
6–10

0.5 ¥ 1

10–15

1¥1

20–25

2¥1

30–40

2¥2

90

96

Manual of basic techniques for a health laboratory

Preparation
It is essential to act quickly on receipt of a biopsy specimen. Never leave it until
later. First pour the fixative into the bottle. Then pick up the biopsy specimen on a
piece of stiff paper (do not use forceps, which may damage the tissue).
Drop the specimen into the bottle.
Labelling
Cut out a small rectangle (about 3 cm ¥ 1 cm) of stiff paper. Using a lead pencil,
write on it the name of the patient, the nature of the specimen and the date of
collection. Place the slip of paper in the bottle with the fixative.
Fixation time
This will vary according to the fixative used. With the two fixatives mentioned above,
the specimen can be left in the liquid for at least a week before it is cut and stained.
Fixed material should be dispatched to the pathology laboratory without delay, but
a long transit period will not result in the deterioration of specimens.
Dispatch of biopsy specimens
Secure the cap or stopper of the bottle with adhesive plaster. Place the bottle in an
aluminium tube with a screw cap, together with the request form (see section 3.7.1).
Then place the tube and the request form in a small wooden or cardboard box and
dispatch immediately.

3.8 Safety in the laboratory
●

Each laboratory should have a written manual of safe laboratory practices which
should be followed at all times.

●

The laboratory should have a first-aid box (see section 3.8.2) and at least one
staff member trained in first aid.

●

The laboratory should be a work area only; visitors should be restricted.

●

No food or drink should be consumed in the laboratory.

●

Wear protective clothing and remove it before leaving the laboratory.

●

Always consider any laboratory specimen as potentially infectious and handle it
carefully; wear protective gloves.

●

Place all specimens safely on a bench or in a rack to prevent spillage or breakage.

●

Take great care when collecting and processing blood samples as they may harbour infective agents (e.g. hepatitis B virus, parasites, etc.).

●

Do not contaminate yourself or the work areas with any specimen.

●

Do not pipette blood or other body fluids or any reagents by mouth.

●

Cover all cuts with an impervious dressing (plaster).

●

Dispose of used needles and lancets safely in a “sharps” container. (Sharps containers can be made from plastic bottles with a screw top in which a hole is
made.) Once filled, containers should be autoclaved or soaked in disinfectant
before burning or burying in a deep pit (see sections 3.6.2 and 3.6.3).

●

Cover any spilled material or broken culture tubes with a cloth soaked in disinfectant (see section 3.5.4) and leave for 30 min. Then use a stiff brush or sheet of
cardboard to sweep it into a disposable specimen container.

●

At the end of the day swab the benches with a cloth soaked in disinfectant (see
section 3.5.4).

3. General laboratory procedures

●

97

Wash your hands well after handling infective material and before leaving the
laboratory.

Specimens may be disposed of:
— in cardboard cartons or plastic pots that can be destroyed (stools, sputum);
— in glass jars and bottles that can be cleaned, sterilized and used again (see
sections 3.5.1, 3.5.2 and 3.5.5).
Disposable containers must not be reused.

3.8.1 Precautions to prevent accidents
Handling acids and alkalis
Diluting concentrated sulfuric acid with water
Always add the concentrated sulfuric acid to the water drop by drop, stirring the
mixture after each drop. Do this in a sink whenever possible. Never pour the water
into the sulfuric acid because of the danger of splashing due to the explosive evaporation of water while mixing.
Bottles of acids and alkalis
Keep bottles of acids and alkalis on the lower shelves of the cupboards. When you
take a bottle out make sure your hand is dry and hold the bottle firmly upright. Do
not keep acids and alkalis in bottles with ground glass stoppers (they may get stuck).
Pipetting
Use small measuring cylinders for measuring acids and alkalis. If more accurate
measurement is required, use a pipette with a rubber safety bulb attached. Pipette
slowly, watching the level of the liquid.
Heating glassware and liquids
Test-tubes
Never heat the bottom of a test-tube; the liquid inside might sputter. Heat the
middle of the tube, shaking gently. The mouth of the tube should be facing away
from you and any other person, towards an empty work space or a sink.
Heat-resistant glass
Only heat-resistant glassware and porcelain receptacles can be heated over a
Bunsen flame. Ordinary glass will break.
Flammable liquids
Only small quantities of flammable liquids such as ether, ethanol, acetone, benzene
and toluene should be kept in the laboratory.
Warning: Ether will ignite at a distance of several metres from a flame. Never place
a bottle of ether on a workbench where there is an open flame.
Propane and butane gas burners
When lighting a gas burner, always light the match and hold it to the burner before
turning on the gas tap. Turn off the main valves of all bottles of butane gas every
evening. Replace the rubber connecting pipes once a year.
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3.8.2 First aid in laboratory accidents
Accidents in the medical laboratory may have various causes:
●

Acids or alkalis: splashes on the skin or in the eyes, swallowing.

●

Toxic substances.

●

Heat: naked flames, hot liquids, flammable liquids, explosions.

●

Injuries involving infectious material, electric shocks, etc.

First-aid equipment
●

First-aid box (see below)

●

Sodium carbonate, 5% solution (reagent no. 52)

●

Sodium bicarbonate, 2% solution (reagent no. 50) (in an eyedrop bottle)

●

Boric acid, saturated solution (reagent no. 12) (in an eyedrop bottle)

●

Acetic acid, 5% solution (reagent no. 1)

●

Cotton wool and gauze

●

Mercurochrome and tincture of iodine.

The above items should be readily available in the laboratory. They must not be
kept in a locked cupboard. The solutions should be kept in plastic bottles.
First-aid box
The first-aid box should contain the following:
●

An instruction sheet giving general guidance

●

Individually wrapped sterile adhesive dressings in a variety of sizes

●

Sterile eye-pads with bandages for attachment

●

Triangular bandages

●

Sterile dressings for serious wounds

●

A selection of sterile unmedicated dressings for minor wounds

●

Safety-pins

●

A bottle containing eye drops

●

A first-aid manual.

The contents of the first-aid box should be replenished immediately after use and
inspected regularly to ensure that they remain in satisfactory condition.
Corrosive injuries from acids
Acids such as nitric acid, sulfuric acid, chromic acid, hydrochloric acid, acetic acid
and trichloroacetic acid can cause corrosive injuries. It is therefore essential to take
immediate action in the event of an accident.
In all cases: Wash the affected area immediately with large quantities of water.
Acid splashes on the skin
●

Wash the affected area thoroughly and repeatedly with large quantities of water.

●

Bathe the affected skin with cotton wool soaked in a 5% solution of sodium
carbonate.
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Acid splashes in the eye
●

Wash the eye immediately with large quantities of water sprayed from a
polyethylene bottle (or rubber bulb) for 15 min (Fig. 3.76); squirt the water into
the corner of the eye near the nose. Alternatively, wash the eye with running
water from a tap (Fig. 3.77). Ask the patient to close the eye that is not affected.

●

After washing, put 4 drops of a 2% solution of sodium bicarbonate into the eye.

●

Send for a physician. Continue to apply bicarbonate solution to the eye until the
physician arrives.

Fig. 3.76 Rinsing the eye using a
polyethylene bottle

Fig. 3.77 Rinsing the eye under the tap

Swallowing acids
If acid is accidentally swallowed:
●

Send for a physician.

●

Make the patient drink some milk immediately (alternatively, two egg whites
mixed with 500 ml of water may be given). If neither of these is available, the
patient should drink ordinary water.

●

Make the patient gargle with the milk.

●

Give the patient three or four glasses of ordinary water.

●

If the lips and tongue are burned by the acid:
— rinse thoroughly with water, then
— bathe with a 2% solution of sodium bicarbonate.

Note: Always pipette acids using a rubber safety bulb, never by mouth.
Corrosive injuries from alkalis
Alkalis such as sodium hydroxide, potassium hydroxide and ammonium hydroxide
can also cause corrosive injuries. Such injuries may be more serious than those
caused by acids.
In all cases: Wash the affected area immediately with large quantities of water.
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Alkali splashes on the skin
●

Wash the affected area thoroughly and repeatedly with water.

●

Bathe the affected skin with cotton wool soaked in a 5% solution of acetic acid
(or undiluted vinegar or lemon juice).

Alkali splashes in the eye
●

Wash the eye immediately with large quantities of water sprayed from a
polyethylene bottle (or rubber bulb); squirt the water into the corner of the eye
near the nose (see Fig. 3.76). Alternatively, wash the eye with running water
from a tap (see Fig. 3.77).

●

After washing the eye with water, bathe it with a saturated solution of boric acid.

●

Send for a physician. Continue to apply boric acid solution to the eye until the
physician arrives.

Swallowing alkalis
If alkali is accidentally swallowed:
●

Send for a physician.

●

Immediately make the patient drink a 5% solution of acetic acid (or lemon juice
or vinegar diluted 1 part vinegar to 3 parts water).

●

Make the patient gargle with the same acid solution.

●

Give the patient three or four glasses of ordinary water.

●

If the lips and tongue are burned by the alkali:
— rinse throughly with water, then
— bathe with a 5% solution of acetic acid.

Poisoning
This can be caused by:
— inhaling toxic vapours or gases (e.g. chloroform)
— accidental swallowing of a poisonous solution.
In all cases:
●

Send for a physician or qualified nurse, specifying the toxic substance involved.

●

Place the victim in the open air while waiting for the physician or nurse.

Burns caused by heat
These fall into two categories:
●

Severe burns (e.g. burns caused when burning ether or boiling water is spilled
over the victim).

●

Minor burns (e.g. burns caused by hot glassware or a Bunsen flame).

Severe burns
●

If the victim is on fire (e.g. splashed with burning ether or other flammable
solvents), roll him or her in a blanket to extinguish the flames.

●

Inform the physician on duty at the casualty department immediately, specifying
that a patient with severe burns will have to be moved.

●

Lay the victim on the ground. Do not remove any clothing. Cover the patient if
he or she is cold.

●

Do not apply any treatment to the burns: this must be left to the physician.
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Minor burns
●

Plunge the affected part into cold water or a mixture of ice and water to soothe
the pain.

●

Apply mercurochrome or tincture of iodine to the burn.

●

Apply a dry gauze dressing loosely.

●

If the burn becomes infected or does not heal, refer the patient to a physician.

Note: Never tear off blisters that form over burns!
Injuries caused by broken glass
Clean glass
●

Disinfect the skin in the normal way (using, for example, mercurochrome or
tincture of iodine).

●

If the cut is minor, cover it with a sterile adhesive dressing (ready-made type).

●

If the cut bleeds profusely, stop the bleeding by pressing down on it with a sterile
compress. Refer the patient to the casualty department.

●

If the cut bleeds heavily with the blood spurting out at intervals, try to stop the
bleeding by pressing down on it with a sterile compress and send for a physician
or qualified nurse.

●

Continue to press on the covered wound while waiting for the physician or nurse.
(He or she will decide whether a tourniquet should be applied.)

Glass containing infected material
Glassware containing stools, pus, bacterial cultures, etc.:
●

Check whether the cut is bleeding; if not, squeeze hard to make it bleed for
several minutes.

●

Bathe the whole area (the edges of the cut and inside the cut) with tincture of
iodine or a surgical antiseptic (see Table 3.1, page 84).

●

Wash the whole area thoroughly with soapy water.

●

Bathe the area again with tincture of iodine.

●

Refer the victim to the physician if the material involved is known to be infective
(e.g. bacterial cultures, pus).

Electric shocks
Alternating electric current (120 V or 220 V) is usually used in the laboratory. Electric shocks may occur when faulty equipment is being handled, particularly with
wet hands. The symptoms are fainting, asphyxia and cardiac arrest.
●

Before doing anything else, cut off the electricity at the main fuse.

●

Send for a physician.

●

In case of a cardiac arrest, massage the heart externally if necessary and begin
giving artificial respiration.

3.9 Quality assurance in the laboratory
Quality assurance in the laboratory includes all aspects of the analytical work, from
correct identification and preparation of the patient to ensuring that the laboratory
result goes back to the doctor.
The prime objective of quality assurance is to ensure that the laboratory provides
results that are correct and relevant to the clinical situation of the patient.
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The stages at which quality assurance should be applied include:
— preparing the patient
— collecting the specimen
— handling and dispatch of the specimen (see sections 2.6.1 and 3.7)
— control of methods and reagents (see individual methods)
— calibration of equipment (see section 2.5)
— reporting results (see section 2.6.2).

3.9.1 Specimen collection
The appropriate collection of specimens is of utmost importance if the laboratory
results are to be relevant to the clinical situation of a patient. When material is
collected for the purpose of monitoring and control of treatment of patients, the
following factors should be considered:
— the physiological state of the patient (e.g. the reference ranges of certain
indicators vary with age and sex);
— the appropriate preparation of patients for specimen collection (e.g. blood
for the measurement of glucose and lipids should be taken in the morning
from a patient who has fasted for 12 hours, because their concentrations are
elevated after a meal);
— the appropriate tools for specimen collection (e.g. blood for cell counting
should be collected in tubes containing EDTA dipotassium salt to avoid
plasma coagulation and platelet aggregation);
— the appropriate site for specimen collection (e.g. the concentration of glucose is different in arterial and venous blood).
Specific aspects of specimen collection, including those for the detection of infective organisms (bacteria and parasites), are outlined in the relevant sections of this
manual.
To ensure that the most useful specimen is obtained, it should always be collected
at the appropriate time. Random collection should be limited to emergency situations. For example, sputum specimens for the detection of tubercle bacilli should
be collected in the early morning, while urine for the diagnosis of schistosomiasis
and other conditions should be collected as a “terminal” urine specimen (see section 7.2.8).

