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PREFACE 

Preparation of the present guide has been stimulated by the need for technical cooper­
ation with Member States in the development of adequate services for bacteriological and 
chemical water analysis. During his assignment with the WHO Regional Office for the Eastern 
Mediterranean as WHO Sanitary Chemist, Dr W. Schaefer prepared a first document in February 
1984. This document was revised by Dr Wolfram Schaefer in collaboration with WHO headquarters 
and is now issued within the framework of the WHO/UNEP project on the control of 
drinking-water quality in rural areas. 

With the kind permission of the U.S. Environmental Protection Agency, Annex 7 on labora­
tory practices was extracted from the USEPA Handbook for Analytical Quality Control in Water 
and Wastewater Laboratories. 

1. INTRODUCTION 

1.1 Scope and purpose 

Water laboratories are the essential cornerstones of any effective water quality sur­
veillance programme. To this end a number of developing countries are in the process of or 
planning to establish new laboratories or to expand existing capacities. Within the frame­
work of the International Drinking-Water Supply and Sanitation Decade many countries have put 
surveillance and control of water quality high on their list of national priorities. 

When planning to establish such laboratories government authorities often require handy 
information with regard to suitable space, equipment, chemicals, capital and recurrent costs, 
etc., in relation to the intended number of samples to be analysed and type of tests to be 
carried out. The present guide is intended to facilitate this search for relevant advice and 
indicative figures. Advocating the gradual expansion of water monitoring services in pace 
with the development of resource base and trained manpower, options for different levels of 
laboratory services are provided. Selections and combinations thereof can be made in line 
with the national/local needs for water quality data and for areal coverage of the country. 

1.2 Categories of laboratories 

Three different categories of laboratories for both bacteriological and chemical analyses 
of water are described in this guide: 

(a) Basic laboratories 

This is the lowest level of laboratory, which could also be described as peripheral. 
These laboratories will usually be located in smaller provincial towns or at small water 
works, and should be equipped only with indispensable and inexpensive apparatus. However, 
they should be capable of carrying out all essential water quality tests and perhaps simple 
wastewater analyses. 

(b) Intermediate laboratories 

Intermediate laboratories are those located in provincial capitals or other major munici­
palities. Size, staff and equipment of these laboratories will be more extensive to cope 
with a higher workload. There should also be the capability to determine more variables than 
basic laboratories can do. This requires some more advanced pieces of equipment, which need 
not, however, be very sophisticated or costly. 

(c) Central laboratories 

At the highest level, there should be a central or reference laboratory. It will usually 
suffice if there is one of this kind in a country, located in the capital. Such a laboratory 
should be well staffed and equipped, and should also possess some sophisticated instruments. 
Its size and level of performance, however, will largely depend on the size and needs of the 
country, its economic conditions, availability of trained manpower, etc. 
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(d) Portable kits 

It is sometimes thought that portable water analysis kits could replace laboratories. 
Most of these kits are basically designed for field work. They have their merits in certain 
circumstances, but in general they cannot match a suitably equipped laboratory. Annex 1 
gives more details on portable water analysis kits, their potential and their limitations. 

The proposals for laboratory requirements described in this guide are not meant to be 
rigidly applied. Flexibility will be needed according to local conditions. For example, the 
number of items of laboratory equipment as listed in the annexes, especially those of glass­
ware, may be increased or decreased in accordance with the expected workload of the labora­
tory. It may also be desirable to establish a laboratory at a level somewhere between basic 
and intermediate, and the selection of equipment could then' be modified accordingly. 

In the case of basic laboratories, it is suggested that certain facilities of a bacterio­
logical and a chemical laboratory may be used jointly if they are located under the same 
roof. This cost-saving measure is described in detail in the guide. For intermediate 
laboratories, such sharing of resources is not envisaged because of the greater workload and 
consequently better utilization of equipment in each of the laboratories. But some pieces of 
equipment may still be acquired for joint use, particularly if the sampling and analysis 
programme can be designed accordingly. 

1.3 Equipment and methods 

It is the aim of the guide to recommend for water laboratories simple, inexpensive, yet 
adequate, practical and reliable equipment. It should not be primitive or outdated, nor too 
sophisticated. Costly instruments should be avoided, as these are often not properly main­
tained, are difficult to repair and rarely fully utilized. This is particularly the case for 
"basic" laboratories, and to a certain extent also for those at the "intermediate" level. 

In the annexes which specify the equipment items, there are specific makes and models 
mentioned. These are only meant to provide examples of cost-effective, suitable items to 
guide the buyer. It should be understood that there are also other, equally suitable makes 
available. Relevant suppliers have to be contacted in each case where a new laboratory is 
being estabished. 

The prices given in the annexes, based on catalogues of reputed suppliers (such as 
Gallenkamp and BDH), were valid for 1982 excluding packing, freight and insurance. Other 
suppliers have similar prices. The main purpose of their indication is to provide planning 
figures for laboratory cost estimates. 

The analytical methods mentioned in this guide can be found in the following publications. 

UNEP/WHO/UNESCO/WMO Project on Global Water Quality Monitoring: 
GEMS/WATER Operational Guide - Chapter III: Analytical Methods; World Health 
Organization, Geneva, 1978. 

Guidelines for Drinking-Water Quality; Volume 3; Drinking-water control in 
small-community supplies, World.Health Organization, Geneva, 1985. 

Examination of Water for Pollution Control - A Reference Handbook; M. Suess 
(Editor); Pergamon Press on behalf of World Health Organization, Regional Office 
for Europe; Oxford, 1982. 

Standard Methods for the Examination of Water and Wastewater (16th edition); 
American Public Health Organization, Washington, 1985. 

- Simplified Procedures for Water Examinations - Laboratory Manual; American Water 
Works Association, Denver, 1975. 
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The methods of Che present guide are in conformity with the equipment and the chemicals 
listed in the annexes. If other methods are being used or newly introduced, it should be 
verified that the necessary equipment, especially culture media and chemical reagents is 
included in the listings. 

2. BASIC LABORATORIES 

2.1 Basic laboratory for bacteriological examination 

2.1.1 Purpose, scope and staff 

This laboratory is designed to carry out bacteriological routine analysis for natural 
waters, drinking-water, treated wastewater and other effluents. It is equipped to perform 
the following tests; 

- total coliforms 
- faecal coliforms 

The membrane filtration method is proposed for undertaking these tests. Although this 
method is not the cheapest, it has been chosen because of its simplicity, reliability and the 
speed with which results for both total and faecal coliforms can be obtained. 

The basic laboratory may be staffed with only one technician who should be able to 
analyse on average 6-8 samples per day and carry out all supporting work such as preparing 
media, sterilizing equipment, etc. The technician should preferably be assisted by a labora­
tory attendant. If the workload is higher, up to approximately 15 samples per day, the 
laboratory could also accommodate a second technician albeit with less ideal working 
conditions. 

The technician(s) should be supervised through regular visits of a microbiologist posted 
at a laboratory of the next higher category. 

2.1.2 Space, furniture and fittings 

A small room of about 20 m^ is sufficient for this laboratory. It should have adequate 
lighting, proper ventilation and should be reasonably dust-proof. Laboratory benches of a 
total length of 5 metres (in one or more sections) are the minimum required working space for 
one technician and for the equipment. The benches should be 90 cm high, 60 cm deep, with 
drawers and cupboards underneath. For the benchtops, smooth, resistant, light-duty melamine 
plastics (e.g. Formica) would be adequate. 

A sink of at least 45 x 38 cm with ample adjacent draining area is required. This may be 
attached to a bench or be a separate unit. The sink should be fitted with 3 taps, one 
movable swan-neck tap, and 2 taps with removable nozzles (1/2 in.), serrated for hoses. A 
water heater is not essential, though convenient in countries with cool climates. The water 
still, as specified in the list of equipment, should be mounted on the wall near the sink. 

Five to six electrical plug sockets are necessary for the bench(es), one of them for 
2000 W (for the autoclave), the others for a maximum of 1000 W. In addition, there are plug 
sockets needed on the walls for the water still (2000 W) and the refrigerator (1000 W). No 
gas fittings are required. 

Other recommended furniture include a small wall-mounted cupboard for chemicals and other 
materials, a small-sized desk (1.20 m long) with chair, and a stool (68 cm high). 

Basic bacteriological water analyses may also be carried out in such a section of a 
larger laboratory, the rest of which is being used for other purposes. In this case, 
however, aggresive fumes, such as those from handling of hydrochloric acid, must not be 
generated. 
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2.1.3 Equipment 

The equipment listed in Annex 2 has been selected for its low cost and simplicity. The 
recommended balance, for example, is quite cheap yet~ sensitive enough for bacteriological 
analysis purposes, and can in addition be used as a "rough balance" ror heavier weights. To 
produce the necessary vacuum for membrane filtration, a portable hand-pump or, if the water 
pressure permits, a water jet pump can be employed and thus no electric pump is needed. If 
it is intended to perform only total coliform tests, the thermostatic water bath and the 
thermometers for the 40 - 70° C range are not required. If, on the other hand, only faecal 
coliforms are to be determined, the air incubator can be omitted. 

The cost of the major equiment amounts to fc3,650, and the glassware and miscellaneous 
costs to $960. The total cost is $4,610. 

2.1.4 Expendable materials 

Annex 2.3 gives a list of the initial supply for a basic bacteriological water labora­
tory. As far as the membrane filters are concerned, their quantity is sufficient for 1000 
samples, provided one total coliform and one faecal coliform test are carried out on each 
sample. The two tests may not always be required, which saves costly membrane filters. It 
may be necessary, however, to filter and incubate several dilutions from a polluted sample, 
which increases the number of membrane filters needed. 

The chemicals listed in Annex 2.3 will last for much more than 1000 samples. These 
greater quantities have been chosen for economic reasons, as the purchase of smaller quanti­
ties is relatively more expensive. 

Culture-media, however, are best bought ready-made in dehydrated form in bottles not con­
taining more than 1/4 lb or 100 g. Once the bottle has been opened, the medium may deterio­
rate if kept too long, especially in warm and humid climates. The unopened bottles have a 
shelf-life of several years. 

The total cost of the media, chemicals and materials for 1000 samples amounts to approxi­
mately fc750. 

Cost estimates of total coliform and faecal coliform tests with the membrane filtration 
method are given in Annex 6, taking into account the expendable materials and the depreci­
ation of equipment. 

2.2 Basic laboratory for chemical analysis 

2.2.1 Purpose, scope and staff 

This laboratory is designed to carry out basic physical and chemical analysis of natural 
water, drinking-water, wastewater and effluents. It will also be suitable for the control of 
water and wastewater treatme^" processes of small-sized treatment plants, and it will be 
capable of determining the parameters listed in Table 1. 

The methods chosen are simple and do not involve expensive or sophisticated equipment. 

One senior technician or technologist, assisted by a laboratory attendant, is enough for 
staffing the laboratory. The technician should be able to analyse approximately 3 samples 
per week if all the tests listed are to be carried out for each sample, including the neces­
sary supporting work (replacing standard solutions, etc.). If fewer tests are required, more 
samples can be dealt with. In the initial phase of laboratory operation, however, the tech­
nician will be fully occupied for several weeks preparing the first stock of standard solu­
tions and other reagents. 

The technician should be supervised through regular visits of a water chemist posted at a 
laboratory of the next higher*category. 
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VARIABLE METHOD 

Alkalinity 
BOD 
Chloride 
Chlorine 
Conductivity, electr. 
Colour 
Fluoride 
Hardness, total 
Jar test * 
Nitrogen, ammonia 
Nitrogen, nitrate + nitrite 
Oxygen, dissolved 
pH 
Solids, suspended 
Solids, total dissolved 
Turbidity 

t itrimetnc 
dilution method 
titritnetric with mercuric nitrate 
orthotoludine-arseite method 
electrometric 
comparison with glass colour standards 
Alizarin visual method 
titrimetric with EDTA 
coagulation/flocculation 
direct nesslerization, visual 
phenoldisulfonic acid method, visual 
Winkler method, azide modification 
electroraetric 
gravimetric (non-ftitrable residue) 
gravimetric (filtrable residue) 
nephelometric 

* For treatment plants of surface water only 

It is an advantage if this laboratory is set up together with a basic water laboratory 
for bacteriological examination, as described in section 2.1. Although the two laboratories 
should be accommodated in separate rooms, some of their facilities can be used jointly. 

2.2.2 Space, furniture and fittings 

The room for this laboratory should be 25-30 m 2 with adequate lighting and proper 
ventilation. The total length of laboratory benches should be at least 7 metres (in one or 
more sections). This will provide sufficient working space for one technician and room for 
the equipment. The benches should be 90 cm high, 60 cm deep, and should have drawers and 
cupboards underneath. They should be covered with an acid-proof plastic surface (such as 
Formica). Tiles are also suitable but they are much more expensive. 

it A sink of approximately 55 x 45 cm with ample adjacent draining area is required; J.>-
should be fitted with a movable swan-neck tap and 2 taps with removable nozzles (1/2 in), 
serrated for hoses. A water heater is optional, and should be mounted near the larger sink, 
as should be the water still, which is specified in the list of equipment. 

A minimum of 6 electrical plug sockets (max. 1000 W) are to be fixed on the benches or 
the wall behind them. Apart from these, another 3 sockets are needed for the refrigerator, 
the BOD incubator and the water still (the latter one for 2000 W). No gas fittings are 
required and no fume hood is necessary. 

Other furniture needed include a cupboard for chemicals and glassware (approximately 
1.5 ra long, 2 m high, 35 cm deep), a small-sized desk (1.20 m long) with chair, and a labora­
tory stool (68 cm high). 

If this laboratory is being set up together with a bacteriological one, the two labora­
tories should ideally be next to each other, or opposite one another. This will facilitate 
the joint use of certain equipment. They should not, however, be in the same room because 
chemical fumes may affect bacteriological work. If a larger room of at least 55 ra2 is 
available, it can be separated by a partition. The door between the two laboratories should 
be of the swing type, which closes automatically when not used. 
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2.2.3 Equipment 

The equipment needed for the test variables listed in Table 1 is given in detail in 
Annex 3. Allowance for breakages has been made in the estimates. No expensive apparatus has 
been chosen. Instead of a cooled incubator for BOD, for example, a simple refrigerator 
fitted with a special temperature regulator is recommended, which costs almost a thousand 
dollars less. The stirring device for jar tests included in Annex 3.1 will only be necessary 
for laboratories of water treatment plants employing flocculation. 

In case this basic chemical laboratory is being set up simultaneously with a bacterio­
logical one, certain equipment which is marked with an asterisk in Annex 3 need not be 
purchased, as it will be available in the bacteriological laboratory and can be used jointly. 

The cost of the major equipment amounts to fc5,580, and the entire laboratory including 
glassware and miscellaneous items (but no chemicals) to $7,260. These are the figures for a 
separate basic chemical laboratory. If a bacteriological laboratory is set under the same 
roof the cost for the major equipment will be reduced to $4,040, and for the entire chemical 
laboratories to fc5,480. 

If it is not intended to perform any analysis of wastewater, effluents, or polluted 
surface water, the refrigerator with temperature regulator for BOD incubation can be 
omitted. The number of BOD bottles can be decreased to 10, which should be retained for 
dissolved oxygen determinations. 

2.2.4 Chemicals 

The chemicals necessary to carry out the tests of Table 1 with the methods mentioned are 
listed in Annex 3.3. Their quantities are at least one year's supply, provided that about 
150 samples (three per week) are collected yearly and all the tests are performed on each 
sample. Many of the chemicals, however, will last longer, as the minimum quantities commer­
cially available are often more than what will be consumed in one year. 

Chemicals marked with an asterisk do not have to be purchased if there is also going to 
be a bacteriological laboratory. Their quantities will be sufficient for both laboratories. 

As far as the quality of the chemicals is concerned, General Purpose Reagent (GPR) grade 
is sufficient for the work of this laboratory. Higher purity, such as "AnalaR", is not 
required. The total cost amounts to fc370 for a separate chemical laboratory, and to i>330 if 
a bacteriological laboratory is also set up. 

3. INTERMEDIATE LABORATORIES 

3.1 Intermediate laboratory for bacteriological examination 

3.1.1 Purpose, scope and staff 

This laboratorty is essentially designed to carry out on a routine basis the same 
bacteriological tests as a basic water laboratory, namely total coliforms and faecal coli-
forms using the membrane filtration method but with increased laboratory capacity. There 
will be additional working space and more and larger equipment. 

It should also be possible to do some other work in this laboratory, such as surveys of 
recreational waters, sewage effluents, etc., and there should be facilities for the detection 
of indicator organisms other than coliforms (e.g. Pseudomonas aeruginosa, faecal strepto­
cocci). Identification of certain pathogens such as Salmonella could also be carried out if 
the need arises. 

This intermediate laboratory should be staffed with one microbiologist (B.Sc. level), and 
one or two technicians plus one laboratory attendant. If only routine work is performed, it 
would be possible for them to analyse about 15-20 samples per day, including all supporting 
work. 

\ 
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3.1.2 Space, furniture and fittings 

A room of about 30 ra^ is needed. It should be dust-proof and have adequate lighting 
and ventilation. There should be 2 types of laboratory benches. Those as specified for the 
basic laboratory (90 cm high, 60 cm deep) with a total length of about 7 metres (in one or 
more sections), and approximately 2 metres of benches for sit-down work, 75 cm high and 60 cm 
deep, with leg room. Seven to eight electrical plug sockets are needed for the benches (one 
for 2000 W, the others for 1000 W ) , and another 2 sockets (2000 W and 1000 W) are to be fixed 
on the wall for the water still and the refrigerator. There should be a gas supply with 3 
gas taps on the taller type of benches. 

The specifications for the sink with taps are the same as for the basic chemical labora­
tory. A water heater would be useful. Two small-sized desks (1.20 m long) with chairs, 2-3 
stools (68 cm high) and a wall-mounted cupboard for chemicals and other materials should also 
be provided. 

3.1.3 Equipment 

Details of the proosed equipment items are given in Annex 4.1. As compared to a basic 
bacteriological water laboratory, the additions are an electric air pump, a colony counter, a 
second membrane filter holder, a more sophisticated water bath, and larger hot air steri­
lizer, incubator, and refrigerator. 

A portable water test kit has also been added, which should only be used for special 
surveys in remote areas and not for regular water quality surveillance. 

The kind and numbers of glassware and miscellaneous items (Annex 4.2) are such that two 
persons can work simultaneously. Allowance for breakages has been made. 

The major equipment for this intermediate water laboratory for bacteriological exami­
nations costs fc6,280, whereas the cost of glassware and miscellaneous items is $1,650. The 
total equipment amounts to $7,930. 

3.1.4 Expendable materials 

If the laboratory performs only routine work with total and faecal coliform tests, the 
same expendable materials as used in a basic bacteriological laboratory will be needed. 
Please refer to section 2.1.4 and to Annex 2.3. 

For other bacteriological work as mentioned above (section 3.1.1) the respective media 
will have to be purchased. Specifications are given in textbooks such as the Standard 
Methods. 

Estimations of cost of total coliform and faecal coliform tests with the membrane filtra­
tion method are given in Annex 6 taking into account the consumable materials and the dep­
reciation of equipment. 

3.2 Intermediate laboratory for chemical analysis 

3.2.1 Purpose, scope and staff 

The purpose of this intermediate laboratory is to carry out physical and chemical 
analysis of natural waters and drinking-water in a more complete way than a basic water 
laboratory can do. It is therefore designed to cover a larger number of variables and is 
equipped with instruments permitting greater accuracy and speed for the determination of 
certain water constituents. Very costly equipment, however, is avoided. 

Simple analysis of wastewater and of treated effluents can also be performed at this 
laboratory. But it is not specialized to examine industrial wastewaters with constituents 
such as toxic heavy metals, phenols, halogenated hydrocarbons, etc. If such wastes are to be 
analysed frequently, an extension will have to be added to the laboratory. If there are only 
occasional samples, they should be referred to a specialized wastewater laboratory or to the 
country's central laboratory. 
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The analyses that can be carried out in the intermediate laboratory and the methods to be 
used are given in Table 2. 

Table 2. Expanded list of test variables and methods 

VARIABLE METHOD 

Alkalinity 
BOD 
Calcium 
CaC03 stability test 
Chloride 
Chlorine 
COD 
Conductivity, electr. 
Colour 
Fluoride 
Hardness, total 
Iron 
Manganese 
Nitrogen, ammonia 

Nitrogen, nitrate 

Nitrogen, nitrite 
Oxygen, dissolved 
pH 
Phosphate 
Sodium 
Solids, suspended 
Solids, total dissolved 
Sulfate 
Turbidity 

titrimetric 
dilution method or manometric method 
titrimetric with EDTA 
titrimetric 
titrimetric with mercuric nitrate 
orthotoludine-arsenite method 
dichrouiate reflux method 
electrometric 
comparison with colour standards 
electrode method or alizarine method 
titrimetric with EDTA 
phenanthroline method, photometric 
persulfate method, photometric 
direct nesslerization or, following 
distillation, photometric 
phenoldisulfonic acid or chromotropic 
acid method, photometric, or electrode 
method 
sulfanilic acid method, photometric 
Winkler method or electrode method 
electrometric 
vanadomolybdic acid method, photometric 
electrode method 
gravimetric (non-filtrable residue) 
gravimetric (filtrable residue) 
turbidimetric 
nephelometric 

The intermediate laboratory should be staffed with one chemist (at least B.Sc. level or 
equivalent), and one well-trained technician. In addition, one to two laboratory attendants 
are needed. This staff should be able to make complete chemical analysis of about 5 samples 
per week. More samples can be analysed if it is not necessary to determine all the variables 
listed. For a higher workload, a second technician could be posted at this laboratory. 

3.2.2 Accommodation, furniture and fittings 

It is recommended to accommodate this laboratory, if possible, in two rooms. A smaller 
room should house the analytical balance and the electrometric instruments such as the 
spectrophotometer, turbidimeter, specific ion meter, pH meter and conductivity meter, and 
should be protected from steam and aggressive fumes. In this smaller room, bench(es) of a 
total length of about 4.50 metres (in one or more sections) are required. They should be 
75 cm high and 60 cm deep, with leg room for sit-down work and drawers and cupboards under­
neath. There should be two chairs in this room. 

In the larger room, the total bench length should be about 10 metres. The height of 
these benches should be 90 cm and their depth 60 cm; they should also be fitted with drawers 
and cupboards underneath. The surfaces of all the benches (in both rooms) should be of an 
acid-proof plastic material, such as Formica. Tiles are quite suitable in the larger room 
although they are expensive. 
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No size of the laboratory can be indicated as it depends mainly on how the benches in the 
larger room will be placed. If there are only wall benches, the area required will be bigger 
than if back-to-back benches (forming a central island) are used. Two large sinks as speci­
fied for a basic chemical laboratory are recommended, one of them with an ample adjacent 
draining area and a water heater mounted near it. Along the walls in the larger room, there 
should be enough space for a refrigerator, a cooled incubator, a water still, two small-sized 
desks with chairs, a cupboard for chemicals and glassware, and a small bookshelf. Two to 
three stools (68 cm) should also be provided. A small fume hood could be useful if there is 
enough space but it is not essential. 

As for electric plug sockets, there should be one socket for each mains-operated piece of 
equipment in both rooms, as well as 1-2 spare sockets in each room. The power rating of the 
equipment will determine the maximum wattage necessary for the sockets. There should be a 
gas supply with 3-4 gas taps. If there is a fume hood, there should also be an electric plug 
socket and a gas point in it. 

3.2.3 Equipment 

The equipment needed for this laboratory is given, with detailed specifications, in 
Annex 5. When compared to the basic chemical laboratory, the additions are: a spectro­
photometer, a specific ion meter with electrodes for fluoride, nitrate, and sodium (with the 
latter electrode, no flame photometer is needed) a dissolved oxygen meter for laboratory and 
field use, a mains-operated pH meter of higher accuracy, a vacuum pump, magnetic stirrers, 
and a rectangular hot plate. For the analysis of wastewater or polluted surface water a 
heating bench (for COD) has been added. The heating oven, refrigerator and conductivity 
meter have a larger size. 

There is also a portable chemical water analysis kit for special surveys in remote 
areas. It is not meant for routine analyses in the laboratory for reasons explained in 
Annex 1. 

For glassware as listed in Annex 5.2, sufficient allowance for breakages has been made. 
The cost of the major equipment for this intermediate laboratory for chemical analysis of 
water will be $15,300, whereas glassware and miscellaneous items will cost approximately 
fc3,880, making a total of fcl9,180. 

If analysis of wastewater, effluents or surface water with gross pollution is never to be 
carried out, some of the equipment will not be needed. The refrigerator with temperature 
regulator for BOD incubation and the electric heating bench for 6 places (for COD) can be 
omitted. COD glassware of Annex 5.2 is also unnecessary, and the number of BOD bottles de­
creased to about 15 for dissolved oxygen determinations. 

3.2.4 Chemicals 

The chemicals necessary for the tests listed in Table 2, using the methods mentioned 
therein, are listed in Annex 5.3. The quantities given are sufficient for about one year if 
complete analyses are carried out on approximately 250 samples. Some of the chemicals, 
however, will last longer since the minimum quantities commercially available are often more 
than what is to be consumed in one year. 

The quality of the chemical for this laboratory should generally be Analytical Reagent 
Grade ("AnalaR"). For certain items, however, General Purpose Reagent (GPR) is sufficient. 
Those chemicals are marked "GPR" in Annex 5.3. 

If analysis of wastewater or grossly polluted surface water is never intended to be 
carried out, the separately listed COD reagents (200 samples with 4 dilutions each) of 
Annex 5.3 can be omitted. The chemicals for BOD, however, are not separated from the others 
as they are not expensive (in contrast to those for COD) and are also needed for other tests. 

The total cost for the chemicals amounts to $1,210, and if COD reagents are not needed, 
to fc730. 
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4. CENTRAL LABORATORY 

4.1. Functions of a central laboratory 

A central laboratory, normally located in a country's capital, usually has to fulfil 
three basic tasks, (i) it serves as a reference laboratory for the other laboratories in the 
country; (ii) it performs analyses which cannot be carried out at a lower level because 
expensive equipment or specialized manpower is needed; and (iii) it also carries out routine 
analyses for the area where it is located, like any other intermediate laboratory. 

The capacity of a central laboratory depends largely on the size, economic situation and 
other conditions of a country. It is therefore not possible in this guide to recommend in 
detail laboratory space, number of staff, specification of equipment and list of expendable 
materials as has been done for basic and intermediate laboratories. Only general recommen­
dations can be given. 

As a reference laboratory, the main duty of the central laboratory is to provide guidance 
for all other water laboratories in the country. Such guidance should include the following: 

- assisting the government in setting national standards for water quality 

determining the variables and tests to be performed on routine bacteriological and 
chemical water samples analyzed by the other water laboratories 

selecting analytical methods for other water laboratories and to evaluate new ones 
prior to their application at other laboratories 

selecting laboratory equipment, chemicals, nutrients and other materials to be 
purchased for all water laboratories in the country. 

checking the results and performance of the other laboratories through occasional or 
regular inter-laboratory quality control exercises. 

- offering whenever needed, in-service training and staff development programmes to 
the other water laboratories. 

Another function of a reference laboratory is to conduct surveys of water constituents 
which are not routinely analysed. In times of water-borne epidemics, the reference labora­
tory will have to play an important role in detecting the source of infection and the route 
of transmission. 

Such a laboratory is also supposed to carry out some applied research related to problems 
encountered in the country, e.g. in the field of water sources evaluation or wastewater 
discharges. 

4.2 Central laboratory for bacteriological examination 

4.2.1 Purpose and scope 

This laboratory should be able to examine water and wastewater samples for pollution 
indicator organisms other than members of the coliform group. It should also be in a 
position to detect certain pathogenic bacteria in water, and possibly also viruses. And, 
finally, it should be prepared to play its role as a reference laboratory as described above. 

(a) Indicator organisms 

In addition to colifonns and faecal coliforms, facilities should exist for the detection 
of the following supplementary indicator organisms: 

faecal streptococci 

Clostridium perfringens (anaerobic spore-forming) 
staphylococci 
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Pseudomonas aeruginosa 
heterotrophic (standard) plate count 

Staphylococci and Pseudomonas are only of interest if recreational waters are to be examined. 

(b) Pathogenic bacteria 

The detection of pathogenic microorganisms in water and wastewater is not normally an 
easy task, and should only be attempted in times of epidemics or on suspected samples. 
Suitable procedures for isolation and identification of Salmonella and Shigella are avai­
lable, and this laboratory should be ready to apply them. However, if the presence of Vibrio 
cholerae, cysts of Entamoeba histolytica or hookworm larvae is suspected, samples should be 
referred to a medical laboratory. 

(c) Viruses 

As the importance of viruses in water becomes more and more recognized, it is recommended 
that a virological section be set up at the central laboratory, provided that specialized 
manpower is available. This would be particularly useful if no other laboratory capable of 
carrying out virus examination exists in the country. 

The detection of enteric viruses in drinking-water requires large sample volumes. The 
microporous filter techniques is recommended for their concentration. For the isolation of 
viruses, several cell culture types of suckling mice may be required. 

4.2.2 Space and staff 

To be able to fulfil all its duties, this central bacteriological water laboratory should 
have ample space. At least three rooms are recommended: one for routine work, one for 
reference activities, and a small one for media preparation. Another room will be required 
if a virological section is established. The laboratory should be headed by a fully quali­
fied and experienced microbiologist, and the staff should consist of another microbiologist 
or biologist and a number of well-trained technicians according to the workload. For a 
virological section, a specially trained virologist is needed. 

4.2.3 Equipment 

Compared to the equipment recommended for an intermediate bacteriological laboratory, the 
central laboratory should have some items of a larger size and others to be added as follows: 

Three items should have a larger capacity; The autoclave - about 40 litres ($4,000), the 
hot air sterilizer - 200 litres (£800), and the water still - 4 L/h (fc700). One more incu­
bator, water bath, membrane filtration apparatus and refrigerator of approximately the same 
size as specified in Annex 4.1 should be added. An analytical balance similar to the one for 
chemical analysis as listed in Annex 5.1 ($1,700), and a microscope with the necessary 
access- ories (fc3,000) should be added. As regards glassware, some of the items as well as 
the number of pieces will have to be increased according to staffing and workload. 
Specification of all the items needed is not attempted here, yet an estimate of the cost can 
be given. The major equipment could amount to approximately $18,000, the glassware and 
miscellaneous items to fc2,000, making a total of about £20,000. 

If a virological section Ls to be established, there will be a need for a virus-
concentrator apparatus, a laminar flow air hood, and other specific equipment to be selected 
by a virologist. The cost of these is not included in the above total. 

4.3 Central laboratory for chemical analysis 

4.3.1 Purpose and scope 

This laboratory should be in a position to analyse water and wastewater samples for all 
variables listed in Table 2 for an intermediate laboratory for chemical analysis of water 
(section 3.2.1). It should also have equipment and expertise for the determination, in small 
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concentrations, of heavy metals and other inorganic substances of health significance, as 
well as of health-related organic compounds. In addition, it should be able to perform the 
tasks of a reference laboratory as described in section 4.1. 

(a) Inorganic constituents 

Many heavy metals with health significance have been found in waters used for public 
supply, especially in countries with increasing industrialization. Guideline values were set 
by WHO for.* arsenic, cadmium, chromium, lead, mercury and selenium. Aluminium, copper and 
zinc have a much lower toxicity and are therefore not of primary, health significance, but 
their concentrations are sometimes of interest. 

Most of these substances are found only in low concentrations, and it is difficult to 
determine them with conventional chemical methods in basic or intermediate laboratories. But 
the central laboratory should be equipped with an atomic absorption spectrophotometer which, 
although expensive, greatly facilitates their analysis. Since most of the determinations are 
also speedy and storage poses no problems, it should be possible to carry out a central 
laboratory routine analysis for heavy metals in public water supplies of the whole country. 
It will generally suffice to select the suspected metals from those mentioned above. 

The central laboratory should also be in a position to perform cyanide and hydrogen 
sulfide tests in addition.to those inorganics listed in Table 2 already (section 3.2.1). 

(b) Organic compounds 

Organic substances with low biodegradability (highly persistent) but with significance 
for health, are increasingly appearing in waters used for public supplies. Motorized 
-traffic, industrial effluents and agricultural run-off are their main origins. Polynuclear 
aromatic hydrocarbons, including benzo(a)pyrene, chlorinated hydrocarbons, chlorinated 
phenols, pesticides, benzene and chlorobenzenes, as well as trihalomethanes which include 
chloroform, are the relevant groups. 

The central laboratory is the place which should be able to detect them as individual 
compounds or as groups of compounds in suspected water samples. The tools for this are ex­
traction methods, gas chromatography, or a combination of both. A gas chromatograph is a 
costly apparatus, but very efficient for the determination of a great number of organic 
compounds, including pesticides. 

4.3.2 Space and staff 

A central chemical water laboratory needs ample space. It is recommended that there be 
four rooms for the following purposes: 

1) Chemical routine analysis of water samples 
2) Analysis of organic constituents 
3) Applied research, surveys, etc. 
4) Sensitive electronic instruments and balances (placed on anti-vibration balance 

tables). 

Rooms (l) and (2) should have gas supply and a fume hood. 

The laboratory should be headed by a fully trained chemist specialized in water 
chemistry, and the staff should consist of another chemist and several well-trained tech­
nicians, depending on the workload. 

4.3.3 Equipment 

Taking the equipment for an intermediate chemical laboratory (Annex 5.1) as a base, the 
central laboratory needs the following modifications or additional items. 

The water still should be of higher capacity, about 4 L/h ($700). Recommended additions 
are: a second oven for heating and drying and a second refrigerator, both as specified in 
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Annex 5.1, a second alalytical balance (precision ± 0.01 mg) , semi-micro (£3,000), a vacuum 
pump of better performance ($1,500), a stirring device for jar tests as specified in 
Annex 3.1 (£900), a universal centrifuge with tubes of capacities from 15 to 100 ml (£4,000), 
Soxhlet extraction apparatus with the necessary extraction thimbles ($2,000), a mixer/emulsi-
fier to homogenize samples (£l,000), a muffle furnace for max. 1000°C (£3,000), a Ruttner 
water sampler ($1,000) and electric heating mantles for 500 and 1000 ml flasks ($200). 

The two main additions to be made, however, are an atomic absorption spectrophotometer 
(AAS) and a gas chromotograph (GC). An ASS, single beam, with all the essential accessories 
including 10 hollow cathode lamps for the determination of 10 different metals, is available 
from $17,500. Highly sophisticated double beam instruments with very expensive accessories 
may cost up to £50,000 and more. The price for one hollow cathode lamp varies between £l00 
and $300. A GC with the necessary accessories can be bought for about $10,000, but varies 
greatly according to its detector, and can go up to £20,000 and more. A packed column, of 
which there should be one for each group of organic compounds to be analysed, costs roughly 
£100. 

The number of pieces of glassware and miscellaneous items has to be increased depending 
on staff and workload. An estimation of the cost of the major equipment with the cheapest 
versions of AAS and GS arrives at $60,000, glassware and miscellaneous items may cost $5,000, 
and the total will amount to approximately £65,000. 
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ANNEX 1: PORTABLE WATER ANALYSIS KITS 

Portable kits for bacteriological and chemical water analysis are widespread in develo­
ping countries. These kits have their merits whenever certain basic information on water 
quality is needed that cannot be easily obtained otherwise. This may be the case for surveys 
in remote areas or the exploration of new water sources far away from any laboratory. 

It has been found, however, that these kits are used in water laboratories or in places 
where a laboratory is quite near. The only benefit of the kits in these cases is that they 
are usually easier to handle by untrained staff than is standard laboratory equipment. 
However, there are several aspects that do not favour the use of kits in this case. 

The accuracy and sensitivity of a number of tests performed with water analysis kits are 
generally more limited than with standard laboratory methods. This may be acceptable for 
many purposes, but for a certain accuracy of results, standard laboratory equipment is indis­
pensable. 

Test kits often contain glassware reagents and other miscellaneous implements that are 
not of standard laboratory design. If such equipment breaks or one runs out of a reagent, it 
cannot be replaced from a general store. Usually it is only the kit manufacturer who sells 
the replacements, and they are inevitably more expensive than ordinary laboratory materials. 
Moreover, if the analyst runs out of reagents and replacements have not been ordered in time, 
he has to discontinue his work. On the other hand, when applying standard methods, there is 
often a chance to find the missing reagent or part in another laboratory, even if this does 
not deal with water analysis. 

Some of the chemical test kits contain meters which are battery operated to make the "kit 
portable. Through constant use of the kit in a laboratory, batteries quickly run flat. As 
these batteries are usually special ones, alertness on the management side is necessary to 
ensure a sufficient stock of them. Rechargeable batteries can also fail after prolonged 
use. In locations where frequent power cuts are experienced, however, analysis kits can back 
up mains-operated laboratory equipment, provided the battery supply is secured. 

One popular bacteriological test kit comes with liquid culture media in ampules. These 
are easy to handle in the field, but they sometimes deteriorate before the given expiry date, 
especially when kept unrefrigerated in hot climates. More often than not one finds these 
media, purchased for regular use in laboratories, expired, and the test kits to which they 
belong lying around idle. Dehydrated media, however, as used with standard laboratory equip­
ment, have a shelf life of several years in unopened bottles, even at room temperature. 

To summarize, before purchasing portable water analysis kits one should weigh the advan­
tages against the disadvantages. If a laboratory is available and electric power cuts are 
not too frequent, bacteriological and chemical water analysis should preferably be carried 
out with proper laboratory equipment compatible with standard methods. 

One example of a combined physico-chemical and bacteriological field kit is Oxfam 
DelAgua's Water Testing Kit which performs the measurement of temperature, pH, conductivity, 
turbidity, chlorine residual and faecal coliforms (membrane filtration method). Its major 
elements, as shown on Figure 1, were designed to cover the analytical needs specified in 
Volume 3 of the WHO Guidelines for Drinking-Water Quality (referred to in section 1.3). 


