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PREFACE 

The World Health Organization has iong appreciated the need for some form of 

international agreement and co-operation on the requirements for safe and potable 

water supplies. This problem becomes particularly pertinent with the great Increase 

in travel, especially air travel, where common carriers muat be watered at many 

points in the world, and yet the traveller must be furnished with acceptable 

drinking water that will not produce unfavourable effects on his health. 

The status of water treatment and quality in the member countries of the World 

Health Organization was the subject of a questionnaire circulated in. 1955, The 

replies indicated conclusively the magnitude of the problem and the need for 

attention by the World Health Organization. 

As a result, groups of experts in sanitation and water treatment were convened 

in several of the regions of WHO to consider all of the problems related to standards 

of water quality. Since standards of quality are dependent upon the techniques 

used in the laboratory to détermine conformance of a water to these standards, the 

recommendations as to the specific roethods to be used were ah integral part of these 

discussions. 

The excellence and completeness of these regional reports made a most valuable 

basis for the deliberations of the International Study Group and the tentative 

standards which that Group proposes in the following report. 

In considering their assignments, the International Study Group felt that the 

term "Standards" should be applied to the suggested criteria of water quality, even 

though these are considered to be tentative and subject to modification after 

experience in their application. With laboratory methods, on the other hand, it 

was believed that these should not be designated es Standard Methods since it is 

certain that with further use and study, these may well be changed in major as well 

as minor details. Thus the laboratory methods prepared are proposed as Approved 

Methods. 



In the preparation of the material for this report
;
 particularly in the sections 

devoted to laboratory techriiques, the International Group made full use of many 

sources, chiefly Bulletin 71, The Bacteriological' Examination of Water Supplies 1956, 

Ministry of Health and Ministry of Housing and Local Government, Great Britain, and 

Standard Methods for the Examination of Water, Sewage and Industrial Wastes, 10th 

edition (1955〉， American Public Health Association. The International Study Group, 

therefore, vishes to express its appreciation to these organizations. The tables 

of Moet Probable Number with confidence limite were furnished by the Secretariat. 

This report is presented by the International Study Group vith the aim of 

stlMulating further investigations of the problem and imnedlate consideration of the 

function of criteria of water quality in the control and improvement of water treat-

nent and the provision of safe and potable water to all people. 

It is only Ъу constructive criticism based on broad experience with these 

recommendations that their value may be assessed. The mentoers of the International 

Study Group would welconfâ all such critical observations • 

The membership of the several Regional Study Groupe included tepreaentativee 

from many countries and composition of these groups is 11bted herewith: 

European Beglon； 

Dr J . H . Boorsma 
Professor G . Buanonini 
Professor H . B . Ivekovic 
Professor K . Eric Jensen 
Dr H . Kruse 
Dr A . Lafantaine 
Mr A . le Strat 
Dr E . Windie Taylor 

Netherlands 
Italy 
Yugoslavia 
Denmark 
Germany 
Belgium 
France 
United Kingdom 

Secretariat: 

Mr В. Pavanelio, Regional Adviser for Environmental Sanitation 
Europe 

Dr W . H . H . Jebb, Consultant, United Kingdom 



Eastern Mediterranean Region: 

Mr M. Aziz , Cyprus 
Professor A . Morgan Egypt 
Dr Karaal E . D . Л. Hakim Egypt 
Dr J • Amouzegar • Iran 
Dr M. Z. Abdul Kadir . Iraq 
Dr Hanna El Yussef Jordan 
Mr F. Shehadi Lebanon 

{

 Secretariat: 

Mr J . 0. Buxell, Regional Adviser for Environmental 
Sanitation, Eastern Mediterranean 

Professor Harvey R. Wilke, WHO Sanitary Engineer, Engineering 
Faculty, University of Alexandria, Egypt 

Western Pacific Region:) . . . 公 
•丄, ^ ~ V " • ^ ~ г — — ( joint conference 
South-East Asia Region:)

 ü 

Mr C . D. Parker 
Mr D. F . Yung 
Mr Sze Chow 
Mr Tan Tjenggiok 
Dr I. Horasawa 
Dr A. S- Wallace 
Mr F . J• T. Grigg 
Mr N . V . Modak 
Mr Jeeus С. Perlas 

• Mr В. L, Ad an 

Professor R . M. Lesaca 
Mr T. A . Spillane 
Mr U. Kanishtharat 

Secretariat: 

Australia 
China 
China 
Indonesia 
Japan 
New Zealand 
New Zealand 
India 
Philippines 
Philippines 
Philippines 
Singapore 
Thailand 

Mr P. B. Bierstein, Regional Adviser for Environmental 
Sanitation, Western Pacific 

Professor F. W . Gilcreas, Consultant, USA 



That water intended for human consicnption 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
л
 roeervoirs, treatment and distribution - must exclude all potential sources 

of pollution and с ontagination. 

Some countries in the world have established standards of quality which are 

applicable to their respective areas and have developed a 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 

accrodited procedures for the ехалгЗлаЛ̂оп 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 acceptablo water 

supply, and of accredited or approved methods for the examination of water, were dis-

cussed fully Цг groups of expert hygienists and engineers concerned with matters of 

water sanitation. Great improvement in water qualSl^r can be achieved throughout the 

world if various troatment processes are made easily comparable by the adoption of 

uniform methods of exaroination of water and expressions of results of such examina-

tions • Further^ water-borne outbreaks of 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 Governments and with 

the^ assistance of a number of experts, in an effort to offer technical guidance to the 

health and sanitation administrations wishing to revise their regulations on water 

quality control. 



1.1 Purposee Although this report may be of assistance to operators of water 

supplies and others involved in the treatment and distribution of water, it is 

intended primarily to apply to water as it is supplied to the public, and in this 

respect it is hoped that it will be of particular value to health authorities who aro 

concerned in assuring that the supplies of water which reach the public are safe and 

potable• 

1.2 Scope. This report is concerned with the minimal standards of chemical and 

bacteriological quality of public supplies of water for doraestic 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 of these could reasonably be expected to conform to the standards suggested 

for supplies to largor conrnunitios. However, the standards recomiended in the 

following sections of this report are applicable to all communal supplies serving a 

group of the population and for which control of treatments and distribution is 

essential for a safe and sanitary quality. 

Conditions differ widely throughout the world. Somo countries are forfcunabo in 

having an abundant supply of water from deop wells and underground springs， while 

•others must make extensive use of rivers
9
 laicos and other sources of surface water. 

It is felt, however, that the re с олхпе nd a t i ons of the Study Group relating to water 

quality should apply to all communal supplies of drinking water 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 rocommended here will be thû final word on 

the subject. New methods are constantly being proposed and developed, and it is 

anticipated that ths methods suggested and the standards of quality will be revised 

from time to time. There arc certain matters/ such as the problems of pollution 

from radioactive material and chemical products used in industry and agriculture 

(hydrocarbons， detergents, pesticides) and the possibility of the presence of patho-

genic viruses in water, on the importance of which the Study Group has at present 

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 nooded, 

and additional knowledge may lead to modifications in the chemical and bactoriologiQal 

standards suggested at the present time. 



1,3 Arrangement of material. In view of tho importance of uniformity in tho methods 

of expressing tho results of physical, chemical and bacteriolopical examination of 

water, it has been thought advisable to define^ in a proliminary paragraph, the terms 

in which it is roconmended that these results should be expressed. 

This report is concerned primarily with the protection of communal supplies of 

drinking water from dangers to tho health of the consumers• It has beon divided into 

bacteriological, chemical, biological and radioactive sections• In Part II, 

Bacteriolopical Roquirements
}
 considGrr.tion has been given to the choice of organisms 

that should bo used as indicators of pollution^ to methods that it is suggested should 

bo usod for the detection of thoso organisms • to standards of bactcriological quality 

that might reasonably be astablished for corrmmal drinking-water supplies j to tho 

frequency with which it is suggestod that samples should be taken for bacteriological 

examination； and to the precautions that should bo obsorved in the colloction^ 

storage and transport of s atiples for bacteriological examination. Details of the 

technical procedures arc given in Appendix A. Tables required for computation of 

Most Probable Number Indexes aro given in Appendix B. 

In Part III， Physical and Chemical Examination Requirements, attention has beon 

devoted primarily to the limits of concentration for certain toxic substances which 

may constitute an actual danger to health. Consideration has also beon given to the 

approximate critical concentrations at which other chomical substances may affect tho 

health of the consumers• 

Chemical substances which affect the quality and acceptability of water have also 

been listed in perraissive and excessive concentrations. These substances are not 

necossarily a nicnacc to the physical well-being of the consumer, but they rondor the 

water aesthetically undesirable for domestic uso or cause trouble in tho distribution 

system. The additional chemical substances that provide ancilleiy indication of 

pollution arc also given. Methods for the analysis for the chemical constituents of 

water are given in detail in Appondix C. 

In Part IV, Biological or Microscopic Requirevents rolatod to Studies of Water 

Quality, including their uso in the detection of pollution, are discussed in general. 

Technical Procédures are described in Appendix D
# 



Part V, Radiological Requirements， deals with the pertinent problems of pollution 

of water by radiological wastes and the standards of radio-activity which may be 

tolerated in v:ater intended for domestic and diotetic uses. 

The important question of laboratory services in the. control of water quality is 

discussed in Part VI. 

1.4 Expression of results* In accordance with international agreement, results of 

chemical analyses should, wherever possible, be expressed in terms of milli-

equivalents per litro (жeq/l), as this enables a balance to be ostablishod between 

anions and cations. Milligrammes per litro (mg/l) are retained in this report as 

this mctbod of oppression is used in various countrieig^ X% is considorod
#
 howovor, 

that the expression "parts рог million" (p.p.ni, ) should bo progressively abandoned• 

Wherever possible, chomical components should be egressed in ions. Turbidity should 

be expressed as Units of Turbidity, and colour as Units of Colour basod upon the 

Platinum-Cobalt scale. Volumes should be expressed in millilitres (nil) and 

temperature should be measured in Centigrade degrees (°C). In bactcriological 

examinations the total number of micro-organisms developing on solid media should be 

expressed in significant figures as colonics per one millilitre of wator, tho medium, 

time and temporature of incubation being stated. Estimates of the numbers of coli-

form organisms, Sschorichia coli (E* coli) and other micro-organisms indicative of 

pollution, should be riven in terms of most probable numbers (H.P
#
N

#
) per 100 ml. 

In reporting chemical analyses, the sensitivity, accuracy and precision of tho 

method should be indicated. This would include 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-enrohasized. With a new supply the sanitary survoy should be made in 

conjunction with tho collection of initial engineering data as to the suitability of 

a given source and its capacity to mee七 existing and future demands• The sanitaiy 

survey should include the detection of all potential sources of pollution of the 

supply and the assessment of their importance in relation to present and future 

pollution and should be made by persons trained and compétent in the field of public 

health enginooring and the epidemiology of water-borne diseases. In the case of an 

existing supply, the sanitary survey should bo mado 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 inter-

pretation of bacteriological and chemical data and must always accompany the 

laboratory findings (Appendix E)» 

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 is defined as storage for periods in excess of one month, coagulation^ sedimentation 

filtration, disinfection, distillation or other physical or chemical processes or 

any combination of these treatments• 

Although treatment of water was not considered to be m t h i n the scope of this 

report, this fact in no way minimizes the fundamental importance of adequate and 

intelligent control of treatment processes• 

It is i^lly realized that the establishment of standards alone will not improve 

the quality or safety of any water supply. Rather, such standards must be exiç>loyed 

as a target toward which treatment should be directed, and should serve basically to 

develop improved treatment operations, Similarly, approved laboratory methods for 

tho G x a m m t i o n 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 iiïQjrovement of water treatment, 

they will bo of little value in public health administration. 

1.7 Records. The maintenance of accurate and completo records is an integral 

part of any programme for the control of water quality or for the examination of 

water to determine its conformance to established standards of quality and safety» 

In the operation of any water supply pertinent information relative to 

construction and location of the water supply and its structures, results of 

inspections of sanitary and operating conditions, of the details of troat ment and 

operation and of sampling is essential and should bo recorded promptly and accurateДу 

for future rcfcrencc
 #
 Pertinent complaints as to quality, the occurrence of unusual 

conditions, climatic and otherwise, are equally valuable
# 



In carrying out analyses of water by approved methods, all details of the actual 

specific deterrrdnations should be recorded. These would include burette and other 

instrument readings, weights, and all of tho calculations required to obtain the final 

result. Those should of course remain laboratory records, and only the final result 

of the determination should be reported. Without such data, review of results of 

analyses to assure their accuracy, an important factor when unusual findings may be 

questioned, would be Impossible. 

Record-keeping should be intelligently and carefully planned in order that only 

pertinent material may be kept. The design and preparation of forms or cards 

providing spaces for entering the desired data will greatly facilitate the case and 

accuracy of keeping records. 

Whereas records are essential for adequate and intelligent operation of water-

works
 1

 processes and for laboratory activities, the keeping of records should not 

become a project of itself but rather a part of the larger project _ the control of 

water quality and safety. Records must be used, to be worth their maintenance, and 

should be essential tools in laboratory examinations and in tho opération of water 

supplies. 

Records must be carefully stored so as to bo protected from rapid deterioration 

and yet readily available when needed for reference or other purposes. 

Records should be retained or stored for as long a time as they may be usofulj 

a factor depending upon the type of record and various local requirements. 



2. 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 systenu Every water supply should Ы 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 ofton intermittent and may not be revealed by the examination of a 

single sanóle. The examination of a single sardio оаза indicate no more %hm th© 

conditions prevailing at the moment of samplingj a satisfactory result cannot 

guarantee that the observed conditions will persist in the futuro. The quality of a 

water supply can b© assessed only by a serios of samples over a definite period of 

time. 

2.1 Indicators of Pollution 

2.1.1 Organisms indicative of faecal pollution 

The major danger associated with drinking water is the possibility of its recent 

contamination bjr sewage, by hiunan excrement, and even the danger of animal pollution 

must not be overlooked. If such contamination has occurred and is of recent 

occurrence, 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-organisrîis of these infections，and the drinking of such water may result in 

additional casos of the disease. Although modern bacteriological methods have made 

it possible to dotoct pathogenic bacteria in sewage and sewage effluents, it is not 

practicable to aivbempt to isolate them as a routine procodure from samples of drinlclng 

water. When pathogenic rrdcro-organisms are prosent in faeces or sewage they are 

aimost always greatly outnimbered t¡y the normal excremental organisms， and those normal 

intestinal organisms are easier to detect in water. If these organisms are not found 

in the water it can be inferred that disease-producáng micro-organisms are also absent. 

Thus the use of normal excremental bacteria as indicators of faecal pollution intro-

d u c t a margin of safety. 



The organisms most comionly employed as indicators of pollution are Escherichia 

coli coii) and the coliform.group as a whole• Escherichia coli ie of undoubted 

•faecal origin, but the precise significance of the presence in water of other jnembers 
2 3 4-5 

of the coliform group has been much debated.，，
y

 All the members of the coliform 

group may be of faecal origin, and the worst possible interpretation should, therefore, 

be attached to their presence in water. Quite apart from the question of their being 

indicative of faecal pollution， 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 organisais^ of which Clostridium 

welchii is particularly lypical, 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 coli» In water they probably die and 

disappear at approximately the same rate as colx
y
 and usually more rapidly than 

other members of the coliform group. When, therefore, organisms of the coliform 

group, but not E, соИд are found in a water saraple, 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 coli. 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, 

water suggests that faecal corrfca^nation has 

of organisms of the coliform group, suggests 

time. . 

Examination for faecal streptococci and 

The presence of Cl> welchii in a natural 

occurred^ and its presence, in the absence 

that contamination occurred at some remote 

anaerobic spore-forming organisms may also 

be of value when water sa^nples 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
# 



2.1U2 Total content of micro-organisms 

о о 

Plate counts on nutrient agar at 35-37 С and on nutrient agar or gelatin at 20 С 

are not infrequently usod 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 countcd. 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 maj
r

 give 

the earliest indication of the access of pollution^ Plat© counts frequently repeated 

from a series of points in a treatment plant arc of considerable value in the control 

of waterworks ЬгойЬтпЬ
9
 they are also of value when a new source of m^^f being 

considered and 如 rmoU information as possible about the quality of the >xater is being 

collected. 

An isolated plate count is rarely of value, and from raw surface waters even a 

series of plato counts is of little valuo, bocause of tho wide variations which occur 

due, for exar^lo, to changes in climatic conditions. 

2.2 Collection, Transport and Storapc of Samples for Bacteriological Ex^iination 

Scrupulous care in the collection of sables for bacteriological exaraination is 

necessary to ensure that the sample is representative of the water under oxaTiination, 

and to avoid accidental contamination of tho 5глф1е during collection. 

When several samples are collected on the sa^ie occasion from the same source, the 

sample for bacteriological examination should be collectod first, to avoid the danger 

of contamination of the sampling point during the collection of other samples• 

2.2.1 Saraple containers 

Sterilized glass (neutral) bottles provided with ground glass stoppers should be 

used for collection of sabios for bacteriological examination. The stopper and nock 

of the bottlo should be protected by a paper or parchment cover, or by thin aluminium 

foil. 

If tho water to Ъе sampled contains, or is likely to contain， traeos of residual 

chlorine or chlorar/iino it is necessary to add to the sarnpling bottle, before sterili-

zation, a sufficient quantity cf sodium thiosulfate (Na^SgO^51^0) to neutralizo thoso 

substances. It has been shown
0

 that 0,1 ml of a 3 per cent, solution of crystalline 



sodium thiosulfate (3.0 mg) in a 170…ml bottle has no significant effect on the 

coliform or Escherichia coli content of unchlorinated water during storage. This 

proportion of sodium thiosulfate is sufficient to neutralize more than 5 mg/l.of 

residual chlorino. It is, therefore, recornmodned that this proportion of sodium 

thiosulfate solution be added to all bottles used for t̂ .e 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. 

2,2.2 Sampling procedures 

The sanroling bottle should be kept unopened, until the manent 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 baso, it should 

be filled^ without rinsing， and the stopper should be replaced immediately. 

If a sa^iple 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 ïïiain, and not, for instance^ one served from a cistorn or 

storage tank. The tap should be cleaned and opened fully and tho water allowed to 

run to waste for two to three minutes or a sufficient timo to permit clGaririg the 

service lines. The flow from the tap should then Ъе 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 fror¡i a river, stream, lake, reservoir, spring or 

shallow well, the aim must bo to obtain a sample that» is representativo of the water 

which will bo 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 strorci, areas of relative stagnation should 

be avoided. 

Samples from a river, stroam, lake or reservoir can often be taken by holding the 

bottle near its base in the hand and plunging it, пзск downwerds^ bolow the surface
# 

The bottle should then be turned until the neck points slightly upwards, the raouth 

being directed towards the current. If rio current exists - as in a resorvoir - a 

current should be artifically created by pushing- the bottle horizontally forward in a 



direction away from the hand. If it is not possible to collect samples from these 

situations in this vxay, a weight may be attached to the base of tho bottle which can 

then be lowered into the water• In any caso, damage to the bank must ba guarded 

against, otherwise fouling of the water may occur. Special apparatus which permits 

mechanical removal of the stopper of the bottle below tho surface ie requirod to 

collect samples from the depths of a lake or reservoir» 

If the sample is to be taken from г well fittod with a hand parap, vxater should be 

puiupad to waste for about five minutes before the s atiple is collected. If the woll 

is fitted with a mechanical pump, the sample should be collected from a tap on the 

discharge. If there is no pimping machinery a sample can be collected diroctly from 

the well by means of a sterilized bottle fittGd with a weight at tho base j in this 

case care should be taken to avoid contamination of the sample by any surface scum
# 

2
#
2.3 Data relative to sample 

All sa^iplûs of v/ater should be accompanied by complote and accurate identifying 

and descriptive data. Saaiples not so identified and described should not be accopted 

for examination, (Appendix E、) 

2.2.4 Transport and storago of samples 

The bacteriological examination of samples of wator should Ъе initiated iriraediatcly 

•after collection. However, such a requirement is seldom practical and more realistic 

ones must be established. 

It is, thoreforo^ recommended that with scoplcs intended for bactoriological 

exaraination^ tho technical procedures should bo started tis soon as possible, 

preferably within one hour after collection, but the timo elapsing between collection 

and examination should in no case exceed 24 hours. During the poriod elapsing between 

collection and examination the tompcrature of the sample should be maintained as 

closely as possible to that of the source of tho sample at the time of saiipling. Tho 

time and tomperature of storage of all samples should be recorded and this data 

considered in tho interpretation of the laboratory results. 

When local conditions nocessitate delays in oxcess of 24 hours consideration 

should bo given to providing for a field oxc^iination of samples, as, for example, tho 

use of tho micro-filtcr technique or provision of temporary laboratory facilities at 

the site. 



2.2.5 Size of samples 

The volume of a sample of water should be sufficient for all of the tests 

required, preferably not less than 100 ml for samples intended for bacteriological 

examination. 

2.2.6 Frequency 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, booster pumping stations, and 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
f

 premises is of the utmost importance, and the authority-

responsible for operation and safety of tho 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 on the magnitude of the problem 
17 X8 

involved. ， It would seem reasonable that the frequency of examination of routine 

samples of water from the distribution system, and of routine samples of 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 possibilities 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 nccessary, and bacteriological examination of such water as it 

enters the distribution system should, in principle, be carried out at least daily. 

2.2.6.1 Recommendations 

Treated water as it enters the distribution system from each treatment point 

should be examined bacteriologically at least once a d^r. 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 Ъе 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 water supply system 

should be maintained and placed at the disposal of the experts• 

For untreated vater entering the distribution system, the following maximum 

intervals between successive routine examination are proposed: 

Maximum Interval 
Population Served between successive samples 

Less than 20 000 One month 

20 000 to 50 000 Two weeks 

50 001 to 100 000 Four days 

More than 100 000 One day 

On each occasion samples should Ъе taken from all the points at which the water 

enters the distribution system. 

With regard to samples to be collected from the distribution system - vhether the 

vater bas been subjected to treatment or not - the following maximum intervals between 

successive samples and the minimum numbers of samples to be examined in each month are 

proposed: 

Population served 

Less than 20 000 

20 000 to 50 000 

50 001 to 100 000 

More than 100 000 

Maximum interval 
between successive samples 

One month 

Two weeks 

Four days 

One day 

Minimum nurriber of samples 
to be taken from entire 

distribution system each month 

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 100 000, since 

in systems serving populations of that size some samples would be examined eaoh day、 



The samples should not necessarily be taken from the same points on each occasion. 

The expert advisers 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 importât to examine 

numerous sabios by a simple test than occasional sables 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 immodiate 

danger of pollution or when more stringent control is necessary, much more frequent 

bacteriological examination will be required. 

2•3 Standards of Bacteriological Quality applicable to Drinking-water Supplies 

2.3.1 General considerations 

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 

ppllution. 

The presence of E* coli， as defined below, should be considered a definite 

indication of rocent faecal pollution thus indicating a hazardous or dangerous 

condition requiring imrriodiate remedial action. 

Coliform gyoup includes all aerobic and facultative anaorobic GranwiGgative non-

spore-forming rods capable of fermenting lactoso with tho production of acid and gas 

at 35-37°C in less than 48 hours. 

Escherichia coli is of proved faecal origin: for the purpose of the sanitary 

examination of water it is defined as a Qram-negative non-spore-forming rod which is 

capable of formonting lactose with tho production of acid and gas i which produces 

indole in peptone water containing tryptophanej which is incapable of utilizing 

sodium citrate as its sole source of carbon i which is incapblo of producing acotyl 

methyl carbinol¿ and which gives a positive rnettyl rod tost. E, coli
5
 as defined 

above, ferments lactose with the production of acid and gas at 44°C in less than 48 

hours. 



2
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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 £rom coliform organisms, that is absent in 100-ml portions, 

and 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 theso supplies. 

A standard demanding that coliform organisnis be absent from each 100-?nl sairçle 

of water ontering tho distribution system - whether the water bo disinfected or 

naturally pur© • and from at least 90 per cent, of the samples taken from the 

distribution systom, can be applied in шагу parts of the world. Although there is* 

no doubt that this is a standard that should be ашо<3 at everywhere, there are шацу. 

areas in which such a standard is riot economic ally or technologically practicable, , 
• ,A* л • • 

In these circumstances thore vould appear to be economic and technological 

reasons for establishing different bacteriological standards for public water supplios 

which are treated or disinfected and for those which are not treated. The following. .
v 

bacteriological standards are recommended for treated and untreated supplies for present 

use throughout the world with tho hopo that improvemonts in .economic and technological 

resources will permit a stricter standard to bo adopted in the future. The standards 

described below are based on the consideration that frequent samples of water will be 

taken, in accordance with rocoinmendations in Soction 2.2.6, For each individual 

sample, coliform density is estimated in terms of the most probable number (MPN/lOO ml)， 

The dilution tubo technique to be employed for estimating coliform density in terms of 

MPN is described later. The uso of the MPN index is recommended as the basis of 

quantitative estimation of colifom density after full recognition of its limitations. 

Howevor, the value of the index is sufficiently enhanced by the use of data from a " 

series of sa^jples, to warrant its uso in the rocommended standards. 

2.3.2Л Treated water 

Throughout any* year, in 90 per cent, of the samples oxa^iinod, coliform bacteria 

shall not be detected or tho MPN of coliform micro-organisms shall be less than. 1 • 0 per 

100 ml of the water. None of the sables shall have an MPN/lOO ml of coliform 

bacteria in excess of 10. 



• An МРЫДОО лй 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 9.2/100 ml) being positive in consecutive samples. 

In any instance in which two consecutive sabios show the presence of colifarm 

bacteria in qxocSss of an MPN of eight per 100 ml, an additional sample or samples 

from the same sailing point should be examined without delscjr
#
 This is the miniimm 

action that should be taken. It may be desirable to examine sartales also from 

several points in the distribution system and to supplement theso with samples 

collooted from sources, rossrvoirs, pumping stations and treatment points. In 

addition the operation of all treatment processes should be investigated immodiato3y
e 

2.3.2.2 Untreated water 

In 90 per cent, of .the samples examined' throughout any year, the MPN of colliorm 

micro-organisms per 100 ml should be less than 10, None of the samples should show 

an MÊN index greater than 20/100 ml. An MPN index of 15/100 ml or more should not be 

permitted in two or more 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 I6/IOO ml) being positive in consecutive sables. If the MPN index per 

100 ml is consistently 20 or greater, application of treatment to the water supply-

should be considered. 

In ！щг instance in which two consecutive samples have an MPN of coliform organisms 

of greater than 10, an additional sample or samples from the same sailing point should 

be examined immediately. It may be considered desirable to examine samples also from 

several points in the distribution system, and bo supplement these with sanóles from 

sources, pumping stations, reservoirs and treatment points. 

When accurate and complete data concerning the sanitary conditions at tho source 

of an untreated water supply, including all possible points of pollution, are available 

and which indicate that indexes higher than the established maximum may bear little 

relation to potential health hazards, the local health and water authorities should be 

responsible for ruling that such higher indexes do not constitute need for treatment 
. . . . ‘ * . 

of the water. 



2^4 Methods for tho Bacteriological Examination of Water 

2.4.1 Temperature of incubation 1〇 

The tempcraturo of incubation to be employod in the bacteriological oxamination 

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 rango must not be 

tolerated even for very short periods of time. 

2.4.2 Technique 

The dilution tubo technique employing definite roltmos of tho aampios md 

definite numbers of portions of each volimio tested is the most satisfactory procedure 

for determining conformity with established standards of quality• 

After consideration of the nood for simplicity and practicability and recognizing 

also that a series of samples will bo studied, the use of fiye-lO-ml portions of each 

sample for each test is rocomniended as the minimum procoduro^ The uso of larger 

portions, as 100 ml，a greater nunibor of replicate portions and a larger serios of 

fractional volumes will cnhance tho precision of the estimate of coliform densities» 

Appropriate tables of МРЫ values/100 ml and confidence limits aro included in Appendix B, 

for thesr more extensive tests as well as the minimum acceptable procedure of 

fiv9-10-ral portions. 

2 5 The detection of coliform organisms and Escherichia coli 

Tho first essential for tho detection and estimation of coliform organisms in 

water is that every coliform orpanisrti should have the maximum possibility of dovoloping 

in the medium into which it is inoculated. It is apparent, therefore, that if 

selective media are used for the detection of coliform organisms caro should be taken 

to ensure that they aro not inhibitory but encouragt 叱he growth of these organisms• 
* r-

2,5-1 PresumptivG coliform tost 

The basis of the presumptive coliform test is tho 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 timo. The test is called presumptive because 



the reaction observed in the tubo may occasionally be due to the presence of some 

other organism or combination 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 tho water under examination and on the medium used. 

Л variety of different media is used in different countries for the presumptive 

coliform tost. At the moment no standard medium can be proposed^ Up to tho present 
3 

time, lactosо broth, or HacConkey broth, with brom-cresol purple as an indicator and 
19 о 

a standardized conçentration of bilo salts - incubated at not less than 35 С nor 

more than 37°C for not more than 48 hours - seem to bo tíio most suitable for 

presuirçjtive tests • 

2
#
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#
2 Confirmatory tests 

The presuirç>tive coliform test must bo followod by at least rapid confirmatory 

tests for coliform organisms and for E, coli. The most practical procedure is the 

sub-culture of each presumptive positivo tube to two tubes of brilliant groon bilo 
枉 о 

broth or of MacConkey broth,— one of which should be incubated at between 35-37 С 

for up to 48 hours for confirmation oí the presence of coliform organisms. The 

other m^- bo incubated at 44°C and inspected after six and 24 hours, to determine 

whether or not E« coli is present. Further confirmation of the presence of E, colij 

if desired, ccn be obtained by tostinp for indole production at 44°C. 

Where complete confirmation is necessary, presumptive positive tubes can bo 

plated on to a solid medium, such as lactose agar, Endo
!

s medium, eosin methylorio 

blue agar or MacConkcy agar, and individual colonics picked off for idontification 

by the indole• Methyl rod, Vcgos-Proskauor and citrate utilization tests and by 

testing for fermentation of lactose at between 35-37°G and 44°C, 

- I f MacConkoy 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 organisms, since false reactions in 
MacConkoy broth both at between 35-37 С and 44 С шау be caused by spore-bearing 
anaerobic organisms• 
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2令5,3 Field tests - the microfilter technique
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The microfilter technique, or as it is frequently designated, the шешЬгапо filter 

technique, for the quantitative detection of coliform bacteria is considered to have 

potential value. As a field test it presents a promis inn development particularly 

for areas in which exccssivo time would be requirod to send water samples to a ccntral 

laboratory. Further research on details of tho tost, including the culture media to 

bo omployod and tho time of incubation, is needed before this technique can be 

rGcoinniended as a standard procodure. Without doubt tho present membrane filter 

techniquo when used in full recognition of its limitations is a valuable tool in tho 

control of wator supply quality, 

2• 6 The Dotcction of Faecal Stroptococci and Ariaorobic Spore-forming Or^g-nis^is 

On those occasions on which it is considered desirable to supplement tho 

ехал11па"Ь1оп for coliform organisms and E, coli try Gxa*ninaticn for faecal streptococci 

or anaerobic sporo-forniinf organisms the following mothods can be rccomniQnded, 

2
#
6.1 Faecal Stroptococci 

Methods commonly used for the detection and estimation of the numbor of faocal 

stroptococci are: 

(1) the inoculation of multiple portions of water into sodium aside broth. 

Tho inoculatcd tubes are then incubated at 44-45°C for 48 hours. Only a 

miorosoopical confirmation of tubes which Ьосошо positivo within 18 hours is 

required, but thoso which boconie positive later than this require moro convicto 

confirmation. 

(2) the inoculation of multiplQ portions of water into tollurito lactosa broth, 

which aro incubatod at betweon 35-37°C for 45' hours. Presumptive positive tubes, 

indicated by a black deposit, may bo confirmed by subculture into further tubos of 

tellurite lactose broth incubated at 44-45°C for 24 to 48 hours i tubes positive 

at this temporature should bo submitted to further confirmatory tests. Tellurite 

media have the disadvantage that potassium tollurite is decomposod on heating and 

therefore tho solution has to be added to tho tubos of medium after sterilizatior^ 



2.6.2 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 mixturesare then heated at 80°C for 10-15 minutes to destroy 

vegetative organisms • The inoculated tubes may be incubated anaerobically but this 

is not strictly necessary. The tubas should bo incubated at between 35-37°C for at 

least five dsys
y
 but a positive reaction (storniy clot) m̂ jr appear in 24-72 hours

# 



Эф CHEMICAL AND PHYSICAL REQUIREMENTS 

Chemical analysis has a wide range of uses in the investigation of water 

supplies and of vater quality. The following discussion is 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 systeinatic chemical examination should be governed by local 

circumstances, but frequent chemical analyses may be required for the control of 

water treatment processes. 

3.1 Sampling 

Collect ion j transport and storage of з arrales 

For general chemical examination a sample of at least two litres is required; 

it should be collected in a chemically clean bottle made of good quality (neutral) 

glass which is practically colourless and which should be fitted with a groiind-

glass stopper. Tho bottle should be rinsed out at least throe times with the water 

that is to bo sampled before the bottle is filled• Polyethylene bottlos should 

not be substituted for glass bottles except for the special purpose of measurement 

of radioactivity in a samplo. 

In collecting samples for chemical analysis the general recoramendations given 

for the collection of samples for bacteriological examination should be followed. 

In the collection of samples from minoralizod sources, the bottle should bo 

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 tho sample and in any case 

should not be delayed for more than 72 hours • 



3*1»2 Data accompanying samples 

A record should be made of every sample collected, and every bottle should be 

identified, preferably by attaching an appropriately inscribed tag or label. The 

record should include sufficient information to provide positive identification of 

tho s atiple at some later date, and should include the name of the sample collector, 

the date，hour, and exact location, of sampling, the water temperature
5
 the details 

of any troatnient of the water^ and any data which may be needed for futuro referonco 

such as weather conditions，water I g v g I , stream flow. Sampling points should be 

fixed by detailed description, by maps or with the aid of stakes, buoys
;
 or 

landinarks in such a mannor as to permit thoir identification by other persons• 

3»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-tolerancG levels of toxic substances are кпошх to bo generally present in 

the source of supply, or where such potential pollution exists - as, for example, 

the prosonce in tho area of industries which may be discharging, toxic, wastes into • 

sources of a x^ater supply» 广. 

Samples for general systematic chemical examination should Ъе collected at 

least once every three months in supplies serving more than 50 OGO inhabitants
д
 and 

at least twice a year in supplies serving less than 50 000 inhabitants. More 

froquont sampling far chemical examinations may be required for the control of 

water treatment processes• 

Sampling of new sources of supply
c
 Frequent chemical examinations both for toxic 

chemical substances and general ciic^'dcal dialysis will be roquired for new or 

proposed sources depending‘on local circumstances, which may necessitate establishing 

special periods for sampling. 

• . ... 

3 • 2. Standards of Chemical and Physj.c，] Quality 

3.2.1 Toxic substances 

There are certain chemical substances which, if present at above certain levels 

of concentration in supplies of drinking water, may give rise to actual danger to 



lead as Pb 
selenium as Se 
arsenic as Âs 
chromium as Cr hexavalent 
cyanide as CN 

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. 

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. 

Substance Maximum allowable concentrations 

It is realized that the limiting value for chromium is well below the кпош 

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• 

3«2«2 Specific chemical substances which may affect health 

There are certain chemical substances which, if present in drinking water at 

greater than definite concentration limits may be injurious to health. Some of 

these chemical substances are regarded as essential constituents in drinking water 

and if not present at sufficient concentration levels, human health is affected 

adversely. 

3.2.2Д Fluoride 

Fluoride occurs naturally in inany public water supplies and, if present in 

drinking water in excess of 1.0 to 1.5 milligrams per litre, it may give rise to 
dental fluorosis in some children. When present in much higher concentrations, it 

may, eventually, cause endemic cumulative fluorosis with resultant skeletal damage 

in both ohildren and adults. 
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In assessing tho 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 кпош that certain food substances in some areas contain fLuoride: 

consequently^ due attention should be given to both these factors. It should be 

emphasized, therefore, that in those areas whero fluoride-containing foods are 

ingested the lower limit of the above concentration rango should be the guiding 

factor as to the chemical quality of tho 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 

concentration of fluoride in the drinking water of a coraraunity is less than 0
#
5 mg/l 

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 fluoride concentration to 1,0 mg/l. 

Methods for the estimation of fluoride in drinking water are given in 

Appendix C
# 

ЗфИ.2.2 Nitrates 

Nitrates occur naturally in many water supplies and may also find access to 

them directly or indirectly* through, for example
s
 the discharge of raw sewage, 

purified sGwage effluent, or barnyard drainage. 

The danger of nitrate to human health is limited to some infants under one. year 

of age
#
 The ingestion of water which contains nitrate in excess of 40 to 80 mg/l 

(as N0 ) шау give rise to infantile ir^thaemoglobinaexnia. 

i 

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
5
 therefore, in areas in which nitrato content of water is 1шош 



Permissible 

Total solids 500 mg/l * 
Colcur 5 units躲 
Turbidity 5 units 
Tasto unobjectionable 
Odoixr unobjectionable 
Iron (Fe) 0.3.J»g/l 
Manganese (Ш) 0.1 mg/l 
Copper (Cu) 1.0 mg/l 
Zinc (Zn) 5.0 гщ/1 
Calcium (Ca) 75 m ^ X 
Magnosium (Mg) 50 rn^/l 
Sulfate (SO.) 200 
Chloride (CI) 200 mg/l 
pH range 7,0 一 8,5 

Magnesium + sodium sulfate 500 mg/l 
Phenolic substances (as Phenol) 0.001 mâ/l 

Excessive 

1500 mg/l 并 

50 rniits.^ 
25 units'

 r 

3*^*4 Chemical and physical, aubstances indicative of pollution 

Other chemical constituents of water than those previously' listed are in^ortant. 

as indicators of pollution of water. They' have no effect on health or on the 

to be in excess of the limiting concentrations, to ba vigilant and warn the 

population of the potential dangers in the use of the water for infant feeding and 

of alternative sources of water that may be iissd with safety. 

3.2.3 Chemical substances affecting domestic use of wator 

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 lijnits designated as permissible apply to a water that would be generally 

aecoptnblo by consmnere. Concentrations greater than thosa listed as oxoessive 

would impair markedly the potability of the water. 

However, these limiting concentrations are suggestions only and can be 

disregarded in specific instances. 

em 

1.0 rag/1 
0¿5 m ^ l 
1.5 тщ/l 
15 mg/l 

200 mg/l 
150 mg/l 
400 тщ/1 
600 m ^ l 

Less than 6 
greater thai 

1000 mg/l 
0.002 mg/l 

*Platinuro-cobalt scale 

Turbidity unit 



acceptability or attractiveness of the water. Their inclusion in the general 

chemical analysis of water is important because of the significant data furnished 

as to the degree of pollution by wastes • Since concentrations of these substances 

vary widely in waters from different sources, no limiting amounts can be given# 

Increase above the normal range of the concentration of each of these chemical 

substances provides an indication of pollution and the magnitude of such increases 

should be a reasonable measure of the degree of such pollution. 

Total organic matter 
Biochemical oxygen demand 
Albuminoid nitrogen 
Total nitrogen 
Nitrite

 й 

Phosphate— 

3,3 Methods for the Chemical Analysis of Water 

Recommended procedures for the analytical determination of each of the 

chemical substances listed above are given in Appendix 。• 

Where particular sampling procedures are required for a particular examination, 

they are given in Appendix С 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 Appendix C. Many analytical procedures are subject to 

interference from unknown constituents idiich may be present in a sample of water• 

Any midden change in the results of tho chemical analysis of a supply which 

ha3 been of constant quality, any off-Golour observed in a colo^imotric test or 

during a titration, any unexpected turbidity, odour, or other laboratory finding, 

•一 

is cause for suspicion. These phenomena may be caused by a normal variation in the 

relative concentrations of expected constituents, but they may also bo caused by 

the introduction of an unknown interfering substance• 

^Metaphosphates are frequently added in water treatment for the control 
of corrosion and for other purposes• 



A fow substances, such as chlorine, chlorine dioxide, alum, iron salts, 

silicates, copper sulfate, ammonium sulfate
>
 polyphosphates, are 30 widely usod in 

water treatment that they deserve special mention as possible causes of interference
# 

Of these, chlorjbe is probably the worst offender, in that it bleaches or alters 

the colours of many of tho sensitive organic reagents which serve as titration 

indicators and as colour developers for photometric methods• Among the methods 

which have proved effective in removing chlorino residuals are: the addition of 

small amounts of sodium sulfite, sodium thiosulfato, or sodium arsenitoj exposure 

to sunlight or artificial ultraviolet light; and prolonged storage• 

VlhenoVer interference is encountered or suspected, and no specific 

recommendations aro given for overcoming it, the analyst must endoavour 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 boco№3 

less Tnarked on dilution, or upon use of smaller samples; any tendoncy of tho results 

to increase or decrease in a consistent inanner with dilution indicates the possibility 

of interferon со • -

3#3.1 Precision and accuracy of chemical methods of analysis 

"Precision" and "accuracy" are not synonyms although the words are sometimos 

incorrectly used as synonymous. In the purcJy scientific sense, precision means 

reproducibility; accuracy means truth, Л precise method may also b。 accurate, but 

not noccssarily. Л method may be very preciso and always yield the same answer and 

yet may 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 yot have poor 

precision because individual determinations vary ovor a wide range. 

In any method used for chemical analysis of water tho precision and accuracy 

should be determined and recorded* Procedures for ascertaining precision and 

accuracy are available for reference• 



3翁3書2 Essential precautions in chemical analysis of water 

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
д
 and 

the physical and chemical changes brought about by storage or aeration
#
 Each 

sample showing turbidity imist be treated individually with regard to the substances 

to bo 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 décantation, 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 с When pertinent, the analyst should state vdiether or not the 

sample has been filtered. 



4 . BIOLOGICAL REQUIREMENTS 

The biological examination of water or as it is soinetimes called^ the micro-

scopical 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 iDç>rove such quality*. 

These procedures include a qualitative analysis of tho types of organisms 

present together with a quantitative estimation of their number or bulk» In addition 

particulate inorganic and organic solids will bo detected• The living organisms 

found by microscopic examination include many different types and forras and are 

generally designatGcl as "Plankton" • The term Plankton is used in a broad sense 

to include microscopic and near microscopic free-floating forms as well as minuto 

attached organisms which develop on the shores of lakes or roscrvoirs or attached 

to rocks or structure• 

4.1 Purpose 

Biological examinations of water will find application ins 

(1) determining the causes of objectionable tastos and odours 

in water and in the control of remedial treatmonts； 

(2) aiding in the inborpretation of various chemical analyses; 

(3) permitting identification of a specific water 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 substancas and cross-connexions of 

distribution systems with polluted waters• 
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4
е
 2 Sampling： 

4 么 1 Procedures 

Points for the collection of samples for biological examination should be 

carefully chosen， corresponding where possible with those used for the samples 

for bacteriological and chemical examinations. Precautions must be observed 

in the collection of thesG samples to provide for a representative dispersion 

of the living organi^ia^ cad to provent oontaroination with floating scum or bottom 

sediments о Many types of sampler ' have been developed f ar the collection of 

saraples for microscopical examination^ In most instances, satisfactory samples 

с如 be obtained by dipping, in the same manner used in the general colloction of 

samples for chemical or bacteriological examinations « 

4c2 Sampling container 
一 I It II Ч I III МП У 'ЧЛ'"— 

In general a clean glass (neutral glass) bottle of at least two-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 

saanple is usually 200 mlo The battle should not be completely filled but a small 

air spaco should bo left under the stopper to provide oxygen for the respiration 

of the organisms in the sample
e 

4-3^3 Preservation and storage of samples 

The sample should bé maintained as closely as possible to its original 

temperature
 e
 Tihen examination for living organisms is to be made, the sanqple 

should not bo stored in sunlight and dissolved oxygen should not be exhausted. 

Samples may be iced vjhon maintenance of its original temperature is difficult • 

If the saniple is not to be examined at once or within a brief time, not more 

then one hour
5
 it should be preserved irrane¿Lately аЛег collection. Preservation 

is best accomplished by the addition of 3-5 ml of formalin, (containing 37-42^ 

formaldehyde and neutralized to рЫ 7^0 cr slightly higher)to each 100 ml of saisie* 

Such preservation is not ideal and may produce severe effects, such as contraction^ 

on the cells of the organisms 



As with all other analyses of water, tho sample should be transported to tho 

laboratory and thq examination started with as little delay as possible
f 

4-3.4 Frequency of sampling 

The circumstances of each specific water supply will determine tho frequency 

with
 T

/ihich sanpling should be undertaken® • Where seasonal growths of plankton aj*e 

1спош1 to be a regular occurrence, samples would probably need to be taken f ctr 

microscopical examination at weekly or oven shorter intervals, in order to determine 

the need and type of treatment essential to maintain acceptable quality• During 

treatment operations samples for examination "would need to be taken at short intorvals 

probably dai3y. At other times ©r when growths of plankton would not be ant icipated^ 

sanpling may be set on a monthly or less froquont basis. With many supplies, micro-

scopic examination would bo unnecessary or could be on a seasonal basis only. In 

tracing possible entrando of pollution into water sources, or more particularly 

into distribution systems, special frequencies, determinad by expoilence, will be 

indicated® 

4t3 Methods of Biological Examination 

The biological examination of water requires special laboratory equipment and 

procedures. These will bo outlined in Appendix D« It is impractical in this 

r-port to give these methods in detail bub general directions are indicated. 

Since the plankton will be dispersed in the entire volume of the samplo^ dároct 

examîhation cannot be made. The sample must, therefore, be concentrated, using 

special tochniquos which are an integral part of the examination procédures. In 

carrying out these examinations not only numbers of the living organisms should be 

determined but th8 amount of debris or amorphous matter should also be estimated as 

an important factor in tho biological content of the water « 

These methods aro applicable to the investigation of the acceptability of a 

water supply for uso as a public supply
д
 to the rapid detection of pollution and to 

the control cf treatment processes-» 



Expression o£ Results 

The number of plankton шу Ы reported in various ways. In inany instances 

a simple numerical count can be used to give the concentration of organisms per 

ml of sample• Occasionally the use of mg per litre or p.p.m» of living matter 

is preferred. This form of expression of result is based on the assumption that 

the specific, gravity of tho organisms is 1«0« 

The moro usual means of reporting results is in terms of Areal Standard Units 

or Volumetric Standard Units. A standard unit is a square or cube 20 microns 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 thD number of organisms to tho 

size. This is important, particularly in assessirg taste and odour conditions 

due to plankton, since one large organism may produce more trouble than many sinall 

ones* ^Jhen standard units are used they should be designated as Areal Units or 

Volumetric Units per r¿L of sample. Tho use of thesè units requires counting of 

the пшЬег of individual types and multijxLying by an average factor based upon 

the area or volume occupied by the specific type of organism# 

In the biological e lamination of water it is not essential to identify eacii 

different specios present. For routine work all of the living organisms should 

be counted and reported as Areal or Volumetric Standard Units of plankton per ml 

of sample• 

Amorphous matter or debris
 y
 including particulate organic or inorganic 

solids^ should be determined and reported as such in terms of Areal or Volumotric 

Standard Units• 

For the estimation of the degree of pollution a simple statement of the 

numbers of significant organisms per ml is sufficient, 

4.5 Inberpetation of Results 

It is impracticable to placo definite significance upon the concentration of 

plankton found in any water supply. Local conditions and general experience will 

dictate the exact intorprotation of the results of those examinations• 



Individual organisms differ widely in their capacity to produce tastes and 

odours in water. Thus, for example, the detection of a single synur.a per ml of 

sample will provide a sur о indication of potential serious taste and odour 

conditions• Conversely, large numbers of standard units, Areal or Volumetric^ 

per ml of many types of plankton с ал be tolerated without tho development of taste 

and odour conditions» General experience suggests that when the total plankton 

count is 300 Агог.1 Standard Units of living organisms per ml or greater, the 

dovolopment of objectionable tasto and odour conditions can bo QxpectQd. Counts 

less than this VC.1UG but increasing over normal low values provide a do U n i t e 

•warning that roracdial troatment is required^ 

Tho effectiveness of treatment to reduce plankton growths in reservoirs and ... 

storage units will bo indicated by sharp decrease in plankton counts and a corres-

ponding iixroase 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 following treatment is essential to ensure full 

control of taste and odour conditions in th^ water supply. 

4.6 Detection of Pollution by Biolordcal Examinations 

The biological examination of wator provides a valuable and sensitivo means 

for the rapid detection of pollution of water by sewage, organic wastes and toxic 

substances• It is particularly adapted to dotecting pollution in distribution 

mains duo to cross connexions of polluted water and potable supplies. Numorous 

techniques have, been developed for this purposes These depend upon the suscepti-

bility of freshwater plr.iiIcbon to the destructive effects of polluting substances• 

Most of these organisms aro very sensitivo indicators of pollution because of the 

narrow range of pollution concentrations which they can tolerate
e
 Thus by 

biological or microscopic Gxconination tho degree of pollution may be estimated* 



4.6.1 Prосеdura 

A sample of 500-1000 ml should be collected, concentrated and examined as 

soon as possible and without the use of ary method of preservation. A count 

is made, using the ostablished techniques, of the individual tinicellular 

organisms, dividing them into two groups: 

A
 e

 chlorophyll bearing 

В
 s

 norw3hlcxrophyll bearing 

A biological indox of pollution is then calculated ty tho followlrjg oquatiou» 

ВЛЛЧ «
 x

 100 
A + В 

B.I.P» : » Biological Index of Pollution 

Or.8 ‘ ， ç l e a n water 

8-20 : » slightly polluted water 

20-60 : = p o l l u t e d water 

60-100 : = g r o s s l y polluted water 

This index is a rapid means of detecting pollution, requiring only a short time 

to complete • It yields comparable information to that given by the general 

plate count of bacteria and the several chemical tests for pollution^ 



5
e
 RADIOLOGICAL REQUIREMENTS 

5.1 Radioactivity 

Pollution of water supplies by radioactive material represents an increasing 

hazard with regard to water qualityо 

It is important to keep radioactivity in drinking-water to a minimum and 

therefore it is recommended that radioactive wastes should not be admitted to 

sources of potable water supply when this can be avoided* 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 ácfmestic purposes. 

The figures for radioactivity given are based on the recommendations of the 

International Commission on Radiological Protection, but the safety faotof of 

ten proposed by the Commission for water which is to be supplied to large communities 

has been taken into account in the figures given. The figure for alpha-emitters 

is stricter than that proposed by the Commission* This is to allow for the 

possibility of all the alpha-activity being due to radium^ and to avoid the 

necessity for elaborate radio-chemical analysis• The figures given are intended 

to include naturally occurring radioactivity， as well as any radioactivity that 

may reach the water from effluents and fall out. Naturally occurring alpha-

emitters may be just as dangerous to health as those which may be discharged in 

effluents from nuclear reactors or other s o u r c e s a n d 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 for radioactivity given are near the limits of estimation by the 

methods at present in use. 

Samples should be collected not only at consumers
1

 taps but also at the sources 

of supply and at relevant points throughout the system. Representative samples 

from the sources can best be obtained from the bottom of such bodies as reservoirs 

and collecting basins, 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 one litre volume; should be 

collected in polyethylene bottles to eliminate the possibility of adsorption of th© 

radioactivity by the container; and should Ъе examined with as little delay as 



« é 

5二Д Upper limit of concentration 

It is important to keep the radioactivity of drinking-water as low as possible. 

In the absence of more precise information on this subject the following are 

acceptable as upper limits in drinking-water for life-time use for large populations : 

for further information reference should be made to the Recommendations of the 

International Commission on Kadiological Protection, 

If these limits are not exceeded no radio-chemical analysis is required, 

Hi^ier figures than those given above are safe for many radionuclides, and a 

water with a higher total radioactivity than the figures given above may be safe 

for use if the absence of the more dangerous radionuclides can be confirmed by 

radio-chemistry. 

5.1.2 Methods of estimation 

Scintillation or internal counters should be used for alpha-activity and 

Geiger counters for beta-activity• The sample should be concentrated by-

alpha- emitters 10 

beta-emitters 10 

-9 

-8 

mic.c/ml 

mic.c/ml 

evaporation before examination. 



60 LABORATORÏ FACILITIES FOR THE EXAMINATION OF WATER 

It is essential that all examinations of water in accordance with the 

recommended standards of quality be performed in a well-equipped laboratory staffed 

with competent personnel and where the reliability of the work can be assured. 

Thus, It is recommended that a laboratory undertaking official examinations of the 

chemical, bacteriological„ biological or physical quality of a water supply to 

determine conformance to established standards of drinking-water quality or for 

routine supervision of such quality, be accredited by the health authority or 

other agencies directly responsible for maintenance of water supply quality• 

Before granting such approval or accreditation to any laboratory the agency 

concerned should make certain that the faciMties, quarters^ equipment and other 

physical conditions are adequate for the proper functioning of the laboratory, 

that the personnel are competent and that the laboratory is under the responsible 

direction of a person qualified and competent in the fields of water examination, 

water treatment and sanitation. And further, the agency concerned should, at 

reasonable frequencies^ determine that such approved or accredited laboratory is 

follQwing the methods and techniques recommended for the official examination of 

water to determine its conformance to standards of drinking-water quality. 



7 e GOiC-iJJílION 

7.1 Research Investigations 

Standards of water quality and accredited methods for the examination of water 

are not static e 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 applica.L丄ons of sanitary science is the 

essential force underlying modifications and developments in the broad problem of 

acceptable standards, Much of the data on which many of the present standards 

of quality ard the methods for the examination of water are based were produced 

in a relatively restricted area of vhe worlds tho United States and Europe, and 

application of standards and me bhods to other sections with diverse problems of 

climate and water resources is not well kncnvru 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 treatment should be stdmuiated 

as rapidly and as widely as possible
 t
, ïn no other way can the essential information 

be obtained for complete application of standards of quality to meet local needs 

and for precise interpretation cf the results of examination of waters by the 

prescribed standard methods „ Such research, xvili require a long time for 

implementation and for the production of the desired information., The development 

of standards сarmot wait for such research^ but the establishment of tentative 

st¿mdards now will be a principal factor in stimulating the studies essential for 

progress in the field of sanitary science
e 

The discussions concerning the problems of recoirimerding effective standards 

of water quality demonstrated the paucity of precise data about many of the factors 

concerned with such possible standards and methods of analysis。 Many of the 

recommendations must necessarily remain tentabive
>
 and, in many instances- vague, 

until much more supporting information can be made available through research and 

detailed investigations, For these reasons the question of outlining suggested 

research investigations to supply the deficiencies in existing basic information 

has been fully considered by the Group. On the basis of these discussions the 



following list is presented of suggested research projects in the fields of water 

quality and water examinations which might profitably be undertaken without delay• 

It is well appreciated that not all of these projects can be initiated in the 

immediate future and that many will require much labour and long periods of time 

for completion. In many of the projects listed below^ active investigations are 

without doubt already under* v/ay in many laboratories, and some data may be 

available cr already publ丄shed
e
 Extension of such studies would^ however

д
 be 

valuable. The development of research activities by laboratoriesgovernment 

agencies and individuals throughout the world should be encouraged promptly in 

order that the essantial basic data regarding water quality and treatment may 

become available as soon as possible。 

The Group ascertained that considerable facilities for яисЬ research are 

already available and that there is interest and readiness to undertake without 

delay certain research activities in the fields of immediate interest and concern. 

It is anticipated that by such research the basic data for further 

consideration and amendment of reccmmended standards of water quality and methods 

of examination will be obtained
 e 

741.1 ^rapj-ing; 

1。 Effect of temperature and time of storage on bacterial densities of water• 

2„ Effect of sodium thiosulfate or other reducing agents on bacterial 

population of stored samples of water
э 

7.1.2 Bacteriological 

5. The micro-filter and its relation to other techniques for estimating 

coliform densities» 

4. Technique and significance of total bacterial count or Standard Plate 

count. 

5. Study of improved media, and procedures for isolation and detection of 

coliform bacteria in waterr 



6. Evaluation of the special inhibitory culture media proposed for the 

isolation of the coliform group. 

7» Investigation of the Eijkman procedure for isolation of E> coli in 

comparison v/ith other proposed techniques • 

8. Investigation of techniques for the differentiation of E» coli of animal 

and of human origin. 

9. Significance of the coliform group and the subsections of the coliform 

group as indicators of pollution under varying climatic and hydrographie 

conditionsp 

10» A definitive comparative investigation of the British Ministry of 

Health and APHA techniques for quantitative detection of coliform group 

of bacteria« 

11。 Investigation of the possible growth of coliform group and the faecal 

coli section of the coliform group in natural waters and soils. 

12. Potential significance of other bacterial indicators of pollution - to 

include methods for their quantitative detection in water, 

1J>. The significance of virus found in sewage in relation to pollution of 

water^ including methods for quantitative detection, 

14. Evaluation of the populations of pathogenic organisms, viruses, 

bacteriophages and coliform organisms in relation to the epidemiological 

data. 

15. Potential significance of bacteriophages as indicators of pollution 

of water• 

7 丄 5 Biological 

16. Investigation of the significance and value of various biological indices 

of pollution of water. 

17. Study of the ecological balances of plankton in water. 

18. Investigation of the quantitative significance of growths of plankton 

in relation to water quality. 



Chemical 

19• Isolation, identification and estimation of odour and taste-producing 

substances in water» 

20. The analytical determination of certain substances in water supplies 

such as DDT, parathion, synthetic detergents and compounds which are 

commonly used in agriculture and industry. 

21• Study of the methods for the removal of nitrate from water. 

22. Development of acceptable techniques for determination of chemical 

polluting substances in water, 

23* Study of sensitivity, precision and accuracy of chemical methods for 

analysis of water, 

24• Development of simple but accurate technique for determination of 

fluoride in water• 

25. Further studies of the relation of fluoride concentrations in water to 

dental health in tropical and other areas• 

5 Physical 

26• Development of techniques for estimation of small concentrations of 

turbidity (less than 1.0 unit) in water. 

27. Study of the determination of hydrogen ion concentration - (pH) in 

lightly buffered water. 

28• Development of procedures for measurement of radioactive contamination 

of water and consideration of significance of limiting concentrations of 

radioactivity. 



8
#
 SUMMARY AND RECOMMENDATIONS 

8.1 Summary 

An International Study Group has considered standards of drinking-water quality 

and methods of examination of water which might be used throughout the vtotíLd and has 

made some tentative proposals. These proposals are based on the recommendati^ms-^f-

groups of experts in water supply treatment, engineering and hygiene, convened in 

four of the regions of the World Health Organization. These standards should not 

be considered in any way final or static. It is anticipated that these should be 

the basis for improvements in water supply practice throughout the world, with the 

object of ensuring that safe and potable water supplies may be universally available• 

.Consideration of standards of water quality has been separated into 

bacteriological, chemical, biological and radiological sections. With each section 

the essential laboratory procedures to determine uniformity to the proposed standard 

are indicated with the required directions relative to sampling and reporting of 

results• The detailed outlines of the various procedures form the Appendices of 

this report. Since the qualifications of laboratories carrying out theâe tests 

are an integral part of the technical procedures, recommendations relative to the 

development of laboratory services have been included» 

The rapidly growing problems connected with nuclear energy development and the 

resulting radioactive wastes have prompted inclusion of a brief and preliminary 

statement as to limits of radioactivity that may be permitted in a waljer supply 

for domestic uses. 

.No discussion of water quality at the present time can fail to direct attention 

to the major need for research in the fields of sanitation and water treatment, as 

an essential basis for future extension and improvement in waterworks practices• 

Thus a special section of this report has been devoted to this subject and a list 

of research projects that would profit by immediate initiation is included• 

The basic standards of quality that are proposed may be eummarized briefly 

as follows : 



8.1.1 Bacteriological quality 

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 per cent, of the samples taken from the 

distribution system, should be aimed at whenever possible. 

Treated water 

The MPN index of coliform bacteria to be less than 1•0/100 ml in 90 per cent, 

of a series of samples examined throughout any one year- and not greater than 

10/100 ml in any of the samples。 The occurrence of an MPN index per 100 ml of 

8 to 10 should not be permitted in two or more consecutive samples. 

Untreated water 

The MPN index per 100 ml of bacteria of the coliform group to be less than 

10 in 90 per cent, of the samples examined throughout any year; no single sample 

should have an MPN index per 100 ml in excess of 20. An MPN index of 15/100 ml 

should not be permitted in consecutive samples• An MPN index of 20/100 ml or 

greater should be an indication that treatment is required. 

8.1»2 Chemical quality 

Limiting concentrations for toxic chemical substances are listed as well as 

those (such as fluoride and nitrate) which may affect health. There are other 

chemical substances which ¿effect the acceptability of a water for domestic purposes 

and lists of aesthetically permissible levels and of levels which should be regarded 

as excessive are given for these substances. It is realized that these standards, 

particularly the last named cannot be met in many parts of the world and thus the 

limiting concentrations are suggestions only, 

8.1.3 Radiological quality 

Although it is recognized that the content of radioactive substances in drinking 

water should be kept as low as possible, the concentrations listed below are believed 

at the present time, to be the maximum allowable, 

-9 / 
alpha-emitters 10 miс•c/ml 

- 8 y beta-emitters 10 miс•c/ml 



Higher figures are safe for many radionuclides and may be adopted if the 

absence of the more dangerous radionuclides can be confirmed by radio-chemistry. 

8.2 Recommendations 

The International Study Group on Standards of Water Quality present the 

following recommendations for future activity in relation to the problem in 

general and to the role which might be assumed by WHO in advancing this important 

project» 

(1) That after approval in its final form by the Director-General, this report 

be published as a WHO manual or monograph. 

(2) That the reports by the several regional study groups be accorded 

subsequent distribution in order that the value of these documents and the 

recorded observations relative to water quality may be available to the nations 

of each individual region and others^ for their full information on the general 

theme of water quality. 

(5) That this international report., subsequent to publication, be given as wide 

distribution as possible particularly to the participants in all study groups and 

to the responsible health authorities of each Member Nation of the World Health 

Organization, 

(4) That the World Health Organization should encourage the discussion of the 

problem of water quality and methods of examination of water at various international 

and national technical meetings。 

(5) That seminars be convened in each region to be attended by sanitary 

engineers, laboratory personnel and otaers concerned with problems of safe water 

quality for the general discussion of standards and approved analytical methods• 

Such seminars would encourage the application of standards of water quality and 

would lead to the improvement of water quality and the development of better 

laboratory services。 



(6) That pertinent and constructive comments and criticisms regarding the report 

and the major problem involved be invited， It is suggested that a second 

questionnaire be prepared and distributed two years after publication of this report 

to the responsible health and water authorities of each nation, requesting 

information as to the status of water quality standards, laboratory examinations of 

water and the value attained from this report, Accurate statistics as to diseases 

transmitted through water should be an integral part of such a questionnaire. 

(7) That the various regional study groups be maintained to serve as voluntary 

leaders in the development of the essential problems of water quality, to encourage 

research into water treatment and control and to serve as a clearing committee for 

information and data of general interest and importance. The formation of national 

committees working with the regional groups would greatly facilitate the application 

of these recommended standards to the improvement of water collection, treatment and 

quality. 

(8) That consideration be given by WHO to the provision of expert consultant 

advice to approved laboratories undertaking the official examination of water 

relative to the organization of facilities and active participation in the major 

problem of water quality. This might be accomplished through visits by technical 

personnel or by the temporary services of expert consultants in each region. 

(9) That WHO establish the standards of water quality as given in this report 

as Recommended Standards of Quality for Water Supplies to be used in international 

travel and request that the transportation organizations involved demand that water 

of such quality be available for use as drinking-water in international transport 

services• 

(10) That the World Health Organization establish the technical procedures for 

the exaraination of water given in this report as Approved Methods for the Examination 

of Water, 

(11) That the World Health Organization consider the initiation of studies on 

the operation of water treatment processes and the preparation of a manual on the 

technical engineering problems involved in the production and maintenance of safe 

and acceptable water supplies. 



(12) That, after a period of two to three years, WHO convene a second Study 

Conference on Standards of Water Quality to review and amend this report and the 

standards and analytical methods on the basis of experience and data collected 

during that time. Such a conference might well be held jointly with a conference 

on the operation of water treatment processes» 
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Appendix A 

APPROVED METHODS FOR THE BACTERIOLOGICAL EXAMINATION OF m T E R
1 , C Î 

1» Laboratory Equipiaaixt 

1.1 Laboratory Quarters 

A laboratory used for the examination of water should have ample space for the 

work to be undertaken； should be well lighted and ventilated. The laboratoiy should 

be equipped with the essential furniture, including work tables, cupboards, shelves, 

storage space and other ancillary units. 

1.2 Laboratory Apparatus 

i.2.1 General considerations 

It is essential for accurate and satisfactory laboratoiy work that good equipment 

in proper working order be provided. Thus the minimum laboratory equipment listed 

must be available 4n an approved laboratory and all items should meet -tile minimum 

requirements given. Additional items of equipment not listed will be required in a 

qualified laboratory and^should also be provided and should meet the similar standards 

of quality and operation» 

1.2Ш2 Incubators 

Incubators shall maintain a uniform and constant temperature (35°-37°C) at all 

times in all parts. This can be accomplished by the use of a water-jacketed car 

anhydric type vith thermostatically controlled I O T ^ tempe rature electric heating units 

properly located and insulated in or adjacent to walls or flçor of chamber, and 

preferably equipped with mechanical means of circulating air» 

Incubators shall be provided with shelves spaced to assure uniformity of 

temperature throughout the chamber. The inside dimensions of the chamber should be 

at least 20 x 20 in
t
 at the base and 24 in. high, to accommodate a maximum of 200 

petri dishes• One inch space should be provided between adjacent stacks of plates 

and between walls and stacks• 
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Accurate thermometers^ with bulb continuously immersed in liquid (glycerine^ 

water, or mineral oil) shall be maintained within the incubator and daily readings 

of the terrç)Qratures shall be recorded. In addition, 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
 0
 It is 

recommended that a recording thermometer be installod in every incubator "whenover 

possible so that a permanent record of temperature variations "within the incubating • 

changer may be maintainod
e 

Incubators equipped with hi^i—temperature heating units are unsatisfactory since 

such sources of heat frequently cause localized overheating,, Incubators so heated ma¿r 

be made to operate satisfactorily by replacing tho higb-tempe rature units with suitable 

wiring arrangedс operate at a lwer temperature and by installation cf mechanical 

air circulation* It is desirable, where ordinaiy room temperatures vary e x c e o s i v ^ 

that laboratoiy incubators be kept in special rooms,-which may bo maintained at a few 

degrees below the recommended incubator temperaturo。 
• * .. . • 

1.2,3 Sterilizers 

1.2.3Д Ovens 

Hot air sterilizing ovens should be of sufficient size to prevent crowding of the 

interior^ constructed to give uniform and adequate sterilizing temperatures^ equipped 

with suitable thermometers capable cf registering accurately in the range 1б0° to 180 °C 

The use cf a teraporature recording instrument is optional
e 

1#2.3«2 Autoclaves 

Autoclaves should be of sufficient size to prevent crowding of the interior^ 

constructed to provide uniform temperatures "within chambers up to and including the 
о 

sterilizing temperature of 121 equipped 切ith accurate thermometers with bulb 

properly located on exhaust line so as to register minimum temperature within 
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sterilizing chambers (torriperature recording instrument optional), pressure gauges 

and prcperly adjusted safety valves• In emergencies where results have been • 

cocker may be substituted for an autoclave. 

provided it is found by actual test that 

in the manner in which ttiey are used
#
 The 

cent. Pipettes tóth unbroken tips and with 

graduations distinctiveüy marked should be used. Pipettes with damaged tips should be 

repaired, or discarded• 

1.2.4.2 Dilution bottles 

Bottles or tubes of resistant glass, proferab3y pyrex, closed with glass stoppers, 

rubber stoppers, or screw caps equipped vith liners that.do not produce toxic or 

bacteriostatic compounds on sterilization should be usod. Cotton plugs shall not bo 

used as closures. Graduation levels should be indelibly marked on the sido, 

1.2.Л.З Petri plates 

Petri dishes 100 mm in diameter 似ith the side wall at least 15 mm high shcaiW bo 

used with glass or porous tops as preferred» The bottoms of the dishes should be free 

from bubbles and scratches axvi. should be flat sc that the medium will be of unifoim 

thickness through the plate. 

1«2.5 Réfrigérâtorg 

An approved laboratory should have a refrigerator, arrç>le in size for the required 

work load and capable oí maintaining a terrçerature between 0°C and 5°C continuously
# 

When available, an electrically operated refrigerating unit will provide the most 

efficient servico^ 

domenstrated tc be satisfactory, a pressure 
* 4 

1,2.4 Glassware 

1.2.4.1 Pipettes 

Pipottes may be of азту convenient size 

they deliver accurately the required amount 

error of calibre.t5m shoulc
1

 not exceed 2.5 per 
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colonies providing a magnification of 3 x should 

similar colcniy counter will be suitable for this 

1.2.6 Со1оцу counter 

An effective device for examining 

be available. In general a Quebec or 

puipçse. 

1.3 Culture M s d U ^ 

General considérations 

The use of dehydrated media is strongly recommended to provide uniformity • 

Such dehydrated media should be cf known and approved quality» 

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• • 

1.3.2 Materials 

1.3.2.1 Beef extract 

Ary brand of beef extract known to give satisfactciy results should be used. 

1.3.2.2 Peptone 

Ai\jr brand cf peptone known to be satisfactory for the growth of bacteria should 

be used. 

1.3»2
#
3 Sugars 

Only sugars of known degree of purity and suitable for bacteriological purposes 

should be used. 

1.3.2.4 Agar 

Either chipped or granulated agar of bacteriological grade should be used, 

1.3.2.5 ISres 

Only certified dyes should b© used. 
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1.3.3 Preparation of culture media 

1 
1.3#3#1 Lactose broth 

Using an approved dehydrated raediura, prepare in accordance with the directions 

furnished with the product • Adjust the reaction so that the pH reading after 
.•售 

sterilization will bo between 6
#
8 and 7.0, preferably 6

#
9

#
' Place in fermentation 

tubos^ and sterilize in the autoclave at 121°C for 15 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 an autoclave with no pressure• 

When del^rdrated medium is not available prepare as follows : 

Beef extract 3.0 g 

Peptone 5.0 g 

Water ‘ 1000 ml 

Heat slowly in a water-bath, stirring until dissolved 

Add 

Lactose 5.0 g 

Make up volume with distilled water to 1000 ml 

, Adjust reaction so that pH reading after sterilization will be between 

6
#
8 to 7.0, preferably 6.9. • 

IfJhen 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 médium in the fermentation will not reduce 

the concentration of ingredients in the mixture below that in the standard lactose 

broth medium. Where dehydrated medium is used the proper -concentration of ingredients 

may be obtained by using the amotints of dehydrated product showi in the following 

tabulation: 

圣 A fermentation tube may be a test-tube of any suitable size containing 
a Durham fermentation tube. 
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Inoculum Amount of 
medium in 

tube 

Volume of 
medium and 
inoculum 

Amount of dehydrated 
lactose broth medium 
used per 1000 ml 

1 ml 1〇 ml or more 11 ml or more 13.g 

ID ml 10 ml 20 ml 26,0 g 

10 ml 20 ml 30 ml 19.5 g 

Ю0 ml 50 Ml 150 ml 39.g 

100 ml 35 ml 135 ml 50Д g 

2Û0 ml 20 ml 120 ml 78 g 

12 
MacConkey broth (single strength) 

Prepare using an approved dehydrated medium, in accordance with the directions 

furnished with the product* When not available^ prepare as belowt • 

Commercial sodium taurocholate^ 
sodium tauroglyoochclate

}
 or 

other satisfactoiy bile salt 5 g 

Lactose 3D g 

Peptone 20 g 

Sodium chloride 5 g 

Distilled water 3Û00 ml 

Mix all the ingredients e x c ^ t the lactose^ steam for 2 hours and transfer 

tic the refrigerator overnight * Add the lactçse and, when dissolved, filter ̂ through 

a good grade of filter p ^ e r whila still cold» Adjust the reaction to pH 

using phencl red. as the indicator» Add 1 ml cf a 1 per cent, alcoholic solution
% 

cf bromr-cresol purple or about 5 ml of a 1 per с exit
 #
 aqueous sduticn of neutral red, 

distribute in 5*"ml quantities inte 6 in
t
 x 5/8 in

#
 test-tubes provided, with Durham 

fermentation tubes, and sterilize in the autoclave at 10 lb for 15 .minutes, or in the 

autoclave without pressure for 30 minutes on three successive days« 

r N 丨 - t • ' 1 [ | . 

々Based on use of Васto Lactose Broth manufactured by Digestive Ferment Co.. 
Detroit, M i c h” USA. 

-îHf 
The use of 0.1 per cent. Teepol (an aniomic detergent) in place of bile salt 

is recommended by Jameson and Emberley (1956). 
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12 
MacConkey broth (double-strength) • 

This is prepared in the same way as single^strength MacConkey broth, using double 

the quantities given above (except water) • 10 ml of this doublô-strength medium 

is put in each tube (6 in, x 3/4 in
e
) о If 50-ml quantities of water are tc be tasted 

in MacConkey broth, 50 ml of this double-strength medium should be put into tubes 

or bottles of greater capacity than 100 ml
Q
 Six-ounce 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» 

1 
1.3.3.3 Brilliant green lactose bile broth 

Use an approved dehydrated medium and prepare in accordance with directions 

furnished with tha product. If this is not available prepare as follows: 

Dissolve 10 g peptone and 10 g lactese in not more than 500 ml distilled water• 

Add 20 g dehydrated ox gall dissolved in 200 ml distilled water. The solution 

of dehydrated ox gall shall have a pH between 7#0 and 7.5. 

Make up viith distilled "water to approximately 975 ml* 

Adjust the reaction to pH 7、4
e 

Add 13.3 ml 0。1 por cento solution of brilliant green in distill d water. 

Add sufficient distilled 仞ater tc make the volume 1 litre• 

Filter through cotton
0 

Distribute in fermentation tubes and sterilize in the autoclave at 121°C for 15 

minutes after temperature has reached 121
c

C, Mien pressure reaches zero， remare and 

cool quickly
e 

The reaction after sterilization (determined by potentiometrie and not by 

cclcrimetric methods) should be not less than pH 7Д and not more than pH 7#4
% 



AppQndix A 

Eosin methylene blue agar^ 

Prepare using an approved dehydrated, medium and preparo in accordance with directions 

furnished with the products If these are not available, prepare as follovst 

Add 10 g bacto-peptone, 2 g dipotassium phosphate, K^iK)^ and 20 g agar 

to each litre distilled water» 

Heat to boiling until all ingredients are dissolved and make up loss due to 

evaporation with distilled water. 

Adjustment of reaction is not necessary. 

Place measured quantities, usually 100 or 200 ml, in flasks or bottles and steriliae 

in the autoclave at 121 С for 15 minutes after temperature has reached 

To prepare plates^ r^elt stock agar as described above and to each 100 ml add 

5 ml sterile 20 per cent. §quecus
 #
lactose scluticn

#
 2 ml 2 per cent, aquecus solution. 

of eosin，yellowish, and 1.3 ml 0»5 per cent, aqueous solution cf methylene blue» 
« * 

Mix thoroughly, pour into petri dishes and allow to harden. 

It is permissible to add âll of the ingredients tc
f
the stock agar at the time 

cf preparation^ place in tubes or flasks, and sterilize• Plates may be prepared frcm 

this stock. Decolorization of the medium occurs during sterilization, but the colour 

returns after cooling. 

12 
MacCcnkey Agar 

Prepare using approved del^ydrated medium in accordance with directions furnished 

vith the product, or prepare as fcUcKst 

Commercial sodium taurochclate 5 g 

Peptone 20 g 

Sodium chloride 5 g 

Washed shredded agar 20 g 

Distilled water 1000 ml 



Appendix: A ‘ 

Stoain until the solids are dissolved. G col to 50°С, and adjust the reaction at 

50
C

C to pH 7^6 tç 7fS
e
 Add egg milite, using the albumen cf one egg for every three 

• • 

litres of medium. Autoclave at 10 lb for 15 minutes
y
 and filter hot through a good 

с 

grade cf filter paper• Adjust the reaction of the filtrate at 50 С to pH 7.3, or 

at room temperature to pH Add 10 g of lactose and 5-10 ml cf a 1 per cent, 

neutral red solution. Mix thcroughly^ distribute into flasks or screw-^capped bot tie s^ 

and sterilize in the autoclave at net more than Ю lbs for 15 minutes. For use, 

melt in tho autoclave 对 i th out pressure anc
1

 pour inte petri dishes^ using 15 ml of 

medium for each dish. 

Endo medium 

Prepare \xsing an approved dehydrated medium in acccrdance "with directions furnished 

with the product* If not available, prepare as follows: 

Preparation of stcck agar: Add 5 g beef extract, 10 g peptone and 30 g agar to 

each litre cf distilled -water, • 

.Boil until the agar is dissolved, and make up lost weight with distilled water • 

Ad jus t the reaction so that tho pH reading after starilization vill be 7.4» 

Clariiy if desired, add ID g lactose per litre of medium and dissolve. 

Place in small flasks or bcttles, 100 ml to each, and sterilize in 

autoclave• 

Preparation of plates: Prepare 3 per cent, scluticn of certified basic 

fuchsin in 95 per cent.ethyl alcohol. 

Allow to stand 24 hcurs and filter, 
« 

Melt lactcse agar prepared as above and tc reach 100 ml add 1 niL3 per cent, 

basic fuchsin solution and 0,12$ g anhydrous scdium sulfite dissolved in 5 ml distilled 

water. The sulfite solution must be freshly prepared. 



Appendix Д 

Mix thoroughly, pour plates with usual precautions against ccntaninaticn and 

allow to harden. 

The medium should be li^ht pink when hot and almost colourless when cool. As 

batches of fuchsln differ scraewhat in dye content, it is possible that ihe mediun nads 

according tc this formula тгу be too highly coloured before incubation -or may not 

give the proper reaction when seeded Tilth coliform crganlsms* In such case, ths 

strength of the basic fuchsin solution may be varied. 

1,3.3.6 Formate ricinolaate broth^" 

Add 5 g peptone, 5 g jactóse, 5 g sodium formate and 1 g sodium ricinoleate 

to 1 litre distilled water. 

Heat slowly on a ifâter-bath with constant stirring, until dissolved. 

Add distilled water tc make the vclumo 1 litre• 
• * * 

Adjust the reaction sc that the pH reading aftor sterilisation will be 

Distribute in fermentation tubes and autoclave at 11 to ЗЭ едезэига Jtcar 
35 minutes, 

12,21 
.? Sodium azida iriodium 

Peptone 

Sodium chloride 

K H

2
K )

4 
Glucose 

Yeastrel 

Sodium azide 

Brcia-cresol purple, 2 ml cf 
1,6 per cent, alcchclic 
solution 

Distilled water 

3D g 

g 

g 

g 

Б 

3.g 

0.25 g 

5 

2 
5 

1D00 

Ю00 

ml 

ml 
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• • •.. • 

pH 6
e
6-6.8； no adjustment necessary

#
 Distribute in tubes in 5-ml quantities 

and sterilize in the autoclave at 15 lb pressure for 15 minutes. For 'use with inocula 

cf 10 or 50 ml of water, a .medium cf double this strength is prepared and distributed 

in 10- and 50-ml quantities • 

l
t
3#3.8 Litmus milk' 

12 

Fresh raw milk of low bacterial content should be allowed to stand in the 

refrigerator for 18 hours• The cream is removed, and 10 per cent» litmus solution 

is added tc the inilk to give a bluish-pxorple colour. Tube in quarrbitleg and steam 

for 30 minutes on three successive days. Test for sterility by incubation at 37°C for 

48 hcurs• 

Tellwite Lactose Brothx • 

Peptone 0,5 g 

Lactose g • 

Dipctassium hydrogen phosphate (anhydrous) 0
#
5 & 

Potassium tellurite tc make final ccncentration of 1/15,000 

Water 300 ml 

The potassium tellurite should be dissolved in water at a tôirperature below 

40°C
#
, as it is unstable and decomposes en heating； it shoalfl be added to the 

medium after this has been sterilized» 

1.4 Technique fcr Betection of the eclifcrm Qroup 

l
#
4

e
l Shake the sample bottle vigorously 25 times tc distribute the micro-organisms 

as uniformly as possible throughout the sample# 

,4»2 Presumptive test 

Either lactose broth MacCcnkey broth may be used fcr the presumptive test. 
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• * * 

1.4.2.1 Procedure 

Inoculate each of a series of 5 fermentation tubes with 10 ml cf 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. 

The portions cf the water sample used may be varied in number and volume to provide 

more precise estimations of coliform densities (MPII per 100 ml) as facilities permit» 

Incúbate the fermentation tubes at 35°0-37°0. Examine each tube at ^he end 

of 24 — 2 h curs and if no gas has forired, again at the end of 48 _ 3 hours. Record 

the presence cr absence cf gas formation at each examination of the tubes regardless of 
9 

the amount
 # 

Formation within 4 8 - 3 hours cf gas in any amount in the fermentation tube 

constitutes a Positive Presumptive Test
A 

The appearance cf an air bubble must not be ccnfused with actual gas production. 

When gas forms as a result of fermentation, the medium will become turbid and active 

fermontation vill be indicated by a continuous stream, of fine bubbles of gas thrcu^iout 

the medium -vkien 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 fcrm gas very slowly
д 

but for the purpose of^a standard test the exclusion of these slow gas—forming 

organisms is essentials ” 

1.4.3 Confirmed test ,. 

All primary fermentation tubes shoeing ary amount of gas at the end cf 24 hours 

incubation or 48 hours incubation should be subjected to the confirmed test® 
» » 

Either brilliant green bile broth (single strength) or MacConkey broth, (single 

strength) may be used for the confirmed test 會 
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l
e
4,3tl Procedure 

Transfer from the presumptive fermentation tube showing gas—formation a small^ 

portion of the médium tc two fermentation tubes containing the confiiroatoxy medium* 

When making transfers from the presumptive tube showing gas, the tube should be 

gently shaken, or mixed by rotating^ and the transfer made by means of a wire loop 

not less than 3 mm in diameter. ！ 

Should active fermentation appear in the primaiy fermentation tube before the 

expiration cf the 24-hcur period cf incubation, transfer to the canfirmatoiy brilliant 

green lactose bile brcth -without waiting far completion of the full 24^hour period® 

Incubate one cf tlie inoculated confirmatory fermentation tubes at 35°C-37°C for 

48 hours. 

Q 

Incubate the second inoculated confirmatory fermentation tube at 44 С for 

6-24 hours. 

The presence cf any amount of gas in the ccnflrmatcry fermentation tube incubated 

at 35°C-37°C provides a positive confirmed test for the coliform grcup. 

• The presence of any amount o£ gas in the confirmatory fermentation tube 

incubated at 44°C gives a positive confirmed test far Е» coli. 

к solid confirmatory medium (endо agar cr eosin methylene blue agar) may be 

substituted for the liquid media tixen desired
t
 The appearance of typical с denies 

•with metallic sheen constitutes a positive confirmed test» 

l
t
4.4 Ccmpleted test 

The ccmpleted test may be used following the confirmed test
t
 . It may be applied 

tc the confirmatory brilliant green lactose bile brcth fermentation tubes showing 

gas； cr it may be applied tc typical or atypical colonies fotmd upon the plates cf the 

solid differential medium used for the ccnfirmed test» . 
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1«4.4.1 Procedure 

Brilliant green lactose bile broth tubes» Streak one or more endo or eosin 

metl^ylene blue plates from each brilliant green lactose bile broth tube showing gas, 

as soon as possible after appearance of gas. Incubate the plates at 35°C - 37°C + 
for 24 — 2 hours. 

Identifications From each of the plates used for the confirmed test, or frc»n 

those made from the brilliant green lactose bile broth tubo, fish one or more typical 

coXiform caLonids; or, if no such typical colonies are present, fish two or more 

colonies adjudged to consist of organisms cf the coliform grôip, transferring each 

to a lactose broth fermentation tube and an agar slant» 

The use of a cdony counter is recommended to provide optimum magnifieaticai 

to assist in fishing colonies from the plates of selective medium* 

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 ihe 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°C - 37
C

 С until gas fennation is noted, the inciabation not to exceed + . + 

48 — 3 hours• The tubes shall be inspecte^ at the end of 24 - 2 hours to determine 

gas production in that period of incubation. 

The agar slants should likewise be incubated at 35°C-37°C for 24 to 48 - 3 hours 

tx̂ id Gramr-stained preparations from these corresponding ,to the secondary lactose broth 

tubes that show gas should be examined microscopically^ 

Results: The formation of gas in lactose broth and the démonstration cf Gram-

negative, noi>-spore-form±ng bacilli in the agar culture shall be considered a 

satisfactory conipleted test, demonstrating the presence of a member of the coliform 

group in the volume cf sample examined. 



Appendix A 

The absence of gas formation in lactose broth or failure tc demonstrate 

Gram-negative^ non-spore-forming bacilli in a gas-forming culture constitutes 

a negative testo 

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 qulture tc formate 
o + o + 

ricincleate broth and incubating at 35 С - 37 С for 4 8 - 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 formate ricinoleate broth, 

the probable presence of coliform group organisms should be verified by inoculation 

from the formate ricinoleate broth tc a plate thence to lactose broth and tc an agar 

slantс 

+ 

If, after 4 8 - 3 hours, gas is produced in the former and no spores in the latter, 

the test may be considered
 n

ccirç>leted
,?

 and the presence of coliform organisms 

demonstrated. 

Iw4.4,,2 Technique for the Oramr-stain"
1

' 

The "Completed Test" for coliform group organisms includes the determination 

of û:am -stain characteristics of the organisms isolated， as discussed above
t 

There are a large variety of modifications of the Grantstain
#
 The following 

is valuable for staining smears of pure cultures • 

Reagents 

Ammonium oxalate crystal violets 

Solution A» Dissolve 2
 t
g ciystal viola t^ with 85 per cent

#
 dye с entent^ in 20 

ml 95 per cent, ethyl alcohol. 
. * • 

Scluticn B
e
 Dissolve 0

&
8 g ammonium oxalate in 80 ml distilled water• 
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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 dec olorizo ̂  To avoid this difficulty, solution к may be diluted as much as 

10 times, and tíie diluted solution mixed -with an equal quantity of solution B« 

Lugol
f

s solution. Gram
r

s modification: Dissolve Ig iodine crystals, and 2 g 
‘ “ i . - - « . : … … 

potassium iodid© in 300 ml distilled water. 

Counter-stains ÎJake an alcoholic solution cf safranin by dissolving 2^5 g dye 

in 100 inl 95 per cent© ethyl alcohol, ' 

Add 10 ml alcoholic solutiqp cf safranin to ICO ml distilled water. 

Procedure • 

Stain the smsar for one minute with the. crystal violet solution. Wash slide in 

water, immerse in Lugolfs solution for one minute• 

Wash stained slide in water, blot dry,. Decolorize with 95 per cent» ethyl 

alcohol for 30 seconds^ use gentle agitation© 

Blot and cover with counter-stain for 10 seconds. Then wash, dry and examine 

as usual» 

Cells which decolorize and accept the safranin stain are Gram-negative• • 

violet stain, are Gram — positive• 

tubes showing gas formation 

transferred and streaked en a 

MacCcnkey^ neutral-red bile-salt lactose agar plates are ordinarily used. Other 

valuable media are，hcwver, much employed, as for example endo agar and ecsin methylene 

blue agar ； it is claimed for some cf these media that they enable the observer to dis-

tinguish between Bacto coli
c
 口:nd Bact

0
 气 srcgenes by direct inspection of the с denies • 

m^.rn^i. fMC '.'ГПМШ-ЯЛМГ «им I • __丨_ I -r. i niWiii 11 ••豳 _ 

With
 :
e os in methylene blue agar, differences between the colonies cf Bact

0
 coli and 

Bactt, aerogenes can，in fact, often be detected within 24 hours, thc^igh in 4в hours 

differentiation is much easier® 

Cells which do not decolorize, but retain the crystal 

12 
l

e
4

3
5 Completed test (alternative method) 

From all cf the primary presumptive fermentation-

in 48 hours 

at 35
C

-37?C a locpful of medium should be 

suitable solid medium» 



Л lcopful of the primaзу culture^ or a dilution of the primary culture is inoculate¿ 

cn to the solid medium in a petri dish in such a way that isolated colonies are obtained 

and the place is thai incubated at 35°-37°С for 24 hours • 

Appearance of colcnies t sulxmlturing for differential testB 

On MacCcnkey agar, coliform coloiies are usually circular in,shape，convex 

cr low convex in elevation, with a smooth surface and entire edge. They are coloured 

red^ but the depth of tint varies considerably. The nçrraal colony of Bact. ccli 

is deeply colcured and non-mucoid^ whereas that of Baot« aerogenes is often a paler 

colour and mucoid in consistency• No reliance^ however, can be placed on colonial 

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 sub-cultu: 

Should no red cr pink colonies appear on the plate within 48 h curs^ it is well tc select 

at least cne of the predcfminant varie ty for further investigation, bearing in mind the 

possibl" ".ty that such atypical colonies may owe their absence of redness to a mere 

temporaiy slewing of their action on lactose# Should there be any doubt in the 

observeras mind whether the colonies selected are those of colifonn organisms, film 

preparations should be made and stained by Gram
1

 s méthode Only colonies consisting 

cf Gram-negative non—sparing reds should be sub-cultured» 

Each cclony selected should be picked off with a straight -wire, and inoculated 

inte a tube of peptone water "which is then incubated at 37°C
#
 After 4-6 hears

1 

incubation the culture should be used for the
 #
inoculation of two tubes cf glucose 

phosphate medium for the methyl red and Voges -Proôkauer tests, one tube of citrate 

medium for the citrate utilization test, one tube of MacConkey or brilliant green bile 

brcth t.c test for gas production at 44。C，and one tube cf lactose peptone water for 

confirmâticn of lactose fermentation^ The original poptcne water culture can be 

re-incubated and used to test for indclo formation. 

l
ô
4。6 Differentiation of members of coliform group 

For a satisfactory differentiation of the coliform group into the Escherichia coii 

Aercbacter aerogenes and Escherichia freundii (or intermediate) species，four i>osts 

(indole, methyl red, Voges-Proskauer and sodium citrate) are c o m m o n ^ required,, These 

fcur tests are tentatively reconmended for such differential determinati on# 
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Indole differential test 

Reagents: 

Tryptone broth: To 1 litre distillecj water add Ю g Baetotiyptone and heat 

with stirring to obtain conç»lete solution. 

Distribute in 5-ml portions into test-tubes and sterilize in autoclave. 

Test reagent: Dissolve 5.g paradimethcrl-amino benzaldehyde in 75 m l anyl 

alcohol and add 25 ml conc HCl. The reagent shouM be yellow. 
« 

Some brands of ал5г1 alcohol are not satisfactory. Laboratoxy reagent ançrl 

alcohol is recommended. Some brands of paradimetliyl-amino benzaldelyde are not 

satisfactory and some good brands become unsatisfactoiy ш aging. Both anyl alcohol 

and benzaldehyde compound,should be purchased, in as small amornts as consistent with t he 

volume of work to be done» 

Procedure; 

Inoculate 5 ml portions of medium, and incúbate at 35°C - 0«5 for 24 - 2 hours. 
• » * 

Add 0o2 to 0。3 ml,test reagent and shake• Let tube stand for about ten minutas 

and observe the re suit cx 

A dark red colour in the ащу1 alcohol surface layer constitutes a positive indole 

test； the original colour of the reagent, a negative test» 

Methyl red, differential test 

Reagents: . 

a 

Peptone medium广 To 800 ml distilled water add 5 g proteose-peptone, Difco, or 

other peptone giving equivalent results, 5 g dextrose, and 5 g dipotassium hydrogen 

phosphate, F^HP0
4 #
 A dilute solution of the K

2
H K )

4
 should give a distinct pink 

colour with phenolphthaloiiie 

Heat over steam, with occasional stirring^ far 20 minutes• 

— 4 — — ' l_ ill .1, I.». I^Mmi ' * ' 

- U s a cf M.R
t
-VoPo Medium (Difco d鄉drated) with sterilization in the autoclave 

f乙r 12 mixiuucs at 15 pounds pressure is also recommended. 
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Filter through folded filter paper, cool to 20°C} and dilute to 1 litre with 

distilled water• 

Distribute 10 ml portions in sterilized test-tubes. 

Sterilize by the intermittent method for twenty minutes on three successive days. 

Indicator solution: dissolve 0Д g methyl red in 300 ml alcohol and dilute to 

500 ml with distilled water. 
4 

Procedure : 

Inoculate lQ-ml portions of medium. Incubate at 3〇。C for five days
#
 To 5 ml 

of the culture add 5 drops of methyl red indicator solution• 

Record distinct red colour as methyl red positive (+) and a distinct yellow 

colour as methyl red negative (-) and intermediate as (?)# 

yogeg^Proskauer differential test 

Reagents s 

Medium: this test may be made on a 5_紅 portion of the medium inoculated for 

the methyl red test or on a separately inoculated tube of the sanie medium. The test 

should be made after 24 to 48 hours of incubation at 30°C
# 

* ' * 

、一Naphthol solution: dissolve 5 3 cc,nephthol in 100 m l absolute alcohol. 

Potassium hydroxide solution: dissolve 4-0 g КОН in 100 ml distilled water. 

Procedure； 

To 1 тп1 of culture add 0.6 ITLL °C-naphthol solution and 0
#
2 ml KOH solution. 

The development of a crimson to ruby colour in the mixture from 2 to 4 hours 

after adding the reagents constitutes a positive test. Results should be read not 

later than 4 hours after addition of the reagents » 
» . 

Sodium citrate differential.test 

Reagents : 

Medium: dissolve 1*5 g sodium ammonium phosphate (microcosmic salt), 1 g 

potassium dihydrogen phosphate, 0
#
2 g magnesium sulfate and 2.5 to 3^0 g sodium 

citrate crystals in 1 litre of distilled water• 

Distribute into test-tubes in 5-пй amounts and sterilize• 
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Procedure: 

The inoculation into this medium shall be made with a needle or a standard loop. 

Inoculate lightly# A pipette should never be used, because of the danger of 

invalidating the result by introduction of nutrient material with the transfer. 

Incubate at 35°C 亡 0,5° for 72 to 96 hours, and record visible growth as positive (+), 

no growth as negative (-)• 

12 

l
f
5 Test for Faecal Streptococci 

1 會5Д Direct azide method 

Various voirons of water are inoculated into Hannay & Norton's sodium azide 

medium过 and the tubes are incubated at 44°-45°C for 48 hours • The presence of faeôal 
21 

streptococci is indicated by the production of acid in thé mediuiru Hannay & Norton 

reported that all tubes showing acid contained streptococci, but this has not been , 

confinned»^ Mackenzie showed, however，that all tubes becoming acid within 18 hours 

could be accepted as containing faecal streptococci; it was only those that became 

acid later than this in which the acidity might be due to other organisms - most commonly 

aerobic spore-bearing bacilli • Tubes positive after 24 and 48 hours should be 

submitted to the following confirmatory tests• 

When several tubes of several volumes of water are used in this test, as in the 

presiui^ptive coliform test，the most probable number of faecal streptococci in the sample 

can be calculated from the same probability tables, remembering that a short chain of 

streptococci will thus be counted as one organism. Here too the larger volianos Of 

water (50 ml and 10 ml) should be added to double-strength medium，and voluiries of 1 lal 

or less to single-strength medium. 

Confirmatory tests 

The presence of faecal streptococci in tubes of azide or tellurite medium in which 

acid has been produced may Ъе confirmed by plating a heavy inoculum on to MacConkey 

agar or on to mannitol bile-salt neutral-red agar without delay• 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 produces acid but no gas from lactose and mannitol but 

not from raffinóse, does not reduce nitrate to nitrite and produces an acid caseinogen 

precipitate in litmus milk. It is also more resistant to heat and to high 

concentrâtions of sodium chloride than other species of streptococcus# 
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Films made frcm the tubes of azide or tellurite medium in which acid has been 

producod will show typically short-chainod streptococci when faecal streptococci 

have been responsible for the acid production» This is a more rapid confirmatory 

test, but net so reliable as plating the tubes on to a suitable medium^ 

• 1 2 
1.6 Test for Clostridium Welchi 

4 • 

1
#
6

#
1 Litmus milk method 

Various quantities of the water should be inoculated into bottles cr tubes of 

freshly boiled litmus milk medium and the mixtures heated at 80°C for 10 to 15 

minutes to destroy non-sporing crganisms
e
 If the same volumes of ter are used 

as,in the presumptive coliform test an estimate of the most probable nurriber of 

Gl. Tftyelchii in the original sample can be made by the use of the same probability 

tables• The inoculated tubes may be incubated anaerobically but this is not strict]^ 

necessary. The tubes should be incubated at 37°C
 4
for at least five days，but a pcsitiyc 

reaction ("storny-clot") may appear in 24-72 hours, к negative reaction is cf little 

value in assessing the purity of the water» 
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一 1 6 

Computation of Most Probable Number Index 

-M.P.N, per 100 ml 

TABLE I 

Showing the most probable number of organisms present in 

100 cc of water and the limits within which the most 

probable number per 100 cc can lie for various 

combinations of positive and negative reBults 

when ^ tubes are used for 10 ml 

Number of tubes giving 
positive reaction out 

Ofî 

Most probable 
number 'of 
organisms 

present in 
100 cc 

Limits within which the 
most probable number per 

100 cc can lie 

5 of 10 ml each 

Most probable 
number 'of 
organisms 

present in 
100 cc Lower limit Upper limit 

0 0 0 6.0 

1 2.2 0.1 12.6 

2 5.1 0.5 19.2 

5 9.2 1.6 29 Л 

- k 16.0 5.5 52.9 

5 Infinite 8.0 Infinite 
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• TABLE II 

Showing the most probable number of organisms present in 100 cc 

of water and the limits within which the most probable number 

per 100 cc can lie for various combinations of positive 

and negative results when ^ tubes are used 

for each of the quantities 10 cc， 

1 cc and 0.1 cc 

Number of tubes giving'positive 
reaction out of: 

Most probable 
number of 
organisms 

Limits within vhich the 
most probable number 
per 100 cc can lie 

5 of 10 cc 
each 

5 of 1 cc 
each 

5 of 0.1 cc 
each 

present in 
100 cc 

Lower limit Upper limit 

0 0 1 2 <0.5 7 

0 0 2 ^ <0.5 11 

0 1 0 2 <0.5 7 

0 1 1 k <0.5 11 

0 1 2 6 <0.5 15 

0 2 0 k <o.5 . 11 

0 2 1 6 <0.5 15 

0 ъ 0 6 <0.5 15 

1 0 0 2 <0.5 7 

1 0 1 k <0.5 11 

1 0 2 6 <0.5 15 

1 

1 

1 

1 

0 

1 

1 

1 

3 

0 

1 

2 

8 

k 

6 

8 

1 19 

<0.5 11 

<0.5 15 

1 19 

1 2 
丨》__л 

0 6 <0.5 15 

< - les0* than 



» 

Number of tubes giving positive 
reaction out of: 

Most probable 
number of 
organisms 
present in,'. 

100 cc 

Limits within which the 
most probable number 
per 100 cc can lie 

•5 of 10 cc 
each 

5 of 1 cc 
each 

5 of 0.1 cc 
each 

Most probable 
number of 
organisms 
present in,'. 

100 cc 
Lower limit Upper limit 

1 2 1 8 . 1 19 

1 2 2 10 2 25 

1 Ъ 0 8 X 19 

1 3 1 10 2 23 

1 k 0 11 2 25 

2 0 0 5 <0.5 13 

2 0 1 7 1 17 

2 0 2 9 2 21 

2 0 3 12 3 28 

2 1 0 7 1 、 17 

2 1 1 9 2 21 

2 1 2 12 3 28 

2 2 0 9 2 21 

2 2 1 12 5 28 

2 2 2 Ik k 沖 

2 5 0 12 3 28 

2 3 1 11+ k 

2 k 0 15 k 37 

3 0 0 8 1 19 

3 0 1 11 2 25 

3 0 2 13 3 31 

3 1 0 11 2 25 

3 1 1 1¡+ k 5红 
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Number of tubes giving positive 
i reaction out of: 
i 

Most probable 
number of 
organisms 
present in 

100 cc 

Limits within which the 
most probable number 
per 100 cc can lie 

； 5 of 10 cc 
* each 

5 of 1 cc 
each 

5 of 0.1 cc 
each 

Most probable 
number of 
organisms 
present in 

100 cc 
Lower limit Upper limit 

S 3 1 2 17 5 k6 
} » 

\ 3 1 5 20 6 60 

] 5 2 0 Ik k 
> 

\ 3 2 Í 17 5 k6 

5 2 2 20 6 60 

3 3 0 17 5 h6 

3 3 1 21 7 63 

3 k 0 21 7 63 

3 k 1 2k 8 72 

3 5 0 25 8 75 

b 0 0 13 3 31 

b 0 1 17 5 46 

k 0 2 . 2 1 7 63 

红 0 3 25 8 75 

k 1 0 17 5 46 

k 1 1 21 7 63 

h 1 2 26 9 78 

k 2 0 22 7 67 

k 2 1 26 9 78 

k 2 2 32 11 91 

k 5 0 27 9 80 

k 3 1 33 11 93 

k 3 2 39 15 106 



Appendix В 

TABLE II. (continued) 

1 
Number of tubes giving positive 

reaction out of: 
i 
I 

Most probable 
number of 
organisms 

Limits within which the 
most probable number 
per 1 0 0 cc can lie 

1 5 Of 1 0 cc 
each 

5 of 1 cc ； 

each 
5 of 0 . 1 cc 

each 
present in 

1 0 0 cc 
Lower limit Upper limit 

ii k 0 讣 1 2 9 6 

k k 1 1 0 8 

k 

k 

5 

丨 5 

0 

1 h8 

lit 

1 6 

1 1 0 

1 2 4 

5 0 0 2 3 7 7 0 

5 0 1 5 1 1 1 8 9 

5 0 2 红5 1 5 Ilk 

0 5 5 8 1 9 lkk 

5 

5 

0 

1 

k 

0 

7 6 

3 3 

2k 

1 1 

1 8 0 

9 3 

5 1 1 k6 1 6 1 2 0 

5 1 2 6 3 2 1 15^ 

5 1 3 8h 2 6 1 9 7 

5 2 0 h9 1 7 1 2 6 

5 2 1 7 0 23 168 

5 2 2 94 28 2 1 9 

5 2 3 120 33 281 

5 2 к ]>8 38 566 

5 2 5 177 kk 5 1 5 

5 

5 

3 

3 

0 

1 

79 

109 

25 

31 

187 

253 

5 

5 

5 

3 

3 

3 

2 

3 

1 4 1 

175 

212 

57 

kk 

53 

5^3 

503 

669 



/ 
i Number of tubes giving positive 
J reaction out of: 

Most probable 
number of 
organisms 

Limits vithin which the 
most probable number 
per 100 cc can lie 

i 5 of 10 cc 
each 

5 of 1 cc 
each 

5 of 0.1 cc 
each 

present in 
100 cc 

Lower limit Upper limit 

5 
• 

3 5 253 77 788 

5 

5 

5 

5 

5 

5 

u 

k 

b 

k 

0. 
. 

3 

k 

5 

130 

172 

221 

278 

3^5 

k26 

35 

紅5 

57 

90 

X17 

1紅5 

302 

486 

698 

8^9 

999 

1 161 

5 

5 

5 

5 

0 

1 

2k0 

3U8 

68 

118 

75U 

1 005 

5 5 2 5^2 180 1 1Ю5 
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TABLE III 

Showing the most probable number of organisms present in 100 cc 

of water and the limits within which the most probable number 

per 100 cc can lie for various combinations of positive 

and negative results when 1 tube is used 

for 50 cc and 3 tubes are used 

for 10 cc 

Number of tubes giving 
positive reaction out 

of: 

Most probable 
number of 
organisms 

Limits within which the 
most probable number 
per 100 cc can lie 

1 of 50 cc 
each 

5 of 10 cc 
each 

present in 
100 cc 

Lower limit Upper limit 

0 1 1 <0.5 k 

0 2 2 <0.5 6 

0 3 ^ <0.5 11 

о ^ 5 1 13 

1 0 2 <0.5 6 

1 

2 

5 

. 6 

<0.5 

1 

9 

15 

1 3 2 21 

1 k 16 

： 

k ho 

< =1ев8 than 
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TABLE IV 

Showing the most probable number of organisms present in 100 cc 

of water and the limits within which the most probable number 

per 100 cc can lie for various combinations of positive 

and negative results when 1 tube is used for 

50 cc, 5 tubes are used for Ю cc 

and 5 tubes are used 

for 1 cc 

Number of tubes giving positive 
reaction out of: 

Most probable 
number of 
orgEiniems 

Limits within which the 
most probable number 

per 1 0 0 cc can lie 
1 of 5 0 cc 

each 
5 of 1 0 cc 

each 
5 of 1 cc 

each 
present in 

1 0 0 cc 
Lower limit Upper limit 

0 0 1 1 < 0 . 5 k 

0 0 2 2 < 0 , 5 6 

0 1 0 1 < 0 . 5 k 

0 1 1 2 < 0 . 5 6 

0 1 2 3 < 0 . 5 8 

0 2 0 2 < 0 . 5 6 

0 2 1 3 < 0 . 5 8 ； 

0 2 2 < 0 . 5 

0 3 0 5 < 0 . 5 8 ！ 
j 

0 3 1 5 < 0 , 5 1 3 

0 k 0 5 < 0 . 5 1 3 

1 

1 

1 

0 

0 

0 

0 

1 

2 

1 

5 

k 

< 0 . 5 

< 0 . 5 

< 0 . 5 

k 

8 

1 1 

1 0 3 6 < 0 . 5 1 5 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

2 

3 

5 

5 

9 

< 0 . 5 

< 0 . 5 

1 

2 

8 

1 3 

17 

2 1 ! 

1 
< 

2 0 5 



Number of tubes giving positive Most probable Limits within which the 

reaction out of: number of most probable number 
organisms per 100 cc can lie 

1 of 50 cc 5 of 10 cc 5 of 1 cc present la 
Lower limit Upper limit 

each each each 100 cc 
Lower limit Upper limit 

1 2 1 7 1 17 

1 2 2 10 3 25 

1 2 3 12 3 28 

1 5 0 8 2 19 

1 3 1 11 3 26 

1 3 2 ЗЛ 紅 

1 3 3 18 5 55 

1 5 k 21 6 66 

1 k 0 13 k 31 

1 k i 17 5 紅7 

1 k 2 22 7 69 

1 h 3 28 9 85 

1 k k 35 12 101 

1 k 5 紅5 15 117 

1 5 0 24 8 75 

1 5 1 35 12 101 

1 5 2 外 18 158 

1 5 5 92 27 217 

！ i 5 161 39 >紅50 

i ! — — — — — 

> » greater than 



Showing the most probable number of organisms present in 100 cc 

of water and the limits within which the most probable number 

per 100 cc can lie for various combinations of positive 

and negative results when 3 tubes are used 

for each of the quantities 50 cc, 

10 cc and 1 cc 

Number of tubes giving positive 
reaction out of： 

Most probable 
number of 
organisms 

Limits within, which the 
most probable number 
per 100 cc can lie 

5 of 50 cc 
each 

5 of 10 cc 
each 

5 of 1 cc 
each 

present in 
100 cc 

Lower limit Upper limit 

0 0 1 1 <0.5 2 

0 0 2 1 <0.5 2 

0 1 0 1 <0.5 2 

0 1 1 1 <0.5 2 

0 1 2 1 <0.5 2 

0 2 0 1 <0,5 2 

0 2 1 1 <0.5 2 

0 3 0 1 <0.5 2 

1 0 0 1 <0.5 2 

1 0 1 1 <0.5 2 

1 0 2 1 <0.5 2 

1 0 5 <0.5 k 

1 

1 

1 

1 

0 

1 

1 

1 

<0.5 

<0.5 

2 

2 

1 1 2 2 <0.5 k 

1 2 0 1 <0.5 2 

1 2 1 2 <0.5 k 

1 



Number of tubes giving positive 
reaction out of; 

Most probable 
number of 
organisms 
present In 

100 cc 

Limits within which the 
most probable number 
per 100 cc can lie 

5 of 50 cc 
each 

5 of 10 cc 
each 

5 of 1 cc 
each 

Most probable 
number of 
organisms 
present In 

100 cc 
Lower limit Upper limit 

1 2 2 2 <0.5 k 

1 3 0 2 <0.5 k 

1 3 1 2 <0.5 k 

1 k 0 2 <0.5 k 

2 0 0 1 <0.5 2 

2 0 1 1 <0.5 2 

2 0 2 2 <0.5 k 

2 0 3 2 <0.5 k 

2 1 0 1 <0.5 2 

2 1 1 2 <0.5 k 

2 1 2 2 <0.5 k 

2 2 0 2 <0.5 k 

2 2 1 2 <0.5 k 

2 2 2 3 -:1 7 

2 

О 

5 

•x 

0 2 

X 

<0.5 k 

n с. 

2 紅 

J. 

0 

J 

3 

X 

1. 

t 

7 

3 0 0 2 <0.5 k 

3 0 i 2 <0.5 k 

3 0 2 2 <0.5 k 

3 1 0 2 <0.5 k 

5 1 1 ！ 
2 

<0.5 k 

<
 e

 less than 



Number of tubes giving positive Most probable Limits within which the 
reaction out of: number of most probable number 

organisms per 100 cc can lie 

5 of 50 cc 5 of 10 cc 5 of 1 cc present in 
Lower limit Upper limit 

each each each 100 cc 
Lower limit Upper limit 

3 1 2 3 1 7 

3 1 3 k 1 9 

5 2 0 3 7 

3 2 1 5 1 7 

3 2 2 k 1 9 

3 3 0 3 7 

5 5 1 k 1 9 

3 k 0 k 1 9 

3 k 1 k 1 9 

3 5 0 5 12 

紅 0 0 2 <0.5 

k 0 1 3 1 7 

k 0 2 5 1 7 

k 0 3 k 1 9 

k 1 0 3 1 7 

k 1 1 k 1 9 

k 1 2 k 1 9 

k 2 0 k 1 9 

k 2 1 k 1 9 

k 2 2 5 2 12 

：! 
3 

3 

0 

1 
丨. 

5 

5 

2 

2 

12 

12 
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Ilurnber of tubes giving positive 
reaction out of： 

5 of 50 ci 
each. 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 of 10 
each 

5 

5 

3 

4 

k 

5 

5 

5 

5 

5 

5 of 1 с 
each 

3 

k 

5 -

0 

1 

2 

3 

k 

5 

0 

1 

2 

3 

Most probable 
number of 
organisme 
present in 

100 cc 

18 
21 

2 5 

1 3 

1 7 

22 

28 
3 5 

2k 
5 5 

5 江 

9 2 

161 

Limits within which the 
most probable number 
per 100 cc can lie 

Lower limit Upper limit 

6 5 3 

7 6 6 

8 7 8 

5 3 1 

6 红7 

7 7 0 

9 8 5 

1 1 1 0 1 

ЗЛ 1 1 8 

8 7 5 

1 1 1 0 1 

1 8 lijo 

27 2 1 8 

39 k2k 
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APER07ED METHODS F CE THE CHEMICAL ANAIÏSIS OF WATER
1 

1• General Considerations 

For each of the following chemical analyses recommended to determine the con-

formance of a water supply to the tentative standards of chemical quality, only a 

s ingle method is given. For many of these analyses other satisfactory methods are 

available and can be found in папу text and reference books. The analyst may well ‘ 

substitute other techniques for those outlined belov, provided that the substituted 

procedure is known to have equivalent sensitivity, precision and accuracy. 

1.1 laboratory Quarters 

A laboratory undertaking chemical analyses should have ample space for the amount 

and scope of the vork to be undertaken, should be well lighted and ventilated, and 

should Ъе so located as to avcid interference with or by other activities in the 

neighbourhood. A well-ventilated fume bood， preferably with exhaust ventilation, is 

essential. The items of furniture should include adequate storage space, cupboards, 

shelves and ample working benches of suitable height (59 in.) 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 Ъе the required office 

and clerical space and suitable provision for a library indispensable to any type of 

laboratory. 

1.2 Equipment • 

An approved laboratory must have all the essential items of equipoent 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 the 

preparation of tho reagents necessary for the various analytical procedures. 

Volijunetric glassware should Ъе available in sufficient amount and type for the 

specific analyses nade. Such glassware should be calibrated by the analyst either 

"to contain" or "tc deliver"• 



1.3 Eq.uipment fer Instrumental Analyses 

Instrumental methods of analysis are frequently described and иау̂Ье̂цаеА..终t'the 

dis eret ion of the analyst. Instrumental methods will not be described in the 

following recommended procedures . If instrumental methods are employed^ it -is 

essential that the instruments be carefully calibrated and the calibrations frequently 

checked and that the results of such instrumental analyses be compared periodically 

vith a standard method as described below or by comparison with the simultaneous 

examination cf a sample of accurately known compos ition. When instrumental 

procedures are used, this fact should be recorded with the results of the analysis. 

1 Л Analytical Procedures 

1Л.1 Toxic chemical substances 

1Л.1.1 Lead (as Fb) 

Dithizcne mixed colour method.
1 

General discussion 

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. 他asurement of the amount of red colcur formed will give a quantitative 

estiiration of lead present. 

Interference； Under conditions of this method, bismuth, thallium and stannous 

tin will interfere, but these are гшеопзшеп elements in most waters , The analysis 

should be carried out in diffused light, as bright sunlight tends to destroy dithizone 

and dittiizonates • 

Apparatus 

Ncssler tubes
}
 matched, 5〇 ta11-form 
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Reagents 

Lead-free double-d is t illed vater: For preparation of reagents and dilution 

vater. 

Ammonium hydroxide : 28-29 per cent., lead-free^ or redistilled into ice-cold 

water• 

Ammoniacal cyanide solution: Dissolve hO g KCN In 80 ml water. Extract this 

solution repeatedly vith 10 ml portions of 0,005 per cent « dithizon© until the last 

portion remains green« Then vash solution with CHCl^ until the extract 

remains clear • Add ll60 ml ammonium hydroxide to the KCN solution and make up the 

entire mixture to 2 litres with water. Store in a glass -stoppered pyrex bottle. 

Chloroform 

Stock dithlzone solution, 0.005 per cent.: Dissolve 50 rag dipheny1thiocarbázone 

in 1 litre CHC1- • This solution is stable for several weeks it kept at 40°F in the 
5 

dark. 

Standard dithizone solution. 0.001 per cent.: Dilute 100 ml stock dithizone 

solution to 500 ml vith CHCl^. As this dilute solution will shov progressive loss 

in strength, its strength should Ъе checked before use. Keep solution at kO°F in 

the dark. This solution is stable for several days. 

Hydroxylamine hydrochloride solution: Dissolve 20 g HgNCH.HC1 in distilled 

water and make up to 100 ml. 

Hydrochloric acid, 1 + 1 . 

Nitric acid. 1 + 9 9 . 

Standard lead solution: Dry 0.1598 g lead nitrate, Pb(N0^)
2
, at 110°C. Dissolve 

and dilute to 500 ml with 1 + 99 HNO^. One ml of this solution is equivalent to 

0.2 mg Pb. From this prepare a solution of such strength that 1 ml is equivalent to 

0.010 mg РЪ. 
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Sodium citrate solution： Dissolve 10 g N a ^ C ^ H ^ O ^ i n 90 ml water. Extract 

vith 10—ml portions of 0.005 per cent, dithizone solution until the last portion 

reiaains green. Wash with CHCl^ to remove excess dithizone • 

Procedure 

Procedure for potable water: Take a suitable volume cf water containing 0.010 

to 0.050 mg Pb, add 1 ml 1 + 1 HC1 and evaporate to about ml. Add 10 ml sodium 

citrate solution and 2 ml concentrated 丽红Ш. Mix and transfer to a 125 ml separatory 

funnel. Extract by shaking vigorously for 30 seconds with portions of 0.0C5 per 

cent• dithizone until colour in last portion remains unchanged. To the combined 

extracts add 25 ml nitric acid and shake for 1 minute. Discard CHC1- layer. To 
j 

the acid extract add 5 ml hydroxylamine hydrochloride solution^ 5 ml ammoniacal 

cyanide solution； and exactly 20 ml 0.001 per cent• dithizone. Shake vigorously for 

1 minute and allow layers to separate. Discard first 2 ml CHC1, extract and transfer 
5 

the reminder to 50 ml Ness 1er tube . 

Compare visually the unknown with standards prepared in the same manner Ъу locking 

through the Ness1er tubes at right angles to their long axis
 #
 This procedure will 

permit an estimtion tc within
 ¿

 0.010 nig РЪ̂  provided the Fb content In the sample 

taken is in the range 0.010 rng to 0.050 mg. 

Calculation 

mg/l Fb = m Fb x 1000 

ml sample 

Interprétâticn of results 

Because of the extreme sensitivity of the dithizone method, it must be 

emphasized that all reagents and apparatus Ъ© free of contamination Ъу lead and other 

raetaIs • The use of careful techniques in this method is of the utmost importance• 

It is urged that, before attempting this method the chemist thoroughly acquaint 

hiiaself with the theory and practice of dithizone procedures . 



Generator to be used with Gutzeit method 

Générateur à utiliser avec la méthode de Gutzeit 
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Precision and accuracy 

It is estimated that with this procedure an experienced, chemist can check his 

own results to within 0.003 rag and can obtain results within О.ООб mg of the true 

value, provided that the Fb content in. the aliquot taken is In. the range 0.010 to 

O.O5O rag. 

1Л Arsenic 
i •• _ _.__i_i_____••看 

gutzeit Method
1 

General discussion 

Principle: After concentration of the sanóla
}
 arsenic is liberated as arsine, 

As、，by zinc in acid solution in a Gutzeit generator. The generated arsIne ie then 

passed through a colnnm. of sand and glass wool or a roll of cotton, moistened with 

lead acetate solution. The generated ars ine Is alloved to produce a yellov-brovn 

stain on test paper strips impregnated with HgBr^. The length of the stain is 

roughly proportional to the amount of arsenic present• 

Interference: Antimony interferes by giving a similar stain If present in 

quantities greater than 0.10 mg. 

Apparatus 

Gutzeit generator ̂  

Reagents 

Sulfuric acid solution, approximately N: Idd voiumes of concentrated 

HgSO^ cautiously to 1 volume distilled water. 

Standard arsenic solution： Dissolve 0.39^9 g ASgO^ in 25 ml of 10 per cent. 

NaCH. Acidify with 6 N HgSO^ and dilute to 1000 ml with distilled water. 1 ml » 

О.3О mg As . '， . •• 

Sand or roll cotton: Clean 30-mesh vhite sand Ъу successive washings with hot 

10 per cent. NaQH, hot HNO^ and distilled water. Dry. Cut roll of dental cotton 

into 1 in. lengths . 
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Lead acetate solution, 10 per cent • : Dissolve 40 g Pb (СН̂СаО)̂  .ЗН̂О in 100 ml 

“ 5 2 2 
distilled water. 

Sodium brómate solution； To 5〇 ml saturated bromine vater add 30 ml distilled 

water and 20 ml 0.500N NaCH. Prepare fresh daily. 

Stannous chloride solution： Dissolve ‘0 g As-free SnCl
g
.2H

g
0 in 25 ml 

concentrated HC1 and dilute to 100 ml vith distilled water. 

Potassium iodide solution； Dissolve 15 g KI in water and dilute to 100 ml. 

Prepare fresh.. 

Zinc, 20 to 30 mesh, arsenic-free. 

Mercuric bromide paper: lis© commercial arsenic papers cut into strips of uniform 

length and width about 12 cm long and 2.5 mm wide (papers can be obtained already cut 

and sensitized) • Soak strips in 3 to 6 per cent. filtered solution of HgBr
g
 in 

95 per cent, alcohol 1 hour or longer and dry Ъу waving in air. Store in dry, dark 

place. For best results
 f
 papers should be made up just prior tc use. 

Procedure 

Concentrate the sample to contain 0.002 to O.QkO mg As. Add 5 ml and 

5 ml concentrated HNO^ and evaporate to SO，fumes . Cool, add 25 ml water and repeat 

to expel oxides of nitrogen. Dip cotton roll into lead acetate solution and put in 

glass column in Gutzeit apparatus, or place small wad of cotton in constructed end of 

glass column. Add 1 inch clean sand, moisten sand with lead acetate removing any-

excess by light suction. Add 2-3 inches glass beads and 3 ml NaOBr solution. Put 

the dried narrow glass tube in place and insert the NgBr
g
 test paper. Make sure that 

the paper strip is straight. 

To the 25 ml of sample concentrate in the generator, add 5 ml 2红N HgSO^ and ccol. 

Add 5 ml KI solution, k drops SnClg solution, and, finally, 2 to 5 g zinc. ’ Immediately 

connect the absorption tube to the generator
#
 Immsrse the apparatus in a wat^r-bath 

kept at 20 to 25°C and allow evolution to proceed for 1,5 hours. Eemove the strip 

and compute the average length of stains on both s ides. Using a calibration curve, 

the preparation of which is described below^ estimate the amount of arsenic present. 
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Preparation of standards : Prepare standards and a blank in 0,003 mg intervals 

containing 0.000 to 0.050 mg As and 10 ml 2»fN HgSO^ In 25 ml of solution in the 

generator. Treat in the same шппег as described for the sample concentrate • 

Remove the strip and compute the average length of stains on both s ides, in milli-

ng tree • Plot length in millimetres against micrograms of arsenic and use as a 

standard curve• 

Precision and Accuracy 

This is a qualitative or roughly quantitative method giving accuracy of 

í 0.005 mg. 

1Л.1
в
З Soleniuin^ as S e

1 

General Discussion 

Principle: Selenium is evolved from its solution by distillation vith hydro-

bromic acid and bromine in the presence of sulfuric acid as volatile selenium bromide 

which in the aqueous distillate becomes selenious acid. The excess cf bromine is 

reduced with sulfur dioxide and then the selenious acid is reduced to elemental 

selenium with hydroxy lamine hydrochloride • 

H
2
Se。

5
 + 2HH

2
QH.HC1 

Se + NgO • ka
2
0 + 2 HCl 

The selenium is precipitated in the form of a stable red colloidal suspension 

suitable for colour matching• 

Interference； Where extensive organic material is present, it may Ъе necessary 

to oxidize it • 

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 capacity. 

Nessler tubes
y
 matched^ 50-ml，tall-form. 
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Reagents 

Sodium peroxide: The fresh reagent has a pale yellow colour and is free-floving. 

White or caked material indicates deterioration. 

Hydrob^rnilc acid
 s
 48 por cent. : Reserve for this determination a supply of HBr 

which Ъе cocas completely decolo.rxzod vhen subjected to SO^ treatment as described in 

the procedure as follows . If the reagent in stock does not meet this specification^ 

purify it by distillation in all-glass still, collecting the middle fraction of the 

distillate. 

Hydrdbrorfec acid-bromine reagent : Жх 15 ml Br
g
 with 985 ml 紅 8 per cent. HBr. 

Sulfuric acid, concentrated 

Sulf uric-nitric acid mixture : Cautiously add 1 part с one HgSO^ to 2 parts 

с one HNO-. 
5 

Sulfur dioxide
 г
 small commercial cylinder, safely assumed free cf Se. 

Gum arabic solution, 5 P^r cent. in water: This solution is subject to 

bacterial growths and should either Ъе prepared as needed or preserved by saturating 

it with benzoic acid. 

Hydroxylamine hydrochloride solution: Dissolve 10 g WHgOH ЛС! in 100 ml 

distilled vater. 

Selenium stock solutlpn: Prepara with SeOg of known high degree of purity, dried 

to constant weight in an oven at 150°C and cooled over phosphorus pentoxide in a 

clcaiocator, Dissolve in water, the equivalent of 1Л05 5 SeOg； add about 80 ml 

红8 per cent. HBr； and dilute with water to 1000 ml. 

Standard selenium solution: ELace 100 ml selenium stock solution in a 1-litre 

volumetric flask; add 10 ml kQ per cent. HBr； and make 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 se lentous acid 

tend to lose their titre： 1.0 ml contains 0.100 mg Se. 
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Procedure 

Use 1 to 10 litres of water containing no more than 0.5 mg S©, add sufficient 

amount of fresh sodium peroxide just to make the liquid definitely alkaline. 

Evaporate nearly to dryness on a steam bath. Evaporation may Ъе hastened by using 

an electric hot plate
}
 if care is taken not to allow th© sample to become dry. 

Evaporation of the last 100 ml should be done on the steam bath in any case. If a 

high concentration of organic matter is present, it may Ъе necessary to digest the 

residue vith a few drops of a 1 + 2 sulfuric-nitric acid mixture to oxidize the 

organic natter before the distillation is carried out • 

Transfer the residue vith washings to the distillation flask and add 50 ml 

kQ per cent. EBr plus 5 to 10 ml HBr-Br^ reagent and, while cooling under running 

vater and svirling, slowly and carefully add a volume of conc H^SO^ approximately 

equal to that of the water present with the transferred residue. Before starting 

the distillation arrange the receiver so that a minimum amount of EBr-Br^ solution 

vill be needed just to cover the tip of the adapter
;
 otherwise вош of the SeBr^ шу 

escape into the air. Distill gradually until all the SeBr紅 and most of the HBr have 

passed over. The distillation should take about 30 minutes
;
 and the voluire of the 

distillate should Ъе about 75 to 90 ml. 

(CAUTION: The distillation should Ъе conducted in an efficient fume hood 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 vith S0g 

for 5 seconds , Add 1 ml gum arable solution and 2 ml KH^OH.HC1 solution and mix. 

Cover vith a watch glass and allow to stand for 1 hour, №ike up to 100 ml, mix well
; 

and transfer to a Nessler tube . Compare visually against standards. 

Comparison standards : For most accurate vork, a known quantity of standard 

selenium solution should Ъе evaporated nearly to dryness and transferred with washings 

to the distillation flask and treated as above. up to 100 ml and mix thoroughly 
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Make the desired standards by diluting appropriate amounts of this solution to the 

mark in Nessler tubes . Visual comparison should "be used because the colour system 

is a very pale pink and is best carried out in sunlight. It is difficult to match 

solûtions containing more than 0.5 mg of selenium in 50 ml. The colour comparison 

is most satisfactory vhen 0.01 to 0*10 mg is present. 

Calculation 

mg/l Se » m Se x 1000 
ml sample 

Precision and accuracy 

This method is said to give low results, but 

the magnitude of 0.005 to 0.10 mg/l the relative 

1Л Chromium (as Cr VI) Hexavalent
1 

Geneyal dis cuss ion ‘ 
• " ‘ . . — ‘ .... . 

Principle : Hexavalent chromium reacts vith 

reddish-violet colour in slightly acid solution. 

Interference : In the colour developiDent step, the following substances may 

cause interference : mercury, both merctirous and mercuric^ gives a blue or violet-blue 

colour/ but the reaction is not very sensitive at the acidity employed. Iron in 

concentrations greater than 1 mg/l inteferes by producing a yellow colour with the 

reagent. Vanadium interferes in the same manner but more strongly. The colour 

produced with vanadium fades fairly rapidly and is negligible 10 minutes after the 

addition of the diphenylcarbazide. 

Storage: Since chrornate ions have a tendency to be adsorbed on the surface of 

the container, and also may 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 should be tested on the sarae day 

it is collected if hexavalent chromium is to be determined. Storage for more than 

2 to 3 days is not recommended. 

Vheü considering concentrations of 

error шу not Ъа significant. 

diphenylcajrbazide to produce a 
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Apparatus 

ífessler tubes
;
 50-ml, matched^ tall-form. 

Reagents 

Diphenylcarbazidfc> reagent： Dissolve 

1谛 9 H
g
S0^. If kept under refrigeration 

Ite colour will change from colourless to 

St^ck chroioate solution： Dissolve 

This solution contains 100 og/l Cr. 

0,2 g in 100 ml ethyl alcohol; add kOO ml 

the solution is stable for about a month• 

tan without affecting its usefulness. 

0.57 紅 g K^CrO^, In 1 litre distilled va ter. 

Working chrornate solution: Dilute 10.0 ml stock chromcite solution to X litre. 
+6 

Each ml of this solution с onto ins 0.001 rag Cr • Prepare this solution fresh each 

day. 

Bedistilled water, free from reducing substances . Distill from an all-glas8 

apparatus. 

Procedure 

Use sample or an aliquot diluted to，0 ml vith redistilled water. To the 

sample, clarified by centrifuging if necessary, add 2.5 ml diphenylcarbazide reagent • 

Mix and compare visually using Nessler tubes against chromate standards containing 

0.003 to 0.20 rug/l Cr. Comparisons, or readings, should be made at least 5, but not 

later than 20, minutes after the reagent is added. 

Precision and accuracy 

The sensitivity with visual comparison in 50-ml Nessler tubes is 0.005 nig/l. 

1Л Д.5 Cyanide
1 

Aijparatiis 

Distilling flask: 1-litre, Corning ЗббО or equivalent. 

Graham condenser: to fit the distilling flask. 

Extension tubes attached to the condenser outlet to deliver the distillate well 

belov the surface of the alkali in the receiver. 
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Receiving cylinder: 500-ml graduated cylinder or equivalent. 

pH meter: desirable^ but not necessary since pïï may optionally be determined by 

indicator solutions. 

Beap;ents 

Tartaric acid solution: Dissolve 15 g
 H

2

C

1|.\
0

6
 i n 1 0 0

 ^
 d l s t i l l e d

 va ter. 

Sodium hydroxide solution： Dissolve 2 g NaOH in 100 ml die tilled water. 

Methyl orange Indicator soluticn: Dissolve 0.5 g methyl orange in 1 litre 

distilled vater. Not required if a pH meter is to Ъе used. 

Procedure 

Titrate a port ion of the sample with tartaric acid solution to approximately 

pH 5.0. Be cord the volume cf sample and acid required, then discard the aliquot 

used. 

Add the volume of sample to Ъе used for distillation to the belling flask. If 

necessary, dilute the sample to 500 ml with distilled water. A few boiling chips 

should Ъе added tc prevent bumping. 

Place 50 ml NaOH solution in the receiving cylinder and adjust the delivery tube 

from the condenser so that it releases the distillate within l/k in. of the bottom of 

the receiving cylinder or well below the surface of the caustic. Adjust the 

condenser cooling water • 

On the basis of the preliminary titration with tartaric acid solution calculate 

the volume of acid necessary to reduce the pH of the sample in the flask to approxi-

nately pH 5.0. Add this volume to the sample plus 5.0 ml of additional tartaric 

acid solution. Stopper the flask irmnedlately and be sure that the joint between 

condenser and flask is tight. 

Heat the flask contents to boiling and carefully distill over exactly 250 ml. 

The distillate plus the NaOH solution in the receiving cylinder is then mixed and the 

cyanide content determined Ъу titration, or colorimetrically
# 
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The first 50 ml of 

Ъе readily hydrolyzed. 

entire volume of sample 

Titration 
вшл^ттттл 丨 • _ ihii •'шт'wm 

Apparatus 

Koch microbxirette^ 

Eeagents 
am.''4111 лт»1 i m _ • ни" 

dis til late will con.卜л in nearly all of the cyanide vhich 

If the cyanide compound is stable^ the distillation of 

might Ъе insufficient for a high recovery of CH . 

can 

the 

Standard silver nitrate solution, 0.0192N: Dissolve 3-2? g AgUO^ In 1 litre 

distilled vater. Standardize against standard NaCl solution using the Mohr method 

with KgCrO^ indicator. 1 ml =« 1 mg CH", 

Sodium hydroxide solution: The. solutions used in the di日tillation methods 

containing either 2 or ^ g NaCH in 100 ml distilled vater may Ъе used. 

Indicator solution: Dissolve 0.02 g p-diinethylaminobenzalrhodaiiine in 100 ml 

acetone• 

• Procedure 

If prelininary treatment has included distillation take an aliquot of the 

distillate vithout pH adjustment. If the sample has not been distilled^ adjust the 

pH to 11.0 or above with sodium hydroxide solution. Dilute vith aliquot to 250 ml 

or some other convenient volume to Ъз used for all titrations. Add 0.5 ml indicator 

solution. 

Titrate vith 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. 

工t; is advisable bo adjust sample size or strength of AgKO- solution so that the 
5 

titration requires from 2 .0 to 10,0 ml. If the analyst ha3 better results with more 

or less indicator as a result of visual sens itivlty, the same amount of the selected 

volume should be ussd for all titrations • Most analysts find this titration 

difficult for the first few titrations^ as indicated by a high blank value. As the 
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analyst becomes accustomed to the snd point， blank titrations decrease to 1 drop or 

less and precision improves accordingly. 

Calculation 

mg/i ciT = 一 i â 二
x
 _ 2 5 0 _ 

ml original sample ml aliquot 

A = ml standard AgNO^ for aliquot 

Б = ml standard AgNO， for blank 

Precision and accuracy 

The modified Liebig titration vhen used at a cyanide level above 1 mg/l Cn" has 

a coefficient of variation- of 2.0 per cent. for distilled samples or with relatively 

clear samples vithout significant interference. Extraction and removal of sulfides 

or oxidising agents tend to increase the variation to a degree determined Ъу the 

amount of manipulation required and the type of sample. The limit of sensitivity is 

approxinately 0.1 mg/l CM but at this point the colour change is indistinct. At 

0Л mg/l the CV is k times that at a concentration level greater than 1,0 mg/l CN . 

1、‘*2 №emical svbstn,nces àffbctnng health 
‘‘‘ 1 

Fluoride. Scott SancJiio raotliod 

Interference: The important interfering substances and their effects are given 

in Table I. 

- C V = 100 (s/x) : where з =• sample standard deviation, x = mean. 
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TABLE I 

Effect of Interfering substances on fluoride determination 

Interfering substance 
Concen-
tration 

mg/l 

Effect on F reading 
Interfering substance 

Concen-
tration 

mg/l Increase or decrease Amount in mg/l 

Alkalinity (as CaCO ) 400 Decrease 0.1 
A l

+ + + 

O.25 Decrease 0 . 1 (not© a) 

Cl" 2000 Decrease 0.1 
Cl

2
(*) (Must be 

completely 
eliminated) 

Increase if not 
removed 

(note Ъ) 

Colour (*) (should be 
low or compensated 
for) 

May do either 

F e
+ + + 2 Increase 0.1 

M n
+ + +

> ) 

V 

O.O5 

5 

Increase 

Increase 

0 . 1 (nota Ъ) 

0.1 
(WQPO

5
)

6 ! 1 Increase 0.1 

s<\ ,丨 300 Increase 0.1 

Turbidity (*) (sample 
should Ъе clear) 

•• 

- -

a 
一 Fluoride and aluminium must both be present for the colour intensification to 

take place • 

^ Strong oxidizing agents sucb as free available chlorine and manganese dioxide 
bleach the zirconium-alizarin 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. On this account the analyst Is cautioned to be alert for 
such Interference • 

iote : Errors marked (分)can be eliminated ĵ-bhovvfc distillation by treating as 
described bhe procedure 
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Apparatus 

Nessler tubes
 y
 matched^ 100-ml^ tall-form. 

Beagents 

Zirconium-alizarin solution: Dissolve 0.5 g zirconium oxychloride octahydrate, 

ZrOClg .8H
2
0, or 0.25 g Zr0(N0>)

2
，in 50 ml distilled vater ccmtained in a 1-litre 

glass stoppered flask. Dissolve 0.07 alizarin sodium monosulfonate (use th? 

certified dye marketed under the name "Alizarin red S") In 50 distilled vater and 

pour slovrly into the zirconim-oxychloride solution, while swirling the flask. The 

resulting solution clears on standing for a few minutes. 

Mixed acid solution： Dilute 1 1 2 ml с011c HC1 to 500 ml with distilled water. 

Add carefully 37 ml conc HgSO^ to 紅00 ml of distilled vater and dilute to 500 ml. 

After cooling- mix the 2 acids. 

Acid z ir con ixim-a 1 izar In reagent : To the clear zirconium-alizarin solution in 

the 1—litre fias к ̂ add the mixed acid solution up to the mark and mix. The reagent 

changes in colour from red to yellow within an hour and Is then ready for use. 

Stored in a réfrigérât or ̂  the reagent is stable for at least 2 months. 

Standard sodium fluoride solution: Dissolve 0.2210 g Nal
1

 in distilled water and 

dilute to 1000 ml. Dilute 100 ml of this stock solution to 1000 ml with distilled 

water. 1.0 ml is equivalent to 0.010 mg F . 

Sodium ^senlte golution: Dissolve I . 8 3 g NaAsOg in 1000 ml of distilled 

water • Prepare fresh every six months. 

Solutions for the elimination of VkiO^ ‘ 

(a) Hydrogen peroxide
 ;
 2 per cent. 

(b) Potassium iodide solution： dissolve 3 g KI in 100 ml distilled water• 

(c) Sodium thiosulfate solution； approximately 0.1N: dissolve 2.5 g 

N a

2
S

2°5 *
5 H

2°
 i n 1 0 0 1X31

 distilled water. 
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Procedure 

Sample pre -treatment о If the sample contains remove it by adding 2 drops 

(0,1 ml) arsenite for each 0.1 mg Gl^ » Add 2 drops in excess, and mix. 

If the sample contains M n O。u p to 0.5 mg/l Mn can Ъе removed Ъу the following 

treatment • To 100-ml sample
;
 add 1 drop (0.05 ml) 5 per cent. E^Og： mix. After 

the amber colour characteristic of manganic ion is discharged, the residual peroxide 

is eliminated Ъу the addition of 1 drop KI nolution^ followed by 5 drops 0.1ÏÏ thio-

sulfate . For accurate results standards should rocaive the same treatment. 

If the sample is turbid, filter it. 

Preparation of standards : prepare a series of standards Ъу adding the following 

voluuies of standard sodium fluoride sorution, 1.00 ml = 0.0100 nig of to Kessler 

tubes : 0， 1 , 0 ， 3 .0； ^ 5-0； 6,0, 8.0， 10,0, 12.0 and 1^.0 ml. Make up to 

100 ml vith distillod water. 

Ana lys is : MjiiBt the temperature of sample e and standards so that the deviation 
о 

between them is no more than 2 С, A temperature rear that cf the room is satisfactory. 

A constant temperature should Ъе iraintaíned oliroughout the determination • To 100 ml 

of the clear sample
}
 or an aliquot diluted to 100 ml, and to the standards in Ness 1er 

tubes^ add 5.0 ml of the acid zirconium-alizarin reagent from a volumetric pipet + e, 

A reagent that has been refrigerated need not Ъе warmed before use since its cooling 

effect will Ъе small and constant. Mix thoroughly and compare the samples and 

standards after 1.0 hour. 

If the sample is moderately coloured^ the colour icay be compensated for Ъу 

"adding
11

 the same colour to the standard in the following way. Place the tuba 

containing the standard abovs a similar tube containing the sample
}
 acidified with 

^ .5 nil of the mixed acid solution. Compare against the tube containing the sample 

plus reagent
}
 placed above a tube containing distilled vater

 #
 The visual comparisoa' 

is made in the usual manner； hovrever^ the solutions vill have double the usual depth. 

Calculaticnp 

mpVl F 二 гяд F in standard notched Ъу sample x lOCO 
ml sample 
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Precision and accuracy 

If distillation is omitted, caution must Ъ© exercised in interpreting results. 

Precis ion 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 

lov or compensating, the precision and accuracy will both be i 0.1 mg/l F if a 100-ml 

sample was taken for analysis. When the concentration of ацу Interfering substance 

is high, accuracy vill be limited and distillation is recommended. 

1.Л.2.2 Nitrate a6 NOq 

Phenold is ulf 011 i с method
1 

General dis cus s ion 

Principle； The basic reaction between nitrate and l
;
2,^-phenoldisulfonic acid 

produces 6-nitre-l,2^4-phenoldisulfonic acid which upon conversion to the alkaline 

salt yields the yellow colour employed for the colorimetric estimation. The colour 

system obeys Beer's law up to at least 12 mg/l N at a -wave length of 紅80 r,i|i.when 

a light path of 1 cm is used. At a wave length of 紅 10 тц
>
 the point of maximum 

absorption^ determinations may be made up to 2 mg/l with the same cell path. 

Interference； Even small concentrations of chloride result in nitrate losses 

in the phenoldisulfonic acid method. For this reason, it is important that the 

chloride content Ъе reduced to a minimum，preferably below 10 mg/l. None the less, 

the use of silver sulfate presents problems with some water samples through the 

incomplete precipitation of silver ion, which produces an off-colour and/or turbidity 

when the final colour is developed. In some situations， the complexing action of 

ammonium hydroxide on silver may 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
}
 the significance of this interference cannot be over-

emphasized. Nitrate levels in excess of 0,2 mg/l nitrogen erratically increase the 

apparent nitrate concentrations . Coloured ions and materials which physically 

modify the oolour system should b© absent• 
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Stora;?e of sample： To prevent any change in the nitrogen balance through 

"biological activity, the nitrate determination should Ъе started promptly after 

sailing. If such a step is impractical, storage near freezing temperature is 

advisable. If acid preservation is employed, it is important that the sample 

acidity Ъе neutralized to at least pH 7 immediately before the procedure la m à a r -

taken. 

A p ^ r a t m 

Nessler tubes, matched, 50- or 100-ml. 

Beagents 

All reagents shall Ъе prepared from chemicals which are white in colour and 

solutions shall be stored In pyrex corattalners* 

PhenoldIsnlfonic acid reagent: Dissolve 23 g pure vbite phenol in 150 nl 

conc HgSO^, Add 75 ml fumiog HgSO^ С15 per cent, free SO,)j stir well; and b»at 

for 2 hours on a hot vater-bath. 

Ammonium hydroxide , concentrated. 

Potassium hydroxide solution, approxlmately 12H: Dissolve 675 g КШ 1л 

distilled water and dilute to 1 litre. 

Stock nitrate solution： Dissolve 0.722 g anhydrous KNO^ and dilute to 1.0 litre 

with distilled wator. This solution contains 100 xag/l N . 

Standard nitrate solution： Evaporate 50.0 ml stock nitrate solution to dryness 

on the hot water-bath: dissolve the residue Ъу nibbing vith 2 ml phenoldIsulfonic 

acid reagent: and dilute to 500 ml with distilled water. 1 ml » 0.01 mg N a 

О.СЛЛЗ nitrate ion. 

Standard silver sulfate solution: Dissolve 4 Л0 g Ag^SOj^，free from nitrate
t
 In 

distillad water and dilute to 1.0 litre. 1 ml is equivalent to 1.0 mg CI. 
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Aluminim hydroxide ； Dissolve 125 g potassium or ammonium a l u m ， K ^ A l g ( 0 

or (ira^)
2
-Al

2
(S0^)^.24H

2
0

;
 in 1 litre distilled water. Warm to 60°C, and add 55 ml 

conc Ш^ОН slowly and with stirring, After standing about an hour, transfer the 

mixture to a large bottle and vash the precipitate by„successive additions, vith 

thorough mixing, âid décantations of distilled water^ until free from ammonia, 

chloride
;
 nitrite and nitrate. 

Procedure 

If the sample has a colour of more than 1С， decoloTia^ Ъу adding 3 ml aluminium 

hydroxide suspension to 150 ml of sample: stir very thoroughly: allow to stand for 

a fev minutes : and filter
;
 discarding the first portion of the filtrate. 

Determine the chloride content of the water^ and treat 100-ml sample with an 

equivalent amount of standard silver sulfate solution. Remove the precipitatôd 

chloride either by centrifu¿ration or Ъу filtration, coagulating the silver chloride 

Ъу heat if necessary. Neutralize the clarified sample to approximately pH 7> transfer 

to a casserolej and evaporate to dryness over a hot vater-bath. Eub the residue 

thoroughly with 2
 e
0 ml phenold is ulf on i с acid reagent to insure solution of all solids. 

If need Ъе
}
 heat mildly on the hot water-bath a short time to dissolve the entire 

residue. Dilute with 20 ml distilled water and add with stirring about 6 to 7 nil 

conc NH^OH or about 5 to б ml 12N KQH； until maximum colour is developed. Filter any-

resulting flocculent hydroxides from the coloured solution. Transfer the filtrate to 

a 5〇-or 100-ml volumetric flask or Nessler tube； dilute to the carkj and mix. 

For visual comparison in 5〇-ml Nessler tubes, the following volumes of standard 

nitrate solution, 1.0 ml 0.01 xug ar^ 3'uggoobed: C-0, 0.1, 0.3； 0.5, 0.7； 1.0, 

1 2 . 0 ， 5.5， 6.0, 10, 15， 20 and 50 ml. Where it is more convenient to use a 

total volume of 100 ml, the volumes of standard solution may be doubled. To each of 

these standards must be added 2.0 ml phenoldisulfoniс acid reagent and the same volume 

of the same alkali as is used in the preparation of the sample. These standards may-

be kept several weeks without deterioration. 
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Calculation 

mg/l nitrate N « m N x 1000 

ml sample 

mg/l N x 4 ЛЗ = mg/l NO， 

Precision and accuracy 

The problem of eliminating or compensating for the chloride interference makes 

it difficult to define the precision and accuracy of tho method. With some supplies 

precision and accuracy of the order of 0.05 mg/l in the range up to 1 mg/l N can Ъе 

attained, vhile with other supplies much greater errors have been demonstrated. 

Eyen though the method is capable of a sensitivity somewhat below 0.05 mg/l N , t h e 

overall uncertainties warrant reporting results only to the nearest 0.1 mg/l• 

1.4.3 Chejnioal yubgtanoM that 户ff。ot potatility 

1
#
4.3#1 Total regidue

1 

Choose a voluiifô of sample which will yield a residue between 25 and 250 mg, and 

preferably between 100 and 250 mg. A rough preliminary calculation from the values 

from other chemical determinations vill usually stiff ice to estimate the volume to Ъе 

evaporated. Place the sample^ thoroughly shaken and unfilterad^ in a weighed 

evaporating dish. The dish should preferably Ъе made of platinum but silica, porcelain 

or pyrex dishes шу be used. Place the dish containing the sample in an oven mintain 
о о 

at 103 to 105 С and evaporate the sample to dryness. If more convenient； evaporation 

may be carried out 0x1 a steam bath, but the final drying should be done in the oven. 

After all of the liquid has evaporated, continue to dry the residue to constant weight. 

If time is 110 obstacle^ allow the residue to dry overnight. After drying, allow the 

varm dish to cool in a desiocat^r and weigh. If the residue is hygroscopic, it rray 

be necessary to weigh the dish in a closed container. 

Report the increase in weight as total solids or residue on evaporation. 



Fixed residue 

Ignite the residue remaining in the dish in a nsuffle furnace at a temperature of 

500°C. In order to obtain maximum reproducibility, it is preferable to have tbe 

furnace up to temperature before inserting the samples and to ignite for 1 hour. After 

ignition, allow the dish to cool, moisten the residue with a 5 per cent• solution of 
э о 

ammonium bicarbonate
/
 and dry at 103* to 105 С 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. 

Calculation 

The following equation is applicable to any of the above determinations. In 

reporting results the form of residue should be stated. 

mg/l residue = mg residue x 1000 

ml sample 

X.4,3.2 Colour
1 

Apparatus 

Nessler tubes
y
 matched, 5。-ml，ta11-form. 

Preparation of standards 

If a reliable supply of potassium chloroplatinate cannot be purchased it may be 

replaced by chloroplatinic acid, which the analyst can prepare from metallic platinum. 

Commercial chloroplatinic acid should not be used because it is very hygroscopic and 

therefore may vary in platinum content • Potassium chloroplatinate is not hygroscopic. 

Dissolve 1.2^5 g potassium chloroplatinate^ KgPtClg^ equivalent to 0.500 g 

metallic platinum and 1 g crystallized cobaltous chloride^ CoClg.6H
2
0, equivalent to 

about 0.25 g metallic cobalt in distilled water with 100 ml concentrated hydrochloric 

acid, and dilute to 1 litre with distilled water. This stock standard has a colour 

of 500 units. 
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If potassium chloroplatinate is not available夕 dissolve 0.500 g pure metallic 

platinum in aqua regia with the aid of heat; remove HNO^ by repeated evaporation 

with fresh portions of сone HC1. Dissolve this product together with 1 g crystallized 

cobaltous chloride as directed above. 

To prepare standards having colours of 10， 15，20，25，30，55，紅0，扛5/ 50， 

60 and 70, dilute 0.5, 1.0, 1.5； 2.0, 2.5，5 • 〇 ， 红 • 。 ， 紅 5 . 0 , 6.0 and 7.0 ml 

stock colour standard with distilled water to 50 ml in standard tall-form 50-ml 

Hess1er tubes. Protect these standards against evaporation and contamination vhen 

not in use • 

Procedure 

The colour of a sample shall Ъе observed by filling a matched Nessler tube with 

the water to be examined to the 50-ml mark and comparing it with the standards . The 

observation shall be nade Ъу looking vertically downward through the tubes toward a 

white or specular surface placed at such an angle that light is reflected upward 

through the columns of liquids. If turbidity is present and has not been removed 

by the procedure given below, the colour shall be reported as "apparent colour". If 

the colour exceeds 70 units ̂  the sample shall Ъе diluted with distilled water in knovm 

proportions until the colour is within the range of the standards； and the results 

shall be multiplied Ъу the appropriate dilution factor. 

In the presence of turbidity the true colour shall Ъе determined after the 

removal of turbidity by centrifugtog. The sample shall be 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 rarely vill more than 1 hoiar Ъе necessary. The centri-

fuged sample shall Ъе compared in a Nessler tube with distilled water to insure that 

all turbidity has been eliminated. If clear，the sample is then compared with the 

standards. 

The results of colour determinâtion shall be expressed in whole numbers and 

recorded as follows : 
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• Be cord to 
nearest units 

1 

5 

10 

20 

1А.З.Э Turbidity 

Principle s 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
;
 that is 

to become indistinguishable against the general background illuminât ion ̂  vhen the 

flame is viewed through the suspension. The greater the light path^ the lower the 

turbidity. 

Interference: The determination of turbidity is applicable to any vater sample 

that is free of debris and coarse sediments that settle out rapidly, although dirty 

glassware
}
 the presence of air bubbles

}
 and the effects of vibrations which disturb 

the surface visibility of the sample will lead to false results . 

Storage : It is preferable to determine turbidity on the same day the sample is 

taken• If longer storage is unadvoidable, however, samples шу Ъе stored in the dark 

for as long as 2k hours. For even longer storage； treat the sample with 1 g mercuric 

chloride par litre. In every case, the samples should be vigorously shaken before 

examination. 

Apparatus ； 

The standard instrument for making such measurements shall be the Jackson candle 

turbidimeter^ which consists of a glass tube calibrated, a standard candle, and a 

support which aligns the candle and the tube. The glass tube and the oand^e shall b© 

supported in a vertical pos ition so that the centre line of the tube passes through 

the centre line of the candle. The candle support shall consist of a spring-loaded 

cylinder designed to keep the top of the candle pressed against the top of th© support 

as the candle gradually burns away. The top of the support for the candle shall be 
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7.6 cm (5 in.) below the bottom of the glass tube. The glass tube shall have a flat 

polished optical glass bottom. It must be kept clean and free from scratches. The 

glass tube shall Ъе graduated to read directly in turbidity units . Most of the glass 

tube shall Ъе 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 shall Ъе made of beeswax and spermaceti designed to b u m within the 

limits of Ilk to 126 grains per hour. To ensure uniform results
9
 the flame mast be 

kept as near constant size and constant distance from the bottom of the glass tube as 

possible: thie will require frequent trimming of the charred, portion of the \rlck and 

frequent observations to see that the candle is pushed to the top of its support. 

All drafts must Ъе eliminated during measurements to prevent the flame from flickering. 

The candle most not Ъе 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^ 

such portions of the charred wick shall Ъе removed as can easily be broken off when 

manipulated with the fingers• 

Reagents 

Standard subpens ions : In the 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 1 + 1 HC1 to remove vater-soluble material
;
 washed 

repeatedly by centrifugation and de canta t ion ̂  and made into suspensions . If natural 

materials are unavailable or unsatisfactory， Fullers earth or vet-ground diatomaceous 

earth may be used. If the turbidity is caused Ъу materials added in water treatment
} 

then carbon，alum, or whatever is responsible for the turbidity should Ъе used. Add 

approximately 5 g dry material to 1 litre distilled water^ thoroughly agitate, and 

allow to stand for 2紅 hours. Withdraw the supernatant without disturbing the sediment 

at the bottom. Determine the turbidity with the candle turbidimeter. Dilute portion 

of the suspension to the turbidity values desired^ checking all above 25 units with the 

candle turbidimeter. Standard suspensions шау Ъе preserved by the addition of 1 g 

mercuric chloride per litre. Suspensions must be well shaken before each reading^ 
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and must be checked at least once a month with the Jackson candle turbidimeter. • 

Suspens ions of turbidities below 25 units cannot Ъеchecked directly: these must be 

niide up fresh at least once each month by dilution of a more concentrated suspension 

which has been freshly checked. Dilute suspens ions calculated to contain 0.0^ 0.2, 

ОЛ^ 0.6, 0.8, 1.0, etc., turbidity units should be made fresh weekly by dilution of 

the 10-unit suspension. It ie preferable to store the suspensions in pyrex or other 

resistant glass "bottles. 

Procedure 

For turbidities between 25 and 1000 units ； Observations are made Ъу pouring 

the sample into the glass Jackson 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 

toward the end. After the image has been nade to disappear, the removal of 1 per 

cent, 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 

interfer with the accuracy of the results. 

For turbiditfesexçeedin^ 1000 units : The sample shall Ъе diluted with one or 

more volumes of turbidity-free water until the turbidity falls "belov 1000 units. The 

turbidity of the original sample is then computed froto the turbidity of the diluted 

sample and the dilution factor. For example
}
 if 5 volumes of turbidity-free water 

vere Qdded to one volume of sample^ and the diluted sample showed a turbidity of 500 

units^ then the turbidity of the original sample was 5000 units. 

For turb id Швз Ъ e tve a n 5 and 100 units : the Jackson candle turbidimeter has a 

lower limit of 25 units . In the range from 5 to 100 units, samples raay be compared 

in sets of similar bottles with standard suspensions made by diluting more concentrated 

standard suspensions with turbidity-free vater in taiown ratios. The sample and the 

standards are placed in bottles of the same size, shape and type； enough empty space 
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being left át the top of each bottle' to allow adequate shaking before each reading. 

The comparison shall be made Ъу viewing the sample and the standards through the sides 

of the botiles》 looking through them at the same object, and noting the distinctness 

vith 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. Headings may be made conveniently Ъу viewing newsprint or a series 

of ruled black lines on white paper. It is preferable that artificial light Ъе used, 

and directed downward from above^ so that no direct light reaches the eye • If a 

commercial turbidimeter is used^ the manufacturers
J

s instructions should be followed, 

and calibration against the Jackson candle turbidimeter is necessary. 

For turbidities 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 instr\iments which operate on the scattering principle include the Bay lis and 

th© St Louis turbidimeters . Several photo-electric instruisants including 

nephaloineters are on the market. The tubes to be used with the available instrument 

shall be of clear，colourless glass. They shall Ъе kept scrupulously clean, both 

inside and out, and should be discarded when they become scratched or etched. They 

shall not Ъе handled at all where the light strikes them, but shall Ъе provided with 

sufficient extra length, or vith a protective case so that they may be handled. The 

tubes shall Ъе filled with samples and standards which have been thoroughly agitated, 

and then sufficient time alloved for bubbles to escape. In visual instruments
}
 the • 

tiirbidity shall be recorded as that of the most closely matching standard. In using 

commercial instruments
y
 the manufacturer's instructions shall Ъе followed，but 

calibration against the Jackson candle turbidimeter is necessary. 

Interpretation of results 

Analysts who are familiar with earlier standard procedures will note that the 

terms "silica scale" and "parts per million" for turbidity' have been abandoned. The 
» 

reasons are that it has been found that reproducible suspensions cannot be made up on 

a weight bas is unless the same batch of silica powder is always used, and that the 
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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 in accordance with the following: 

Turbidities 
greater than： 

But less than： 
Shall Ъе recorded 
to the nearest： 

Units Units Units 

0.0 1.0 0.1 

1 10 1 

10 100 5 

100 紅00 10 

Í+00 700 " 50 

700 100 

For comparison of the efficiency of water treatments, it шу Ъе desirable to 

©stimate more closely than is specified in the table: but because of the uncertainties 

and discrepancies in turbidity measurements, it cannot be expected that two or more 

laboratories will duplicate results 011 the same sample more closely than specified. 

1 
3^4.3.4 Taste and odour 

Cold odour Quality: shake about 250jnl sample at 20°C in a 500-ml vide'mouth 

Erlenmeyer flask. Lightly sniff the odour. Avoid rigorous or repeated shaking as 

the odour will be dissipated. 

Hot odour quality: pour about 250-ml sample into a 500-ml Brlenmeyer flask. 

Close the mouth of the flask with a w b c b glass • Heat the water to approximately 

5 8
o
 to 60°C； agitate it vith a rotary moirement； slip the watch glass asi.de, and 

sniff the odour. 
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TABLE 2a 

the odour is reported as to both intensity and type丨 

Definition 

No odour detectable 

Odour would not be detected 
Ъу an average consumer 
but would be detected by 
an experienced observer 

Odour might be detected Ъу 
an average consumer but 
only if his attention vere 
called to it 

Odour would Ъе readily 
detected and might cause 
the water to be regarded 
vith disfavour 

Odour vould force itself upon 
tha attention and might 
make the water unpalatable 

Odour of such intensity that 
the water is absolutely 
unfit to drink (Used only 
in extxeme cases) 
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TABLE 2b 

ODOOR TYPE 

Abbreviation Nature of odour Description -
such as odours of: 

A Aromatic 等spicy) Camphor
}
 eloves， 

lavender, lemon 

Ac Cucumber Synura 

В Balsamic (flowery) Geranium, violet, 
vanilla 

Bg Geranium Asterionella 

Bn Nasturtium Aphanizomaenon 

Bs Sweetish > Coelosphaerium 

Bv Violets Mallomonas 

С Chemical Industrial wastes or 
chemical treatment 

Cc Chlorinous Free chlorine 

Ch Hydrocarbon Oil refinery wastes 

Cm ifedicinal Phenol and iodoform 

Cs Sulfuretted Hydrogen sulfide 

D Disagreeable (Pronounced unpleasant 
odours) 

Df Fishy Uroglenops is and 
Dinobryon 

Dp Pig-pen АггаЪаепа 

Ds Septic Stale sewage 

S Earthy Damp earth 

Ер Peaty Peat 

G Grassy Crushed grass 

H Musty Decomposing straw 

Mm Moldy A damp cellar 

V Vegetable Root vegetables 
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Besults are reported on both hot and с eld samples. The intensity and type are 

recorded in the form "V Dp" which would represent a water unfit to drink due to 

excessive АшЪаепа. 

Taate should Ъе considered as another form of odour, 

1 

1U-3.5 Iron - Total as Fe 

Phenanthroline Method 

General discussion 

Principle: Iron is "brought into solution by boiling with acid, is reduced to 

the ferrous state Ъу hydroxylamine, and is then treated with 1,10-phenanthroline . 

Three molecules of phenanthroline chalate each atom of ferrous iron to form an 

orange-red complex. The coloured solution formed obeys Beer
T

s law: its intensity 

is independent of pH from jfi 2 to 9，and it is stable for at least six months. A 

pH between 2.9 and 3.5 is necessary to ensure rapid colour development. Therefore, 

pH adjustment is provided in the procedure• 

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 ocmpensation m y Ъе used. The 

initial boiling with acid removes cyanides and nitrites^ which would otherwise inter-

fere . Strong oxidizing agents may interfere if present in sufficiently high 

concentrations tc destroy the hydroxylamine : the addition of more hydroxylamine will 

eliminate error from this source. If much colour or organic matter is present, it 

may Ъе necessary to evaporate the sample, gently ash the residue, and then re•dissolve 

it in acid. The ashing may Ъе carried cut in silica，porcelain^ or platinum crucibles 

which have previous ly been boiled for several hours in 1 + 1 HC1. 

Apparatus 

Acid-washed glassware: all glassware must be washed with conc HC1 and rinsed 

vith distilled water prior to use in order tc remove the thin film of ads orbed iron 

oxide which is frequently present as a result of the use of the glassware for other 

purposes. 
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Coiorlinetrio equipment. 

Nessler tubes, matched, 100-ml
;
 tall-form, 

Beagents 

All reagents shall be lav in iron. Iron-free distilled water Í3 r^Q.uired. 

Glass stoppered bottles are recommended for storage. The hydrochloric acid, eodtum 

acetate solution^ and stcck standard .iron solutions are stable indefinitely if tightly 

stoppered. The hydroxylamine and phenanthroline solutions are stable for severa] 

months . The working standard iron 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• • 

Hydrochloric acid: Set aside a supply of conc HCl for this determination. 

Since the HCl content may vary from 55 to 38 per cent., the. sodium acetate solution 

vill have to be adjusted for the particular lot of. HCl tc Ъе used. 

S->dium acetate solution： Dissolve 550 g NaC
2
H^0

g
 ^ H g O in 500 ml distilled vater 

and dilute tc approximately 1 litre. Standardize a pH meter with the jfl k.O buffer. 

ñpeti©exactly 2.0 ml conc HCl into 100 ml distilled water. Insert the pH electrodes ̂  

Place the sodium acetate solution in aburetbu and titrate the HCl with it until the 

jfl is between 3 .2-3 .3. Add enough distilled vater to the remainder cf the sodium 

acetate solution so that 10.0 ml, when added to 2.0 ш1 HCl and 100 ml distilled vater, 

will bring the pH to a value between 5-2 and 5.3
#
 Be-check this dilution by trial. 

This adjustment is valid only for the particular bottle of HCl used and must be 

re-che eked for each new batch of HCl. • 

Hydroxy lamine reagent : Dissolve 10 g NHgQH .HCl in 100 ml distilled water. 

1 • 10-phenanthroline solutlon; Dissolve 0.12 g
 C

1 2

H

8
N

2
e H

2 ° 访
 1 0 0 d i s t i l l e d 

о 

water Ъу stirring and heating to 80 C: do not boil. This solution should be 

discarded if it darkens. Store in a cool, dark place• 
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Standard iron stock solution: use electrolytic iron wire, or
 11

 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 wire and place in a 1-litre volumetric flask. Dissolve in 20 ml 1 + 5 HgSO^ 

and dilute to the inark. . This stock solution contains 200.0 mg Fe per litre. 

Standard iron vorkinp; solutions ̂  These should Ъе prepared the day they are to Ъе 

used. 

(a) Pipdto50.0 ml standard iron stock solution into a 1-litre volumetric flask 

and dilute to mark vith iron-free distilled water. 

(b) Pipette5.0 ml standard iron stock solution into a 1-litre volumetric flask 

and dilute to mark with iron-free distilled water. This contains 1.0 mg/l P e . 

Procedttre 

Pre-treatment: The following types of pre-treatment are to Ъе applied for the 

various forms of iron to Ъе determined. The determinations should Ъе made as soon 

as possible after the saiaple is collected, especially for soluble iron. If the 

sample to Ъе analyzed for total iron is measured and acidified, it may Ъе safely 

stored. 

(a) Total Iron. The sample is mixed thoroughly, measured and treated. 

(b) Dissolved iron. Allow the sample to settle ̂  then de cant and filter the 

supernatant through fino filter paper
?
 dihoarding the firat portion. Treat a 

. . - • 

measured volume of tho filtrate. 

(c) Suspended iron. Determino total â“d dissolvod Fo 'end calculate the suspended 

Fe Ъу . subtracting the dissolved from the total F e . 

Colour development • If the sample is expected to contain less than 2 Л mg/l Fe, 

pipette a50.0-ml aliquot into a 125-ml Erlenmeyer flask. If the sample is expected to 

contain a higher concentration of Fe, accurately measure a smaller aliquot which will 

contain less than 0.12 rg Fe and add sufficient distilled water to make the volume 

about 50 ml. Add 2 ,0 ml conc HC1 and a fev glass beads . Heat to boiling and boil 
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gently for five minutes to bring all the iron into solution• Cool to room temperature^ 

transfer to a volumetric flask of 100-mi capacity, and add 1 ml hydroxy lamine reagent ̂  

10.0 ml sodium acetate solution, and 10 ml phenanthroline solution• Dilute to the 

шгк with distilled water, mix thoroughly, and allow to stand for 15 minutes to. permit 

full colour development• 
« t： • 

Prepare a series of standards by accurately pipetting the calculated volumes of 

standard iron eolutions (the weaker solution should Ъе used to measure the 0.001 to 

0.010 mg portions) into 125麵ml Erlenmeyer flasks and carrying out the above steps. 

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. 

Visual comparison should Ъе carried out using matched Nessler tubes. 

Calculation 

mg/l Fe = шд Fe x 1000 • 

ml sample • 

It is advisable to report details of sample collection^ storage, and pre-treatmBiit 

together with the iron value obtained
;
 if this will aid in the interpretation. 

Precision and accuracy 

The precision and accuracy will depend upon the method of sample collection and 

storage^ the nfôthod 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 per cent” and often only Í 10 per 

cent.y whereas
}
 under optimum conditions, photo-electric measurement is reliable to 

î 1 per cent. or better. The sensitivity limit for visual observation in Nessler 

tubes is approximately 0.001 mg of Fe. The variability and instability of the sample 

raay limit the precis ion and accuracy of this determination more than will the errors 

of analys is itsolf. In the past, serious differences have been reported between 

different laboratories because of differences in collecting and treating the samples• 
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1 Л .5 .6 Manganese as Mn 

’ . Persulfate Method
1 

• •• • 

General discussion 

Principle: Persulfate oxidation of soluble manganons compounde to form 

permanganate is carried out in the presence of silver nitrate. The resulting colour 

is stable for at least 2k hours if excess persulfate is present and organic matter is 

absent• 

Interference: As much as 0.1 g sodium chloride is prevented from interfering Ъу 

addition of mercuric sulfate ta form slightly dissociated complexes• Only minute 

amounts of bromide and iodide may Ъе present. Reasonable amounts of organic matter 

may be present if the period of heating is increased and more persulfate is added. 

Sampling and storage: The sample should Ъе analyse^ as soon as possible after 

collection or the sample should be acidified prior to storage. 

Apparatus 

Nessler tubes
}
 matched, 100-ml

;
 tall-form, 

Beagents 

Manganous sulfate standard solution： Prepare 0Д N solution of KMnO^ 

dissolving 5.2 g KMnO 紅 in 1000 ml distilled water. Age for several weeks 

or heat for several hours near boiling point； filter through fritted glass 

standardize against sodium oxalate. 

by 

in sunlight, 

filter and 

Special solution: Dissolve 75 g mercuric sulfate in 400 ml conc 丽0，and 200 ml 

distilled water. Add 200 ml 85 per cent. H^POj^ and 0.055 g silver nitrate> and 

dilute the cooled solution to 1 litre. 

Ammonium persulfate, solid. 

ĵ r осе dure 

Treatment of sample: To a suitable aliquot of sample^ add 5 ml special solution. 

Concentrate to 90 ml by boiling, or dilute to 90 ml. Add 1 g ammonium persulfate and 



Appendix С 

• 

bring to boiling in about two minutes over a flame • Do not heat on a water-bath, 

Eemove ffom the flamQ for one minute, then cool under tha tap. Dilute to 100 ml with 

distilled water free from reducing substances and mix. Compare visually ^ritb etajiclards 

containing 0, O.OO5 etc.^ to 1.5 nig Mn prepared by treating various amounts of the 

standard Mn solution in the same way
 # 

Correction for turbidity or interfering colours the effect of turbidity can 

only Ъе estimated and no correction for colour is possible. 

Calculation 

mg/l Mn =» те Mn x 1000 • 
ml sample 

Precision and accuracy 

The relative error in the determination of 0.05 to 1.5 njg Mn in the absence of 

interfering substances is usually not more than 1 per cent. It will be higher for 

lower amounts of Mn and for visual comparison. 

l
e
4

#
3.7 Copper as Cu 

Diethyldithiocarbamate Method"^ 

General discussion
 # 

Principle : Copper ion forms a yellowish-brown colloidal chelate compound with 

sodium diethyldithiocarbamte • If the copper concentration is excessive
>
 the colloid 

will Ъе so concentrated that the solution vill appear turbid. 

Interference: Sodium diethyldithiocarbamate is not specific for copper. Inter-

fering substances， however, are not common in natural waters
}
 and it is easy to detect 

their presence in this determination. Zinc, lead, and certain other metallic ions 

produce white turbidities in the developed sample. If the iron to copper ratio exceeds 

50.I the brown colour of the iron complex vill completely obscure the colour due to 

the copper complex. If iron, colour^ or turbidity interference is encountered, 

Method A is recommended. Filtration is not recommended as copper ion is adsorbed on 

the filter. 
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Sampling and storage : Copper ion has a tendency to Ъе adsorbed on the surface of 

the sample container• To avoid this effect^ samples should Ъе analysed as soon as 

poss ible after they are collected. If storage is necessary； 5 ml 1 + 9 HC1 per 

100Jill sample vill prevent "plating out". When the acidified samples are analysed, 

a volums correction must be made for the added acid. 

Apparatus . 

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

Reagents 

Throughout this procedure, standards and dilutions shall be made up vith water 

re-distilled from an all-glass pyrex still. Ordinary distilled water often contains 

appreciable copper because the water comes in contact with copper or its alleys in 

the still. 

Sodium d iethy Id it h locarbaiaat e solution: Dissolve 1 g N(CgH^)
2
 .CSgNa (Eastman 

No. 2596 or equivalent) in 1 litre re-distilled vater. A brown bottle is recommended 

for the solution. This reagent will become turbid in approximately 50 days. A 

reagent which has become colcnared should Ъе dis carded
 ;
 but a slight turbidity may be 

tolerated• 

Ammonium hydroxide solution, 1 + 

Stock copper solution: Weigh 0.1000 g copper metal foil; рЗдсе it in a 250-ml 

Ъеакег under a hood； add 5 ml re-dis til led vater and 3 ml conc HNO^ and cover the 

beaker with a watch glass. After the metal has all dissolved, add .1 ml conc HgSO^ 

and heat on a hotplate to volatilize t"he acids. Stop heating Just short of complete 

dryness. Do not bake the residue. Cool and dissolve in re-distilled water, washing 

down the sides of the beaker and the bottom of the vatch glass. Transfer 

quantitatively to a 1-litre volumetric flask and make up to the mark with re-distillQd 

vater. 

Copper vorklng standard: Quantitatively dilute 50 ml stock copper solution to 

1 litre with re-distilled water. One millilitre of this working standard contains 

O.OO5 mg copper. These solutions are stable indefinitely. 



Hydrochloric acid
g
 concentrated• 

Procedure 

All glassware to be used in this te9t shall firet b^ rinsed vith conc HCl nnd 

then with re-distilled vater. Standards for visual comparison шу be prepared Ъу 

diluting various volumes cf the copper working standard solution to 100 ml vith re-

distilled water in the 100-Ш1 Nessler tubes as follows : 

The standards should be treated exactly as described for the samples. 

To 100-ml sample, or an aliquot diluted to 100 ml, add 5 ml sodium 

diethyldithiocarbamate solution. Mix Ъу inverting the tube twice. After at least 

5 minutes but within 1 hour after mixing, compare the yellow colour with that of the 

standards prepared in the same way and at the ваш time. The colours are the same 
22 

in slightly acid, neutral, or alkaline solutions. 

Comparisons шау Ъв made Ъу visual Hatching. When using visual comparison with 

ml of Copper Working 
Standard Solution to 
be diluted to 100 ml 

0.00 

0.05 

0 .10 

0.00 

1.00 

2.00 

4.00 

8.00 • 
12 .0 

16.0 
20.0 

0.20 

ОЛО 

0.60 

0.80 
1.00 

Nessler tubes, the minimum detectable amount of Cu is 0.05 rag/l. 
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22 
Callan & Henderson claim that the yellow colours produced in thç presence of 

ammonium hydroxide solution are clearer
;
 sharper^ and more easily compared. If 

desired^ add 5 ml NH^OH solution just before the addition of the carbamate reagent• 

2 3 2 4 

Extraction procedures have been recoimnended Ъу various authors
 f

 9

 Carbon 

tetrachloride and isoamyl alcohol have been used to extract and, thereby^ intensify 

the colour and/or to eliminate turbidity. The solvents are added after the colour 

has developed. The mixtures are then shaken to cause the colour to pass into the 

organic layer. Care must be taken that the solvents then©elves do not contain 

metallic contamination. If extraction is to be used, it is desirable to acidify 

the aqueous solution immediately prior tc the extraction, which is slow from an alkaline 

solution. Iron interference is not overcome by extraction• 
Precision and accuracy 

Standards are based on a 100-ml sample. Correct Ъу a proper dilution factor 

if a smaller aliquot is taken. The precision and accuracy will depend upon the 

nfâthod used for the comparison. With visual comparison t 6 per cent. precision may 

Ъе achieved under optimum conditions and t 10 per cent, under routine conditions. 

1.4.3.8 Zinc ag Z n
1 

Apparatus 

Nessler tubes
}
 matched. 

Separatory funnels, Squibb, 125 tc 150-ml capacity, lubricated with pure 

petroleum or silicone grease. If the funnels
1

* are of identical size and shape visual 

colour comparisons may Ъе шйе directly in them. 

pH meter. 
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Bea^ents 

Zinc-free double-distilled water for гins ing of apparatus and preparation of 

solutions : re-distill ordinary distilled water in all—pyrex apparatus. 

Dithizone solution a: ；Dissolve 0.10 g diphenylthiocarbazone (Eastman No. 3092 or 

equivalent quality) in 1 litre 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 Ъе applied: shake 10 ml 

with 10 ml 1 + 99 NH^OH. If the lower, CCl^, layer is only slightly yellow, the 

reagent is in good condition. 

Dithizone solution Ъ: Dilute 1 volume of dithizone solution a with 9 volumes of 

carbon tetrachloride. If stored in a brown glass-stoppered bottle in the refrigerator 

this solution is satisfactory for several weeks. 

Sodium citrate solution: Dissolve 10 g Na.C^H^O- . 2 ^ 0 in 90 ml water. Extract 
5 b 5 7 2 

with 10-ml portions of dithizone solution a until the last extract regains green； 

then extract with CCI紅 to remove excess dithizone. This reagent is used in the final 

cleans ing of glassware . 

Hydrochloric acid solution» approximately 0.02N: Dilute 1.0 ml conc HC1 to 

600 ml with re-distilled water. If high blanks are traced to this reagent^ dilute 

conc HC1 with an equal volume of water and re-distill it in ain all-pyrex still. 

Sodium acetate solution, approximately 2N: Dissolve 68 g NaCgH^Og «ЗН̂О and make 

to 25O ml with re-dis tilled water. 

Acetic acid solution, approximately 2N: Mix 1.0 voluias glacial H C ^ O ^ with 7 
一 — — — — — — 一 一 — — — — 一 ¿ 5 ¿ 

volumes re-distilled water. 

Acetate buffer solution: Шх. equal volumes sodium acetate solution and acetic 

acid solution. Purify by dithizone extraction as described for sodium citrate 

solution. 
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Sodium thiosulfate solution: Dissolve 25 g
 N a

2

S

2°3
 i n 1 0 0

 ^
 1 8

tilled 

water. Purify by dithizone extraction as described for sodium citrate solution. 

Standard zinc stock solution： Dissolve 0.100 g 30-mesh zinc metal in a slight 

excess of 1 + 1 HCl, about 1 ml is required. Then dilute to 1 litre vith re-

distilled water. 

Standard zinc working solution? Dilute 10,0 ml standard zinc stock solution to 

1 litre with re-distilled water; 1 ml = 0.001 mg Zn. 

Carbon tetrachloride. 

Procedure 

Preparation of colorimetric standards , To a series of 125-ml Squibb 

separatory funnels
 y
 thoroughly cleansed vith HN0^-Na A ce tate-d ithiz one

 y
 add 0.0， 

2.0, 3.0； k .0, and 5.0 ml standard zinc working solution equivalent to 0.000； 0.001, 

0.002， 0.005， 0.00^^ and 0.005 mg Zn. Bring each volume up to 10.0 ml by adding 

re-distilled water. To each funnel add 5.0 ml acetate buffer and 1.0 sodium 

thiosulfate solution and mix. The pH should be between k and 5.5 at this point. 

To each funnel add 10.0 ml dithizone solution Ъ； stopper； and shake vigorously for 

k .0 minutes. Allow the layers to separate. Dry the stem of the funnel with strips 

of filter paper and run the lower CCl^ layer into a clean, dry tube. 

Procedure for water samples : If the zinc content is not within the working range， 

dilute the sample with re-distilled water or concentrate it in a silica dish. If 

the sample has been preserved with acid, an aliquot must Ъе taken to dryness in a 

silica dish to remove the excess of acid. It is not practical to neutralize vith 

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 HCl. Transfer 10.0 ml to a separatory funnel. To each funnel add 

5.0 ml acetate buffer and 1.0 ml sodium thiosulfate solution and mix. Th© pH should 

Ъе between and k.5 at this point. Add 10 ml dithizone solution Ъ， stopper and 

shake vigorously for four minutes. Allov layers to separate. Dry stem of funnel 

with filter paper and run the lower chloroform layer into a clean dry Nessler tube • 
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Visual comparison: It vill Ъе necessary to run the samples and standards at the 

same time. The CCl^ layers may Ъе 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 Ъе roughly 

described as: 

Calculation 

mg/l Zn 

0 (blank) 

0,001 mg 

0.002 mg 

О.ООЗ mg 

0.00^ mg 

0
#
005 mg 

mp; Zn x 1000 
ml sample 

green 

blue 

blue-violet 

violet 

red-violet 

red-violet 

Precision and accuracy 

It is estimated that, by using photo-electric measurement^ a careful analyst 

who has had some previous experience with dithizone methods can duplicate his own 

results within ± 0.0001 mg Zn, and can obtain results within t 0.0002 mg of the true 

value， provided that the Zn content of the aliquot is in the range from 0.001 to 

O.OOU mg, and that interferences are not present. 

Reagents 

Standard calcium solution： Dissolve 100 g pure calcium carbonate (calcita) in a 

small amount of dilute hydrochloric acid, dilute to 100 ml• One ml is equivalent to 

1 m g CaCO，. 

Titrating solution: Dissolve k.0 g of disodium dihydrogen ethylene diamine 

tetra-acetate dehydrate (sodium versenate) in 1000 ml distilled water. Standardize 

by titration against the calcium chloride solution using the buffer solution and the 

procedure outlined below. 
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Buffer solution： Mix 6了.5 g pure ammonium chloride (NH^Cl) with 57。ml of 

ammonia (Sp. Gr. 0.88) and dilute to 1000 mi. 

Indicator solution: Prepare a fresh aqueous solution of monoxide (ammonium 

purpúrate)• 

Procediera 

To 100 ml or aliquot of sample ̂  add 2 ml of nor sal sodium hydroxide and sufficient 

Indicator solution to produce a marked colour. In the total absence of calcium, a 

p w p l e colour vill result. If calcium is present, i¿b» colour will be salmon-pink. 

Titî^ate 彺ropwise) with the titrating 

is obtained which does not change In 

m i O Magnoaium aa 

Reagents 

Titrating solution: Бгераг© as 

Buffer solution： Бгераг© as in 

Indicator solution: Prepare as 

Procedure 

solution (sodium versenate) until a purple colour 

addition of a further drop of titrating solution. 

in method for determination of calcium, 

method for determination of calcium, 

in method for determination of sulfate. 

To 100 ml of sanóle add 1.5 ml of the buffer solution and 2.5 ml of a saturated 

solution of ammonium oxalate. Mix and allow to stand with occasional shaking for 

two hours or overnight； if possible. Filter； using a No. k2 Whatman Filter Paper• 

Pipetto 26 ml or 52 cidd indicAtor solution and titrate with titrating soltrtion 

(standard versenate)• Magnes ium is determined directly as CaCO，. 

If calcium content of the water is abnormally high more ammonium oxalate will be 

required. It is advisable to run a blank determination using the same volumes of 

reagents in 100 ml of distilled water and filtering as above. 

Calculation 

Mg = CaCOj x 0.24 
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1.4.3.11 •'--Sulfate as 
r-1 . • ’ • • . • • T,-| r - •••. 

17 

Determination of total sulfate 

Reagents 

Titrating solution: Sodium versenate, prepare as in determination of calctunu 

Barium chloride solution: Dissolve 2 Л^З barium chloride in distilled vater and 

dilute to 1000 ml. 

1 ml equivalent to 1 mg CaCO^. 

Buffer solution： lllx 6?.5 g of ammonium chloride and 570 ml of ammonium 

hydroxide (Sp. Gr. 0.88) and dilute to 1000 ml vith distilled water. 

Indicator solution: Dissolve a small quantity of eriochroiitô black T in 20 ml of 

distilled water^ by shaking or warming• Allow to cool. This solution will be stable 

for several days but preparation of a fresh soluticwo. daily is recommended. 

Procedure 

Neutralize 100 ml of sample with N/l Nitric acid, adding a slight excess^ boil 

to expel carbon dioxide. Add 10 ml or more if required of standard barium chloride 

solution to the boiling sample and allow to cool. Dilute to 150 ml； mix and allow 

precipitate to settle. Withdraw 50 ml of clear supernatant, ddd 0.5 to 1,0 nil of 

ammonia-ammonium chloride buffer solution and several drops of indicator• Titrate 

with titrating solution (sodium versenate) to blue colour which does not change in 

addition of further drops of titrating solution. 

Computation 

Assume a hardness of a sample as 250 mg/l and addition of 10 ml of barium 

chloride solution per 100 ml of a sample. If no sulfate is present the titration 

vould require 250 ml (for hardness) and 10 ml (for BaCl
g
) or 350 ml of titrating 

so ution. Assume the actual titration of an unknowm sample to require 30 ml. Th© 

loss due to the presence of sulfate is 35.0 - 二 5.0 ml• This is equivalent to 

5.0 mg CaCO^ or 5.0 x 0.96 « li.8 mg SO紅 per 100 ml or kQ mg/l of sulfate in the sample 

examined. 



Appendix С 

1.4.3Л2 Giaoricb
1 

General discussion 

Principle: 3h this method the chloride, in neutral or woakly alkaline solution 

containing chrornate, ie titrated with silver nitrate• Silver chloride precipiates, 

and at the end point red silver chromâte is formed. 

Interference: Iodide and bromide register as equivalent chloride concentration. 

Phosphate, sulfide and cyanide interfere. Sulfite interferes but can Ъе removed by-

treating with hydrogen peroxide. 

Bea^ents 

Standard 8liver nitrate solution, O.Ol^lN： Prepare as follovs: dissolve 

2.596 g AgNO^ In 1 litre distilled water. E-ch ml Is equivalent to 0
#
500 mg CI. 

Using the procedure described below^ standardize against the standard NaCX solution. 

The calculation is: 

Nornelity of AgNO 二 mg Cl/55 Л6 
) ml AgNO，- (ml KCNS x Г) 

where F = ml AgNO i
n
 absence of chloride 

ml KCNS 

Standard ecdlxim chloride solution, 0.01^-IN: Dissolve 8«2‘5 g NaCl, dried Ъу 

fusing at 900°C for one-ha If hour, in 500 ml distilled vater. Dilute 50.0 ml to 

1000 ml. Each ml of this solution contains 0.500 mg CI. 

Potaaslum chromate indicator solution： Dissolve. 50 g K^CrO^ in a little distilled 

water. Add silver nitrate to produce a slight red precipitate• After it has stood 

at least overnight, filter and dilute to 1 litre vith distilled vater. 

Aluminium hydroxide suspension: Dissolve 125 g potassium or ammonium alum in 

1 litre of distilled water. Precipitate the aluminium by adding ammonium hydroxide 

slowly and with stirring. Wash the precipitate Ъу successive décantation vith 

numerous portions of distilled vater until free from chloride. 
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Phenolphthalein indicator solution： Dissolve 5 g phenolphthalein in 5。0 ml 

ethyl alcohol and add 500 ml distilled water. Then add 0.02N NaOH dropvrise until 

a faint pink colour appears• 

Sulfuric acid, 1 + 70 approxin&tely 0.5N. 

Sodium hydroxide solutlcm, approximately 0.5N: Dissolve 紅 g NaOH in 200 ml 

distilled water. 

Hydrogen peroxide, 50 per cent• 

Procedure 

Use 100 ml sample or a suitable aliquot diluted to 100 ml. 

If the sample is coloured, decoloPiae Ъу adding 5 ml aluminium hydroxide 

suspension. Stir throughly and after a few minutes
}
 filter and vas h with 10 to 15 

ml distilled water. 

If sulfites are present， add 1 ml hydrogen peroxide solution with stirring. 

Titration; Either a white porcelain evaporating dish, or an Erlenmeyer flask 

over white surface should Ъе used. Adjust the sample vith either dilute sulfuric 

acid or sodium hydroxide so that it is Just colourless to pheolphtbalein• Add 1 ml 

KgCrO^ solution. Titrate with AgNO， solution until a colour change from pure yellow 

to pinkish-yellow is perceptible. The indicator blank should be determined Ъу 

titrating distilled water in the same way. This blank； showing the end point colour 

should Ъе placed near the sample being titrated to aid in the detection of the colour 

change at the chosen end point. 

Calculation 

mg/l CI 

ml sample 
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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 nig CI, and by the presence of interfering 

substances. 

Шхотц ±m concentrâtjU»i as pH 

Glass electrode method"
1

" 

General discussion 

Principle : Several types of electrodes have been suggested for the electro-

metric determination of iffl. 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 

charge of 59.1 millivolts at 25°C. 

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 raay be reduced Ъу using 

special "lov sodium error" electrodes. When employing ordinary glass electrodes, 

approximate corrections for the sodium error may be neide by consulting a chart which 

the nanufacturer can furnish for the particular шке and catalogue number of electrode
 # 

Temperature exerts two significant effects on pH rr^asuraments: (l) the electrode© 

themselves vary in potential vith temperature； and (2) ionization in the sample 

varies with temperature. The first effect can Ъе 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 

piH of each sample. 
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Apparatus 

Where flov type electrodes are not available, or where stirring may Ъе inadequate 

as in the case of ordinary immersion (dipping) type electrodes^ the best procedure is 

to vash the glass electrode 6 or 8 times with portions of the sample, particularly 

when an unbuffered aeasuren^xit follovs one on a buffered solution. Flow type electrodes 

are re commended for the accurate measurement of relatively unbuffered waters with low 

concentration of mineral solids (total residue less than 20 mg/l) • Measureœnts on 

buffered waters can be obtained 011 open samples , Equilibrium should Ъе established 

between the sample and the electrode system as shown by the absence of drift，before 

readings are accepted as final. If the vater is hot or if the pH is over 10，special 

glass electrodes 6hould Ъе 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 nanufacturer^s recommendations, Th© 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 . 
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EFFECT OF TEMPERATURE ON pH VAUIES CF BUFFER SOLUTIONS 

Temperature pH 4 buffer pH 7 buffer pH 9 "buffer 

o°c 紅.01 7.08 9Л6 

5 紅.01 7,05 9.38 

10 虹.00 7.02 9.35 

15 k.oo 7.00 9.27 

20 k.oo 6.98 9.22 

25 k.01 6.96 9.18 

30 h.oi 6.95 9.1^ 

35 k.02 6.9紅 9.10 

ko k.05 6.9k 9.07 

k3 b.ck 6.95 9.(A 

50 k.06 6.93 9.01 

55 4.08 6.9^ 8.98 

60 扛.10 6.9^ 8.96 

Buffer solutions 

Electrode systems are calibrated against buffer solutions of known pH value. 

Since buffer solutions дау deteriorate because of mould growth or through с ontaminat ion
} 

it may be advisable to prepare them freshly as needed by dissolving dry buffer salts 

in distilled water. Comercially available "buffer tablets or powders of tested 

quality may also be used. It is good practice to calibrate the electrodes vith a 

buffer whose pH is close to that of the samples
9
 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 of the material be dissolved, otherwise the pH may Ъе 

incorrect. Pol^otbylene 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 k, 

1 у and % for standardization purposes and for checking the linearity of electrode 

response• 
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In general, analytical reagent grade chemicals are satisfactory for the 

preparation of the following "buffer solutions
 #
 Where a high degree of accuracy is 

required^ however, it is advisable to use salts of buffer quality supplied Ъу the 
* • • • . 

National Bureau of Standards. The pH values of three buffer solutions at the 

indicated temperatuioeare listed in the table• The tabulated pH values were obtained 

vith salts of the highest purity. 

Щ k buffer solution: Dissolve 10.2 g anhydrous potassium biphthalate^ 

KHCgH^Oj^, using boiled and cooled distilled water. Dilute to 1.0 litre. 

pH 7 buffer solution: D. is solve 1.361 g anhydrous potassium dihydrogen 

phosphate KHgPO^, and l.k20g adfcpdrous dis odium hydrogen phosphate ̂  NagHPO^^ both of 

which have been dried overnight at 110 to 150°C. Use distilled water which has been 

boiled and cooled. Dilute to 1.0 litre. 

pH 9 buffer solution； Dissolve ？.81 g sodium tetraborate decahydrate^ 

NagB^O^.lOHgO； also called borax, using boiled and cooled distilled water. Dilute 

to 1.0 litre. 

Procedure 

Because of the differences between the many makes and models of pH meters which 

are available commercially, 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 calomol 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 Ъе expected of the instrument and 

the technique of operation. 

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 the proper care, a precision of 0,02 pH unit and an accuracy of 
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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. 

1必4。’严14 Phenolic compounds as Phetiol 
_i"T‘,W.-Jt- 1Й{В»<1<гаЬ 丨 - I _ _ _、i j rn. l l l»! -Г. . л llM.I i _ i 事 1 I • 

Preliminary screening procedures 

Apparatus 

Distillation apparatus
$
 all-glass : a suitable aeten^l^ eooslats 

pyrex distilling apparatus vith Graham condenser, C W a i n g Ko» 55éO or 

Beap;ents 

All reagents shall Ъ© prepared vith distilled vater free of both 

chlorine. 

Copper sulfate solution: Dissolve 100 g CtóO^.5H
g
0 In distilled 

to 1 litre. 

of a 1-Xitre 

G^xOLvtlmb. 

pbenols and 

vater and dilute 

Phosphoric acid solution： Dilute 10 ml 85 per cent. H^PO^ to 100 ml vith 

distilled vater. 

Procedure 

To a 500-ml sample of water， add 5*0 ml copper sulfate solution unless it has 

previously been added as a preservative. Lower the pH of the mixture to below k.O 

with phosphoric acid solution； 0.7 ml is sufficient for most samples• Place tbe 

misture in the all-glass distillation apparatus and distil over 450 lol« Stop the 

distillation, and when boiling ceases, add 50 ml distilled water to the distilling 

flask. Continue the distillation until a total of 500 ml has Ъаап collected. 

b- -Aminoajptipyrine Method 

Apparatus 

Nessler tubes, matched^ 100-ml, ta11-form• 
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Reagents 

-Aminoantipyrine solution dissolve ."C* g-b,-amlnoant^ryriixe. in distilled water 

and dilute to 100 ml. This solution should be prepared fresh weekly. 

Potassium ferricyanide solution: Dissolve 8 g K^Fe(CH)g in distilled water and 

dilute to 100 ml. Filter if necessary. This solution is not stable and should be 

made up fresh when decompos ition occurs，as evidenced by darkening of the solution, 

usually within a week. 

Ammonium chloride solution: Dissolve 50 g NH^Cl in distilled water and dilute 

to 1 litre. 

Ammonium hydroxide, concentrated• 

Chloroform 

Standard phenol solution: (Prepare as directed.) Dilute 5 ml intermediate 

standard solution to 500 ml with distilled water. 1 ml = 0.1 mg phenol or contains 

100 р.р̂Ъ̂  

Standardization of phenol solutions : Place approximately 100 ml distilled water 

inra 500-ml glass-stoppered Erlenmeyer flask and add 50 ml stock phenol solution. 

To this add exactly 10.0 ml "brómate-bromide solution followed by approximately 5 ml 

of conc HCl. Swirl gently with flask stoppered. If brown colour of free bromine 

does not persist, add brómate-bromide reagent in exact 10-ml portions until bromine 

colour does persist. Stopper and allov to stand for 10 minutes and then add approxi-

mately 1 g KI. Four 10-ml portions of the brómate -bromide reagent are required if the 

stock solution contains 1000 mg/l of phenol. 

Prepare a blank in exactly the same manner, using distilled water and 10 ml 

broraata-bromide s olution. 

Titrate both "blank and sample with the 0.025N sodium thiosulfate using starch 

solution as indicator. 
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Calculate the strength of the phenol solution by the following formula: 

mg/l phenol = /Га x B)• c7 x 7.835 

A = ml of 0.025N thiosulfate used for blank 

В = ml of Ъгornate-bromide solution used for sample divided by 10 

С » ml 0.025N thiosulfate used for sample 

Procedure 

Purify а 500-Ш1 portioa of the vater as directed in the section on preliminary 

seseen Ing procedures « 

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，0-ml 

Nessler tubes and comparing against suitable standards• In this case no chloroform 

extraction is necessary. 

Choose an aliquot vhich contains not more than 0,50 mg phenol• For a standard 

use 50 ml of the standard phenol solution vhich contains 0.50 mg phenol. Dilute all 

solutions including the blank to 100 ml in 100-ml Nessler tubes. Treat samples 

blank and standard as follows ； add 2 ml NH^Cl and adjust with conc NH^QH to pH 

10.0 Í 0.2； usually 0.7 to 1.0 ml NH^OH, Mix and add 2.0 ml b-aminoantipyrine 

solution. Mix and add 2 ml potassium ferricyanide solution and mix thoroughly• 

Allow to stand for 3 minutas and extract immediately vjth CHCl^, leaking three serial 

extractions . Combine with CHCl^ extracts, filter and dilute to 25 ml with CHCl^. 

Compare using Nessler tubes . 

1АЛ Chemical substances indicative of pollution 

Ы.4Д Total organic m t t e r 

The dichromtu reflux method has been selected for the oxygen consumed determination 

because it has been found that this procedure has advantages in reproducibility, 

applicability to a wide variety of samples^ and manipulo.tivQ advantages over other 

oxidants• 
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Interference？ '^astable samples should Ъе tested without delay and samples con-

taining settleable so]ids should Ъе homogenized Ъу means of a blender for ease of 

representative s a m p l i n g I n i t i a l dilutions in volumetric flasks should be made on 

those wastes containing a high oxygen consumed value in order to reduce the error 

which is inherent in measuring small sample volumes. 

Straight chain aliphatic compcxmdG
}
 ai^oüBtic hydrocarbons and pyridine are not 

oxidized to аду appreciable extent although this method gives more complete oxidation 

than che pernianganate nBthod
 a
 The straight chain compounds are more effectively 

oxidized if silver sulfate is added as a catalyst； however silver sulfate reacts with 

chlorides, bromides or iodides to produce precipitates vhich 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 straight 

cha in alcohols and acids . 

Chlorides are quantitatively oxidized by this procedure vhen 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/l CI will consume 0.23 mg/l 0, the 

correction is mg/l Cl x 0.23. This correction cannot Ъе applied when silver sulfate 

is used as a catalyst » 

Apparatus 

Reflux apparatus A 500-ml round bot tom flask (Corning Жо.紅520) with ground 

glass neck 2k/k0 and a Friedrichs condenser (Corning Wo. 2б00) • 

Béaients 

Sulfuric acid, concentrated• 

Silver sulfate, crystals • 

Ferroin
i
 indicator solution: Dissolve 1Л85 g 1，10-phenanthroline (monohydrate), 

together with 0.695 g F e S O ^ . ^ O in water and dilute to 100 ml. This indicator 

solution m y Ъе purchased already prepared from the G . Frederick Smith Company, 

Columbus y Ohio. . 
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Standard potass lum di chromate solution, 0.25N: Dissolve 12,2588 g К̂Сх̂О?, 

previously dried at 103°C for 2 hours, In distilled water and dilute to 1 litre. 

Standard ferrous ammonium sulfate solution, approximately 0.25 N: Dissolve 98 g 

F e S O j ^ N H j ^ S O — H g O in distilled water. Add 20 ml conc cool and dilute to 

1 litre. This solution must be standardized against the KgCrgO了 .daily. 

Standardization procedure: Dilute 25 ml standard dichrornate solution to about 

250 ml. Add 20 ml conc HgSO^ and allow to cool. Titrate against the ferrous 

ammonium sulfate using 2 or 3 drops of the ferroin indicator• 

Normality « ml x 0.2^ 

ml FeS^ÎNH^ÎgSO^ 

(Note: With relatively unpolluted waters a weaker solution of standard 

dichrouate шу be used. The normality of such a solution should be 0.05. The 

normality of the ferrous ammonium sulfate solution used should also be about 0.05N. 

However,the oxygen consumed values obtained Ъу using a 0.05N dichromate solution are 

approximately 10 per cent. lover than those obtained with the 0.25N solution.) 

Procedure 

Place 50 ml sample
}
 or an aliquot, diluted to 50 ml vith distilled water^ in the 

round bottom flask, and add 25 ml standard dichromte solution. Carefully add 75 ml 

conc HgSO^ mixing after each addition. 

(CAUTION: the reflux mixture must Ъе thoroughly mixed before heat is applied. 

If this is not done, local heating occurs in the bottom of the flask and the mixture 

may be blown out the side arm of the condenser.) 

Attach th© flask to the Priedrichs 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 vash down the condenser with about 25 ml distilled water. In many 

cases the 2-hour reflux period is not necessary. Therefore
9
 with particular vastes 

the reflux period necessary to give the maximum oxygen consumed should be determined 

and the shorter period of refluxing may be permissible. 



Appendix С 

Transfer the contents to a 500-ml Erlenmeyer flask, vashing out the reflux flask 

4 to 5 times with distilled water. Dilute the- mixture to about 350 ml and titrate 

the excess dichromte with standard ferrous ammonium sulfate, using ferroin indicator. 

Generally 2 to 3 drops of the indicator are used. This, hwever^ depends upon the 

individual analyst. 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 cons isting of 5〇 ml distilled water instead of the sample
}
 together vith 

the reagents
 y
 is refluxed in the same manner. 

More complete oxidation of many organic compounds such as straight chain alcohols 

and acids may Ъе obtained by the use of silver sulfate as a catalyst * One gram of 

Ag^SO^ crystals is added directly to the mixture before refluxing
;
 or the silver nay 

be dissolved in the conc H^SO^ at the rate of 1 g for every 75 ш1 acid. 

ОС = Oxygen Consumed from dichromate 

a = ml FeSC^(NH紅)
2
S0‘ used for blank 

Ъ = ml FeSO紅(NH^)
2
S0紅 used for saniple 

Chloride correction = mg/l Cl x 0.25 

Precision and accuracy 

The method is quite precise and шу Ъе used on a wide variety of wastes even 

though the back titration is less thàn 1 ml. The method gave a standard deviation 

of 0.07 ml (n = 1; 2 x 10) on distillery wastes and averaged 0.095 ml on miscellaneous 

Calculation 

mg/l 0C 

ml sample 

wastes ranging from 350 to 57,500 mg/l (n = 1; 6 x 10〉• 



Reaction flask 
Ballon dans lequel s'effectue la réaction 

Reflux condenser 
Réfrigérant à reflux 

Separatory dropping funnel 
Ampoule à décantation 

U -tubes - NaOH and asbestos 
Tubes en U remplis de NaOH et d •amiante 

U-tube 一 pumice and H SO 
r 2 4 

Tube en U rempli de pierre ponce et de H SO 

U-tube - CaCl 
F = 2 

Tube en U rempli de C a C � 

_ U-tube - asbestos and NaOH and CaCl 
G Tube en U rempli d'amiante, de NaOH et de CaCl 

U-tube - asbestos and NaOH and CaCl 
H = 2 

Tube en U rempli d'amiante, de NaOH et de CaCl 

Bubble counter 
J = 

Compte -bulles 

Water bath 
W = 

Bain-marie 
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The accuracy of this method has been determined Ъу Euchhoft and associates. 

For most organic compounds the oxidation is 95 to 100 per cent. of theory. Using 

the silver catalyst, short straight chain alcohols and acids are oxidized 85 to 95 

per cent* or better
e
 Benzene

;
 toluene

}
 and pyridine are not oxidized Ъу either 

procedure • 

Eouipmacat 

1000 xbI round bottom boiling flask with 3 grcmnd openings • Beflux condenser 

Inserted in middle opening with ground connexion. In one of two lateral openings 

a tube is inserted vith ground connexion extending nearly to bottom of flask and 

attached to сагЪоп dioxide absorption train through vhich an inert gas or air may 

Ъе introduced Into flask. A separatory funnel is inserted by ground connexion Into 

the third opening and also extending nearly to bottom of reaction flask. The upper 

end of the reflux condenser is attached to an absorption train of k U-tubes In 

series and a jar of vater to permit counting bubbles as control of rate of flow of 

gas passing through this train. The first U-tube contains pumice and conc H^SO^
# 

The second, calcium chloride； the third and fourth, asbestos impregnated with NaOH 

and CaClg. The entire apparatus must Ъ© of glass and must Ъе gas tight； using 

stopcock lubricant at all joints which should be ground connexions. 

Bea^onts 

Silver nitrate
t
 10 per cent, solution in distilled water. 

Sulfuric acid, 1:3. 

Potassium persulfate: 10 per cent. solution of
 K

2

S

2°8
 i n

 distilled water. 

Procedure 

Introduce 200 ml of sample or aliquot diluted to a 200 ml volume with distilled 

vater into flask. Acidify with 1 ml of HgSO^. Apparatus and sample must be swept 

free of C0g by passing steady stream of air or inert gas through absorption train and 

into flask about 10 minutes . Weigh third and fourth Ü-tubes (G and H) of absorption 

train containing NaOH and СаСЦ frcm outlet of reflux ing condenser • Add 10 ml of 
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AgNO^ s olut ion ̂  50 ml HgSO^ and 100 ml of ^
и1ск1

У
 a n d

 successively into 

separatory funnel and then allow to flow into sample in flask. Heat with water-bath 

the liquid in flask to 80°C. The contents should quickly become brown in colour. 

If this brown colour does not disappear in 10 minutes
 9
 add another 100 ml of K^S^Og 

solution dropwise from separatory funnel into solution in flask. After about one 

minute у brown colour should decrease, indicating that reaction is proceeding to 

conclusion. Continue heating of flask and pass slaw stream bubbles per second) 

of air or inert gas through reaction mixture in fiasк^ sweeping out C0
g
 produced 

during reaction and vhich is then absorbed in the third and fourth U-tubes . The 

increase in weight of these U-tubes will indicate the weight of COg produced during 

reaction• 

The second addition of
 E

2

S

2°8
 s o l u

'
b i o n i s

 required when digestion of organic 

carbonaceous material in sample is elov. In some instances
;
 particularly in the 

analyses cf sevage and sewage effluents, a third volume of reagent шу be required 

for complete digestion of organic carbonaceous solids. 

L4,4>2 Biochemical oxygen demand as B.0.D,
1 

Apparatus 

Incubation bottles
 ;
 25О- to 500-ml capacity with ground glass stoppers . They 

should be cleaned vith 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 Ъу 

inverting the bottle3 in a water-bath or adding water to the flared mouth of special 

B.0
#
D

é
 bottles. 

Air Incubator or a vater-bath; Che thermostatically controlled at 20°C í 1°C 

should Ъе used. Light should Ъе excluded to prevent formation of dissolved oxygen 

by algae in the sample• 

Procedure 

Reagent 

Dilution vater: the distilled water used should be as near 20°C as possible and 

of highest purity. Place the desired volume of distilled water into a suitable Ъotile 
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and add 1 ml each of phosphate buffer, magnesium sulfate
}
 calcium chloride, and ferric 

chloride solutions for each litre of vater. 

s 

Seed the dilution water if necessary- by adding 1 to 10 ml settled domestic 

eevage, 2k to 56 hours old, per litre. If it is desired to use river water for 

seeding purposes, 10 to 50 ml river water per litre should be used. The amount of 

seeding soeterial in either case should Ъе chosen in the ILght of past experience so 

ae to give oxygen depletions in the blanks of at least 0.6 mg/l In five clays
 1 

Incubation. Seeded dilution water should Ъе used the day it ie nede. Aerate the 

dilution water with a clean supply of compressed air to saturate witb oxygen. 

Saturation raay also Ъе obtained by 2 to 3 days' storage in partially filled bottles 

which are closed vith a cotton plug. 

Phosphate buffer solution: Dissolve 8.5 g KHgPC^, 21.75 g K^HPO^, 53 Л g 

NQgHPO^.7H
2
0 and 1.7 g NH^CX in about 500 ml distilled water, and dilute to 1 litre. 

the pH of this buffer should Ъе 7.2 without further adjustment. 

Magnesium sulfate solution: Dissolve 22.5 g MgSO^.7Hg0 in distilled water and 

dilute to 1 litre. 

Calcium chloride solution: Dissolve 27.5ganhydrous CaCl^ in distilled water 

and dilute to 1 litre. 

Ferric chloride soluticai-: Dissolve 0.2，g FeCl^.6Hg0 in distilled water and 

dilute to 1 litre. 

If bigh concentrations of residual chlorine are present (0.1 p.p.m) allow to 

stand one to two hours or until residual chlorine 1Б dissipated. Excessive amounts 

of residual chlorine can be neutralized Ъу the addition of the exact concentration of 

sodium sulfite required. 

If deficient in oxygen the sample should be aerated to bring oxygen concentrât1ш 

up to but not in excess of saturation at 20°C. 

-Seeding would not always be required for untreated waters and it Is not 
practised in some countries. (Approved methods for the physical and chemical 
examination of vater, 2nd ed. London, 1953) 
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Fill tvo B.O.D. bottles (500-ml glass-stoppered) full and place in one 20°C 

incubator for five days . Water-baths with temperature controlled to 

may Ъе used as an incubator. 

When the B.O.D. value is expected to Ъе in excess of 5»0 mg/l dilution of the 

sample will be necessary. Select a definite volume of sample (lees than 300 ml)
y 

add to B.O.D, bottle and fill completely with dilution water. 

Determine dissolved oxygen in one bottle before incubation and in the second 

bottle after incubation period of five days at 20°C йз follovs: 

1 

Determination of dissolved oxygen < 

Alsterberg (Azlda) method 

General discussion 

Principle: The basic Winkler procedure is common to all modifications. This 

basic procedure entails the oxidation of roanganous hydroxide in a highly alkaline 

solution. Upon acidification in the presence of an iodide, the mnganic 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 standard sodium 

thiosulfate solution, using starch as an internal indicator after most of the iodine 

has been reduced
e
 The normality of the thiosulfate solution is adjusted so that 1 ml 

is equivalent to 1 mg/l of dissolved oxygen when 200 ml of the original sample is 

titrated. 

Interference: Nitrites
д
 ferrous and ferric iron, organic matter，sulfides, 

sulfites, polythionates^ hypochlorates
y
 suspended natter and other oxidizing and 

reducing substances interfere with the Winkler test either by absorbing or reducing 

the liberated iodine or by oxidizing iodide to free iodine• In the presence of such 

interference, a suitable modification should be used. 

Ferrous iron in amounts of 1 mg/l will result in an apparent loss of about 

(Х1Л mg/l 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 



Appendix С 

step of the procedure, especially if the titration is delayed. In order to permit 

some delay in the titration and to overcome the effect of ferric salts, potassium 

fluoride may be added before or after the first reagent in the Alsterberg modification 

or as one of the preliminary treatment steps o? the Bideal-Stevart modification. 

Reagents 

Manganous sulfate solution: dissolve kQO g ïfoSC^ AHgO or kOO g MnS0^.2H
2
0 or 

g MnSO^.HgO in distilled water, filter，and dilute to 1 litre • When uncertainty 

exists regarding the water of crystallization, a solution of equivalent strength шу 

be obtained Ъу adjusting the specific gravity of the solution to a value of 1.270 at 

20°C. The manganous sulfate solution should liberate not more than a trace of 

iodine when added to an acidified solution of potassium iodide. 

Alkaline-iodide sodium azide reagent : dissolve 500 g NaOH or 700g KQH, and 

135 g Nal
;
 or 150 g kl, in distilled water and dilute to 1 litre. Potassium and 

sodium salts шу Ъе used interchangeably. The reagent should not give a colour with 

starch s olut ion when diluted and acidified. 

Dissolve 10 g NaN, in 40 ml of distilled water. Add to 950 ml of above 
3 

solution. 

Sulfuric acid, concentrated: The strength of this acid is about 36 N . Hence, 

1 ml is equivalent to about 3 ml of the alkaline-iodide reagent. 

Starch solution: An emulsion of 5 to 6 g potato, arrowroot^ or soluble starch 

is made in a mortar or beaker with a small quantity of distilled vater. Pour this 

emulsion into 1 litre of boiling water^ allow to boil a few minutes and settle over-

night . Use the clear supernatant. This solution may be preserved with 1.25 g 

salicylic acid per litre or by the addition of a few drops of toluene. 

Standard potassium M-iodate solution; A stock solution equivalent in strength 

to 0.1N thiosulfate solution contains 5.250 g KIO^.HIO^ per litre in accordance vith 

the following reaction: 

2 KI〇
5
 .HI0

5
 + 20 KI + 11 HgSO^ = 11 K

2
SC^ + 12 〜 0 + 12 I

( 
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The bi-iodate solution equivalent to the 0
C
02，N thiosulfate contains 0.812紅 g 

KIO- .HIO, per litre and may be prepared by diluting 250 ml stock solution to 1 litre. 
5 5 

Standard potass lî n dLql^çggjbuplutlGijL; K^Cr^O^ nay be substituted for KIO) Л10， 

A solution equivalent to 0.025N sodium thiosulfate contains 1.226 g KgCrgO了 per litre. 

The K ^ C ^ O should be previously dried at for two hours. 

Sodium thiosulfate stock solution； 1.CÏÏ: Dissolve 248,2 g
 N a

2

S

2°5 ' ^ 2°
 i n b o i l e d 

and cooled distilled water and dilute to 1 litre. Preserve by adding 5 ml chloroform 

or 1 g NaOH per litre. 

Standard sodium thiosulfate solutîot]
 t
 O.O25IÍ： Prepare by (a) diluting 25 ml 

sodium thiosulfate stook solution to a litre, or (b) dissolving 6.205 g Na^SgO- .5HgO 

in freshly boiled and cooled distilled vater and diluting to 1 litre. Standard 

sodium thiosulfate solution шу be preserved Ъу adding 5 ml chloroform or 0Л g NaOH 

per litre. 

Standardization with bi-iodate: Dissolve approximately 2 g potassium iodide， 

free from iodate
9
 in an Erlenmeyer flask with 100 to 150 ml distilled water, add 

10 ml 1 + 9 H
2
S0^

;
 followed by exactly 20 ml standard 0.025W bi-iodate solution. 

Dilute to 200 ml and titrate the liberated iodine vith the thiosulfate solution, 

adding starch toward the end of the titration； vhen a pale straw colour is reached. 

Exactly 20 ml 0.025N thiosulfate should Ъе required when the solutions under 

comparison are of equal strength. It is convenient to adjust the solution to exactly 

0.025N. One ml 0.025N thiosulfate is equivalent to 0.2 mg oxygen. 

Standardization vith dichromates Same as above except that 20 ml standard 

dichromate is used in place of the 0.025N bi-iodate. Place in the dark for five 

minutes^ dilute to approximately 400 ml and titrate with 0.025N thiosulfate. 

Procedure 

To the sample as collected in а 25О- to 300-ml bottle add 2 ml- NaSO^ solution 

followed by 2 ml alkaline-iodide azide reagent veil belcfw the surface of the liquid. 

a 
— N o t e : the change in volume of reagents is made b e c a m e 2 ml of reagents ensure 

better contact of reagents and sample vith less agitation. It is etill permissible 
to use 1 ml reagent quantities with 2^0-ml bottles . 
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stopper with care to completely exclude air bubbles, and mix by inverting the "bottlo 

several tinBS. Vhen the precipitate settles leaving a clear supernatant above tha 

manganèse hydroxide floe, repeat the shaking a second time. With sea water a 10-

mlnute period of contact with the precipitate will be required • When setlling has 

produced at least 100 ml clear supernatant^ carefully remove the stopper and 

iimiediately add 2.0 ml conc H^SO^ by allowing the acid to run down the neck of the 

bottle, restopper and mix by gentle 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 correetion for the loss of sample Ъу displacement with the reagents has been 

m d e
#
 Thus vhen a total of 紅 ml, 2 ml each of the manganous sulfate and alkaline-

Iodide reagents, is added to a 500-ml bottle, the voluiifâ taken for titration should 

be 

200 x
 3 0 0 二 205 ml 
300 • k 

Titrate with 0.025N thiosulfate to a pale strav colour. Add 1 to 2 ml freshly 

prepared starch solution and continue the titration tc the first appearance of the 

blue colour. If the end point is overrun the sample m y be back titrated with 

0.025N bi-iodate which is added dropwise or Ъу an additional measured volume of sample 

Correction fcr the amount of bi-iodate or sample should be made• Subsequent re-

coloratiôns due to the catalytic effect of nitrites cr to presence of traces of 

ferric salts which have not been complexed with fluoride should be disregarded. 

Calculation 

Since 1 ml 0.025N
 N a

2

S

2°3
 i s

 equivalent to 0.2 mg oxygen, the number cf ml of 

sodium thiosulfate used is equivalent to the mg/l of dissolved oxygen if a volume 

equal to 200 ml of original sample is titrated. 

If the results are desired in ml of oxygen gas at 0°C and 760 mm pressure
t
 the 

DO in mg/l is multiplied Ъу O.698 
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То express the results as per cent. of saturation at j60 mm atmospheric pressure， 

the solubility data in Table 4 may be used. Formulas for correcting the solubilities 

to barometric pressures other than mean sea level are given below the table. These 

corrections ar© satisfactory for elevations below 25OO ft and for temperatures below 

25°C. At higher elevations and temperatures, the baronetric pressure must Ъе 

corrected for the aqueous vapour pressure. 

The solubility of dissolved oxygen in distilled vater at any barometric pressure 

P , temperature, t°C, and the saturated vapour pressure， u , for the given t
0

C , may Ъе 

calculated between the temperatures of 0 and 30°C by Equation 1 and between the 

temperatures 50 and 50°C by Eq.mtion 2 as follows : 

1. ml/l DO at 0° to 30°C - (P - u) x 0,678 

35 + t
u

C 

2. ml/l DO at 30° to 50°C 二 (P - u) x 0,827 

k9 + t。C 

The solubility data for temperatures from 30 to 50°C in the last column of the table 

were calculated by Equation 2. 

Precision, and accuracy 

The dissolved oxygen in distilled water can be determined vith a precision 

expressed as a standard deviation of 0.0^5 ml (n - 5; 6 x 10) of 0.025N sodium 

thiosulfate and in sewage and secondary effluents of O.O58 ml (n = 2； 26 x 10) • In 

the presence of appreciable interferences
}
 even vith the proper Winkler modification, 

the standard deviation шу Ъе as high as 0.1 ml. Even greater errors шу occur in 

waters having organic suspended solids or heavily polluted waters• Errors due to 

carelessness in collecting samples
л
 prolonging the completion of the test， and improper 

technique should be avoided. 
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TABLE 4 

Solubility of oxygen in fresh water and in sea water 
of stated degress of salinity at various temperatures 
when exposed to water saturated air at a total pressure 
of 76O mm Hg. Dry air Is assviced to contain 20‘90 per 

cent, oxygen.-

(Calculated Ъу G . С. Whipple & M . С. Whipple from measure-
ments of С. J. J. Fox) 

°C Chlorides in sea water (parts 
per million) 

0 5000 10 000 15 000 20 000 

Difference 
per 

100 p.p.m. 
CI 

Dissolved 
asygon 1л 

chloride-free 
vater 

°C Dissolved oxygen in parts per million Ъу 
veight °c p.p. 

5
 k.

 3

 2

 1
 

_
 •

 
•

•

參
 

6
 6
 6
 6
 6
 

1
 2

 5

 k.

 5
 

и

 и
 и
 и
 и
 

ю
 2
 6
 о
 к
.
 

8
 б
 к
-

 3

 1
 

•
•
•
•
•
 

8
 9
8

 8

 8
 

6
 5

 к.

 5

 2

 1
 

•

 •
•
•
*
•
 

7
 7

 7
 7

 7

 7
 

о
 1
 2

 3
4

 5
 

3
 3

 3

 3
 3
 3
 

о
 9
8
 7
6
 

參

 •

 •

 《

 _
 

6
 5

 5

 5
-
5
 

б
 7
8

 9

 о
 

и

 и
 и
 и
 ̂

у
 

009» 
0 0 9 5 

0092 
0 0 8 9 

0088 

о
 б
 2
 

9
9
 7

 5к
.
 

參

 •

 •

 •

 •
 

7
 7

 7

 7

 7
 

о
 9
8
 7

 6
 

7
6
 6
 6

 6
 

6
 7
8

 9

 о
 

3
 5
 3
 5
4
 

5
 о
 5

 1
 8
 

3
 3

 2
 2

 1
 

1
1
1
1
1
 

о
 о
 о

 о

 о
 

8
 7
6

 7
8
 

7
 5

 3
 1
9
 

•
 •

 •

 

•

參

參
 

9
 9

 9
 9
8
 



Appendix С 

°c Chlorides in sea water (parts per Difference Dissolved 

million) per caygen in 

5000 10 000 15 000 20 000 
100 p.p.m. chloride-free 

0 5000 10 000 15 000 20 000 
CI vater 

°c Dissolved oxygen in parts per M11ion Ъу 
°C weight p.p.m. °C 

21 8.99 8.57 8.1紅 7.71 7.28 .0086 

22 8.83 8Л2 7.99 7.57 7.1^ .0084 

25 8.68 8.27 7.85 7ЛЗ 7.00 .0085 
2紅 8.53 8.12 7.71 7.30 6.8 了 .0083 

25 8.38 7.96 7.56 7.15 6.7^ .0082 

26 8.22 7.81 7Л2 7.02 .0080 

27 8.07 7.67 7.28 6.88 6Л9 .0079 
28 7.92 7.55 7.3Л 6.75 6.37 .0078 

29 7.77 7.59 Î.00 6.62 6.25 .OO76 

30 7.63 7.25 6.86 6Л9 6.13 .0075 

а 
-U n d e r any other barometric pressure

д
 P, the solubility may Ъе obtained from the 

corresponding value íq. the table Ъу the formula : 

P pj 

= S 兩 = S
 2

_9 In which S* - Solubility at P dr P» 

S = Solubility at 76O mm or 29.92 in. 

P = Barometric pressure in ram and 

P
1

 =» Barometric pressure in inches 
The second decimal place in the above table is not accurately known. The average 
difference from the mean of five different investigators represents 0.07 p^p.m. Until 
further data are obtained^ hove ver, the second declaal place has been retained in the 
table. 
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1.4.4.3 Total organic nitrogen as N 

1 

K.leldahl method 

General dis сш s Ion 

Principle； In the presence cf sulfuric acid anc copper sulfate catalyst, the 

amino nitrogen of many organic materials is converted to ammonium bisulfate. . The 

ansnonla is distilled from an alkaline medium and determined Ъу Nesslerization, Nitrate 

and nitrite nitrogen are not determined. 

Storage of sample : The most reliable results are cibtained on fresh sanjües. In 

the event that a prcmpt ana lys is is impossible, every precaution should be taken to 

retard biological activity Ъу storing the 

above freezing. Where such a measure is 

HgSOj^ per litre шу serve to maintain the 

Apparatus 

sample at a lov temperatxire^ preferably just 

impractical； the addition of 0,8 ml conc 

nitrogen balance of the sample. 

K.leldahl distillation apparatus: Although gas heated distillation units may be 

used， electrically heated units often offer smoother operation. 

Colorimetric equipment; 

Nessler. tubee, m a t c h e d ， t a l l - f o r m . 

Reagents 

The solutions should preferably be stored in pyrex glassware. 

Amnonia-free crater: Ammonia-free water may be made Ъу the redistillation of 

distilled water that has been treated vith a slight excess of bromine and allowed to 

stand overnight. The first 100 ml of distillate should Ъе discarded. For most work 

the ammonia шу Ъе removed from ordinary distilled vater Ъу shaking 1 gaL distilled 

water with 10 g Folin
T

s ammonia permutit^ a product of the Perimitit Company, New Jork, 

N.T. Ammonia-free water can also be prepared Ъу passing distilled water through a 

column of glass tubing, 2 in, in diameter夕 and charged witû a total of approximately 

350 g of the following- res ins intimately mixed: 2 parts by volun^ of Amberlit© IEA^OO 

(Hydroxyl form) and 1 part Araberlite IE120 (hydrogen form) both products of the 



Bohm & Haas Company, Philadelphia, P a” and available separately or premixed as 

Amberlite MB-1. Water prepared Ъу either of these exchange processes often retains 

aboxit 0,01 mg/l ammonia nitrogen, which none* the less is satisfactory for most purposes. 

Although the resins may Ъе used repeatedly^ regular blanks should Ъе run on the ammonia-

free water to guard against unsuspected exhaustion and the attendant release of ammonia 

to the so-called ammonia-free water. Traces of nagnesium in some distilled vaters 

cause cloudiness following Nesslerizatian^ a condition which may Ъе prevented Ъу the 

use of Rochelle salt solution. 

Nessler reagent 

Dissolve 100 g anhydrous mercuric iodide and 70 g anhydrous potassium iodide in 

a small quantity of ammonia-free water and add this mixture slowly vith stirring, to 

a cool solution of l60 g sodium hydroxide in 500 ml ammonia-free water. Dilute tc 

1 litre vith 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 vith ammonia vithin 10 minutes after 

addition and should not produce a precipitate with small amounts of ammonia vithin 2 

hours . 

Stock ammonium chloride solution 

Dissolve 3 .819 g anhydrous NH^Cl in ammonia-free water and dilute to 1 litre. 

1 ml = 1.00 mg N . or 1.22 mg NH,. 

Standard, ammonium chloride solution 

Dilute 10.0 ml stock ammonium chloride solution to 1 litre with ammonia-free water. 

1 ml = 0.0100 mg N. or 0.0122 mg NH,. 
3 

Sodium hydroxide solution, approximately 0.5N: dissolve 20 g NaOH in 1500 ml 

distilled water arid boil until the volume is approximately 1 litre • 

Sulfuric acid solution, approximately 0.5N: add 1紅 ml conc HgSO^ cautiously to 

1 litre distilled water. 
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Phosphate buffer solution, pH 7 A : Dissolve ik .3 g anhydrous monobasic potassium 

phosphate^ KHgPO^^ and 68,8 g anhydrous dibasic potassium phosphate, KgHPO^
y
 and dilute 

to 1 litre with ammonia-free water. A blank ammonia determination should Ъе run on 

th© buffer solution. 

Potassium chloroplatInate for permanent standards； Dissolve 2 g K^PtCl^ in 300 

to 400 ml distilled waterj add 100 ml conc HC1 and dilute to 1 litre. 

Cobaltous chloride for permanent standards : Dissolve 12 g CoCl
2
.6HgO in 200 ml 

distilled water； add 100 ml conc HC1 and dilute to 1 litre. 

Sulfuric acid, concentrated, low in nitrogen• 

Sodium or potassium sulfate, anhydrous. 

Copper sulfate solution： Dissolve 100 g CvôO^ .5HgO in ammcaiia-free vater and 

dilute to 1 litre. 

Sodium hydroxide solution； Dissolve 500 g NaOH in ammonia-free vater and dilute 

to 1 litre. 

Phenolphthetle In indicator в olut ion: D.issolve 5 g phenolphthale in in 500 ml 

ethyl alcohol and add 500 ml distilled vater. Then add 0.02N NaOH dropvise until a 

faint pink colour appears • 

Procedure 

Add 10 ml phosphate buffer solution and a few glass beads or boiling chips to a 

500-ml sample or less in an 800-ml Kjeldahl flask and boil off 200 ml. If desired, 

this fraction can Ъе distilled and analysed for the axnmonia nitrogen. Cool and add 

carefully 10 ml conc HgSO^ and 1 ml CuSO^ solution» After mixing, evaporate under a 

hood until copious fumes of SO，are given off and th© liquid becomes colourless or a 

pal© 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 Ъу the addition of 5 g anhydrous sodium or potassium sulfate. Cool the flask 

contents and dilute to 300 ml with ammonia-free water
 #
 Add 0.5 ml phenolphthale in 

indicator solution and sufficient NaOH solution, carefully and with continued mixing to 

mcke the contents alkaline to the indicator. Connect the flask to the condenser and 

shake the flask to escure complete mixing. 



0.000 
0.002 
O.OCA-
0.007 
0.010 
0.01Л 
0.017 
0.020 
0.025 
0.030 
0.035 
O.CA-O 
0.0^5 
0.050 
0.060 

Temporary standards ； A practical series of visual standards can be prepared iiti 

Nessler tubes by adding the following volumes of standard ammonium chloride solution,' 

1.0 ml = 0.0100 mg N , or 0.0122 mg 丽，，and diluting to 50 ml vith ammonia-free water: 

0.0, 0.2, 0Л, 0.7, 1 . 0 ， 1 . 7 ， 2 . 0 , 2.5，3.0, 3.5, 4.5, 5.0, and 6.0 ml. 

Ness1erize the standards and the portions of distillate Ъу adding 1 ml Nessler reagent 

to each tube. 

Appendix С 

Distill the ammonia into a 200-ml flask and finish the analysis by visual 

comparison. 

Visual Compare the colours produced in the samples and in reagent blanks against 

thof;'3 of ammonia standards. Temporary or permanent standards prepared as below nay be 

use . 

TABLE 5 

Preparation of permanent standards for the 
determinât ion of ammonia nitrogen 

Va ue in 
Ammonia nitrogen 

Approx. volume of 
Platinum solution 

Approx. volume of 
Cobalt solution 

0
0
1
2
5
1
7
2
5
.
5
7
.
1
 

0
0
0
0
0
1
1
2
 3
k
.

 5

 7
-

0 
10 
15 

ml 

2
 8
 7
 9
 7
 9
!
4

 7
0
3
0
7
9
0
0
 

•

 
•

•

•

•

•

•

•

•
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Permanent standards : îfeasure into ，。-ml Nessler tubes the volumes of solutions 

3 .10 and 5 ‘.11 indicated in Table 5 ； 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. 

Calçulation 

The concentraníor
A
 of boron in the aliquot tested is read from the calibration 

curve. If tía OH was изеб. in pre-treat ing the sample
 9
 correct the result by sub-

tracting the amount of В contributed Ъу it as determined Ъу the reagent blank• If 

the sample \ras concentrated or diluted prior to analysis, the result must be multiplied 

or divided by the appropriate factor to convert the concentration found to that 

present in the original sample• 

Precis J-nd^ ¿ ccui^c 

A precision of 0,02 mg/l N саг» Ъе attained with a little practice in the range 

up to 0,50 mg/l Ъу the phctoioetric njethod^ if samples of 500 ml are used. Above 

1 mg/l,. a precision of 0,1 mg/l is possible by photometric meas moments • The overall 

accuracy cf the determination is estimated to Ъе within 5 per cent. 

1«4書4‘4 Albuminoid nitrogen as N 
—丨•” i i • » • il i ян»! «.тлч m — т ч О ^ — — 

General discussion 

Principle; After the conversion of the unsubstituted amino groups by the 

alkaline potassium permanganate to ammonia^ the ammonia is distilled and determined 

Ъу Nesslerizafcion. 

Storage of samples• Samples should Ъе stored as directed under Nitrogen, total 

organic、 

Apparatus 

The same apparatus is required as for the determination cf Nitrogen； total 

organic• 
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Reagents 
••_ i ！.—瘦 тттяття-шш 

All the reagents listed for the determination of Nitrogen, total organic^ are 

required and in addition： 

Alkaline potassium permn^anate reagent : ïi a 3-litre pyrex Ъеакег dissolve 

1б g ШгхО̂ ill sufficient ammonia-free distilled water to effect solution. Add 

288 g NaOH or 红 g TOE and enough азшаип1а-*Ггее water to rnke up to 2,5 litres . 

Concentrato to 2 litres on an electric hot plate • Determine the ammonia blank in 

50 mi of the reagent and use the result as a bas is for correction in subsequent 

de terminât ions. 

Procedure 

The albiminoid nitrogen determination should follow the removal of ammonia 

nitrogen Ъу "boiling or distillation
e
 If this is to Ъе done，an initial sample volume 

of 700 to 1000 ml is recommended^ vith the neutralized sample at approximtely pH 7 

Ъеing measured into a 2-litre distilling flask. After the addition cf 10 ml phosphate 

buffer solution^ 10Ü to 200 ml ammonia nitrogen distillate, is collected, depending on 

the ammonia nitrogen concentration. Ammonia nitrogen content of this distillate may 

Ъе measured Ъу N3 s s1er izat ion using procedure for Total Organic Nitrogen. Next, 

50 ml alkaline potassium pernanga,nate reagent is added and distillation is continued 

200 or 250 ml albuminoid nitrogen distillate is collected in a volumetric flask. 

To a 50-ml portion of the distillate； or a suitable aliquot diluted to 50 ml with 

ammonia-free distilled water add 1 ml Nessler reagent. The colour deyeloped can Ъе 

measured by visual comparison as directed for Nitrogen^ total organic. 

Calculation 

Calculate the albuminoid N as described under total organic Nitrogen correcting 

for the blank on the alkaline permanganate solution, instead of for the phosphate 

buffer solution. Report as mg/l albuminoid N . 

Precision apâ.̂  

Tho recovery of xinsubstituted amino nitrogen in the albuminoid nitrogen 

determínat ion 1в estimated at approximately 80 per cent о A precision of 0.02 mg/l 
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can Ъе attained in the range up to 0.50 mg/l when the photometric method is employed, 

and samples of 500 to 1000 ml are used. Above 1 mg/l, a precision of 0.1 mg/l is 

possible Ъу photometric measurements . 

\ A A ó Nitrite as NO:
1 

General discussion 

Principle: The nitrite concentration is determined through the formation of a 

reddish purple azo dye produced at pH 2.0 to 2.5 Ъу the coupling of diazotized 

sulfanilic acid with 1-naphthylaaine (formerly called aIpha-naphthylamine) hydrochloride 

The diazotization method Is suitable for* the visual détermination of nitrite nitrogen 

in the range from 0.001 to 0.025 mg/l N . 

Interference: By virtue of chemical incompatitility, 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 Ъе minimized somewhat by adding the 1-naphthylamine 

hydrochloride reagent first and then the sulfanilic acid reagent, an orange colour шу 

still result when a substantial nitrogen trichloride concentration is present. A 

check for a free available chlorine and nitrogen trichloride residual is advisable 

under such circumstances• The following ions interfere by virtue of precipitation 

under the conditions of the test, and, therefore
 y
 should be absent s ferric, mercurous, 

silver，bismuth, antimonous^ lead, auric, chloroplatinate
y
 and metavanadate. Cupric 

ion may cause low results by catalyzing the decompos ition of the diazonium salt. 

Coloured ions which alter the colour system should likewise be absent. 

Storage of sample？ The determination should be made promptly on fresh samples 

to obviate bacterial conversion cf the nitrite to nitrate or ammonia. 

Apparatus 

Nessler tubes^ matched, 50-ml^ tall-form. 

Beagents 

All reagents shall be preapred from chemicals which are white in colour. 
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Sulfanillc acid reagent : Completely dise cive 0.60 g suif anil ic acid in 70 ml 

hot distilled water； cccl the solution; add 20 ml conc BC1; dilute to 100 ml with 

distilled water, and mix thoroughly• 

1-naphtbylamine hydrochloride reagent: Dissolve 0.60 g lrnaphthylamine 

hydrochloride in distilled water.to which 1.0 ml conc HC1 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 uôable. It should Ъе 

dis carded when the sensitivity cr reproducibility is affected. Storage in a 

refrigerator extends the useful life of the reagent. Filter before using. 

Sodium acetate buffer solution, 2H: Ills solve 16 Л g CH-COONa or 27.2 g 
— ， 

CH^COONa .3H
2
0 in distilled water and dilute to 100 ml. Filter if necessary. 

Sodium nitrite stock solution: Dissolve 0,246 g anhydrous NaNOg in nitrite-free 

distilled water and dilute to 1.0 litre; 1.0 ml 0.05 mg N . Preserve by adding 

1 ml chloroform. • 

Standard sodium nitrite solution: Dilute 10.0 ml a odium nitrite ntook.軀•lutlem to 

1.0 litre with nitrite -free distilled water ； 1;0 ml =« 0,005 mg N . This solution 

may be preserved by the addition cf 1 ml chloroform and stoio^ in a sterilized bottle • 

Aluminium hydroxide； Dissolve 125 g potassium cr ammonium alum, KgAlgiSO^)^.ZhE^O 

or (NH^gAlgiSO^)^ in 1 litre distilled water. Warm to 60°C and add 55 ml 

conc NH^OH slowly and vitlx^tlrring. After it has been standing about one hour, 

transfer the mixture to a large bottle and wash the precipitate Ъу successive additions 

and décantations of distilled vater until free from ammonia, chloride, nitrite, and 

nitrate. 

Procedure 

If the sample contains suspended solids and colour, add 2 ml aluminium hydroxide 

suspension to 100 ml sample； stir thoroughly； allow to stand for a few minutes； and 

filter, discarding the first portion of the filtrate. Coagulation vith zinc sulfate 

and hydroxide шу also Ъе practised. 



Appendix С 

То 50 ml of clear sample which has Ъееп; neutralized to g. pH of 了，or an aliquot 

diluted to 50 ml, add 1.0 ml sulfanilic acid reagent. Mix thoroughly. At this 

point, th©' pH of the solution should be about 1.4." After it has been standing 3 to 

10 minutes
y
 add 1.0 ml 1-naphthylamine hydrochloride reagent and 1.0 ml sodium 

acetate buffer solution； mix well. At this point, the pH of the solution should Ъе 

2.0 to 2.5. Measure thç reddish-purple colour after 10 to 50 minutes ̂  

A suitably spaced series of visual colour standards can Ъе prepared in Neesler 

tubes Ъу adding the following volumes of standard sodium nitrite solution, 1.0 ml = 

O.OOO5 mg N , and diluting to 50 ml with distilled water： 0.0，0.1, 0.2, 0Л, 0.7, 

1 . 0 ， 1 . 7 / 2.0，and 2.5 ml. 

Calculation 

The nitrite N. in the sample is read Ъу visual comparison with the standards. 

mg/l nitrite N ® mg N x 1000 
ml sample 

mg/l N x 3 .29 = mg/l N0g 

Precis 1щ and accuracy 

On undiluted samplee and in the absence of interference, the precision and 

accuracy is estimated to be vithin 0
#
002 mg/l in. the nitrogen range up to 0.025 mg/l* 

1.4-4.6 Phosphate ag PO^
1 

Orthophoo^hfite 

General discussion 

Principle: Jn a dilute phosphate solution^ the addition of an acidified ammonium 

molybdate solution produces a light yellow phosphomolybdate vhich in turn forms an 

intensely blue coinplex compound upon addition of a reducing agent auch as amino-

naphtholsulfonic aeid. 

Interference : Erroneous results may be obtained on waters containing a high 

chromate content； in such case， adsorb the phosphate on an aluminium hydroxide floe； 

filter； dissolve the floe； and run the analysis on the solution. High concentra-

tions of ferric iron or tannin may interfere• Pentavalent^ but not trivalent, 

areeniс is determined as phosphate. 
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Apparatus . . 

Colorlmotrio equipment* • Ohé of the following is required. Visual comparison 

is not recommendod because the colour standards change rather rapidly. 

(a) Spectrophotometer, for use at 725 шИ•，providing a light path of 1 to 10 cm 

(b) Filter photometer, providing a light path of 1 to 10 cm and equipped vith 

a red filter having maximum trans mi ttance between 600 and 700 m^. 

The following may Ъе used as a rough approximation of the ranges covered vith 

cells cf various light paths . 

Light path, cm 

1 

2 

5 

10 

PO^ content, mg In the 
final 100-ml volume 

0 . 3 - 5 

0.1-1 

0,05-0.5 

0.03-0.3 

Beapients 

Phenolphthale in indicator solution: Bissolve 5 g phenolphthale in in 500 ml 

ethyl alcohol and add 500 ml distilled water. Then add 0.02N NaOH until a faint 
-j 

pink colour appears . . 

Standard phosphate solution； В issolve in distilled water 0.7164 g of potassium 

H dihydrogen phosphate, KHgPO^, which has been dried in an oven at 105°C. Dilute\the 

solution to 1.000 litre. Then dilute 100.0 ml of this to 1.000 litre. Of thi^ 

second solution, 1.000 ml = 0.0500 mg of PO^. 

0
 I. 

Sulfuric acid solution： Slowly add 120 ml сшс HgSO^ to about 750 ml distilled 

water. Cool the solution and dilute to 1.0 litre.
 r 

• 

Ammonium molybdate - strong acid solution (B): Dissolve 50 g (NH^)gMo^Og^.UH^O 

in 200 ml distilled water. Cautiously add 310 ml conc HgSO^ to If00 ml distilled 

water. Cool, add the molybdate solution and dilute to 1 litre. 
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Amino-na-phthol-sulfonlc acid solution: Grind 0.50 g l-amino-2-naphthoi-

c-sulfonic acid with 5.O ml sodium sulfite solution containing 1 g anhydrous Na^SO， 

per 5 ml; and dissolve in 200 ml sodium metabisulflte solution containing 50 g 

Na S 0 per 200 ml. Filter, Keep in a brovn
;
 tightly stoppered bottle at room ¿ ¿ 5 

temperature and prepare fresh every tvo veeks• The reagent becomes highly coloured 

as deterioration proceeds• Use a supply of amino-naphthol-sulfonic acid, Eastman 
26 

No. 36О or equivalent quality^ no darker in colour than a fl^sh shade. 

Procedure 

To a 50-ml sample containing not more than 1.5 mg PO. , and free from colour and 
27 

turbidity， add 1 drop phenolphthalein indicator. If the sample turns pink, add 

sufficient dilute H^SO^ dropwise, to discharge the colour
# 

Dilute to approximately 70 ml vith distilled vater. Add^ mixing thoroughly after 

each reagent add it ion ̂ 10 ml molybdate solution and 4-.0 ml amino-naphthol-sulf onic acid 

solution. Dilute to 100 ml with distilled water. The rate of colour development 

and the intensity developed depend on the temperature of the final solution； hence 

samples, standards, and reagents should be within 3°C of one another and at a 

temperature between 20° and 30°C. After exactly 10 minutes, measure the colour 

photometrically and compare with a calibration curve， using a distilled water blank, 

or compare visually in 100-ml Nessler tubes against standards prepared simultaneously^ 

A blank should Ъе run on the reagents and distilled water. 

Calculation 

The amount of PO^ in the sample is read from the calibration curve or by visual 

comparison vith the standards . 

mg/l PO 紅 « mg PQ
k
 x 1000 

ml sample 

Precis ion and accuracy 

The precision with photo-electric measurement is about Í 0.01 mg or about 

Í 2 per cent. of the result^ whichever is the larger numerical value. The precision 

vith visual comparison is somewhat poorer and depends 011 the individual• The accuracy 

depends upon the apparatus and on Interferences• 



Polyphosphates 

General discussion 

Principle: polyphosphates^ such as neta-, and tripolyphosphate, are not 

present in natural waters
 9
 but are frequently added in the course of vater treatment. 

The conceiitration employed depends on the application. This method determines the 

sum of polyphosphates and orthophosphate present in the sample, as PO^. Polyphosphates 

do not respond to tests for orthophosphates but can be converted into orthophosphate 

Ъу boiling with acid. Then the polyphosphates can be determined as equivalent PO^, 

Ъу difference^ Ъу subtracting the orthophosphate found before and after boiling with 

acid. 

Interference： Interfering substances are the santô as for the method for 

orthophosphate, which is used to complete the analysis . The sample should be 

analjsed as soon as possible after it is collected, as polyphosphates will signifi-

cantly decrease on long standing or on heating. 

Apparatus 

The эагш apparatus as used in the method for orthophos phate is employed. In 

addition； an autoclave can Ъе used, if desired, for speeding up the acid treatment 

step. 

Beagents • . 

Sulfuric acid solution： Aid cautiously 510 ml conc HgSO^ to 600 ml distilled 

water. Cool and dilute to 1 litre . 

Ammonium molybdate -half trenp;t h acid solution (B) : Dissolve 50 g 

(NH紅）gNo了〇
2
紅•紅HgO in 200 ml distillèd water. Cautiously add 155 ml conc H

g
S0^ to 

400 ml distilled water. Cool，add the molybdate solution and dilute to 1 litre
# 

Procedure 

To 100-ml s ample ̂  or an aliquot diluted to 100 ml, add 1 drop phenolphthale in 

indicator solution. If it becomes pink^ add H^SO^ solution, dropvise^ to just 

discharge the colour• Add 1Ô.0 ml H^SO^ solution. Boil for at least one-haIf hour. 
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Dilute chrornate-dichromte solution: Dissolve ОД55 g K
g
Cr

2
0^ and 0Л65 g KgCrO^ 

in 0.1M phosphate buffer and dilute to 1 litre with 0.1M phosphate buffer. This 

solution шу also be prepared Ъу diluting 100 ml of strong clxr ода te-dichr ornate 

solution to 1 litre with 0.1M phosphate buffer. This solution corresponds to the 

colour produced Ъу 1 mg/l Clg by the standard orthotolidine procedure vhen viewed 

through all cell depths • 

Modified Scott permanent chlorine standards
t
 0.01 to 1.0 mg/l: Ihe volumes of 

dilute chrooate-dichrornate solution indicated In Table 6 are pipetted Into 10-ml 

tubes of any uniform length and diameter or into 100-ml volunetric flasks• The volume 

is then made up to the 100-ml mark with 0.1M phosphate buffer solution. These 

standards can be read at any cell depth up to 300 mm. 

Modified Scctt permanent chlorine standards, 1.0 to 10.0 mg/l: The volumss of 

strong chromate-dichromte solution indicated in Table 7 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 

0.1M phosphate buffer solution• These standard can Ъе used for the cell depths listed 

Standards for other cell depths or for other concentrations can be prepared Ъу inter-

polating between the values stated in Tables 6 and 7
# 
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TABLE 6 

Chlorine Standards - Modified Scott Formula 
0.01 to 1.0 mg/l-

Chlorine 
Cblcrine dichrcoate 

solution Chlorine 
Chromate -

dichromate solution 

mg/l ml mg,l ml 

0.01 1 0.55 35 
0.02 2 оЛо 紅0 

0.05 5 0Л5 红5 

0.0Î 7 0.50 50 
0.10 10 0.60 60 

0.15 15 0.70 70 
0.20 20 0.80 80 

！ 0.25 25 0.90 90 

f 0.30 30 1.00 100 

生 These standards are very close visual matches of the chlorine-orthotolidine 
colour and are preferable to temporary standards which are difficult to prepare 
accurately • 

TABLE 7 

Chlorine standards - Modifie^ Scott Formula 

1^0 tQ ld.0 wJ^ -

Chrcsnate-dichramate solution - at cell depth of: 
Chlorine ！ Chlorine 

25.50 200 
Chlorine 

25.50 ICO 200 2ДС-ЗСС 
mm mm mía mm 

mg7l m: 

1 10.0 10.0 10.0 1С. С 
1.5 15.С 15.С 15.0 15.С 
2 19.5 19,5 19.7 2С.С 
3 27.0 27.5 29.0 зс.с 
Л ЗЛ-5 35.С 39.0 4-С.С 
5 Д2.С лз.с Лй.О 50. С 
6 49.0 51.0 58.0 6С.С 
7 56.5 59.С 68.0 7С.С 
8 бл.о 67.0 77.5 8С.С 
9 72.0 75.5 87.С 9С.С 

10 80.0 8Л.С 97.0 10С.О 

• These standards are very close visual matches of the chlcrine«-crthotolidine 
colour and are preferable to temporary standards which are difficult to prepare 
accurately• 
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Comparison tube specifications: Variations in the viewing depth in any set of 

colour comparison tubes
;
 cells or bottles used in this determination shall be not 

more than - 3 per cent. 

Protection of standards : The tubes should be protected from dust and evaporation 

Ъу sealing on microcover glasses vith collodion^ Canada balsam, or similar material. 

The material may be applied to the top of the Nessler tube by means of a camel's hair 

brush and the cover glass put into position promptly vith forceps. After it is spot 

sealed^ the circumference m y be reinforced vith additional, brush-applied
;
 sealing 

material until the joining of the tube and cover glass is complete. The use of 

rubber stoppers is not recocmonded. Handy ITepsler tubes vith special ground glass 

caps that permit optical comparison are пот cil the market. The standards should be 

neither stored nor used in direct sunlight. They should Ъе relieved vhenever 

turbidity appears. 

Commercial standards ¿ Commsrically prepared permrient standards may Ъе used 

for routine tests^ provided the analyst satisfies himself as to their accuracy and 

checks them frequently. 

To Ъе used in comparator tùbes or French square bottles. 

Procedure 

Label three comparator cells^ or French square bottles
;
 A， B， and ОТ. Use 

0.5 ml 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 

orthotolidine• 

To cell A^ containing orthotolidine reagent
}
 add a measured volume of water 

sample . Mix quickly. ^nd irooiediately^ within 5 seconds, add arsenite reagent
 #
 Mix 

quickly again and compare with colour standards аз rapidly as possible. Be cord the 

result. The value obtained (a) represents free available chlorine and interfering 

colours• 



То cell В, containing arsenite reagent, add a measured volume of vater sample
 # 

Mix quickly and immediately add orthot olid ine reagent • Mix quickly again and 

compare with colour standards as rapidly as possible • Becord the result as the 

value. Compare with colour standards again in exactly 5 minutes and record the 

result as the Bg value. The values obtained represent the interfering colours 

present in the immediate reading (B工）and in ttie five-minute reading (Bg) • 

To cell Cfl
p
 ccxitaining orthot olid ine reagent, add а шазигвб. volume of water 

sample. Mix quickly and compare with colour standards In exactly five minutes. 

Becord the result. The value obtained (ОТ) represents the total amount of residual 

chlorine present and the total amount cf interfering colours. 

Calculation 

Total residual chlorine = 0Г - B
g 

Free available chlorine = A - B, 

Combined available chlorine = total residual chlorine - free available chlorine• 
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APPROVED METHODS FOR BIOLOGICAL EXMtNüTXON OF WATER 

1, Laboratory EquipiiKnt 

1
#
1 Sedgwick-Rafter method 

Filtering funnels 

Л cylindrical funnel is required] the diameter should be approximatoüy 2 in» 

at tiio top, with a straight.side for about 9 i n” narrowing over a distance of about 

3 in. to a bore of one-half. 1л. diameter and terminating in a straight portion of 

this diameter.about 2
#
5 in. in lengthy The capacity of this ftinnel 500 

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 

1 in. above the small end of the stopper. This tube prevents confíete drainage 

of water from the filter sand after filtration. 

1Д.2 Cloth discs 

Cloth di穸cs, about three-ei^iths in. 

in tho fimnel. Thèse are cut preferably 

200 meshes to the inch, although nylon or 

1Д.З Filtering sand 

in diameter are needed to support the sand 

from silk belting cloth having about 

linen cloth may be used. 

White sand is required as the filtering medium. This may bo Borkshiarc sand, 

Ottawa sand, groirnd quartz, or white beach sand, Tho sand should be washed and 

screened, only that portion being used which passes a s oreen with openings of 

250 microns (US series No. 60) and is retained on a screen having openings of 

125 microns in size (US 120 screen) • 

1.2 Microscopes 

A confound microsoope: although most workers prefer the blnocular^typo 

compound microscope, the monocular type can be used, and for some individuals it is 
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actually the instrument of choice. Either type of microscope should be equipped 

with a mechanical stage capable of moving all parts of a counting cell past the 

aperture of the objective. The following oculars and objectives should Ъе provided 

as standard equipment: 

1.2Д Oculars 

7.5X and 10X (paired when binocular microscope is used) 

Objectives 

Type of objective 

l
f
8 шх objective 
(oil immersion) 

4 mm objective 
(high power dry) 

8 mm objective 
(medium power) 

16 mm objective 
(low power) 

Unlike the higher powers, the medium power, or 8-mm objectivo, with a working 

distanco of approximatoly l
e
6 rrn can be used with a standard counting cell 1 mm deep. 

Providing, as it does, twice tho magnification of tho low power objective ordinarily 

usod in enumerating plankton, this medium power lens is useful in several wgys. 

For example j small organisms can be examined more carefully during tho process of 

counting by shifting momentarily to the 8-irmi objective, and when allowancos are made 

for the reduction in field area it will be found that plankton counts can actually 

be made with this objectivo. 

Initial 
magnification 

97-98X* 

Overall magnification 
with IPX ocular 

970-980X 

43Ч5Х 

21X* 

10X* 

430-450X 

210X 

100X 

magnification factor is engraved on each objective. 
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A low power stereoscopic microscope: is essentially two complete microscopes 

assembled into a binocular instruinent to give a stereoscopic view and an orect 

rathor than an inverted image. This microscope is indispensable for the study of 

organisms which occur in bottom sediments and in counting large organisms such as 

crustacoa in plankton samples. The optical equipment of this microscope should 

include 9X and 12X paired oculars in combination with IX, 4X and 8X objectives• 

This combination of lenses bridges the gap between the hand lens and the compound 

microscope
д
 making available magnifications ranging from 9X to 96X. 

1.2.2 Counting cell 

Л 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 

coll should be 1 ran. The shape and size of the cell, excepting its depth, are not 

proscribed^ but a rectangular cell with inside dimensions 20 x 50 imn and l-ml 

capacity is recommended
e
 A cover glass, preferably No

#
 3

9
 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 tho accuracy of the coimt. 

1.2.3 Micrometers 

Ocular micrometer: for field limitation the microscope should be fitted with 

a Whipple disc micrometer. This ocular micrometer, placed in the eye-piece 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-rrim objective, a 10X ocular, 

and a correctly adjusted tube length the area delimited on the stage of the 

microscope is exactly 1 sq.rnm. This combination is determined accurately by 

rofercnce to a stage micrometer and exact adjustment may be attained by a change 

in the draw-tube length of the microscope
 f
 In many modern microscopes the tube 
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length is no longer an adjustable feature and exact coincidence cannot be obtained. 

Here it is necessary to establish the exact coverage obtained at the tube length 

which haa been established Ъу the manufacturer. If the square exceeds or falls 

below 1 sq.mra, 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 1 sq.inm an the 

stage, the very smallest square will cover an area 20 x 20 microns or Д00 square 

microaoe. This ia taxowa as the "Areal Standard Unit". If this standard areal unit 

also has a thickness or depth of 20 microns, it becomes a "Voluaietrlc Standard Unit" 

or "Cubic Standard Unit". Its voluitfâ is 8000 cubic microns. 

If the Whipple micrometer does not exactly coincide with 1 sq.inra on the stage, 

the volmnetric enumeration method may still be used by applying a factor to the 

cubic standard tinit. 

If the Whipple microineter is transferred to another ocular or the ocular moved 

to another microscope, recalibration is necessary. This is also true if objectives 

are changed. 

A measuring eyepiece is also needed by the microscopist to determine the exact 

size of specimens which aró 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 ocular 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. 

A stage micrometer is needed for the calibration of the Whipple micrometer and 

the ocular measuring micrometer and. to establish the diameter of the microscope 

field for each ocular and objective combination. This micrometer is a standardized, 

accurately ruled scale mounted on a glass slide. The finest engraved linos are 
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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• 

2. Laboratory Procedures 

2Д Calibration of microscope 

Microscope eyepieces to be used in counting plankton are fitted with glass 

discs (reticules) bearing parallel, engraved, equidistant lines or on^rcvcd, 

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. 

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 in part 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 Qxact distance between lines on the stage micrometer is known, the 

linear value of each ocular division can now be determined by reference. For example, 

if the smallest interval on the stage micrometer ie 0»0l mm and 10 of these 0»01 mm 

divisions are equal to 25 divisions on the ocular scale, one ocular division = 0.1 irim 

+ 25 or 0.004 mm (4 microns) • When thiç ocular is used for measurement the result 

is a direct reading of length in microns. Thus an object covering five ocular 

divisions is 20 microns l3ng. 



Appendix D 

When high power objectives are calibrated, the stage micrometer lines aro 

Magnified to a point where they have appreciable width. As a result, the calibration 

procedure must be modified by placing an ocular line alongside of, rather than 

end-to-ond with, the stage micrometer lines. The ocular lines used for calibration 

should both lie on the same side of their stage micrometer counterpçirts • 

Single observations will not suffice to establish a true calibration of ocular 

The average of a large number of observations must be used. The data 

оШ^йЫ 1Й.Н be more readily available if a graph is prepared in which the ocular 

scale dimensions are plotted against tho linear distances they represent on the 

stage• By reference to this chart, the length in Biicrons of any given object 

examined may be determined quickly• 

If the same eyepiece and objective are m à m change ia made in the 

microscope tube length, there will be no need to reoéUbrato an ocular micro_ter. 

The Wiipple micrometer is usual3y calibrated Ъу adjusting the tube length of 

the microscope at low power, such as obtained with a 16-mm objective, until the 

outer lines of the square coincide exactly with the 0.0 and 1.0- ram. lines on the 

stage micrometer• At hi^ior powers and tóiere the tub© length cannot Ъе adjusted, 

the calibration is carried out in the same manner as for ocular measuring micrometers. 

2.2 Concentration of samples 

H I General considerations 

If organisms are numerous in the original sample^ no concentration is necessaryj 

and in some instances, where a "water bloom" prevails, dilution of the water sample 

may actually be needed before an enumeration can take place • There is no general 

agreement among workers in the field relative to 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 no似. In doing so it can be agreed that organisms are too numerous 

for an accurate count ^ihen they overlap one another in a standard counting cell. • 

СшУвгвеДу, organisms are too scarce when the average per Whipple field, under 

standard procedure is less than one. It is suggested therefore that the satisfactory 

sajmple 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 eiqployed, the corresponding limit can be determined 

for that particular procedure. 

2.2.2 Concentration by the Sedgwiok-Rafter method 

Filtration shall be carried out as soon as possible after collection of the 

sample• If the sample is kept cool, three or four hours may safely intervene; 

but for longer periods and at high, summer temperatures it is desirable to preserve 

the sample as directed in Part IV• 

Prepare the Sedgwick-Rafter filter for use, first inserting the glass U-tube 

in tho 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 one-half inch deep on top of the disc. 

Add 5 to 10 ml distilled water to wash dowi any sand on the walls of the funnel and 

to drive tixe 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 250 to 1000 ml, 

according to the density of microscopic organisms in the saitçle^ in a graduate or 

flask, and pour slowly into the f\mnel, holding tho latter in a slanting position 

and taking care to leave the sand undisturbed. 
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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 tençerature 

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-tuba, 

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. 

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 5 to 20 ral waste filtrate water, 

the amiount 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 organisas 

from the sand grains • 

Allow a moment for the coarse sand to settle^ then decant promptly into a 

beaker. A second washing, with an additional 5 пй 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 10 

per cent, solution of formalin may be used to wash down the funnel, or the formalin 

may be added to the concentrate and the latter made up to a definite volumej some 

multiple of five is convenient, 

2*2.3 Selection of aliquot portion for exainination 

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 1 ml of material from the sample bottle before the motion of the 

sairç>le induced by mixing has ceased. Introduce the concentrate half at each open 

c o m e r of the cello When carefully done, this will cause the cover slip to rotate 

autoiaatically into a position completely covering the cell* After a four or five 

minute settling period the cell is ready for the enumeration procedure
#
 During 

this interval most organisms settle toward the bottom and a few rise to the surface 

coming to rest against the cover slip. 

2.3 Examination and enumeration of organisms 

2.3Д Differential count with Sedgwlck^Rafter cell 

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 nuiribers 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 • 

In making a differential county the contents of the cell should be examined 

under the microscope in three ways. Firsts 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 j and, finally, the 

whole cell is examined for large forms and those very limited in number
f
 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 fellows s 

(a) It is ordinarily impractical 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. 
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(c) Objects near the limit of vision of a given ocular and objective 

combination 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 final interpretation of results • For exaltóle, 

cowits 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» 

(f) The length of filamentous forms should be estimated and reported in units 

of a selected standard lengthy Some woiicers report filaments in terms of 

100 micron units• 

(g) Other forras 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 (f) 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
 e 

2.3.2 j^eld^oount 

The field count is made with the 16 mm objective and a 7^5X ocular equipped 

•with a Whipple micrometer« When the distribution of organisms in the sair^le is 

uniíorm 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 characteristics of the sanóle• 

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, к method 

appâr@nt3y applicable to practical microscopy has been developed• However, before 

it is adopted as a standard procedure^ this method must be tested more extensive^» 

More or less arbitrarily, inicroscopists 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 five 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 the number of fields examined tenfold. 

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 counting cell into four sectors by-

diagonal lines connecting opposite corners， Fields are selected at random fjrom 

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 specie-я is v.^t ？hnnd.̂ p.t enough to bo acctiratcly 

enumerated by the Miipple 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 Sedgwick-R^fter œ i l , 50 rjr̂  and the width of 

a microscopic field, approximately 0
t
7 mm. The microscopic field width generally 



used is that produced by a combination of a 10X ocular and an 8-тш objective. 

The exact width of this strip varies with individual lenses and must be determined 

by reference to a stage raicrometer
0
 In a fully calibrated microscope where the 

field diameter is knomi^ it is a single matter to convert strip coxmts to omits 

corresponding with other methods • 

In the actual county enumeration is begun at one end of the cell and all 

organisms 能ich are to be recorded are counted as the s U M is тотей past thô 

objective Ъу the HBchanical stage. Usually one trip is made along th^ long axis 

of the oell< In sorae instances it may be desirable to count several strips to 

obtain the accuracy desired。 

Surv^r coimt 

Large plankton forms such as micro Crustacea and rotifiers which can be 

identified rather readily at lox守 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 1 ml* 

Ideally j this count is made with a low power stereoscopic microscope using its 

highest power. In routine work，however, most microscopists use the low power 

objective^ 16 mm, in combination with a 10X ocular• 

By ine ans of the mechanical stage the entire contents of the counting cell 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 mimber 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. 
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The survey count is the method generally applied to silk net collections, 

although the other two procedures may also be used. 

Identification of plankton 

t'Jherever possible, the species of an orsanism should be detormined. It is 

recognizod that identification to genus or to a more generalized group may suffice 

in soine instances, but specific identification, r̂tion it cm Ъе шс1е with assuranoe> 

is desirable
#
 Space does not permit a discussion of the principles of taxononçr 

or tho inclusion of suitable keys for the identification of plankton or bottom-

dwolling organisms • This information, as well as discussions relating to the use 

of living organisms as indexes of pollution, are presented by various authors • 

Illustrations of some of the more common plankton will be found in Standard Methods 

for the Examination of Water, Sewage and Industrial Wastes 一 Tenth Edition of the 

American Public Health Association, 

3 Reporting 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 type very useful. Where 

repeated examinations are made of ono 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, tho 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 five fields • A form may be adapted to special counts vhero a largor number of 
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fields is examined by making double entries in a square or by usine 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 coimting 

procedure adopted and the type cf work be ins carried on. The form can 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
 :

пшЪегд' of organisms 

Reporting the ntonber of organisms of each species is a straightforward 

procedure and requires much less time than a method which is basod 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 m i f o r m plankton prevails and the same locality 

is examined repeatedly, the direct count can be converted into volume units Ъу 

applying factors• For example, each species шау Ъе assigned a volumetric factor 

which for practical purposes represents tho 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 firm re can then Ъе convei-ted to its 

equivalent ia cubic standard units• Some workers have stated that cubic standard 

units is a poor way to record volumetric reports and prefer to report their counts 

as parts per million or milligrams per litro 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, and the plankton organisms 

are reported in terms of mg/l. 

When colonial or filamentous.forms ara counted, they should be recorded in terms 

of standardized .units. Me los ira or Os dilatoria, for example, may bo reported as 

units or fractions of units 100 microns 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 sizo may vary 

considerably, the volume of each colony should be estimated by reference to the 



Whipple micrometer guide lines while the count is being The report can then 

be l^endered in terms of an equivalent number of standardized mediura-sized 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 voluinetric equivalent. 

In Qnumerating the organisms the field count is usually made firsts counting 

all organisms which lie within the limits determined by the Whipple disc. This 

count is carried out at low power with 16-ram objective and 7«5X ocular4 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 veiy Useful for the results are simply 

entered in their proper columns as the enumeration is carried out and are then 

ready for summatioru Certain modifications in the uso 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 volumetric units 

The cubic 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•扭 or mg/l« It is 

essentially an extension of the areal standard unit method, in which the third 

diïnension is measured and volume is expressed in terms of a cubo rather than a square 

20 microns on a side. In practical work it is w e H t o obtain a value for the average 
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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 

directlyj 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 specie s ̂  or it 

may* be in areal units (the product of two dimensions) for organisms that have a 

widely varying third dimension, Representatives of species that are not uniform 

in size must hare their bulk estimated as they appear in the count. Since a cubic 

standard unit represents a cube measuring 20 microns on each side it will have a 

volume of 8000 cubic microns and the volume of each organism in terms of cubic 

standard units is obtained as follows : 

volume in cubic microns 
volume in cubic standard units « — - — 一 — 一 

Record the average size obtained on the counting sheet。 If the product of only 

two dimensions (areal units) is given, designate this， ïïie third dimension must 

be estimated at the time of counting in such cases« In species lacking uniformity 

of size^ the bulk is estimated when seen and no value recorded as average size will 

be necessary. 

Proceed with the survey^ and with its 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 rioting this 

nuinber in the counting sheet as the numerator of a fraction^ the measurements of 

the cells being recorded as the denominator j thus, 4/3； 4 being the number of cells 

and 3 representing the dimensional values such as volumetric standard units or 

linear units. 

Proceed with the total count for 10 random fields。 Record for each genus or 

species and for each fields ac in the sui'vey^ the total numbor of volumetric 

standard units observbd^ 
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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 commonly included in engineers' 

and other handbooks. 

Area of circle and volume of sphere 
and cube for a given diameter 

Diameter Area of circle Volume of Volume of 
sphere cube 

0.5 0.196 0.065 0.125 

1.0 0.785 0.52Л 1.000 

2.0 3.1Д2 4.189 8.000. 

3.0 7.069 14.137 27.000 

4.0 12.566 33.510 64.000 

etc., up to 30 or 40 

3.4 Calculation of results 

Sedgwick-Rafter cell count 

Cubic standard units s the following calculation is an exançle of the procedure 

followed when reporting in terms of cubic standard units. 

(Note: results may also be reported in terms of the number of organisms per 

unit volume of sample by a slight change in procedure,) 
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Record the total number of organisms or of standard units, or both，found by-

examination of the 10 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 been 

estimated, whenever seen, 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 securod in the 

following way: 

factor - No. fields in 1-ml counting cell 1- mm deep
 x

 ml of concentrate 
a

 No, of fields counted ml water in original sample 

If, for example, there are 1000 fields in the counting cell, 10 fields are counted 

in the field count, 250 ml water filtered, 15 ml is the volume of the concéntrate, 

and the cell holds 1 ml and is 1 mm deep, the formula becomes: 

field count factor or multiple « x ^ q = ^ 250 

In the survey the entire cell is examined
 0
 If the factors are the зше as 

those übove
}
 1000 fields are covered，and the formula becomes : 

« , 1000 15 A 
survey factor = Yooo

 x

 250
 = 

Multiplication of the results of the field count and survey by the respective 

multipliers gives the approximate actual volume of each organism in 1 ml water. 

This can be converted to cubic standard units per litre by multiplying factor by 1000. 

Record the volumetric standard "units per ml of sample for each species observed 

in the survey and field count. Total to obtain the final result which is expressed 

as total volumetric standard units or organisms per ml of sample
#
 The volume of 

amorphous matter may be computed and recorded in similar fashion. To keep a record 

of the number of organisms, add to the form two additional colunias headed "Survey" 

and "Total Count" respectivoly, with the main heading "Number of Organisms"
# 
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Number of organisms : the following calculatioii is used when reporting in 

terms of numbers of organisms per unit volume. 

(Note: results may also be reported in terms of cubic standard units by a 

slight change in procedure.) 

The calculation is designed to give the number of organisms per litre rather 

than per ml. 

Record the field count total• This is the total number of organisms found ir 

five 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 can be converted to number per 100 litres by multiplying by 100, or to number 

per ml by dividing by 1000 • This is accomplished in the following way: 

(a) Survey count. The entire area of a Sedgwick-Rafter counting cell or 

of several cells is examined. If the contents of one cell are examined 

and counted, the factor is obtained as follows: 

ml of concentrate x 1000 

(b) 

used, 

Strip count, 

then : 

factor 

One 

factor 

ml of original sample 

or several strips may be examined» If one strip is 

area of cell 

x 

area of strip examined 

ml of concentrate 
ml of original sample 

(c) 

by a 

Field count • The 

factor obtained as 

factor 

total number of organisms 

follows : 

x 1000 

in five fields is multiplied 

number of fields in counting cell 
number of fields counted 

x 
ml of concentrate 
ml of original sample 

x 1000 



PARTICULARS TO BE SUPPLIED IN SUBMITTING SAMPLES 

Ncu 1 Name and address of person requesting the oxamination^ 

No« 2 Reasons for examination. Routine sample or othorvjise. 

No* 3 Exact place from which sample was taken• If from a house tap, 

whether drawn through a cistern, or directly from the maiib 

No« 4 Whether source is a well, spring, stream or public supply. 

No. 5 Vfliat mot hod of purification or storilization is used, if any, 

and at vhat point it is applied, with tho mg per litre of sterilizing agent . 

eiïçloyed» 

No# 6 If from a wollt 

(a) Depth of well，and of water surface from ground level• 

(b) Whether covered or uncovered, and nature, material, and construction 

of th3 с over • 

(c) Whether newly constructed or with any recent alterations which 

m i ^ t affect tho condition of the water. 

(d) Construction: 

(i) bricks set dry or in cement; 

(ii) cement or cylinder lined，and whether puddled outside tha lining¿ 

(iii) depth of lining j 

(iv) whether bricked above ground surface• If зо
7
 height of coping多 

(v) presence and extant of apron; 

(vi) method of puirçirig or other means of raising water. 

(e) Proximity of drains, cesspools or other possible sources of pollution. 

and distance from source 
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(f ) Any discoloration of the sides of the well，or other visible 

indication of pollution. 

(g) Nature of subsoil and water-bearing stratum. 

(h) vftien available^ a section or drawing of the well and its general 

surroundings is cle sir able « 

No# 7 If from a spring: 

(a) Stratum from which it issues. 

(b) 'Aiether sample taken direct fro in spring or from a collecting chamber • 

If the latter^ mode of construction of chamber• 

No» 8 If from a river or stream: 

(a) Depth below surface at which sample was taken, 

(b) Whether sample was taken from the middle or side, 

(c) Itether the level of water is above or below the average• 

(d) Conditions of weather at Ыпв of sampling, and particulars 

of any recent rainfall or flood conditions* 

^(e) Observations with reference to any possible sources of pollution 

in tho vicinity and approximate distance from sampling point. 

No- 9 Does watdr become affected in appearance, odour or taste, after 

heavy rain? 

No. 10 Temperature of water at tiino of sampling-. 

No. 11 Date and time when sample was taken and dispatched^ 
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