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PREFACE
The International Standards for Drinking Water published by WHO
in 1958 received immediate and wide recognition as essential aids to the
improvement of water quality and treatment. These Standards are cited
in the International Sanitary Regulations as applicable in deciding what
constitutes a pure and acceptable water-supply at airports and other ports.
The replies to a recent questionnaire sent to the Member States indicate
that the 1958 Standards have been widely used as a reference in the development of local standards and as a basis for improved water treatment practices. Five nations have adopted the International Standards as official
and legal standards of water quality. Several others have developed national
standards based in part or in whole on the International Standards.
The replies also suggested that the 1958 Standards might well be reviewed
and revised to bring them into line with present needs and with current water
treatment practices. WHO therefore convened an Expert Committee composed of technical experts from all six WHO regions to review the 1958
Standards and to recommend pertinent changes and additions. This Committee met in Geneva in August 1962 and the present revised edition of International Standards for Drinking Water is the outcome of its recommendations. Essential changes have been made in the 1958 Standards and a new
section has been added on standards of quality for water sources to be used
for water-supplies.
As in the previous edition, a major part of the present work consists
of annexes devoted to approved methods for the examination of water. Each
of these has been revised to ensure that widely studied and published procedures are recommended for the evaluation of water quality.
The Expert Committee emphasized that neither the standards themselves
nor the laboratory methods should be considered as static or final ; they
should be under continual study and should be modified whenever necessary
to conform to the most recent advances in water technology. The Committee indicated various areas in which needed research might be undertaken without delay, and urged that the data obtained be made the basis
of essential technical developments in water treatment and water analysis.
In the preparation of the material for this publication, use was made of
many sources, chiefly The bacteriological examination of water-supplies
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of the Ministry of Health and the Ministry of Housing and Local Government for England and Wales, the 11th edition of Standard methods for
the examination of water and wastewater of the American Public Health
Association, the 3rd edition of Approved methods for the physical and
chemical examination of water of the Institution of Water Engineers, and
European standards for drinking water, published by WHO.
The approved methods for the examination of water given in Annexes 3,
4, 5 and 6 of this volume were originally drawn up by various national
bodies and have been published in standard works of reference or in scientific
journals. In approving these methodsj(Jr inclusion in International Standards
for Drinking-Water, the WHO Expert Committee on International Standards
for Drinking- Water found it necessary to make a small number of minor
amendments, and it therefore accepts full responsibility for the amended texts.
In publishing this revised edition of International Standards for DrinkingWater, WHO hopes to stimulate further investigations of the problem of
providing safe and potable water to all people and immediate consideration
of the function of criteria of water quality in the control and improvement
of water treatment. WHO would welcome constructive criticism based on
experience in the application of these recommendations. This will enable
their value to be assessed and necessary improvements made in any future
edition.
The membership of the Expert Committee that developed the standards
given on the following pages is listed in Annex 8.
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1. GENERAL REQUIREMENTS
That water intended for human consumption must be free from chemical substances and micro-organisms in amounts which would provide a
hazard to health is universally accepted. Supplies of drinking-water should
not only be safe and free from dangers to health, but should also be as
aesthetically attractive as possible. Absence of turbidity, colour and
disagreeable or detectable tastes and odours is important in water-supplies
intended for domestic use. The location, construction, operation and
supervision of a water-supply-its sources, reservoirs, treatment and
distribution-must exclude all potential sources of pollution and contamination.
Some countries in the world have established standards of quality
which are applicable to their respective areas and have developed a certain
degree of uniformity in methods of analysis and in the expression of the
results of such analyses. Other countries, however, lack official or recognized standards of water quality and have no accredited procedures
for the examination of water to assess its quality and safety. During
regional and international conferences sponsored by the World Health
Organization, the problems of standards of quality for a safe and acceptable water-supply, and of accredited or approved methods for the examination of water, have been fully discussed by groups of expert hygienists
and engineers concerned with matters of water sanitation. Great improvement in water quality can be achieved throughout the world if various
treatment processes are made easily comparable by the adoption of uniform
methods for the examination of water and for the expression of results
of such examinations. Further, outbreaks of water-borne disease could
be avoided through stricter control by the responsible water-supply and
health authorities of the quality of water distributed for drinking purposes.
The World Health Organization has therefore conducted a study of these
problems, in collaboration with Member States and with the assistance
of a number of experts, in an effort to offer technical guidance to health
and sanitation administrations wishing to revise their regulations on waterquality control.
1.1 Purpose
This publication will be of assistance to operators of water-supplies
and others concerned with the treatment and distribution of water. It is
intended to apply to water as it is supplied to the public and to the selection and treatment of water for use as public supplies. It is hoped that
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it will be of particular value to health authorities in ensuring that the
supplies of water which reach the public are safe and potable.
1.2 Scope

This publication is concerned with the minimum standards of chemical
and bacteriological quality of public supplies of water for domestic use.
Although it is desirable that the quality of water for individual and small
supplies should not be inferior to that supplied to the public in large communities, it is not considered that all small supplies could reasonably be
expected to conform to the standards suggested for larger communities.
However, the standards recommended here are applicable to all communal
supplies serving a group of the population and for which control of treatment and distribution is essential for safe and sanitary quality. The basic
importance of the quality of water to be selected as a source of drinkingwater supply is recognized, and a special discussion of this problem is
included as a part of this volume.
Conditions differ widely throughout the world. Some countries are
fortunate in having an abundant supply of water from deep wells and
underground springs, while others must make extensive use of rivers,
lakes and other sources of surface water. It is felt, however, that the
recommendations which follow should be applicable whatever the original
source of the water or its treatment may be.
It is not envisaged that the standards of physical, chemical and bacteriological quality or the various laboratory methods recommended
here will be the final word on the subject. New methods are constantly
being proposed and developed, and it is anticipated that the methods
suggested and the standards of quality will be revised from time to time.
There are certain matters, such as the problems of pollution from radioactive material and from chemical products used in industry and agriculture (hydrocarbons, detergents, pesticides) and the possibility of the
presence of pathogenic viruses in water, on the importance of which there
is as yet insufficient knowledge. It is possible also that, in the control of
pollution and in epidemiological investigations, the study of bacteriophages
and plankton may yield pertinent information. These are matters on which
further investigation is needed, and additional knowledge may lead to
modifications in the chemical and bacteriological standards suggested at
the present time.
1. 3 Arrangement of material

In view of the importance of uniformity in the methods of expressing
the results of physical, chemical and bacteriological examination of water,
it has been thought advisable to define, in a preliminary paragraph,
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the terms in which it is recommended that these results should be
expressed.
This publication is concerned primarily with the protection of communal supplies of drinking-water from dangers to the health of the consumers. It has been prepared in five sections. Section I deals with general
requirements, section 2 with the quality and safety of drinking-water and
section 3 with the selection and protection of a source of water-supply.
Sections 4 and 5 are concerned with laboratory services and needed research
projects. Section 2 has been divided into four main parts, dealing with
bacteriological, chemical and physical, biological, and radiological requirements. In section 2.1, concerned with bacteriological requirements, consideration has been given to the choice of organisms that should be used as
indicators of pollution ; to methods that it is suggested should be used for the
detection of these organisms ; to standards of bacteriological quality that
might reasonably be established for communal drinking-water supplies ; to
the frequency with which samples should be taken for bacteriological examination ; and to the precautions that should be observed in the collection,
storage and transport of samples for bacteriological examination. Details
of the technical procedures are given in Annex 3 (page 55). Tables required
for computation of " most probable number " values are given in Annex 2
(page 48).
In section 2. 2, on chemical and physical requirements, attention has
been devoted primarily to the limits of concentration for certain toxic substances which may constitute an actual danger to health. Consideration has
also been given to the approximate critical concentrations at which other
chemical substances may affect the health of the consumer. Chemical
substances which affect the quality and acceptability of water have also
been listed in permissible and excessive concentrations. These substances
are not necessarily a menace to the physical well-being of the consumer,
but they render the water aesthetically undesirable for domestic use or
cause trouble in the distribution system. The additional chemical substances that provide ancillary indication of pollution are also given.
Methods for the analysis of water to detect these chemical constituents
of water are given in detail in Annex 4 (page 77).
In section 2. 3, biological requirements related to studies of water quality,
including their use in the detection of pollution, are discussed in general.
Technical procedures are described in Annex 5 (page 170).
Section 2. 4, on radiological requirements, deals with the problems of
pollution of water by radiological wastes and the standards of radioactivity which may be tolerated in water intended for domestic uses.
Section 3, which relates to quality for water sources, has been divided
into five main parts to include problems of sampling, physical and chemical
quality, bacteriological quality and a brief discussion of biological and
radiological standards.
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1. 4 Expression of results
Milligrams per litre (mg/1) are used in this publication, as this method
of expression is used in various countries. It is considered, however, that
the expression" parts per million" (p.p.m.) should be abandoned. Wherever possible, chemical components should be expressed in ions. Turbidity
should be expressed in units of turbidity, and colour in units of colour
based upon the platinum-cobalt scale. Volumes should be expressed in
millilitres (ml), and temperature should be measured in degrees Centigrade
eq. In bacteriological examinations, the total number of micro-organisms
developing on solid media should be expressed in significant figures as
colonies per millilitre of water, the medium, time and temperature of
incubation being stated. Estimates of the numbers of coliform organisms
-and other micro-organisms indicative of pollution-should be given in
terms of" most probable number" per 100 ml (MPN/100 ml), or as a
determined number obtained by direct plating procedures.
In reporting chemical analyses, the sensitivity, accuracy and precision of
the method should be indicated. This includes the proper use of significant
figures and the expression of confidence limits.
1. 5 Sanitary surveys

The importance of a sanitary survey of sources of water cannot be
over-emphasized. With a new supply, the sanitary survey should be made
in conjunction with the collection of initial engineering data as to the
suitability of a given source and its capacity to meet existing and future
demands. The sanitary survey should include the detection of all potential
sources of pollution of the supply and the assessment of their present and
future importance ; it should be made by persons trained and competent
in public health engineering and the epidemiology of water-borne diseases.
In the case of an existing supply, the sanitary survey should be made at
a frequency compatible with the control of the pollution hazards and the
maintenance of a good sanitary quality. The information furnished by
the sanitary survey is essential to complete interpretation of bacteriological and chemical data and must always accompany the laboratory findings
(see Annex 1, page 45).
1. 6 Treatment of water
The treatment of water required to ensure satisfactory sanitary quality
is not considered. However, where the term "treatment" is employed, it
covers storage for periods in excess of one month, coagulation, sedimenta-
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tion, filtration, disinfection, distillation, and other physical or chemical
processes, or any combination thereof.
Although treatment of water was not considered to be within the scope
of this publication, this fact in no way minimizes the fundamental importance
of adequate and intelligent control of treatment processes.
It is fully realized that the establishment of standards will not alone
improve the quality or safety of any water-supply. Rather, such standards
must be employed as a target towards which treatment should be directed,
and should serve basically to develop improved treatment operations.
Similarly, approved laboratory methods for the examination of water
should be used as the essential tools for control of the operation of treatment processes. Unless standards of water quality and approved laboratory methods can be made to function in the improvement of water
treatment, they will be of little value in public health administration.
1.7 Records

The maintenance of accurate and complete records is an integral part of
any programme for the control of water quality or for the examination
of water to determine its conformity with established standards of quality
and safety.
In the operation of any water-supply, pertinent information on the
construction and location of the water-supply and its structures, on the
results of inspections of sanitary and operating conditions, on the details
of treatment and operation, and on sampling are essential and should be
recorded promptly and accurately for future reference. Pertinent complaints as to quality and as to the occurrence of unusual conditions, of
climatic or other origin, are equally valuable.
In carrying out analyses of water by approved methods, all details
of the actual specific determinations should be recorded. These would
include burette and other instrument readings, weights, and all the calculations required to obtain the final result. All this information should,
of course, remain as laboratory records, and only the final result of the
determination should be reported. Without such data, review of results
of analyses to ensure their accuracy-an important factor when unusual
findings may be questioned-would be impossible.
Record-keeping should be intelligently and carefully planned so that
only pertinent material is kept. The design and preparation of forms or
cards providing spaces for entering the desired data will greatly ease and
facilitate the accuracy of keeping records.
Whereas records are essential for adequate and intelligent operation
of waterworks processes and for laboratory activities, the keeping of
records should not become an end in itself, but should rather be part of a
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greater aim-the control of water quality and safety. If they are to be worth
the keeping, records must be used, and should be essential tools in
laboratory examinations and in the operation of water-supplies.
Records should be retained or stored for as long as they may be usefula factor depending upon the type of record and various local requirements
-and must be stored in such a manner as to be protected from rapid
deterioration and yet readily available for reference or other purposes.

l. STANDARDS FOR DRINKING-WATER

l.l Bacteriological Requirements
No bacteriological examination of water, however exact, can take the
place of a complete knowledge of the conditions at the sources of supply
and throughout the distribution system. Every water-supply should be
regularly inspected from source to distribution taps, and sampling should
be repeated under varying climatic conditions, especially after heavy
rainfall. It should be emphasized that when sanitary inspection indicates
a water, as distributed, to be subject to pollution, the water should be
condemned irrespective of the results of bacteriological examinations.
Contamination is often intermittent and may not be revealed by the
examination of a single sample. The examination of a single sample can
indicate no more than the conditions prevailing at the moment of sampling; a satisfactory result cannot guarantee that the observed conditions
will persist in the future. The quality of a water-supply can be assessed
only by a series of samples over a definite period of time.

l.l.l Indicators of Pollution
1.1.1.1 Organisms indicative of faecal pollution
The major danger associated with drinking-water is the possibility of
its recent contamination by sewage or by human excrement, and even the
danger of animal pollution must not be overlooked. If such contamination
has recently occurred and if, among the contributors, there are cases
or carriers of such infectious diseases as enteric fever or dysentery, the
water may contain the living micro-organisms of these infections, and
the drinking of such water may result in additional cases of the disease.
Although modern bacteriological methods have made it possible to detect
pathogenic bacteria in sewage and sewage effluents, it is not practicable
to attempt to isolate them as a routine procedure from samples of drinkingwater. When pathogenic micro-organisms are present in faeces or sewage,
they are almost always greatly outnumbered by the normal excremental
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organisms, and these normal intestinal organisms are easier to detect
in water. If these organisms are not found in the water, it can be inferred
that disease-producing micro-organisms are also absent. Thus, the use
of normal excremental bacteria as indicators of faecal pollution introduces a margin of safety.
The organisms that have been most commonly employed as indicators
of faecal pollution are Escherichia coli and the coliform group as a whole.
The definition formerly adopted for E. coli in terms of heat tolerance and
imvic reaction created considerable difficulty in delimiting the species
identified and counted. It would therefore now be desirable to use the
term "faecal coliform" to replace the term E. coli as previously used.
The term "faecal coliform" as defined later includes a slightly wider
spread of organisms than the term E. coli, but these are all of definite
faecal origin and are indicative of recent faecal pollution. All members
of the coliform group may be of faecal origin. The precise significance
of their presence in water (other than faecal coliforms) has been much
debated. All organisms of the coliform group are foreign to water and
must be regarded as indicative of pollution.
The search for faecal streptococci, of which the most characteristic
type is Streptococcus faecalis, and for anaerobic spore-forming organisms,
of which Clostridium welchii is particularly typical, may be of value in
confirming the faecal nature of pollution in doubtful cases.
Faecal streptococci regularly occur in faeces in varying numbers, which
are usually considerably smaller than those of faecal coliform. In water
they probably die and disappear at approximately the same rate as faecal
coliform, and usually more rapidly than other members of the coliform
group. When, therefore, organisms of the coliform group, but not faecal
coliform, are found in a water sample, the finding of faecal streptococci
is important confirmatory evidence of the faecal nature of the pollution.
Anaerobic spore-forming organisms are also present in faeces, though
generally in much smaller numbers than faecal coliform. The spores are
capable of surviving in water for a longer time than organisms of the
coliform group and usually resist chlorination at doses normally used in
waterworks practice. The presence of Cl. welchii in a natural water
suggests that faecal contamination has occurred, and, in the absence of
organisms of the coliform group, suggests that the contamination occurred
a long time ago.
Examination for faecal streptococci and anaerobic spore-forming
organisms may also be of value when water samples are examined at
infrequent intervals, or when a new source of supply is being considered
and as much information as possible is required about the sanitary quality
of the water.
Over the last decade, there has been increasing evidence of virus disease
being transmitted by incompletely treated piped water-supplies. At present
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there are insufficient technical procedures to establish viral bodies as
indicators of pollution, and under normal conditions quantitative standards of quality established in terms of coliform and faecal coliform organisms may be accepted as an indication of safety. In cases where the raw
water is grossly polluted by sewage, sole reliance should not be placed
on these parameters. The safety barriers of water treatment should be
enhanced.
2.1.1.2 Total content of micro-organisms

Plate counts on nutrient agar at 35-37°C and on nutrient agar or
gelatin at 20°C are not infrequently used in the bacteriological examination
of water. The plate count alone is of little value in detecting the access
of faecal pollution, since organisms of all types capable of growing at
these temperatures will be counted. A series of plate counts from a source
such as a deep well or a spring may be of considerable value-a sudden
increase in the plate count from such a source may give the earliest indication of the access of pollution. Plate counts frequently repeated from a
series of points in a treatment plant are of considerable value in the control
of waterworks treatment ; they are also of value when a new source of
supply is being considered and as much information as possible about
the quality of the water is being collected.
An isolated plate count is rarely of value, and from raw surface-waters
even a series of plate counts is of little value, because of the wide variations
which occur, due, for example, to changes in climatic conditions.
2.1.2 Sampling

Scrupulous care in the collection of samples for bacteriological examination is necessary to ensure that the sample is representative of the
water under examination, and to avoid accidental contamination of
the sample during collection.
When several samples are collected on the same occasion from the
same source, the sample for bacteriological examination should be taken
first, to avoid the danger of contamination of the sampling point during
the collection of other samples.
2.1.2.1 Sample conadners

Sterilized (neutral) glass bottles provided with ground-glass stoppers
should be used for collection of samples for bacteriological examination.
The stopper and neck of the bottle should be protected by a paper or
parchment cover, or by thin aluminium foil.
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If the water to be sampled contains, or is likely to contain, traces
of residual chlorine or chloramine, it is necessary to add to the sampling
bottle, before sterilization, a sufficient quantity of sodium thiosulfate
(Na2S20 3 , SH20) to neutralize these substances. It has been shown 1•
that 0.1 m1 of a 3% solution of crystalline sodium thiosulfate (3.0 mg)
in a 170-ml bottle has no significant effect on the coliform or faecal coliform content of unchlorinated water during storage. This proportion of
sodium thiosulfate is sufficient to neutralize more than 5 mg/1 of residual
chlorine. It is, therefore, recommended that this proportion of sodium
thiosulfate solution be added to all bottles used for the collection of
samples for bacteriological examination. When samples of chlorinated
water are taken, it is desirable to determine the content of residual chlorine
at the sampling point.
2.1. 2.2 Sampling procedures

The sampling bottle should be kept unopened until the moment at
which it is required for filling. The stopper should be removed with care
to eliminate soiling, and during sampling the stopper and neck of the
bottle should not be handled and should be protected from contamination.
The bottle should be held near the base ; it should be filled without rinsing
and the stopper should be replaced immediately.
If a sample of water is to be taken from a tap on a distribution system,
it should be ascertained that the tap chosen is supplying water from a
service pipe directly connected with the main, and not, for instance, one
served from a cistern or storage tank. The tap should be cleaned and
opened fully and the water allowed to run to waste for two to three minutes
or a sufficient time to permit clearing the service lines. The flow from the
tap should then be restricted to permit filling the bottle without splashing.
Leaking taps which permit water to flow over the outside must be avoided
as sampling points.
In collecting samples directly from a river, stream, lake, reservoir,
spring or shallow well, the aim must be to obtain a sample that is representative of the water which will be taken for purposes of supply to
consumers. It is therefore undesirable to take samples too near the bank
or too far from the point of draw-off, or at a depth above or below the
point of draw-off. In a stream, areas of relative stagnation should be
avoided.
Samples from a river, stream, lake or reservoir can often be taken
by holding the bottle near its base in the hand and plunging it, neck
downwards, below the surface. The bottle should then be turned until
the neck points slightly upwards, the mouth being directed towards the
current. If no current exists-as in a reservoir-a current should be
artificially created by pushing the bottle horizontally forward in a direction
2
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away from the hand. If it is not possible to collect samples from these
situations in this way, a weight may be attached to the base of the bottle,
which can then be lowered into the water. In any case, damage to the
bank must be guarded against, otherwise fouling of the water may occur.
Special apparatus which permits mechanical removal of the stopper of
the bottle below the surface is required to collect samples from the depths
of a lake or reservoir.
If the sample is to be taken from a well fitted with a hand-pump,
water should be pumped to waste for about five minutes before the sample
is collected. If the well is fitted with a mechanical pump, the sample
should be collected from a tap on the discharge. If there is no pumping
machinery, a sample can be collected directly from the well by means
of a sterilized bottle fitted with a weight at the base; in this case, care
should be taken to avoid contamination of the sample by any surface
scum.

2.1.2. 3 Data relative to samples
All samples of water should be accompanied by complete and accurate
identifying and descriptive data (see Annex I, page 45). Samples not so
identified should not be accepted for examination.

2.1.2. 4 Prese"atioo aod storage of samples
The bacteriological examination of samples of water should be initiated
immediately after collection. However, such a requirement is seldom
practical, and more realistic ones must be established.
It is, therefore, recommended that, with samples intended for bacteriological examination, the technical procedures should be started as
soon as possible, preferably within one hour after collection ; the time
elapsing between collection and examination should in no case exceed
24 hours. During the period elapsing between collection and examination,
the temperature of the sample should be maintained as closely as possible
to that of the source of the sample at the time of sampling. The time and
temperature of storage of all samples should be recorded and should
be considered in the interpretation of the laboratory results.
When local conditions necessitate delays in excess of 24 hours, consideration should be given to providing for a field examination of samples,
by making use, for example, of the microfilter technique or of temporary
laboratory facilities at the site.

2.1.2.5 Size of samples
The volume of a sample of water should be sufficient for carrying out
all the tests required, and preferably not less than lOO ml for samples
intended for bacteriological examination.

BACTERIOLOGICAL REQUIREMENTS

19

2.1. 2. 6 Frequeacy of sampling
The frequency of bacteriological examinations for the control of the
sanitary quality of a supply, and the location of the sampling points at
pumping stations, treatment points, reservoirs and booster pumping
stations, as well as in the distribution system, should be such as to enable
proper supervision of the bacteriological quality of the water-supply to
be maintained. Inspection of the entire water-supply system from source
to consumers' premises is of the utmost importance, and the authority
responsible for operation and safety of the water-supply should have the
services of an expert adviser in deciding on the sampling points and
the frequency with which samples from each point should be collected.
The frequency of sampling should be established according to the
magnitude of the problem involved.20• 66 It would seem reasonable that
the frequency of examination of routine samples of water from the distribution system, and of routine samples of the water entering the distribution system, should be based on the size of the population served. These
examinations should be spaced over a period of time, according to the
risks of pollution, geographical location and protection of the source
of supply. When the safety of a water is dependent upon disinfection or
other treatment processes, a constant check on the bacteriological quality
of the water entering the distribution system is necessary, and bacteriological examination of such water should, in principle, be carried out at
least daily.
Treated water, as it enters the distribution system from each treatment
point, should be examined bacteriologically at least once a day. The
absence of such control in many small plants is to be regretted. When
safety depends upon chemical disinfection, bacteriological examination is
recommended at a frequency of not less than once a week. There should
be a check on any chemical disinfection process several times a day, and
the results of these examinations should be recorded for permanent reference. This control should be supplemented at least twice a year by an
inspection in situ by engineering and sanitation experts acting on behalf of
the responsible authority. A complete and accurate plan of the watersupply system should be maintained and placed at the disposal of the
experts.
For untreated water entering the distribution system, the following
maximum intervals between successive routine examinations are proposed:
Population served

Up to 20000
20001- 50000
50 001-100 000
More than 100 000

Maximum interval
between successive samp/in6s
One month
Two weeks
Four days
One day
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On each occasion samples should be taken from all the points at which
the water enters the distribution system.
With regard to samples to be collected from the distribution system,
whether the water has been subjected to treatment or not, the following
maximum intervals between successive samplings and minimum numbers
of samples to be examined in each month are proposed :
Popu/otion sened

Up to 20000
20 001- 50 000
50 001-100 000
More than 100 000

Maximum interval
between successive samplings

One month }
Two weeks
Four days
One day

Minimum number of samples
to be taken from entire
distribution system

One sample per 5000 of population
per month
One sample per 10 000 of population per month

It is considered justifiable to reduce the minimum number of samples
to one sample per 10 000 of population per month when the population
exceeds lOO 000, since in systems serving populations of that size some
samples would be examined each day. ·
The samples should not necessarily be taken from the same points
on each occasion. The experts referred to above should determine the
points on the distribution system from which samples should be collected.
It should be emphasized that in routine control it is more important
to examine numerous samples by a simple test than occasional samples
by a more complicated test or series of tests.
It should be borne in mind that these are the minimum frequencies
recommended for routine bacteriological examination, and, in the event
of an epidemic or immediate danger of pollution, or when more stringent
control is necessary, much more frequent bacteriological examination will
be required.

2 .1. 3 Standards of Bacteriological Quality
appUcable to Drinking-Water Supplies
2 .1. 3.1 General coosideradoos
Water circulating in the distribution system, whether treated or not,
should not contain any organisms which may be of faecal origin. The
presence of the coliform group. as defined below, should be considered
an indication of recent or remote faecal pollution. The presence of Escherichia coli, as defined below. should be considered a definite indication
of recent faecal pollution and hence of a hazardous or dangerous condition
requiring immediate remedial action.
Coliform group includes all aerobic and facultative anaerobic Gramnegative non-spore-forming rods capable of fermenting lactose with the
production of acid and gas at 35-37°C in less than 48 hours.
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Faecal coliform group, for the purpose of the sanitary examination of
water, is defined as a Gram-negative non-spore-forming rod which is
capable of fermenting lactose with the production of acid and gas at 44°C
in less than 24 hours.
2.1.3.2 Recommended standards of bacteriological quality
Some public drinking-water supplies are chlorinated or otherwise
disinfected before being distributed; others are not. Effective chlorination
yields a water which is virtually free from coliform organism, i.e., these
organisms are absent in 100-ml portions ; if communal supplies which
are distributed without treatment or disinfection cannot be maintained
to the bacteriological standard established for treated and disinfected
water, steps should be taken to institute chlorination or disinfection, or
other treatment, of these supplies.
A standard demanding that coliform organisms be absent from each
100-ml sample of water entering the distribution system-whether the water
be disinfected or naturally pure-and from at least 90% of the samples
taken from the distribution system can be applied in many parts of the
world. Although there is no doubt that this is a standard that should
be aimed at everywhere, there are many areas in which the attainment of
such a standard is not economically or technically practicable.
In these circumstances there would appear to be economic and technical reasons for establishing different bacteriological standards for
public water-supplies which are treated or disinfected and for those which
are not treated. The following bacteriological standards are recommended
for treated and untreated supplies for present use throughout the world,
with the hope that improvements in economic and technical resources will
permit stricter standards to be adopted in the future.
The standards described below are based on the assumption that
frequent samples of water will be taken, in accordance with recommendations in section 2.1.2.6 (page 19). For each individual sample, coliform
density is estimated in terms of the " most probable number" in 100 m1
of water, or" MPN " index.61 The dilution-tube technique to be employed
for estimating coliform density in terms of MPN is described in section
2.1.4.2 (page 23). The use of the MPN index is recommended as the basis
of quantitative estimation of coliform density after full recognition of
its limitations. However, the value of the index is sufficiently enhanced
by the use of data from a series of samples to warrant its use in the recommended standards.
2 .I. 3. 2. 1 Treated water

In 90% of the samples examined throughout any year, coliform bacteria shall not be detected or the MPN index of coliform micro-organisms
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shall be less than 1.0. None of the samples shall have an MPN index
of coliform bacteria in excess of 10.
An MPN index of 8-10 should not occur in consecutive samples. With
the examination of five 10-ml portions of a sample, this would preclude
three of the five 10-ml portions (an MPN index of 9. 2) being positive
in consecutive samples.
In any instance in which two consecutive samples show an MPN index
of coliform bacteria in excess of 8, an additional sample or samples from
the same sampling point should be examined without delay. This is the
minimum action that should be taken. It may also be desirable to examine
samples from several points in the distribution system and to supplement
these with samples collected from sources, reservoirs, pumping stations
and treatment points. In addition, the operation of all treatment processes
should be investigated immediately.
When the microfilter technique is used, the arithmetic mean of numbers of coliform group organisms shall be less than 1 per 100 ml, and
shall not exceed 4 per 100 ml in two consecutive samples or in more than
10% of the samples examined.

2.1.3.2.2 Untreated water
In 90% of the samples examined throughout any year, the MPN index
of coliform micro-organisms should be less than 10. None of the samples
should show an MPN index greater than 20. Not more than 40% of the
number of coliform micro-organisms shown by the MPN index shall be
faecal coliform bacteria.
An MPN index of 15 or more should not be permitted in consecutive
samples. With the examination of five 10-ml portions of a sample, this
would preclude four of the five 10-ml portions (an MPN index of 16)
being positive in consecutive samples. If the MPN index is consistently
20 or greater, application of treatment to the water-supply should be
considered.
In any instance in which two consecutive samples show an MPN index
of coliform organisms greater than 10, an additional sample or samples
from the same sampling point should be examined immediately. It may
also be desirable to examine samples from several points in the distribution
system and to supplement these with samples collected from sources,
reservoirs and pumping stations.
When the microfilter technique is used in the examination of water,
the arithmetic mean of the numbers of coliform group bacteria determined
shall be less than 10 per 100 ml, and shall not exceed 20 per 100 ml
in two consecutive samples or in more than 10% of the samples
examined.
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2.1.4 Methods for the Bacteriological Examinadon of Water
Approved laboratory methods for the bacteriological examination of
water are given in Annex 3 (page 55).
2.1.4.1 Temperature of incubadon 47
The temperature of incubation to be employed in the bacteriological
examination of water should be between 35°C and 37°C. This temperature
range will provide for the maximum growth-rates of coliform bacteria
and will permit the minimum fluctuations in incubator temperatures.
Temperatures of incubation beyond this range must not be tolerated
even for very short periods of time.
2.1.4.2 TeclUUque
The dilution-tube technique, employing definite volumes of the samples
and definite numbers of portions of each volume tested, is the most
satisfactory procedure for determining conformity with established standards of quality. After consideration of the need for simplicity and
practicability, and since a series of samples will be studied, the use of five
10-ml portions of each sample for each test is recommended as the minimum
procedure. The use of larger portions (such as lOO ml), a greater number
of replicate portions and a larger series of fractional volumes will enhance
the precision of the estimate of coliform densities. Appropriate tables
of MPN values per 100 ml and of confidence limits are included in Annex 2
(page 48) for these more extensive tests as well as for the minimum acceptable procedure using five 10-ml portions.
2 .1. 5 The Detecdon of CoUform and Faecal CoUform Organisms
The first essential for the detection and estimation of coliform organisms
in water is that every coliform organism should have the maximum
possibility of developing in the medium into which it is inoculated. It is
apparent, therefore, that if selective media are used for the detection of
coliform organisms, care should be taken to ensure that they are not
inhibitory, but encourage the growth of these organisms.
2 .1. 5.1 Presumpdve coliform test
The basis of the presumptive coliform test is the inoculation of the
water to be tested into tubes containing a suitable liquid medium which
are then incubated and examined after the appropriate period of time.
The test is called presumptive because the reaction observed in the tube
may occasionally be due to the presence of some other organism or corn-
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bination of organisms, and the presumption that the reaction is due to
coliform organisms has to be confirmed.
The proportion of false positive reactions obtained depends both on
the bacterial flora of the water under examination and on the medium
used.
A variety of different media are used in different countries for the
presumptive coliform test. At the moment no standard medium can be
proposed. Up to the present time, either lactose broth, or MacConkey's
broth, with bromcresol purple 68 as an indicator and a standardized concentration of bile salts u-incubated at not less than 35°C nor more than
37°C for not more than 48 hours-seems to be the most suitable medium
for presumptive tests.
2.1. 5.2 Confirmatory tests
The presumptive coliform test must be followed at least by rapid confirmatory tests for coliform organisms and for faecal coliform organisms.
The most practical procedure is the subculture of each presumptive positive
tube into two tubes of brilliant-green/lactose bile broth or of MacConkey's
broth," one of which should be incubated at 35-37°C for up to 48 hours
for confirmation of the presence of coliform organisms, and the other
incubated at 44°C and inspected after 6 and 24 hours to determine whether
or not E. coli is present. Further confirmation of the presence of faecal
coliform bacteria, if desired, can be obtained by testing for indole production at 44°C.
2.1. 5. 3 Field tests : the microfilter technique u.

82, M

The microfilter technique, or, as frequently designated, the membrane
filter procedure, has been in increasing use for the detection and estimation
of coliform organisms in water. The details of the method have been
studied extensively and numerous modifications, particularly of the culture
media specified, have been developed. The membrane filter technique
provides a useful means for the control of water quality and for the detection of pollution. It has been shown to have a high degree of precision
(reproducibility of results) and it permits the examination of larger volumes
of sample than does the multiple tube fermentation test. Definite results
are obtained in a shorter time than is possible with multiple tube procedures,
thus permitting closer control of water quality.
The procedure has definite limitations, principally in areas of application not usually associated with the measurement of drinking-water quality.
" If MacConkey's broth is used for confirmatory tests, it is recommended that presumptive
positive tubes derived from chlorinated waters be plated on to a solid medium to confirm the
presence of coliform oraanisms. since false reactions in MacConkey's broth both at 3S-J7•c
and at 44•c may be caused by S'POre-bearina anaerobic oraanisms.u
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The method cannot be used for the examination of water of excessive
turbidity and embracing growths of algae or other suspended materials
that would clog the filters or cover them with a film. A high density of
non-coliform organisms in the water under examination may interfere
with accurate enumeration of coliform colonies.
Where used with a selected culture medium, the membrane filter method
should yield direct counts close to the MPN values obtained with the
multiple tube fermentation test.
Because the membrane filter method is so simple and markedly reduces
the time needed to obtain complete results, it is recommended as an
alternative method for the examination of drinking-water, provided that
its limitations are fully recognized.
2 .1. 6 The Detectioo of Faecal Streptococci
and Anaerobic Spore-forming Organisms
On those occasions when it is considered desirable to supplement
the examination for coliform organisms and faecal coliform organisms by
examination for faecal streptococci or anaerobic spore-forming organisms,
the following methods can be recommended.
2.1.6.1 Faecal streptococci
Methods commonly used for the detection and estimation of the number of faecal streptococci are :
(1) The inoculation of multiple portions of water into sodium-azide
broth, in tubes which are then incubated at 44-45°C for 48 hours. Only
a microscopical confirmation of the tubes which become positive within
18 hours is required, but those which become positive later require more
complete confirmation.
(2) The inoculation of multiple portions of water into tellurite-lactose
broth, in tubes which are then incubated at 35-37°C for 48 hours. Presumptive positive tubes, indicated by a black deposit, may be confirmed
by subculture into further tubes of tellurite-lactose broth incubated at
44-45°C for 24-48 hours ; tubes positive at this temperature should
be submitted to further confirmatory tests. Tellurite media have the
disadvantage that potassium tellurite is decomposed on heating, and
therefore the solution has to be added to the tubes of medium after
sterilization.
2.1.6.2 Anaerobic spore-forming organisms
A method commonly employed for the detection and estimation of
the number of Cl. welchii is the inoculation of multiple portions of water
into freshly boiled litmus milk. The mixtures are then heated at 80°C
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for 10-15 minutes to destroy vegetative organisms. The inoculated tubes
may be incubated anaerobically, but this is not strictly necessary. The
tubes should be incubated at 35-37°C for at least five days, but a positive
reaction ("stormy clot") may appear in 24-72 hours.

1.1 Chemical and Physical Requirements
Chemical analysis has a wide range of uses in the investigation of
water-supplies and of water quality. The following sections are concerned
primarily with the protection of users of public water-supplies from
dangers to health, and therefore attention is largely directed to the detection and estimation of certain toxic chemical substances, of those which
may affect health, of chemical compounds which may impair the acceptability of the water for domestic purposes, and of certain chemical substances which are ancillary indicators of pollution. The frequency of
general systematic chemical examination should be governed by local
circumstances, but frequent chemical analysis may be required for the
control of water-treatment processes.

1.1.1 Sampling
1.1.1.1 Collection, transport and storage of samples
For general chemical examination, a sample of at least 2 litres is
required ; it should be collected in a chemically clean bottle made of good
quality (neutral) glass, practically colourless, and which should be fitted
with a ground-glass stopper. The bottle should be rinsed out at least
three times with the water that is to be sampled before the bottle is filled.
Polyethylene bottles should be substituted for glass bottles for the special
purpose of measurement of radioactivity in a sample.
In collecting samples for chemical analysis, the general recommendations given for the collection of samples for bacteriological examination
(see section 2.1.2, page 16) should be followed.
In the collection of samples from mineralized sources, the bottle should
be completely filled and the stopper securely fastened.
Samples should be transported to the laboratory with as little delay as
possible and should be kept cool during transport. Chemical analysis
should be started as soon as practicable after the collection of the sample,
and in any case should not be delayed for more than 72 hours.

1.1.1.1 Data relative to samples
A record should be made of every sample collected, and every bottle
should be identified, preferably by attaching an appropriate tag or label.
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The record should include sufficient information to provide positive
identification of the sample at some later date (see Annex 1, page 45),
e.g. name of the sample collector ; date, hour and exact location of
sampling ; water temperature ; details of any treatment of the water ;
and any data which may be needed for future reference, such as weather
conditions, water level, stream flow. Sampling points should be fixed by
detailed description, by maps, or with the aid of stakes, buoys, or landmarks, in such a manner as to permit their identification by other persons.
2.2.1. 3 Frequency of sampling
Collection of samples of both raw and treated water for examination
for toxic substances should be carried out at least once every three months,
and more frequently when sub-tolerance levels of toxic substances are
known to be generally present in the source of supply, or where such
potential pollution exists-as, for example, in an area where industries
may be discharging toxic wastes into sources of a water-supply.
Samples for general systematic chemical examination should be collected at least once every three months in supplies serving more than
SO 000 inhabitants, and at least twice a year in supplies serving up to
SO 000 inhabitants. More frequent sampling for chemical examinations
may be required for the control of water-treatment processes.
Sampling of new sources of supply. Frequent examinations both for
toxic substances and for general chemical analysis will be required for
new or proposed sources, depending on local circumstances, which may
necessitate establishing special periods for sampling.
2.2. 2 Standards of Chemical and Physical QuaUty
2.2.2.1 Toxic substances
There are certain substances which, if present in supplies of drinkingwater at concentrations above certain levels, may give rise to actual danger
to health. A list of such substances and of the levels of concentration
which should not be exceeded in communal drinking-water supplies is
given below :
Substance

Lead . .
Arsenic . .
Selenium •.
Chromium (Cr hexavalent) •
Cyanide .
cadmium
Barium •

Maximum allowable concentrations
mg/1

o.os
o.os
0.01

o.os
0.2
0.01
1.0
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The presence of any of these substances in excess of the concentrations
quoted should constitute grounds for the rejection of the water as a
public supply for domestic use.
It is realized that the limiting value for chromium is well below the
known toxic concentration, but it is considered that this element should
not be present in drinking-water, and a minimum limiting concentration
has been set to provide rejection of a water-supply.

2.2.2.2 Speclftc chemical substances which may aft'ect health
There are certain chemical substances which, if present in drinkingwater at concentrations greater than definite limits, may be injurious to
health. Some of these chemical substances are regarded as essential constituents in drinking-water and, if they are not present at sufficient
concentration levels, human health is affected adversely.
(a) Fluorides
Fluorides occur naturally in many public water-supplies and, if present
in drinking-water in excess of 1.0-1.5 mg of fluorine per litre, they may
give rise to dental fluorosis in some children. When present in much higher
concentrations, they may, eventually, cause endemic cumulative fluorosis
with resultant skeletal damage in both children and adults.
In assessing the safety of a water-supply with respect to the above
limits of fluoride concentration, special consideration should be given to
the total daily fluoride intake by the individual. Apart from variations
in climatic conditions, it is well known that in some areas certain food
substances contain fluorides ; consequently, due attention should be given
to both these factors. It should be emphasized, therefore, that in those
areas where fluoride-containing foods are ingested, the lower limit of
the above concentration range should be the guiding factor as to the
chemical quality of the water.
Fluoride is also regarded as an essential constituent of drinking-water,
particularly with regard to the prevention of dental caries in children.
If the fluoride concentration in the drinking-water of a community is
less than 0.5 mg/1, a high incidence of dental caries is likely to occur.
To prevent the development of dental caries in children, a number of
communal water-supplies are fluoridated to bring the fluorine concentration to 1.0 mg/1.

(b) Nitrates
Nitrates occur naturally in many water-supplies and may also find
access to them directly or indirectly through, for example, the discharge
of raw sewage, purified sewage effluent, or barn-yard drainage.
Nitrates are dangerous to human health only in some infants under
one year of age. The ingestion of water which contains nitrates in excess
of 45 mg/1 (as N03) may give rise to infantile methaemoglobinaemia.
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In view of the small quantity of water consumed by infants directly
as drinking-water, or indirectly as prepared food, it should not be difficult
to find an alternative source of water with low nitrate content.
In the light of present knowledge, no single and economic method
for the removal of excessive amounts of nitrates from water is available.
It is necessary for health authorities, therefore, in areas in which nitrate
content of water is known to be in excess of the limiting concentrations,
to be vigilant and to warn the population of the potential dangers of using
the water for infant feeding and to inform them of alternative sources
of water that may be used with safety.
2.2. 2. 3 Chemical suiJstances dectiag the potability of water

The following criteria are important in assessing the potability of
water. In view of the wide variations in the chemical composition of water
in different parts of the world, rigid standards of chemical quality cannot
be established. The limits thereafter designated " acceptable " apply to
a water that would be generally acceptable by consumers ; values greater
than those listed as " allowable " would markedly impair the potability
of the water.
However, these limiting concentrations are indicative only and can
be disregarded in specific instances.
Substance
Total solids
Colour
Turbidity
Taste
Odour
Iron (Fe)
Manganese (Mn)
Copper (Cu)
Zinc (Zn)
Calcium (Ca)
Magnesium (Mg)
Sulfate (SO•)
Chloride (Cl)
pH range
Magnesium + sodium sulfate
Phenolic substances (as phenol)
Carbon chloroform extract
(CCE: organic pollutants)
Alkyl benzyl sulfonates
(ADS : surfactants)

Max. acceptable
concentration
500 mg/1
S units •
S units ••
unobjectionable
unobjectionable
0.3 mg/1
0.1 mg/1
1.0 mg/1
S.O mg/1
1S mg/1
SO mg/1
200 mg/1
200 mg/1

Max. allowable
concentration
ISOO mg/1
SO units •
2S units ••

SOO mg/1
0.001 mg/1

1.0 mg/1
O.S mg!l
I.S mg/1
IS mg/1
200 mg/1
ISO mg/1
400 mg/1
600 mg/1
Less than 6.S or
greater than 9.2
1000 mg/1
0.002 mg/1

0.2 mg/1

O.S mg/1***

O.S mg/1

1.0 mg/1

7.0-S.S

• Platinum-cobalt scale.
•• Turbidity units.
*** Concentrations areater than 0.2 mall indicate the necessity for further analyses to
determine the causative aaent.
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2.2.3 Methods for the Chemical Analysis of Water
2.2.3.1 General
Recommended procedures for the analytical determination of each of
the chemical substances listed in the preceding sections are given in
Annex 4 (page 77).
Where specific sampling procedures are required for a particular examination, they are given in Annex 4 as part of the directions for the
examination. The precautions to be taken to ensure that the estimations
are as accurate as possible are also given in Annex 4. Many analytical
procedures are subject to interference from unknown constituents which
may be present in a sample of water.
Any sudden change in the results of the chemical analysis of a supply
which has been of constant quality, any off-colour observed in a colorirnetric
test or during a titration, any unexpected turbidity, odour, or other laboratory finding, is cause for suspicion. These phenomena may be due to
a normal variation in the relative concentrations of expected constituents,
but they may also be caused by the introduction into the water of an
unknown interfering substance.
A few substances, such as chlorine, chlorine dioxide, alum, iron salts,
silicates, copper sulfate, ammonium sulfate, and polyphosphates, are so
widely used in water treatment that they deserve special mention as possible
causes of interference. Of these, chlorine is probably the worst offender,
in that it bleaches or alters the colours of many of the sensitive organic
reagents which serve as titration indicators and as colour developers for
photometric methods. Among the methods which have proved effective
in removing chlorine residuals are : the addition of small amounts or
sodium sulfite, sodium thiosulfate, or sodium arsenite ; exposure to sunlight or artificial ultra-violet light ; and prolonged storage.
Whenever interference is encountered or suspected, and no specific
recommendations are given for overcoming it, the analyst must endeavour
to determine procedures to eliminate the interference without adversely
affecting the analysis itself. If different techniques yield markedly different
results, it is probable that interference is present. The effect of certain
interfering substances becomes less marked on dilution, or upon use of
smaller samples ; any tendency of the results to increase or decrease in
a consistent manner with dilution indicates the possibility of interference.
2. 2. 3. 2 Precision and accuracy of the methods
.. Precision'' and .. accuracy" are not synonyms, although the words
are sometimes incorrectly used as synonymous. In the purely scientific sense,
'' precision " means reproducitility, •• accuracy " means truth. A precise
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method may also be accurate, but not necessarily. A method may be
very precise and always yield the same answer, and yet be inaccurate
because the answer may be consistently too low or too high. It is also
possible for a method to be relatively accurate, in that the average of
many determinations yields an answer close to the true value, and yet
have poor precision because individual determinations vary over a wide
range.
In any method used for chemical analysis of water, the precision and
accuracy should be determined and recorded. Procedures for ascertaining
precision and accuracy are available for reference.
1.1.3. 3 Essential precautions to be taken

Care must be exercised to ensure that the analyses are representative
of the actual composition of the water sample. Important factors affecting
the results are the presence of turbidity, the method chosen for the removal
of turbidity, and the physical and chemical changes brought about by
storage or aeration. Each sample showing turbidity must be treated
individually with regard to the substances to be determined, the amount
and nature of the turbidity present, and other conditions which may
influence the results.
It is impossible to give directions covering all conditions which will
be encountered, and the choice of the proper technique must be left to
the analyst's judgement. In general, any significant amount of suspended
matter should be separated by decantation or centrifugation, or by an
appropriate filtration procedure. Often a slight amount of turbidity can
be tolerated if experience shows that it will cause no interference in
gravimetric or volumetric tests, and that a correction can be made for
it in colorimetric tests, where it has potentially the greatest interfering
effect. Wherever pertinent, the analyst should state whether or not the
sample has been filtered.
1. 3 Biological Requirements

The biological examination of water-or, as it is sometimes called,
the microscopical examination-provides a useful tool for the control of
water quality and treatment. It is of particular value in the rapid detection
of pollution and conditions which render water unacceptable for dietetic
purposes, and in controlling necessary treatments to improve such
quality.
These procedures include a qualitative analysis of the types of organism
present, together with a quantitative estimation of their number or bulk.
In addition, particulate inorganic and organic solids will be detected.
The living organisms found by microscopical examination include many
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different types and forms and are generally designated as " plankton ".
The term " plankton " is used in a broad sense to include microscopic
and near-microscopic free-floating forms as well as minute attached
organisms which develop on the shores of lakes or reservoirs or are
attached to rocks or structures.
2.3.1 Purpose
Biological examinations of water will find application in :
(1) determining the causes of objectionable tastes and odours in
water and controlling remedial treatments;
(2) aiding in the interpretation of various chemical analyses ;
(3) permitting identification of a specific water when it is mixed with
another of different composition ;
(4) explaining the causes of clogging of distribution pipes and filters
or other treatment units ;
(5) rapidly detecting the organic pollution of water, contamination
with toxic substances, and cross-connexions of distribution systems with
polluted waters.

2.3.2 Sampling
2.3.2.1 Sample containers
In general, a clean glass (neutral) bottle of at least 2-litre capacity,
wide-mouthed and equipped with a ground-glass stopper, should be used.
It is not essential that this bottle be previously sterilized. In special conditions, smaller or larger containers may be required, but the minimum
size of a sample is usually 200 ml. The bottle should not be completely
filled, but a small air space should be left under the stopper to provide
oxygen for the respiration of the organisms in the sample.
2. 3.2.2 Sampling procedures
Points for the collection of samples for biological examination should
be carefully chosen and should correspond, whenever possible, to those

used for the samples for bacteriological and chemical examinations.
Precautions must be observed in the collection of samples to provide for
a representative dispersion of the living organisms and to prevent contamination with floating scum or bottom sediments. Many types of sampler
have been developed for the collection of samples for microscopical
examination. In most instances, satisfactory samples can be obtained
by dipping, in the manner used in the general collection of samples for
bacteriological examinations (see section 2.1.2.2, page 17).
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2. 3 .2. 3 Data relative to samples
All samples of water should be accompanied by complete and accurate
identifying and descriptive data (see Annex I, page 45). Samples not so
identified should not be accepted for examination.

2. 3.2.4 Presenatioo aod storage of samples
The sample should be maintained as closely as possible to its original
temperature. When examination for living organisms is to be made, the
sample should not be stored in sunlight and dissolved oxygen should not
be exhausted. A sample may be iced when maintenance of its original
temperature is difficult.
If the sample is not to be examined at once or within a short period
(not more than one hour), it should be preserved immediately after collection. Preservation is best accomplished by the addition of 3-5 ml of
formalin (containing 37-42% formaldehyde and neutralized to pH 7.0
or slightly higher) to each 100 ml of sample. Such preservation is not
ideal and may produce severe effects, such as contraction of the cells
of the organisms.
As with all other analyses of water, the sample should be transported
to the laboratory and the examination started with as little delay as possible.

2. 3 .2. 5 Frequeocy of sampling
The circumstances of each specific water-supply will determine the
frequency with which sampling should be undertaken. Where seasonal
growths of plankton are known to be a regular occurrence, samples would
probably need to be taken for microscopical examination at weekly or
even shorter intervals, in order to determine the type of treatment essential
to maintain acceptable quality. During treatment operations, samples for
examination would need to be taken at short intervals, probably daily.
At other times, or when growths of plankton would not be anticipated,
sampling may be set on a monthly or less frequent basis. With many
supplies, microscopical examination would be unnecessary or could be on
a seasonal basis only. In tracing possible entrance of pollution into water
sources, or more particularly into distribution systems, special frequencies,
determined by experience, will be indicated.

2.3.3 Methods of Biological Examioatioo
The biological examination of water requires special laboratory equipment and procedures. These are described in Annex 5 (page 170). It is
impracticable to give these methods in detail in this publication, but
general directions are indicated.
3
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Since the plankton will be dispersed in the entire volume of the sample,
direct examination cannot be made. The sample must, therefore, be
concentrated, using special techniques which are an integral part of the
examination procedures. In carrying out these examinations, not only
numbers of the living organisms should be determined, but the amount
of debris or amorphous matter should also be estimated as an important
factor in the biological content of the water.
These methods are applicable ·to the investigation of the acceptability
of a water-supply for use as a public supply, to the rapid detection of
pollution and to the control of treatment processes.

2. 3.4 Expression of Results
The content of plankton may be reported in various ways. In many
instances a simple numerical count can be used to give the concentration
of organisms per ml of sample. Occasionally, the use of figures expressing
the results in milligrams per litre (mg/1) or parts per million (p.p.m.)
is preferred. This mode of expression is based on the assumption that
the specific gravity of the organisms is 1.0.
The more usual means of reporting results is in terms of area) standard
units or volumetric standard units. A "standard unit" is a square or cube
20 microns (ll) on each side. Thus an " areal standard unit •• is equivalent
to 400 square microns and a "volumetric standard unit" to 8000 cubic microns. The use of either of these standard units permits a direct comparison
of the number of organisms to the size. This is important, particularly in
assessing taste and odour conditions due to plankton, since one large organism may produce more trouble than many small ones. When such standard
units are used, they should be designated as areal units or volumetric units
per ml of sample. The use of these units involves counting the numbers
of individual types and multiplying them by average factors based upon
the area or volume occupied by each specific type of organism.
In the biological examination of water, it is not essential to identify
each different species present. For routine work all the living organisms
should be counted and reported in terms of area) or volumetric standard
units of plankton per ml of sample.
Amorphous matter or debris, including particulate organic or inorganic
solids, should be determined and reported as such in terms of area) or
volumetric standard units.
For the estimation of the degree of pollution, a simple statement of
the numbers of significant organisms per ml is sufficient.

2. 3. S Interpretadon of Results
It is impracticable to place definite significance upon the concentration
of plankton found in any water-supply. Local conditions and general
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experience will dictate the exact interpretation of the results of such examinations.
Individual organisms differ widely in their capacity to produce tastes
and odours in water. Thus, for example, the detection of a single Synura
per ml of sample will provide a strong indication that a serious taste and
odour condition will probably develop. Conversely, large numbers of
standard units, areal or volumetric, of many types of plankton can be
tolerated without the development of objectionable taste and odour.
General experience suggests that when the total plankton count is 300 areal
standard units per ml, or greater, the development of objectionable taste
and odour conditions can be expected. Counts below this value but
above normal low values provide a definite warning that remedial treatment is required.
The effectiveness of treatment to reduce plankton growth in reservoirs
and storage units will be indicated by a sharp decrease in plankton counts
and a corresponding increase in amorphous matter concentration, resulting
from accumulation of the dead cells following treatment. Since destruction
of one group of plankton is frequently followed by rapid growth of other
forms, the examination of additional samples immediately after treatment
is essential to ensure full control of taste and odour conditions in the
water-supply.
2.4 Radiological Requirements
2.4.1 General

Pollution of water-supplies by radioactive material represents an increasing hazard with regard to water quality.
It is important to keep radioactivity in drinking-water to a minimum
and it is therefore recommended that radioactive wastes should not be
admitted to sources of potable water. It is realized that in certain instances
this is not possible, and therefore limiting concentrations of radioactivity
are suggested for water to be used for domestic and dietetic purposes.
The limiting values for radioactivity given below in Section 2.4.3 are
not to be taken as values that, if exceeded, would render the water unfit
for drinking purposes. They are merely intended to indicate that, if the
levels are lower than those given, then the water is safe for use without
further investigation ; if, however, the levels exceed these figures, radiochemical analysis will be required to determine the nature of the radionuclides present before deciding on the safety of the water for use as a
public supply. The figures given are intended to include naturally occurring
radioactivity, as well as any radioactivity that may reach the water from
emuents and fall-out. It is at least possible that naturally occurring radioactivity may be just as dangerous to health as that which may be discharged
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in effiuents from nuclear reactors or other sources, and it is considered
that, in drinking-water, it is the total radioactivity that is of importance
from the point of view of possible danger to the health of the community.
It is appreciated that the figures given for radioactivity are near the limits
of measurement by the instruments at present in use.

2.4.2 Sampling
Samples should be collected not only at consumers' taps, but also at
the sources of supply and at relevant points throughout the system.
Samples representative of sources such as reservoirs and collecting basins
can best be obtained from the bottom, since many radioactive substances
settle rapidly to the bottom, from which they may later be released and
find their way throughout the system. Such samples should normally
be of at least 1-litre volume; should be collected in polyethylene bottles
to eliminate the possibility of adsorption of the radioactivity by the container; and should be examined with as little delay as possible.
Routine monitoring surveys of water-supplies for radioactive contamination should be initiated, and samples should be collected and examined
as frequently as possible to determine if the maximum acceptable limits
have been exceeded. For detection of gross beta concentrations, daily
sampling is recommended. For the determination of strontium-90 activity
and radium-226 activity, samples should be collected daily, or less frequently if necessary, and may be composited over a period of not longer
than three months before examination.
2.4.3 Maximum Limits of Concentration
The following limiting values are tentatively established to serve as a
guide to the maximum acceptable limits in drinking-water as supplied
to consumers for lifetime use for large populations:
Strontium-90 . . . . . . . .
Radium-226 . . . . . . . .
Gross beta concentration (in the
and alpha-emitters) . . .

. . . . . . . . . . .
. . . . . . . . . . .
absence of strontium-90
. . . . . . . . . . .

30 IJIJC/litre
I 0 IJIJC/litre
I 000 IJIJC/litre

These figures are derived from the values published by the International
Commission on Radiological Protection 30 for occupational exposure,
modified for mutual consistency and for application to whole populations.
Should the International Commission on Radiological Protection
publish further information concerning the maximum permissible concentrations of radioactivity in drinking-water, the limiting values indicated
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above should be interpreted in the light of the recommendations of the
ICRP. If the value indicated for gross beta contamination is exceeded,
and the concentrations of Sr-90 and Ra-226 are known to be insignificant
in comparison with the values given, supplementary radiochemical analysis
should be undertaken to determine the radionuclides present in the watersupply.
In case the radioactivity in the drinking-water supply is continuously
above the maximum limits indicated, consultation should be made with
any national organization responsible for deciding on maximum total
population doses of radioactivity for any community.

2.4.4 Methods of Examination
Approved methods for the determination of strontium-90 and radium226 and for the estimation of gross beta activity are given in Annex 6
(page 189).

3. STANDARDS OF QUALITY FOR WATER SOURCES
3.1 SampHng

3 .1.1 Introduction
In considering the development of standards for waters to be used
as sources of public supply, attention has been limited to those components
of water that affect health, define pollution and indicate the need for
treatment to provide a water-supply which meets standards for drinking
water. It is realised that the designation of stream sanitation criteria and
the techniques required for their determination are also important, but
this aspect of water sanitation does not come within the scope of the
present publication.
Sampling and examination of water sources are undertaken for several
different reasons. One of these is to measure the degree of existing pollution and the suitability of the water for treatment and eventual use for
domestic purposes; a second reason is to foster a clean, esthetically pleasing
condition; and a third to determine whether the water is suitable for
other uses, including the support of a variety of freshwater fish. These
purposes are interrelated. Thus, a river or lake will only support fish
life if it is reasonably clean, and this in turn will enable it to be considered
as a possible public water-supply for drinking purposes. On the other
hand, a river or lake that is incapable of supporting any fish life is unlikely
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to be suitable for treatment for a public water supply, although chemical
analyses show that this is not invariably true.
In the choice of a source of drinking-water and its maintenance in
satisfactory condition, topographical and sanitary aspects are of primary
importance. Ideally situated sources are catchment areas that are practically free from human habitation or from agriculture, industry or other
activities that may cause pollution. If a source of water is thus ideally
situated, the need for a close investigation by means of bacteriological
examinations is superfluous, although a chemical analysis should be made.
The more the situation of a source of water departs from the ideal, the
more necessary are bacteriological examinations, and chemical and physical analyses.
It will be appreciated that bacteriological, chemical, physical and
biological analyses of surface waters are performed for somewhat different
purposes:
(a) decision on source of water-supply;
(b) decision on required treatment of water-supply to meet International Standards for Drinking Water.
3.1. 2 Sampling Procedures
3.1.2.1 River and stream sources
The extent to which a full programme of sampling from a water source
is required depends on many factors, including the topographical and
sanitary chara,cteristics and any experience with other sources in the same
area, as well as on whether preliminary results suggest any particular
difficulties that need further investigation. Any local knowledge regarding
the behaviour of the river-for example, flooding-should be taken fully
into account in endeavouring to obtain some samples under the worst
conditions. In general, it is advisable to have some samples taken over
a period of at least 12 months, and if possible conditions of drought as
well as high flow should be represented.
3.1.2.2 Lakes and ponds
In many lakes, thermal stratification sometimes occurs and bottom
water becomes deoxygenated and quite unsuitable for use; the distribution
of deoxygenated water throughout the lake at times of " inversion " or
" turnover " may complicate the treatment of water abstracted from any
level.
Thus, in many lakes water is abstracted from near the surface. On
the other hand, there are some lakes from which water is abstracted

STANDARDS OF QUALITY FOR WATER SOURCFS

39

near the bottom and is found to be of consistently good quality for
treatment.
Sampling of the bottom deposits of a lake is sometimes useful. Such
samples may give an indication of the history of growths of diatoms in the
water. Also they may give a simple indication of the extent to which the
bottom deposits will be liable to cause organic pollution of the bottom
water or add iron or manganese to it.
3 .1. 2. 3 Bacteriological requirements
Refer to sections 2 .I. 2. I to 2 .I. 2.4 inclusive.
3.1.2 .4 Chemical requirements
Refer to sections 2.2.1, 2.2.1.2 and 2.2.1.3
3 .1. 2. 5 Biological requirements
Refer to section 2.3.2.
3 .1. 2. 6 Radiological requirements
Refer to section 2.4.2.
3.1. 3 Pbysical QuaHty
The limiting value for colour should be set at 300 units, on the basis
that a value of less than 300 units indicates an acceptable quality for treatment and anything over 300 units indicates that special treatment may be
needed to provide water meeting the drinking-water standards.
With regard to turbidity, no specific figures are given, since the problem
of turbidity and the treatment needed is one that has to be decided for
each individual case and cannot be subject to a general limit.
3.1.4 Chemical QuaHty
The chemical components of water are classified in four groups:
(l) those compounds affecting potability; (2) those having definite effects
upon health ; (3) those components that are definitely toxic and whose
presence in greater than the limiting amounts would be sufficient grounds
for rejecting the water as a source of public supply; and (4) chemical
indicators of pollution. The recommended standards for each of these
groups are given below :
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3.1.4.1 Compounds affecting the potability of water
Substance

Total dissolved solids
Iron . . . . . . . .
Manganese (assuming that the ammonia content
is less than 0.5 mg/1)
Copper" . . . . . • . . . .
Zinc:" . . . . . . . . . . .
Magnesium plus sodium sulCate
Alkyl benzyl sulfonates (ADS : surfac:tants) b •

Maximum allowable limit

1500 mg/1
SO mg/1

S
1.5
1.5
1000
0.5

mg/1
mg/1
mg/1
mg/1
mg/1

3.1. 4.2 Components hazardous to health
Substance

Maximum allowable limit

Nitrate as N03
Fluoride . . .

45 mg/1
1.5 mg/1

3.1.4.3 Toxic snbstances
Substance

Phenolic: substances
Arsenic: . .
Cadmium .
Chromium
Cyanide.
Lead . . .
Selenium .
Radionuc:lides (gross beta activity) .

Maximum allowable limit

0.002 mg/1
0.05 mg/1
0.01 mg/1
0.05 mg/1
0.2 mg/1
0.05 mg/1
0.01 mg/1
1000 IJIJC/1

3 .1. 4. 4 Chemical indicators of poUution
Indicator

Chemical oxygen demand (COD)
Biochemical oxygen demand (BOO)
Total nitrogen exclusive of N03
NH3 • • • • • • • • • • • • • •
Carbon chloroform extract (CCE : organic: pollutants)•
Grease . . . . . . . . . . . . . . . . . . .

Minimum limit of pollution

10
6
I
0.5

mg/1
mg/1
mg/1
mg/1

0.5 mg/1
I mg/1

" These are limitina values for raw water quality and for that reason are lower than
the allowable limits for drinking water. where the presence of these metallic: substances would
probably be the result of the aagressive action of the water on service pipe metals.
b This value has been established on the basis of the maximum sensitivity of the presently
accepted analytical procedures.
• Any amount greater than 0.2 indicates the necessity for further analytical determinations
of the causative material.
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3 .1. 5 Bacteriological Standards
Classification
MPN/100 m/ coliform bacteria a
I. Bacterial quality applicable to disinfection
0-SO
treatment only . . . . . . . . . . . . .

11. Bacterial quality requiring conventional methods of treatment (coagulation, filtration,
disinfection) . . . . . . . . . . . . . . .
Ill. Heavy pollution requiring extensive types of
treatment . . . . . . . . . . . . . . •
IV. Very heavy pollution, unacceptable unless
special treatments designed for such water
are used ; source to be used only when
unavoidable . . . . . . . . . . . .

SO-SOOO
SOOO-SO 000

greater than SO 000

3 .1. 6 Biological Standards
It is impossible at the present time to establish definite biological parameters of the quality of water sources. Thus the same conclusions apply
here as given above for drinking-water.
3 .1. 7 Radiological Standards
In Section 2.4.3, limiting values of radioactivity for water to be used
for domestic and dietetic purposes are given. Water from sources to be
used for the production of public water-supplies should be examined
routinely and at as great a frequency as possible for radioactive pollution.
The amounts of radioactivity detected in a water source should be no
greater than can be reduced by the selected methods of treatment to values
which fall within the limits established for drinking-water.
Suggested methods for the measurement of radioactivity in water to
determine pollution as indicated by the Standards are given in Annex 6
(page 189).

4. LABORATORY FACILITIES FOR THE EXAMINATION
OF WATER
The value of standards of water quality depends entirely upon the
efficiency of the laboratory facilities which are used in carrying out the
determinations necessary to assess quality and control treatment. Particular attention should therefore be paid to the development of adequate
a When more than 40% of the number of coliform bacteria represented by the MPN
Index are found to be of the faecal coliform group, the water source should be considered
to fall into the next hiaher cateaory with respect to the treatment required.
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laboratory services for carrying out these specialized determinations. It is
recognized that laboratory services should be available to all water-supply
authorities. Wherever the size of the community warrants, each authority
should have its own specialized laboratory, staffed with fully trained
workers and containing adequate equipment and facilities. Such a laboratory is essential for the routine control of treatment and the evaluation
of quality. Comparable laboratory facilities must be available for smaller
supplies. On a national level, an appropriate governmental agency should
assume full responsibility for supervising the operations of the local laboratories, whether these are maintained by water authorities or organized
on a regional basis. In addition, the environmental health section of the
central public health laboratory should be organized as a distinct unit
responsible only for examinations concerned with sanitation and water
treatment ; it should be directed by someone well qualified in sanitary
science, in laboratory techniques, and in the interpretation of the results
who will be able to advise the operating personnel of laboratories under
the control of local authorities regarding the significance of their data.
This environmental health unit within the public health laboratory should
provide for evaluation of the work of the local laboratories and for consultations with the local laboratory staff with regard to problems of laboratory facilities, procedures, and laboratory administration.
It is strongly recommended that persons in charge of local laboratories
or the environmental health section of a central governmental laboratory
should have graduate training in laboratory science and public health,
as well as some knowledge of the broad principles of selection of supplies
and the design and operation of treatment processes.
5. RESEARCH INVESTIGATIONS
Standards of water quality and accredited methods for the examination of water are not static. They must be under continual study and be
modified to meet changing conditions and advances in the science of
sanitation and water treatment. Research in both laboratory and field
applications of sanitary science is the essential force underlying modifications and developments in the broad problem of acceptable standards.
Much of the data on which the present standards of quality and the
methods for the examination of water are based were produced in a
relatively restricted area of the world-i.e., the United States of America
and Europe-and the application of standards and methods to other
regions with diverse problems of climate and water resources is not well
known. Although laboratories and research facilities may not be available
in all parts of the world, nevertheless investigations of the fundamental
phases of water-quality control and water treatment should be stimulated
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as rapidly and as widely as possible. In no other way can the essential
information be obtained for complete application of standards of quality
to meet local needs and for precise interpretation of the results of
examination of waters by the prescribed standard methods. Such research
will require a long time for implementation and for production of the
desired information. The development of standards cannot wait for such
research, and the establishment of tentative standards now will be an
important factor in stimulating the studies essential for progress in the
field of sanitary science.
The paucity of precise data about many of the factors concerned with
effective standards and methods of analysis has been demonstrated. Many
of the recommendations must necessarily remain tentative, and in many
instances vague, until much more supporting information can be made
available through research and detailed investigations. In the light of the
deficiencies in the basic information available at present, a list is reproduced
below of suggested research projects in the fields of water quality and
water examination which might profitably be undertaken without delay.
Not all these projects can be initiated in the immediate future and many
of them will require much labour and long periods of time for completion.
Active investigations are without doubt already under way in many laboratories for a number of the projects listed below, and some data may
already be available or have been published. Extension of such studies
would, however, be valuable. The development of research activities by
laboratories, government agencies and individuals throughout the world
should be encouraged promptly in order that the essential basic data
regarding water quality and treatment may become available as soon as
possible.
Considerable facilities for such research are already available and
there is interest and readiness to undertake without delay certain research
activities in the fields of immediate concern. It is anticipated that by
such research the basic data for further consideration and amendment of
recommended standards of water quality and methods of examination
will be obtained.

Annex 1
SPECIMEN FORMS FOR REPORTING RESULTS
OF EXAMINATION

Specimen form for reporting the resull$

of bacteriological examlnaUon of water

(Name and addr... of laboratory)
Report on bacteriological examination of water

Name and address of sender :

Sender's reference number :
Laboratory reference number :

Nature of sample :

Date and time of collection :
Date and time of arrival at laboratory :
Date and time of commencing examination :

REPORT
Plate counts (specify time and temperature of Incubation and nature of medium
In each Instance) . . . • . • • • • • • . • .
per ml
Most probable number of coliform organisms .

per 100 ml

Most probable number of faecal coliform organisms

per 100 ml

Date of report :

Remarks:

Date results telephoned :

Signed:

-
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Specimen form (or reporting the results

of a

short chemical examlnaUon

of water

(Name and addreaa of laboratory)
Report on chemical examination of water

Name and addre.. of aender :

Sender's reference number:
Laboratory reference number:

Nature of aample :

Date and time of collection :
Date and time of a"lval at laboratory :
Date and time of commencing examination :

Appearance :
Colour: unlta (platinum-cobalt acale)

REPORT

Odour:
Taste:
Temperature (at time of collection)

Substance

mg/1

Substance

mg/1

Ammonia

NHa

Chloride

Cl

Iron

Fe

Nitrite

NOs

Manganeae Mn

Nitrate

NOa

Realdue

Sulfate

so.

Date of report:
Date reaults telephoned :

-c:

Remarks:
Signed:

Substance

mg/1

Specimen form (or reporUng tM nsults o( comp,.te chemkal uamlnaUon o( wat.,
(Name and addrus of laborato!Y)
Report on chemical examination of -ter
Name and address of sender:

Laboratory reference number:
Nature of sample :

Date and time of collection :
Date and tl me of arrival at laboratory :
Date and time of commencing examination :

Colour: units (platinum-cobalt scale)
Odour:
Taste:
Temperature (at time of collection) "C :

I

Substances
Nitrite
Nitrate
Chloride
Sulfate
Copper

NOa
NOa
Cl

so.
Cu

Date of report :
Date results telephoned :

mg/1

Total hardness
Alkalinity
Phenolphthalein
alkalinity
Methyl orange
alkalinity

mg/1
--Free carbon dioxide
Aggressive carbon dioxide
Dissolved oxygen
Residual chlorine (as Cl,)
Free chlorine
Total chlorine
mg/1

Appearance :
REPORT

mg/1

Sender's reference number:

I

I

Substances
Zinc
Calcium
Magnesium
Iron
Manganese
Residue

Zn
ea
Mg
Fe
Mn

mg/1

Organic matt., (oxldlzablllty: COD
In • • • • • minutes/hour at • • . • • "C)
Total or~anlc matter (as CO,)
Blochem eel oxygen demand
(oxygen consumed In 5 days at 20-c)
Albuminoid nitrogen (as N)
Total (Kt:dhal) nitrogen (as N)
Total all cate (as SIO~
Phenolic compounds as phenol)
~nthetlc detergents (as alkyl benzene sulfonata)
ethane (as CH,)
Hydrogen sulfide (as HtS)

~
z
~

llllC/IItre
Radioactivity
alpha-emitters
beta-emitters
Remarks:
Signed:

ti
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COMPUTATION OF MPN INDEX

(Most probable number of organisms in 100 ml of water) *
The MPN (most probable number) index represents the estimated
number of coliform organisms present in 100 ml of water. The computation
of this index is based on two assumptions :
(a) that the organisms are distributed randomly in the water; and

(b) that a positive reaction is obtained if, and only if, the portion of
water tested contains one or more organisms.

The following tables show the MPN index corresponding to various
combinations of positive results, together with the 95% confidence limits
indicating the lower and the upper limits between which the real density
of coliform organisms is expected to fall with a probability of 95%. Some
combinations of results, which are unlikely to occur with any appreciable
frequency, were excluded from the tables ; if they occur in more than I% of
the tests, it is an indication of faulty technique, or that the assumptions
underlying the MPN index are not being fulfilled.
The quantities indicated at the heads of the columns relate more specifically to finished waters. The figures may be used in computing the
MPN in larger or smaller portion plantings in the following manner: if
instead of portions of 10, 1.0 and 0.1 ml, a combination of portions of
100, 10, and 1 ml is used, the MPN may be recorded as 0.1 times the figure
in the table.
If, on the other hand, a combination of corresponding portions of 1.0,
0.1, and 0.01 ml is planted, 10 times the figure in the table should be
recorded ; if a combination of portions of 0.1, 0.01, and 0.001 ml is planted,
100 times the figure in the table should be recorded.
When more than three dilutions are employed in a decimal series of
dilutions, the results from only three of these are significant. To select
the three dilutions to be employed in determining the MPN index, using
the system of five tubes of each dilution as an example, the highest dilution
which gives positive results in all of the five portions tested (no lower
dilution giving any negative results) and the two next succeeding higher
dilutions should be chosen. The results of these three volumes should
than be used in the computation of the MPN index.
• According to Swaroop ".
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TABLE I. MPN INDEX AND
CONFIDENCE LIMITS WITHIN WHICH IT CAN LIE,
FOR VARIOUS COMBINATIONS OF POSITIVE AND NEGATIVE RESULTS WHEN
FIVE tO.ml PORTIONS ARE USED

Number of tubes
giving positive reaction
out of
5 of 10 ml each

95" confidence limits
MPN Index
Lower limit

0

0

I

Upper limit

0

8.0
12.8

1

2.2

0.1

2

5.1

0.5

19.2

3

9.2

1.8

29.4

4

18.0

3.3

52.t

5

Infinite

8.0

Infinite

M"

TABLE 11. MPN INDEX AND
CONFIDENCE LIMITS WITHIN WHICH IT CAN LIE,
FOR VARIOUS COMBINATIONS OF POSITIVE AND NEGATIVE RESULTS WHEN
FIVE t ..ml PORTIONS, FIVE 1-ml PORTIONS AND FIVE O.t•ml PORTIONS
ARE USED
Number of tubes glvln~ po11t1ve reaction
out o
5 of 10 ml
each
0
0
0
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4

4

I

5 of 1 ml
each
0
1
2
0
0
1
1
2
0

0
1
1
2
3
0
0
1
1
2
2
3
0
0

I

" " confidence limits
MPN Index

5 of 0.1 ml
each
1
0
0

0
1
0
1
0
0
1
0
1
0
0
0
1
0
1
0
1
0
0
1

Lower limit

2
2
4
2
4
4
8
8
5
7
7
9
9
12
8
11

11
14
14
17
17
13
17

< 0.5
< 0.5
<0.5
< 0.5
<0.5
< 0.5
< 0.5
< 0.5
< 0.5
1
1
2
2
3
1
2
2
4
4
5
5
3
5

I

Upper limit

7
7
11
7
11

11
15
15
13
17
17
21

21
28
19
25
25
34
34
48
48
31
48

so
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TABLE 11 (continued)
Number of tubes olvln~ positive reaction
out o

5 of 10 ml
each

4
4

4
4

4
4

4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I

5 of 1 ml
each

1
1
1
2
2
3
3
4
0
0
0
1
1
1
2
2
2
3
3
3
3
4
4

4
4
4
5
5
5
5
5

I

95% confidence limits
MPN Index

5 of 0.1 ml
each

0
1
2
0
1
0
1
0
0
1
2
0
1
2
0
1
2
0
1
2
3
0
1
2
3

4
0
1
2
3

4

Lower limit

17
21
26
22
26
27

33
34
23
31
43

33
46
63
49
70

94
79
109
141
175
130
172
221
278
345
240
348
542
918
1609

I

Upper limit

46
63

5
7
9
7
9
9
11
12
7
11
15
11
16
21
17
23
28
25
31
37

78
67
78
80
93
96
70
89
114
93
120
154
126
168
219
187

44
35

503
302

43
57

488
698
849

90
117
68
118
180
303

635

253
343

999
754
1 005
1405
3222
5805
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TABLE 111. MPN INDEX AND IS% CONFIDENCE LIMITS WITHIN WHICH IT CAN LIE,
FOR VARIOUS COMBINATIONS OF POSITIVE AND NEGATIVE RESULTS WHEN
ONE 50-ml PORTION AND FIVE tt-ml PORTIONS ARE USED
Number of tubes giving
positive reaction out of
1 of 50 ml

I

IS% confidence limits
MPN Index

5 of 10 ml
each

Lower limit

I

Upper limit

0

1

1

< 0.5

4

0

2

2

< 0.5

8

0

3

4

< 0.5

11

0

4

5

1

13

1

0

2

<0.5

8

1

1

3

< 0.5

9

1

2

6

1

15

1

3

9

2

21

1

4

16

4
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TABLE IV. MPN INDEX AND 95% CONFIDENCE LIMITS WITHIN WHICH IT CAN LIE,
FOR VARIOUS COMBINATIONS OF POSITIVE AND NEGATIVE RESULTS WHEN
ONE 50-ml PORTION, FIVE tO.ml PORTIONS AND FIVE t•ml PORTIONS ARE USED
Number of tubes glvlnS positive reaction
out o
1 of 50 ml
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1

I

5

of 10 ml
each
0
0
1
1
1
2
2
2
3
3
4
0
0
0
0
1
1
1
1
2

I

I

95% confidence llmlta
MPN Index

5 of 1 ml
each
1
2
0
1
2
0
1
2
0
1
0
0
1
2
3
0
1
2
3
0

Lower limit
1
2
1
2
3
2
3
4
3
5
5
1
3
4

8
3
5
7
9

5

< 0.5
< 0.5
< 0.5
< 0.5
<0.5
<0.5
< 0.5
< 0.5
<0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
<0.5
< 0.5
1
2
<0.5

I

Upper limit
4
6
4

8
8

8
8
11

8
13
13
4
8
11
15
8
13
17
21
13

52

INTERNATIONAL STANDARDS FOR. DRINKING-WATER.
TABLE IV (continued)
Number of tubes glvi'::J positive reaction
out o

1of&Oml

I

5 of 10 ml
each

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

I

2
2
2
3
3
3
3
3
4
4
4
4
4
4
5
5
5
5
5

95% confidence llmlta
MPN Index

5 of 1 ml
each
1
2
3
0
1
2

a
4
0
1
2
3
4
5
0
1
2
3
4

Lower limit

7
10
12
8
11
14
18
21
13
17

22
28

35
43
24
35
54
92
181

I

1
3
3
2
3
4
5
8
4
5
7
9
12
15
8
12
18
27
39

Upper limit
17
23
28
19
26
34
53

ae
31
47
89
85
101
117
75
101
138
217
>450

TABLE V. MPN INDEX AND 95% CONFIDENCE LIMITS WITHIN WHICH IT CAN LIE,
FOR VARIOUS COMBINATIONS OF POSITIVE AND NEGATIVE RESULTS WHEN
FIVE 10-ml PORTIONS, FIVE tO.ml PORTIONS AND FIVE t·ml PORTIONS ARE USED
Number of tubes
5 of 50 ml
each
0
0
0
0
0
1
1
1
1
1
1
1
2
2
2

I

glvln~

out o

posHive reaction

5 of 10 ml
each
0
1
1
2
3
0
0
1
1
2
2
3
0
0
1

I

95% confidence limits
MPN Index

5 of 1 ml
each
1
0
1
0
0
0
1
0
1
0
1
0
0
1
0

Lower limit
1
1
1
1
1
1
1
1
1
1
2
2
1
1
1

< 0.5
<0.5
< 0.5
<0.5
<0.5
<0.5
< 0.5
< 0.5
<0.5
< 0.5
<0.5
<0.5
<0.5
<0.5
<0.5

I

Upper limit
2
2
2
2
2
2
2
2
2
2
4
4
2
2
2
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TABLE V (conUnued)
Number of tubes
5 of 50 ml
each
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5

I

5

glvln~

out o

positive reaction

of 10 ml
each
1
2
2
3
3
4
0
0
1
1
1
2
2
2
3
3
4
4
0
0
0
1
1
1
2

2
2
3
3
3
4
4
5
5
0
0
0
1
1
1
2
2
2
2
3
3

05% confidence llmHs
MPN Index

I

5 of 1 ml
each
1
0
1
0
1
0
0
1
0
1

2
0
1
2
0
1
0
1
0
1
2
0
1
2
0
1

2
0
1
2
0
1
0
1
0
1

2
0
1
2
0
1
2
3
0
1

Lower limit
2
2
2
2
3
3
2
2

2
2
3
3
3
4
3
4
4
4
2
3
3
3
4
4
4
4
5
5
5
8
8
7
7
8
4
4
8
5
8
7
8
8
10
12
9
11

< 0.5
< 0.5
< 0.5
<0.5
1
1
< 0.5
<0.5
<0.5
< 0.5
1
1
1
1
1
1
1
1
< 0.5
1
1
1
1
1
1
1

2
2
2
2

2
3
3
3
1
1

2
2
2
3
2
3
4
4
3
4

I

Upper limit
4
4
4
4
7
7
4
4
4
4
7
7
7
g
7
g

t
g
4
7
7
7
9

t
9
9
12
12
12
14
14
17
17
19
9
9
14
12
14
17
14
19

23
28

21
28
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TABLE V (continued)
Number of tubes glvln~ positive reaction
out o

5 of 50 ml
each

I

5
5
5
5
5
5
5
5
5
5
5
5

5

of 10 ml
each

I

3
3
4
4
4
4
4
5
5
5
5
5

95% confidence limits
MPN Index

5 of 1 ml
each
2
3
0
1
2
3
4
0
1
2
3
4

Lower limit
14
18
13
17
22

28
35
24
35
54
92
161

I

5
6
5
6
7
9

Upper limit
34

53
31
47
70
85
101
75
101
140
218
424

11

8
11
18
27
39

TABLE VI. MPN INDEX AND ts% CONFIDENCE LIMITS FOR VARIOUS
COMBINATIONS OF POSITIVE RESULTS WHEN THREE tO.ml PORTIONS;
THREE t-ml PORTIONS AND THREE O.t-ml PORTIONS ARE USED
Number of tubes giving positive reaction
out of
3 of 10 ml
each
0
0
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3

I

3 of 1 ml
each
0
1
0
0
1
1
2
0
0
1
1
2
2
0
0
0
1
1
1
2
2
2
3
3
3

I

95% confidence limits
MPN Index

3 of 0.1 ml
each
1
0
0
1
0
1
0
0
1
0
1
0
1
0
1
2
0
1
2
0
1
2
0
1
2

Lower limit
3
3
4
7
7
11
11

9
14
15
20
21
28
23
39

64
43
75
120
93
150
210
240
460
1100

< 0.5
< 0.5
< 0.5
1
1
3
3
1
3
3
7
4
10
4
7
15
7
14
30
15
30
35
36
71
150

I

Upper limit
9
13
20
21
23
36
36
36
37

44
89
47
149
120
130
379
210
230
380
380
440
470
1300
2400
4800

Annex 3

APPROVED METHODS FOR THE BACTERIOLOGICAL
EXAMINATION OF WATER
1. Laboratory Equipment
1.1 Laboratory quarters
A laboratory used for the examination of water should have ample
space for the work to be undertaken, and should be well lighted and
ventilated. The laboratory should be equipped with the essential furniture,
including work tables, cupboards, shelves, storage space and other ancillary
units.

1.1 Equipment
1.2.1

GENERAL

It is essential for accurate and satisfactory laboratory work that good
equipment in proper working order be provided. Thus, the minimum
laboratory equipment listed must be available in an approved laboratory
and all items should meet the minimum requirements given. Additional
items of equipment not listed will be required in an approved laboratory
and they should meet similar standards of quality and operation.

I. 2. 2

INCUBATORS

Incubators should maintain a uniform and constant temperature
(35-37°C or 44-45°C) at all times in all parts. This can be accomplished by
the use of a water-jacketed or anhydric type of incubator, with thermostatically controlled low-temperature electric heating units properly insulated
and located in or adjacent to walls or floor of chamber, and preferably
equipped with mechanical means of circulating air.
Incubators should also be provided with shelves spaced to ensure uniformity of temperature throughout the chamber. The inside dimensions of
the chamber should be at least 50 x 50 cm at the base and 60 cm high,
to accommodate a maximum of 200 Petri dishes ; 2.5-cm space should be
provided between adjacent stacks of plates and between walls and stacks.
AccuratP. thermometers, with bulb continuously immersed in liquid
(glycerine, water, or mineral oil), should be maintained within the incubator
and daily readings of the temperatures should be recorded. In addition,
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it is desirable to maintain a maximum and minimum registering thermometer within the incubator on the middle shelf to record temperature
variations over a 24-hour period. Temperature variations within the
incubator filled to maximum capacity should be determined at intervals.
It is recommended that a recording thermometer be installed in every
incubator whenever possible, so that a permanent record of temperature
variations within the incubating chamber may be kept.
Incubators equipped with high-temperature heating units are unsatisfactory, since such sources of heat frequently cause localized overheating.
Incubators, so heated may be made to operate satisfactorily by replacing
the high temperature units by suitable wiring, arranged to operate at a
lower temperature, and by installing mechanical air circulation. It is
desirable, where ordinary room temperatures vary excessively, that laboratory incubators be kept in special rooms which may be maintained at
a few degrees below the recommended incubator temperature.
1.2.3

WATER-BATHS

Water-baths are useful for carrying out the 44°C fermentation test.
They should be capable of maintaining a temperature of 44°-45°C. They
should be equipped with mercury-toluol or other reliable thermostats
for sensitive regulation of the temperature, and should be adequately
insulated against heat loss. An accurate thermometer should be provided,
with its bulb placed at the level of the medium in the fermentation tubes.
A continuous-recording thermometer is advisable.

1. 2 .4

STERILIZERS

1.2.4.1 Ovens
Hot-air sterilizing ovens should be of sufficient size to prevent crowding
of the interior, constructed to give uniform and adequate sterilizing temperatures, and equipped with suitable thermometers capable of registering
accurately in the range 160-180°C. The use of a temperature-recording
instrument is optional.
1.2.4.2 Autoclaves
Autoclaves should be of sufficient size to prevent crowding of the
interior, and constructed to provide uniform temperatures within chambers
up to and including the sterilizing temperature of l21°C. They should
be equipped with pressure gauges, properly adjusted safety valves, and
accurate thermometers with bulb properly located on exhaust line, so as
to register minimum temperature within sterilizing chambers (temperaturerecording instrument optional). In emergencies, a pressure-cooker may
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be substituted for an autoclave, if results have previously been demonstrated to be satisfactory with this method.

1. 2. 5

GLASSWARE

1. 2. S . 1 Pipettes
Pipettes may be of any convenient size, provided it is found by actual
test that they deliver accurately the required amount in the manner in
which they are used. The error of calibration should not exceed 2.5%.
Pipettes with unbroken tips and with graduations distinctively marked
should be used. Pipettes with damaged tips should be repaired or
discarded.
1 . 2. S. 2 Dilution bottles
Bottles or tubes of resistant glass, preferably Pyrex, closed with glass
stoppers, rubber stoppers, or screw caps equipped with liners that do
not produce toxic or bacteriostatic compounds on sterilization, should
be used. Cotton plugs shall not be used as closures. Graduation levels
should be indelibly marked on the side.

1.2. 5.3 Petri dishes
Petri dishes lOO mm in diameter, with the side wall at least IS mm high,
should be used with glass or porous tops, as preferred. The bottoms of
the dishes should be free from bubbles and scratches and should be flat,
so that the medium will be of uniform thickness throughout the plate.
1.2.6

REFRIGERATORS

An approved laboratory should have a refrigerator, ample in size for
the required work load and capable of maintaining a continuous temperature of between 0°C and 5°C. When available, an electrically operated
refrigeration unit will provide the most efficient service.

1. 2. 7

COLONY COUNTER

An effective device for examining colonies, providing a magnification
of 3 x, should be available. In general, a Quebec or similar colony counter
will be suitable for this purpose.

2. Culture Media
The use of dehydrated media is strongly recommended to provide
uniformity. Such dehydrated media should be of known and approved
quality.
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1.1 Materials
2.1.1 DimLLED WATER
Distilled water tested and found free from traces of dissolved metals
and bacteriocidal and bacteriostatic substances should be used in the
preparation of all culture media.
2.1.2 BEEF EXTRACT
Any brand of beef extract known to give satisfactory results should
be used.
2.1.3 PEPTONE
Any brand of peptone known to be satisfactory for the growth of
bacteria should be used.
2. 1. 4 SUGARS
Only sugars of known degree of purity and suitable for bacteriological
purposes should be used.
2.1.5 AGAR
Either chipped or granulated agar of bacteriological grade should
be used.
2.1.6 DYES
Only dyes certified by the Biological Stain Commission, Geneva, N.Y.,
USA, for use in the preparation of media should be used.

1.1 Preparation
2. 2. 1 LACTOSE BROTH 1
Using an approved dehydrated medium, prepare in accordance with
the directions furnished with the product. Adjust the reaction so that
the pH after sterilization will be between 6.8 and 7.0, preferably 6.9.
Place in fermentation tubes 4 and sterilize in the autoclave at 12l°C for
IS minutes, after the temperature has reached 121 °C, provided that the
total time of exposure to any heat is not more than 60 minutes. Cool
rapidly after removal from the autoclave. If the above condition of
exposure to heat cannot be fulfilled, sterilize in an Arnold sterilizer, or
in the autoclave without pressure.
a A fermentation tube may be a test-tube of any suitable size containina a Durham fermentation tube.
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When dehydrated medium is not available, prepare it as follows:
Beef extract .
Lactose . . . .
Peptone. . . .
Distilled water .

3 g
5 g
5 g
1000 ml

Heat slowly all the ingredients except the lactose in a water-bath, stirring
until dissolved; then add the lactose and make up to 1000 ml with distilled water. Adjust the reaction so that the pH after sterilization will be
between 6.8 and 7.0, preferably 6.9.
When fermentation tubes for the examination of 10-ml or 100-ml
portions of sample are prepared, the lactose-broth medium must be of
such strength that the addition of that volume of sample to the medium
in the fermentation tube will not reduce the concentration of ingredients
in the mixture below that in the standard lactose-broth medium. When
dehydrated medium is used, the proper concentration of ingredients may
be obtained by using the amounts of dehydrated product shown in the
following tabulation :

Inoculum

1 ml

2.2.2

Volume of medium
In tube

I

Volume of medium
and Inoculum

I

Amount of dehydrated
lactose·broth medium
used per 1000 ml •

10 ml or more

11 ml or more

13 g

10 ml

10 ml

20 ml

26g

10 ml

20 ml

30 ml

19.5 g

100 ml

50 ml

150 ml

39g

100 ml

35 ml

135 ml

50.1 g

100 ml

20 ml

120 ml

78 g

LAURYL TRYPTOSE BROTH

To each litre of cold distilled water add :
Tryptose . . . . . . . . . . .
Lactose . . . . . . . . . . .
Potassium phosphate, dibasic .
Potassium phosphate, monobasic
Sodium chloride . .
Sodium lauryl sulfate . . . . .

.
.
.

.

20 g
5 g
2.75 g
2.75 g
5 g
0.1 g

Dissolve the ingredients, distribute into fermentation tubes, and autoclave as directed previously. The final pH should be approximately 6.8.
• Based on the use of Bacto-Jactose broth (Difco), manufactured by Diaestive Ferment Co.,
Detroit, Micb., USA.
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2.2.3 MACCONKEY'S BROTH 1'
2.2.3 .I Single strength
Using an approved dehydrated medium, prepare in accordance with
the directions furnished with the product. When dehydrated medium is
not available, prepare it as follows :
Cotnmercial sodium taurocholate, sodium tauroglycocbolate,
or other satisfactory bile salt .
Lactose . . . • •
Peptone . . . . •
Sodium chloride . . . . . . . •
Distilled water . • . . . . . . .

sg
10 g

20 g
sg
1000 ml

Mix all the ingredients except the lactose, steam for 2 hours, and transfer
to the refrigerator overnight. Add the lactose and, when dissolved, filter
through a good grade of filter paper while still cold. Adjust the reaction
to pH 7 .4, using phenol red as the indicator. Add 1 m1 of 1% alcoholic
solution of bromcresol purple, or about S ml of I% aqueous solution of
neutral red, distribute in S-ml quantities into IS-cm x I.S-cm test-tubes
provided with Durham fermentation tubes, and sterilize in the autoclave
at IIS°C for IS minutes, or in the autoclave without pressure for 30 minutes
on three successive days.

2. 2. 3. 2 Double-strength
This is prepared in the same way as single-strength MacConkey's broth,
using double the quantities given in section 2.2.3.1 (except for water);
10 ml of this double-strength medium is put into each tube (IS cm x 2 cm).
If SO-rnl quantities of water are to be tested in MacConkey's broth, SO ml
of this double-strength medium should be put into tubes or bottles of
greater capacity than 100 ml; 180-ml bottles with proper closure will be
found convenient for this purpose. Each tube or bottle should be provided
with a Durham fermentation tube of suitable size.
2.2.4 BRILLIANT-GREEN/LACTOSE BILE BROTH 1
Using an approved dehydrated medium, prepare in accordance with
the directions furnished with the product. If dehydrated medium is not
available, prepare it as follows :
Dissolve 10 g of peptone and 10 g of lactose in not more than SOO ml
of distilled water. Add 20 g of dehydrated ox-gall dissolved in 200 ml
of distilled water. The solution of dehydrated ox-gall shall have a pH
between 7.0 and 7 .S. Make up to approximately 97S ml with distilled
water. Adjust the reaction to pH 7.4. Add 13.3 ml of 0.1% solution
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of brilliant green in distilled water. Make up to 1 litre with distilled water,
and filter through cotton.
Distribute in fermentation tubes and sterilize in the autoclave at 121 oc
for 15 minutes, after the temperature has reached 12l°C. When pressure
reaches zero, remove and cool quickly.
The pH after sterilization (determined by potentiometric and not by
colorimetric methods) should be not less than 7.1 and not more that 7.4.
2.2.5

EosiN/METHYLENE-BLUE

AGAR 1

Using an approved dehydrated medium, prepare in accordance with
the directions furnished with the product. When dehydrated medium is
not available, prepare it as follows :
Add 10 g of Bacto-peptone (Difco), 2 g of dipotassium hydrogen
phosphate (K 2HPOJ and 20 g of agar to 1 litre of distilled water. Heat
to boiling until all the ingredients are dissolved, and make up loss due
to evaporation with distilled water. Adjustment of reaction is not necessary.
Place measured quantities, usually lOO or 200 ml, in flasks or bottles
and sterilize in the autoclave at 121 °C for 15 minutes, after the temperature
has reached 121 °C.
To prepare plates, melt stock agar prepared as described above, and
to each 100 ml add 5 ml of sterile 20% aqueous solution of lactose, 2 ml
of 2% aqueous solution of eosin, yellowish, and 1.3 ml of 0.5% aqueous
solution of methylene blue. Mix thoroughly, pour into Petri dishes, and
allow to harden.
It is permissible to add all the ingredients to the stock agar at the time
of preparation, to place in tubes or flasks, and to sterilize. Plates may be
prepared from this stock. Decolorization of the medium occurs during
sterilization, but the colour returns after cooling.
2. 2. 6 MAcCoNICEY'S AGAR u
Using an approved dehydrated medium, prepare in accordance with
the directions furnished with the product. When dehydrated medium is
not available, prepare it as follows :
Commercial sodium taurocholate, sodium tauroglycocholate,
or other satisfactory bile salt
sg
Peptone . • . . . . . .
20 g
sg
Sodium chloride . . . .
20 g
VVashed shredded agar . . . .
1000 ml
Distilled water . . . . . . . .

Steam until the solids are dissolved. Cool to 50°C, and adjust the reaction
at 50°C to pH 7.6-7.8. Add egg white, using the albumen of one egg for
every 3litres of medium. Sterilize in the autoclave at ll5°C for 15 minutes,
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and filter hot through a good grade of filter paper. Adjust the reaction
of the filtrate at 50°C to pH 7.3, or at room temperature to pH 7.5. Add
10 g of lactose and 5-10 ml of 1% solution of neutral red. Mix thoroughly,
distribute into flasks or screw-capped bottles, and sterilize in the autoclave
at ll5°C for 15 minutes. For use, melt in the autoclave without pressure
and pour into Petri dishes, using 15 ml of medium for each dish.
2.2. 7

ENDO'S MEDIUM 1

Using an approved dehydrated medium, prepare in accordance with
the directions furnished with the product. When dehydrated medium is
not available, prepare it as follows :
Add 5 g of beef extract, 10 g of peptone, and 30 g of agar to 1 litre
of distilled water. Boil until the agar is dissolved and make up lost weight
with distilled water. Adjust the reaction so that the pH after sterilization
will be 7.4. Clarify if desired, add 10 g of lactose per litre of medium,
and dissolve. Place 100-ml portions in small flasks or bottles and sterilize
in the autoclave at 121°C for 15 minutes, after the temperature has
reached 12l°C.
Prepare a 3% solution of basic fuchsin in 95% ethanol. Allow to
stand for 24 hours and filter. Melt lactose agar prepared as above, and
to each 100 ml add 1 ml of the 3% solution of basic fuchsin and 0.125 g
of anhydrous sodium sulfite dissolved in 5 ml of distilled water. The
sulfite solution must be freshly prepared. Mix thoroughly, pour into plates
with usual precautions against contamination, and allow to harden.
The medium should be light pink when hot and almost colourless
when cool. As batches of fuchsin differ somewhat in dye content, it is
possible that the medium made according to this formula may be too
highly coloured before incubation or may not give the proper reaction
when seeded with coliform organisms. In such case, the strength of the
solution of basic fuchsin may be varied.
2.2.8

SoDIUM-AZIDE MEDIUM 14, 25

Peptone . . . . . . . . . . . . . . . . .
Sodium chloride . . . . . . . . . . . . .
Dipotassium hydrogen phosphate (K 1HPOJ
Potassium dihydrogen phosphate {KH 1PO•).
Glucose . . . . . . . . . . . . . . . . .
Yeastrel . . . . . . . . . . . . . . . . .
Sodium azide (NaN3 ) . • • • • • • • • • •
Bromcresol purple, 1.6% alcoholic solution .
Distilled water . . . . . . . . . . . . . .

10 g

5g
5 g
2 g
5 g
3 g
0.25 g
2 ml
1000 ml

The pH is 6.6-6.8; no adjustment is necessary. Distribute in 5-ml
quantities into test-tubes and sterilize in the autoclave at 121 oc for 15
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minutes. For use with inocula of 10 or 50 ml of water, a medium of
double this strength is prepared and distributed in 10-ml and 50-ml
quantities.

2. 2. 9

LITMUS MILK 14

Fresh raw milk of low bacterial content should be allowed to stand
in the refrigerator for 18 hours. The cream is removed, and 10% litmus
solution is added to the milk to give a bluish-purple colour. Distribute in
5-ml quantities into test-tubes and steam for 30 minutes on three successive
days. Test for sterility by incubation at 37°C for 48 hours.
2.2.10 TELLURITE·LACTOSE BROTH 14
Peptone . . . . . . . . . . . . .
Lactose . . . . . . . . . . . . .
Dipotassium hydrogen phosphate (K 1HPOv
Distilled water . . . . . . . . . . . . . .
Potassium tellurite to make final concentration of

0.5 g
0.5 g
0.5 g
100 ml
1/15 000

The potassium tellurite should be dissolved in distilled water at a
temperature below 40°C, as it is unstable and decomposes on heating;
it should be added to the medium after this has been sterilized.
2. 2. 11 AziDE DEXTROSE BROTH
To each litre of distilled water add :
Beef extract . . . . . .
Tryptone or polypeptone
Glucose . . . .
Sodium chloride . . . .
Sodium azide . . . . . .

4.5 g
IS g
7.5 g
7.5 g
0.2 g

Heat minimally, with stirring, until all ingredients are dissolved. Make
up lost weight with distilled water. Adjust the reaction so that the pH
reading after sterilization will be about 7 .2. Distribute to the desired tubes
and sterilize in the autoclave at 12l°C for 15 minutes.
2. 2. 12 ETHYL VIOLET AZIDE BROTH
To each litre of distilled water add :
Tryptone or biosate • . . . •
Glucose . . . . . . . . . • . •
Sodium chloride . • . . . . • .
Potassium phosphate, dibasic . •
Potassium phosphate, monobasic
Sodium azide . . . . . • . . . .
Ethyl violet (certified dye, if available)

20 g
sg

sg
2.7 g
2.7 g
0.4 g
0.00083 g
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Heat minimally, with stirring, until all ingredients are dissolved. Make
up lost weight with distilled water. Distribute to the desired tubes and
sterilize in the autoclave at 121°C for IS minutes. The reaction after
sterilization should be about pH 7.0.
2.2.13 M-ENTEROCOCCUS

AGAR

Dissolve the following ingredients in distilled water to make I litre:
Tryptose . . . . . .
Yeast extract . . . .
Glucose . . • . • •
Potassium phosphate,
Sodium azide . • . .

. . . .
. • . •
. . • .
dibasic
. . . .

20 g
5 g
2 g
4 g
0.4 g

Adjust the pH to 7.2; then add 1% agar and heat sufficiently to dissolve
the agar. After it has cooled slightly, add I ml of a I% sterile solution
of 2,3,5-triphenyltetrazolium chloride per 100 ml of medium. Sterilization
is not necessary.
A dehydrated product can be purchased and is preferred. If used,
follow the manufacturer's directions for preparation, and sterilize by
bringing to the boil. Cool to 50°C before pouring.
2.2.14 L.E.S. ENDO

AGAR

M.F.

Bacto-yeast extract
Bacto-casitone . .
Bacto-tbiopeptone .
Bacto-tryptose . .
Dipotassium phosphate
Monopotassium phosphate .
Sodium chloride . . .
Sodium desoxycholate •
Sodium lauryl sulfate
Sodium sulfite • .
Bacto-basic fuchsin •
Agar

••.....

1.2 8
3.7 8
3.7 8
7.5 8
3.3 8
1.0 8
3.7 8
0.1 8
0.05 8
1.6 8
0.8 8
15.0 8

To re-hydrate the medium, suspend 51 gin 1000 ml distilled water, add
11 ml of ethyl alcohol and heat to an incipient boil ; agitation is advisable. Cool to 45°-50°C and dispense into the smaller parts of 60-cm glass
Petri dishes or disposable plastic dishes. A 4-ml portion of the agar is
sufficient to provide the necessary depth of medium in vessels of these two
types. If 100-cm Petri dishes are used, 8 to 10 ml of the agar will be necessary. The agar plates should subsequently be stored in the refrigerator
and can be used over a two-week period. Prolonged exposure to sunlight
will cause an intensification of the colour.
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3. Description of Methods

3.1 Detection of coUform organisms
3 .1.1

PRESUMPTIVE TEST

Either lactose broth or MacConkey's broth may be used for the presumptive test.

3.1.1.1 Procedure
Shake the sample bottle vigorously 25 times to distribute the microorganisms as uniformly as possible throughout the sample.
Inoculate each of a series of 5 fermentation tubes with 10 m1 of the
sample. The concentrations of nutritive ingredients should not be lowered
below the minima required for bacterial growth. Thus the broth should
be prepared at double strength, as outlined in the method of preparation
(section 2.2.3.2, page 60).
The portions of the water sample used may be varied in number and
volume to provide more precise estimations of coliform densities (MPN
per lOO ml) as facilities permit.
Incubate the fermentation tubes at 35-37°C. Examine each tube at
the end of 24 ± 2 hours and, if no gas has formed, again at the end of
48 ± 3 hours. Record the presence or absence of gas formation at each
examination of the tubes, regardless of the amount.
3 . I. I. 2 Results
Formation within 48 ± 3 hours of gas in any amount in the fermentation
tube constitutes a positive presumptive test. The appearance of an air bubble
must not be confused with actual gas production. When gas forms as
a result of fermentation, the medium will become turbid and active
fermentation will be indicated by a continuous stream of fine bubbles of
gas throughout the medium when the tube is gently shaken.
The absence of gas formation at the end of 48 ± 3 hours' incubation
constitutes a negative test. An arbitrary limit of 48 hours' observation
will exclude from consideration occasional members of the coliform group
which form gas very slowly, but for the purpose of a standard test the
exclusion of these organisms is essential.
All fermentation tubes showing any amount of gas at the end of 24 or
48 hours' incubation should be subjected to the "confirmed test" (section
3.1.2).
5
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CONFIRMED TEST "

Either brilliant-green/lactose bile broth or MacConkey's broth (single
strength) may be used for the confirmed test.
3.1.2.1 Procedure
Transfer a small portion of the medium from the positive fermentation
tube of the presumptive test (section 3.1.1.2) to 2 fermentation tubes
containing the confirmatory medium. When making the transfer, shake
the first tube gently, or mix by rotation, and use a wire loop not less than
3 mm in diameter.
Should active fermentation appear in the presumptive test before the
expiration of the 24-hour period of incubation, make the transfer to the
confirmatory medium without waiting for completion of the full 24-hour
period.
Incubate one of the inoculated confirmatory tubes at 35-37°C for
48 hours, and the second at 44-45°C for 6-24 hours.
3.1.2.2 Results
The presence of any amount of gas in the tube incubated at 35-37°C
constitutes a positive confirmed test for the coliform group. The presence
of any amount of gas in the tube incubated at 44-45°C constitutes a positive
confirmed test for faecal coliform bacteria.
A solid medium (Endo's medium or eosin/methylene-blue agar) may be
substituted for the above-mentioned liquid media when desired. In this
case, the appearance of typical colonies with metallic sheen constitutes
a positive confirmed test for the presence of the coliform group as a
whole.

3 .1. 3 "

CoMPLETED TEST "

The completed test may be used following the confirmed test. It may
be applied either to the positive fermentation tubes, or to typical or
atypical colonies found upon the plates when solid medium is used (section 3.1.2.2).
3.1.3.1 Procedure
Streak one or more Endo's medium or eosin/methylene-blue agar
plates from each positive fermentation tube, as soon as possible after
appearance of gas. Incubate the plates at 35-37°C for 24 ± 2 hours.
From each of the solid-medium plates used for the confirmed test, or
from those made from the positive fermentation tubes, fish one or more
typical coliform colonies; or, if no such typical colonies are present,
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fish two or more colonies believed to consist of organisms of the coliform
group, transferring each to a lactose-broth fermentation tube and to an
agar slant.
The use of a colony counter is recommended to provide optimum
magnification to assist in fishing colonies from the plates. When transferring colonies, care should be taken to choose well-isolated colonies
separated by at least 0.5 cm from other colonies. Touch the surface of
the colony lightly with the needle in order to minimize the danger of
transferring the mixed culture.
The secondary lactose-broth fermentation tubes thus inoculated shall
be incubated at 35-37°C until gas formation is noted, the incubation not
exceeding 48 ± 3 hours. The tubes shall be inspected after 24 ± 2 hours
to determine gas production in that period of incubation.
The agar slants should likewise be incubated at 35-37°C for 24 ± 2
hours and 48 ± 3 hours, and Gram-stained preparations (see section 3 .1 .4)
made from the slants corresponding to the secondary lactose-broth tubes
that show gas should be examined microscopically.
3.1.3.2 Results
The formation of gas in lactose broth and the demonstration of Gramnegative, non-spore-forming bacilli in the corresponding agar slant shall
be considered a satisfactory completed test, demonstrating the presence
of a member of the coliform group in the sample examined.
The absence of gas formation in lactose broth or the failure to demonstrate Gram-negative, non-spore-forming bacilli in the corresponding agar
slant constitutes a negative test.
When spore-forming organisms are found, the culture should be further
examined to ascertain the possible presence of bacteria of the coliform
group associated with the spore-bearing organisms. This may be done
by transferring the culture to formate-ricinoleate broth and incubating
at 35-37°C for 48 ± 3 hours.
If no gas is produced, only spore-forming lactose-fermenting organisms
may be considered to be present. If gas is produced in the formatericinoleate broth, the probable presence of coliform organisms should
be verified by inoculation from the formate-ricinoleate broth on to a
plate, and thence to lactose broth and to an agar slant. If, after 48 ± 3 hours,
gas is produced in the former and no spores in the latter, the test may be
considered " completed " and the presence of coliform organisms demonstrated.

3 .1. 4

TECHNIQUE FOR. THE GRAM-STAIN 1

The completed test for coliform organisms (section 3.1.3) includes
the determination of Gram-stain characteristics of the organisms isolated.
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There are a large variety of modifications of the Gram-stain. The
following technique is valuable for staining smears of pure cultures.
3.1 4.1 Reagents
(1) Ammonium-oxalate/crystal-violet solution : dissolve 2 g of crystal
violet, with 85% dye content, in 20 ml of 95% ethanol (solution A).
Dissolve 0.8 g of ammonium oxalate in 80 ml of distilled water (solution B).
Mix solutions A and B, ordinarily in equal parts. It is sometimes found,
however, that this gives so concentrated a stain that some Gram-negative
organisms do not properly decolorize. To avoid this difficulty, solution A
may be diluted as much as 10 times, and the diluted solution mixed with
an equal quantity of solution B.
(2) Lugol's solution (Gram's modification) : dissolve l g of iodine
crystals and 2 g of potassium iodide in 300 ml of distilled water.
(3) Counter-stain : prepare an alcoholic solution of safranin by dissolving 2.5 g of dye in 100 ml to 95% ethanol. Add 10 ml of this solution to lOO ml of distilled water.

3.1.4.2 Procedure
Stain the smear for 1 minute with the ammonium-oxalate/crystalviolet solution. Wash the slide in water and immerse in Lugol's solution
for 1 minute. Wash the stained slide in water, blot dry. Decolorize with
95% ethanol for 30 seconds, using gentle agitation. Blot, and cover with
counter-stain for 10 seconds. Then wash, dry, and examine as usually.
3.1.4.3 Results
Cells which decolorize and accept the safranin stain are Gram-negative.
Cells which do not decolorize, but retain the crystal-violet stain, are
Gram-positive.
3.1.5

"CoMPLETED TEST" (ALTERNATIVE METHOD) 141

3.1.5.1 Procedure
From all the positive fermentation tubes of the presumptive test (section 3.1.1.2), a loopful of medium should be transferred and streaked
on to a suitable solid medium.
MacConkey's agar plates are ordinarily used. However, other valuable
media, such as Endo's medium and eosin/methylene-blue agar, are much
employed. It is claimed for some of these media that they enable the
observer to distinguish between faecal coliform bacteria and non-faecal
coliform bacteria by direct inspection of the colonies. With eosin/methylene-
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blue agar, differences between the colonies of faecal coliform bacteria and
non-faecal coliform bacteria can, in fact, often be detected within 24 hours,
though in 48 hours differentiation is much easier.
A loopful of the primary culture, or a dilution of the primary culture,
is inoculated on to the solid medium in a Petri dish in such a way that
isolated colonies are obtained, and the plate is then incubated at 35-37°C
for 24 hours.

3. 1 . 5. 2 Appearance of colonies ; subculturing for differential tests
On MacConkey's agar, coliform colonies are usually circular in shape
and more or less convex, with a smooth surface and an unbroken edge.
They are coloured red, but the depth of tint varies considerably. The
normal colony of faecal coliform bacteria is deeply coloured and nonmucoid, whereas that of non-faecal coliform bacteria is often paler in
colour and mucoid in consistency. No reliance, however, can be placed
on colour or appearance alone as a means of distinction. For further
examination, two or three typical colonies, as far as possible of different
appearance, are selected and subcultured. Should no red or pink colonies
appear on the plate within 48 hours, at least one of the predominant
variety should be selected for further investigation, bearing in mind the
possibility that such atypical colonies may owe their absence of redness
to a mere temporary slowing of their action on lactose. Should there be
any doubt in the observer's mind whether the colonies selected are those
of coliform organisms, film preparations should be made and stained by
Gram's method. Only colonies consisting of Gram-negative, non-sporing
rods should be subcultured.
Each colony selected should be picked off with a straight wire and
inoculated into a tube of peptone water which is then incubated at 35-37°C.
After 4-6 hours' incubation. the culture should be used for the inoculation
of 2 tubes of glucose-phosphate medium for the methyl-red and VogesProskauer tests, 1 tube of citrate medium for the sodium citrate utilization
test, 1 tube of MacConkey's or brilliant-green/lactose bile broth to test for
gas production at 44-45°C, and 1 tube of lactose broth for confirmation of
lactose fermentation at 35-37°C. The original peptone-water culture can
be re-incubated and used to test for indole formation.

3 .1. 6

MICRO FILTER (MEMBRANE FILTER) TPST 1

3. I. 6. 1 Apparatus
Glass Petri dishes are preferable for use in routine laboratory analyses.
The alternative containers described below are recommended for field
use or under other conditions not favourable for cleaning, sterilization,
and re-use.
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(a) Disposable plastic dishes, or their equivalent. Sterilization should
be accomplished by exposure of the opened culture dishes to ethyl alcohol,
ethylene oxide, ultraviolet radiation, or other appropriate chemical or
physical agents. Choice of means of sterilization should be governed not
only by convenience but also by actual tests demonstrating the effectiveness
of such means of sterilization. The freedom of the culture containers
from residual growth-suppressive effects resulting from the methods of
sterilization must be demonstrated. After sterilization and removal of the
agent of sterilization, the containers should be closed, employing sterile
techniques, and stored in a dustproof container until used.
(b) Seamless tin ointment boxes, 1 oz, with curled edge and 49-mm
inside diameter of top, are acceptable, subject to the above cautions.
Filtration units : The filter-holding assembly should consist of a seamless funnel which fastens to a receptacle bearing a porous plate for support
of the filter membrane. The parts should be so designed that the funnel
unit can be attached to the receptacle by means of a convenient locking
device. The construction should be such as to insure that the membrane
filter will be securely held on the porous plate of the receptacle without
mechanical damage and that all the fluid will pass through the membrane
in the filtration of the sample. The filter-holding assembly may be constructed of glass, porcelain, or any non-corrosive bacteriologically inert metal.
It is recommended that the two parts of the assembly be wrapped separately
in heavy wrapping paper for sterilization and storage until use.
For filtration the receptacle of the filter-holding assembly is mounted
in a 1-litre filtering flask with a side tube, or other suitable device such
that pressure differential can be drawn on the filter membrane. The filter
flask should be connected by the side arm to an electric vacuum pump,
filter pump operating on water pressure, hand aspirator, or other means
of securing a pressure differential.
Filter membranes : Only those filter membranes may be employed
which have been found by complete laboratory tests to provide full bacterial
retention, stability in use, freedom from chemicals inimical to the growth
and development of bacteria, and satisfactory speed of filtration. They
should preferably be grid marked. Several different brands of membrane
filters meeting these specifications can be obtained from manufacturers
and suppliers of laboratory equipment.
Filter membranes must be sterilized prior to use, preferably by autoclave. The brown paper separators, but not the absorbent paper pads,
should be removed from the packaged filters. The filters should be divided
into groups of 10-12, or other convenient units, an:l pbced in 10-cm Petri
dishes or wrapped in heavy wrapping p1per. The m:mbranes are then
autoclaved for 10 minutes at 121°C (15 lb/in2). At the end of the sterilization period, the steam is allowed to escape rapidly to minimize the accu-
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mutation of water of condensation on the filters. Suitable packaged sterile
filters can be purchased.
Absorbent pads: Absorbent pads for nutrients should be discs of filter
paper or other material known to be free of agents that inhibit bacterial
growth. They should be approximately 48 mm in diameter and of such
thickness that they will absorb 1.8 to 2.2 ml of nutrient. The pads should
be wrapped in heavy wrapping paper or packaged in 10-cm Petri dishes
in convenient numbers for sterilization. Sterilization in an autoclave is
recommended.
3.1.6.2 Materials and culture media: Refer to section 2.2, p. 58. Select
medium found best adapted to condition of examination.
3.1.6.3 Samples
Samples should be collected and stored as directed on pp. 16-20.

3 . I. 6 .4 Definition
In the membrane filter procedure, all organisms that produce a dark
(purplish-green) colony with a metallic sheen in 20 ± 2 hr of incubation
are considered members of the coliform group. The sheen may appear
in a small central area or cover the entire colony. The" coliform group ..
as thus defined is not identical with, but is believed to be roughly equivalent
in sanitary significance to, the "coliform group •• as defined on p. 21.
In the examination of waters of unknown quality, particularly those showing a high percentage of false presumptive tests, it will frequently be necessary to conduct parallel studies in order to determine the direct relationship
between the results with the membrane filter technique and those with
the dilution tube test for coliform bacteria in that supply.
Coliform organisms present in the water may fail to produce typical
colonies. Therefore, when found in large numbers, atypical colonies
should be identified by subculture study. It is also possible that noncoliform organisms may be encountered in water which produce a colony
typical of the coliform group. However, this happens so infrequently
as to be of no significance.
3.1.6.5 Procedure
Preparation of culture dishes : Place a sterile absorbent pad in each
sterile culture dish. Pipette enough medium to saturate each pad, usually
1.8 to 2.2 ml.
Selection of appropriate sample volume : The size of the water sample
will be governed by the expected bacterial density. An ideal quantity will
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result in between 20 and 80 coliform colonies, and not more than 200
colonies of all types, on the membrane. Large sample volumes from
finished waters will be limited only by the presence of turbidity. Finishedwater samples should be examined by filtering duplicate portions of a
single volume or by one filtration for each of two aliquot volumes. All
other water samples should be examined by one filtration for each of three
aliquot volumes. Tentative suggestions for the examination of samples
are as follows:
(a) Finished water: duplicate 100-500-ml volumes.
(b) Well water: single filtration of each portion examined-0.1, 1 and
10 ml.
(c) Polluted water: reduction in volumes in accordance with degree
of pollution.
When less than 20 ml is to be filtered, dilute with sterile buffered dilution water to a minimum volume of 30 ml just before filtration.

Filtration ofsample :Using sterile forceps, place a sterile filter membrane
over the porous plate of the filter-holding unit, grid side up. Carefully
place the matched funnel unit over the receptacle and make it secure by
means of the attachment device. The filtration procedure consists in
passing the sample of water through the membrane under partial vacuum.
After the sample has been filtered, rinse the funnel three times with 20-30-ml
volumes of sterile buffered dilution water. Remove the membrane from
the filter-holding unit with sterile forceps, gently " roll •• it, grid side up,
onto the surface of an absorbent pad containing the medium. Care must
be used in placing the membrane to avoid entrapping air bubbles.
Incubation : The membrane cultures are incubated 20 ± 2 hr at 35°C :10.SOC or 44-45°C in an inverted position in the incubator with 100%
humidity.
Counting: All dark colonies having a metallic-appearing surface lustre
are counted as coliform colonies. Make the counts with the aid of a lowpower microscope or other suitable optical device, using a light source
above and approximately perpendicular to the plane of the filter membrane.
3. 1. 6. 6 Estimation of coliform density
The estimated coliform density of the sample is recorded in terms of
coliforms per 100-m1 sample. The computation can be made on the following basis:

. I
_coliform colonies counted x 100
Co lifiorm colomes 100 m1 fit
m1 samp1e ter
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When using a temperature of incubation of 35-37°C, report the count as
number of bacteria of coliform group ; when using a temperature of incubation of 44-45°C report the count as number of bacteria of faecal coliform
group.

3.1.6. 7 Procedure using L.E.S. Endo agar M.F.
In the larger part of a Petri dish, an absorbent pad is placed and
saturated with lauryl tryptose broth. Approximately 1.7 to 1.8 ml of
broth are sufficient. Excess liquid should be removed since it tends to
obscure the end-results.
The prepared membrane filter is placed on the saturated pad with a
rolling motion to prevent air entrapment. The inverted Petri dish is then
incubated at 35°C for 2 ± J/2 hours.
After the enrichment period, the membrane is stripped from the
enrichment pad and rolled into the surface of the Endo agar in the smaller
part of the Petri dish. The enrichment incubation allows the agar mass
to acquire the temperature of the enrichment phase, thus practically eliminating the temperature gradient at the moment of transfer. Incorrect
placement of the membrane on the agar is at once obvious, since patches
of unstained membrane indicate air entrapment between the agar and
membrane. The membrane must then be re-aligned to achieve total contact. Intimate contact is not a necessity for the periphery outside the
filtering area. The used pad may be discarded at this time or may be left
in the top section for humidity purposes. The Petri dish is again inverted
and incubated at 35°C. After 22 hours the sheen colonies are counted,
preferably using a stereo-microscope having a light source above, and
approximately perpendicular to, the plane of the membrane. The counting
of other colonies frequently provides valuable information.
3.2 Tests for faecal streptococci u

3.2.1

DIRECT AZIDE METHOD

Various volumes of water are inoculated into Hannay & Norton•s
sodium-azide medium and the tubes are incubated at 44-45°C for 48
hours. The presence of faecal streptococci is indicated by the production
of acid in the medium. Hannay & Norton 26 reported that all tubes showing acid contained streptococci, but this has not been confirmed. Mackenzie 42 showed, however, that all tubes becoming acid within 18 hours
could be accepted as containing faecal streptococci ; it was only in those
that became acid later than this that the acidity might have been due to
other organisms-most commonly aerobic spore-bearing bacilli. Tubes
positive after 24 and 48 hours should be submitted to further confirmatory
tests (see section 3 . 2. 3).
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When several tubes of various volumes of water are used in this test,
as in the presumptive coliform test (section 3 .I .1), the most probable
number of faecal streptococci in the sample can be calculated from the
same probability tables (see Annex 2, page 48), remembering that a short
chain of streptococci will be counted as one organism. Here too, the
larger volumes of water (50 ml and 10 ml) should be added to doublestrength medium, and volumes of 1 ml or less to single-strength medium.
3.2.2 TELLURITE·LACI'OSE BROTH METHOD
Various volumes of water are inoculated into tubes of tellurite-lactose
broth, which are incubated at 35-37°C for 48 hours. A black deposit
is presumptive evidence that a tube is positive ; this may be confirmed by
subculture into further tubes of tellurite-lactose broth incubated at
44-45°C for 24-48 hours ; tubes positive at this temperature should be
submitted to further confirmatory tests (see section 3.2.3).
3.2.3 CONFIRMATORY TESTS
The presence of faecal streptococci in tubes of azide or tellurite medium
in which acid has been produced may be confirmed by plating without
delay a heavy inoculum on to MacConkey's agar or on to mannitol/bile-salt/
neutral-red agar. The presence of minute red colonies on either of these
media is strong presumptive evidence of the presence of faecal streptococci,
but individual colonies may be picked for examination if required. Str.
faecalis produced acid-but no gas-from lactose and mannitol, but not
from raffinose, produced an acid caseinogen precipitate in litmus milk,
and does not reduce nitrate to nitrite. It is also more resistant to beat
and to high concentrations of sodium chloride than other species of
streptococcus.
Films made from the tubes of azide or tellurite medium in which acid
has been produced will show typically short-chained streptococci when
faecal streptococci have been responsible for the acid production. This
is a more rapid confirmatory test, but not so reliable as plating the tubes
on to a suitable medium.
3.2.4 MULTIPLE-TUBE FERMENTATION

TECHNIQUE

3. 2.4. 1 Presumptive test
Procedure: (a) Inoculate a series of tubes of azide dextrose broth with
appropriate graduated quantities of the water to be tested. Use 10 ml of
single-strength broth for inocula of 1 ml or less, and 10 ml of doublestrength broth for 10 ml of inocula. The portions of the water sample
used will necessarily vary in size and number with the character of the
water and should be decimal multiples of 1 ml. The selection of the size
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of the portions depends upon the probable coliform density as indicated
by the experience of the bacteriologist and the extent of knowledge of
the character of the water.
(b) Incubate inoculated tubes at 35° ± O.SOC. Examine each tube at
the end of 24 ± 2 hr for the presence of turbidity. If no definite turbidity
is present, reincubate and read again at the end of 48 ± 3 hr.
3. 2.4. 2 Confirmed test
All azide dextrose broth tubes showing turbidity after 24-hr or 48-hr
incubation must be subjected to the confirmed test.
Procedure: (a) Transfer 3 loopfuls of growth from each azide dextrose
broth tube to a tube containing 10 ml of ethyl violet azide broth. The
wire loop should have a minimum diameter of 3 mm.
(b) Incubate the inoculated tubes for 48 hr at 35° ± O.SOC. The
presence of enterococci is indicated by turbidity or the formation of a
purple button at the bottom of the tube.
3.2.4.3 Computing and recording of MPN
Refer to Annex 2 (p. 48) and to Annex 3, section 3.1.6.6 (p. 72) on
estimation of coliform density.
3.2.5 MEMBRANE FILTER TECHNIQUE
3. 2. 5. 1 Laboratory apparatus

Refer to the section 3.1.6.1 (p. 69) on apparatus for the membrane
filter test.
3.2.5.2 Materials
Filters : Obtain filters packed for autoclaving or place between absorbent
pads and wrap in heavy paper. Autoclave at 121°C for 10 minutes.
3.2.5.3 Procedure
(a) Filter samples of water through the sterile membrane, aiming to
attain 40-100 colonies on the membrane. Amounts varying from 100 ml
to 10, 1, 0.1 or 0.01 ml may be necessary, depending upon the amount
of pollution in the water sample. Refer to section 3. 1. 6. 5 under membrane
filter coliform tests.
(b) Pour approximately 10 ml of KF medium or M-enterococcus agar
into 60-mm Petri plates. Flame the surface to eliminate bubbles. Transfer
the filter directly to the surface of the agar medium, avoiding air bubbles.
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Invert and incubate at 35° ± OSC for 48 hrs under normal conditions
of humidity.
(c) Count all red and pink colonies with a stereomicroscope magnifying
10 x. Express the count as number of colonies per 100 ml of water.
3.3 Test for Oostridium welcbii: litmus milk method 1•
Various quantities of the water should be inoculated into bottles or
tubes of freshly-boiled litmus-milk medium, and the mixtures heated at
80°C for 10-15 minutes to destroy non-sporing organisms. If the same
volumes of water are used as in the presumptive coliform test, an estimate
of the most probable number of Cl. welchii in the original sample can
be made by the use of the same probability tables (see Annex 2, page 48).
The inoculated tubes may be incubated anaerobically, but this is not
strictly necessary. The tubes should be incubated at 35-37°C for at least
five days, but a positive reaction (" stormy clot") may appear in 24-72
hours. A negative reaction is of little value in assessing the purity of the
water.
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APPROVED METHODS FOR THE CHEMICAL ANALYSIS
OF WATER
1. Laboratory equipment . . . .
2. Analytical procedures
2.1 Toxic: chemical substances
2. 1. I Lead : dithizone mixed-colour method
2. 1.2 Arsenic:: Gutzeit method
2. 1. 3 Selenium . . . . . . . . . . . . . .
2. 1.4 Chromium, hexavalent . . . . . . .
2. 1 . S Cyanide : preliminary screening procedure .
2. 1. 6 Cyanide : titration method . .
2. 1. 7 Cyanide : c:olorimetric: method
2. 1. 8 Barium . . . . . . . . . .
2. 1. 9 Cadmium : tentative method .
2.2 Chemical substances affecting health .
2.2.1
Fluoride: Sc:ott-Sanc:his method
2.2.2 Nitrate: phenoldisulfonic: acid method
2.3 Chemical substances affecting potability .
2. 3. 1 Residue .
2.3.2 Colour. . . . .
2. 3. 3 Turbidity
2. 3.4 Taste and odour
2.3.S Iron: phenanthroline method
2. 3. 6 Manganese : persulfate method .
2.3. 7 Copper: c:uprethol method
2.3.8 Zinc: . . . . . . . . . . . . .
2.3.9 Calcium: EDTA titrimetric: method
2.3.10 Magnesium: gravimetric: method . .
2.3.11 Sulfate. . . . . . . . . . . . . .
2.3.12 Chloride: Mohr method . . . . .
2. 3. 13 Hydrogen-ion concentration (pH) : glass-electrode method •
2. 3. 14 Phenolic: compounds : preliminary screening procedure
2.3.15 Phenolic: compounds: 4-aminoantipyrine method •
2.4 Chemical substances indicative of poUution . . .
2.4.1 Ammonia: distillation method . . . . .
2.4.2 Ammonia: direct nesslerization method .
2.4.3 Carbon chloroform extract
2.4.4 Surfac:tants (detergents) ADS . . . . . .
2.4. S Oil and grease . . . . . . . . . . . .
2.4.6 Total organic: matter (chemical oxygen demand)
2. 4. 7 Biochemical oxygen demand • . . . . . . . .
Determination of dissolved oxygen : Winkler method, Alsterberg (azide) modification • . . . . .
2.4.8 Total organic: nitrogen: Kjeldahl method
2.4.9 Nitrite . . . . . . . . . . . . . . • .
2. S Residual chlorine : orthotolidine-arsenite method .
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1. Laboratory Equipment
A laboratory undertaking chemical analyses should have ample space
for the amount and scope of the work to be undertaken, should be well
lighted and ventilated, and should be so located as to avoid interference with
or by other activities in the neighbourhood. A well-ventilated fume-hood,
preferably with exhaust ventilation, is essential. The items of furniture
should include adequate storage space, cupboards, shelves and ample
working benches of suitable height (1 metre) and with acid-resistant tops.
Supplies of hot and cold water, electricity and other services should be
provided together with ample drain lines. Included should be the required
office and clerical space and suitable provision for a library-indispensable
to any type of laboratory.
An approved laboratory must have all the essential items of equipment for chemical analyses, and of a type and precision adapted to accurate
chemical determinations. Included must be adequate stocks of chemicals
of tested purity and reagent grade for preparing the reagents needed in
the various analytical procedures.
Volumetric glassware should be available in sufficient amount and of
the type required for the specific analyses made. Such glassware should be
calibrated by the analyst either " to contain , or " to deliver , .
Instrumental methods of analysis are frequently described and may
be used at the discretion of the analyst. Instrumental methods will not
be described in the following recommended procedures. If such methods
are employed, it is essential that the instruments be carefully calibrated
and the calibrations frequently checked, and that the results of the analyses
be periodically checked, using a standard method or by simultaneous
examination of a sample of accurately known composition. When
instrumental procedures are used, this fact should be recorded with the
results of the analysis.

l. Analytical Procedures
For each of the following chemical analyses recommended to determine
the conformance of a water-supply to the standards of chemical quality,
only a single method is given. For many of these analyses, other satisfactory methods are available and can be found in many textbooks and
reference books. The analyst may well substitute other techniques for
those outlined below, provided that the substituted procedure is known
to have equivalent sensitivity, precision and accuracy.
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2.1 Toxic chemical substances

2 .1. 1 LEAD :

DITIDZONB MIXED-COLOUR METHOD 1

Because of the extreme sensitivity of the dithizone method, it must
be emphasized that all reagents and apparatus should be free from contamination by lead and other metals. The use of careful techniques is
of the utmost importance. It is urged that, before attempting this method,
the chemist should acquaint himself thoroughly with the theory and
practice of dithizone procedures.
2. 1. 1. I Principle
Dithizone dissolved in chloroform will completely extract lead from
a slightly basic solution containing citrate. Lead and dithizone form a
metal complex, lead dithizonate, which is soluble in chloroform, imparting to it a red colour. Measurement of the intensity of the colour will
give a quantitative estimation of the lead present.

2. 1. 1. 2 Interference
Bismuth, thallium and stannous tin will interfere with the reaction,
but these elements are uncommon in most waters. The analysis should
be carried out in diffused light, as bright sunlight tends to destroy dithizone
and dithizonates.

2 .1. 1. 3 Apparatus
Nessler tubes, matched, 50-ml, taU-form.

2 .1. 1. 4 Reagents
(1) Lead-free redistilled water, for preparation of reagents and as
dilution water.
(2) Ammonium hydroxide, concentrated solution, lead-free, or redistilled into ice-cold water.
(3) Ammoniacal cyanide solution : Dissolve 40 g of potassium cyanide
in 80 ml of redistilled water. Extract this solution repeatedly with 10-ml
portions of dithizone stock solution until the last portion remains green.
Then wash the solution with chloroform until the chloroform extract
remains clear, add 1160 m1 of ammonium hydroxide solution, and make
up the entire mixture to 2 litres with redistilled water. Store in a glassstoppered Pyrex bottle.
(4) Chloroform.
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(5) Dithizone stock solution. Dissolve 50 mg of diphenylthiocarbazone
in I litre of chloroform. This solution is stable for several weeks if kept
at 5°C in the dark.
(6) Dithizone standard solution. Dilute 100 m1 of dithizone stock
solution to 500 m1 with chloroform. Check the strength before use, as
it will show progressive loss. This solution is stable for several days if
kept at soc in the dark.
(7) Hydroxylamine hydrochloride solution: Dissolve 20 g of hydroxylamine hydrochloride (NH30, HCl) in redistilled water and make up
to 100 ml.
(8) Hydrochloric acid, 50%, 1 + 1.
(9) Nitric acid, 1% solution, 1 + 99.
(10) Sodium citrate solution: Dissolve 10 g of sodium citrate
(Na3C6H60 7 , 2H20) in 90 ml of redistilled water. Extract with 10-ml
portions of dithizone stock solution until the last portion remains green.
Wash with chloroform to remove excess dithizone.
(11) Lead nitrate standard solution: Dry 0.1598 g of lead nitrate
at ll0°C. Dissolve and dilute to 500 m1 with nitric acid solution. One m1
of the resulting solution contains 0.2 mg of Pb. From this, prepare a
solution of such strength that 1 ml contains 0.010 mg of Pb.
2.1.1.5 Procedure
Take a suitable volume of water containing 0.010-0.050 mg of lead,
add 1 m1 of hydrochloric acid, and evaporate to about 40 ml. Add
10 ml of sodium citrate solution and 2 m1 of concentrated ammonium
hydroxide. Mix and transfer to a 125-ml separating funnel. Extract by
shaking vigorously for 30 seconds with 5-ml portions of dithizone stock
solution until colour in last portion remains unchanged. To the combined
extracts add 25 ml of nitric acid solution and shake for I minute. Discard
the chloroform layer. To the acid extract add S ml of hydroxylamine
hydrochloride solution, S m1 of ammoniacal cyanide solution, and exactly
20 m1 of dithizone standard solution. Shake vigorously for 1 minute and
allow layers to separate. Discard the first 2 ml of chloroform extract and
transfer the remainder to a 50-ml Nessler tube.
Compare visually with standards prepared in the same way from the
lead nitrate standard solution, by looking thrc:ugh the Nessler tubes at
right angles to their long axis.
2. I . I . 6 Calculation

Pb (m /I) = mg of Pb x 1000
g
ml of sample
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2. 1 . 1 . 7 Precision and accuracy
It is estimated that with this procedure an experienced chemist can
check his own results to within 0.003 mg and can obtain results within
0.006 mg of the true value, provided that the lead content in the sample
taken is in the range 0.010-0.050 mg.

2.1 . 2

ARSENIC : GUTZEIT METHOD 1

2. I. 2. 1 Principle

After concentration of the sample, arsenic is liberated as arsine (AsHa)
by zinc in acid solution in a Gutzeit generator. The generated arsine is
then passed through a column of sand and glass
wool or a roll of cotton, moistened with lead ace- GUTZIITFI:~!IRATOR
tate solution. The generated arsine is allowed to
produce a yellow-brown stain on test-paper strips
impregnated with mercuric bromide. The length
of the stain is roughly proportional to the amount
of arsenic present.
2.1.2.2 Interference
Antimony interferes by giving a similar stain if
present in quantities greater than 0.10 mg.
2. I. 2. 3 Apparatus

Gutzeit generator (see Fig. 1).
2.1.2.4 Reagents
(I) Sulfuric acid solution, approximately 24 N.
Cautiously add 2 volumes of concentrated sulfuric acid to 1 volume of distilled water.
(2) Lead acetate solution. Dissolve 10 g of lead acetate (Pb(c;H30 3)s,
3H30) in lOO ml of distilled water.
(3) Stannous chloride solution : Dissolve 40 g of arsenic-free stannous
chloride (SnCI 3 , 2H30) in 25 ml of concentrated hydrochloric acid and
dilute to lOO ml with distilled water.
(4) Potassium iodide solution: Dissolve 15 g of potassium iodide in
distilled water and dilute to 100 ml. Prepare fresh.
(5) Zinc, 500-750-p (US Standard mesh Nos. 20 and 30), arsenic-free.
(6) Sand or cotton roll.
(a) Clean 500-IJ (US Standard mesh No. 30) white sand by successive
washings with hot 10% sodium hydroxide solution, hot nitric acid,
and distilled water, then dry the clean sand ; or

no-

6
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(b) Cut a roll of dental cotton into 2.5-cm lengths.
(7) Mercuric bromide paper. Use commercial arsenic papers cut into
strips of uniform size, about 12 cm long and 2.5 mm wide (papers can be
obtained already cut and sensitized). Soak the strips in filtered 3-6%
solution of mercuric bromide in 95% ethanol for 1 hour or longer, and
dry by waving in the air. Store in a dry, dark place. For best results,
papers should be made up just prior to use.
(8) Arsenic standard solution. Dissolve 0.3949 g of arsenic trioxide
in 25 ml of 10% sodium hydroxide solution. Acidify with 6N sulfuric
acid solution and dilute to 1 litre with distilled water. One ml of this
solution contains 0.30 mg of As.

2. 1. 2. 5 Procedure
Take a portion of the sample containing from 0.002 to 0.040 mg of
arsenic. Add 5 ml of 24N sulfuric acid solution and 5 ml of concentrated
nitric acid, and evaporate to sulfur trioxide fumes. Cool, add 25 ml of distilled water, and repeat to expel oxides of nitrogen. Dilute to 25 ml with
distilled water. Dip the cotton roll into the lead acetate solution and put
into the glass column in the Gutzeit generator. Alternatively, place a small
wad of cotton in the constricted end of the glass column, add 2.5 cm of
clean sand, and moisten the sand with the lead acetate solution, removing
any excess by light suction. Put the dried narrow glass tube in place and
insert the mercuric bromide paper. Make sure that the paper strip is straight.
To the 25 ml of the sample concentrate in the generator, add 5 ml
of 24N sulfuric acid solution and cool. Add 5 ml of potassium iodide
solution, 4 drops of stannous chloride solution, and, finally, 2-5 g of
zinc. Immediately connect the absorption tube to the generator. Immerse
the apparatus in a water-bath kept at 20-25°C and leave for 1-1Y2 hours.
Remove the strip and compute the average length of stains on both sides.
Estimate the amount of arsenic present by means of the standard curve.
2 .1. 2. 6 Preparation of standard curve

Prepare standards containing 10 ml of 24N sulfuric acid solution and
from 0 to 0.030 mg of arsenic, in 0.003-mg intervals (from arsenic
standard solution), in 25 ml of solution in the generator. Treat in the
same manner as described for the sample concentrate. Remove the strip
and compute the average length of stains on both sides. Plot length in
millimetres against micrograms of arsenic.
2 .1. 2. 7 Precision and accuracy

The method is qualitative or roughly quantitative with an accuracy
of ± 0.005 mg.
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2.1.3 SELENIUM 1
2.1.3.1 Principle
By distillation with hydrobromic acid and bromine in the presence
of sulfuric acid, selenium is liberated from its solution as volatile selenium
bromide, which in the aqueous distillate becomes selenious acid. The
excess of bromine is reduced with sulfur dioxide and then the selenious
acid is reduced to elemental selenium with hydroxylamine hydrochloride:

The selenium is precipitated in the form of a stable red colloidal suspension
suitable for colour matching.
2. 1 . 3 . 2 Interference

Where extensive organic matter is present, it may be necessary to
oxidize it.
2.1.3.3 Apparatus
Distillation assembly, all-glass, including an adapter with interchangeable ground-glass connexions, either standard taper or ball-and-socket
joints, and with a flask of suitable size, usually 500 ml.
Nessler tubes, matched, 50-ml, tall-form.
2.1.3.4 Reagents
(l) Sodium peroxide: The fresh reagent has a pale yellow colour
and is free-flowing. White or caked material indicates deterioration.
(2) Hydrobromic acid, 48%. Reserve for this determination a supply
of hydrobromic acid which becomes completely decolorized when subjected to treatment with sulfur dioxide, as described in section 2.1.3.6.
If the reagent in stock does not meet this specification, purify it by distillation in an all-glass still, collecting the middle fraction of the distillate.
(3) Hydrobromic-acid/bromine reagent. Mix 15 ml of bromine with
956 ml of 48% hydrobromic acid.
(4) Sulfuric acid, concentrated.
(5) Sulfuric/nitric acid mixture. Cautiously add I part of concentrated
sulfuric acid to 2 parts of concentrated nitric acid.
(6) Sulfur dioxide, from a small commercial cylinder, that can safely
be assumed to be free of selenium.
(7) Gum arabic solution, dissolve 5 g in water and dilute to lOO ml.
This solution is subject to bacterial growths and should either be prepared
as needed, or be preserved by saturating it with benzoic acid.
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(8) Hydroxylamine hydrochloride solution : Dissolve 10 g of hydroxylamine hydrochloride (NH30, HCI) in 100 ml of distilled water.
(9) Selenium stock solution : Prepare with selenium dioxide of known
high degree of purity, dried to constant weight in an oven at 150°C, and
cooled over phosphorus pentoxide in a dessiccator. Dissolve in distilled
water the equivalent of 1.405 g of selenium dioxide, add about 80 ml of
48% hydrobromic acid, and dilute to 1 litre with distilled water.
(10) Selenium standard solution: Place lOO ml of selenium stock
solution into a 1-litre volumetric flask, add 10 ml of 48% hydrobromic acid,
and make up to the mark with distilled water. It is best not to allow the
acidity, as determined by titration, to fall below 0.05N, since neutral or
very slightly acid solutions of dilute selenious acid tend to lose their titre.
One ml of this solution contains 0.100 mg of Se.

2. l. 3. 5 Preparation of standards
For most accurate work, a known quantity of selenium standard
solution should be evaporated nearly to dryness, transferred with washings
to the distillation flask, and treated in the same manner as the sample.
Make up to 100 ml with distilled water and mix thoroughly. Make the
desired standards by diluting appropriate amounts of this solution to
the mark in Nessler tubes.
2.1.3.6 Procedure
Use 1 to 10 litres of water containing not more than 0.5 mg of selenium;
add just sufficient amount of fresh sodium peroxide to make the liquid
definitely alkaline. Evaporate nearly to dryness on a steam-bath. Evaporation may be hastened by using an electric hot plate, if care is taken not
to allow the sample to become dry. Evaporation of the last 100 m1 should
be done on the steam-bath in any case. If a high concentration of organic
matter is present, it may be necessary to digest the residue with a few
drops of sulfuric/nitric acid mixture to oxidize the organic matter before
the distiJJation is carried out.
Transfer the residue with washings to the distiJJation flask and add
50 mJ of 48% hydrobromic acid plus 5-10 ml of hydrobromic-acid/bromine
reagent; then, while cooling under running water and swirling, slowly and
carefully add a volume of concentrated sulfuric acid approximately equal
to that of the water present with the transferred residue. Before starting
the distiJJation, arrange the receiver so that a minimum amount of hydrobromic-acid/bromine solution wiJJ be needed just to cover the tip of the
adapter, otherwise some of the selenium bromide may escape into the
air. Distil gradually until all the selenium bromide and most of the hydrobromic acid have passed over. The distillation should take about 30
minutes, and the volume of the distiiJate should be about 75-90 ml.
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(CAUTION : The distillation should be conducted in an efficient fumehood because of the copious evolution of bromine fumes.)
Transfer the distillate to an appropriate-sized beaker and pass in sulfur
dioxide until the yellow colour due to bromine is discharged. Continue
treating with sulfur dioxide for S seconds. Add 1 ml of gum arabic solution and 2 ml of hydroxylamine hydrochloride solution, and mix. Cover
with a watch glass and allow to stand for 1 hour. Make up to lOO ml,
mix well, and transfer to a Nessler tube. Compare visually against standards. The colour is a very pale pink and comparison is best carried out
in sunlight. It is difficult to match solutions containing more than 0.5 mg
of selenium in 50 ml. The colour comparison is most satisfactory when
between 0.01 and 0.10 mg is present.

2. 1. 3 . 7 Calculation
Se (mg/l)

=

mg of Se x 1000
rnl of sample

2. 1. 3. 8 Predsion and accuracy
This method is said to give low results, but when considering concentrations of the magnitude of 0.005-0.10 mg/1 the relative error may not
be significant.

2.1.4

CHROMIUM, HEXAVALBNT 1

2. 1.4. 1 Principle
Hexavalent chromium reacts with diphenylcarbazide to produce a
reddish-violet colour in a slightly acid solution.

2.1.4.2 Interference
In the colour development step, the following substances may cause
interference: (a) Mercury, both mercurous and mercuric, gives a blue
or violet-blue colour, but the reaction is not very sensitive at the acidity
employed. (b) Iron in concentrations greater than 1 mg/1 interferes by
producing a yellow colour with the reagent. (c) Vanadium interferes in
the same manner as iron but more strongly ; the colour produced with
vanadium fades fairly rapidly and is negligible 10 minutes after the addition of the diphenylcarbazide.
2 .I. 4. 3 Storage of samples
Since chromate ions have a tendency to be adsorbed on the surface of
the container, and may also be reduced by various agents, precautions
should be observed in sample collection and storage. New bottles rather
than old etched ones should be used for sample collection. The sample
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should be tested on the same day it is collected. In any case, storage for
more than 2 to 3 days is not recommended.
2.1.4.4 Apparatus
Nessler tubes, matched, 50-ml, tall-form.

2. 1. 4. S Reagents
(l) Redistilled water, free from reducing substances. Distil from an
all-glass apparatus.
(2) Diphenylcarbazide reagent : Dissolve 0.2 g of diphenylcarbazide
in lOO m1 of ethanol, and add 40 ml of concentrated sulfuric acid solution.
If kept under refrigeration, the solution is stable for about one month.
Its colour will change from colourless to tan without affecting its usefulness.
(3) Potassium chromate stock solution : Dissolve 0.374 g of potassium
chromate in 1 litre of distilled water. One ml of this solution contains
0.1 mg of Cr.
(4) Potassium chromate working solution: Dilute 10.0 ml of potassium
chromate stock solution to 1 litre. Prepare this solution fresh each day.
One ml of this solution contains 0.001 mg of er++++++.

2.1.4.6 Procedure
Use a 50-ml sample or an aliquot diluted to 50 ml with redistilled
water. To the sample, clarified by centrifuging if necessary, add 2.5 ml
of diphenylcarbazide reagent. Mix and compare visually, using Nessler
tubes, against standards prepared from the potassium chromate working
solution and containing from 0.003 to 0.20 mg/1 Cr. Comparisons should
be made at least 5, but not later than 20, minutes after the reagent is added.
2. l. 4. 7 Precision and accuracy
The sensitivity of this method is 0.003 mg/1.
2.1.5 CYANIDE: PRELIMINARY SCREENING PROCEDURE 1
(CAUTION. Due care should be exercised in the manipulation of cyanide
samples because of the toxicity involved. They should be processed
in a hood or other well-ventilated area. Avoid inhalation or ingestion
of the sample or products of the sample. Do not attempt to acidify
a sample unless liberated HCN can be trapped or controlled.)

2. 1. S . 1 Principle
The nature of the preliminary treatment will vary according to the
interfering substance present. Sulfide, fatty acids, and oxidizing agents
are removed by special procedures that are more or less self-explanatory.
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Most other interfering substances are removed by distillation. The importance of the distillation procedure cannot be over-emphasized. This step
not only eliminates interference, but results in the conversion of the cyanide
into simple sodium cyanide, which may readily be measured by titration
or colour test.
The colour test, in particular, is sensitive to variations in salt concentration. Although the pyridine-pyrazolone colour reaction is reproducible through a pH range of 3 to 8, significant variations in salt concentration result in changes in the absorbance of the colour. Therefore,
it is essential to isolate these salts so that a controlled salt concentration
may be used for all aliquots of the distillate and the standards, as provided
in the colorimetric test.
Distillation of the sample in the presence of sulfuric acid readily converts the simple cyanides into HCN. Complex iron cyanides and a few
others are not easily decomposed, but many, such as those of cadmium,
copper, nickel, silver, and zinc, are also converted to HCN by boiling
in the presence of acid. The conversion is hastened in the presence of
magnesium and mercuric salts. These salts are extremely effective in
reducing the ferrocyanides and ferricyanides to magnesium and mercuric
simple cyanides, which, in turn, are readily decomposed by the acid to
HCN. In spite of this favourable transition, an additional distillation
period is required for conversion of all cyanide to HCN. Complete decomposition of the cobalti-cyanide complex does not occur, even after distilling
the sample under similar conditions for more than 24 hours.
The HCN gas and water vapour are evolved from the boiling sample.
Through reftuxing and use of an air stream, the water vapour is returned
to the distilling flask and the HCN is swept over into a caustic solution,
where it is converted to simple sodium cyanide for test.

2. 1. 5. 2 Interference
Substances commonly causing interference in the analysis for cyanide
include : sulfide, heavy-metal ions, fatty acids, and other steam-distillable
organic compounds which adversely affect the silver nitrate titration ;
thiocyanate, cyanate, glycine, urea, or other substances that may hydrolyze
to form cyanide under analytical conditions; substances contributing
colour or turbidity, affecting both titration and colour development ; and
oxidizing agents which are likely to result in the destruction of cyanide
during manipulation, particularly during the distillation stage.
(1) Sulfide is removed by treating the alkaline sample at pH 11.0
with small increments of powdered lead carbonate. Black lead sulfide
precipitates in samples containing sulfide. Repeat this operation until
no more lead sulfide forms. Filter and rinse the precipitate, add the rinse
water to the filtrate, and use an aliquot for analysis. Avoid a large excess
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of lead carbonate and a long period of contact in order to minimize complexing or occlusion of the cyanide with the precipitated material.
(2) Fatty acids form soaps under alkaline titration conditions and
render it difficult or impossible to detect the end-point. This type of interfering substance may be removed by an extraction, as suggested by Kruse &
Mellon. The sample should be acidified with acetic acid to pH 6-7 and
extracted with iso-octane, hexane, or chloroform (preference in the order
named). One extraction with a solvent volume equal to 20% of the sample
volume is usually adequate to reduce the fatty acids to a point below the
interference level. Avoid multiple extractions or a long contact time at
a low pH, in order to keep the loss of HCN at a minimum.
(3) Oxidizing agents are removed by the procedure outlined by Serfass
and colleagues. If the sample reacts positively to starch-iodide paper,
titrate with sodium sulfite (12.6 g anhydrous N3.tS03 per litre of solution)
until a negative test is obtained.
(4) Other interfering substances. After the removal of sulfides, fatty
acids, and oxidizing agents, most other interferences can be removed, if
necessary, by distillation.
2. I . 5. 3 Preservation of samples

Since most cyanides are very reactive and unstable, analysis should
be made as soon as possible after sampling. If the sample cannot be
analysed immediately, add NaOH to raise the pH to 11.0 or above, and
store in a cool place.
2.1.5.4 Apparatus
The following apparatus (see Fig. 2) is required :
Modified Claissen flask, 500 ml, having l joints, with side-arm deliverytube removed and opening sealed.
Air inlet, consisting of a thistle tube with l joint, having a glass-tube
(3-mm inside diameter) fused to the joint and extended to 1/4 inch from
the bottom of the modified Claissen flask.
Allihn type condenser, with l joint to fit the modified Claissen flask.
Gas washer, spiral-flow type, liquid capacity 100-250 ml (such as the
modified Milligan washer), fitted with a rubber tube with a pinch clamp
in the bottom.
Suction flask, 500-ml capacity.
Water aspirator.
Heating element, for the modified Claissen flask.
Connecting tubing, rubber or glass as indicated.
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FIG. 2 CYANIDE DISTILLATION APPARATUS
9-mm Outside Oilm.

2.1.5.5 Reagents
Sodium hydroxide solution, IN. Dissolve 4 g of NaOH in 100 ml distilled water.
Mercuric chloride solution. Dissolve 34 g of HgC11 in 500 m1 distilled
water. (CAUTION. Toxic; take care to avoid ingestion.)
Magnesium chloride solution. Dissolve 51 g of MgCI. ·6H20 in lOOml
distilled water.
Sulfuric acid, concentrated.
2.1.5.6 Procedure
Add the sample, containing not more than 500 mg of cyanide as CN
(dilute if necessary to 250-500 ml with distilled water), to the Claissen
flask. Add exactly 50 ml of NaOH solution to the gas washer and dilute,
if necessary, with distilled water to obtain an adequate depth of liquid
in the absorber. Connect the train, consisting of boiling-flask air inlet,
flask, condenser, gas washer, suction-flask trap, and aspirator. Adjust
the suction so that approximately one bubble of air per second enters
the boiling-flask through the air inlet. This air rate will effectively act as
a carrier for the HCN gas from flask to absorber and will usually prevent
a reverse flow of HCN through the air inlet. If the air rate does not prevent
the sample from backing up in the delivery-tube, the air-flow rate may
be increased up to two bubbles per second without loss in efficiency. If the
air rate becomes too high, the gas washer will not trap all of the HCN.
Add 20 ml of HgCI2 solution and 10 ml of MgCI2 solution through
the air inlet tube. Rinse the tube with distilled water and allow the air
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flow to mix the flask contents for 3 minutes. Slowly add concentrated
H2S04 in an amount equal to 5 ml for each lOO ml of solution in the distilling flask, and rinse the air inlet once more.
Heat at a rate that will provide rapid boiling but will not flood the
condenser inlet or permit vapours to rise more than halfway into the
condenser. Reflux for one hour. Turn off the heat but continue the air
flow. After 15 minutes of cooling, drain the gas washer contents into a
separate container. Rinse the connecting tube from the condenser to the
gas washer with distilled water, add the rinse water to the drained liquid,
and dilute to 250 ml in a volumetric flask.
Determine the cyanide content by the titration method, section 2.1.6,
if the cyanide concentration is greater than I mg/1 as eN and by the colorimetric method, section 2. 1 . 7, if the cyanide is below this level. If the
cyanide concentration is unknown, it is recommended that the content
be determined on 200 ml of the distillate by the titration method. If the
cyanide value is then found to be below the desired limit of I mg/1 as
eN, the remaining 50 ml of the distillate is diluted, if necessary, and
examined by the colorimetric method.
Refill the gas washer with a fresh charge of NaOH solution and repeat
the reflux procedure.
If the sample includes only readily-hydrolyzed cyanides, the absorber
liquid from the first reflux will contain all the available cyanide; if stable
complex cyanides are present, a significant yield will appear in the absorber
liquid from the second or from several successive periods, depending upon
the degree of stability.
2. ) . 6 evANIDE :

TITRATION METHOD 1

2.1.6.1 Principle
The eN- in the alkaline distillate from the preliminary screening procedure is titrated with a standard solution of AgN03 to form the soluble
cyanide complex, Ag(eN)2- . As soon as all the eN- has been complexed
and a small excess of Ag+ has been added, the excess Ag+ is detected
by the silver-sensitive indicator, paradimethylaminobenzalrhodanine,
which immediately turns from a yellow to a salmon colour. The indicator
is sensitive to about 0.1 mg/1 Ag. If the titration shows that the eN- is
below I mg/1, another aliquot is examined colorimetrically. The titration
method can be adapted for high concentrations as noted under selection
of method.
2. I. 6. 2 Interference

All interfering substances are eliminated or reduced to a minimum by
using only a distillate from the preliminary screening procedure.
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2.1.6.3 Minimum detectable concentration: about 0.1 mg Ag, or about
0.05 mg CN. If all the distillate from a 500-ml sample is used in the determination, the minimum detectable concentration approaches 0.1 mg/1 CN.

2. I. 6.4 Apparatus
Koch microburet, 5-ml capacity.

2. I. 6. 5 Reagents
Sodium hydroxide solution, IN. Dissolve 4 g of NaOH in lOO ml of
distilled water.
Indicator solution. Dissolve 0.02 g of paradimethylaminobenzalrhodanine in lOO ml of acetone.
Standard silver nitrate solution, O.OJ92N. Dissolve 3.27 g of AgN03 in
1 litre of distilled water. Standardize against standard NaCl solution using
the Mohr method with K2Cr04 indicator, as directed in section 2.3.12,
p. 127. 1.00 ml of this solution is equivalent to 1.00 mg CN.

2.1.6.6 Procedure
If preliminary treatment has included distillation, take an aliquot of
the distillate without pH adjustment. If the sample has not been distilled,
adjust the pH to 11.0 or above with sodium hydroxide solution. Dilute
the aliquot to 250 ml or some other convenient volume to be used for all
titrations. Add 0.5 ml of indicator solution.
Titrate with standard silver nitrate solution to the first change in colour
from a canary yellow to a salmon hue. Titrate a blank containing the same
amount of alkali and water.
It is advisable to adjust the sample size or the strength of AgN03 solution so that the titration requires 2-10 ml. The analyst should use the
amount of indicator that gives him the best result ; the same amount
should be used for all titrations. Most analysts find this titration difficult
for the first few trials, and this is reflected in high blank values. As the
analyst becomes accustomed to the end-point, blank titrations decrease
to 1 drop or less and precision improves accordingly.
2. I. 6. 7 Calculation
mg/1 CN
where: A
B

=
=

=

(A- B) X 1000
ml original sample

ml standard AgN03 for aliquot
ml standard AgN03 for blank

x

250
ml aliquot-
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2 .1. 6. 8 Precision and accuracy
The modified Liebig titration when used at a cyanide level above I mg/1
CN has a coefficient of variation of 2.0% for distilled samples or for
relatively clear samples without significant interference. Extraction and
removal of sulfide or oxidizing agents tend to increase the variation to a
degree determined by the amount of manipulation required and the type
of sample. The limit of sensitivity is approximately 0.1 mg/1 CN, but at
this point the colour change is indistinct. At 0.4 mg/1 the coefficient of
variation is four times that at a concentration level greater than 1.0 mg/1 CN.
2. 1 . 7

CYANIDE : COLORIMETRIC METHOD 1

2. 1. 7. 1 Principle
The CN- in the alkaline distillate from the preliminary screening procedure is converted to cyanogen chloride, CNCI, by reaction with chloramine-T at a pH less than 8 without hydrolyzing to the cyanate. After
the reaction is complete, the CNCI forms a blue dye on the addition of a
pyridine-pyrazolone reagent. If the dye is kept in an aqueous solution,
the absorbance is read at 620 m1.1. To obtain colours of comparable intensity,
it is essential that both the sample and the standards should have the same
salt content.
This test, which was proposed by Epstein, can be modified to improve
sensitivity and precision by extracting the colour with butyl alcohol and
then reading the absorbance at 630 m1.1. If the colour is too intense, smaller
aliquots are used for colour development.
2.1 . 7. 2 Interference
All interfering substances are eliminated or reduced to a minimum
by using only a distillate from the preliminary screening procedure.
2.1. 7.3 Apparatus
(1) Colorimetric equipment: one of the following is required:
Spectrophotometer, for use at 620-630 mll, providing a light path of
1 cm, or
Filter photometer, providing a light path of I cm and equipped with
a red filter having maximum transmittance at 620-630 m1.1.
(2) Reaction tubes: test tubes, approximately I x 8 in., fitted with
rubber stoppers.

2. 1. 7.4 Reagents
Sodium hydroxide solution, 0.2N. Dissolve 8 g of NaOH in 1 litre
of distilled water.
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Acetic acid (glacial), 1 + 4.
Stock cyanide solution: Dissolve 2.51 g of KCN in 1 litre of water.
Standardize against silver nitrate as directed in section 2.1.6.6 (page 91).
The solution loses strength gradually and must be rechecked every week.
Approximate strength: 1 ml = 1 mg CN. (CAUTION: Toxic; take care
to avoid ingestion.)
Standard cyanide solution: Dilute 10 ml of stock cyanide solution to
1000 ml with distilled water, mix, take a 10-ml portion and dilute to 100 ml.
Strength : 1.00 ml = 1.0 1-\g CN. This solution must be prepared daily.
(CAUTION : Toxic ; take care to avoid ingestion.)
Chloramine-T solution: Dissolve 1 g of chloramine-T in 100 ml of
water. Prepare daily.
1-phenyl-3-methyl-5-pyrazolone solution: Prepare a saturated aqueous
solution (approximately 0.5g/100 ml) by adding the pyrazolone to water
at approximately 75°C. Agitate occasionally as the solution cools to room
temperature. H necessary, the pyrazolone (melting point 127°·128°C) can
be purified by recrystallization from ethyl alcohol ; usually this is not
required.
Pyridine
Bis-pyrazolone: Dissolve 17.4 g of 1-phenyl-3-methyl-5-pyrazolone in
100 ml of ethyl alcohol. Add 25 g of phenyl hydraziDe, freshly distilled
under reduced pressure. Reflux in an all-glass apparatus. Reftuxing must
be continued for several hours to produce the bis-pyrazolone, the formation
of which is indicated by the appearance of crystals in the reflux mixture.
Reftuxing for 6-8 hours, then allowing to stand at room temperature
overnight and reftuxing for 1-2 hours the following day is generally adequate
for a good yield. Filter while hot, wash with hot 95% ethyl alcohol, and
air dry. The product (melting point greater than 320°C) is stable indefinitely
in dry form.•
Mixed pyridine-pyrazolone reagent: Mix 125 ml of the filtered, saturated
aqueous solution of pyrazolone with a filtered solution containing 0.025 g
of bis-pyrazolone dissolved in 25 ml pyridine. Several minutes of mixing
are usually necessary to dissolve the bis-pyrazo1one in pyridine. The mixed
reagent develops a pink colour on standing but if used within 24 hours
this does not affect the colour production with cyanide. Prepare daily.
n-Butyl alcohol
Disodium hydrogen phosphate solution : Dissolve 5 g of anhydrous
Na 2HP04 in 100 ml of water.
2.1. 7.5 Procedure
Prepare one or more aliquots of the absorption liquid obtained from
the distillation procedure in reaction tubes which, together with their
• Bis-pyrazolone may also be obtained commercially : Eastman No. 6969 or eQuivalent
product.
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stoppers, have been carefully rinsed with distilled water. Dilute each to
15 ml with NaOH, and neutralize with acetic acid to pH 6-7.
Prepare a blank by adding 15 ml of NaOH to a carefully rinsed reaction
tube. Also prepare a series of standards containing 0.2, 0.4, 0.6, 0.8 and
1.0 11g of CN. Neutralize blank and standards to pH 6-7 with acetic acid.
The amount of acid required for each of the diluted aliquots, the blank,
and the standards should be approximately the same.
Add 0.2 ml of chloramine-T solution, stopper, and mix by inversion
two or three times. Allow 1-2 minutes for the reaction.
Add 5.0 ml of mixed pyridine-pyrazolone reagent, stopper, and mix
by inversion. Allow 20 minutes for colour development.
If the aqueous colour is to be measured, dilute the contents of all
reaction tubes accurately to a definite volume-usually 25 ml-mix, and
read absorbance at 620 m11 on all samples and standards. If the colour of
the distillate aliquot is too intense, repeat the test using a smaller sample
or aliquot.
Greater sensitivity is possible if extracted colour is used for the spectrophotometric reading. At the end of the colour development period add
1 m1 of disodium hydrogen phosphate solution and 10 ml of carefully
measured butyl alcohol. Stopper and mix by inversion. If the emulsion
formed by the two-phase system does not break within 1 to 3 minutes,
add more of the phosphate solution and mix again. Withdraw an aliquot
of the alcohol layer and measure the absorbance at 630 m11. A large sample
volume or trace quantities of cyanide may require a modified solvent
volume.
The pyridine-pyrazolone colour will not develop quantitatively in the
alcohol layer if the phosphate is added before the colour development is
essentially complete in the aqueous phase.

2. 1 . 7. 6 Calculation

l1g/ 1 CN

=

11g CN in sample from calibration curve x 1000
· · 1 samp1e representmg
. coIoured samp1e
m1 ongma

2. 1 . 7. 8 Precision and accuracy
The pyridine-pyrazolone sensitivity data given below are for a final
volume of 25 ml after colour development using aqueous samples and
in 10 ml of added solvent for extracted samples. The absorbances of the
extracted samples were read in 1-cm cells. The colour was extracted from
a 25-ml volume in order to compare data with the aqueous readings, but
no detectable difference in precision was obtained on extractions where
100 ml of sample were used.
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For aqueous colour readings, the coefficient of variation was 1.7%, the
sensitivity 0.5 J.tg, and the effective range 1-5 J.tg. For extracted colour
readings, the respective figures were 3.9%, 0.1 J.tg, and 0.2-2.0 J.tg.
Sensitivity is defined as the amount of CN required to produce an
absorbance of 0.05 or above with a precision not more than twice the
coefficient of variation given. Effective range is the amount of CN present
in the reaction tubes-containing 25 ml of aqueous solution or 10 ml
of butyl alcohol extract-that results in an absorbance reading from 0.1
to 1.0.
The sensitivity of the extracted sample is determined by the ratio of
water to solvent volume. The figures given are for distilled samples. A
turbid sample showed approximately the same precision for the readings
on the extracted colour, but a large increase in the coefficient of variation
for the aqueous readings.

2. I. 8

BARIUM

No accurate and precise procedure for the detection and estimation of
small concentrations of barium in water is available at present. It is possible that such a method may be developed and published in the near
future.
2. 1 . 9 CADMIUM : TENTATIVE METHOD 1
2. 1 . 9 . 1 Principle

Cadmium ions, like those of many other metals, form an intense red
compound with diphenylthiocarbazone (dithizone). This can be extracted
into carbon tetrachloride and used for the colorimetric determination of
cadmium. When the extraction is carried out from a strongly basic solution, only a few substances-silver, mercury, copper, nickel, and cobalt
-interfere and these can be removed by preliminary extractions.
After digestion of the sample with HN03 /H2S04 or with HN03 iHC104
to decompose organic matter, any large amount of silver present is precipitated as AgCI. Copper and mercury, together with remaining silver,
are then removed by an extraction with dithizone in chloroform at pH 2.
The solution is adjusted to pH 9, and nickel is removed by addition of
dimethylglyoxime and extraction with chloroform; any cobalt present is
complexed with dimethylglyoxime so that it will not react with dithizone.
The solution is then made strongly basic and cadmium is extracted with
dithizone in chloroform. Zinc extracted with the cadmium from this basic
solution is removed by washing the chloroform solution with 0.5N sodium
hydroxide. Finally, the cadmium is determined by measuring the absorbance
of the cadmium-dithizone complex in chloroform at a wavelength of
51 5 m11 or with a suitable filter.
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2. 1. 9. 2 Interference
When the recommended procedure is used, the major interference is
from massive amounts of zinc ; if the zinc-cadmium ratio is large (greater
than 500: 1) it is difficult to extract the last traces of cadmium, and low
results are obtained. Otherwise, quantities of cadmium from 0.0025 to
0.025 mg can be determined readily in the presence of 0.25 mg each of
copper, cobalt, and zinc, and 2.5 mg each of silver, mercury, lead, bismuth,
arsenic, antimony, tin, chromium, aluminium, iron, manganese, nickel,
cyanide, thiocyanate, phosphate, sulfite, thiosulfate, tartrate, acetate,
and other common ions.
2. 1. 9. 3 Minimum detectable concentration
The quantity of cadmium required to give a net absorbance of 0.01
(98% transmittance) at 515 m11 in the final chloroform solution is about
0.0005 mg when a 1-cm absorption cell is used. When 50 m1 of initial
sample are taken, this corresponds to 0.01 mg/1.

2. 1. 9.4 Sampling and storage
Because of the great sensitivity of the method and the ready absorbability
of cadmium ions on surfaces, great care should be used to see that sampling
vessels are thoroughly clean. Polyethylene vessels are recommended.
Glass vessels after normal cleaning should be washed with 1 + 1 HN03
and then rinsed with redistilled water.
Samples should be acidified with HN03 and an excess of 5 m1 HN03
per litre of sample added at the time of collection.

2. 1. 9. 5 Apparatus
Volumetric pipettes, 5 ml.
Photometric equipment. One of the following types of photometers
equipped with absorption cells providing a 1-cm light-path and having
lids for closure:
(I) Spectrophotometer, for use at 515 m11.
(2) Filter photometer, equipped with a green filter exhibiting maximum light-transmission near 515 m11.
Separating funnels, 125 ml, Squibb form, with ground-glass or Tefton
stopcocks and stoppers. Amber or low-actinic ware is convenient, but
not essential. Wash with 1 + 1 HN03 following normal cleaning and
then rinse thoroughly with redistilled water.
Volumetric flasks, 25 ml, with ground-glass stoppers. Amber or lowactinic ware is desirable but not essential. Clean as described for separating
funnels.
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2. l . 9. 6 Reagents

Standard cadmium solution :
(1) Stock. Weigh 0.1000 g of pure cadmium metal and dissolve it in
20 ml of distilled water plus 5 m1 of HCl. Transfer the solution quantitatively
to a 1-litre volumetric flask and dilute to 1000 m1 with redistilled water.
Store this solution in a plastic container.
(2) Standard. Pipette 5.00 ml of stock cadmium solution into a 200-ml
volumetric flask, add 2 ml of concentrated HCl, and dilute to 200 ml with
redistilled water. Prepare as needed and use the same day. 1.00 m1 =
0.0025 mg Cd.
Redistilled water. Distilled water redistilled in all-glass apparatus.
Potassium sodium tartrate solution. Dissolve 50 g of KNaC4 H4 0 6 •
4H20 in 250 m1 of distilled water. Place in a separating funnel and shake
with 50-ml portions of dithizone solution 11 (see below) in carbon tetrachloride to purify from heavy-metal impurities. Remove the dithizone
and its yellow oxidation product by extraction with portions of chloroform
until the extracts remain colourless. Finally, extract with carbon tetrachloride to remove any chloroform. Store in a plastic bottle.
Sodium hydroxide solution, 2.5N. Dissolve 50 g of NaOH in 450 m1
of redistilled water. Store in a plastic bottle.
Carbon tetrachloride, purified as follows : Reflux 500 m1 of CC14 with
100 m1 of l.25N NaOH for 2 hours; separate the CC14 layer, wash it
with lOO m1 distilled water, dry it over anhydrous CaC12 , and then distil
over CaO. Avoid or redistil CC14 that comes in containers with metal or
metal-lined caps.
Hydrochloric acid, concentrated.
Dithizone solution I. Dissolve 0.1 g of diphenylthiocarbazone in
lOO ml of chloroform.
Dithizone solution 11. Since dithizone may be contaminated by diphenylthiocarbodiazone, the oxidation product of dithizone, the following procedure should be used for preparing purified reagent :
Dissolve lOO mg of dithizone in 500 ml of purified CCI4 • Keep this as
a stock solution and store in a dark bottle in a cool place, preferably in
a refrigerator.
Just before use, purify the stock solution as follows : Measure 75 m1
into a 250-ml separating funnel and add 75 m1 of distilled water plus 3 ml
of concentrated NH40H. Shake well, discard the CC14 layer, and then
extract with fresh portions of CC14 until the organic layer remains colourless, discarding these organic extracts. Then add 75 ml of purified CC14 ,
make the mixture acidic with 1 + l HCl, and shake well. Draw off the
CCI4 layer, wash with 100 ml of distilled water, separate, and dilute the
CC14 layer to 150 ml. Use for only half a day.
7
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Chloroform. Avoid or redistil material that comes in containers with
metal-lined caps.
Ammonium hydroxide, concentrated. Place 660 ml of redistilled water
in a 1-litre polyethylene bottle and chill by immersion in an ice bath.
Pass ammonia gas from a cylinder through a glass-wool trap into the
chilled bottle until the volume of liquid has increased to 900 ml. As an
alternative technique, place 900 ml of concentrated reagent ammonium
hydroxide in a 1500-ml distillation flask and distil into a chilled 1-litre
polyethylene bottle, containing initially 250 ml of redistilled water. until
the volume of liquid in the bottle has increased to 900 ml, keeping the
condenser tip below the surface of the liquid.
Dimethylglyoxime solution. Dissolve 1 g of dimethylglyoxime in lOO ml
of 95% ethyl alcohol.
Sodium hydroxide solution, 0.5N. Dissolve 10 g of NaOH in 490 ml
of redistilled water. Store in a plastic container.
2. 1 . 9. 7 Preparation of calibration curve

Pipette l.OG-10.00-ml portions of the standard cadmium solution into
125-ml separating funnels (amber). Dilute each to about 15-20 ml with
redistilled water and add 10 ml of potassium sodium tartrate solution
plus 10 ml of 2.5N NaOH. Then continue with steps (5) and (8) of the
procedure (section 2. 1. 9. 8).
Transfer a suitable portion of each final solution to a 1-cm absorption
cell and measure its absorbance at 515 m11 or with a green filter having
maximum transmission near this wavelength. As reference use either pure
CCI4 or a blank prepared by subjecting 20 ml of redistilled water to the
procedure employed for the standards. If pure CCI4 is used as the reference,
correct the absorbance readings of the standards by subtracting the absorbance of a blank prepared as described.
Construct a calibration chart by plotting corrected absorbance values
against milligrams or micrograms of cadmium.
2.1. 9. 8 Procedure
(I) Pipette a measured aliquot containing 0.0025-0.02 mg Cd from
the digested sample, prepared as described in section 2. 1. 8. 1, into a
150-ml beaker.
Add 0.2 ml of concentrated HCI to precipitate silver, stir, and let
stand for 2 minutes. Filter, if necessary, and wash. To the combined
filtrate and washings add 5 ml of potassium sodium tartrate solution and
adjust to pH 2.0 with concentrated HCI or NH40H.
(2) Transfer the adjusted solution to a 125-ml separating funnel and
extract with 5-ml portions of dithizone solution I in chloroform until the
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dithizone layer remains green. Reject the extracts. Then wash with 10-ml
portions of chloroform until the organic layer remains colourless, rejecting
the washings. Finally, wash with a 5-ml portion of CCI• and reject the
washing.
(3) Transfer the aqueous solution to a 150-ml beaker, add 5 ml of
potassium sodium tartrate solution, and adjust to pH 8.5-9.0 with concentrated NH.OH. Return the solution quantitatively to the separating
funnel.
(4) Add 5 ml of dimethylglyoxime solution and shake vigorously for
30 seconds. Extract with three or more 10-ml portions of CHC13 until
any white precipitate of excess dimethylglyoxime has been removed.
Reject the extract. Wash the aqueous layer once with a 5-ml portion of
CCl• and reject the washing.
Note. In the absence of copper, mercury, or silver, step (2) may be
omitted; in the absence of nickel or cobalt, step (4) may be omitted.
(5) Add 10 ml of 2.5N NaOH solution to the aqueous layer in the
separating funnel and mix. Add 5 ml of dithizone solution 11 in CCI• and
shake thoroughly. Transfer the CC14 layer to a clean separating funnel
(amber) and re-extract the aqueous layer with a second 5-ml portion of
dithizone solution 11 in CC14 • Combine the organic layer with the first
one. Continue extracting with 3-ml portions of the dithizone in CCJ.
until the organic extracts remain colourless or only slightly yellow, adding
these additional extracts to the previous ones.
(6) Wash the combined organic extracts in succession with two 20-ml
portions of 0.5N NaOH solution and then with distilled water; discard
the aqueous layer in each instance.
(7) Filter the red solution of cadmium-dithizone complex through a
small filter-paper into a 25-ml volumetric flask. Wash the filter-paper
with a little CCl• and add the washing to the contents of the volumetric
flask. Dilute to the mark with CClt and mix well.
Note. During extraction of the cadmium (steps (5)-(7)) it is advisable
to darken the room unless amber or low-actinic glassware is used. Towels
may be wrapped around the separating funnels and volumetric flask to
prevent sunlight from accelerating the light-sensitive decomposition of
the solution.
(8) Transfer a suitable portion of the CC14 solution to a 1-cm absorption cell and measure its absorbance within 15 minutes at a wavelength
of 515 m11 or with a suitable green filter against a blank of pure eel•.
From the observed absorbance subtract that of a reagent blank prepared
by subjecting 10 ml of redistilled water to the entire procedure, including
initial digestion. From the corrected absorbance determine the cadmium
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in the sample analysed by reference to the calibration chart prepared
according to section 2. 1. 9 . 7.

2. I. 9. 9 Calculation
mg/1 Cd = mg Cd read x ml

1000
. .
ongma1 samp1e

X

100
ml aliquot

l.l Chemical substances affecting health
FLUORIDE: SCOTT-SANCIUS METHOD 1

2.2.1

2.2.1.1 Interference
The important causes of interference are given in Table I.
2.2.1.2 Apparatus
Nessler tubes, matched, 100-ml, tall-form.
TABLE I. INTERFERENCE IN FLUORIDE DETERMINATION

Concentratlon
(mg/1)

Cause

AI+++

0.25

er-

2000

• Cla (should be completely
eliminated)

-

Effect on fluoride reading
Increase or decrease

!Amount (mg/1)

Decrease

0.1•

Decrease

0.1

Increase, If not removed

6

Fe+++

2

Increase

0.1

*Mn++++

0.05

Increase

0.16

(NaPOo)

1

Increase

0.1

Po.---

5

Increase

0.1

300

Increase

0.1

Decrease

0.1

so.-Alkalinity (as CaCOo)
• Colour (should be low or
compensated for)
•

Turbldl~) (sample

clear

should be

400

-

Either

-

-

-

• In these cases, the Interference can be eliminated without distillation by treating as described
In the procedure (section 2.2.1.5).
• Fluoride and aluminium must both be present for the colour Intensification to take place.
6 Strong oxidizing agents such as free chlorine and manganese dioxide bleach the zirconiumalizarin lake, whether present alone or In association with fluoride. The colours produced are
redder than those produced by fluoride alone. Other strong oxidants may exert a similar bleaching
effect under the strongly acid conditions of the test. The analyst should therefore be on the lookout for such lnterlerence.
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2.2.1.3 Reagents
(I) Zirconium-alizarin solution. Dissolve 0.3 g of zirconium oxychloride octahydrate (Zr0Cl 2, 8H20)-or 0.25 g of zirconyl nitrate
dihydrate (ZrO(N03h, 2H20)-in 50 ml of distilled water contained in
a 1-litre glass-stoppered flask. Dissolve 0.07 g of alizarin sodium monosulfonate (use the dye marketed under the name "Alizarin Red S ") in
50 ml of distilled water and pour slowly into the zirconium solution, while
swirling the flask. The resulting solution clears on standing for a few
minutes.
(2) Mixed acid solution. Dilute 112 ml of concentrated hydrochloric
acid to 500 ml with distilled water. Add carefully 37 ml of concentrated
sulfuric acid to 400 ml of distilled water and dilute to 500 ml. After cooling,
mix the two acids.
(3) Acid zirconium-alizarin reagent. To the clear zirconium-alizarin
solution in the 1-litre flask, add the mixed acid solution up to the mark,
and mix. The reagent changes in colour from red to yellow within one
hour and is then ready for use. Stored in a refrigerator, the reagent is
stable for at least 2 months.
(4) Sodium arsenite solution. Dissolve 1.83 g of sodium arsenite in
litre of distilled water. Prepare fresh every six months.
(5) Solutions for the elimination of manganese dioxide:
(a) Hydrogen peroxide, 3% solution.
(b) Potassium iodide solution. Dissolve 3 g of potassium iodide in
100 ml of distilled water.
(c) Sodium thiosulfate solution, approximately 0.1N. Dissolve 2.5 g
of sodium thiosulfate (Na2S20 3 , SH20) in 100 ml of distilled water.
(6) Sodium fluoride standard solution. Dissolve 0.2210 g of sodium
fluoride in distilled water and dilute to 1 litre. Dilute 100 ml of this stock
solution to 1 litre with distilled water. One ml of the final solution
contains 0.010 mg of F.
2.2.1.4 Preparation of standards
Pour the following volumes of sodium fluoride standard solution into
Nessler tubes : 0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, and 14.0 ml.
Make up to lOO ml with distilled water.
2.2.1.5 Procedure
( 1) Pre-treatment of sample
If the sample contains free chlorine, remove it by adding 2 drops (0.1 ml)

of sodium arsenite solution for each 0.1 mg of Cl2 • Add 2 drops in excess,
and mix.

102

INTERNATIONAL STANDARDS FOR DRINKING-WATER

If the sample contains manganese dioxide, up to 0.5 mg/1 Mn can be
removed by the following treatment: To a 100-ml sample, add 1 drop
(0.05 m1) of 3% hydrogen peroxide solution, and mix. After the amber
colour, characteristic of manganic ion, is discharged, the excess peroxide
is eliminated by the addition of 1 drop of potassium iodide solution,
followed by 3 drops of 0.1N sodium thiosulfate solution. For accurate
results, standards should receive the same treatment. If the sample is
turbid. filter it.
(2) Analysis

Adjust the temperature of samples and standards so that the deviation
between them is not more than 2°C. A temperature near that of the room
is satisfactory. A constant temperature should be maintained throughout
the determination. To 100 ml of the clear sample, or an aliquot diluted
to 100 ml, and to the standards in Nessler tubes, add 5.0 ml of the acid
zirconium-alizarin reagent from a volumetric pipette. A reagent that has
been refrigerated need not be warmed before use since its cooling effect
will be small and constant. Mix thoroughly and compare the samples
and standards after one hour.
If the sample is moderately coloured, the colour may be compensated
for by "adding" the same colour to the standards in the following way.
Place the tube containing the standard above a similar tube containing
the sample, acidified with 4.5 ml of the mixed acid solution. Compare
against the tube containing the sample plus reagent, placed above a tube
containing distilled water. The visual comparison is made in the usual
manner; however, the solutions will have double the usual depth.
2.2.1.6 Calculation
F (m /l = mg of F in standard matched by sample x 1000
g )
ml of sample
2. 2. 1. 7 Precision and accuracy
If distillation is omitted, caution must be exercised in interpreting
results. Precision and accuracy will depend upon time and temperature
control and the effect of interfering substances, as well as upon the application of the usual quantitative techniques. When the procedure is carefully
followed and when the interferences are low or compensating, the precision
and accuracy will both be ± 0.1 mg ofF per litre if a 100-ml sample was
taken for analysis. When the concentration of any interfering substance
is high, accuracy will be limited and distillation is recommended.
2.2.2 NITRATE: PHBNOLDISULFONIC ACID METHOD 1
2.2.2.1 Principle
The basic reaction between nitrate and 2,4-phenoldisu1fonic acid produces 6-nitro-2,4-phenoldisulfonic acid, which upon conversion to the
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alkaline salt yields the yellow colour employed for the colorimetric
estimation.
2. 2. 2. 2 Interference
Even small concentrations of chloride result in nitrate losses in this
method. For this reason, it is important that the chloride content be
reduced to a minimum, preferably below 10 mg/1. None the less, the
use of silver sulfate presents problems with some water samples owing to
the incomplete precipitation of the silver ion, which produces an offcolour and/or turbidity when the final colour is developed. On account
of its ability to form complexes with silver, ammonium hydroxide may
in some situations possess advantages over potassium hydroxide as the
alkali of choice at the end of the determination. Since chloride is a frequent
constituent of many waters, its significance as a cause of interference
cannot be over-emphasized. Nitrite levels in excess of 0.2 mg of N per
litre erratically increase the apparent nitrate concentrations. Coloured
ions and materials which physically modify the colour system should be
absent.
2. 2. 2. 3 Storage of samples
To prevent any change in the nitrogen balance through biological
activity, the nitrate determination should be started promptly after sampling. If such a step is impracticable, storage near freezing temperature is
advisable. If acid preservation is employed, it is important that the sample
acidity be neutralized to at least pH 7 immediately before the procedure
is undertaken.
2.2.2.4 Apparatus
Nessler tubes, matched, 50-ml or 100-ml.
2.2.2.5 Reagents
All reagents should be prepared from chemicals which are white in
colour, and solutions should be stored in Pyrex containers.
(1) Phenoldisulfonic acid reagent : Dissolve 25 g of pure white phenol
in 150 ml of concentrated sulfuric acid. Add 75 ml of fuming sulfuric
acid (containing 15% free sulfur trioxide), stir well, and heat for 2 hours
on a hot water-bath.
(2) Ammonium hydroxide, concentrated.
(3) Potassium hydroxide solution, approximately 12N. Dissolve
673 g of potassium hydroxide in distilled water and dilute to 1 litre.
(4) Aluminium hydroxide suspension. Dissolve 125 g of potassium
or ammonium alum-K 2Al 2(S04) 4 , 24H20 or (NHJ2Al 2(S04 ) 4 , 24H20in 1 litre of distilled water. Warm to 60°C and add slowly, with stirring,
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SS ml of concentrated ammonium hydroxide. After it has stood for about
one hour, transfer the mixture to a large bottle and wash the precipitate
thoroughly by successive decantations with distilled water, until free from
ammonia, chloride, nitrite, and nitrate.
(5) Potassium nitrate stock solution. Dissolve 0.722 g of anhydrous
potassium nitrate in distilled water and dilute to 1 litre. One ml of this
solution contains 0.1 mg of N.
(6) Potassium nitrate standard solution. Evaporate 50.0 ml of potassium nitrate stock solution to dryness on a water-bath, dissolve the residue
by rubbing with 2 ml of phenoldisulfonic acid reagent, and dilute to 500 ml
with distilled water. One ml of this solution contains 0.01 mg of N or
0.0443 mg of N03 •
(7) Silver sulfate standard solution. Dissolve 4.40 g of silver sulfate,
free from nitrate, in distilled water and dilute to 1 litre. One ml is equivalent to 1.0 mg of Cl.

2. 2. 2. 6 Preparation of standards
Introduce in a series of 50-ml Nessler tubes the following volumes
of potassium nitrate standard solution: 0, 0.1, 0.3, 0.5, 0.7, 1.0. 1.5,
2.0, 3.5, 6.0, 10, 15, 20, and 30 ml. (Where it is more convenient to use
a total volume of 100 ml, the volumes of standard solution may be doubled.)
Make up to the mark with distilled water, after adding to each tube 2.0
ml of phenoldisulfonic acid reagent and a volume of the alkali (concentrated ammonium hydroxide or potassium hydroxide solution) equal
to that used for the sample. These standards may be kept for several
weeks without deterioration.

2.2.2.7 Procedure
If the sample has a colour of more than 10 units, decolorize by adding
3 ml of aluminium hydroxide suspension to I SO ml of sample. stir very
thoroughly, allow to stand for a few minutes, and filter, discarding the
first portion of the filtrate.
Determine the chloride content of the water, and treat a 100-ml sample
with an equivalent amount of silver sulfate standard solution. Remove
the precipitated chloride either by centrifugation or by filtration, coagulating the silver chloride by heat if necessary. Neutralize the clarified sample
to approximately pH 7, transfer to a casserole, and evaporate to dryness on
a water-bath. Rub the residue thoroughly with 2.0 ml of phenoldisulfonic
acid reagent to ensure solution of all solids. If necessary, heat mildly
on a water-bath for a short time to dissolve the entire residue. Dilute
with 20 ml of distilled water and add, with stirring, 6-7 ml of concentrated
ammonium hydroxide or S-6 ml of potassium hydroxide solution, until
maximum colour is developed. Filter any resulting flocculent hydroxides
from the coloured solution. Transfer the filtrate to a 50- or 100-ml volu-
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metric flask or Nessler tube, dilute to the mark with distilled water, and
mix. Compare visually against the standards.
2. 2. 2. 8 Calculation
mg of N x 1000
l
N (mg / ) =
ml of sample
N03 (mg/1) = mg/1 N x 4.43

2.2.2.9 Precision and accuracy
The problem of eliminating or compensating for the chloride interference makes it difficult to define the precision and accuracy of the method.
With some supplies, precision and accuracy of the order of 0.05 mg/1
in the range up to I mg/1 N can be attained, while with other supplies
much greater errors have been demonstrated. Even though the method
is capable of a sensitivity somewhat below 0.05 mg/1 N, the over-all
uncertainties warrant reporting results only to the nearest 0.1 mg/1.

2.3 Chemical substances affecting potabiUty
2.3.1 RESIDUE 1

2. 3. I . I Total residue
Choose a volume of sample which will yield a residue between 25
and 250 mg, preferably between lOO and 250 mg. A rough preliminary
calculation from the values obtained in other chemical determinations
will usually suffice to estimate the volume to be evaporated. Place the
sample, thoroughly shaken and unfiltered, in a weighed evaporating dish.
The dish should preferably be made of platinum, but silica, porcelain, or
Pyrex dishes may be used. Place the dish in an oven maintained at
103-105°C and evaporate the sample to dryness. If more convenient,
evaporation may be carried out on a steam-bath, but the final drying
should be done in the oven. After all the liquid has evaporated, continue
to dry the residue to constant weight. If time is no obstacle, allow the
residue to dry overnight. After drying, allow the warm dish to cool in
a desiccator, and weigh. If the residue is hygroscopic, it may be necessary
to weigh the dish in a closed container. Report the increase in weight
as total solids or residue on evaporation.
2. 3. 1. 2 Fixed residue
Ignite the residue remaining in the dish in a muffle furnace at a temperature of 500°C. In order to obtain maximum reproducibility, it is
preferable to have the furnace up to temperature before inserting the
samples and to ignite for one hour. After ignition, allow the dish to cool,
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moisten the residue with a 5% solution of ammonium bicarbonate, and
dry at 103-105°C as for total residue. This reconverts oxides to carbonates.
Weigh the final residue and subtract the weight of the dish to obtain the
weight of the fixed residue. The difference between this figure and that
recorded as total residue is reported as loss on ignition.
2. 3. 1. 3 Calculation
The following formula is applicable to either of the above determinations:
mg of residue x 1000
.
Res1due (mg/1) =
f
m1 o samp1e
In reporting results, the form of residue should be stated.
2.3.2

CoLOUR. 1

2.3.2.1 Apparatus
Nessler tubes, matched, 50-ml, tall-form.
2. 3. 2. 2 Preparation of standards
Dissolve 1.245 g of potassium chloroplatinate (K2PtC16), equivalent
to 0.500 g of metallic platinum, and 1 g of crystallized cobaltous chloride
(CoCI 2, 6H20), equivalent to about 0.25 g of metallic cobalt, in distilled
water with 100 ml of concentrated hydrochloric acid, and dilute to 1 litre
with distilled water.
If potassium chloroplatinate is not available, it may be replaced by
chloroplatinic acid, which should be prepared as follows: Dissolve 0.500 g
of pure metallic platinum in aqua regia with the aid of heat ; remove
nitric acid by repeated evaporation with fresh portions of concentrated
hydrochloric acid. Then dissolve the product with 1 g of crystallized
cobaltous chloride, as directed above. Commercial chloroplatinic acid
should not be used because it is very hygroscopic and may therefore vary
in platinum content (potassium chloroplatinate is not hygroscopic).
The stock solution obtained in this way has a colour of 500 units.
To prepare standards having colours of 5, 10, 15, 20, 25, 30, 35, 40, 45,
SO, 60, and 70 units, dilute 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, S.O,
6.0, and 7.0 ml respectively of the stock solution with distilled water to
SO ml in 50-ml Nessler tubes. Protect these standards against evaporation
and contamination when not in use.
2.3.2.3 Procedure
Fill a matched Nessler tube to the 50-ml mark with the sample to be
examined and compare its colour with that of standards. The observation
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should be made by looking vertically downwards through the tubes towards
a white or specular surface placed at such an angle that light is reflected
upwards through the columns of liquids. If turbidity is present and has
not bee~ removed by the procedure given below, the colour is reported
as " apparent colour .. . If the colour exceeds 70 units, the sample should
be diluted with distilled water in known proportions until the colour is
within the range of the standards, and the results multiplied by the
appropriate dilution factor.
In the presence of turbidity, the true colour should be determined
after the removal of turbidity by centrifuging. The sample is placed in a
suitable centrifuge tube or tubes and centrifuged until the supernatant is
clear. The time required will depend upon the nature of the sample, the
speed of the motor, and the radius of the centrifuge, but will rarely be
more than one hour. The centrifuged sample should be compared in a
Nessler tube with distilled water to ensure that all turbidity has been
eliminated. If clear, the sample is then compared with the standards.
2. 3. 2. 4 Expression of results
The results of the colour determination are expressed in whole num·
bers with the following accuracy:
Colour range
I· 50 units .
51·100
•• •
101-250
251-500

.. .
...

2. 3. 3

Record to
nearest
I unit

5 units
10
20

..

••

1'uRBIDITY 1

2.3.3.1 Principle
Turbidity measurements are based on the light path of a suspension
which just causes the image of the flame of a standard candle to disappear.
i.e., to become indistinguishable against the general background illumination, when the flame is viewed through the suspension. The greater the
light path, the lower the turbidity.
2. 3. 3. 2 Interference

The method is applicable to any water sample free from debris and
coarse sediments that settle out rapidly ; dirty glassware, air bubbles,
and vibrations which disturb the surface visibility of the sample lead to
false results.
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2. 3. 3. 3 Storage of samples
It is preferable to determine turbidity on the same day the sample is
taken. If longer storage is unavoidable, however, samples may be stored
in the dark for as long as 24 hours. For even longer storage, treat the
sample with I g of mercuric chloride per litre. In every case, the samples
should be vigorously shaken before examination.
2.3.3.4 Apparatus
The standard instrument for making such measurements is the Jackson
candle turbidimeter, consisting of a calibrated glass tube, a standard
candle, and a support which aligns the candle and the tube. The glass
tube and the candle are supported in a vertical position so that the centre
line of the tube passes through the centre line of the candle. The candle
support consists of a spring-loaded cylinder designed to keep the top of
the candle pressed against the top of the support as the candle gradually
burns away. The top of the support for the candle should be 7.5 cm below
the bottom of the glass tube, which must be polished optically flat. The
glass tube must be kept clean and free from scratches. It should be
graduated to read directly in turbidity units. Most of the glass tube must be
enclosed in a metal tube when observations are being made, both for the sake
of protection against breakage, and for the exclusion of extraneous light.
The candle is made of beeswax and spermaceti, and designed to burn
within the limits of 7.4-8.2 g per hour. To ensure uniform results, the
flame must be kept as near constant size and constant distance from the
bottom of the glass tube as possible : this will require frequent trimming
of the charred portion of the wick and frequent observations to see that
the candle is pushed to the top of its support. All drafts must be eliminated during measurements to prevent the flame from flickering. The
candle must not be kept burning for more than a few minutes at a time,
for the flame has a tendency to increase in size. Each time before the
candle is lighted, any portions of the charred wick that can easily be
broken off when manipulated with the fingers should be removed.
2. 3. 3. 5 Preparation of standard suspensions

It is best to use natural turbid water from the same source as that to
be tested. If this is not available, suspended matter or bottom sediments
from the body of water under investigation may be boiled with 50% hydrochloric acid to remove water-soluble material, washed repeatedly by
centrifugation and decantation, and made into suspensions. If natural
materials are unavailable or unsatisfactory, fullers' earth or wet-ground
diatomaceous earth may be used. If the turbidity is caused by materials
added during water treatment, then carbon, alum, or whatever material
is responsible for the turbidity should be used. Add approximately 5 g of
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dry material to 1 litre of distilled water, thoroughly agitate, and allow
to stand for 24 hours. Withdraw the supernatant without disturbing the
sediment at the bottom. Determine the turbidity with the Jackson candle
turbidimeter. Dilute portions of the suspension to the turbidity values
desired, checking all values above 25 units with the candle turbidimeter.
Standard suspensions may be preserved by the addition of 1 g of mercuric
chloride per litre. Suspensions must be well shaken before each reading,
and must be checked at least once a month with the candle turbidimeter.
Suspensions having turbidities below 25 units cannot be checked directly :
these must be made up fresh at least once a month by dilution of a more
concentrated suspension which has been freshly checked. Dilute suspensions calculated to contain 0, 0.2, 0.4, 0.6, 0.8, 1.0, etc. turbidity units
should be made fresh weekly by dilution of the 10-unit suspension.
It is preferable to store the suspensions in Pyrex or other resistant
glass bottles.
2.3.3.6 l'rocedure
(1) For turbidities between 25 and 1000 units. Observations are made by
pouring the sample into the glass tube until the image of the candle flame
just disappears from view. At this stage the analyst should see a uniformly
illuminated field with no bright spots. Addition of the sample should
be carried out slowly towards the end. After the image has been made
to disappear, the removal of 1% of the sample should again make the
flame image visible. It is convenient to employ a pipette to add or remove
small amounts of the sample at the end. Care should be taken to keep
the glass tube clean both inside and outside, and to avoid scratching the
glass. The accumulation of soot or moisture on the bottom of the tube
may interfere with the accuracy of the results.
(2) For turbidities exceeding 1000 units. The sample is diluted with one
or more volumes of turbidity-free water until the turbidity falls below
1000 units. The turbidity of the original sample is then computed from
the turbidity of the diluted sample and the dilution factor. For example,
if 5 volumes of turbidity-free water were added to 1 volume of sample,
and the diluted sample showed a turbidity of 500 units, then the turbidity
of the original sample was 3000 units.
(3) For turbidities between 5 and 100 units. The Jackson candle turbidimeter has a lower limit of 25 units. In the range from 5 to 100 units,
samples may be compared in sets of bottles with standard suspensions
made by diluting more concentrated standard suspensions with turbidityfree water in known ratios. The sample and the standards are placed in
bottles of the same size, shape and type, enough empty space being left
at the top of each bottle to allow adequate shaking before each reading.
The comparison shall be made by viewing the sample and the standards
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through the sides of the bottles, looking through them at the same object,
and noting the distinctness with which the object can be seen. The turbidity of the sample shall be recorded as that of the standard which produced the visual effect most closely approximating that of the sample.
Readings may be made conveniently by viewing newsprint or a series
of ruled black lines on white paper. It is preferable that artificial light
be used, and directed downwards from above, so that no direct light
reaches the eye. If a commercial turbidimeter is used, the manufacturer's
instructions should be followed, and calibration against the Jackson
candle turbidimeter is necessary.
(4) For turbidities of less than 5 units. When the turbidity of a sample
is less than 5 units, measurement of scattered light rather than transmitted
light is employed. Visual instruments which operate on the scattering
principle include the Baylis and the St. Louis turbidimeters. Several
photoelectric instruments, including nephelometers, are on the market.
The tubes to be used with the available instrument should be of clear,
colourless glass. They must be kept scrupulously clean, both inside and
outside, and should be discarded when they become scratched or etched.
They should not be handled at all where the light strikes them, but must
be provided with sufficient extra length, or with a protective case, so that
they may be handled. The tubes should be filled with samples and standards which have been thoroughly agitated, and then sufficient time allowed
for bubbles to escape. In visual instruments, the turbidity should be
recorded as that of the most closely matching standard. In using commercial instruments, the manufacturer's instructions should be followed,
and calibration against the Jackson candle turbidimeter is necessary.
2. 3. 3. 7 Expression of results
Analysts who are familiar with earlier standard procedures will note
that the terms "silica scale" and "parts per million" for turbidity have
not been used here. The reasons are that reproducible suspensions cannot
be made up on a weight basis unless the same batch of silica powder is
always used, and that the primary standard for turbidity has always been
the Jackson candle turbidimeter, making the use of a scale based on
silica unnecessary and anomalous. The present turbidity units have the
same numerical value as the former silica-scale units.
Turbidity readings are recorded with the following accuracies:
TurbiditY range
0-1
unit.
1·10 units
10-100 "
100-400 "
400-700 "
Over 700 ,

Record to nearest
0.1 unit

I

S

"

units

10

so

100

"
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For comparison of the efficiency of water treatments, it may be desirable to estimate the turbidities more precisely than is specified above ;
but because of the uncertainties and discrepancies in turbidity measurements, it cannot be expected that two or more laboratories will duplicate
results on the same sample more closely than specified.
2.3.4

TASTB AND ODOUR 1

2. 3. 4. 1 Cold odour quality
Shake about 250 ml of the sample at 20°C in a 500-ml wide-mouth
Erlenmeyer flask, and lightly sniff the odour. Avoid vigorous or repeated
shaking in order not to dissipate the odour.
2.3.4.2 Hot odour quality
Pour about 250 ml of the sample into a 500-ml Erlenmeyer flask, and
close the mouth of the flask with a watch glass. Heat the water to approximately 58-60°C, agitate it with a rotary movement, slip the watch glass
aside, and sniff the odour.
2. 3 .4. 3 Expression of results
Results are reported on both hot and cold samples, and as to both
intensity and type. The intensity is reported according to the following
scale:
lntetUlty

0
I ..

11 • • • • • • • •

Ill . . . . . . . .

IV
V

Definition

No odour detectable
Odour would not be detected by an average
consumer, but would be detected by
an eltperienced observer
Odour might be detected by an average
consumer, but only if his attention
were called to it
Odour would be readily detected and
might cause the water to be regarded
with disfavour
Odour would force itself upon the attention
and might make the water unpalatable
Odour of such intensity that the water is
absolutely unfit to drink (used only in
elttreme cases)

The type of odour is reported according to the key given in Table 11.
As an example, a sample described as " V Dp " would represent a water
unfit to drink owing to an excessive amount of Anabaena.
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TABLE 11. TYPES OF ODOUR
Abbreviation

Aromatic or spicy

A
Ac

B

c

Nature of odour

Bg
Bn
Bs
Bv
Cc
Ch
Cm
Ca

D
Df
Dp
Ds
E
Ep
G
M
Mm
V

Cucumber
Balsamlc or flowery
Geranium
Nasturtium
Sweetish
VIolets
Chemical
Chlorlnous
Hydrocarbonous
Medicinal
Sulfuretted
Disagreeable or
pronouncedly unpleasant
Fishy
Pig-pen
Septic
Earthy
Peaty
Grassy
Musty
Mouldy
Vegetable

I

Examples or probable
causes of odours
Camphor, cloves, lavender,
lemon
Synura
Geranium, violet, vanilla
Asterlonella
Aphanlzomaenon
Coelosphaerlum
Mallomonas
Industrial wastes or
chemical treatment
Free chlorine
011 refinery wastes
Phenol and Iodoform
Hydrogen sulfide

Uroglenopsls and Dlnobryon
Anabaena
Stale eewage
Damp earth
Peat
Crushed grass
Decomposing straw
A damp cellar
Root vegetables

Taste should be considered as another form of odour.
2. 3. 5

IRON : PHENANTHROLINE METHOD 1

2.3.5.1 Principle
Iron is brought into solution by boiling with acid, is reduced to the
ferrous state by hydroxylamine, and is then treated with 1,10-phenanthroline. Three molecules of phenanthroline chelate each atom of ferrous iron
to form an orange-red complex. The coloured solution formed obeys
Beer•s law: its intensity is independent of pH over the range pH 2-pH 9,
and it is stable for at least six months. A pH between 2.9 and 3.5 is necessary, however, to ensure rapid colour development. Therefore, pH adjustment is provided in the procedure.
2. 3. 5. 2 Interference

Among the interfering ions are phosphates (both ortho and higher
phosphates), chromium, copper, nickel, cobalt, zinc, mercury, silver,
cadmium, bismuth, fluoride, molybdate, citrate, oxalate, tartrate, and some
of the rarer metals. Colour and turbidity interfere, but photometric compensation may be used. The initial boiling with acid removes cyanides
and nitrites, which would otherwise interfere. Strong oxidizing agents
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may interfere if present in sufficiently high concentrations to destroy the
hydroxylamine : the addition of more hydroxylamine will eliminate error
from this source. If much colour or organic matter is present, it may be
necessary to evaporate the sample, gently ash the residue, and then redissolve it in acid. The ashing may be carried out in silica, porcelain, or
platinum crucibles which have previously been boiled for several hours
in SO% hydrochloric acid.
2.3.5.3 Apparatus
Acid-washed glassware. All glassware must be washed with concentrated hydrochloric acid and rinsed with distilled water prior to use,
in order to remove the thin film of absorbed iron oxide which is frequently
present as a result of the use of the glassware for other purposes.
Nessler tubes, matched, 100-ml, tall-form.
2.3.5.4 Reagents
All reagents must be low in iron. Iron-free distilled water is required.
Glass-stoppered bottles are recommended for storage. The hydrochloric
acid, the sodium acetate solution, and the iron standard stock solution
are stable indefinitely if tightly stoppered. The hydroxylamine hydrochloride and phenanthroline solutions are stable for several months.
The iron standard working solutions are not stable and must be prepared
freshly as needed by diluting the stock solution. Visual standards in
Nessler tubes are stable for three months.
(1) Hydrochloric acid. Set aside a supply of concentrated hydrochloric acid for this determination. Since the HCJ content may vary from
35 to 38%, the sodium acetate solution will have to be adjusted for the
particular Jot of hydrochloric acid to be used.
(2) Sodium acetate solution. Dissolve 350 g of sodium acetate
(NaC2H30 2, 3H20) in SOO mJ of distilled water and dilute to approximately
1 litre. Standardize a pH-meter with the pH-4.0 buffer. Pipette exactly
2.0 m) of concentrated hydrochloric acid into 100 ml of distilled water.
Insert the pH electrodes. Place the sodium acetate solution in a burette
and titrate the hydrochloric acid with it until the pH is between 3.2 and 3.3.
Add enough distilled water to the remainder of the sodium acetate solution so that 10.0 ml, when added to 2.0 ml of hydrochloric acid and
100 ml of distilled water, will bring the pH to a value between 3.2 and 3.3.
Re-check this dilution by trial. This adjustment is valid only for the
particular bottle of acid used and must be re-checked for each new batch
of hydrochloric acid.
(3) Hydroxylamine hydrochloride solution. Dissolve 10 g of hydroxylamine hydrochloride (NH30, HCl) in 100 ml of distilled water.
(4) Phenanthroline solution: Dissolve 0.12 g of 1,10-phenanthroline
(CuH8N2, H20) in 100 ml of distilled water by stirring and heating to
8
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80°C ; do not boil. This solution should be discarded if it darkens. Store
in a cool, dark place.
(5) Iron standard stock solution. Use electrolytic iron wire, or "iron
wire for standardizing ", to prepare the standard. If necessary, clean the
wire with fine sandpaper to remove any oxide coating and to produce a
bright surface. Weigh 0.2000 g of wire and place in a 1-litre volumetric
flask. Dissolve in 20 ml of 16.7% sulfuric acid and dilute to the mark
with iron-free distilled water. One ml of this solution contains 0.2 mg
of Fe.
(6) Iron standard working solutions. These should be prepared the
day they are to be used.
(a) By means of a pipette, introduce 50.0 ml of iron standard stock
solution into a 1-litre volumetric flask and dilute to the mark with
iron-free distilled water. One ml of this solution contains 0.01 mg
of Fe.
(b) By means of a pipette, introduce 5.0 ml of iron standard stock
solution into a 1-litre volumetric flask and dilute to the mark with
iron-free distilled water. One ml of this solution contains 0.001 mg
of Fe.
2.3.5.5 Preparation of standards
By means of a pipette, accurately measure calculated volumes of the
working solutions (the weaker solution should be used for the 0.0010.010-mg portions), introduce into 125-ml Erlenmeyer flasks, and treat in
the same manner as the sample. For visual comparison, a set of at least
12 standards is desirable, ranging from 0.001 to 0.12 mg of Fe in the
final 100-ml volume.
2.3.5.6 Procedure
(I) Pre-treatment of sample. The following types of pre-treatment
are to be applied for the various forms of iron to be determined. The
determinations should be made as soon as possible after the sample is
collected, especially for soluble iron. If the sample to be analysed for
total iron is measured and acidified, it may be safely stored.
(a) Total iron. The sample is mixed thoroughly, measured, and treated.
(b) Dissolved iron. Allow the sample to settle, then decant and filter
the supernatant through fine filter paper, discarding the first portion.
Treat a measured volume of the filtrate.
(c) Suspended iron. Determine total and dissolved iron and calculate
the suspended iron by subtracting the dissolved from the total iron.
(2) Colour development. If the sample is expected to contain less
than 2.4 mg of Fe per litre, pipette a 50.0-ml aliquot into a 125-ml
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Erlenmeyer flask. If the sample is expected to contain a higher concentration of iron, accurately measure a smaller aliquot which will contain
less than 0.12 mg of Fe, and add distilled water to make the volume
about SO ml. Add 2.0 ml of concentrated hydrochloric acid and a
few glass beads. Heat to boiling and boil gently for S minutes to bring
all the iron into solution. Cool to room temperature, transfer to a 100-ml
volumetric flask, and add 1 ml of hydroxylamine hydrochloride solution,
10.0 ml of sodium acetate solution, and 10 ml of phenanthroline solution.
Dilute to the mark with distilled water, mix thoroughly, and allow to stand
for 15 minutes to permit full colour development. Compare visually
with the standards in Nessler tubes.
2. 3. 5. 7 Calculation

Fe (mg/1)

mg of Fe x 1000
ml of sample

It is advisable to report details of sample collection, storage, and pretreatment together with the iron value obtained, if this will aid in the
interpretation.

2. 3. S. 8 Precision and accuracy

The precision and accuracy will depend upon the method of sample
collection and storage, the method of colour measurement, the iron concentration, and the presence of interfering colour, turbidity, and foreign
ions. In general, visual comparison in Nessler tubes is not reliable to
better than ± 5%-often only ± 10%. The sensitivity limit for visual
observation in Nessler tubes is approximately 0.001 mg of Fe. The variability and instability of the sample may limit the precision and accuracy
of this determination more than will the errors of analysis itself. In the
past, serious discrepancies have been reported between different laboratories because of differences in collecting and treating the samples.
2.3.6

MANGANESE: PERSULFATE METHOD 1

2.3.6.1 Principle
Persulfate oxidation of soluble manganous compounds to form permanganate is carried out in the presence of silver nitrate. The resulting
colour is stable for at least 24 hours if excess persulfate is present and
organic matter is absent.
2.3.6.2 Interference
As much as 0.1 g of sodium chloride is prevented from interfering
by the addition of mercuric sulfate to form slightly dissociated complexes.
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Only minute amounts of bromide and iodide may be present. Reasonable
amounts of organic matter may be present if the period of heating is
increased and more persulfate is added. The effect of turbidity can only
be estimated, and no correction for interfering colour is possible;

2. 3. 6. 3 Storage of samples
The sample should be analysed as soon as possible after collection, or
should be acidified prior to storage.
2.3.6.4 Apparatus
Nessler tubes, matched, 100-ml, tall-form.
2.3.6.5 Reagents
(I) Ammonium persulfate, solid.

(2) Special solution. Dissolve 75 g of mercuric sulfate in 400 m1 of
concentrated nitric acid and 200 ml of distilled water. Add 200 ml of
85% phosphoric acid and 0.035 g of silver nitrate, and dilute the cooled
solution to 1 litre.
(3) Manganous sulfate standard solution. Dissolve 3.2 g of potassium
permanganate (KMnOJ in 1 litre of distilled water. Age for several
weeks in sunlight, or heat for several hours near boiling-point, filter through
a fritted-glass filter, and standardize against sodium oxalate. Using the
following formula, calculate the volume of this solution necessary to
prepare 1 litre of a solution containing SO mg of Mn per litre :
.

Volume of KMnO• solution =

li

4.55

f KM 0
.
norma ty o
n • so1utton

To this volume add 2-3 ml of concentrated sulfuric acid, and then
10% sodium bisulfite solution, dropwise with stirring, until the permanganate colour disappears. Boil to remove the excess sulfur dioxide,
cool, and dilute to 1 litre with distilled water. This solution may be
diluted further in order to measure small amounts of manganese.
2.3.6.6 Procedure
To a suitable aliquot of the sample, add S ml of special solution. Concentrate to 90 m1 by boiling, or dilute to 90 ml. Add 1 g of ammonium
persulfate and bring to boiling in about 2 minutes over a flame ; do not
heat on a water-bath. Remove from the flame for 1 minute, then cool
under the tap. Dilute to lOO ml with distilled water free from reducing
substances, and mix. Compare visually with standards containing 0,
0.005, 0.010, etc. up to 1.5 mg of Mn, prepared by treating various
amounts of the manganous sulfate standard solution in the same way.

117

ANNEX 4

2. 3. 6. 7 Calculation

mg of Mn x 1000
ml of sample

Mn (mg/l) 2. 3. 6. 8 Precision and accuracy

The relative error in the determination of 0.05-1.5 mg of Mn, in the
absence of interfering substances, is usually not more than 1%. It will
be higher for lower amounts of manganese.
2. 3. 7

CoPPER : CUPRETHOL METHOD 1

2. 3 . 7. I Principle

Cupric ions form a yellow-coloured chelate with the reagent bis(2-hydroxyethyl)dithiocarbamate, popularly known as "cuprethol ". The
coloured compound is soluble and is formed quantitatively. Hydrochloric
acid and sodium acetate buffer the solution at a favourable pH, between
5 and 6. Pyrophosphate overcomes the interference of iron up to 20 mg/1
as ferric ion and 50 mg/1 as ferrous ion.
2. 3. 7. 2 Interference

Bismuth, cobalt, mercurous, nickel, and silver ions interfere seriously
and must be removed. Other ions that interfere must be limited to the
following concentrations :
Ion
Aluminium
Cadmium
Calcium
Chromate
Chromic.
Cyanide
Dichromate
Ferric
Ferrous . .

Upper limit
(mgf/)

20
20
400

2

s

20
2
20

so

Ion
Lead
Manganous
Mercuric
Nitrite
Stannic
Stannous
Sulftte •
Uranyl
Zinc

Upper limit

(mz/IJ

10
10
20
20

10
20

100
10
20

No interference is caused by up to 1000 mg/1 of sodium, potassium,
ammonium, magnesium, carbonate, chloride, fluoride, iodide, nitrate,
phosphate, silicate, or borate. It is believed that excessive concentrations
of interfering ions will seldom be encountered in unpolluted waters ;
however, certain sewage, industrial, and boiler waters may require special
techniques. Correction may be made for turbidity or colour by the usual
photometric compensation techniques or by extraction of the copper
chelate with isoamyl alcohol.
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2. 3. 7. 3 Minimum detectable concentration
A copper concentration of 0.02 mg/1 can be detected by visual comparison in 100-ml Nessler tubes.
2.3.7.4 Apparatus
Colorimetric equipment. One of the following is required:
(I) Spectrophotometer, for use at 435 mll providing a light path of
I cm or longer.
(2) Filter photometer, providing a light path of I cm or longer and
equipped with a violet filter having a narrow band pass with maximum
transmittance at 435 to 440 m1.1.
(3) Nessler tubes, matched, 100 ml, tall-form.
Acid-washed glassware. All glassware must be rinsed with concentrated
HCI and then with copper-free water (see below).
2.3. 7.5 Reagents
Copper-free water. The water used throughout this procedure must
be prepared by redistilling distilled water from an all-Pyrex still. Ordinary
distilled water usually contains traces of copper because this metal is
used in still construction. A satisfactory water can also be prepared by
passing distilled water through a mixed bed of ion-exchange resins.
Stock copper solution. Weigh 0.1000 g of copper metal foil; place it
in a 250-ml beaker under a hood ; add 3 ml of copper-free water and 3 ml
of concentrated HN03 and cover the beaker with a watch glass. After
the metal has all dissolved, add 1 ml of concentrated H2S04 and heat on
a hot plate to volatilize the acids. Stop heating just short of complete
dryness; do not bake the residue. Cool and dissolve in copper-free water,
washing down the sides of the beaker and the bottom of the watch glass.
Transfer quantitatively to a 1-litre volumetric flask and make up to the
mark with copper-free water. This stock solution contains 0.100 mg Cu
per 1.00 ml.
Copper working standard. Dilute 50.00 ml of stock copper solution to
1000 ml with copper-free water. This working standard contains 0.005 mg
Cu per 1.00 ml.
Hydrochloric acid, 1 + 1. Use copper-free water.
Sodium pyrophosphate solution. Dissolve 30 g of Na4P20 7 .10H20 in
copper-free water and make up to 1 litre.
Sodium acetate solution. Dissolve 400 g of NaCaH30 2 .3H20 in 600 ml
of copper-free water. Heat is required to effect solution of the salt as the
process is endothermic.
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Cuprethol reagent mixture
(I) Cuprethol solution I. Dissolve 4.0 g of diethanolamine in 200 ml

of methyl alcohol.
(2) Cuprethol solution 11. Dissolve 3.0 ml of carbon disulfide in
200 ml of methyl alcohol.
Solutions I and 11 are quite stable. Prepare the reagent by mixing
equal volumes of the two solutions. If tightly stoppered, the reagent
mixture is stable for about one week ; it slowly decomposes, liberating
sulfur, which causes turbidity when added to the sample. (CAUTION. Keep
the reagent away from flames. Dispense it with a safety pipette as it is
toxic.)
Isoamyl alcohol.

2.3.7.6 Procedure
Standards for visual comparison or for the preparation or checking
of a calibration curve may be prepared from the copper working standard
(CWS) according to the following schedule :
Copper
(mg//)

0.000

Vol. of CWS
to be diluted
to 100 m/
(m/)

fmg//J

0.00

0.200
0.300
0.400

O.o2S

o.so

0.100

1.00
2.00
3.00

o.oso

O.ISO

Copper

o.soo

Vol. ofCWS
to be diluted
to 100 ml
(m/)

4.00
6.00
8.00
10.00

To a 100-ml sample, or an aJiquot diluted to 100 ml, add, mixing
after each addition, 0.5 ml of HCl, 2 ml of sodium pyrophosphate solution,
and sufficient sodium acetate solution to give a pH between 5 and 6. Let
stand for 5 minutes. Add 1 ml of cuprethol reagent mixture. Standards
prepared as described above are treated simultaneously in the same manner
as the sample, with which they are then compared visually in Nessler
tubes. Alternatively, the treated sample may be examined in a photometer, using a calibration curve obtained by examination of the simultaneously treated standards.
A photometer can be used if the sample is initially turbid or coloured.
A 100-ml sample is treated in the same manner as described above, except
that 2 ml of methyl alcohol are added in lieu of the cuprethol solution.
The mixture thus prepared is used to correct for the turbidity or colour
and is set at 100% transmittance. If turbidity develops upon the addition
of cuprethol to a clear solution, it indicates either a stale cuprethol reagent
or the presence of an interfering ion in excessive concentration.
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Extraction with isoamyl alcohol may also be used to overcome the
problem of turbidity. In visual determinations using Nessler tubes, a
convenient technique consists of adding 5 ml of isoamyl alcohol to the
samples after the colour has been developed as described above, and
mixing by repeatedly inverting the tubes for 3 minutes. The bulk of the
colour collects in the droplets of isoamyl alcohol which float up to the
surface and there form a layer. The colour of the layer can then be compared, without removal, with standards prepared in a like manner. The
emulsion may be broken up by the addition of a few drops of ethyl alcohol
to the isoamyl alcohol layer and gently stirring this layer with a stirring rod.
2. 3. 7. 7 Modified procedure for field work
The procedure may be simplified with waters containing tolerable
concentrations of interfering ions. Iron must be less than 0.3 mg/1 as
ferric ion and 0.6 mg/1 as ferrous ion; the pH should be between 1.5 and 9.
Under these circumstances, a simplified method, especially suited to field
work, may be used ; this consists only of adding 1 ml of cuprethol to
a 100-ml sample, mixing, and immediately comparing the colour with
simultaneously prepared standards.
2. 3. 7. 8 Calculation

mg/l Cu -

mg Cu x 1000
ml sample

2. 3. 7. 9 Precision and accuracy
Under optimum conditions, precision is such as to permit reproducibility
of Nessler tube comparisons to within 10% and photometric readings
to within 1%. Accuracy is estimated to be within twice the range of
precision.

2.3.8

ZINC 1

2.3.8.1 Apparatus
Nessler tubes, matched.
Separatory funnels (Squibb), 125- to 150-ml capacity, lubricated with
pure petroleum or silicone grease.
pH-meter.
2.3.8.2 Reagents
(I) Carbon tetrachloride.
(2) Zinc-free double-distilled water, for rinsing of apparatus and
preparation of solutions. Redistil ordinary distilled water in an all-Pyrex
apparatus.
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(3) Dithizone solution A. Dissolve 0.10 g of diphenylthiocarbazone
(Eastman No. 3092, or equivalent) in 1 litre of carbon tetrachloride.
Store in a brown glass-stoppered bottle in the refrigerator. If the solution
is of doubtful quality or has been stored for a long time, the following
test for deterioration can be applied. Shake 10 ml with 10 ml of 1%
ammonium hydroxide solution. If the lower carbon tetrachloride layer
is only slightly yellow, the reagent is in good condition.
(4) Dithizone solution B. Dilute 1 volume of dithizone solution A
with 9 volumes of carbon tetrachloride. If stored in a brown glassstoppered bottle in the refrigerator, this solution is satisfactory for
several weeks.
(5) Sodium citrate solution. Dissolve 10 g of sodium citrate
(NaaC8H60 7 , 2H20) in 90 ml of redistilled water. Extract with 10-ml
portions of dithizone solution A until the last extract remains green ;
then extract with carbon tetrachloride to remove excess dithizone. This
reagent is used in the final cleansing of glassware.
(6) Hydrochloric acid solution, approximately 0.02N. Dilute 1.0 ml
of concentrated hydrochloric acid to 600 ml with redistilled water. If high
blanks are traced to this reagent, dilute concentrated hydrochloric acid
with an equal volume of water and redistil it in an all-Pyrex still.
(7) Sodium acetate solution, approximately 2N. Dissolve 68 g of
sodium acetate (NaC2H80 2 , 3H20) in redistilled water and make up to
250ml.
(8) Acetic acid solution, approximately 2N. Mix 1 volume of glacial
acetic acid with 7 volumes of redistilled water.
(9) Acetate buffer solution. Mix equal volumes of sodium acetate
solution and acetic acid solution. Purify by dithizone extraction as described
for sodium citrate solution.
(10) Sodium thiosulfate solution. Dissolve 25 g of sodium thiosulfate
(Na 2S20 8 , SH20) in 100 ml of redistilled water. Purify by dithizone
extraction as described for sodium citrate solution.
(11) Zinc standard stock solution. Dissolve 0.100 g of S00-1.1 (US
Standard mesh No. 30) zinc in a slight excess of SO% hydrochloric acid ;
about 1 ml is required. Then dilute to 1 litre with redistilled water.
(12) Zinc standard working solution. Dilute 10.0 ml of zinc standard
stock solution to 1 litre with redistilled water. One ml of this solution
contains 0.001 mg of Zn.
2. 3. 8. 3 Preparation of standards
To a series of 125-ml Squibb separatory funnels, thoroughly cleansed
with dilute nitric acid, then with redistilled water, and finally with a
mixture of sodium citrate solution and dithizone solution A, add 0, 1.0,
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2.0, 3.0, 4.0, and 5.0 ml of zinc standard working solution equivalent
to 0, 0.001, 0.002, 0.003, 0.004, and 0.005 mg of Zn. Bring each
volume up to 10.0 ml by adding redistilled water. To each funnel add
5.0 ml of acetate buffer solution and 1.0 ml of sodium thiosulfate solution,
and mix. The pH should be between 4 and 5.5 at this point. To each
funnel add 10.0 ml of dithizone solution B, stopper, and shake vigorously
for 4 minutes. Allow the layers to separate. Dry the stem of the funnel
with strips of filter-paper and run the lower carbon tetrachloride layer into
a clean, dry Nessler tube.
2.3.8.4 Procedure
If the zinc content is not within the working range, dilute the sample
with redistilled water or concentrate it in a silica dish. If the sample has
been preserved with acid, an aliquot must be taken to dryness in a silica
dish to remove the excess of acid. It is not practical to neutralize with
sodium or ammonium hydroxide, as these alkalis usually contain excessive
amounts of zinc. Using a pH-meter, and accounting for any dilution,
adjust the sample to pH 2 to 3 with 0.02N hydrochloric acid solution.
Transfer 10.0 ml to a separatory funnel. Add 5.0 ml of acetate buffer
solution and 1.0 ml of sodium thiosulfate solution, and mix. The pH
should be between 4.0 and 4.5 at this point. Add 10 ml of dithizone solution B, stopper, and shake vigorously for 4 minutes. Allow the layers to
separate. Dry the stem of the funnel with strips of filter-paper and run
the lower carbon tetrachloride layer into a clean, dry Nessler tube.
It will be necessary to run the samples and standards at the same time.
The carbon tetrachloride layers may be compared directly in the separatory
funnels if these match in size and shape ; otherwise, transfer to matched
test-tubes or Nessler tubes. The range of colours obtained with various
amounts of Zn may be roughly described as :
0 (blank) .
0.001 mg.
0.002 mg.
0.003 mg.
0.004 mg.
0.005 mg.

green
blue
blue-violet
violet
red-violet
red-violet

2. 3. 8. 5 Calculation

Zn (mg/l) = mg of Zn x I000
ml of sample
2. 3. 9

CALCIUM :

EDTA

TITRIMETRIC METHOD 1

2.3 .9 .1 Principle
When EDTA (ethylenediaminetetraacetic acid or its salts) is added
to water containing both calcium and magnesium, it combines first with
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the calcium that is present. Calcium can be determined directly using
EDTA when the pH is made sufficiently high, so that the magnesium is
largely precipitated as the hydroxide, and when an indicator is used which
combines with calcium only. Several indicators are available that will give
a colour change at the point where all the calcium has been complexed
by the EDTA at a pH of 12-13.
2. 3. 9. 2 Interference

Under the conditions of this test, the following concentrations of ions
cause no interference with the calcium hardness determination : copper,
2 mg/1; ferrous iron, 20 mg/1; ferric iron, 20 mg/1; manganese, 10 mgfl;
zinc, 5 mg/1 ; lead, 5 mg/1 ; aluminium, 5 mg/1 ; tin, 5 mg/1. Orthophosphate will precipitate calcium at the pH of the test. Strontium and barium
interfere with the calcium determination, and alkalinity in excess of 30 mg/1
may cause an indistinct endpoint with hard waters.
2.3. 9. 3 Reagents
Sodium hydroxide solution, IN. Dissolve 40 g of NaOH in distilled
water and dilute to 1 litre.
Indicators. Many indicators are available for the calcium titration.
Some are described in the literature, others are commercial preparations
and may also be used. Murexide (ammonium purpurate) was the first
indicator available for detection of the calcium endpoint, and directions
are presented for its use in this procedure. Other indicators specifically
designed for use as end point detectors in the EDTA titration of calcium
may be employed.
(I) Murexide (ammonium purpurate) indicator. This reagent changes
from pink to purple at the endpoint. An indicator solution can be
prepared by dissolving 0.15 g of the dye in 100 g of absolute ethylene
glycol. Water solutions of the dye are not stable for longer than a
day. A ground mixture of the dye powder and sodium chloride (or
potassium sulfate) provides a stable form of indicator. It is prepared
by mixing 0.20 g of murexide with lOO g of solid NaCl (or KtS04)
and grinding the mixture to 40-50 mesh. When murexide is used as
the indicator, it is necessary to perform the titration immediately after
the addition of the indicator because it is unstable under alkaline
conditions.
(2) EDTA titrant, O.OIM. The standard EDTA titrant prepared as
described for the EDTA total-hardness method may be used. Standard EDTA titrant, exactly O.OlOOM, is equivalent to 0.4004 mg of
Ca per 1.00 ml.
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2.3.9.4 Procedure
Because of the high pH used in this procedure, the titration should be
performed immediately after addition of the alkali.
Use SO.O ml of sample, or a smaller aliquot diluted to SO ml, so that
the calcium content is about S-10 mg. For hard waters with alkalinity
higher than 300 mg of CaC03 per litre the endpoint may be improved by
taking a smaller aliquot and diluting to SO ml, or by neutralizing the
alkalinity with acid, boiling for 1 minute and cooling before continuing
the test.
Add 2.0 m1 of NaOH solution, or a volume sufficient to produce a pH
of 12-13. Stir. Add 0.1-0.2 g of the indicator mixture selected (or 1-2 drops
if a solution is used). Add EDTA titrant slowly, with continuous stirring
to the proper endpoint. When using murexide, the endpoint may be
checked by adding 1 or 2 drops of titrant in excess to make certain that
no further colour change occurs.
2. 3. 9. S Calculation

mg/l Ca -

ml EDTA titrant x 400.4
m1 sample

Ca hardness as mg/I CaCOa =
where:

1=

XI

ml EDTA titrant x 1000
m1
1
sampe

xI

mg CaCO3
m1 EDTA titrant

at the calcium indicator endpoint.

2. 3. 9. 6 Precision and accuracy
The standard deviation among twenty laboratories which determined
the calcium complexometrically in a synthetic unknown sample containing
120 mg/1 Ca and 7S mg/1 Mg was ± 4.2 mg/1. The individual laboratories
reproduced their own results within ± 1.0 mg/1.
2. 3. 10

MAGNESIUM : ORAVIMETRIC METHOD 1

Magnesium and calcium salts in water are important because of their
relationship to hardness, scale-forming, and corrosive properties. Magnesium can be determined by the gravimetric method only after prior removal
of calcium salts : it is generally determined by this method on the filtrate
and washings from the gravimetric and permanganate calcium determination.
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2.3.10.1 Principle
In ammoniacal solution, diammonium hydrogen phosphate precipitates
magnesium quantitatively as magnesium ammonium phosphate. The
precipitate is ignited to, and weighed as, magnesium pyrophosphate.
A choice is presented between: (a) destruction of ammonium salts and
oxalate, followed by single precipitation of magnesium ammonium phosphate; and (b) double precipitation without pre-treatment. Where time
is not a factor, double precipitation is preferable. Pre-treatment is faster
but requires close attention to avoid mechanical loss.

2.3.10.2 Interference
The solution should be reasonably free from calcium, silica, iron,
manganese, aluminium, strontium and suspended matter. The solution
should not contain more than about 3.5 g of NH•Cl.

2.3.10.3 Reagents
Nitric acid, concentrated.
Hydrochloric acid, concentrated ; also 1 + I ; I + 9 ; and 1 + 99.
Methyl red indicator solution. Dissolve 0.1 g methyl red in 7.4 ml
O.OSN NaOH solution and dilute to 100 ml with distilled water.
Diammonium hydrogen phosphate solution. Dissolve 30 g of
(NHJ2HPO• in distilled water and make up to 100 ml.
Ammonium hydroxide, concentrated; also I + 19.

2.3.10.4 Procedure
By removal of oxalate and ammonium salts. To the combined filtrate and
washings from the calcium determination, which should not contain more
than 60 mg Mg, or to an aliquot containing less than this amount, add
SO ml of concentrated HN03 and evaporate carefully to dryness on a hotplate in a 600-800-ml beaker. Care must be taken that the reaction does
not become too violent during the latter part of the evaporation ; the
analyst should be in constant attendance to prevent losses through spattering. Moisten the residue with 2-3 ml of concentrated HCl ; add 20 ml of
distilled water, warm, filter, and wash. To the filtrate add 3 ml of concentrated HCl, 2-3 drops of methyl red solution, and 10 ml of (NH.)2HPO•
solution. Cool and add concentrated NH•OH, drop by drop, stirring
constantly, until the colour changes to yellow. Stir for S minutes, add S ml
of concentrated NH.OH, and stir vigorously for lO minutes more. Allow
to stand overnight and then filter through S & S" No. 589 White Ribbon
o Schleicber & Scbull.
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or equivalent filter paper. Wash with 1 + 19 NH40H. Transfer to a
crucible which has been ignited, cooled, and weighed. Dry the precipitate
thoroughly in the crucible and then burn the paper off slowly, allowing
circulation of air. Heat at about 500°C until the residue is white. Then
ignite for brief periods at ll00°C to constant weight.
By double precipitation. To the combined filtrate and washings from
the calcium determination, which should not contain more than 60 mg Mg,
or to an aliquot containing less than this amount, add 2-3 drops of methyl
red solution; adjust the volume to 150 ml and acidify with I + l HCI.
Add 10 ml of (NH4) 2HP04 solution. Cool the solution. Then add concentrated NH40H, drop by drop, stirring constantly, until the colour
changes to yellow. Stir for 5 minutes, add 5 ml of concentrated NH40H,
and stir vigorously for 10 minutes more. Allow to stand overnight and
then filter through S & S No. 589 White Ribbon or equivalent filter paper.
Wash with I + 19 NH40H. Discard the filtrate and washings. Dissolve
the precipitate with 50 ml of warm 1 + 9 HCl and wash paper well with
hot l + 99 HCI. Add 2-3 drops of methyl red and 1-2 ml of (NHJ2HP04
solution; precipitate as before, after adjusting the volume to 100-150 ml.
Digest for 4 hr or more. Filter through S & S No. 589 White Ribbon or
equivalent filter paper and wash with l + 19 NH40H. Transfer to a crucible
which has been ignited, cooled and weighed. Dry the precipitate thoroughly
in the crucible and then burn the paper off slowly, allowing circulation of
air. Heat at about 500°C until the residue is white. Then ignite for brief
periods at ll00°C to constant weight.

2 . 3 . l 0. 5 Calculation
mg/1 Mg -

mg Mg2P20 7 x 218.5
--=--=~_:_..,..--ml sample

2. 3. l 0. 6 Precision and accuracy
A synthetic unknown sample containing 75 mg/1 Mg and 120 mg/1 Ca
was determined gravimetrically by six laboratories with a standard deviation of ± 1.6 mg/1 Mg. The individual laboratories reproduced their own
results within ± l.l mg/1.
2.3.11

SULFATE 42

2.3.11.1 Reagents
(1) Titrating solution. Dissolve 4.0 g of disodium dihydrogen ethylenediaminetetraacetate dihydrate (EDTA, sodium salt) in I litre of distilled
water. Standardize by titration against the barium chloride standard
solution, using the buffer solution and the procedure outlined below.
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(2) Buffer solution. Mix 67.5 g of pure ammonium chloride with

510 ml of ammonium hydroxide (specific gravity, 0.88), and dilute to
I litre with distilled water.
(3) Indicator solution. Dissolve a small quantity of Eriochrome
Black T in 20 ml of distilled water, by shaking or warming, and allow
to cool. This solution will be stable for several days, but preparation of
a fresh solution daily is recommended.
(4) Barium chloride standard solution. Dissolve 2.443 g of barium
chloride in distilled water and dilute to I litre. One ml of this solution
is equivalent to I mg of CaC03 , or to 0.96 mg of S04 •
2.3.11.2 Procedure
Neutralize lOO ml of sample with IN nitric acid, adding a slight excess,
and boil to expel carbon dioxide. Add 10 ml, or more if required, of
barium chloride standard solution to the boiling sample and allow to
cool. Dilute to 150 ml, mix, and allow precipitate to settle. Withdraw
SO ml of clear supernatant, add 0.5 to 1.0 ml of buffer solution and several
drops of indicator solution. Titrate with the titrating solution to a blue
colour which does not change by addition of further drops of titrating
solution.
2. 3 . 11 . 3 Calculation
Assume that a water has a hardness of 250 mg/1 and that I0 ml of barium
chloride solution are added to a 100-ml sample. If no sulfate is present,
the titration would require 25 ml for hardness and 10 ml for barium
chloride, i.e., a total of 35 ml of titrating solution. Assume the actual
titration of an unknown sample to require 30 ml. The loss due to the
presence of sulfate is 35 - 30 = 5 ml. This is equivalent to 5 mg of CaC03 ,
or to 5 x 0.96 = 4.8 mg of S04 , for the 100-ml sample examined, i.e., to
48 mg of S04 per litre.
2.3.12 CHLORIDE: MOHR METHOD 1
2.3.12.1 Principle
Chloride, in neutral or weakly alkaline solution containing chromate,
is titrated with silver nitrate. Silver chloride precipitates, and at the endpoint red silver chromate is formed.
2.3.12.2 Interference
Iodide and bromide register as equivalent chloride concentrations.
Phosphate, sulfide, and cyanide interfere. Sulfite interferes but can be
removed by treating with hydrogen peroxide.
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2.3.12.3 Reagents
(1) Sulfuric acid, 1.4% solution (approximately O.SN).
(2) Sodium hydroxide solution, approximately O.SN. Dissolve 4 g of

sodium hydroxide in 200 ml of distilled water.
(3) Hydrogen peroxide, 30% solution.
(4) Aluminium hydroxide suspension. Dissolve 125 g of potassium or
ammonium alum-K2Al2(SOJ4 , 24H20 or (NHJ2Al 2(SOJ4 , 24H20-in
1 litre of distilled water. Warm to 60°C and add slowly, with stirring,
SS ml of concentrated ammonium hydroxide. After it has stood for about
one hour, transfer the mixture to a large bottle and wash the precipitate
thoroughly by successive decantations with distilled water until free from
chloride.
(5) Potassium chromate indicator solution. Dissolve 50 g of potassium
chromate in a small quantity of distilled water. Add silver nitrate to
produce a slight red precipitate. After it has stood at least overnight,
filter and dilute to 1 litre with distilled water.
(6) Phenolphthalein indicator solution. Dissolve 5 g of phenolphthalein in 500 ml of ethanol and add 500 ml of distilled water. Then add
dropwise 0.02N sodium hydroxide solution until a faint pink colour
appears.
(7) Sodium chloride standard solution, O.Ol41N. Dissolve 8.243 g of
sodium chloride, dried by fusing at 900°C for half an hour, in 500 ml
of distilled water. Dilute 50.0 ml to l litre with distilled water. One ml
of this solution contains 0.500 mg of Cl.
(8) Silver nitrate standard solution, O.Ol41N. Dissolve 2.396 g of
silver nitrate in l litre of distilled water. One ml of this solution is equivalent to 0.500 mg of Cl. Using the procedure described below, standardize
against the sodium chloride standard solution.
2.3.12.4 Procedure
Use a 100-ml sample or a suitable aliquot diluted to lOO ml. If the
sample is coloured, decolorize by adding 3 ml of aluminium hydroxide
with suspension ; stir thoroughly and, after a few minutes, filter and wash
with 10-15 ml of distilled water. If sulfites are present, add l ml of
hydrogen peroxide solution, with stirring.
Either a white porcelain evaporating dish, or an Erlenmeyer flask
over white surface should be used. Adjust the sample with either dilute
sulfuric acid or sodium hydroxide solution so that it is just colourless to
phenolphthalein indicator. Add l ml of potassium chromate indicator
solution, and titrate with silver nitrate standard solution until a colour
change from pure yellow to pinkish-yellow is perceptible. An indicator
blank should be determined by titrating distilled water in the same way.
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This blank. showing the end-point colour, should be placed near the
sample being titrated to aid in the detection of the colour change at the
chosen end-point.
2.3.12.5 Calculation
Cl (m /l) = (A-B) X C X 35.46 X 1000
g
ml of sample
where A = ml of silver nitrate solution used for sample
B = ml of silver nitrate solution used for blank
C = normality of silver nitrate solution.
2. 3. 12.6 Precision and accuracy
The precision and accuracy are limited by the accuracy of detection
of the end-point, which is usually about 0.2 ml, or 0.1 mg of Cl, and by
the presence of interfering substances.
2.3.13 HYDROGEN-ION CONCENTRATION (pH): GLASS-ELECTRODE METHOD 1
2.3.13.1 Principle
Several types of electrode have been suggested for the electrometric
determination of pH. Although the hydrogen gas electrode is recognized
as the primary standard, the glass electrode in combination with the
reference potential provided by a saturated calomel electrode is most
generally used. The glass-electrode system is based on the fact that a
change of 1 pH unit produces an electrical change of 59.1 millivolts at 25°C.
2. 3. 13. 2 Interference
The glass electrode is relatively immune to interference from colour,
turbidity. colloidal matter, free chlorine, oxidizing or reducing substances,
as well as high saline content, except for a sodium error at high pH. The
error caused by high sodium-ion concentrations at a pH above 10 may
be reduced by using special .. low sodium error •• electrodes. When
employing ordinary glass electrodes, approximate corrections for the
sodium error may be made by consulting a chart which the manufacturer
can furnish for the particular make of electrode. Temperature exerts two
significant effects on pH measurements : (I) the electrodes themselves
vary in potential with temperature ; and (2) ionization in the sample varies
with temperature. The first effect can be compensated by an adjustment
which is provided on the better commercial instruments. The second
effect is inherent in the sample and is taken into consideration by recording
both the temperature and the pH of each sample.
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2.3.13.3 Apparatus
Where flow-type electrodes are not available, or where stirring may
be inadequate, as in the case of ordinary immersion-type (dipping) electrodes, the best procedure is to wash the glass electrode 6 or 8 times with
portions of the sample, particularly when an unbuffered measurement
follows one on a buffered solution. Flow-type electrodes are recommended
for the accurate measurement of relatively unbuffered waters with low
concentration of mineral solids (total residue less than 20 mg/1). Measurements on buffered waters can be obtained on open samples. Equilibrium
should be established between the sample and the electrode system as
shown by the absence of drift, before readings are accepted as final. If the
water is hot or if the pH is over 10, special glass electrodes should be
used and the assembly should be standardized under conditions of temperature and concentration as close as possible to those of the sample,
taking into account the manufacturer's recommendations. The analyst
should constantly be on the alert for possible erratic results arising from
mechanical or electrical failures such as weak batteries, cracked glass
electrodes, plugged liquid junction, and fouling of the electrodes with
oily or precipitated materials.
2. 3. 13.4 Buffer solutions

Electrode systems are calibrated against buffer solutions of known pH
value. Since buffer solutions may deteriorate because of mould growth
or through contamination, it may be advisable to prepare them freshly
as needed by dissolving dry buffer salts in distilled water. Commercially
available buffer tablets or powders of tested quality may also be used.
It is good practice to calibrate the electrodes with a buffer whose pH is
close to that of the samples, so as to minimize any error resulting from
non-linear response of the electrode. In making up buffers from solid
salts, it is imperative that all the material be dissolved, otherwise the pH
may be incorrect. Polyethylene bottles are preferable for the storage of
buffers and samples, although Pyrex glassware may be employed. Limitations of space permit information on the preparation of only three buffer
solutions at practically spaced intervals-pH 4, pH 7, and pH 9-for
standardization purposes and for checking the linearity of electrode
response.
In general, analytical-reagent-grade chemicals are satisfactory for the
preparation of these buffer solutions. The pH values of the three buffer
solutions at various temperatures are listed in Table Ill. The tabulated
pH values were obtained with salts of the highest purity.
(I) pH 4 buffer solution. Dissolve 10.2 g of anhydrous potassium
biphthalate (KHC8H40J, using boiled and cooled distilled water, and
dilute to 1 litre.
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TABLE 111. EFFECT OF TEMPERATURE ON pH VALUES OF BUFFER SOLUTIONS
Temperature (<C)
0

5
10
15

20
25
30

35
40

45
liO

55
80

pH 4 buffer

pH 7 buffer

pH 9 buffer

4.01
4.01
4.00
4.00
4.00
4.01
4.01
4.02
4.03
4.04
4.08
4.08
4.10

7.08
7.05
7.02
7.00
6.98
6.98
8.95
8.94
8.94
8.93
8.93
8.94
8.94

9.46
9.38
9.33
9.27
9.22
9.18
9.14
9.10
9.07
9.04
9.01
8.98
8.98

(2) pH 7 buffer solution. Dissolve 1.361 g of anhydrous potassium
dihydrogen phosphate (KH2P04) and 1.420 g of anhydrous disodium
hydrogen phosphate (N~HP04), both of which have been dried overnight at between II0°C and 130°C, and dilute to I litre. Use distilled
water which has been boiled and cooled.
(3) pH 9 buffer solution. Dissolve 3.81 g of sodium tetraborate decahydrate (Na1B40 7 , IOH20) (borax), using boiled and cooled distilled
water, and dilute to I litre.
2.3.13.5 Procedure
Because of the differences between the many makes and models of
pH-meters which are available, it is impossible to provide detailed instructions for the correct operation of every instrument. In each case, the
manufacturer's instructions must be followed. The glass electrode and
the calomel electrode should be thoroughly wetted and prepared for use
in accordance with the given instructions. The instrument can be standardized against a buffer solution with a pH approaching that of the sample
and then the linearity of electrode response can be checked against at
least one additional buffer of a different pH. The readings with the additional buffers will afford a rough idea of the limits of accuracy to be
expected of the instrument and the technique of operation.
2.3.13.6 Precision and accuracy
The precision and accuracy attainable with a given pH-meter will
depend upon the type and condition of the instrument employed and the
technique of standardization and operation. With proper care, a precision
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of 0.02 pH unit and an accuracy of 0.05 pH unit can be achieved with
the better battery models. Line-operated instruments, on the other hand,
are less accurate, 0.1 pH unit representing the limits of accuracy under
normal conditions.
2. 3. 14 PHENOUC COMPOUNDS : PRELIMINARY SCREENING PROCEDURE 1
2.3.14.1

Apparatus

Distillation apparatus, all-glass, such as a 1-litre Pyrex distilling flask
with Graham condenser (Corning No. 3360 or equivalent).
2.3.14.2

Reagents

All reagents shall be prepared with distilled water free of phenols and
chlorine.
(I) Copper sulfate solution. Dissolve 100 g of copper sulfate (Cuso.,
5H10) in distilled water and dilute to I litre.
(2) Phosphoric acid solution. Dilute 10 m1 of 85% phosphoric acid
to 100 ml with distilled water.
2.3.14.3

Procedure

To a 500-m1 sample of water, add 5.0 ml of copper sulfate solution,
unless this has previously been added as a preservative. Lower the pH
of the mixture to below 4.0 with phosphoric acid solution; 0.7 ml is
sufficient for most samples. Place the mixture in the all-glass distillation
apparatus and distil over 450 ml. Stop the distillation and, when boiling
ceases, add 50 ml of distilled water to the distilling flask. Continue the
distillation until a total of 500 ml has been collected.
2.3.15

PHENOUC COMPOUNDS: 4-AMINOANTIPYRINE METHOD 1

2.3.15.1

Apparatus

Nessler tubes, matched, 100-ml, tall-form.
2.3.15.2

Reagents

(I) 4-Aminoantipyrine solution. Dissolve 2.0 g of 4-aminoantipyrine
in distilled water and dilute to 100 ml. This solution should be prepared
fresh weekly.
(2) Potassium ferricyanide solution. Dissolve 8 g of potassium ferncyanide (K 3 Fe(CN)8) in distilled water and dilute to 100 ml. Filter if
necessary. This solution is not stable and should be made up fresh when
decomposition occurs, as evidenced by darkening of the solution, usually
within a week.
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(3) Ammonium chloride solution. Dissolve SO g of ammonium
chloride in distilled water and dilute to 1 litre.
(4) Potassium bromate-bromide solution, approximately 0.1N. Dissolve 2.784 g of potassium bromate in distilled water, add 10 g of potassium bromide, dissolve, and dilute to 1 litre with distilled water.
(S) Potassium iodide, crystals.
(6) Ammonium hydroxide, concentrated.
(7) Chloroform.
(8) Starch solution. Prepare as described under the determination of
dissolved oxygen (reagent (5), page 158).
(9) Sodium thiosulfate standard solution, 0.02SN. Prepare as described
under the determination of dissolved oxyg:n (reagent (9), page 159).
(10) Phenol solutions:
(a) Stock solution. Dissolve 1 g of phenol in distilled water and
dilute to 1 litre. Standardize as directed below.
(b) Intermediate solution. Dilute 10 ml of stock solution to 1 titre
with distilled water. One ml of this solution contains 0.01 mg (10 ~g)
of phenol.
(c) Standard solution. Dilute S ml of intermediate solution to 500 ml
with distilled water. One m1 of this solution contains 0.1 ~g of phenol.
Standardization of phenol solutions. Place approximately 100 ml of
distilled water in a 500-ml glass-stoppered Erlenmeyer flask and add
SO ml of phenol stock solution. To this add exactly 10.0 ml of potassium bromate-bromide solution followed by approximately S ml of
concentrated hydrochloric acid. Swirl gently with flask stoppered. If
brown colour of free bromine does not persist, add bromate-bromide
solution in exact 10-ml portions until bromine colour does persist.
Stopper and allow to stand for 10 minutes, and then add approximately I g of potassium iodide. Four 10-ml portions of the bromatebromide solution are required if the stock solution contains 1000 mg/1
phenol.
Prepare a blank in exactly the same manner, using distilled water
and 10 ml of potassium bromate-bromide solution. Titrate both
blank and sample with 0.02SN sodium thiosu1fate solution, using
starch solution as indicator.
Calculate the strength of the phenol solution by the following formula:

Phenol (mg/1)
where : A

==

=

(A

1~ B -

C)

x 7.835

ml of 0.02SN sodium thiosulfate solution used for blank
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B = ml of potassium bromate-bromide solution used for
sample
C = ml of 0.025N sodium thiosulfate solution used for
sample.

2.3.15.3 Procedure
After completion of the preliminary screening (section 2. 3. I 4),
determine by a preliminary check the proper aliquot of the distillate to
use for the final determination. This may be done by carrying out the
reaction in 50-ml Nessler tubes and comparing against suitable standards.
In this case no chloroform extraction is necessary.
Choose an aliquot which contains not more than 0.50 mg of phenol.
As a standard, use 50 ml of the intermediate phenol solution. Dilute all
solutions, including the blank, to 100 ml in 100-ml Nessler tubes. Treat
samples, blank, and standard as follows: Add 2 ml of ammonium chloride
solution and adjust with concentrated ammonium hydroxide to pH
10.0±0.2, usually 0.7 to 1.0 ml being required. Mix and add 2.0 ml of
4-aminoantipyrine solution. Mix, add 2 ml of potassium ferricyanide
solution, and mix thoroughly. Allow to stand for 3 minutes and extract
immediately with chloroform, making three serial extractions. Combine
the chloroform extracts, filter, and dilute to 25 ml with chloroform.
Compare using Nessler tubes.
2.4 Chemical substances indicative of pollution

2. 4. 1

AMMONIA : DISTILLATION METHOD 1

2.4.1.1 Principle
Free ammonia nitrogen can be recovered when distillation is carried
out near pH 7 .4. Since natural waters exhibit varying pH values and
buffering properties, a phosphate buffer is added for the purpose of
maintaining the required pH during the distillation process. Trace amounts
of ammonia characteristic of relatively unpolluted supplies can be collected
as the free distillate and determined by nesslerization. Ammonia nitrogen
concentrations in excess of 0.05 mg are best absorbed in boric acid to minimize ammonia losses. Each milligram of ammonia nitrogen requires the use
of an added increment of 50 ml of boric acid solution for effective ammonia
absorption. The isolated ammonia can be determined by nesslerization
or by titration with a standard solution of a strong mineral acid. An
indicator which responds at the pH (approximately 5.0) of the dilute boric
acid absorbent solution is suitable for the titration of the ammonia.
The graduated series of yellow to brown colours produced by the
Nessler-ammonia reaction absorb strongly over a wide wavelength range.
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The yellow colour characteristic of low ammonia nitrogen strengths (0.020.25 mg per 50 m1 of solution) can be measured with acceptable sensitivity
in the wavelength region from 400 to 425 mp when a 1-cm light path is
available. A light path of 5 cm extends measurements into the nitrogen
range of 0.005 to 0.06 mg. The reddish-brown hues typical of ammonia
nitrogen levels approaching 0.5 mg may be measured in the wavelength
region of 450 to 500 mp. A judicious selection of light path and wavelength
available with a given instrument thus permits the photometric determination of ammonia nitrogen concentrations over a considerable range.
Departures from Beer's law may be experienced with photometers
equipped with broad-band colour filters. For this reason, the calibration
curve should be prepared under conditions identical with those adopted
for the samples.
2.4.1.2 Interference
Ammonia recovery will be low on water samples containing more
than 250 mg/1 Ca unless the treatment prescribed later is followed. The
calcium and the phosphate buffer react to precipitate calcium phosphate,
releasing hydrogen ions and lowering the pH. A number of aliphatic and
aromatic amines, organic chloramines, acetone, aldehydes and alcohols,
among other undefined organic compounds, cause trouble in direct nesslerization. Compounds of this type have been found to yield a yellowish or
greenish off-colour or a turbidity following the addition of Nessler reagent
to distillates collected from dechlorinated polluted samples. The titration
procedure is also subject to amine interference because the standard acid
can react with such alkaline bodies. However, the titration pr.,cedure is
free of interference from neutral organic compounds. Sulfide has also
been reported to cause turbidity following nesslerization, a condition
that may be avoided by adding lead carbonate to the ftask prior to distillation. Volatile substances such as foamaldehyde can be removed by
boiling at low pH, after which the sample can be distilled and nesslerized
in the normal manner.
2.4.1.3 Minimum detectable concentration
A carefully prepared Nessler reagent may respond under optimum
conditions to as little as 0.001 mg of ammonia nitrogen in 50 m1 of solution.
However, reproducibility below 0.005 mg may often be erratic.
2.4.1.4 Apparatus
Distillation apparatus. A glass ftask of 800-2000-ml capacity attached
to a vertical condenser is so arranged that the distillate falls directly into
the collecting glassware. An all-Pyrex apparatus or one with condensing
units constructed of block tin or aluminium tubes may be employed.
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Colorimetric equipment. One of the following is required :
(I) Spectrophotometer, for use at 400 to 425 m11, providing a light

path of 1 cm or longer, or
(2) Filter photometer, providing a light path of 1 cm or longer and
equipped with a violet filter having maximum transmittance at 400
to 425 m11.
Nessler tubes, matched, SO ml, tall form.
2.4.1.5 Reagents
All solutions should preferably be stored in Pyrex glassware.
Ammonia-free water. Ammonia-free water may be made by distillation
or ion-exchange methods :
(I) Distillation. Traces of ammonia in distilled water may be eliminated

by the addition of sufficient bromine or chlorine water to produce a
free halogen residual of 2-S mg/1. After standing at least one hour,
and preferably overnight, the first 100 m1 of the distillate are discarded
before collection is commenced.
(2) Ion exchange. Removal of ammonia alone can be accomplished
by a cation exchanger. For most work a satisfactory water can be
obtained by shaking I gallon of distilled water with 10 g of a strong
cation exchanger " or by passing the distilled water through a column
of such an ion exchanger.
Where it is important to produce an all-purpose, high-purity water,
free of the common trace ions and therefore suitable for other determinations, a convenient preparatory method consists of slowly passing
distilled water through a 10-inch column of glass tubing (0.5 to 1 in. in
diameter) which has been charged with 2 parts by volume of a strongly
basic anion-exchange resin in the hydroxyl form and I part by volume
of a strongly acidic cation-exchange resin in the hydrogen form. Ionexchange resins of a quality suitable for analytical work should be used.
The reagent blank obtained by distilling " ammonia-free " water rrepared by the exchange process and adding 10 ml of phosphate buffer
solution may have an ammonia nitrogen content approaching 0.01 mg/1.
Although the resins may be used repeatedly, regular blanks should be
run to guard against unsuspected exhaustion and consequent release
of ammonia to the "ammonia-free" water.
(3) Traces of magnesium in some distilled waters cause cloudiness
following nesslerization, a condition that may be prevented by the
use of 1 or 2 drops of EDTA or Rochelle salt solution.
a Folio's ammonia Permutit (Permutit Company, New York, N.Y., USA) or equivalent
product.
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Phosphate buffer solution, pH 7.4. Dissolve 14.3 g of anhydrous
potassium dihydrogen phosphate, KH1 P04 , and 68.8 g of anhydrous dipotassium hydrogen phosphate, K1HP04 , in ammonia-free water and
dilute to 1 litre. A blank ammonia determination should be run on the
buffer solution.
Boric acid solution. Dissolve 20 g of anhydrous boric acid, H3 B03 ,
in ammonia-free water and dilute to 1 litre.
Stock ammonium chloride solution. Dissolve 3.819 g of anhydrous
ammonium chloride, NH4Cl, in ammonia-free water and dilute to 1000 ml.
1.00 ml = 1.00 mg N = 1.22 mg NH3 •
Standard ammonium chloride solution. Dilute 10.00 m1 of stock ammonium chloride solution to 1000 ml with ammonia-free water. 1.00 m1 =
0.0100 mg N = 0.0122 mg NH3 •
Neutralization agent :
(I) Sodium hydroxide solution, IN. Dissolve 40 g of NaOH in ammonia-free water and dilute to I litre.
(2) Sulfuric acid solution, IN. Add 28 ml of concentrated H1S04
cautiously to 500 ml of ammonia-free water and dilute to I litre.
Dechlorinating agent. Any of the following reagents is satisfactory :
I ml will remove I mg/1 of residual chlorine in 500 ml of sample. The
thiosulfate and sulfite solutions are unstable and should be prepared fresh.
(I) Sodium thiosulfate solution, 1/70 N. Dissolve 3.5 g of Na1 S10 3 •
SH10 in ammonia-free water and dilute to I litre.
(2) Sodium arsenite solution, l/70 N. Dissolve 1.0 g of NaAs01 in
ammonia-free water and dilute to I litre. (CAUTION: Toxic; take care
to avoid ingestion.)
(3) Sodium sulfite solution, l/70 N. Dissolve 0.9 g of Na1S03 in ammonia-free water and dilute to I litre.
(4) Phenylarsenoxide solution, l/70 N. Dissolve 1.2 g of phenylarsenoxide, C6 H6 As0, in 200 ml of 0.3N sodium hydroxide solution,
filter if necessary, and dilute to I litre with ammonia-free water.
(CAUTION : Toxic ; take care to avoid ingestion.)
Nessler reagent. Dissolve lOO g of mercuric iodide, Hgl1 , and 70 g of
potassium iodide, KI, in a small quantity of ammonia-free water and add
this mixture slowly, with stirring, to a cool solution of 160 g of NaOH in
SOO ml of ammonia-free water. Dilute to I litre with ammonia-free water.
Stored in Pyrex glassware and out of the sunlight, this reagent is stable
for periods up to a year under normal laboratory conditions. The reagent
should give the characteristic colour with 0.1 mg/1 of ammonia nitrogen
within 10 minutes after addition and should not produce a precipitate with
small amounts of ammonia within 2 hours. (CAUTION: Toxic; take care
to avoid ingestion.)
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Permanent colour solutions
(1) Potassium chloroplatinate solution. Dissolve 2.0 g of K2PtCJ6 in

300-400 ml of distilled water; add 100 ml of concentrated HCl and
dilute to 1 litre.
(2) Cobaltous chloride solution. Dissolve 12.0 g of CoC12 .6H20 in
200 ml of distilled water; add lOO ml of concentrated HCl and dilute
to 1 litre.
2. 4. l. 5 Procedure

The following steps should follow each other without any intervening
delay.
(1) Preparation of equipment. Add 500 ml of distilled water, 10 ml of
phosphate buffer solution, and a few glass beads or boiling chips to a
ftask of appropriate capacity ; steam out the entire distillation apparatus
until the distillate shows no trace of ammonia.
(2) Sample preparation. Use a 500-ml sample or an aliquot diluted
to 500 ml with ammonia-free water. When the ammonia nitrogen content
falls below 0.05 mg/1, or when an albuminoid nitrogen determination is
to be made following the ammonia determination, use sample volumes
up to 1000 ml. Remove the residual chlorine in the sample by adding
an equivalent amount of dechlorinating-agent solution. If necessary,
neutralize the sample to about pH 7 with the dilute acid or base, using
a pH meter. Add 10 ml of phosphate buffer solution. For most water
samples this volume is sufficient to maintain a pH of 7.4 ± 0.2 during
distillation ; if not, add another 10 ml portion of buffer solution. For
samples containing more than 250 mg/1 Ca add up to 40 ml of buffer
solution first and then adjust the pH to 7.4 with acid or base.
(3) Distillation. In order to avoid any possibility of contamination,
leave the entire distillation apparatus assembled after the steaming-out
process until just before the actual sample distillation is to be started.
Empty the distilling ftask, taking care to leave the glass beads or boiled
chips in it. Pour in the dechlorinated, neutralized, and buffered sample.
Distil at the rate of 6-10 ml/min., collecting the distillate in successive
separate 50-ml, or larger, portions until free of ammonia. Nessler tubes
or volumetric flasks are suitable receivers for nitrogen concentrations
below 0.05 mg.
(4) Ammonia absorption. When the ammonia nitrogen content exceeds
0.05 mg, absorb the distillate below the surface of SO ml of boric acid
solution. Use an additional 50-ml increment of boric acid solution for
every milligram of ammonia nitrogen in the distillate. Collect at least
300 ml of the distillate. Lower the receiver free of the distillate, and continue distillation during the last minute or two to cleanse the condenser.
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(5) Colour development. Add 1.0 ml of Nessler reagent to a 50.0-ml
portion of the distillate, or to a suitable aliquot diluted to 50.0 ml with
ammonia-free water. Mix thoroughly by capping the Nessler tubes or
flasks with clean rubber stoppers (which have been thoroughly washed
with ammonia-free water) and then inverting the tubes at least six times
to ensure complete mixing. Keep such experimental conditions as temperature and reaction time the same in the blank, samples, and standards.
Allow the reaction to proceed for at least 10 minutes after the addition
of the reagent ; then read the colour in the distillate and the standards.
Use a 30-min. contact time if the ammonia nitrogen is very low, but in
this event run the blank and standards for the same length of time. Measure
the colour either photometrically or visually (see below).
(6) Photometric measurement. Measure the absorbance or transmittance
in a spectrophotometer or a filter photometer. The calibration curve should
be prepared under the same conditions of temperature and reaction time
prevailing for the samples. Transmittance readings should be made against
a reagent blank, and parallel checks should be run frequently against
known ammonia standards, preferably in the nitrogen range of the samples.
Complete calibration curves should be redetermined following the preparation of each batch of Nessler reagent.
(7) Visual comparison. Compare the colours produced in the samples
against those of the ammonia standards. Prepare temporary or permanent
standards as directed below :
(a) Temporary standards. Prepare a series of visual standards in Nessler
tubes by adding the following volumes of standard ammonium chloride
solution and diluting to SO ml with ammonia-free water : 0.0, 0.2, 0.4,
0.7, 1.0, 1.4, 1.7, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, S.O, and 6.0 ml. Nesslerize
the standards and the portions of distillate by adding 1.0 ml of Nessler
reagent to each tube and mixing well.
(b) Permanent standards. Measure into 50-ml Nessler tubes the
volumes of potassium chloroplatinate and cobaltous chloride solutions
indicated in Table IV ; dilute to the mark and mix thoroughly. The
values given in the table are approximate ; actual equivalents of the
standards thus prepared will differ with the quality of the Nessler
reagent, the kind of illumination used, and the colour sensitiveness
of the analyst's eye. The colour standards should be compared with
the nesslerized temporary ammonia standards and the tints modified
as necessary. Such comparisons should be made for each newly prepared Nessler solution and checked by each analyst. These standards
may be kept for several months if protected from dust. Comparison
with them is made either 10 or 30 minutes after nesslerization, depending
upon the reaction time used in the preparation of the nesslerized ammonia standards against which they were matched.
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2. 4. I . 6 Calculation
The amount of nitrogen in the volume of ammonia-free water that has
been used for diluting the original sample should be deducted before the
final nitrogen value is computed.
TABLE IV. PREPARATION OF PERMANENT COLOUR STANDARDS
FOR VISUAL DETERMINATION OF AMMONIA NITROGEN
Value In
ammonia nitrogen
(mg)

Approximate volume of
platinum solution
(m I)

Approximate volume of
cobalt solution
(mI)

0.000
0.002
0.004
0.007
0.010
0.014
0.017
0.020
0.025
0.030
0.035
0.040
0.045
0.050
0.060

1.2
2.8
4.7
5.9
7.7

o.o

9.9

11.4
12.7
15.0
17.3
19.0
19.7
19.9
20.0
20.0

0.0
0.1
0.2
0.5
1.1
1.7

2.2

3.3
4.5
5.7
7.1
8.7
10.4
15.0

A reagent blank should also be deducted for the volume of phosphate
buffer solution used with the sample.
The total ammonia nitrogen in the original volume of sample taken
for distillation is equal to the sum of the weights of ammonia nitrogen
found in each separate portion of distillate. If a representative aliquot
of a cumulative distillate is taken for nesslerization, the nitrogen found
in the aliquot must be multiplied by the ratio (R) of the total distillate
(including boric acid) to the aliquot :
mg/1 ammonia N =

mg ammonia N x 1000 x R
ml
1
sampe

The free NH8 and NH4 values can be calculated by multiplying the
ammonia nitrogen results by the factors 1.216 and 1.288 respectively.

2. 4. I . 7 Precision and accuracy
Since the ammonia content of the ammonia-free water plus the phosphate
buffer may approach or slightly exceed 0.01 mg/1 N, depending on the
purity of the reagents and the excellence of experimental technique, the
proper course is to report the N values to the second decimal where trace
quantities of ammonia are involved. A precision of± 5% of the nitrogen
value can be attained with a little practice by resort to photometric
methods if 500-ml samples are used.
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Where better than average accuracy-i.e., less variation than :1: 10%
of the true value-is required in the ammonia determination, it is recommended that the photometric calibration curve be prepared by taking the
ammonia nitrogen standards through all of the procedural steps, including
distillation. Such an approach will compensate for deficiencies in the
nitrogen recovery which may be peculiar to the distillation procedure and
the technique being used.
Ammonia nitrogen can be determined photometrically within less than
:1: 5% of the nitrogen value.
2.4.2

AMMONIA: DIRECf NESSLERP.ATION METHOD 1

2.4.2.1 Principle
With samples that have a high ammonia content, the distillation
step is sometimes omitted and the sample is nesslerized directly. Pre-treatment with zinc sulfate and alkali is used to precipitate calcium, magnesium,
iron, and sulfide, which might cause turbidity with Nessler reagent. The
ftoc also removes suspended matter and sometimes coloured matter. The
addition of EDTA or Rochelle salt solution prevents the precipitation of
residual calcium and magnesium ions in the presence of the alkaline
Nessler reagent.
2.4. 2. 2 Interference
A number of aliphatic and aromatic amines, organic chloramines,
acetone, aldehydes, and alcohols, among other undefined organic compounds, have been found to yield a yellowish or greenish off-colour or a
turbidity following the addition of Nessler reagent. Such interferences
may arise during the course of a direct nesslerization. No specific procedure
can be recommended for eliminating all of them, but recourse should be
had to distillation when they occur. Some volatile substances, such as
formaldehyde, can be removed by boiling at low pH, after which the sample
can be nesslerized.
2.4.2.3 Minimum detectable concentration. See section 2.4.1.3.

2. 4. 2. 4 Apparatus and reagents
The colorimetric equipment described in section 2.4.1.4, and all the
reagents listed in section 2.4.1.5, except the phosphate buffer and boric
acid solutions, are required, plus the following :
Zinc sulfate solution. Dissolve 100 g of ZnS04 • 7H20 in ammonia-fre~
water and dilute to 1 litre.
Sodium or potassium hydroxide solution. Dissolve 240 g of NaOH
or KOH in 500 m1 of ammonia-free water and dilute to 1 litre.
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Stabilizer solution. Either EDTA or Rochelle salt may be used to
prevent calcium or magnesium precipitation following the addition of the
alkaline Nessler reagent.
(1) EDTA solution. Dissolve 50 g of disodium dihydrogen ethylenediaminetetraacetate dihydrate in 60 mt of ammonia-free water containing
10 g of sodium hydroxide. If necessary, apply gentle heat to complete
the dissolution. Cool to room temperature and dilute to 100 ml.
(2) Rochelle salt solution. Dissolve 50 g of potassium sodium tartrate
tetrahydrate, KNa 4H40 6 .4H20, in 100 ml of ammonia-free water.
Remove the ammonia usually present in the salt by boiling off 30 ml
of the solution. After cooling, dilute to 100 ml.
2.4.2.5 Procedure
If necessary, remove the residual chlorine of the sample with an equivalent amount of dechlorinating-agent solution.
Add 1 m1 of zinc sulfate solution to 100 ml of sample; mix thoroughly;
add 0.4-0.5 m1 of hydroxide solution to obtain a pH of 10.5 as determined
with a pH meter and a high-pH glass electrode ; again mix thoroughly.
Allow the treated sample to stand for a few minutes, whereupon a heavy
precipitate should fall, leaving the supematant liquid clear and colourless.
Clarify by centrifuging or filtering.
Test any filter paper used to be sure no ammonia is present. This may
be done by running ammonia-free water through and testing the filtrate by
nesslerization. Filter the sample and discard the first 25 m1 of the filtrate.
Take 50.0 ml, or an aliquot portion diluted to 50.0 ml with ammoniafree water, add 1 or 2 drops of EDTA or Rochelle salt solution, and mix
well. Add 1.0 m1 of Nessler reagent and mix thoroughly. Measure the
colour developed, either photometrically or visually, as described in section 2.4.1.5.
2.4.2.6 Calculation
.
mg ammonia N x 1000
mg/1 ammoma N =
1
m1 sampe
The free NH3 and NH4 values can be calculated by multiplying the
ammonia nitrogen results by the factors 1.216 and 1.288, respectively.
2.4.2.7 Precision and accuracy
A precision of ± 5% of the nitrogen value can be attained with a little
practice by resorting to photometric methods. An " unknown , sample
of river water to which was added 0.40 mg/1 ammonia nitrogen was
determined with a standard deviation of ± 0.09 mg/1 in seventeen laboratories, using the direct nesslerization method.
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2.4. 3

CARBON CHLOROFORM EXTRACT 8l

Organic contaminants-in natural substances, insecticides, herbicides,
and other agricultural chemicals-enter water supplies from run-off.
Domestic sewage and industrial wastes, depending on the degree of treatment, contribute contaminants in various amounts.

2.4.3.1 Principle
Activated carbon is a remarkable absorption medium for many types
of organic materials. As used in a carbon adsorption unit (Fig. 3), it aids
in the detection of low, but significant, quantities of organic contaminants
in large volumes of water.
FIG. 3. INSTALLATION OF CARBON ADSORPTION UNIT
Hose
Connection

-

ToWISW

c:::

Pressure
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When a sufficient quantity of water has been run through the unit,
the carbon containing the adsorbed sample is removed, dried, and extracted
with chloroform. The removal of the chloroform by distillation leaves
a weighable residue of contaminants. Other solvents, such as ethyl alcohol,
will remove additional organics, but for monitoring and control purposes
the chloroform extraction is considered adequate.
This method does not determine the total organic content of water.
Although it is very effective, the carbon does not adsorb all the organics,
and the solvent does not recover all the materials adsorbed. Synthetic
detergents are not measured by this procedure.
Using known amounts of easily adsorbed materials, recoveries may
range from 50 to 90%. Replicate samples agree within ± 10%. The technique provides a relative measure of pollution load not obtainable by other
techniques. It reveals undue stress on a water from most industrial contaminants, particularly synthetic chemicals, and furnishes materials that can
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be subjected to physical, chemical, and physiological tests. The residues
can be analyzed in a variety of ways, and constant collection of such data
constitutes a valuable index of water quality.
This method is applicable to drinking waters, but not limited to them.
FIG. ... END ASSEMBLY OF CARBON
ADSORPTION UNIT

·--

........

2.4. 3. 2 Apparatus
(I) Carbon adsorption assembly (Fig. 4).
Pyrex pipe, 3-in. in diameter, 18-in. in length.
Asbestos inserts (two), for
3-in. pipe.
Flange sets (two), for
3-in. pipe.
Neoprene gaskets" (two),
1J4-in. thickness, with 3in. hole slotted to 3 / 8-in.
depth to take screen. Drill
3 holes, 6 / 16-in. diameter
to match flange.
Stainless-steel
screens ,.
(two), 40 mesh, 33 / 4-in.
diameter.
Brass plates (two), 3 ft6-in.
thickness x 61 / 4-in. diameter. Tap hole in centre
for 3J4-in. nipple. Score
a circular groove (1 / 16-in.
depth x 1 / 16-in. width and
33 / 8-in. diameter) into the
plate to prevent leakage.
Drill three holes, 6 ft6-in.

diameter, to coincide with the flange.
Galvanized nipples (two), 3/ 4-in. x 3 in. Thread nipple into brass
plate and weld in place.
Aluminium bolts and nuts (six), 6 / 16-in. x 2 in., for holding
assembly together.
(2) Extraction apparatus
Large-capacity Soxhlet extractor.6
a Screens of this type are obtainable from Netherland Rubber Co •• Cincinnati. Ohio. USA.
6

Cornina No. 388S (Cornina Glass Works. Cornina. N.Y .• USA) or equivalent.
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Heating mantle, 3-litre.•
(3) Variable transformer b 0-135 volts, 7.5 amps.
(4) Glass wool. Extracted before use to remove organic coating. It is
convenient to pack about 1 / 4 lb into the large-capacity extractor and
extract with chloroform for several cycles.
(5) Erlenmeyer flask, 300 ml.
(6) Glass vials, 5 drams or 18.5 ml.
(7) Pressure control valve, 40 lb/in2 •
(8) Flow-control valve, 0.25 gpm.
(9) Water meter, 6 / 8-in. household type.
2.4. 3. 3 Reagents
(1) Activated carbon. Upon receipt of each shipment of 4 x 10-mesh
carbon c and 30-mesh carbon," test for impurities. Fill extractors with
each type of carbon, and extract with chloroform (see below). Recover
the residues, which should be less than 40 mg for the 4 x 10-mesh carbon
and 20 mg for 30-mesh. If larger recoveries are obtained, look for possible
sources of contamination. Store the carbon in areas free from paint fumes
and other organic vapours. Deduct one-half of the value found on blanks
from the sample results.
(2) Chloroform. If possible, distil all chloroform used. If this cannot
be done, check the impurities by distilling 1 litre of solvent and evaporating to dryness. Use the chloroform if the residue is less than 5 mg, and
deduct the blank found from the results of the sample extraction.
2.4.3.4 Procedure
(I) Assembly of the carbon adsorption unit. Attach the end-fittings of
the adsorption unit to the glass pipe. Draw up the bolts evenly, holding
the brass plate to the glass pipe in order to get a good seal on the gasket.
Add 4 x 10-mesh carbon to a depth of 4.5 in. ; add 30-mesh carbon to
a depth of 9 in. Complete the filling of the glass pipe with 4 x 10-mesh
carbon (4.5 in). Be sure the unit is full. Tap the cylinder gently but do
not tamp the carbon. Attach the end-fittings on the adsorption unit, and
install on the water source as shown in Fig. 3.
NoTE : Organic contaminants must be avoided in making pipe joints
or other plumbing. Red-lead powder mixed to a paste with water is suitable
a Glas-Col Series M (Apparatus eo., Terre Haute, Ind., USA) or equivalent.
b Powerstat, Type 116 (Superior Electric Co., Bristol, eonn., USA) or equivalent.
c Cliff Char. 4 x 10 mesh (Cliffs Dow Chemical eo., Marquette, Mich., USA) or equivalent.
4 Nuchar C-190 (West Virainia Pulp & Paper Co., New York, N.Y., USA) or equivalent.
10
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for pipe joints. Clean all new fittings with kerosene followed by a detergent
wash. Rinse thoroughly with clean water.
(2) Sample collection. Start the unit by passing water through slowly,
because fine carbon washes out at first. Turn on the full flow after a few
minutes. Check the operation of the meter and the rate of flow (0.25 gpm).
Slight variations from the rate of flow can be tolerated. Measure the
total volume accurately. Continue operation until approximately 5000 gallons of water have passed through the unit. Record the meter readings
daily. Less than 5000 gallons can be put through the unit, but a minimum
of 1000 gallons is desirable.
(3) Handling the carbon after use. Immediately after the necessary
amount of water has passed through the unit, take the unit apart and
remove the carbon for drying. Spread the carbon out in a thin layer on a
tray of impervious material such as copper or glass.
NoTE: Do not use aluminium and galvanized metals for trays because
wet carbon reacts with these metals.
Dry the carbon in clean surroundings. Otherwise, paint fumes, spraying
operations, or other organic vapours will be taken up by the carbon and
false results will be obtained. To speed drying, pass heated air (35-40°C}
over the trays. Avoid higher temperatures. Regard the carbon as dry
when it is free-flowing and resembles fresh, unused carbon in appearance.
Some residual moisture will disappear in later processing. The dried carbon
is now ready for extraction with chloroform; if it cannot be extracted
immediately, place in a tight vessel for storage. A crimped-lid paint can
is a satisfactory storage container.
(4) Carbon extraction. Remove the glass plate from the bottom of the
Soxhlet extractor. Pack the previously extracted glass wool (see above)
lightly into the bottom of the extractor in order to keep the fine carbon
from passing into the boiling flask. Charge the extractor with the carbon
to be extracted. The amount of carbon in a sampling unit fits the extractor.
Pour chloroform over the carbon fairly rapidly to help adsorb the heat
evolved. Continue adding chloroform until siphon action is started. When
the chloroform has siphoned into the boiling flask, refill the extraction
chamber with chloroform. Add glass beads, or porous chips, to the boiling flask to prevent bumping, and then begin passing water through the
condensers. Turn on the heating mantles. A voltage setting of 80 on the
variable transformer is usually sufficient. When first starting the extractors,
or after the siphon cycle during the run, the solvent in the boiling flask
may superheat and bump. Tap the flask or vibrate the apparatus just at
the boiling point of the solvent to prevent superheating. Extraction units
do not always siphon automatically. Although regular siphoning is not
necessary, application of air pressure to the vent of the extractor with a
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rubber bulb will start the siphon action. Extract the carbon with chloroform
for 35 hours. Discard the carbon if no additional work with it is planned.
NoTE : The carbon retains a substantial amount of solvent even after
draining. Burning generates hydrochloric acid and storage releases fumes.
If a good hood is available, pass warm air over the carbon for 4 or 5 hours
to dry it while still in the extractor. Dispose of the carbon by broadcasting
on the ground.
When the extraction is completed, siphon all chloroform into the
boiling flask. Remove the flask from the extraction system and distil to
about 250 ml (avoid overheating). Filter into a 300-ml Erlenmeyer flask
and evaporate to about 15-20 ml on a steam bath. Blow a stream of clean
air into the flask to hasten evaporation. Transfer to a tared vial and
evaporate to dryness by allowing to stand in an open hood (without heat)
overnight or longer. Judge completeness of solvent removal by odour.
It is better to leave traces of solvent rather than to risk loss of sample by
prolonged heating and evaporation.
Weigh the sample and record the weight. Deduct the amount due to
the carbon blank and the solvent blank (see section 2.4.3.3).
2.4. 3. 5 Calculation
It is convenient to record the carbon chloroform extract (CCE) in
micrograms per litre :
g CCE x 108
llg/1 = gal sample x 3. 785
2.4.3.6 Interpretation of results
As stated in section 2. 2. 2. 3 of the chapter on Standards for drinking
water (p. 29), a concentration of 0.2 mg/1 of CCE should not be exceeded.
Waters containing more than this amount are likely to be of poor quality
and may exhibit some of the damaging effects noted in the introduction.
The source and kind of contaminants should be investigated if waters
consistently exceed 0.2 mg/1 of CCE. Clean surface and ground waters
will usually contain only 0.025 to 0.05 mg/1 of CCE ; highly coloured
waters may exceed this level.
2.4.4 SURFACTANTS

(DETERGENTS)

ABS:

METHYLENE

BLUE

METHOD

(TENTATIVE) 1

2 .4. 4. I Principle
This method depends on the formation of a blue-coloured salt when
methylene blue reacts with anionic surfactants, which include not only
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ABS, but alkyl sulfates as well. The salt is soluble in chloroform, and the
intensity of colour is proportional to the concentration. The intensity is
measured by making spectrophotometric readings in this solvent at a
wavelength of 652 mJJ. The method is applicable in the range 0.025-100 mg/1
(as ABS).
2.4 .4. 2 Interference
Both organic and inorganic compounds interfere with the determination
of ABS. Some of the proved sources of interference can be predicted on
the basis of chemical properties. Organic sulfates, sulfonates, carboxylates,
phosphates, and phenols-which form complexes with methylene blue
-and inorganic cyanates, chlorides, nitrates and thiocyanates-which
form ion pairs with methylene blue-are among the compounds causing
positive err~rs. Organic materials, especially amines, which compete
with the methylene blue in the reaction, can cause low results. Positive
errors are much more common than negative when determining anionic
surfactants in water.
2.4.4.3 Minimum detectable concentration: 0.01 mg/1 ABS.
2.4 .4 .4 Apparatus
Spectrophotometer, for use at 652 mJJ, providing a light path of 1 cm
or longer.
Separating funnels, 500 ml.
2.4.4.5 Reagents
Standard alkyl benzene sulfonate (ABS) solution. Weigh an amount
of the reference material equal to 1.000 g ABS on a 100% active basis.
Dissolve in distilled water and dilute to 1000 ml. Dilute 10.00 m1 of
this stock solution to 1000 ml with distilled water. 1.00 ml = 0.010 mg
ABS.
Phenolphthalein indicator solution. Dissolve 5 g of phenolphthalein
in 500 ml of 95% ethyl or isopropyl alcohol and add 500 ml of distilled
water. Then add 0.02N NaOH dropwise until a faint pink colour appears.
Sodium hydroxide, IN. Dissolve 40 g of NaOH in distilled water and
dilute to 1 litre.
Sulfuric acid, 1N. Cautiously dilute 28 m1 of concentrated H1SO, to
1 litre with distilled water.
Chloroform, ACS grade.
Methylene blue reagent. Dissolve 0.1 g of methylene blue 11 in 100 ml of
11

Eastman No. PS73 or eQuivalent.
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distilled water. Transfer 30 ml of this solution to a 1-litre flask. Add
500 ml of distilled water, 6.8 ml of concentrated H2S04 , and SO g of monosodium dihydrogen phosphate monohydrate, NaH2P04 .H20. Shake
until dissolution is complete. Dilute to the 1-litre mark.
Wash solution. Add 6.8 ml of concentrated H2S04 to 500 m1 of distilled water in a 1-litre flask. Then add SO g of NaH2P04 .H20 and shake
until dissolution is complete. Dilute to the 1-litre mark.
2.4.4.6 ProcedUre
(1) Preparation of calibration curve. Prepare a series of ten separating
funnels with 0.00, 1.00, 3.00, 5.00, 7.00, 9.00, 11.00, 13.00, 15.00, and
20.00 m1 of the standard ABS solution. Add sufficient water to make the
total volume 100 ml in each separating funnel. Treat each standard as
described below and plot a calibration curve of mg ABS versus absorbance.
(2) Volume of sample. The volume of the water sample to be tested
is based on the expected ABS concentration :
Expected ABS concentration
(mg/1)

Sample taken
(mI)

0.025- 0.080

400

0.08- 0.40

250

0.4

100

2
10

-

2.0

- 10
-100

20.0
2.00

If a sample of less than lOO ml is indicated, dilute to lOO ml with distilled water; if 100 m1 or more is used, extract the entire sample.
(3) Extraction and colour development

(a) Make the solution alkaline by adding NaOH, using phenolphthalein
as the indicator. Then acidify with H2S04 and transfer to a separating
funnel.
(b) Add 10 m1 of chloroform and 25 m1 of methylene blue. Rock
vigorously for 30 seconds and allow the phases to separate. Excessive
agitation may cause emulsion difficulties. Some samples require a
longer period of phase separation than others.
(c) Draw off the chloroform layer into a second separating funnel.
Rinse the delivery tube of the first separating funnel with a small amount
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of chloroform. Repeat the extraction three times, using 10 ml of
chloroform each time. If the blue colour in the water phase becomes
faint and disappears, add 25 ml more of methylene blue.
(d) Combine all extracts in the second separating funnel. Add 50 m1
of wash solution and shake vigorously for 30 seconds. Emulsions do
not form at this stage. Allow to settle and draw off the chloroform
layer through glass wool into a 100-ml volumetric flask. Repeat the
washing twice more with 10 ml of chloroform each time. Rinse the
glass wool and the funnel with chloroform. Collect the washing in
the volumetric flask, dilute to the mark, and mix well.
(4) Measurement. Determine the absorbance of the solution at 652 mp,
against a blank of chloroform.
2. 4.4. 7 Calculation
mg/1 total apparent ABS =

mgABS X 1000
m1 sampe
1

2.4.4.8 Precision and accuracy
A synthetic unknown sample containing 0.40 mg/1 ABS in distilled
water was determined with a standard deviation of ± 0.05 mg/1 in 40
laboratories using the methylene blue method. Forty-six analysts reproduced
their own results within ± 0.01 mg/1.
An " unknown " sample of river water to which was added sufficient
ABS to bring the ABS concentration to 1.31 mg/1, was determined with
a standard deviation of± 0.25 mg/1 in 40 laboratories using the methylene
blue method. Forty-six analysts reproduced their own results within
± 0.03 mgfl.
An " unknown " sample of tap water, to which was added sufficient
ABS to bring the ABS concentration to 2.22 mg/1, was determined with
a standard deviation of± 0.18 mg/1 in 4llaboratories using the methylene
blue method. Forty-six analysts reproduced their own results within
± 0.05 mg/1.
2.4.5 OIL

AND GREASE 1

Oil or grease may be present in water as an emulsion from industrial
wastes or similar sources, or a light petroleum fraction may be in solution.
Some oils in natural waters may derive from the decomposition of plankton
or higher forms of aquatic life. Most heavy oils and greases are insoluble
in water but may be emulsified or saponified by detergents, alkalis, or other
chemicals. Low-boiling fractions are lost in ordinary oil and grease
analysis, and special techniques for their determination have been developed. Even lubricating oil fractions evaporate at a significant rate at the
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temperature which is necessary for removal of the last traces of the extraction solvent. Kerosene is still more volatile, and gasoline cannot be
determined with any reliability by the petroleum ether extraction method,
which is designed for waters that may contain small amounts of oil or
grease in solution or suspension.

2.4. 5. 1 Principle
Dissolved or emulsified oil or grease is extracted from water by intimate
contact with various organic solvents. Some extractables, especially
unsaturated fats and fatty acids, oxidize readily ; hence, special precautions must be taken in regard to temperature and solvent vapour displacement to minimize this effect.
2.4. 5. 2 Interference
Solvents vary considerably in their ability to dissolve not only oil and
grease, but other organic substances as well. No solvent is known that
will selectively dissolve only oil and grease. On standing, most solvents
tend to form oxidation products which leave a gummy residue on evaporation. Saponified oil or grease tends to remain as an emulsion, but acidification of the sample to about pH 1 or addition of sodium chloride aids in
breaking this emulsion. Directions for breaking stubborn emulsions have
been described by Pomeroy & Wakeman.48

2.4.5.3 Sar.npling
Care should be taken that the sample is representative. Samples of oil
films taken from the surface of a stream or other body of water will be
almost impossible to evaluate in comparison with the total volume of
water, the total film area, and the thickness involved. Samples should
be taken in clean, glass-stoppered bottles, previously washed with solvent
and air dried before use. The bottle should not be completely filled, as
a loss of floating oil may occur in stoppering. It is advisable to collect the
desired quantity of sample in an oversized bottle that has previously been
marked on the outside at the desired volume.
2. 4. 5 .4 Storage of sar.nple
Stored samples should be acidified with 5 ml of 1 + 1 H2S04 per litre
to inhibit bacterial activity. Since many oils and hydrocarbons are utilized
by bacteria, storage is obviously detrimental.

2.4. 5. 5 Apparatus
Separating funnel with non-lubricated stopcock or with all greasy
lubricants removed from the ground-glass surfaces. A stopcock lubricant
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that is insoluble in organic solvents may be prepared by making a paste
of bentonite and glycerol. This lubricant dissolves very slowly in water
and is not affected by petroleum ether. After using apparatus greased with
this lubricant, clean the stopcock thoroughly, as the lubricant tends to
harden over a period of time. Other suitable lubricants are listed in handbooks or are available commercially.
2.4.5.6 Reagents
(1) Sulfuric acid, 1 + 1.
(2) Petroleum ether, boiling point 35-60°C. Distil at least twice in
all-glass apparatus, discarding the last 10% remaining in the flask at each
distillation. The residue on evaporation should be less than 0.1 mg per
100 ml. Observe strict safety precautions when using petroleum ether
because of its potential fire and explosion hazard.
2.4.5.7 Procedure
Place the sample, usually 1 litre, in a separating funnel of sufficient
size to allow the addition of acid and solvent and still leave space for
proper agitation.
Acidify the sample with 5 ml of H8S04 per litre.
Rinse the sample bottle carefully with 15 ml of petroleum ether, and
add the ether washings to the separating funnel. Add an additional 25 ml
of ether to the separating funnel, shaking vigorously for 2 minutes.
Allow the ether layer to separate. Withdraw the aqueous portion of
the sample into a clean container and transfer the solvent layer into a
clean, tared distilling flask capable of holding at least three volumes of
solvent. If a clear ether layer cannot be obtained, filter the solvent layer
into the tared distilling flask through a funnel containing an ether-moistened
Whatman No. 40 (or equivalent) filter paper. Use as small a funnel and
filter paper as practical. After all the ether from the two extractions and
the final rinsing has been added, wash down the funnel and filter paper
twice with fresh 5-ml increments of petroleum ether.
Return the sample to the separating funnel, rinsing the container with
15 ml of ether. Add the ether washings and an additional 25 ml of ether
to the separating funnel, and agitate for another 2 minutes.
Allow the solvent layer to separate, and discard the aqueous phase.
Add the ether extraction to the tared distilling flask, and rinse the separating
funnel with 20 ml of ether. Add the ether washings to the tared distilling
flask.
Distil off all but approximately 10 ml of the ether extract by means
of a water bath or an electric heating mantle, observing all necessary safety
precautions and keeping the heat source at about 70°C. Disconnect the
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condenser and boil off the remaining solvent from the tared flask at the
same temperature. Dry on a water or steam bath.
When dry, lay the flask on its side to facilitate the removal of solvent
vapour. Introduce approximately three volumes of dry illuminating gas
into the flask to displace the solvent vapour.
Cool in a desiccator for 30 minutes and weigh.

2.4.5.8 Calculation
If the petroleum ether used is known to be free of residue, the gain
in weight of the tared distilling flask is mainly due to oil and grease. The
total gain in weight of the tared flask less the calculated residue from the
solvent, as determined by the distillation or evaporation of a measured
quantity, indicates the amount of oil or grease in the water sample :
mg/1

.

011

or grease =

(mg weight gain-mg residue) x 1000
m1 sampe
1

2.4. 5. 9 Interpretation of results
This method is designed to avoid most errors that can affect the determination of oil and grease and should produce satisfactory results when
small amounts of oil or grease are present. If the quantity of oil or grease
is extremely small, the technical skill of the analyst may be the most important factor in determining the accuracy of the analysis.
2.4.6

TOTAL ORGANIC MATTER (CHEMICAL OXYGEN DEMAND) 1

The dichromate reflux method has been selected for the determination
of oxygen consumed, because it has been found that this procedure
has a high reproducibility, is applicable to a wide variety of samples, and
has manipulative advantages over methods using other oxidants.

2.4.6.1 Principle
Straight-chain aliphatic compounds, aromatic hydrocarbons, and
pyridine are not oxidized to any appreciable extent, although this method
gives more complete oxidation than the permanganate method. The straightchain compounds are more effectively oxidized if silver sulfate is added
as a catalyst ; however, silver sui fate reacts with chlorides, bromides, or
iodides to produce precipitates which are only partially oxidized by the
procedure. There is no advantage in using the catalyst in the presence
of aromatic hydrocarbons, but it is essential to the oxidation of straightchain alcohols and acids.
2.4. 6. 2 Interference
Unstable samples should be tested without delay and samples containing settleable solids should be homogenized by means of a blender
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for ease of representative sampling. Initial dilutions in volumetric flasks
should be made on those samples having a high " oxygen consumed
value", in order to reduce the error which is inherent in measuring small
sample volumes.
Chlorides are quantitatively oxidized by this procedure when silver
sulfate is not used as a catalyst. In this case, a correction can be applied
by determining chlorides on a separate sample and subtracting the calculated oxygen consumption of the chlorides from the result. Since 1 mg/1 Cl
will consume 0.23 mg/1 0, the correction is: mg/1 Cl x 0.23. This
correction cannot be applied when silver sulfate is used as a catalyst.
2.4.6.3 .4pparatus
Reflux apparatus : A 300-ml round-bottom flask (Coming No. 4320)
with ground-glass neck 24/40 and a Friedrichs condenser (Corning
No. 2600).
2.4.6.4 Reagents
(1) Sulfuric acid, concentrated.
(2) Silver sulfate, crystals.
(3) Ferroin indicator solution. Dissolve 1.485 g of I , 10-phenanthroline
(monohydrate), together with 0.695 g of ferrous sulfate (Feso., 7H10),
in distilled water and dilute to 100 ml.0
(4) Potassium dichromate standard solution, 0.25N. Dissolve 12.2588 g
of potassium dichromate (K2Cr20 7), previously dried at 103°C for 2 hours,
in distilled water and dilute to 1 litre.
(5) Ferrous ammonium sulfate standard solution, approximately
0.25N. Dissolve 98 g of ferrous ammonium sulfate (Fe(NH.>t(SOJ2 ,
6H 20) in distilled water. Add 20 ml of concentrated sulfuric acid, cool,
and dilute to 1 litre with distilled water. This solution must be standardized
daily against the potassium dichromate solution.

Standardization procedure. Dilute 25 ml of potassium dichromate
standard solution to about 250 ml with distilled water. Add 20 ml
of concentrated sulfuric acid and allow to cool. Titrate against the
ferrous ammonium sulfate solution, using 2 or 3 drops of the Ferroin
indicator solution.
.
Normahty

==

ml of K 2Cr20 7
ml of Fe(NHJa(SOJ, x 0.25

(NOTE : With relatively unpolluted waters, a weaker solution of potassium dichromate may be used. The normality of such a solution should
o This indicator solution may be obtained from the G. Frederick Smith Company.
Columbus, Ohio. USA.
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be 0.05. The normality of the ferrous ammonium sulfate solution
used should also be about 0.05. However, the oxygen consumed
values obtained by using a O.OSN potassium dichromate solution are
approximately 10% lower than those obtained with the 0.25N solution.)
2.4.6.5 Procedure
Place a 50-ml sample, or an aliquot diluted to SO ml with distilled
water, in the round-bottom flask, and add 25 ml of standard potassium
dichromate solution. Carefully add 75 ml of concentrated sulfuric acid,
mixing after each addition.
(CAUTION: The reflux mixture must be thoroughly mixed before heat
is applied. If this is not done, IOC'al heating occurs in the bottom of the
flask and the mixture may be blown out of the side arm of the condenser.)
Attach the flask to the Friedrichs condenser and reflux the mixture
for 2 hours. Pumice granules or glass beads should be added to the reflux
mixture to prevent bumping. Cool and then wash down the condenser
with about 25 ml of distilled water. In many cases, the 2-hour reflux
period is not necessary. Therefore, with particular samples the reflux
period necessary to give the maximum oxygen consumed should be determined and the shorter period of refluxing may be permissible.
Transfer the contents to a SOO.ml Erlenmeyer flask, washing out the
reflux flask 4 to S times with distilled water. Dilute the mixture to about
350 ml and titrate the excess potassium dichromate with ferrous ammonium
sulfate standard solution, using Ferroin indicator. Generally 2-3 drops of
the indicator are used. The colour change is sharp, changing from a
blue-green to a reddish-blue. The end-point, however, will not be as
sharp as in the standardization of the reagents because of the lower acid
concentration. For this reason it is necessary that the sample be diluted
to at least 350 ml before the titration is carried out.
A blank consisting of SO ml of distilled water instead of the sample,
together with the reagents, is reftuxed in the same manner.
More complete oxidation of many organic compounds such as straightchain alcohols and acids may be obtained by the use of silver sulfate as a
catalyst. One gram of silver sulfate crystals is added directly to the mixture
before refluxing, or the silver may be dissolved in concentrated sulfuric
acid at the rate of I g for every 75 ml of acid.
2.4.6.6 Calculation
0C (m /I) = (A-B) X N X 8000 _ C
ml of sample
g
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OC
A
B
C
N

= oxygen consumed from potassium dichromate
= ml of Fe(NH4>t{S04 ) 2 solution used for blank
= ml of Fe(NH4 MS04) 2 solution used for sample
= chloride correction = mg/1 Cl x 0.23
= normality of Fe(NH4MSOJ2 solution.

2.4. 6. 7 Precision and accuracy
The method is quite precise and may be used on a wide variety of
waters even though the back titration is less than 1 ml. Its accuracy has
been determined by Moore et al." For most organic compounds the
oxidation is 95-100% of the theoretical value. Using the silver catalyst,
short straight-chain alcohols and acids are oxidized to the extent of
85-95% or better. Benzene, toluene, and pyridine are not oxidized by
either procedure.
2.4. 7

BIOCHEMICAL OXYGEN DEMAND (BOO)

1

2.4. 7 .I Apparatus
Incubation bottles, 250- to 300-mt capacity with ground-glass stoppers.
They should be cleaned with chromic acid mixture, carefully rinsed, and
thoroughly drained before use. As a precaution against drawing air into
the dilution bottle during incubation, a water seal is recommended.
Satisfactory water seals are obtained by inverting the bottles in a waterbath or adding water to the flared mouth of special ROD bottles.
Air incubator or water-bath. One thermostatically controlled at
20°C ± I°C should be used. Light should be excluded to prevent formation of dissolved oxygen by algae in the sample.
2.4. 7.2 Reagents
(I) Distilled water of highest purity.
(2) Phosphate buffer solution. Dissolve 8.5 g of potassium dihydrogen
phosphate (KH 2P04), 21.75 g of dipotassium hydrogen phosphate
(K 2 HP04), 33.4 g of disodium hydrogen phosphate (N~HP04 , 7H 20},
and 1.7 g of ammonium chloride in about 500 ml of distilled water, and
dilute to I litre. The pH of this buffer should be 7.2 without further
adjustment.
(3} Magnesium sulfate solution. Dissolve 22.5 g of magnesium sulfate·
(MgS04 , 7H~P> in distilled water and dilute to I litre.
(4} Calcium chloride solution. Dissolve 27.5 g of anhydrous calcium
chloride in distilled water and dilute to I litre.
(5) Ferric chloride solution. Dissolve 0.25 g of ferric chloride (FeCI 3 ,
6H 20) in distilled water and dilute to I litre.
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2.4. 7.3 Preparation of dilution water
Place the desired volume of distilled water, as near 20°C as possible,
in a suitable bottle and add I ml each of phosphate buffer, magnesium
sulfate, calcium chloride, and ferric chloride solutions for each litre of
water.
Seed the dilution water, if necessary, by adding from 1 to 10 ml of
settled domestic sewage, 24-36 hours old, per litre. If sewage is not
available in the laboratory, it is permissible to seed the sample with
1 drop of lactose broth containing an active culture which is known
to produce a positive presumptive coliform test. If it is desired to use
river water for seeding purposes, from 10 to SO ml per litre should be
added. The amount of seeding material in any case should be chosen
in the light of past experience so as to give oxygen depletions in the blanks
of at least 0.6 mg/1 in five days' incubation. Seeded dilution water should
be us!d the day it is ma:le. Aerate the dilution water with a clean supply
of compressed air to saturate with oxygen. Saturation may also be obtained
by 2-3 days• storage in partially filled bottles which are closed with a cotton
plug.
2.4.7.4 Procedure
If high concentrations of residual chlorine are present (0.1 p.p.m.),
allow to stand for 1-2 hours or until residual chlorine is dissipated. Excessive amounts of residual chlorine can be neutralized by the addition of the
exact concentration of sodium sulfite required.
If deficient in oxygen, the sample should be aerated to bring oxygen
concentration up to but not in excess of saturation at 20°C.
Fill two BOO bottles (300-ml, glass-stoppered) full and place one
in a 20°C incubator forS days. Water-baths with temperature controlled
to 20°C ::1: 1oc may be used as an incubator.
When the BOO value is expected to be in excess of S.O mg/1, dilution
of the sample will be necessary. Select a definite volume of sample (less
than 300 ml), add to BOO bottle, and fill completely with dilution water.
Determine dissolved oxygen in one bottle before incubation and in
the second bottle after an incubation period of S days at 20°C by the
following method:
DETERMINATION OF DISSOLVED 0XYOEN:
WINKLER METHOD, ALSTERBERO (AziDE) MoDmCATJON 1

Principle
The basic Winkler procedure entails the oxidation of manganous hydroxide in a
highly alkaline solution. Upon acidification in the presence of an iodide, the manganic
hydroxide dissolves and free iodine is liberated in an amount equivalent to the oxygen
originally dissolved in the sample ; the free iodine is titrated with a sodium thiosulfate
standard solution, using starch as an internal indicator, after most of the iodine has
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been reduced. The normality of the thiosulfate solution is adjusted so that I ml is
equivalent to I mg/1 dissolved oxygen when 200 ml of the original sample is titrated.
Interference

Nitrites, ferrous and ferric iron, organic matter, sulfides, sulfites, polythionates,
hypochlorites, suspended matter, and other oxidizing and reducing substances interfere
with the Winlder test either by absorbing or reducing the liberated iodine or by oxidizing
iodide to free iodine.
Ferrous iron in amounts of I mg/1 will result in an apparent loss of about 0.14 mg/1
dissolved oxygen. On the other hand, the presence of ferric salts may occasion high
results owing to the liberation of iodine from iodides in the final step of the procedure,
especially if the titration is delayed. The Alsterberg (azide) modification given here is
most suitable for waters containing more than 0.1 mg/1 nitrite nitrogen and not more
than I mg/1 ferrous iron. Other reducing or oxidizing materials should be absent. If
I ml of potassium fluoride solution is adJed before acidifying the sample and there is
little delay in titrating, the method is also applicable in the presence of IOJ-20J mg/1
ferric iron.
Reagents

(I) Manganous sulfate solution: Dissolve 480 g of manganous sulfate (Mnso.,
4H10)-or 400 g of Mnso•• 2H10, or 364 g of Mnso•• H10-in distilled water, filter,
and dilute to I litre. When uncertainty exists regarding the water of crystallization,
a solution of equivalent strength may be obtained by adjusting the specific gravity of the
solution to a value of 1.270 at 2o•c. The manganous sulfate solution should liberate
not more than a trace of iodine when added to an acidified solution of potassium
iodide.
(2) Potassium fluoride solution: Dissolve 40 g of potassium fluoride (KF, 2H10)
in distilled water and dilute to 100 ml.
(3) Alkaline-iodide/sodium-azide reagent: Dissolve SOO g of sodium hydroxide
(or 700 g of potassium hydroxide) and 135 g of sodium iodide (or ISO g of potassium
iodide) in distilled water and dilute to I litre. Potassium and sodium salts may be used
interchangeably. The reagent should not give a colour with starch solution when diluted
and acidified. Dissolve 10 g of sodium azide (NaN 1) in 40 ml of distilled water and
add to 950 ml of the first solution, with constant stirring.
(4) Sulfuric acid, concentrated : The strength of this acid is about 36N; I ml is
equivalent to about 3 ml of the alkaline-iodide/sodium-azide reagent.
(S) Starch solution : An emulsion of S-6 g potato, arrowroot, or soluble starch is
made in a mortar or beaker with a small quantity of distilled water. Pour this emulsion
into I litre of boiling water. allow to boil for a few minutes and settle overnight. Use
the clear supernatant. This solution may be preserved by the addition of 1.25 g of
salicylic acid per litre or of a few drops of toluene.
(6) Potassium bi-iodate standard solution : A stock solution equivalent in strength
to O.IN sodium thiosulfate solution contains 3.250 g of KI0 8, HI0 8 per litre, in accordance with the following reaction :

A bi-iodate solution equivalent to the 0.02SN sodium thiosulfate solution contains
0.8124 g of KI08 , Hl03 per litre and may be prepared by diluting 250 ml of stock
solution to I litre with distilled water.
(7) Potassium dichromate standard solution: Potassium dichromate (K 1Cr10 7),
previously dried at I03•C for 2 hours, may be substituted for KI03 , HI08 • A solution
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equivalent to the 0.025N sodium thiosulfate solution contains I .226 g of K 1Cr20 7 per
litre.
(8) Sodium thiosulfate stock solution, 1.0N : Dissolve 248.2 g of sodium thiosulfate
(Na1S10 8 , 5H10) in freshly boiled and cooled distilled water, and dilute to I litre.
Preserve by adding 5 ml of chloroform or I g of sodium hydroxide per litre.
(9) Sodium thiosulfate standard solution, 0.025N : Prepare by (a) diluting 25 ml
of sodium thiosulfate stock solution to I litre with freshly boiled and cooled distilled
water, or (b) dissolving 6.205 g of sodium thiosulfate (Na1S20 3, 5H20) in freshly boiled
and cooled distilled water and diluting to 1 litre. Preserve by adding 5 ml of chloroform
or 0.4 g of sodium hydroxide per litre. One ml of this solution is equivalent to 0.2 mg
of 0.
(a) Standardization with potassium hi-iodate. In an Erlenmeyer ftask, dissolve
approximately 2 g of potassium iodide, free from iodate, in 100-150 ml of distilled
water, add 10 ml of 10"/o sulfuric acid solution, followed by exactly 20 ml of 0.025N
potassium bi-iodate standard solution. Dilute to 200 ml with distilled water and
titrate the liberated iodine with the 0.025N sodium thiosulfate standard solution,
adding starch solution towards the end of the titration, when a pale straw colour
is reached. Exactly 20 ml of sodium thiosulfate solution should be required when
the solutions under comparison are of equal strength. It is convenient to adjust
the solution to exactly 0.025N.
(b) Standardization with potassium dichromate. Same as under (a), except that 20 ml
of 0.025N potassium dichromate standard solution are used in place of the bi-iodate.
Place in the dark for 5 minutes, dilute to approximately 400 ml with distilled water,
and titrate with the 0.025N sodium thiosulfate standard solution.
Procedure

To the sample as collected in a 250- to 300-ml bottle add 2 ml of manganous sulfate
solution, followed by 2 ml of alkaline-iodide/sodium-azide reagent well below the surface
of the liquid. Stopper with care to exclude air bubbles completely, and mix by inverting
the bottle several times. When the precipitate settles leaving a clear supernatant above
the manganese hydroxide ftoc, repeat the shaking a second time. When settling has
produced at least 100 ml of clear supernatant, carefully remove the stopper and immediately add 2.0 ml of concentrated sulfuric acid, allowing the acid to run down the neck
of the bottle, restopper, and mix by rentle inversion until solution is complete. The
iodine should be uniformly distributed throughout the bottle before decanting the
amount needed for titration. This should correspond to 200 ml of original sample after
correction has been made for the loss of sample by displacement with the reagents.
Thus, when a total of 4 ml-2 ml each of the manganous sulfate solution and the alkalineiodide/sodium-azide reagent-is added to a 300-ml bottle, the volume taken for titration
should be
200 x

300
_
300 4

= 203

ml.

Titrate with 0.025N sodium thiosulfate solution to a pale straw colour. Add 1-2 ml
of freshly prepared starch solution and continue the titration to the first disappearance
of the blue colour. If the end-point is overrun, the sample may be back titrated with
0.025N potassium bi-iodate solution added dropwise, or by an additional measured
volume of sample. Correction for the amount of bi-iodate or sample should be made.
Subsequent recolorations due to the catalytic effect of nitrites or to the presence of traces
of ferric salts which have not formed ftuoride complexes should be disregarded.
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Precision and accuracy
The dissolved oxygen in distilled water can be determined with a precision expressed
as a standard deviation of 0.043 ml (n = 3: 6 x 10) of 0.02SN sodium thiosulfate
solution. ln the presence of appreciable interferences, the standard deviation may be
as high as 0.1 ml. Still greater errors may occur in waters having organic suspended
solids or in heavily polluted waters. Errors due to carelessness in collecting samples,
delay in the completion of the test, and improper technique should be avoided.

2.4.8

TOTAL ORGANIC NITROGEN: KJELDAHL METHOD 1

2.4.8.1 Principle
Organic nitrogen may be determined by digestion of the sample after
removal of the free ammonia by distillation ; the ammonia formed after
digestion is distilled and titrated with standard acid. The organic nitrogen
may also be computed from the difference between the value obtained
for total Kjeldahl nitrogen and that for free ammonia.
In the presence of sulfuric acid and copper sulfate catalyst, the aminonitrogen of many organic compounds is converted to ammonium bisulfate.
The ammonia is distilled from an alkaline medium and determined by
nesslerization. Nitrate and nitrite nitrogen are not determined.

2.4.8.2 Storage of samples
The most reliable results are obtained on fresh samples. In the event
that a prompt analysis is impossible, every precaution should be taken
to retard biological activity by storing the samples at a low temperature,
preferably just above freezing. Where such a measure is impracticable,
the addition of 0.8 ml of concentrated sulfuric acid per litre may serve
to maintain the nitrogen balance of the samples.

2.4.8.3 Apparatus
Kjeldahl distillation apparatus. Although gas-heated distillation units
may be used, electrically heated units often offer smoother operation.
Nesslcr tubes, matched, 50-ml, tall-form.

2.4.8.4 Reagents
The solutions should preferably be stored in Pyrex glassware.
(I) Ammonia-free water. Ammonia-free water may be made by
redistillation of distilled water that has been treated with a slight excess of
bromine and allowed to stand overnight. The first 100 ml of the distillate
should be discarded. For most work the ammonia may be removed from
ordinary distilled water by shaking I litre of distilled water with 2.6 g
of Folin's ammonia Permutit." Ammonia-free water can also be prepared
by passing distilled water through a column of glass tubing, 5 cm in dia"Permutit Company, New York, N.Y .• USA
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meter, charged with a total of approximately 350 g of the following resins
intimately mixed : 2 parts by volume of Amberlite IRA 400 {hydroxyl
form) and 1 part of Amberlite IR 120 (hydrogen form), available separately
or premixed as Amberlite MB-1." Water prepared by either of these
exchange processes often retains about 0.01 mg/1 ammonia nitrogen,
which none the less is satisfactory for most purposes. Although the resins
may be used repeatedly, regular blanks should be run on the ammoniafree water to guard against unsuspected exhaustion and the attendant
release of ammonia to the so-called ammonia-free water. 2 Traces of
magnesium in some distilled waters cause cloudiness following nesslerization, a condition which may be prevented by the use of Rochelle salt
(potassium-sodium tartrate) &olution.
(2) Nessler reagent. Dissolve 100 g of anhydrous mercuric iodide
and 70 g of anhydrous potassium iodide in a small quantity of ammoniafree water; add this mixture slowly, with stirring, to a cool solution of
160 g of sodium hydroxide in 500 ml of ammonia-free water, and dilute
to I litre with ammonia-free water. Stored in Pyrex glassware and out
of the sunlight, this reagent is stable for periods up to one year under
normal laboratory conditions. The reagent should give the characteristic colour with ammonia within 10 minutes after addition and should
not produce a precipitate with small amounts of ammonia within 2 hours.
(3) Phosphate buffer solution, pH 7.4. Dissolve 14.3 g of anhydrous
potassium dihydrogen phosphate (KH 2PO.a) and 68.8 g of anhydrous
dipotassium hydrogen phosphate (K 2HP04 ) in ammonia-free water and
dilute to I litre. A blank ammonia determination should be run on the
buffer solution.
(4) Potassium chloroplatinate solution. Dissolve 2 g of potassium
chloroplatinate (K 2PtC18) in 300-400 ml of distilled water, add lOO ml
of concentrated hydrochloric acid, and dilute to I litre.
(5) Cobaltous chloride solution. Dissolve 12 g of crystallized cobaltous
chloride (CoCI 2 , 6H 20) in 200 ml of distilled water, add lOO ml of concentrated hydrochloric acid, and dilute to 1 litre.
(6) Sulfuric acid, concentrated, low in nitrogen.
(7) Sodium or potassium sulfate, anhydrous.
(8) Copper sulfate solution. Dissolve 100 g of copper sulfate (CuS04 ,
5H20) in ammonia-free water and dilute to I litre.
(9) Sodium hydroxide solution. Dissolve 500 g of sodium hydroxide
in ammonia-free water and dilute to 1 litre.
(10) Phenolphthalein indicator solution. Dissolve 5 g of phenolphthalein in 500 ml of ethanol and add 500 ml of distilled water. Then
11

11

Rohm & Haas Company, Philadelphia, Pa •• USA.
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add 0.02N sodium hydroxide solution dropwise, until a faint pink colour
appears.
(I I) Ammonium chloride stock solution. Dissolve 3.819 g of anhydrous
ammonium chloride in ammonia-free water and dilute to I litre. One ml
of this solution contains 1.00 mg of N, or 1.22 mg of NH3 •
(12) Ammonium chloride standard solution. Dilute 10.0 ml of ammonium chloride stock solution to I litre with ammonia-free water. One ml
of this solution contains 0.0100 mg of N, or 0.0122 mg of NH3 •
2.4. 8. 5 Preparation of standards
(I) Temporary standards. A practical series of standards can be prepared by introducing in 50-ml Nessler tubes the following volumes of
ammonium chloride standard solution: 0, 0.2, 0.4, 0.7, 1.0, 1.4, 1.7,
2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 6.0 ml, and diluting to the mark
with ammonia-free water. Nesslerize the standards and the portions
of distillate by adding I ml of Nessler reagent to each tube.
TABLE V. PREPARATION OF PERMANENT STANDARDS
FOR THE DETERMINATION OF AMMONIA NITROGEN
Value In
ammonia nitrogen
(m g)

0
0.002
0.004
0.007
0.010
0.014
0.017
0.020
0.025
0.030
0.035
0.040
0.045
0.050
0.080

Approximate volume
of potassium
ehloroplatlnate solution
(mI)

Approximate volume
of eobaltous chloride
solution
(mI)

1.2
2.8
4.7
5.9
7.7
9.9
11.4
12.7
15.0
17.3
19.0
19.7
19.9
20.0
20.0

0
0
0.1
0.2
0.5
1.1
1.7
2.2
3.3
4.5
5.7
7.1
8.7
10.4
15.0

(2) Permanent standards. Measure into 50-ml Nessler tubes the
volumes of potassium chloroplatinate and cobaltous chloride solutions
indicated in Table V ; dilute to the mark with ammonia-free water and
mix thoroughly. The values given in the table are approximate ; actual
equivalents of the standards thus prepared will differ with the quality of
the Nessler reagent, the kind of illumination used, and the colour sen-
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sitiveness of the analyst's eye. These standards should be compared with
the nesslerized temporary standards and the tints modified as necessary.
Such comparisons should be made for each newly prepared Nessler solution and checked by each analyst. These standards may be kept for several
months if protected from dust.
2.4.8.6 Procedure
Add 10 ml of phosphate buffer solution and a few pumice granules
or glass beads to a 500-ml sample (or less) in an 800-ml Kjeldahl flask,
and boil off 200 ml. If desired, this fraction can be distilled and analysed
for the ammonia nitrogen. Cool and add carefully 10 ml of concentrated
sulfuric acid and I ml of copper sulfate solution. After mixing, evaporate
under a hood until copious fumes of sulfur trioxide are given off and the
liquid becomes colourless or a pale straw colour. Digest for an additional
20 to 30 minutes. In resistant cases, where the materials decolorize with
difficulty, the digestion temperature may be raised by the addition of 5 g
of anhydrous sodium or potassium sulfate. Cool the flask contents and
dilute to 300 ml with ammonia-free water. Add 0.5 ml of phenolphthalein
indicator solution and a sufficient volume of sodium hydroxide solution,
carefully and with continuous mixing, to make the contents alkaline to
the indicator. Connect the flask to the condenser and shake the flask to
ensure complete mixing.
Distil the ammonia into a 200-ml flask and finish the analysis by visual
comparison. Compare the colours produced in the samples and in reagent
blanks against those of the ammonia standards. Temporary or permanent
standards may be used. Comparison with permanent standards should
be made either 10 or 30 minutes after nesslerization, depending on the
reaction time of the nesslerized temporary standards against which the
permanent standards were matched (see section 2.4.8.5, paragraph (2)).

2. 4. 8. 7 Calculation
Organic N (mg/1) =
[(mg of N in sample) - (mg of N in reagent blank)] x lOCO
ml of sample

2. 4. 8. 8 Precision and accuracy
The over-all accuracy of the determination is estimated to be within 5%.
2.4.9

NITRITE 1

2.4.9.1 Principle
The nitrite concentration is determined through the formation of a
reddish-purple azo dye produced at pH 2.0-2.5 by the coupling of diazot-
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ized sulfanilic acid with 1-naphthylamine (also called a-naphthylamine)
hydrochloride. The diazotization method is suitable for the visual determination of nitrite nitrogen in the range from 0.001 to 0.025 mg/1 N.
2.4. 9. 2 Interference
By virtue of chemical incompatibility, it is unlikely that nitrite, free
available chlorine, and nitrogen trichloride will co-exist in a sample.
Nitrogen trichloride imparts a false red colour when the normal order
of reagent addition is followed. Although this effect may be minimized
somewhat by adding first the 1-naphthylamine hydrochloride reagent
and then the sulfanilic acid reagent, an orange colour may still result when
a substantial nitrogen trichloride concentration is present. A check for
free available chlorine and residual nitrogen trichloride is advisable
under such circumstances. The following ions interfere by virtue of precipita:ion under the conditions of the test and should therefore be absent :
ferric, mercurous, silver, bismuth, antimonous, lead, auric, chloroplatinate,
and metavanadate. Cupric ion may cause low results by catalyzing the
decomposition of the diazonium salt. Coloured ions which alter the
colour system should likewise be absent.
2.4.9.3 Storage of samples
The determination should be made promptly on fresh samples to
obviate bacterial conversion of the nitrite to nitrate or ammonia.
2.4.9.4 Apparatus
Nessler tubes, matched, 50-m1, tall-form.
2.4. 9. 5 Reagents
All reagents must be prepared from chemicals which are white in
colour.
(I) Aluminium hydroxide suspension. Dissolve 125 g of potassium
or ammonium alum-K 2 AI 2(S04 ) 4 , 24H20 or (NH4) 2 AI 2(S04) 4 , 24H 20in 1 litre of distilled water. Warm to 60°C and add slowly, with stirring,
55 ml of concentrated ammonium hydroxide. After it has stood for about
one hour, transfer the mixture to a large bottle and wash the precipitate
thoroughly by successive decantations with distilled water, until free from
ammonia, chloride, nitrite, and nitrate.
(2) Sulfanilic acid reagent. Completely dissolve 0.60 g of sulfanilic
acid in 70 ml of hot distilled water ; cool the solution and add 20 ml of
concentrated hydrochloric acid. Dilute to lOO ml with distilled water and
mix thoroughly.
(3) 1-Naphthylamine hydrochloride reagent. Dissolve 0.60 g of
1-naphthylamine hydrochloride in distilled water to which 1.0 ml of con-
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centrated hydrochloric acid has been added. Dilute to 100 ml with distilled water and mix thoroughly. The reagent becomes discoloured and
a precipitate may form after one week, but it is still usable. It should
be discarded when the sensitivity or reproducibility is affected. Storage
in a refrigerator extends the useful life of the reagent. Filter before
using.
(4) Sodium acetate buffer solution, 2M. Dissolve 16.4 g of sodium
acetate (NaCtH80 2), or 27.2 g of NaCtH 30 2 , 3H20, in distilled water
and dilute to 100 ml. Filter if necessary.
(5) Sodium nitrite stock solution. Dissolve 0.246 g of anhydrous
sodium nitrite in nitrite-free distilled water and dilute to 1 litre. Preserve
by adding 1 ml of chloroform. One ml of this solution contains 0.05 mg
of N.
(6) Sodium nitrite standard solution. Dilute 10.0 ml of sodium nitrite
stock solution to I litre with nitrite-free distilled water.- Preserve by
adding I ml of chloroform and store in a sterilized bottle. One ml of
this solution contains 0.0005 mg of N.
2.4.9.6 Preparation of standards
A suitably spaced series of colour standards can be prepared by introducing in 50-ml Nessler tubes the following volumes of sodium nitrite standard solution: 0, 0.1, 0.2, 0.4, 0.7, 1.0, 1.4, 1.7, 2.0, and 2.5 ml, and
diluting to the mark with distilled water.
2.4.9.7 Procedure
If the sample contains suspended solids and colour, add 2 ml of aluminium hydroxide suspension to 100 ml of sample; stir thoroughly, allow
to stand for a few minutes, and filter, discarding the first portion of the
filtrate. Coagulation may also be made with zinc sulfate and zinc hydroxide.
To SO ml of clear sample which has been neutralized to a pH of 7, or
to an aliquot diluted to SO ml, add 1.0 ml of sulfanilic acid reagent and
mix thoroughly. At this point, the pH of the solution should be about 1.4.
After it has been standing for 3 to 10 minutes, add 1.0 ml of 1-naphthylamine hydrochloride reagent and 1.0 ml of sodium acetate buffer solution,
and mix well. At this point, the pH of the solution should be 2.0-2.5.
After 10 to 30 minutes, compare visually the reddish-purple colour with
that of the standards.

2.4.9.8 Calculation
. . N
N1tnte
(mg/1)
N01 (mg/1)

==

==

mg of N X 1000
f
1
m1 o sampe

mg/1 of nitrite N x 3.29
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2.4.9.9 JJrecision and accuracy
On undiluted samples and in the absence of interference, the precision
and accuracy are estimated to be within 0.002 mg/1 in the nitrogen range
up to 0.025 mg/1.
2. 5 Residual chloriDe : orthotoUdine-arsenite method 1

2.5.1

USE AND LIMITATIONS

Within the limitations specified below, the orthotolidine-arsenite (OTA)
test pennits the measurement of the relative amounts of free available
chlorine, combined available chlorine, and colour due to interfering substances. In samples containing a high proportion of combined available
chlorine, it may indicate more free available chlorine than is actually present.
Precision of results depends on strict adherence to the conditions of the
test, which are : (a) the time intervals between addition of reagents, and
(b) the temperature of the sample. Precision is also affected by the relative
concentrations of free and combined available chlorine in the sample.
The temperature of the sample under examination should never be above
20°C, and the precision of the test increases with decreasing temperature.

2.5.2

APPARATUS

One of the following is required :
(a) Comparator, colour- and turbidity-compensating.
(b) French square bottles, 30- or 60-ml capacity.

2.5.3

REAGENTS

(I) Orthotolidine reagent. Dissolve 1.35 g of orthotolidine dihydrochloride in 500 ml of distilled water. Add this solution, with constant
stirring, to a mixture of 350 ml of distilled water and I 50 ml of concentrated
hydrochloric acid. The use of orthotolidine base in the preparation of
this reagent is not recommended.
The orthotolidine solution should be : (a) stored in amber bottles or
in the dark; (b) protected at all times from direct sunlight; (c) used for
not more than 6 months ; (d) kept away from contact with rubber; and
(e) maintained at normal temperatures. At temperatures below 0°C, the
orthotolidine will precipitate from solution and cannot be re-dissolved
easily. The use of a reagent from which part of the orthotolidine has
precipitated may lead to errors due to a deficiency of active element.
(2) Arsenite reagent. Dissolve S g of sodium meta-arsenite (NaAs01)
in distilled water and dilute to 1 litre.
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(3) Phosphate buffer stock solution, 0.5M .• Dry anhydrous disodium
hydrogen phosphate (Na2HP04) overnight at li0°C and store in a desiccator. Dissolve 22.86 g of this salt, together with 46.16 g of anhydrous
potassium dihydrogen phosphate (KH2P04), in I litre of distilled water.
Allow the solution to stand for several days to enable any precipitate
to form. Filter before using.
(4) Phosphate buffer standard solution, O.IM.• Filter the buffer
stock solution and dilute 200 ml to 1 litre with distilled water. The pH
of this solution is 6.45.
(5) Chromate-dichromate strong solution. Dissolve 1.55 g of potassium dichromate (K2Cr20 7) and 4.65 g of potassium chromate (K 2Cr04)
in 0.1 M phosphate buffer solution and dilute to 1 litre with 0.1 M
phosphate buffer solution. The final solution corresponds to the colour
produced by 10 mg/1 Cl2 by the standard orthotolidine procedure when
viewed through a depth of 240 to 300 mm.
(6) Chromate-dichromate dilute solution. Dissolve 0.155 g of potassium dichromate (K 2Cr20 7) and 0.465 g of potassium chromate (K 2Cr04)
in 0.1 M phosphate buffer solution and dilute to I litre with 0.1 M phosphate buffer solution. Alternatively, dilute 100 ml of chromate-dichromate
strong solution to 1 litre with O.IM phosphate buffer solution. The final
solution corresponds to the colour produced by I mg/1 Cl2 by the standard
orthotolidine procedure when viewed through all cell depths.
2.5.4

PERMANENT CHLORINE STANDARDS

2.5.4.1 Preparation
Permanent chlorine standards may be prepared as follows, according
to the modified Scott formula:
(I) 0.01-1.0 mg/1.
The volumes of chromate-dichromate dilute
solution indicated in Table VI are pipetted into 100-ml tubes of any uniform length and diameter or into 100-ml volumetric flasks. The volume
is then made up to the 100-ml mark with 0.1 M phosphate buffer solution.
These standards can be read at any cell depth up to 300 mm.
(2) 1.0-10.0 mg/1. The volumes of chromate-dichromate strong
solution indicated in Table VII for the range of cell depths given are
pipetted into 100-ml tubes of any uniform length and diameter or into
100-ml volumetric flasks. The volume is then made up to the 100-ml
mark with 0.1 M phosphate buffer solution. These standards can be used
for the cell depths listed.
• lt cannot be emphasized too stronaly that t~recision in the !)reparation of the buffer
solutions is necessary : therefore. the directions must be followed meticulously.
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Standards for other cell depths or for other concentrations can be
prepared by interpolating between the values stated in Tables VI and VII.
TABLE VI. CHLORINE STANDARDS, O.ot TO 1.0 mgiJ•
Chlorine
(mg/1)

(ml)

Chlorine
(mg/1)

Chromat..dlchromate
dilute solution
(ml)

1
2
5
7
10
15
20
25
30

0.35
0.40
0.45
0.50
0.60
0.70
0.60
0.90
1.00

35
40
45
50
60
70
80
90
100

Chromat..dlchromalel
dilute solution

0.01
O.o2

0.05
0.07
0.10
0.15
0.20
0.25
0.30

TABLE VII. CHLORINE STANDARDS, 1.0 TO tO.O mgiJ•
Chromate-dichromate strong solution (ml) at cell depth of
Chlorine
(mgll)

1
1.5

2
3
4
5
8
7
8
9
10

25-50
mm

10.0
15.0
19.5
27.0
34.5
42.0
49.0
58.5
84.0
72.0
80.0

I

100
mm
10.0
15.0
19.5
27.5
35.0
43.0
51.0
59.0
87.0
75.5
84.0

I

200
mm

10.0
15.0
19.7
29.0
39.0
48.0
58.0
88.0
77.5
87.0
97.0

I

240-300
mm
10.0
15.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0

• These standards are very close visual matches of the chlorlne-orthotolldlne colour and
are preferable to temporary standards which are difficult to prepare accurately.

Variations in the viewing-depth in any set of colour comparison tubes,
cells, or bottles should not be more than ± 3%.

2.5.4.2 Protection of standards
The tubes should be protected from dust and evaporation by sealing
on micro-cover-glasses with collodion, Canada balsam, or similar material.
Apply the material to the top of the comparison tube, cell, or bottle
by means of a camel's-hair brush, and immediately put the cover-glass
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into position with forceps. After it is spot-sealed, reinforce the circumference with additional, brush-applied sealing material until the joining
of the tube and cover-glass is complete. The use of rubber steppers is not
recommended. Handy Nessler tubes with special ground-glass caps that
permit optical comparison are now on the market. The standards should
be neither stored nor used in direct sunlight. They should be renewed
whenever turbidity appears.
2. 5. 4. 3 Commercial standards
Commercially prepared permanent standards may be used for routine
tests, provided the analyst satisfies himself as to their accuracy and checks
them frequently.

2. 5. 5

PROCEDURE

Label three comparator cells, or French square bottles, A, B, and OT.
Use 0.5 ml of orthotolidine reagent in 10-ml cells, 0.75 ml in 15-ml cells,
and the same ratio for other volumes of sample. Use the same volume
of arsenite reagent as of orthotolidine.
To cell A, containing orthotolidine reagent, add a measured volume
of the water sample. Mix quickly, and immediately, within 5 seconds, add
arsenite reagent. Mix quickly again and compare with colour standards
as rapidly as possible; record the result. The value obtained (A) represents
free available chlorine and interfering colours.
To cell B, containing arsenite reagent, add a measured volume of the
water sample. Mix quickly, and immediately add orthotolidine reagent.
Mix quickly again and compare with colour standards as rapidly as possible ; record the result as the B1 value. After exactly 5 minutes, compare
again with colour standards and record the result as the B2 value. The
values obtained represent the interfering colours present in the immediate
reading (B1) and in the 5-minute reading (Bs).
To cell OT, containing orthotolidine reagent, add a measured volume
of the water sample. Mix quickly and, after exactly 5 minutes, compare
with colour standards ; record the result. The value obtained (OT)
represents the total amount of residual chlorine present and the total
amount of interfering colours.

2. 5. 6

CALCULATION

Total residual chlorine = OT-B1
Free available chlorine = A- B1
Combined available chlorine = total residual chlorine-free available
chlorine.

Aanex S

APPROVED METHODS FOR THE
BIOLOGICAL EXAMINATION OF WATER
1. Laboratory Equipment
1.1 FUtration equipment
1. 1 . 1

FILTERING FUNNELS

A cylindrical funnel is required ; the diameter should be approximately

5 cm at the top, with a straight side for about 23 cm, narrowing over a
distance of about 7.5 cm to a bore of 1.3 cm diameter and terminating in
a straight portion of this diameter about 6 cm in length. The capacity
of this funnel is 500 ml. It should be fitted at the bottom with a tightly
fitting one-hole rubber stopper, and the stopper should contain a small
glass U-tube, the outer arm of which extends 2.5 cm above the small end
of the stopper. This tube prevents complete drainage of water from the
filter sand after filtration.
1.1. 2

CLOTH DISCS

Cloth discs, about 1 cm in diameter, are needed to support the sand
in the funnel. These are cut preferably from silk bolting cloth having
about 80 meshes per cm, although nylon or linen cloth may be used.
1. 1 . 3

FILTERING SAND

White sand is required as the filtering medium. This may be Berksh1re
sand, Ottawa sand, ground quartz, or white beach sand. The sand should
be washed and screened, only that portion being used which passes a
250-a.t screen (US Standard No. 60) and is retained on a 125-a.t screen
(US Standard No. 120).
1.2 Microscopes

1. 2. 1

COMPOUND MICROSCOPE

Although most workers prefer the binocular-type compound microscope, the monocular type can be used. and for some individuals it is
actually the instrument of choice. Either type of microscope should be
equipped with a mechanical stage capable of moving all parts of a counting-
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cell past the aperture of the objective. The following eyepieces and objectives should be provided as standard equipment :
(I) Eyepieces
S x and 10 x or 8 X and 12.5 X (paired when binocular microscope
is used).

(2) Objectives
Type

Initial
magnification •

Over-all magnification
with 10 x eyepiece

1.8 mm (oil Immersion)
4 mm (high-power, dry)
8 mm (medium-power)
18 mm (low-power)

100X
40X

117o-880X
430-450X
210x
100><

20X
100X

• A magnification factor la engraved on each objective.

Unlike the higher-power objectives, the medium-power or 8-mm
objective, with a working distance of approximately 1.6 mm, can be used
with a standard counting-cell I mm deep. Providing, as it does, twice
the magnification of the low-power objective ordinarily used in enumerating plankton, this medium-power lens is useful in several ways. For
example, small organisms can be examined more carefully during the
process of counting by shifting momentarily to the 8-mm objective, and
\\h!n allowances are made for the reduction in field area it will be found
th1t plankton counts can actually be made with this objective.
An approximate doubling of the magnification is still more conveniently
achieved by means of the magnification variator which may be interposed
between the eyepieces and objectives of some modem microscopes. This
accessory has the added advantage of being employable with any eyepieceobjective combination.

1.2.2

LOW-POWER STEREOSCOPIC MICROSCOPE

This consists essentially of two complete microscopes assembled into
a binocular-instrument to give a stereoscopic view and an erect rather
than an inverted image. Its range of magnifications bridges the gap between the hand lens and the compound microscope, and it is indispensable
for the study of organisms, such as Microcrustacea, too large for examination with the latter instrument. The zoom objectives now available for
some microscopes of this type provide a continuous range of magnifications at the turn of a dial, which minimizes the chance of losing an organism
under examination while shifting to a higher or lower power.
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SEDGWICK-RAfTER COUNTING-CELL

A counting-cell is used to provide a known volume and area for microscopic examination and enumeration of organisms. It consists of a brass
or glass rim closely cemented to a plate of optical glass, or plate glass.
The depth of this cell should be I mm. The shape and size of the cell,
excepting its depth, are not prescribed; but a rectangular cell with inside
dimensions of 20 x SO mm and 1-ml capacity is recommended. A coverglass, preferably No. 3, of such size as to cover the cell and its rim, is
required. The inner walls of the cell shall be vertical and corners shall
not be rounded for this may interfere with uniformity of distribution
and thus influence the accuracy of the count.

1.2.4

MICROMETERS

I . 2. 4. I Whipple micrometer
For field limitation, the microscope should be fitted with a Whipple
disc micrometer. This ocular micrometer, placed in the eyepiece of the
microscope, is an accurately ruled square subdivided into 100 squares.
One of the small squares near the centre is further subdivided into 25 still
smaller squares. Dimensions of the entire square are such that with a
16-mm objective, a IOx ocular, and a correctly adjusted tube length,
the area delimited on the stage of the microscope is exactly I mm2 • This
combination is determined accurately by reference to a stage micrometer,
and exact adjustment may be attained by a change in the draw-tube length
of the microscope. In many modem microscopes the tube length is no
longer an adjustable feature and exact coincidence cannot be obtained.
In such cases it is necessary to establish the exact coverage obtained at
the tube length which has been established by the manufacturer. If the
square exceeds or falls below I mm2 , a factor must be used to convert
the results obtained to those represented by a standard area.
When the outside limits of the Whipple micrometer cover exactly J mm2
on the stage, the very smallest square will cover an area of 20 x 20 a.t. or
400 square microns. This is known as the " areal standard unit ••. If this
areal standard unit has also a thickness or depth of 20 a.t, it becomes a
" volumetric standard unit •• or " cubic standard unit , , the volume of
which is 8000 cubic microns.
If the Whipple micrometer does not exactly coincide with 1 mm2 on
the stage, the volumetric enumeration method may still be used by applying a factor to the cubic standard unit.
If the Whipple micrometer is transferred to another eyepiece, or if the
eyepiece is moved to another microscope, recalibration is necessary.
This is also true if objectives are changed.
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1. 2. 4. 2 Measuring eyepiece
A measuring eyepiece is also needed by the microscopist to determine
the exact size of specimens which are being examined. A glass disc or
reticule bearing a linear scale of arbitrary divisional size and total length
is placed engraved side down on the diaphragm of an ordinary eyepiece
to convert it to a measuring device. In stereoscopic and binocular microscopes, the measuring reticule is placed in the right eyepiece. If a considerable amount of measurement is done, an eyepiece with a permanent
factory-mounted reticule, or a screw micrometer with a shifting scale,
may be desirable.

1. 2. 4. 3 Stage micrometer
A stage micrometer is needed for the calibration of the Whipple micrometer and the ocular-measuring device and to establish the diameter of
the microscope field for each combination of eyepiece and objective.
This micrometer is a standardized, accurately ruled scale mounted on a
glass slide. The finest engraved lines are 0.01 mm apart. Calibration of
an ocular micrometer, for example, is accomplished by superimposing
the images of the stage and the ocular micrometers and noting the point
of correspondence of graduations.

1 . 2. 5

DRAWING EQUIPMENT

A camera lucida should be available for use with the compound
microscope, to permit the preparation of accurate scale drawings. These
are essential for the proper determination of certain micro-organisms, for
example, many of the more delicate protozoa, which lose their shape on
preservation and must therefore be identified in the living state.

2. Procedures

l.l Calibration of microscope
Microscope eyepieces to be used in counting plankton are fitted with
glass discs (reticules) bearing parallel, engraved, equidistant lines, or
engraved, subdivided squares which are designed to measure microscopic
objects or accurately delimit microscope fields. Before these ocular micrometers can be used, they must be carefully calibrated in combination
with each objective.
The ocular micrometers are calibrated by measuring an object of
known dimensions, thus determining the value of each subdivision by
reference. A stage micrometer or glass slide, on which an accurately
ruled scale has been engraved, is placed on the microscope stage and
serves as the object of known dimensions.
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The procedure consists in determining the number of intervals on the
ocular micrometer required to cover one or several intervals on the scale
of the stage micrometer. With the ocular and stage micrometers parallel
and partly superimposed, a line at one end of the eyepiece scale is selected
and matched with a similar line of the stage micrometer scale. If the two
scales are then carefully examined along their entire length, it will be
observed that the lines also correspond at another point. Since the exact
distance between lines on the stage micrometer is known, the linear value
of each eyepiece-scale division can now be determined by reference. For
example, if the smallest interval on the stage micrometer is 0.01 mm and
if 10 of these 0.01-mm divisions are equal to 25 divisions on the eyepiece
scale, one eyepiece division is equal to 0.1 mm : 25 = 0.004 mm (4 1.1).
When this scale is used for measurement, the result is a direct reading
of length in microns. Thus an object covering five eyepiece divisions is
20 1.1 long.
When high-power objectives are calibrated, the stage-micrometer lines
are magnified to a point where they have appreciable width. As a result,
the calibration procedure must be modified by placing an eyepiece-scale
line alongside of, rather than end-to-end with, the stage-micrometer lines.
The eyepiece-scale lines used for calibration should both lie on the same
side of their stage-micrometer counterparts.
Single observations will not suffice to establish a true calibration of
ocular micrometers ; the average of a large number of observations must
be used. The data obtained will be more readily available if a graph is
prepared in which the eyepiece-scale dimensions are plotted against the
linear distances they represent on the stage. By reference to this chart,
the length in microns of any given object examined may be determined
quickly.
If the same eyepiece and objective are used and no change is made in
the tube length of the microscope, there will be no n<ed to recalibrate an
ocular micrometer.
The Whipple micrometer is usually calibrated by adjusting the tube
length of the microscope at low power, such as obtained with a 16-mm
ohjective, until the outer lines of the square coincide exactly with the
0.0 and 1.0 mm lines on the stage micrometer. At higher powers and
where the tube length cannot be adjusted, the calibration is carried out
in the same manner as for ocular micrometers.
2. 2 Concentration of samples
2.2.1

GENERAL

If organisms are numerous in the original sample, no concentration
is necessary ; and in some instances, where a " water bloom " prevails,
dilution of the water sample may actually be needed before an enumeration
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can take place. There is no general agreement among workers in the field
regarding the number of organisms needed per unit volume of sample to
provide a basis for an accurate count, although it is hoped that current
statistical research studies in this field may eventually provide a basis for
agreement. However, for practical purposes it is necessary to set some
arbitrary limit now. In doing so it can be agreed that organisms are too
numerous for an accurate count when they overlap one another in a standard counting-cell. Conversely, organisms are too scarce when the average
per Whipple field, under standard procedure, is less than one. It is suggested therefore that the satisfactory sample should contain a concentration of organisms which will produce a count of not less than 10 organisms
per field when a Whipple micrometer and a standard counting-cell are
used. If this count is not attained, the sample should be concentrated.
If other methods of counting are employed, the corresponding limit can
be determined for each particular procedure.
2.2.2 SEDGWICK-RAFrER METHOD
Filtration shall be carried out as soon as possible after collection of
the sample. If the sample is kept cool, 3-4 hours may safely intervene;
but for longer periods and at high, summer temperatures it is desirable
to preserve the sample as directed on page 33, in section 2.3.2.4.
Prepare the filter for use, first inserting the glass U-tube in the large
end of the rubber stopper, then cover the moistened small end with a
disc of bolting cloth and place the whole firmly in the lower end of the
funnel. The latter should be perfectly clean on the inside.
Pour sand into the funnel to form a layer 1.3 cm deep on top of the
disc. Add 5 to 10 ml of distilled water to wash down any sand on the
walls of the funnel and to drive the air from the sand. As the distilled
water filters through the sand, tilt the funnel from side to side to permit
the escape of air.
Mix the sample well, but do not shake it violently. Measure out from
250 to 1000 ml, according to the density of microscopic organisms in
the sample, in a graduated cylinder or flask, and pour slowly into the
funnel, holding the latter in a slanting position and taking care to leave
the sand undisturbed.
Allow the water to filter through the sand. Moderate suction may
be used to hasten filtration. Wash down the side occasionally with the
waste filtrate water from the sample. If living organisms are being concentrated, keep the temperature of the sample uniform during the filtration period to prevent the lethal effect of heat. After the water has reached
the level of the outer arm of the U-tube, disconnect the suction if employed ;
carefully remove the U-tube from the stopper to allow most of the remaining water to drain through the sand.
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As soon as the sand has drained, transfer the funnel to a horizontal
position, remove the stopper slowly with a twisting movement, then raise
the funnel to a vertical position inside a small beaker. The plug of sand
usually falls into the beaker. Wash down the walls of the funnel with
S-20 ml waste filtrate water, the amount varying with the final concentration of sample desired. The water should be measured with a pipette
and is finally collected in the beaker containing the sand and organisms.
The container is then shaken gently to detach organisms from the sand grains.
Allow a moment for the coarse sand to settle, then decant promptly
into a beaker. A second washing of the sand, with an additional S ml of
water, is usually necessary. If the mixing has been thorough, any water
remaining in the sand will have the same concentration of organisms as
the decanted water of the second washing.
If the concentrated sample is to be preserved for future examination,
a 3% to 100/o solution of formaldehyde may be used to wash down the
funnel, or the formaldehyde may be added to the concentrate and the
latter made up to a definite volume ; some multiple of S is convenient.

2.2.3

SELECTION OF ALIQUOT PORTION FOR EXAMINATION

The portion taken from the concentrated sample should be representative and the examination should include a sufficient number of organisms
to ensure accuracy.
Shake the concentrated sample gently but in such a manner that complete mixing will occur. Place the cover-glass obliquely across the cell.
By means of a pipette, withdraw I ml of material from the sample bottle
before the motion of the sample induced by mixing has ceased. Introduce
half of this volume at each open corner of the cell. When carefully done,
this will cause the cover slip to rotate automatically into a position completely covering the cell. After a 4- or 5-minute settling period, the cell
is ready for the enumeration procedure. During this interval most organisms settle towards the bottom and a few rise to the surface, coming to
rest against the cover slip.
2.3 Differential count of organisms with the Sedgwick-Rafter cell

2.3.1

GENERAL

A differential count may be defined as the enumeration of some or all
of the different kinds of plankton organisms, distinguishing them qualitatively. It involves identifying, counting, and recording the numbers of
individuals of each kind. In contrast, the total count has been defined as
an enumeration of all the plankton forms without any attempt to distinguish between different kinds.
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In making a differential count, the contents of the cell should be
examined under the microscope in three ways. First, the most abundant
forms are counted by examining a number of standard fields; next, a
strip extending the whole length of the cell is examined for organisms which
are less numerous; and, finally, the whole cell is examined for large forms
and those very limited in number. In all cases, examine the full depth
of the cell to include floating forms.
General rules or suggestions for counting which are applicable to
any of the three procedures listed are as follows :
(a) It is ordinarily impracticable to count bacteria.
(b) If it is difficult to discriminate positively between remains of
organisms which were living or dead before the sample was preserved,
do not count the doubtful specimens.
(c) Objects near the limit of vision of a given combination of eyepiece
and objective cannot be adequately counted. Examine them under higher
powers.
(d) Detritus and objects other than plankton are recorded, since this
information may be of use in the final interpretation of results. For
example, counts of wood fibres derived from paper mills may be of value
in pollution surveys.
(e) If a plankton organism lies on the boundary line of the field, count
only that portion lying inside and record as a fraction.
(j) The length of filamentous forms should be estimated and reported
in units of a selected standard length. Some workers report filaments
in terms of I00-11 units.
(g) Other forms having irregular colonies may be reported in terms
of estimated units of volume, selecting arbitrarily a volume which approximates a medium-sized colony.
(h) Except as indicated in (/) and (g), individual organisms should
be reported whenever possible, unless colonial groups have a fairly constant number of cells. When a species of the latter type is reported in
terms of colony units, it is well to indicate in the record the number of
cells which have been considered as representative.

2.3.2

fiELD COUNT

The field count is made with the low-power dry objective and an
appropriate eyepiece equipped with a Whipple micrometer. When the
distribution of organisms in the sample is uniform and organisms are
relatively abundant, conditions are ideal for counting and relatively few
fields need to be examined.
The exact number of fields which must be examined will vary considerably depending on the accuracy which is necessary and the character12
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istics of the sample. Careful statistical work is currently being carried
on by one research organization to ascertain, on a mathematical basis,
the exact number of fields which must be examined in any given sample
to attain a preselected degree of accuracy. A method apparently applicable to practical microscopy has been developed. However, before it
is adopted as a standard procedure, this method must be tested more
extensively.
More or less arbitrarily, microscopists have long used 10 fields as
the standard of reasonably good practice. More recently, where highly
concentrated samples were involved and organisms were very numerous,
certain workers have felt that sufficient accuracy was attained when 5
fields were examined. For routine work it is therefore recommended
that, in samples which are adequately concentrated to provide at least
10 organisms per field, not less than 5, and preferably 10, standard fields
should be examined in making a plankton count. When special studies
are being made, it may be necessary to increase tenfold the number of
fields examined.
The fields selected should be chosen at random and should be well
separated from one another. In order that certain parts of the cell may
not be inadvertently avoided, some workers divide the area of the countingcell into four sectors by diagonal lines connecting opposite corners. Fields
are selected at random from each of the general areas so delimited.
In making a differential count, certain forms will be too scarce to
appear in satisfactory numbers in each field examined. Such organisms
must be counted by strip counts or survey counts.

2. 3. 3

STRIP COUNT

This count is made when a species is not abundant enough to be accurately enumerated by the field count. It is also suited to the enumeration
of organisms which are too small to be identified or counted properly
under the low magnification available in the field-count method. The
strip count is essentially the enumeration of a selected group of organisms
as they occur within an area represented by the full length of a SedgwickRafter cell (50 mm) and the width of a microscopic field (approximately
0.7 mm). The microscopic field width generally used is that produced by
a combination of a lOx eyepiece and an 8-mm objective. The exact
width of this strip varies with individual lenses and must be determined
by reference to a stage micrometer. In a fully calibrated microscope whose
field diameter is known, it is a simple matter to convert strip counts to
units corresponding to those obtained with other methods.
In the actual count, enumeration is begun at one end of the cell and
all organisms which are to be recorded are counted as the slide is moved
past the objective by the mechanical stage. Usually, one trip is made along
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the long axis of the cell. In some instances it may be desirable to count
several strips to obtain the accuracy desired.

2.3.4

SURVEY COUNT

Large plankton forms such as Microcrustacea and rotifers, which can
be identified rather readily at low magnifications and are less numerous
than the smaller organisms, should be counted by the survey method.
This involves enumeration of all organisms of this type which are present
in an entire cell volume of I ml. Ideally, this count is made with a lowpower stereoscopic microscope, using its highest power. In routine work,
however, most microscopists use the low-power (16-mm) objective in
combination with a lOx eyepiece.
By means of the mechanical stage, the entire contents of the countingcell are moved past the objective for recognition and enumeration of the
organisms which are being counted. In making this traverse it is possible to
include smaller plankton organisms if these have special significance and
cannot be accurately counted by the other procedures.
If the total number of organisms is still too small for accurate reporting,
several cells may be counted or the following supplementary procedure
adopted. The entire sample is poured into a Petri dish which is then
examined under a stereoscopic microscope. Guide-lines or squares should
be ruled on the Petri dish for the purpose of orientation.
The survey count is the method generally applied to silk-net collections,
although the other two procedures may also be used.
2. 4 Identification of plankton
Wherever possible, the species of an organism should be determined.
It is recognized that identification to genus or to a more generalized group
may suffice for some purposes, but it cannot be too strongly emphasized
that accurate specific identification should be the aim. Space does not
permit a discussion of the principles of taxonomy or the inclusion of
suitable keys for the identification of aquatic organisms of significance
in connexion with the estimation of pollution levels. The specialized literature on these subjects is accessible per medium of Biological Abstracts
and related journals. Introductory illustrated data on common plankton
forms will be found in Standard Methods for the Examination of Water
and Wastewater,1 Palmer" and Ingram & Bartsch. 28
2.5 Detection of poUution by biological examination

2.5.1

GENERAL

Active research is at present in progress on the feasibility of using
certain aquatic animals, including fish, microcrustaceans and planarians,
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as test organisms for the detection of toxic pollution, and numerous techniques have been proposed or are being developed for the biological detection of organic pollution in raw waters. It would be premature to designate
standards at this time, for there remains a considerable diversity of opinion
among biologists as to the respective merits of the various procedures so
far proposed. Thus, although differing tolerances to organic pollutants
exhibited by aquatic organisms clearly furnish bases for both ecological
and physiological methods for estimating water pollution levels, some
authors (e.g., Liebmann, 40) advocate concentration upon micro-organisms
while others (e.g., Huet, te) prefer to make use of mi~roscopic invertebrates. Micro-organisms undoubtedly have special importance in this
regard, as many of their species are cosmopolitan and their greater
ratio of surface area to volume renders them more rapidly responsive to
chemical changes in the environment. Furthermore, they comprise the
bulk of the inhabitants of the more heavily polluted waters. Nevertheless,
since the proportion of mi~ro-organisms increases as self-purification
proceeds, it seems necessary to consider the whole biocoenosis, 41 with particular regard to the abundance and succession of its various members,
in developing biological procedures for detecting pollution.
Various viewpoints on such procedures are summed up by Bick,a
Hynes,27 Klein 33 and Liebmann.40• u Brief remarks and references concerning some of the more promising ones follow hereunder. It must again
be emphasized that these are not recommended as standards, but rather
as examples of methods felt to merit trial under a wide range of geographical
and climatic conditions.

2. S. 2

PROCEDURES

2. S. 2. 1 Ecological procedures
These call for a knowledge of the biocoenosis of the raw water source
concerned.
(a) The saprobity system (Kolkwitz & Marsson; 87, as Kolkwitz; a&. ae
Liebmann 40• u
The principle of the saprobity system (Saprobiensystem) is that a river
that has received a heavy load of sewage undergoes self-purification. This
results in a series of zones of decreasing pollution which are named polysaprobic, alpha-mesosaprobic, beta-mesosaprobic and oligosaprobic. Each
zone contains characteristic plants and animals and for each zone a large
number of indicator-organisms have been listed. These indicator-organisms
serve as a means of recognizing the various levels of pollution. The
saprobity system originally dealt only with sewage. Some now apply it also
o An ecoloaical unit comprisina both the veaetable and the animal population of the
habitat.
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to waters in which the source of pollution is not sewage but other organic
or even inorganic wastes. Harmful results are quickly detected by comparing
the number of species from above the point of entry with that from below,
but it remains for the chemist to demonstrate which specific substances
are toxic.
The saprobity system originally called for the mere listing of species
found in a sample, the presence or absence of designated indicator-organisms
being used to define the particular zone of pollution. There is now a
growing realization that conclusions should be based upon the relative
abundance of the species within the whole association of organisms.
Statistical calculations make the saprobity system free from the limitations
imposed by individual interpretations, and give results more instructive
and informative to the layman than long lists of names of organisms.
Appropriate statistical methods have been developed by KnOpp,lW. Pantle &
Buck,"·" Zelinka & Marvan,68 Zelinka et al. 69 and Dittmar.1a The system
easiest to work with is that of Pantle & Buck, which has been adopted
as a preliminary standard procedure in East Germany (Breitig 4).
Pantle & Buck"·" have established the saprotity index (Saprobieninde."C, S), which is calculated by the following formula :

·h
s -lIs
-hwhere s is the degree of saprobity (Saprobiengrad), an indicator value
for each species listed by Liebmann,"'· u and
h is the frequency with which the single species occur.
In this way each species is valued by frequency, and by its position in
the saprobity system. For the calculation, the following numerical degrees
are used:
oligosaprobic indicator-organism
beta-mesosaprobic indicator-organism
alpha-mesosaprobic indicator-organism
polysaprobic indicator-organism
species found only by chance
species occurs frequently
species occurs in abundance

s
s
s
s
h
h
h

= I
= 2
= 3

.., 4
"" I
== 3
- S

By use of the formula mentioned above the degree of pollution or the
respective saprobic zone may be estimated. The correlation between the
saprobity index and the zones of pollution is as follows :
SaprobitY index

l.O.l.S
l.S-2.S
2.S-3.S
3.S-4.0

Degree of pollution

very slight (oligosaprobic)
moderate (beta-mesosaprobic)
heavy (alpha-mesosaprobic)
very heavy (polysaprobic)
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The method of Zelinka is more time-consuming. Zelinka has established
tables showing the " saprobica1 valency '' of species, which depends upon
their relative frequency at different levels of pollution and enables an
individual " indicator value " to be attributed to each of them. The degree
of saprobity of the water source is then calculated by means of special
formulae (cf., Zelinka & Marvan 58).
(b) Expansion of the saprobity system by subdividing the zones of higher
pollution

Sllidecek 60 has endeavoured to subdivide the zone~ of higher pollution.
His work supersedes earlier attempts of this kind by Sramek-Hu§ek 61 and
others. He considers all fresh water under four headings : katharobity
(very pure water), limnosaprobity (polluted surface and ground water),
eusaprobity (sewage and industrial wastes undergoing bacterial decomposition) and trans-saprobity (wastes inaccessible to bacterial decomposition).
Eusaprobity is subdivided into: (a) isosaprobity (zone of ciliates); (b) metasaprobity (zone of colourless flagellates); (c) hypersaprobity (zone of
bacteria) ; and (d) ultrasaprobity (azoic zone, but non-toxic, undergoing
bacterial decomposition after a time). Trans-saprobity includes antisaprobity (toxic zone) and radiosaprobity.
The expanded saprobity system may prove useful for the classification
of different types of domestic and industrial wastes.
(c) The biological measurement of water pollution according to
Fjerdingstad 18

The author has established a saprobic system based upon the composition of benthal communities of micro-organisms. These communities
are characteristic of distinct degrees of increasing self-purification in
rivers polluted with domestic sewage or industrial wastes with a high
content of organic matter. The system of Fjerdingstad provides for 9levels
of pollution instead of the 4 proposed by Kolkwitz & Marsson, and opens
up extended possibilities of evaluating the magnitude and the correction
of pollution. Another advantage of his system is the rapidity with which
measurements can be made, a relatively small number of indicator-organisms
being employed.
(d) The R-P-C-system of Gabrie/ 21
This system uses a" biological index", which is based on the numerical
value of the "reducers" (R) (e.g., bacteria), "producers" (P) (e.g.,
algae), and "consumers" (C) (e.g., ciliates) in the water.
(e) The " Artenfehlbetrag" of Kothe 39
This index is based on the decrease in the number of species in water
polluted by wastes. The difference between the number of species (A1)
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occurring at an undisturbed sampling place above the toxic influent and
the number of species (Ax) below this point, expressed as a percentage of
A1 , is named the Artenfehlbetrag. It is calculated by using the formula:
A1

-

Ax

X

100

At
Thus, an Artenfeh/betrag of 100% means the total disappearance of all
species. The method gives a useful picture of the consequences of wastewater discharge.

2.5.2.2 Physiological procedures
In these procedures a particular species of organism, maintained in
culture in the laboratory, is inoculated into the test-sample. The reactions of this test organism enable conclusions to be drawn regarding
the water quality. An example is the Biomassentiter of Bringmann &
Kiihn.&· •· 7, a
When ecological methods are used, the investigator must deal with
all the organisms occurring in a river or lake. Bringmann & Kiihn, on the
other hand, have selected organisms considered to characterize each
particular zone of pollution. These organisms are cultivated under laboratory conditions in the water which is to be tested. The authors have selected
Escherichia coli as a representative organism for the zone of high pollution,
because this bacterium utilizes ammonia and other reduced N-compounds.
Scenedesmus sp., an alga, has been selected as characteristic of zones where
the N-compounds are oxidized to nitrates. The development of E. coli
is proportional to the amount of non-mineralized N-compounds in the
test-water and marks the degree of sa probity. The development of Scenedesmus depends on the amount of mineralized nitrogen and indicates the
degree of " trophie " or the trophic level. The growth of the cultures is
measured by determination of the turbidity (using a nephelometer). The
index obtained is called the Biomassentiter. By using the Scenedesmus
test it is also possible to estimate the trophic level of mud.

2.5.2.3 Summary
Ecological procedures for the estimation of organic pollution levels
require the services of freshwater biologists experienced in systematics as
well as ecology. While they are more subject to differences of interpretation than are physiological procedures, they provide a relatively static
picture of the condition of a raw water source. Physiological procedures,
on the other hand, resemble chemical ones in revealing only the conditions
prevailing at the moment of sampling. It is considered that the two types
of procedure are complementary, and that in the search for standardizable
methods consideration should be given to both.
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3. Reporting of Results
3.1 Forms
Although it is difficult to design a " bench sheet " which will fit all
situations in plankton counting, most workers find forms of this tyfe
very useful. Where repeated examinations are made of one sampling
point or a series of similar sampling areas, a very satisfactory sheet can
be prepared. Since there can be considerable latitude in the preparation
of such forms, no exact specifications will be given.
Forms should provide spaces for information relating to the identity
and history of each sample. Included should be such items as the exact
place and time of collection, the name of the collector, the time of arrival
in the laboratory, the laboratory serial number, the date of examination,
and the name of the examiner.
The manner of ruling the sheet may vary widely but should facilitate
entries when 10 fields are examined and be adaptable to a procedure
involving the examination of 5 fields. A form may be adapted to special
counts where a larger number of fields is examined by making double
entries in a square or by using two or more lines of squares in reporting
the results. Other additions, such as a column for the strip count, will
provide a form that may vary slightly with the counting procejure adopted
and the type of work being carried on. The form should be fitted to the
requirements of the laboratory concerned, for its chief function is to assure
an immediate, accurate, and uniform recording of results.
3.2 Reporting in terms of numbers of organisms
Reporting the number of organisms of each species is a straightforward
procedure and requires much less time than a method which is based
on the volume of each plankton species. In many instances a simple count
of this kind is entirely adequate for the practical problems involved and
may be used without modification. In other instances, where a fairly
uniform plankton prevails and the same locality is examined repeatedly,
the direct count can be converted into volume units by applying factors.
For example, each species may be assigned a volumetric factor which,
for practical purposes, represents the average volume of any organism
within the group. By applying this factor to the numerical count, the
final report can be given in terms of volume. If desired, this figure can
then be converted to its equivalent in volumetric standard units. Some
workers have stated that this is a poor way of recording volumetric data,
and they prefer to report their counts as parts per million (p.p.m.) or
milligrams per litre (mg/1) of living cellular matter. In the latter procedure,
the specific gravity of the organisms must be known ; ordinarily, this
value is assumed to be 1.0, the same as that of water.
When colonial or filamentous forms are counted, they should be
recorded in terms of standardized units. Melosira or Osci/latoria, for
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example, may be reported as units or fractions of units 100 ~ in length.
In some colonial forms the number of cells may be enumerated; more
often, it is desirable to report the number of colonies. In the latter procedure, especially where colony size may vary considerably, the volume
of each colony should be estimated by reference to the Whipple micrometer guide-lines while the count is being made. The report can then
be rendered in terms of an equivalent number of standardized mediumsized colonies. The size of colony chosen as a standard may be arbitrary
but should fall near the median. Such procedure facilitates comparison
of samples and, if desired, provides an easy basis for converting a numerical count to a volumetric equivalent.
In enumerating the organisms, the field count is usually made first,
counting all organisms which lie within the limits determined by the
Whipple disc. This count is carried out as outlined in section 2. 3. 2 of
this annex. It is followed by the strip count and survey count, which
include organisms too scarce for accurate counting by the random-field
technique.
In recording the count a bench sheet is very us~ful, for the results are
simply entered in their proper columns as the enumeration is carried out
and are then ready for summation. Certain modifications in the use of
a form may be made to fit the situation at the time a count is made. For
example, if 10 rather than 5 fields are examined, a double entry may be
made in each square by drawing a diagonal line from corner to corner
to provide two spaces. When standard lengths of filaments and standard
size colonies are reported, suitable entries should be made giving this
information. These entries are conveniently made within parentheses
following the name of the organism.
3.3 Reporting in volumetric units
The volumetric standard unit has been used for many years and is
preferred by some workers as a method for the quantitative expression
of results. Where records of long standing have all been in terms of this
type of unit, it may be desirable to continue its use although it is more
time-consuming than the simple numerical count and not as easily understood as reporting in terms of p.p.m. or mg/1. It is essentially an extension
of the areal standard unit method in which the third dimension is measured
and volume is expressed in terms of a cube 20 ~ on a side. In practical
work it is well to obtain a value for the average volume of such organisms
as occur repeatedly and are fairly uniform in size. The dimensions of
the organisms in the view presented under the microscope are measured
directly ; the third dimension is estimated from a knowledge of the shape
of the organisms on the basis of the measured dimension. This value
may be in volumetric standard units for spherical, cubical, and some
irregularly shaped species, or it may be in areal standard units (the pro-
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duct of two dimensions) for organisms that have a widely varying third
dimension. Representatives of species that are not uniform in size must
have their bulk estimated as they appear in the count.
Since a volumetric standard unit represents a cube measuring 20 J.t on
each side, it is equivalent to 8000 cubic microns, and the volume of each
organism in terms of volumetric standard units is obtained as follows :
.
volume in cubic microns
Volume m volumetric standard units =
8000
Record the average size obtained on the counting sheet. If the product of only two dimensions (areal units) is given, designate this. In such
cases, the third dimension must be estimated at the time of counting. In
species lacking uniformity in size, the bulk is estimated when seen and
no value recorded as average size will be necessary.
Proceed with the survey, and on completion record each genus or
species, showing the total number of volumetric standard units observed.
A record of the number of individual organisms or cells may be kept
simultaneously by noting this number on the counting sheet as the
numerator of a fraction, the measurements of the cells being recorded
as the denominator-e.g., 4 / 3 , where 4 is the number of cells and 3 the
size in volumetric standard units or linear units.
Proceed with the total count for 10 random fields. Record for each
genus or species and for each field, as in the survey, the total number of
volumetric standard units observed. A record of the number of individual
organisms or cells may be kept simultaneously. again as in the survey,
by noting this number on the counting sheet as the numerator of a fraction, the measurements of the cells being recorded as the denominator.
A record of amorphous matter in volumetric standard units may also
be made for each of the 10 fields of the survey examination, and the amount
found inserted in the squares of the columns assigned for this purpose.
The computation of volumetric standard units from the individual
measurements and estimates is facilitated by the use of a table such as
the following, which is commonly included in engineers' and other handbooks.
Area of circle

Volume of sphere

Volume of cube

0.196

0.065

0.125

1.0

0.785

0.524

1.000

2.0

3.142

4.188

8.000

Diameter or side
0.5

3.0

7.069

14.137

27.000

4.0

12.566

33.510

64.000

etc. up to 30 or 40
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3.4 Calculation of results: Sedgwick-Rafter cell count

3.4.1

VOLUMETRIC STANDARD UNITS

The following calculation is an example of the procedure followed
when reporting in terms of volumetric standard units. (Results may also
be reported in terms of the number of organisms per unit volume of sample
by a slight change in procedure.)
Record the total number of organisms or of standard units, or both,
found by examination of the JO fields or by mechanical-stage traverses.
Convert into terms of volumetric standard units the totals recorded for
each species (this computation is not necessary where the bulk of a species
has already been estimated in terms of volumetric standard units).
As each value of volumetric units is obtained, convert this into volumetric standard units per ml of original unconcentrated sample. This
latter value is obtained by multiplying the volumetric units by suitable
factors secured in the following way :
Factor=

number of fields in 1-ml counting cell (1 mm deep)
x
number of fields counted
ml of concentrate
ml of original sample

If, for example, there are 1000 fields in the counting cell, 10 fields are
counted in the field count, 250 ml of water are filtered, 15 ml is the volume
of the concentrate, and the cell holds I ml and is I mm deep, the formula
becomes:
1000 X 15
.
Field-count factor = - x
= 6
10
250
In the survey count the entire cell is examined and 1000 fields are therefore covered. If the other data are the same as those above, the formula
becomes:
1000 X 15
Survey-count factor =
x 250 = 0.06
1000
Multiplication of the results of the field and survey counts by the
respective factors gives the approximate actual volume of each organism
in I ml of water ; this can be converted to volumetric standard units per
litre by multiplying the factor by 1000.
Record the volumetric standard units per ml of sample for each species
observed in the survey and field counts. The sum of these figures represents
the total number of organisms expressed in volumetric standard units
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per ml of sample. The volume of amorphous matter may be computed
and recorded in a similar way.

3 .4. 2

NUMBER OF ORGANISMS

The following calculation is an example of the procedure used when
reporting in terms of numbers of organisms per unit volume. It is designed
to give the number of organisms per litre rather than per ml. (Results
may also be reported in terms of volumetric standard units by a slight
change in procedure.)
Record the field-count total ; this is the total number of organisms
found in 5 fields. Calculate the factors needed to convert the survey count,
strip count, and field count to numbers of organisms per litre of original
unconcentrated sample. This is accomplished in the following way:
(I) Sur1·ey count. The entire area of a Sedgwick-Rafter countingcell or of several cells is examined. If the contents of one cell are examined
and counted, the factor is obtained as follows:

Factor

=

ml of concentrate x I000
f . .
ml o ongma1 samp1e

(2) Strip count. One or several strips may be examined. If one strip
is used, then:
area of cell
ml of concentrate x 1000
Factor == area o f stnp
. examme
. d x
. . I sampIe
mI of or•gtna
(3) Field count. The total number of organisms in 5 fields is multiplied
by a factor obtained as follows :
Factor ==

ml of concentrate x 1000
number of fields in counting cell
number of fields counted
X
ml of original sample
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APPROVED METHODS FOR THE RADIOLOGICAL
EXAMINATION OF WATER

1. Instrumentation
1.1 General
Instrumental techniques are clearly of considerable importance in the
analysis of all types of health-control samples. The following aspects of
these techniques are discussed briefly below : standard radiometric equipment ; the significance of gamma spectrometry applied to rapid sample
analyses; and in vivo measurement of internal contamination.

1. 2 Standard equipment
The general requirements for laboratory counting equipment include
high sensitivity to the measured radiation, high counting efficiency, stability,
and low background counting rates. It is desirable that these requirements should be met in simple, easy-to-maintain, low-cost instruments,
but ideal conditions are not always realized.
1.2.1

END-WINDOW

GmoER

COUNTER

This is a simple counting device with a high sensitivity for most beta
radiation and a satisfactory sensitivity for alpha and gamma measurements. The counting efficiency for beta radiation is approximately 25%
with the sample close to the window, and, in a suitable shield, background
counting rates of about 20 c.p.m. are possible. Lower background rates
of about 5 c.p.m. are found with the small-volume Geiger tubes available
in several countries.

1. 2. 2

IONIZATION

CHAMBER

This device is recommended only for radon alpha counting, where the
sample is introduced into the chamber, although tritium may be counted
in a similar manner. Under these conditions, all counter requirements
can be met, with counting efficiencies of over 80% and backgrounds of less
than 0.2 c.p.m.

-
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PROPORTIONAL COUNTER

The gas-flow proportional counter, with or without a window," is ideal
for alpha and beta counting. All counter requirements are met, with
counting efticiencies of about 50% and, with shielding, backgrounds of
less than 10 c.p.m. for beta and 0.2 c.p.m. for alpha measurements. The
ability to count alpha disintegrations in the presence of beta and gamma
activity and beta disintegrations in the presence of gamma activity is an
added advantage.
I . 2. 4

ANTI COINCIDENCE SYSTEMS

Anticoincidence systems reduce the background counting rate for
Geiger or proportional beta counting by a factor of more than five without
changing other characteristics. These systems are, of course, more complex
and more costly.
I . 2. 5

ALPHA SCINTILLATION COUNTER

This device can measure alpha disintegrations in the presence of beta
and gamma activity. Using a standard photomultiplier and zinc sulfide
phosphor, counting efticiencies of about 40% with backgrounds of less
than 0.1 c.p.m. are attainable. Other requirements are also fulfilled.
1.2.6 GAMMA

SCINTILLATION COUNTER

Gamma scintillators, usually sodium iodide crystals, offer the most
sensitive counting system for gamma rays. Flat or well-type crystals show
counting efticiencies of 5-20%, but even with heavy shielding, background
rates of 100-200 c.p.m. are common. Lower background counting rates
are possible by use of energy discrimination, but this causes a marked
increase in the complexity of the instrument and, hence, in its cost.
1.2. 7 OTHER

INSTRUMENTS

Other specialized equipment, such as internal Geiger counters and
liquid scintillation systems for beta counting, are described elsewhere in
these standards. Several other systems, for example automatic sample
changers, are useful where large numbers of samples are processed, and
alpha pulse-height analysers are useful for rapidly distinguishing alpha
emitters.
" A window improves countina characteristics when the sample must be mounted on
a non-conductina sample bolder.
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STANDARDIZATION

The instruments used for assessing the radioactivity of samples register
only a fraction of the number of disintegrations. To find the actual activity,
it is necessary to standardize the instruments. If results from several laboratories are to be compared, uniform standardization is of the greatest
importance.
The major considerations are:
(a) the geometric efficiency of the counter;
(b) the sample mounting;
(c) the type and energy of the emitted radiation.
The first two points are taken care of by exactly reproducing mounting
techniques and by counting samples and standard on the same counter.
The diversity in energy of beta and gamma emission from different nuclides
makes it essential that, in every possible case, standardization should be
carried out with calibrated standards of the same nuclide. In addition,
the standard should be in the same chemical form as the sample.
The exchange of standards and samples for comparison between laboratories is highly desirable.
1. 3 Gamma spectrometry

The gamma spectrometer is one of the most significant advances in
instrumentation in recent years and is of particular use to the chemist
engaged in the analysis of many types of biological and environmental
samples.
The instrument in its commonest form consists of a thallium-activated
sodium iodide crystal, usuaJiy not smaller than 1 in. x 1 Y2 in. (2.54 cm
x 3.81 cm) diameter, combined with a photomultiplier. Gamma rays
from the sample which are absorbed in the crystal give rise to photoelectrons.
These produce scintillations which in turn are detected by the photomultiplier. The output of the photomultiplier is amplified and the output
pulse is passed to a single-channel pulse-height analyser and recorder or,
in some instruments, to a multi-channel analyser.
After calibration with the relevant radionucJide presented to the crystal
under identical geometrical conditions, measurements of the photoelectric
peak area (or in some simple analyses, peak height) permit the determination of the radionuclide in the sample. Correction may need to be made
for Compton distribution from any higher energy gamma rays present
and this can be done either graphicaJiy or by an instrumental modification
involving the coincident use of a second crystal of anthracene.
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The main advantages of the technique are as follows :
(I) Avoidance of pre-treatment. Destruction, chemical pre-treatment,
and contamination of bulky samples is avoided and a direct physical
measurement is made.
(2) Saving in time. The method is fast (in favourable cases 10-15
minutes) and avoids separation and isolation of the radionuclide.
(3) Adaptability to range of materials. Gases, liquids and, with some
precautions, solids can be examined. Vegetation, faeces, etc., can be
reduced to a liquid form by maceration if required ; the small resulting
differences in gamma-ray attenuation can generally be neglected. Particulates from air collected in filter papers can be directly examined.
(4) Sensitivity. This is generally good. For example, a detection limit
of 0.002 microcurie of 1311 per litre in liquids is readily obtainable. Sensitivity can be improved by choosing crystals low in 40 K-content.
(5) Versatility. Often a number of radionuclides can be determined
conveniently on a single sample. Instrumental flexibility is good, high- and
low-level samples can be handled, and conditions of recording can readily
be altered according to need.
(6) Stability and precision. The overall stability of the gamma spectrameter is good, the calibration often remaining constant to within ± 5%
for a week or more.
(7) Application to range of radionuclides. Many important gamma
emitters can be determined by this technique. In particular, mention may
be made of:

tati (chosen gamma peak 364 keV), 95 Nb, 95Zr (760 keY), 187Cs (662 keV),
tosRu (624 keV), ucce, "Mn, 66 Fe, 69 Fe, 86Zn and 60Co.
The gamma spectrometer seems likely to find increasing use in the
analyses of many types of sample connected with health control, and it is
suggested that laboratories working in this field regard such an instrument
as a necessary piece of basic equipment.

2. Laboratory Procedures
2.1 Gross beta activity
2 . 1. 1

PRINCIPLE

The sample is dried and ignited in a muffle furnace and homogenized
by grinding, sieving and shaking. The granular sample so produced is
counted for beta activity and for alpha activity.
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APPARATUS

(I) Silica trays-9% in. x 3 in. or 12 in. x 6 in. (24 cm X 7.5 cm
or 30.5 x 15.2 cm)
(2) Stainless steel dishes
(3) Shaking apparatus to hold 4-oz. (150-ml) bottles
(4) Alpha counting equipment
(5) Beta counting equipment (using an end-window counter)
(6) Silver sand and uranium-on-sand standard
(7) Analytical grade potassium chloride standard.

2. l. 3

PROCEDURE

(I) Dry the sample in an oven at ll0°C.

(2) Ignite in a muflle furnace at 450-500°C for 4 hours.
(3) Remove from furnace and allow to cool.
(4) Grind until everything passes through a B.S. 60 sieve and then
shake in a 4-oz. bottle for one hour. The sample is now ready for alpha
and beta counting.
2. 1 . 4

COUNTING PROCEDURE

(I) Count the alpha activity by mounting the sample as a lightlypacked, even layer in an 8-cm diameter aluminium tray, the upper surface
of the sample being level with the lip of the tray.
(2) Count the beta activity by mounting the sample in a cardboard
container 2 in. (5.08 cm) in diameter and 3 / 6 in. (1.52 cm) deep, the upper
surface of the sample being level with the lip of the container.

l.l Strontiwn-89 and strontium-90
2. 2. 1

PRINCIPLE

Strontium-90 and mixed fission products may both be recovered from
water by eo-precipitation with calcium oxalate.
2.2.2

REAGENTS

Oxalate solution : a saturated solution of ammonium oxalate
Calcium chloride solution, 10%: dissolve lOO g of calcium chloride in
distilled water and dilute to I litre
Ammonia, 0.05%: dilute 0.5 m1 of concentrated ammonia to 1 litre
with distilled water.
13
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PROCEDURE

Add 2 ml of the calcium chloride solution to 2 litres of water in a 4-litre
beaker, stirring all the time. Continue stirring for a further 3 minutes and
then add 100 ml of the oxalate solution dropwise from a separating funnel.
Continue stirring for 15 minutes, then remove the stirrer and wash with
distilled water, using a rubber policeman to remove adhering oxalate.
Cover the beaker and leave to stand overnight at room temperature.
The precipitate forms a compact layer at the bottom of the beaker.
Suck off the supematant liquid by means of a piece of drawn-out glass
tubing with a hooked end, attached to a water-pump. Lower the tubing
slowly into the beaker until the liquid becomes so shallow that a few fragments of precipitate are seen to move towards the tubing. Remove the
tubing, swirl round the contents of the beaker to mix the precipitate with
the liquid, and transfer them by means of a bulb-pipette to a 40-ml centrifuge
tube. Centrifuge in a clinical angle-centrifuge.
Wash the deposit twice with 30-ml portions of 0.05% ammonia. Use
small quantities of the washing solution to transfer particles adhering to
the bottom and sides of the beaker, rubbing with a policeman to bring
them into suspension. Break up the oxalate in the centrifuge tube by
stirring with a thin glass rod, so that it forms a uniform suspension in the
ammonia. Centrifuge the washed oxalate and drain. Add a few drops
of water and mix to a thick cream with the tip of a bulb-pipette. Using
the same pipette, transfer small portions of the cream to the counting tray,
spacing them as evenly as possible and taking care not to expel bubbles
of air into the deposit. (The bulb should never be relaxed to more than
half its capacity or difficulty will be experienced in washing out particles
that lodge high in the pipette.) Add a few drops of water in successive
portions to the oxalate remaining in the centrifuge tube, mix with a policeman, and transfer to the tray. If the counting tray is filled before all the
oxalate has been transferred, heat under an infra-red lamp until sufficient
water has evaporated to permit the transfer of more oxalate, taking care
not to allow the deposit to dry.
When all the oxalate has been transferred, mix the deposit thoroughly
on the tray with a very thin glass rod. Little precipitate should remain
on the rod and no attempt should be made to wash it off since drops of
water falling on to the mixed deposit cause the formation of pits in the
dried oxalate. Finally, dry the tray under the infra-red lamp. Deposits
obtained in this way are seldom perfectly fiat and sometimes develop
cracks and other irregularities. However, these do not have any significant effect on the counting rate of 89Sr. Occasionally, the sample contains so much calcium that the oxalate almost fills the counting tray,
but spilling and creeping over the edge can be prevented by careful
manipulation.
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2. 2. 4

CoUNTING PROCEDURE

(1) Preparation of standards

Dissolve 5 g of polystyrene shavings in 20 m1 of benzene and place
one drop of the solution in the middle of an aluminium tray 30.5 mm in
diameter and 2 mm in depth. Quickly drop into the dish a disc of Whatman
No. 1 filter-paper (diameter 28.6 mm). Pat down the paper and arrange
symmetrically with a ftat-ended glass rod. Allow the benzene to evaporate.
Pipette on to the paper disc 0.5 m1 of a standard solution of 89Sr and allow
to spread. Dry under the infra-red lamp. As the paper discs weigh only
60 mg, self-absorption of 89Sr radiation is negligible. The difference in
diameter between the paper disc and a sample occupying the whole area
of the tray does not introduce any appreciable error.
(2) Counter

The use of a Geiger-Muller end-window counter without absorbers is
recommended. The window thickness should be 2.92 mg/cm2 and the
distance between the window and the sample 13 mm.

2.3 Radium-226
2. 3 .1

PRINCIPLE

Procedures for the determination of radium in water and waste effluents
are described below. These involve the carrying of radium by standard
radiochemical techniques.
2.3.2

APPARATUS

"Pyrex" counting discs, diameter 2 11 / 82 ±
thickness 2.5 ± 0.1 mm

1/
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in. (5.95 ± 0.04 mm),

{1) Alpha scintillation counter
(2) 1 x 250-ml measuring cylinder

(3) 2 x 250-ml centrifuge jars and ice-bath
(4) 2 x 40-ml centrifuge tubes and ice-bath
{5) 1 x 10-ml pipette
{6) 2 x 0.5-ml graduated pipettes
{7) Clinical centrifuge and large centrifuge.

2. 3. 3

'REAGENTS

{1) Nitric acid, concentrated, analytical-reagent grade
{2) Sulfuric acid, concentrated, analytical-reagent grade
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(3) Hydrochloric acid, concentrated, analytical-reagent grade
(4) Lead carrier solution, 200 mg/ml as Pb: 32 g of Pb(N03) 2 dissolved
in 100 ml of water
(5) HCI-ether reagent: 600 ml of concentrated HCI mixed with 100 ml
of pure ether (keep in a well-stoppered bottle)
(6) Barium carrier solution, 10 mg/ml as Ba : 1.9 g of Ba(NOa)1 dissolved
in 100 ml of water
(7) Dilute nitric acid: 16 ml of concentrated HN03 diluted to 250 ml
(8) Dilute sulfuric acid, approximately normal : 7 ml of concentrated
H.S04 diluted to 250 ml
(9) Aqueous Aerosol O.T. :" 5 g of the solid dissolved in 100 mi of
water
(10) A good supply of crushed ice is also required.
2.3.4

PROCEDURE

(I) Add ammonium hydroxide to 200 ml of sample in a 250-ml centrifuge bottle until precipitation is complete (pH about 7).
(2) Centrifuge, discard supematant liquid.
(3) Wash precipitate with 25 ml of 10% ammonium hydroxide.
(4) Centrifuge, discard supematant liquid.
(5) Dissolve the precipitate in a few millilitres of acetic acid and add
200 ml of distilled water.
(6) Bring the solution to a pH of 5 with ammonium hydroxide,
checking with pH test paper.
(7) Add 3 to 4 g of ammonium sulfate, 1 ml of 0.015 M barium
chloride (2 mg Ba ++), stir well, digest overnight.
(8) Filter through fine filter-paper, wash with 0.5% sulfuric acid.
(9) Place filter-paper with precipitate in a small platinum dish, ignite
at 800-900°C.
(10) Add 2 ml of 1: 1 sulfuric acid and 5 ml of 48% hydroftuoric
acid, and evaporate on a sand bath until fumes of sulfur trioxide appear.
(This dissolves the radium and allows purification by reprecipitation as
well as removing silica.)
(11) Transfer to a 50-ml centrifuge tube with 40 ml of distilled water
and digest overnight.
(12) Centrifuge and discard supematant liquid.
" Aerosol O.T. is the proprietary name of an asent that reduces the surface tension of
aqueous solutions.
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(13) Wash precipitate with 10 m1 of distiUed water, centrifuge and
discard supernatant liquid.
(14) Wash precipitate with 10 m1 of 95% ethyl alcohol, centrifuge and
discard supematant liquid.
(15) Transfer precipitate with ethyl alcohol on to a flat, round nickel
plate, 2.8 cm in diameter, and dry under an infra-red lamp.
(16) Count on a low-background alpha counter for one hour.
For radiochemical analysis and for the estimation of other radionuclides, reference must be made to specialized texts on this particular
subject.

Annex 7
SUGGESTED SUBJECI'S FOR RESEARCH

1. Problems of Radioactive Content of Water
The most important need in this field is the development of methods
for the removal of radioactive substances from polluted water. Related
to this is the need for improvements in techniques of measurement. More
information is also required concerning the significance of the concentration of radioactivity in plankton and other biological forms. Suggested
items of research are :
(a) The development of techniques for measurement of radioactive
compounds.
(b) Methods for detecting radioactivity in water; monitoring programmes.
(c) Study of limiting concentrations of radioactive compounds in
water for long-term and short-term use.
(d) Water treatment procedures for the removal of radioactive substances.
(e) Emergency treatments for removal of radioactive substances from
water or reduction below the maximum permissible concentrations.
(/) Relation of fall-out and air radioactivity (rain-out) to pollution
of ground and surface waters, and consideration of the absorptive capacity
of soil for fall-out and rain-out :
(g) Studies of the accumulation of radioactive substances in living
organisms.

2. 1be Eft'ect of Chemical Substances oo Water Quality
It is important to evaluate the short- and long-term physiological effects
on man of various chemical substances, such as detergents, pesticides and
other organic chemicals which are of increasing importance as pollutants.
This also involves the development of appropriate treatment methods to
reduce the concentrations to those considered permissible. There appears
to be considerable value in the development of reliable bio-assay procedures. The following research items are suggested :
(a) Evaluation of the significance of organic chemicals resulting from
waste pollution of water and methods for their quantitative detection.
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(b) A study of the significance, quantitative detection and methods of
removal of pesticides discharged into water sources.
(c) Study of the significance, quantitative detection and methods of
removal of detergents and surface-active agents; development of biologically
soft detergents.
(d) Evaluation of physiological effects of various chemical substances
in relation to health.
(e) The development of methods for the removal of toxic or obnoxious
chemical substances from water.
(/) Evaluation of the sensitivity, accuracy and precision of methods
for chemical analysis of water.
{g) Development of new or modified methods for chemical analysis
of water, for detection of pollution and for control of water quality.
(h) The occurrence of hydrocarbons in water-supplies and their control.

3. Bacteriological Investigation relative to Water Quality
There is a pressing need for a thorough reappraisal of the quantitative
significance of the bacterial index of pollution with regard to epidemiological considerations. A knowledge of this relationship is of vital importance
in determining the suitability or otherwise of supplies for distribution
without treatment, and it would be desirable to have this information from
as many different geographical areas as possible. Studies of the following
problems are suggested :
(a) Investigation of the species of bacteria indicative of pollution.
(b) Quantitative significance of the bacterial indices of pollution.
(c) Evaluation of techniques for the detection and enumeration of
bacteria indicative of pollution, including the parameters of the dilution
tube and membrane-filter procedures.
(d) Methods for the collection, storage and treatment of samples for
bacteriological examinations.
(e) Equipment for bacteriological examinations.
(f) Epidemiology of water-borne diseases and infections.

4. Degree of Permissible Pollution of Raw Water
A study of the processes of self-purification of raw surface and ground
waters containing unwanted pollutants would appear to offer an important area of study, particularly from the following aspects:
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(a) Significance of self-purification relative to treated water quality
and treatment processes.
(b) Limiting bacterial, chemical and biological concentrations of pollutants in raw water intended for use as drinking water.
(c) Classification of surface waters for various uses-limiting values
of permissible pollution.
(d) Techniques for pollution-surveys of surface waters.
S. Special Laboratory Procedures for Control of Water Quallty
For the proper control of water quality, the need arises from time to
time, or in special cases, for a number of laboratory determinations for
which no generally accepted standard method exists. Research on appropriate methods of water examination should include the following items :
(a) The value of electroconductivity measurements in assessing water
quality : techniques of measurement, equipment needed and interpretation
of data.
(b) Improved methods and standards for determination of turbidity;
instruments required, particularly for turbidities of 5 units and 1 unit;
interpretation of results relative to standard used.
(c) Evaluation and field of application of instrumental methods of analysis, including spectrophotometry, infra-red spectrophotometry, absorption and gas chromatography, and use of automatic analysers.
(d) Procedures for the detection and estimation of pollution by miscellaneous organic compounds, e.g., carbon chloroform extract analysis;
chloroform soluble bacteria.
(e) Improved methods for the measurement of nitrate in water-techniques, interfering substances.
(/) Improved techniques for the quantitative detection of organic
chemicals inimical to water quality.
(g) Systematic evaluation of approved methods.
6. Water Distribution
The quality of water on leaving the treatment plant is not necessarily
preserved in the distribution system. There have been numerous instances
where water contaminated in the distribution system has led to epidemics
of disease. It is suggested that research should be carried out on the
following questions :
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(a) Epidemiology of water-borne diseases in relation to distribution
faults.
(b) A study of the possible toxicity of plastics and other new materials
already in use or proposed for use for water pipes in distribution systems.

7. Catdunent Areas
Water from catchment areas, which are influenced by industrial, agricultural and urban development, may be subject to rapid changes in
quality with consequent serious effects on the health of the consumers.
Research is needed on :
(a) The effect of industrial, agricultural and urban development on
water quality in catchment areas.
(b) The protection of springs and wells for small communities.

8. Disinfection of Water Supplies
In many small communities it is not feasible to install complete water
treatment plants and the communities must make use of water essentially
in the form that it is taken from the source. There are many situations
in which treatment by disinfection alone is adequate. There is a need
for the study of new, simple and inexpensive procedures for the disinfection of water from welts used by small communities. A similar need
exists for small water storage tanks.

9. Treatment of Rural and Semi-Rural Water-Supplies
To assure that water-supplies for small rural and semi-rural communities conform to the standards adopted, it is necessary to develop
economically feasible and properly supervised treatment procedures and
methods of assessment of quality. Research along the following lines
would be desirable :
(a) A study of disinfection techniques for rural wells using chlorine
or bleaching powder and enabling residuals to be uniformly maintained
for a fairly long period (e.g., a month) after the cartridge has been
immersed in water.
(b) A study of disinfection techniques for small water-supplies on a
community basis, including the development of economical means of
chlorination.
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(c) The development of indigenous coagulators and coagulant aids
for more efficient coagulation of water-supplies.
(d) The development of semi-rapid sand filter plants using a minimum
of equipment and maintaining the efficiency of sand filters (suitable for
small communities using proper water-supplies).
(e) The development of upward flow filters; a study of the efficiency
and suitability of reverse flow filters as against conventional rapid sand
filters.
(/) The development of new culture media for the detection of coliform
organisms, using indigenous materials.
{g) Methods of deftuoridation of small water-supplies in areas of
excessive fluoride content.
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