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PREFACE

For some time the World Health Organization has been concerned about
the lack of a single, comprehensive, but concise, source of practical information
about, and guidelines for, public health surveillance of drinking-water quality
in the developing countries. Surprisingly, few comprehensive studies of this
subject have been undertaken, and there are few developing countries where
Jormally organized, nationwide, fully adequate, and effective surveillance pro-
grammes have been implemented.

Major efforts have been made, and more are underway, to provide safe and
convenient piped water supplies to many of the world’s population. The ben-
efits of safe and adequate drinking-water supplies are not automatically assured
with the construction of waterworks and distribution systems. Indeed, exper-
ience has shown that without proper surveillance the water supply system itself
may become an effective channel for spreading disease.

In this publication are assembled information and guidelines for planning, or-
ganizing, and operating programmes for surveillance of drinking-water quality at
the national or regional level in the developing countries.  The monograph is in-
tended for use by officials with public health responsibilities and those responsible
Jor the production and distribution of drinking-water, engineers and sanitarians
engaged in public health or water supply activities, water treatment plant opera-
tors, and other persons who have a professional interest in water supply.

The guidelines presented here originated from a study of methods and pro-
cedures for the surveillance of drinking-water quality in developing countries in-
itiated in 1968 under an arrangement between WHOQO and the University of North
Carolina at Chapel Hill, USA, with Professor F. E. McJunkin as principal in-
vestigator. Information was obtained through on-site reviews of surveillance pro-
grammes in some eight countries, from correspondence and interviews with
health and water supply officials and members of the WHO secretariat dealing
with problems of environmental health; from comments and suggestions made
by the panel of reviewers; by review of WHQ publications and unpublished
documents, especially country reports, questionnaires, and cholera team rep-
orts; and by review of the technical and scientific literature.

A draft of the guidelines prepared by Professor McJunkin was circulated to a
number of reviewers and revised in the light of their comments and suggestions; a
listof the reviewers is given in Annex 10.  The revised draft was then discussed at
ameeting of advisers convened in Geneva from 18 to 24 February 1975, when the
guidelines were finalized.  The names of those who participated in the meeting
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arelisted in Annex 9.  The World Health Organization is grateful to the review-
ers and advisers, and particularly to Professor McJunkin, for their efforts in for-
mulating these guidelines.

The feasibility of each concept presented here has been demonstrated under
operational conditions. However, no guidelines of a general character can be
used rigidly or arbitrarily and without exception, progressive innovation should
always be encouraged. Nevertheless, major departures from the proposed
guidelines and concepts should be reviewed critically.

In addition to effective surveillance, well planned, designed, operated, and
maintained water systems are essential in providing safe, wholesome water sup-
plies. Interested readers will find much useful information on these aspects of
water supply in four WHQO publications: Water supply for rural areas and
small communities (28), Operation and control of water treatment pro-
cesses (17), Slow sand filtration (29), and International standards for
drinking-water (10).



1. Introduction

Surveillance

Surveillance of drinking-water quality can be defined as “the contin-
uous and vigilant public health assessment and overview of the safety
and acceptability of drinking-water supplies”. Public health protection
of drinking-water supplies should assure that each component of the
system—source, treatment, storage, and distribution—functions without
risk of failure. Flawless treatment serves no purpose if the distribution
system permits contamination through faulty installations or cross-con-
nexions, an excellent distribution system will not protect the public
health if the distributed water receives insufficient treatment, while a
heavily polluted source may overwhelm the treatment capacity.

The elements of a surveillance programme include engineering and
the physical, biological, chemical, and institutional examination of water
supplies. The enginering examination or sanitary survey is an on-site in-
spection and evaluation by a qualified person of all conditions, devices, and
practices in the water supply system that could present a health hazard
to the consumer. Physical, biological (generally bacteriological), and
chemical examinations include testing of water samples in both the field
and the laboratory. Institutional examination concerns those elements
of operation and management that may result in health hazards to con-
sumers, €.g., incompetent operators.

Full evaluation of the health risks in a large water system would in-
clude,as a minimum, careful and critical examination of the following points :

Quality of source Cross-connexion and back-siphonage con-
trol

Output of source . . . o
Chlorine residual in the distribution

Protection of source system (where appropriate)

Adequacy and reliability of treatment Construction and repair practices (includ-
o ) ing disinfection before services are re-

Distribution system (quality, pressure, sumed)

and continuit .
y) Maintenance procedures

Quality control (records, sampling, tests) Standard of operation
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Table 1. Common failures of water surveillance

-—

Failure to assure general awareness of the danger of outbreaks of water-borne
disease and/or to bring such outbreaks to the attention of water purveyors
Lack of established surveillance policies and procedures

Failure to make sanitary surveys

Failure to collect samples of raw and delivered water

Failure to enforce correction of deficiencies and remedial measures

Failure of laboratories to notify waterworks of results of analyses
Inadequate approval programme for new sources

Failure to adopt and enforce drinking-water standards

Failure to protect watersheds, wells, and' springs from surface contamination
Failure to maintain positive continuous hydraulic pressure throughout the dis-
tribution system

Failure to maintain a continuous chlorine residual in distribution systems
Inadequate or non-existent cross-connexion and back-siphonage control pro-
grammes

Lack of standard laboratory procedures

Failure to maintain plant records, e.g., residual chlorine levels

Failure to maintain surveillance records

Bacteriological samples taken from fixed locations unrepresentative of the dis-
tribution system .

Failure to disinfect new construction and repair work

Lack of adequate legal authority

Inadequate budget and manpower

Inadequate numbers of personnel suitably trained and qualified

Inadequate laboratory facilities and support

Failure to promote adequate maintenance programmes

_.
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Surveillance is not merely finding out what is wrong and putting
matters right, it includes undertaking remedial action to reduce or elim-
inate health hazards and advising on, assisting with, and stimulating im-
provements whenever possible. Surveillance also includes more general
activities to promote the safety of water supplies—operator training and
health education of the public in the prevention of water-borne enteric
disease, for example. Although such activities may be carried out by
another agency, the surveillance agency should cooperate and maintain
an active interest in this work.

Because no regulatory agency can be present constantly, surveillance
must be shared between the water-supplying and the surveillance agen-
cies. The periodic checks made by the surveillance agency ensure that
water producers are satisfactorily monitoring their own activities. The
water utility is continually responsible for the quality and safety of the
water it supplies. However, the surveillance agency, acting on behalf of
the public health interests, is ultimately responsible for ensuring that all
drinking-water under its jurisdiction is free from health hazards.

The long period (several years) required for planning, financing, de-
signing, and constructing a major water supply project for a community
frequently results in a diminished concern for water quality, and pro-
visions for adequate standards of operation, maintenance, and surveil-
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lance are often neglected. Yet, paradoxically, a new water supply
system can readily become an effective channel for widespread transmis-
sion of disease.

Table 1 summarizes some of the more common surveillance failures
as determined in a recent multi-country survey. Many of these failures
reflect lack of capital and human resources, but some are compounded
by complacency and apathy on the part of water supply and surveillance
authorities. Effective surveillance is, to a large extent, a matter of cor-
rect attitude.

There are no mysteries in surveillance. There are no “break-
throughs”, “shortcuts”, or new discoveries to be reported. There are
some ideas to be gained from the experience, good and bad, of
others. This monograph attempts to bring together under one cover a
set of useful procedures for those responsible for the quality of water de-
livered to urban and rural communities, particularly in the developing
countries.

Reasons for surveillance
Water and health

Authoritative estimates indicate that each year some 500 million peo-
ple are affected by incapacitating water-borne or water-associated disease,
and that as many as 10 million of these—about half of them in-
fants—die (). It is estimated that 25 % of the world’s hospital beds are
occupied because of unwholesome water (2). The illnesses include
typhoid, cholera, infectious hepatitis, bacillary and amoebic dysenteries,
and many varieties of gastrointestinal disease (3, 4, 5). The existence
of potential health hazards associated with water supplies is related to
the quality of water consumed. For example, water that contains
no Salmonella typhi cannot transmit typhoid fever. The health im-
plications of water-related parasitic diseases in water development
schemes are discussed in a brochure produced by the Food and Agri-
culture Organization of the United Nations (FAO) in conjunction with
WHO (6).

In documented epidemics of water-borne disease definite deficiencies
in the water supply system were shown to exist during the time when
disease was transmitted. Most often the deficiencies were unforeseen
pollution of a previously safe source, use of polluted raw water without
treatment, failure of treatment processes, or pollution of the distribution
system, including cross-connexions. All of these are subject to control
and correction through proper surveillance.
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Protection of investment in water supply programmes

A global survey of community water supply carried out to assess the
situation prevailing in 1970 indicates that in the rural areas of devel-
oping countries, where the vast majority of the populations live, over 85 %
of the people do not have satisfactory access to reasonably uncontam-
inated water. Over 30 % of the urban population in these countries had
no access to a piped water supply, either in their houses or even from
public standposts (7). Of the urban population that had access to a piped
water supply less than 50 % enjoyed a continuous service, the rest
were served by an intermittent supply attended by public health hazards.

On the basis of this information the Twenty-fifth World Health As-
sembly in 1972 endorsed revised global targets for community water
supplies in the developing countries to be attained in the Second United
Nations Development Decade (1971-80). These are as follows:

— in urban areas 60 % of the population to be served by house con-
nexions and the remaining 40 % by public standposts;

— in rural communities 25 % of the population to have reasonable ac-
cess to safe water (8). ‘

The Health Assembly recommended that Member States adopt spe-
cific national targets for both urban and rural water supplies (9). The
global construction costs to meet these targets were estimated at roughly
US $14 000 million at 1970 prices.

The Twenty-fifth World Health Assembly also recommended that
Member States “provide for the effective surveillance of drinking-water
quality (9)”.

Purpose of the monograph

The purpose of this monograph is to provide assistance to those
countries, organizations, and persons who seek to prevent water-borne,
enteric diseases by ensuring the safety of drinking-water supplied within
their areas of jurisdiction.

Objectives of the monograph

The principal objective of the monograph is to provide information
and guidelines for the development of national, state, or provincial water
supply surveillance programmes and priorities at levels compatible with
local resources and experience.

Other objectives are:

(a) to serve as a guide for surveillance organizations in evaluating
their own programmes; :
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(b) to serve as a guide for national health organizations in evaluating
the level of drinking-water surveillance being undertaken in their country;

{(¢) to provide a resource document for developing training curricula
for surveillance and operating personnel; and

(d) to provide a check list to identifyv deficiencies in surveillance and
waterworks procedures and possible remedial measures.

The monograph is also intended to show (1) that successful surveil-
lance requires the joint efforts of both water supply and surveillance
authorities and personnel, and (2) that surveillance requires an awareness
of potential health hazards.

Scope of the monograph

This monograph is concerned only with operational activities that are
of direct use in conventional surveillance programmes in developing
countries. While proper management, planning, design, financing,
operation, and maintenance of public water supplies are all essential for
successfully providing safe water free from health risk, these areas are
reviewed only when they relate directly to surveillance activities. De-
tailed procedures for bacteriological, chemical, and physical examination
of water are widely available in the technical literature, and, with the ex-
ception of certain key determinations, are not repeated here. Similarly,
the rationale for setting limits on particular constituents in drinking-
water has been discussed elsewhere including, for example, /nternational
standards for drinking-water (10).

Limitations of the monograph

The broad purpose, objectives, scope, and intended readership place
certain limitations of this monograph.

(@) The guidelines are necessarily of a general character and local use
may call for appropriate adaptation.

() The policies and procedures outlined follow generally accepted
practices in environmental health but are neither exclusive nor exhaus-
tive; local initiative, knowledge, and innovation are not excluded.

(c) The monograph is primarily concerned with community water ser-
vices rather than with systems serving dwelling units occupied by a sin-
gle family.

(d) Surveillance in itself does not ensure a good water service but is
only one essential element in the overall structure of public water sup-
plies. For surveillance to be effective, the entire system must function
properly—thus, proper management, design, construction, operation, and
maintenance are vital in supplying safe drinking-water; these aspects are
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not covered in depth in this monograph but are dealt with in other
WHO publications (see Preface, p. 10).

(¢) The monograph deals only with tangible aspects of surveillance al-
though a characteristic of successful surveillance programmes is leader-
ship—an intangible aspect: the role and importance of surveillance in
water supply programmes is stressed here but surveillance is of limited
value without strong, competent leadership.

(/) More than one approach to the development and operation of a
sound surveillance programme is possible; in the final analysis, the sur-
veillance programme must be viewed in the light of the results being
obtained.

Levels of surveillance

The levels of surveillance of drinking-water quality differ widely in
the developing countries, just as the levels of economic development
and the provision of community water supplies vary. The scarcity of
resources in these countries suggests the need to develop surveillance
programmes by stages or “levels”. A country with one sanitary engi-

Table 2. Programmes for surveillance of drinking-water
quality characterized by the level or intensity of activities

Level of Brief A
surveillance description Country situation

| Initial Programme proposed for adoption in developing coun-
tries that at present have no formulated surveillance
programme or responsibility

i Basic Programme proposed for adoption in developing coun-
tries that at present have a nominal programme with
severe limitations on its scope and effectiveness

] Interim Programme proposed for adoption in developing coun-
tries that at present have an established programme in
major cities only

v Intermediate Programme proposed for adoption in developing coun-
tries that at present have an established, nationwide
programme and seek to increase the effectiveness of
surveillance

\% Advanced Programme similar to those in use in developed coun-
tries that have generally eliminated water-borne disea-
ses in community water supplies (This monograph
emphasizes levels [-1V)

a Other WHO publications that may usefully be consulted include: Community wastewater collection and disposal 49
and WHO Technical Report Series No. 420 (4), No. 490(/3), and No. 541 (5).
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Table 3. Summary of principal activities for different levels
of surveillance?

Activity by the
surveillance organization

Level of surveillance

it I v
1. Laws, basic basic intermediate | complete
regulations & policies
Enforcement as needed for above
Drinking-water bacterial | bacterial bacterial international
standards only ' and and physical, | or
| physical some equivalent
chemical
4. Technical assistance limited passive special active
o cases
5. Training: ] ) ) ) ) . : ]
Staff in-service | in-service | in-service + | in-service +
+ short short course | technical
course institute
Waterworks none seminars seminars + seminars +
operators ; short technical
! courses institute
6. Sanitary surveys major | all cities all urban all urban
cities areas, some | areas, many
rural areas rural areas
Approval of sources as above
8. Sampling and as above | as above | urban areas | urban areas,
monitoring special rural
areas
9. Standard methods of bacterial, | bacterial, | bacterial, international
analysis residual physical, physical, or
Ci— and and some equivalent
residual chemical
CI—
10. Reporting o
requirements for activities 6, 7, 8, 9
. . 1
11. Remedial action as needed
12. Establishment of use specialized| regional regional
laboratories existing laboratories laboratories
facilities, central if needed + fully
eg. laboratory equipped
health reference
laboratory laboratory
13. Design standards or advisory advisory * informal formal
criteria approval

@ For further details, see Annex 1.
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Table 3 fcontinued)

Level of surveillance
Activity by the
surveillance organization
1 1 1l \Y
14. Control of none none advisory active
Cross-connexions programme
16. Plumbing code none none advisory codified
16. Laboratory support none { none media + evaluate
services reagents laboratories
should be at large
available plants
17. Materials and none none advisory approved
additives standards listing
18. Regulation of special
water supplies:

Institutional hospitals, | schools as for level as for level
major rail | as for il + major 0l + other
and air level 1 + housing population
terminals | army posts, projects concen-

prisons trations

Temporary none large fairs, as above

camps markets

Tanker major all cities urban areas | all urban
cities areas, some

rural areas

Bottled water none none large all

commercial commercial
bottlers bottlers

Ice none none large all

.commercial commercial
manu- manu-
facturers facturers

neer per S million persons is hardly being realistic if it adopts a surveil-
lance programme patterned on that of an industrialized country. The
predictable failure of such programmes to meet their own stated perfor-
mance standards gives rise to apathy and even cynicism.

A more realistic and pragmatic approach is to develop a surveillance
programme adapted to the locally existing situation and economic re-
sources of the country, to implement and consolidate the programme,
and subsequently to develop by stages the ultimately desired level of
surveillance.

Table 2 shows five levels or stages of surveillance programmes rang-
ing from an initial programme, level 1, proposed for those countries that
at present have no formulated surveillance programme, to a complete
programme, level V, similar to those in use in countries that have vir-
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tually eliminated water-borne disease associated with community water
supplies.

Table 3 summarizes the activities appropriate to each level of surveil-
lance (excluding level V). It is obviously not possible for this table to
cover all situations, but the concept should be clear: determine the level
of surveillance now existing, formulate the surveillance programme,
meet the performance level specified, then move on to the next higher
surveillance level. This process is repeated until the ultimate goal is
achieved.

The highest level of surveillance consistent with available monetary,
manpower, and material resources should be adopted initially and im-
plemented.

In sections of this monograph covering surveillance activities the
performance level associated with each activity is outlined in more de-
tail.



2. Organization

The surveillance agency

The surveillance agency must provide the professional services neces-
sary to fulfill its responsibilities of ensuring that the health of the public
is protected. Most of the developing countries lack fully adequate com-
munity water supplies and drinking-water surveillance pro-
grammes (7). In most instances a substantial expansion is needed to-
meet the needs for trained personnel, laboratory facilities, and the other
resources necessary for conducting an effective surveillance pro-
gramme. The establishment, operation, and management of surveil-
lance agencies are discussed in this chapter, but the discussion is res-
tricted to aspects directly related to drinking-water surveillance func-
tions. General information on environmental health administration
may be found in some other WHO publications (4, 5, 11, 12).

Dual responsibilities of waterworks and health authorities

Surveillance agencies and waterworks are not in competition with
one another but are, rather, complementary. Proper utilization of avail-
able resources by each body permits a more complete public service
to be provided, usually at less cost.

Combining the water production and surveillance functions in a sin-
gle agency is sometimes proposed, and examples exist especially in rural
areas. However, long experience in many countries indicates that hu-
man weaknesses often limit the effectiveness of such arrange-
ments. Awareness that all activities, whether a sanitary survey or an
audit of the financial records, are subject to external review discourages
the development of complacency and promotes improved performance
and greater awareness of the need for surveillance. The standards of
operation of certain large, complex, and well-run city water supply
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agencies having their own qualified staff and laboratory services may be
so high that the surveillance duties of the health authorities can be re-
duced to a minimum. In such instances the surveillance agency, while
retaining its ultimate responsibility for ensuring the safety of all public
water supplies, will be able to give more of its attention to supply
systems with poorer internal surveillance. For example, in small, re-
mote, locally operated water systems unable to afford qualified manager-
ial or technical personnel the surveillance provided by the central
agency may be the only check on water quality. Even in areas without
public water supplies the surveillance agency may be able to reduce the
grosser hazards of water-borne epidemics through advice and technical
assistance.

In any event, both the water-producing and surveillance agencies must
undertake essential surveillance activities. To repeat the analogy used
in the preceding paragraph, the external auditor of the waterworks ac-
counts does not enter every debit or asset as it occurs, and the surveil-
lance agency does not take and test every sample. Rather, the agency
provides supervision and makes spot checks of the waterworks’ perfor-
mance.

Certain characteristics of surveillance indicate the desirability, if not
the necessity, of assigning surveillance responsibilities to a separate agency,
usually the health ministry.

(1) Surveillance of drinking-water quality is essentially a health meas-
ure, the primary purpose of which is to protect the public from water-
borne diseases. As such, health authorities have a unique capability for
providing surveillance.

(2) As a health measure, surveillance should be integrated with other
environmental health measures, especially sanitation.

(3) Surveillance is a specialist subject requiring special knowledge and
personnel experienced in health matters, particularly sanitary engineers,
sanitarians, epidemiologists, chemists, biologists and others, with support
from the medical profession, especially during outbreaks of enteric dis-
eases such as cholera. Few water systems can afford their own full-
time cadres of such personnel.

(4) Surveillance is most effective when it enjoys informed public sup-
port through introduction of the concept into health education and other
public health programmes.

(5) Centralization of certain surveillance activities such as laboratories
and training programmes, which may already exist within health min-
istries, can result in considerable economies.

(6) The need for reporting periodically to the government on the
public health aspects of water supplies in the country.
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Administrative organization

No single pattern of organization can, or should, be applied univer-
sally. A wide variety of administrative arrangements exist and are like-
ly to continue in use since political structures, demographic patterns,
economic development, level of water supply services, legal systems, and
governmental practices differ from country to country. The real criter-
ion is whether the organization provides effective surveillance. A coroll-
ary is, if surveillance is not being provided is it owing to the organi-
zational structure or is there some other reason? Effective leadership,
adequate resources, and legal delegation of authority and responsibility
are more important than organizational structure.

Inauguration or strengthening of a surveillance programme should
not await the development of an ideal organizational structure. All too
often new situations are met by reorganization, which may create an il-
lusion of progress while producing confusion and inefficiency.

In small countries, or very large countries with a highly centralized ad-
ministration and a small number of professionally qualified or potential
personnel, national programmes may have special merit. When the surveil-
lance organization is under a ministry of|, say, health, it may be desirable to
organize subunits on a local, regional, state, or provincial basis in parallel with
those in the parent ministry. In some countries, for example, sanitarians
employed in rural drinking-water quality surveillance have worked effecti-
vely from regional health divisions.

Levels of surveillance

The many differences that exist between countries have been men-
tioned in the previous section. Similarly, there are great variations in
the levels or stages of surveillance programmes that can be established
and sustained during the next few years in the various countries.

A common weakness found in a recent multi-country survey of na-
tional surveillance programmes was their failure to adopt formal, realistic
programmes with stated, quantifiable goals and objectives that could be
achieved under local conditions. This monograph advocates the follow-
ing steps in establishing appropriate levels of surveillance.

(1) Formally review the existing surveillance programme, its re-
sources, authority, performance, objectives, and criteria, and summarize
the status of the current programme.

(2) Survey the needs of the country with regard to water quality sur-
veillance, making an inventory of the number of water supply systems
and their distribution according to size and noting the existing level of
surveillance by waterworks operators and the prevalence of water-borne
diseases.
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(3) Having determined the current level of surveillance by comparing
step 1 with Tables 2 and 3 (it is unlikely that they will correspond ex-
actly; it is the concept of stage-wise development that is important), sel-
ect the next higher level of surveillance as an intermediate goal.

(4) Compare step 3 with step 2, outline a formal programme, and
estimate the budget, manpower, and time that will be needed to esta-
blish the new level of surveillance. It may be necessary to balance the
time required to establish the improved surveillance level against the re-
sources available, i.e., if the budget or manpower resources are insuffi-
cient for meeting the target date it will be necessary to provide more
funds or extend the time.

(5) Adopt the new programme, establish formal objectives, and report
on progress every year. Some examples of formal objectives are:

(a) to apply the international standards for drinking-water (/0) to
all community water supply systems serving a population of, say,
50000 or more within a specified period—10 years, for example;

(b) to make periodic sanitary surveys of all new water sources
serving a population of, say, 500 or more by a specified date;

(¢) to provide training for 1 week or more each year for a signif-
icant number of full-time waterworks personnel.

These objectives can be costed and progress measured quantitatively
against the targets reached. ‘

(6) When a higher level of surveillance has been established repeat
the process, moving to the next surveillance level.

Tables 2 and 3 give urban areas priority over rural areas in surveil-
lance activities. This is realistic because it is the usual pattern and also
because to achieve maximum cost-effectiveness (i.e., return per unit of
resource invested) surveillance priorities should maximize the expected
benefit, which is a product of the population at risk multiplied by the
reduction in the probability of the risk. Thus, favoured situations are
large populations served by surveillance activities with a high potential
for risk reduction—large populations using approved raw water sources,
for example.

Assessment of the existing situation

Water supply systems vary greatly in size, ranging from small
systems serving individual families to systems serving millions of con-
sumers. Even in the wealthier countries, manpower and financial lim-
itations prohibit full surveillance, and agencies give more attention to
the larger systems because (1) the risk of water-borne epidemics increases
with the size of the system; (2) more people can be protected with a
given surveillance budget (i.e., the unit cost of surveillance is lower);
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(3) larger systems more often than smaller ones take water from poorer
quality raw water sources (e.g., rivers rather than drilled wells); (4)in
densely populated areas the hazards of contamination are greater;
(5)large water systems have access to laboratory facilities and skilled
manpower; (6) stronger, more effective organizational support is available
in urban areas; and (7)it is traditional to do so.

In choosing the systems to be included in a routine surveillance pro-
gramme, the practice of one state health agency may be used as an
illustration. This agency, in a state with a population of about 5.5 mil-
lion, has defined a community water supply as “any system, publicly or
privately owned, which provides water intended for drinking to 25 or
more persons”. Over a period of several years the agency has identified
and listed some 3000 such systems and it inspects each system period-
ically. The agency is now planning to redefine community water supply
systems as “those systems serving 10 or more consumers”, and
is expanding its staff and laboratories to supervise an additional 1000
systems.

What is worth noting is not the number of consumers specified in
the definition, whether 10, 25, 100, or 1000, but, rather, the selection
of an interim number, which represented a realistic interim goal, and the
stepwise movement, with development of staff and laboratory capacity,
to a more stringent definition of a community water supply system.

Essential to these decisions is the availability of an inventory or list
of water supply systems. The number and size distribution of the
smaller systems must in general be estimates. Only when staff re-
sources become available to search for small systems in the field will
many of them be identified.

Because a water supply system may be smaller than the “community
water supply” as defined by the agency does not mean that it can or
should be ignored, but the focus of effort will differ, more emphasis be-
ing given to health education and community demonstration than to
routine laboratory analyses, for example. In special circumstances such
as a cholera outbreak the entire range of surveillance activities—sanitary
surveys, sampling, laboratory analyses, etc.—should be extended to even
the smaller systems. Generally, however, when resources are limited
more emphasis should be given to surveillance of larger systems.

In addition to water systems serving resident populations, systems
for restaurants, hotels, parks, sea ports, airports, railway stations, fairs,”
centres of pilgrimage, festivals, military camps, and other concentrations
of transient populations should receive particular attention because of
their potential role in disease transmission.

In carrying out the “census” of water systems, other highly useful in-

a Fairs in India have attracted as many as 3 000 000 people in the course of a single day.
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formation can be gathered at marginal cost; this includes data on oper-
ators, laboratories, planned expansions, water consumption (when re-
cords exist), water sources, etc. Guidelines for data collection are present-
ed in the report of a WHO Scientific Group on techniques for the col-
lection and reporting of data on community water supply (I3).

Estimating manpower and budget requirements
for surveillance programmes

This section offers some guidance on the preparation of manpower
and budget estimates for expanded surveillance programmes by central-
ized agencies such as state or provincial heaith ministries or depart-
ments. The process must generally be repeated several times in order
to adjust the programme to the limitations of resources and available
data. Adjustments can be made by limiting full surveillance to systems
of a certain minimum size (see previous section), by redefining the scope
of surveillance (the frequency of sanitary surveys, for example), and by
reassessing priorities. Further refinements might include separating
water systems according to source—groundwater or surface water—and
grouping systems by size.

Data needed include an inventorv of systems under surveillance;
unit time estimates (man-days or man-hours) for sanitary surveys and bac-
teriological and chemical analyses; pay rates for various categories of
personnel; and overhead costs. Surveillance policies and procedures must
also be defined—frequency of surveys and sampling, parameters to be
analysed, etc. In some systems initial estimates may be quite crude,
but the process, if continued annually, also identifies the data and re-
cords needed and estimates should therefore improve with time.

An inventory of water systems by size is the first step. Following
the procedure outlined in the preceding section, the systems to be sur-
veyed are identified—say, all those serving over 1000 people. If it is not
feasible to provide the total budget requirement, systems serving over,
say, 5000 people might be routinely surveyed and the small systems sur-
veyed only on an ad hoc basis. As more resources become available the
minimum population supplied might be reduced in future years to in-
clude smaller systems.

The average man-day requirement for sanitary surveys and related
technical assistance, including plan reviews, meetings with governing
bodies, report writing, informal in-service training, etc., must be estimat-
ed from agency records. Also required are costs of salaries, fringe ben-
efits, travel, secretarial support, etc.
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Written procedures

Many surveillance agencies find written guidance on agency organ-
ization, ‘'objectives, policies, and procedures useful. While surveillance
activities require judgement rather than unquestioned uniformity, many
activities benefit from uniform systems including data collecting, labo-
ratory analysis, and record keeping. An example of such a written pro-
cedure is the enforcement operation manual outlined in Chapter 8.

Independent budget

Independence of action is directly related to financial indepen-
dence. A common characteristic of all effective surveillance agencies is
their relative independence in budgeting. Surveillance agencies are
sometimes forced to take certain actions that may be unpopular, but
when things are going well the public is usually unaware of the agency’s
activities. The effectiveness of the surveillance may, however, be taken
(erroneously) as a sign that less surveillance (and a smaller budget) is
justified.

Supporting services

The availability of supporting services such as transport and commu-
nications is essential to proper surveillance. The nature of the activity
often demands immediate response. Adequate clerical support is need-
ed for record-keeping.



3. Laws, regulations, and standards

Legislative authority

Appropriate legislation, regulations, and policies are basic to the dev-
elopment of effective drinking-water surveillance programmes. The
basic legislation, statute, or code should specify:

(1) the scope of authority, including authority over all drinking-water
within the jurisdiction of the agency;

(2) the agency or agencies delegated to administer the law;

(3) the right of the agency to establish, amend, and enforce regula-
tions and bylaws for the development, production, distribution, and pro-
tection of safe drinking-water.

Suprisingly, many countries lack such basic legislation (7) and much
existing legislation is seriously out of date. However, development of
a surveillance programme should not wait for the enactment of legislation,
which may take several years. Much can be done under general welfare
or health legislation and with voluntary cooperation.

Provisions for compliance

The statute or statutes should provide for compliance with all laws,
rules, regulations and policies and include appropriate sanctions for non-
compliance. Although the surveillance authority should ideally be capa-
ble of achieving its objectives through counselling and cooperation rather
than through law enforcement, it will almost certainly be necessary on
occasion to use legal sanctions against an individual or organization in
the public interest. While such powers should be used sparingly, they
should be available for immediate use during an emergency.
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Financial incentives

Provision of financial incentives such as government subsidies or
grants to waterworks may be more effective in improving drinking-water
quality than application of legal sanctions against the supply agency. If
the surveillance agency is not authorized to approve subsidies it should
advise the approving body.

Drinking-water standards

The surveillance agency should be empowered to enforce quality
standards for drinking-water adopted by the country, generally by the
health ministry. Considerable scientific and medical judgement and ex-
perience beyond the capacity of most water treatment plant operators is
necessary for determining whether water is wholesome. The interna-
tional standards for drinking-water (I0) have been adopted wide-
ly (7). Some countries have adopted international or national stan-
dards in whole or in part. Others have modified these standards or
have established their own standards. Evaluation of the source and
specification of methods of laboratory analysis are integral parts of drink-
ing-water standards.

Codes for water distribution and plumbing

Incorrect plumbing practices and use of unsatisfactory fixtures have
resulted in numerous outbreaks of water-borne disease. The surveil-
lance agency should work closely with national standards organizations,
health ministries, manufacturers, trade associations, waterworks, training
institutions, and others bodies to promote safe plumbing.

Other standards

In countries having no national standards organization, surveillance
agencies may wish to promote standards for waterworks equipment, ma-
terials, and practices. These standards can relate to health directly (by
forbidding the use of lead pipes in distribution and service networks, for
example) or indirectly (by standardizing handpumps, for example, to sim-
plify maintenance and repair and thereby increase service reliability).
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Specific authority

Some of the surveillance activities that may be specifically authorized
or delegated are as follows:

(1) approval of new water sources and methods of treatment;

(2) surveys, sampling, and laboratory analysis;

(3) protection of watersheds and reservoirs;

(4) disinfection;

(5) operator training and certification;

(6) codes for construction of wells and springs and installation of
pumps,

(7) provision for central laboratory services;

(8) control of cross-connexions and back-siphonage;

(9) approval of construction plans where appropriate;

(10) surveillance of privately owned water supplies:

(11) approval of tanker supplies;

(12) surveillance of bottled water plants;

(13) surveillance of ice manufacture;

(14) rights of inspection and entry;

(15) technical advice and consultation;

(16) promotion of standards for waterworks equipment and chemi-
cals.

Which of these activities are carried out will depend on the level of
surveillance sought.



4. Personnel

Introduction

The professional disciplines most directly involved in drinking-water
quality surveillance are engineering, sanitation science, and laboratory
practice. Numbers of personnel will be proportional to the area of
jurisdiction and the level of surveillance sought.

Since surveillance is an integral part of waterworks operation, the
waterworks personnel as well as those of the surveillance agency will be
involved in surveillance. Many of the personnel of the two bodies, lab-
oratory staff, for example, will have similar duties and require similar
qualifications.

In the developing countries both water production and surveillance
organizations often have inadequate resources, including those of funds,
skilled manpower, materials, transport, laboratory facilities, and public
support. Careful consideration of the duties, qualifications, and training
of staff is therefore most important. Personnel requirements must
be determined by circumstances.

Surveillance agency staff

The surveillance agency should estimate its manpower requirements
in accordance with the methods outlined in Chapter 2. Manpower re-
quirements should be summarized in terms of positions to be filled,
numbers of personnel needed and qualifications necessary, duties to be
carried out, and in-service training required. The specimen summary
given in Table 4 is based on the experience of a West African water au-
thority serving a population of around 5 million in an area of about
780 000 km?,
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Table 4. Surveillance agency personnel; specimen summary?
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Job title (and numbers}

Qualifications

Duties

Traning

Principal health
superintendent
(1

{a) a school-leaving
certificate

{a) heads the
surveillance
programme

specified courses
such as
environmental

control and
(b) a recognized (b) coordinates environmental
diploma as surveillance sanitation
public health activities
inspector
{c) a diploma in (c) responsible for
environmental staff training
sanitation
(d) overseas
training in public
health
engineering
{e) minimum of 15
years'
experience
Senior health as above, with {a) responsible for specified courses
superintendent minimum of 12 surveillance such as
(SHS) (8) years' experience activities in his | environmental
district control and
environmental
{b) carries out sanitation
regular sanitary
surveys

Higher health
superintendent
(7

As above, but 9
years' experience

assists the SHS in
carrying out above
duties

specified courses
such as
environmental
control and
environmental
sanitation

Health
superintendent
(HS) (10)

6 years’ experience
as public health
inspector

a health
superintendent or
an assistant health
superintendent is in
charge of water
surveillance
activities in his
division

specified courses
such as
environmental
control and
environmental
sanitation

|
|

o a This table is intended only as an iliustration and is not necessarily a recommended fist of personnel. Such
lists must be established in accordance with local conditions, resources, and levels or goals of surveillance.
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Table 4 {continued)

Job title {and numbers)

Qualifications

Duties *

Training

Assistant health
superintendent

3 years’ experience
as a public health

a health
superintendent or

specified courses
such as

inspector (223)

certificate
{b) a recognized
diploma as
public health
inspector

sampling for
bacteriological and
residual chlorine
testing, carries out
residual chlorine
analysis, and
sanitary surveys

(AHS) (18} inspector an assistant health | environmental
superintendent is in | control and
charge of water environmental
surveillance sanitation
activities in his
division

Public health (a) a school-leaving | undertakes water 3 years’ training at

a school of
hygiene to obtain
a public health
inspectors diploma

Laboratory staff:

Chemist (1)

Laboratory
technician (2)

university graduate
in chemistry (must
have a knowledge
of microbiology)

a school-leaving
certificate plus 2
years' training in
microbiology

heads the
laboratory and
supervises all
bacteriological and
chemical analyses
of water

assists the chemist

special courses
such as membrane
filter analysis

joint short courses
with waterworks
laboratory
personnel

Chief of the surveillance programme

Ideally, it is desirable that the programme should be headed by an
experienced sanitary engineer or scientist with executive ability and
professional skills in waterworks operation and environmental health
protection. He should have good professional standing and be respected
by the local community.

Sanitarians
The backbone of the surveillance programme is the corps of sanitar-

jans or public health inspectors and their assistants. Although personnel
with a formal, institutional training are desirable they are by no means
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essential. Successful surveillance programmes have been undertaken,
mainly in smaller communities, by personnel with a limited education
(in-service training and intensive short courses) working under close,
qualified supervision and equipped with clear, comprehensive instruc-
tions.

Waterworks staff

Although not employed by the surveillance agency, these personnel
have a key role in maintaining drinking-water quality. The surveillance
agency must therefore strongly promote suitable training for waterworks
staff.

Technical director

Directors of technical operations of large water supply systems serv-
ing metropolitan or regional areas should have received an appropriate
education in engineering or science and have experience of plant oper-
ation.

Plant operators

Operators should be good managers and they should be familiar with
hydraulic principles as applied to waterworks operation. These person-
nel should know and recognize public health hazards in water produc-
tion, treatment, and distribution; be acquainted with waterworks safety
practices; and be able to perform or supervise physical, chemical, and
bacteriological tests and to interpret the results of these tests in order to
assure proper operation of the plant. In addition, operators should be
familiar with the national drinking-water standards and be able to man-
age plant equipment and personnel to maintain these standards con-
tinuously.

Other staff

A water plant also requires adequate numbers of competent assistant
operators, laboratory workers, and maintenance personnel. The staff
should be sufficient for all circumstances, including holidays, illnesses,
or emergencies.
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Lack of manpower and other resources makes it difficult in some
developing countries to obtain suitably qualified and experienced staff to
operate waterworks. Experience has shown that trained and responsible
subprofessional staff (waterworks superintendents) adequately supported
by trained operators and other skilled personnel, many of whom have
been trained in service, can reasonably operate waterworks supplying
populations of up to half a million people. An arrangement found satis-
factory in some cases is to create waterworks districts with a com-
petent engineer as supervising officer, each waterworks being looked after
by the waterworks superintendent.

Senior officials of public health organizations

Whether the surveillance agency is independent or comes under a
health ministry, cooperation, coordination, and support of the health
infrastructure within the agency’s area of jurisdiction are essential for ob-
taining public understanding of, and support for, the surveillance pro-
gramme and ensuring its effectiveness. In emergencies and crises,
which often face water supply programmes in the developing countries,
a well established working liaison with senior health officials is impor-
tant, especially in rural areas where water surveillance and health activ-
ities may overlap.

Medical examination of operators

No person thought to be suffering from a water-borne disease, or
who might be a carrier of such a disease, should be allowed to come
into contact with drinking-water at any stage of its treatment or distri-
bution or with any surface that could convey contamination to the water
supply. Medical examination of all waterworks employees is particularly
important when an epidemic breaks out or appears likely. Anyone suf-
fering from diarrhoea or open sores who could contaminate the water in
the course of his duties should be sent home or given other work until
he is fully recovered. This applies not only to regular staff but also to
casual labour engaged in cleaning reservoirs or walls, handling pipes or
other equipment, making repairs, etc. Close liaison between the water-
works management and the medical authorities is essential when work
is undertaken by outside contractors or labour.

Owing to the acute nature of cholera, blood tests or bacteriological
examination of stools for Vibrio cholerae are of little practical use for
screening infected waterworks staff. Therefore, reliance must be placed
upon excluding anyone suffering from diarrhoea or exhibiting other
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symptoms that could indicate infection. Relatives and other persons in
close contact with cholera patients should also be kept away from water
installations.

Tests for carriers of typhoid or paratyphoid are outlined in Annex 2.

Training programme

Competent personnel are needed for the distribution and effective
surveillance of drinking-water supplies. The surveillance agency should
support the establishment of appropriate educational training in local
universities and other technical institutions. When such training is not
available locally senior staff should take advantage of educational pro-
grammes in other countries, especially at the postgraduate level. Inter-
mediate-level staff can, with advantage, be attached for short periods to
waterworks at home or abroad. However, only limited numbers of per-
sonnel will be able to participate in such programmes. The need to
train larger numbers of staff, especially junior staff, at the local level on
existing equipment and in their own language means that if no local edu-
cational or professional organization fills the need, then the .surveillance
agency must do so. The economy of hiring a qualified instructor to
teach students at home rather than sending students long distances to
receive instruction should not be overlooked.

Training is expensive and should not be wasted by failure to provide
adequate financial incentives to retain trained personnel or by the di-
version of trained staff to assignments unrelated to their training.

The parallel training requirements for staff of waterworks and sur-
veillance agencies indicate the usefulness of jointly operated training pro-
grammes utilizing the best laboratory facilities and manpower and other
resources of both types of agency.

Training courses

Details of courses on sanitary surveys, membrane-filter bacteriological
sampling and testing, control of cross-connexions, and operation of water
treatment plants are given in Annex 6. An example outline curriculum
is given for each course with suggested timing and duration of lectures,
demonstrations, laboratory sessions, and field trips, together with refer-
ences to technical literature for each lecture.



5. Sanitary surveys

Introduction

The sanitary survey is an on-the-site inspection and evaluation by a
qualified person of all conditions, devices, and practices in the water
supply system that pose, or could pose, a danger to the health and
wellbeing of the consumer. Sanitary surveys may include the entire
water supply system or they may be confined to source, treatment, or
distribution, depending on their purpose, as outlined in this chapter.

Depending on the resources available, the sanitary survey may or
may not include sampling and laboratory analysis, which are useful but
not essential. On the other hand, a sanitary survey is indispensable for
adequate interpretation of laboratory results. No bacteriological or
chemical survey, however carefully it is made, is a substitute for a com-
plete knowledge of conditions at the source and within the distribution
system, the adequacy of the water treatment, and the qualifications and
performance of the operators. Samples represent a single point in time,
and even when samples are taken and analysed frequently reports are
made after contamination has occurred, especially in systems without
long-term storage. Contamination is often random and intermittent,
and is not revealed by occasional sampling. For example, during a
major outbreak of infective hepatitis (a virus infection) in Delhi, India,
bacteriological samples gave ‘“‘satisfactory” results throughout the
period (14).

Sanitary surveys are fact-finding activities that should reveal system
deficiencies, not only sources of actual contamination but also inadequa-
cies in the system that could result in failure to control contamination
should it occur. Furthermore, the survey report should advise water
supply operators or managers on ways to eliminate defects and improve
water quality. In this regard many reviewing authorities have found it
helpful to have a responsible person from the waterworks present during
the survey to acknowledge the findings by signing a receipt for the sur-
vey report.



SANITARY SURVEYS 37

Every water supply system should be surveyed periodically by a se-
parate, external agency, preferably one that is knowledgeable about both
water supply technology and its implications for health and disease
transmission. Although it is unrealistic in most instances to expect the
surveillance agency to devote more than 1 or 2 days each year to a sur-
vey, this can hardly be considered an adequate programme. Thus, san-
itary surveys should be undertaken periodically by waterworks personnel
as well as by the surveillance agency.

Many potential hazards can be detected by a sanitary survey of the
water source and the treatment and distribution facilities. The detec-
tion and correction of faults and deficiences is the main purpose of the
sanitary survey.

Timing and frequency of surveys

Sanitary surveys should be undertaken both on a regular basis and
also under special conditions, but the comprehensiveness of the survey
and the qualifications of the sanitary surveyor are determined largely by
the significance of the particular survey.

New sources

The most important survey is that undertaken when new sources of
water are being developed. This survey should be made in sufficient de-
tail to determine (1) the suitability of the source, and (2) the amount of
treatment required before the raw water can be considered suitable for
human consumption. When alternative water sources are under
consideration each should be surveyed. Physical, bacteriological, and
chemical analyses should be carried out during surveys to find major, new,
surface water supplies. Requirements for chemical and bacterio-
logical analyses of raw water sources to supply smaller systems and of well
waters will depend on the resources available. The guiding principle is
that no new public water supply should be approved without a sanitary
survey made, or accepted, by an agency with surveillance responsibility.

Possible contamination

Another important survey, and the most urgent, is that undertaken
when laboratory analyses of a sample taken from the water system or
complaints from consumers indicate the possibility of contamina-
tion. A survey should be started immediately to identify the source of
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contamination. Attention should be given first to the most common
causes of contamination (see Annex4). In systems using chlorination
treatment, residual chlorine levels should be checked immediately and
chlorination equipment and records examined.

Epidemics

A sanitary survey similar to that made when there is a possibility of
contamination should be undertaken if or when epidemiological evi-
dence indicates an outbreak of water-borne disease in or near the area
served by the water supply system. This survey should be undertaken
even though laboratory records indicate that the water samples analysed
are of a satisfactory quality. Contamination of water supplies is often
sporadic and undetected by intermittent sampling. During epidemics
the sanitary survey should not be limited to the piped public water supply
but be extended to all water sources in the community.

Interpretation of laboratory analyses

A sanitary survey is required for interpreting bacteriological, chem-
ical, and physical analyses of water samples taken from a water supply
system. These surveys are most useful when (1), as previously noted,
contamination is suspected; (2) significant changes from the normal
occur, e.g., when the water is higly turbid owing to flood conditions;
and (3) when sampling is infrequent. These surveys may or may not be
complete, depending on the seriousness of the circumstances.

Significant changes

A sanitary survey should be made when any significant change or
event occurs that could affect water quality; for example, the beginning
of the rainy season, new industrial construction work on a watershed,
an outbreak of typhoid or cholera in a nearby area or country, or serious
complaints by consumers.

Regular sanitary surveys
The frequency and timing of regular sanitary surveys will depend on

the size of the water supply system, whether maintenance is efficient,
susceptibility to contamination and interruption of services, and the staff
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and resources available. Treatment plant operators should make their
own regular sanitary surveys, and these surveys should be noted in the
plants’ log-book. The surveillance agency also should undertake sani-
tary surveys on a regular basis, ideally at least once a year. Large
systems should be inspected more frequently because of the size of the
population served, variability in the quality of their water sources, and
greater cost-effectiveness of surveillance. The smaller systems should
also be surveyed, but the frequency should be based on experience of what
can be achieved with the available manpower. A rural country with
only one sanitary engineer for a population’' of 5 million may have to
forego temporarily direct control of water supply systems serving fewer
than a specified number of consumers. Even here, however, group
training of operators and sanitary aides in sanitary surveys can be useful.

Table 5 presents illustrative survey schedules for various levels of
surveillance programme, as previously defined and described in Tables 2
and 3. The sizes of water systems (i.e., population served) are indicated
only in qualitative terms but they can be defined quantitatively using
the procedure outlined previously. The survey schedule must, of
course, be adjusted to water supply programmes, manpower and budget-
ary resources, demographic conditions, transportation networks, past his-
tory of contamination and interruptions of service, and other relevant
factors in the particular country or region. The schedules proposed in
Table 5 are postulated as reasonable minimum objectives, and the formal
development of programme and planning criteria, as illustrated by the
table, should be undertaken in any event.

Rural areas present a special problem for sanitary surveys—namely,
the physical and economic impossibility of surveying the innumerable
small water suppliers. Efforts by surveillance agencies must primarily
encourage and stimulate individuals and community groups to make
their own improvements, provide information on proven techniques, and
give technical assistance for site selection, design, and construc-
tion. Demonstration of proper practice, rather than condemnation of
the improper, should be aimed at. Annex 4 offers some technical guid-
ance on these matters.

Qualifications of sanitary surveyors

The professional judgment and competence of the survey officer
ultimately determine the reliability of the data and information col-
lected. Qualified persons should therefore conduct the sanitary sur-
veys. Ideally, the sanitary surveyor would combine an understanding
of water supply technology and the principles of public health with ex-
perience in water supply operations and management. At least the nat-



SANITARY SURVEYS 41

jonal programme director should possess these qualifications and should
have received formal training in sanitary engineering or science.

Routine external surveillance is generally provided by sanitarians and
public health inspectors who are not fully trained in the engineering dis-
ciplines related to water supply facilities. Technical assistance should be
available to the inspectors if needed. Larger or more complex systems
should be surveyed by senior personnel.

The lack of adequate numbers of qualified personnel should be seen
not as an excuse for inaction, but as a challenge to establish appropriate
training programmes. Technical assistance and fellowships are available
through WHO and other international bodies.

Experience shows that successful surveillance programmes can be
operated by secondary school graduates with 1-2 years’ technical instruc-
tion and in-service training and experience, provided they are closely
supervised by qualified personnel.

Personal characteristics of sanitary surveyors are also important.
Maintenance of a professional attitude and approach is important in di-
rect contacts with waterworks operators. If the surveyor goes about his
task in a thorough, professional manner and makes comments, sugges-
tions, and recommendations that will lead to improvements in the
system, the surveillance agency, the water supply, and the community
will all benefit from the survey.

The performance of the sanitary surveyor should also be monitored
through occasional spot checks by supervisors. Also, many agencies
find that rotation of assignments among the sanitary personnel helps to
prevent complacency or worse faults due to overfamiliarity with parti-
cular waterworks or their personnel.

As previously indicated, the majority of routine sanitary surveys
must be made by waterworks staff. In smaller water supply systems,
especially, this necessitates additional operator training through short
courses or certification programmes. A senior waterworks official
should accompany the sanitary survey officer during his inspection, not
only to remedy any defects uncovered but also because the survey
should be considered as a training session (see below, p. 42).

Operators

A sanitary survey is intended to evaluate existing and potential
health hazards in a water supply system. Even the finest and best
equipped waterworks can give rise to health risks if they are operated
incompetently. Conversely, the simplest works have produced water of
good quality when well managed and operated. Review of the opera-
tor’s qualifications is therefore a logical part of a survey. Unfortunately,
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operator evaluation is subjective and not readily expressed in quantifiable
terms.

For all systems, regardless of size, a person must be designated to
be responsible for the operation of the system; this person, or his dep-
uty, must be available (“on call”) at all times when a system using sur-
face water sources and disinfection procedures is in operation. The
principal operators of systems employing chlorination must have on hand
devices or equipment for measuring residual chlorine and be competent
in their use and in making indicated adjustments to chlorine dosing
rates.

Operators of water treatment plants should have had a secondary
school education (or the equivalent) and training and experience in water
supply technology. In some countries such requirements have legal au-
thority, but this is possible only where health agencies, professional and
other societies, educational institutions, or other bodies make such train-
ing available.

It cannot be overemphasized that a thorough, competent sanitary
survey is an excellent opportunity for operator training and sometimes the
only external training available for operators. In addition to explaining
why various survey activities and treatment processes are necessary,
survey personnel should demonstrate proper methods for selecting sam-
pling points, taking of samples for bacterial and chemical analy51s and
measuring residual chlorine.

Even though public water supply systems should not be cr1t101zed for
having inadequately qualified operators (unless the criticism is supported
by corroborating evidence such as repeated instances of water contam-
ination), the survey report should record the numbers of full-time and
part-time operators and, for principal operators, their education and ex-
perience, how long they have held a particular position, special training
they have received, and other relevant information. ‘Not only is such
information useful in evaluating an individual water supply system, but
when compiled for many systems it is useful in surveillance agency eva-
luations of manpower status and needs.

Sanitary survey report forms and records

Printed guidelines, checklists, and forms for recording sanitary sur-
veys are of considerable value to both surveillance agency personnel
and water supply system operators. Report forms are often drawn up
in the national language and mimeographed on inexpensive paper. Sev-
eral publications offer excellent guidance in this respect and some ex-
amples are given in Annexes 4 and 6.

In addition to their educational value and utility as checkllsts such
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report forms become part of the permanent record and, as such, are use-
ful for enforcement of quality standards and follow-up evaluations of
corrections made. Some agencies have found it useful to require both
the inspector and the principal waterworks operator to jointly initial the
form. This not only serves as an acknowledgement that the report has
been received, but also helps to ensure that the operator is aware of the
deficiencies uncovered. The completed report form can be treated as
the report, and copying is not necessary if carbon copies are made when
the form is being completed. At least one copy should be retained by
the surveillance agency and one given to the water supply management.
Ample space should be provided for additional written comments.

The report must show clearly and unequivocally the recommenda-
tions made, actions that must be taken, and latest times for ac-
tion. Confusion between ‘suggested” or ‘“desirable” and mandatory
action must be avoided.

Sanitary survey guidelines

Guidelines for sanitary surveys are presented in Annex 4. These are
grouped by function—sources, treatment, distribution, and storage—and
common sanitary defects. Problems of cross-connexions are discussed
in Annex 5.

The guidelines are not comprehensive; any element of the water
supply system that may allow faecal contamination of the water, and
there are many possible routes, is a deficiency. The guidelines are in-
tended as a checklist of the commoner sanitary deficiencies in water
supplies and as a training aid.

The guidelines are also useful in reviewing designs and construction
plans and specifications prior to construction. In some countries plans
for major new construction work or extensions of existing constructions
must be reviewed and approved by the water surveillance agency. This
practice can be particularly valuable when designs are prepared by civil
or hydraulic engineers with limited public health experience; however,
these requirements will generally be applied only when surveillance pro-
grammes have enough experienced personnel to make meaningful re-
views and simultaneously to carry out other activities with a higher
priority—approval of water sources, sanitary surveys, training, and staff
supervision.

An important requirement common to all elements of the water
system is reliability, not only during normal operations but also during
periods of unusual stress or emergency. Reliability is linked with proper
maintenance and structural features designed for continuity of opera-
tion. Examples of. the latter are provision of two or more wells for
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systems using groundwater sources, provision of standby power sources or
elevated water storage, and installation of valves in the distribution
system to permit partial shutdowns for repair work. Waterworks are sus-
ceptible to damage from earthquakes, floods, and other disasters. Use-
ful guidance in the situations may be found in Guide to sanitation in nat-
ural disasters (15).

Records

Another important requirement for the entire waterworks system is
to maintain proper records. Preparation for a sanitary survey of the
system should include compilation and review of all records including
those of flows, plant and distribution system operation, chemicals added,
water quality at the plant and in the distribution system, operator train-
ing, and consumers’ complaints. The surveyor should also review his
own records of previous surveys, remedial action taken, if any, and out-
breaks of water-borne enteric disease in the community served by the
system.



6. Sampling of drinking-water

Introduction

This chapter deals with sampling by both waterworks and surveil-
lance agency personnel. Tables 6, 7, and 8 show the respective timing
and frequency of sampling by the two agencies.

Samples are taken from water systems in order to determine whether
the water supplied is safe for human consumption, and they must there-
fore be representative of the water supply as a whole. If the sample is
carelessly taken or is taken from locations that are not truly represen-
tative of the whole system, then the purpose of sampling is de-
feated. Unrepresentative sampling may even be dangerous if it gives
rise to unjustified confidence in the quality of the water.

One sample taken from a water system is of limited value; long re-
cords and repeated sampling are desirable.

Bacteriological sampling; frequency and number

Sampling frequency for public water supplies has traditionally been
based on a monthly minimum determined by the population served,
fewer bacteriological samples being required from smaller sup-
plies. This practice recognizes the limited resources generally available
for surveillance of smaller water supply systems. Even in developed
countries the application of identical per capita surveillance budgets pro-
vides smaller resources for the smaller systems. However, frequency of
sampling should take into account the past frequency of unsatisfactory
samples, the quality of raw water treated, the number of raw water
sources, the adequacy of treatment and capacity of the treatment plant,
risks of contamination at the source and in the distribution system, the
size and complexity of the distribution system, the risk of an epidemic
starting (at international ports or centres of pilgrimage, for example), and
the practice of chlorination.
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It might be thought that if chlorination is practised less sampling will
be needed. However, field studies in developing countries indicate that
water supplies from naturally protected sources—deep wells, for exam-
ple—are rarely chlorinated. Rather, chlorination is practised in water
supply 'systems where the source or distribution system is, or could be,
contaminated and where failure of the chlorination system could result
in a serious hazard to the health of the population served. Constant
checking of chlorine residual concentrations and bacterial quality is
therefore necessary to ensure that immediate remedial action is taken if
water of doubtful quality enters the distribution system.

On account of the many variables outlined above, and the differences
in resources available for surveillance, no universally applicable sampling
frequency can be suggested. Ideally, bacteriological examinations of
chlorinated water should be made daily. This is feasible for the largest
supply systems but may be impracticable for the smaller systems, which
may have to rely on weekly or monthly bacteriological analyses. The
smallest supplies may have to rely completely on sanitary surveys and,
if chlorination is practised, frequent determinations of residual chlorine
concentrations. ,

Recommendations for sampling (numbers of samples and frequency
of sampling) are to be found in International standards for drinking-
water(10). Suggested maximum intervals between successive samples col-
lected from the distribution system, whether the water has or has not
been disinfected, and the minimum number of samples to be examined
each month are given in Table 6.

The number of samples taken and the frequency of sampling must
be decided by the surveillance agency, taking local conditions into ac-

Table 6. Maximum intervals between successive samples
of water entering the distribution system#
and minimum number of samples to be taken

Minimum number of samples
to be taken from whole
distribution system each month

Maximum interval

Population served between successive samples

Less than 20 000 1 month

20 000 - 50 000 2 weeks 1 sample per 5000 population
per month

50 000 - 100 000 4 days

More than 100 000 1 day 1 sample per 10 000 population
per month

@ Applies to both disinfected and non-disinfected water systems. Source: /nternational standards for drinking-
water (10).
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count. The criteria or standards adopted for local use must be clearly
defined and circulated (in writing) to appropriate surveillance and water-
works personnel; above all, the criteria must be attainable by water
supply systems of the sizes and types specified. Field studies in dev-
eloping countries indicate that there is widespread use, in principle, of
sampling standards adopted in the United Kingdom, USA, and other
developed countries; in fact, except in a few capital cities these stan-
dards are not closely followed.

In accordance with the surveillance programme levels defined in
Chapter 1, Table 7 outlines possible sampling schemes. It is again em-
phasized that these schemes are not final goals but are stepwise, interim
stages in a formal plan of surveillance improvement leading ultimately
to an ideal surveillance situation.

Table 7. Hustrative bacteriological sampling programmes
for various levels of surveillance

Water supplied to: Level of surveillance
{ I il vV
By the water producing agencya
Rural areas and villages none none none none
Towns none none monthly monthly
Cities see below and Table 6
Other:
institutions voluntary  voluntary  voluntary voluntary
temporary populations varies with circumstances
tankers none none voluntary voluntary
bottled water plants none voluntary  yearly monthly
ice-making plants none none voluntary voluntary
By the surveillance agency
Rural areas and villages none none irregularly irregularly
Towns none none yearly quarterly
Cities monthly monthly monthly monthly
Other (see Table 3):
institutions yearly yearly yearly quarterly
temporary populations none varies varies varies
tankers yearly yearly twice yearly  quarterly
.bottled water plants none none every 3years vyearly
ice-making plants none none every 3 years yearly

@ All chlorinated systems should be sampied and sampies aralysed for residual chiorine at leas once a day.
In larger systems sampling should be more frequent end samples for residual chlanne should be taken at vari-
ous paints in the distribution system.
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The timing of sampling, other than routine programme sampling,
generally follows that previously outlined for ad hoc sanitary surveys, that
is, during epidemics, when new sources are being selected or water-
mains disinfected, if accidental contamination occurs, and following con-
sumers’ complaints. Where bacteriological analysis indicates contam-
ination, sampling accompanied by a sanitary survey, analysis of chlorine
residuals, and remedial action, where applicable, should be continued
until samples show no evidence of contamination.

Location of sampling points

Sampling should be rotated through all parts of the distribution
system. A common practice, which may yield misleading results, is to
collect samples always from the same point—typically, from a laboratory
tap in the municipal building, a police station, the residence of a water-
works employee, or a particular restaurant.

The majority of samples for bacteriological examination and chlorine
residual determinations should be taken in known problem areas, for ex-
ample, areas with a poor previous record, low pressure zones, areas with
a high leakage rate, densely populated areas with inadequate sewerage,
open or unprotected service reservoirs, dead-ends on pipelines, and areas
on the periphery of the system farthest away from the treatment works.

Many urban areas use water from several sources, often 3 or 4 and
sometimes as many as 20 or more. Location of sampling points in the
distribution system should ensure that water from each source is pe-
riodically sampled. Sampling should be more frequent for sources serv-
ing larger populations, surface water sources, sources serving older dis-
tribution systems, and sources with known water quality problems in the
past.

Use of tank trucks (or “tankers”™) is a common method of distribu-
ting water in many large cities. In some cities, over half the population
may receive their drinking-water by this means. Watering stations
where the tank trucks are filled should be periodically sampled and the
water distributed from the trucks should be randomly sampled without
warning being given to the driver/purveyor. The trucks should be pe-
riodically cleaned and disinfected with chlorine at the watering station.

Collection of samples

Sample collectors must be instructed in the following sampling pro-
cedures.”

a See Annex 8.
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(1) Identification of a sample with the date it was taken, the location,
brief particulars of the source, and any special conditions. Standard
forms are useful for this purpose.

(2) Location of sampling points, as described above. Subprofessional
personnel should be specifically instructed about sampling sites.

(3) The use and purpose of dechlorinating compounds, such as so-
dium thiosulfate, added to the sampling bottle.

(4) Measurement of residual chlorine. These tests must be per-
formed immediately the sample is taken.

(5) Proper procedures for collecting samples to ensure that they are
representative and that, for bacteriological examination, sampling bottles
are kept in a sterile condition. “The collection of bacteriological sam-
ples is to be regarded as of the character of a surgical operation with the
observance of similar aseptic precautions, and it should be carried out
only by those who have been competently instructed” (/6). Where
samples are repeatedly contaminated by collectors, a complacent attitude
may develop with regard to samples positive for coliform bacteria.

(6) Proper transportation and storage of samples. Laboratory exam-
ination should be started within 24 hours of sampling. In hot climates,
samples should if possible be kept cool and protected from exposure to
heat or sunlight.

Chemical sampling

Whereas frequent bacteriological examination is required for the
hygienic control of drinking-water supplies, chemical examination is re-
quired much Iess frequently.?

Transportation of samples

Samples collected at some distance from the laboratory, especially
those from outlying cities and towns, must reach the laboratory with the
least delay, preferably within 24 hours. In many countries, sample collec-
tors often do not have personal vehicles and special arrangements
may have to be made for transporting of samples. Use of public car-
riers (buses and even trains, boats and aircraft) has been successful in
some areas, but not where the sample collector has to pay the charges
from his own pocket. Availability of transport for samples should be
a key factor in the location of regional laboratories.

aSee Annex 8.
b See International standards jor drinking-sazer 119, p. 315
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Coordination with the laboratory

There is an obvious need for coordination between sample collectors
and laboratory personnel; unfortunately, many examples exist of samples
arriving at bus stations and remaining there several days before being
collected, of samples reaching laboratories at week-ends, when they are
closed, and of other faults of coordination that impair the usefulness of
samples. A properly coordinated schedule must be established for the
shipment of samples and their collection by laboratory personnel.



7. Analysis of water samples

Purpose

The primary purpose of surveillance is to ensure that drinking-water
is safe. The bacteriological quality of the water is the main concern
owing to the risk of epidemics of water-borne disease. Chemicals in the
water may also be harmful and should not be forgotten. Laboratory
tests for the bacteriological and chemical safety of drinking-watér are
outlined by Cox (I7) and the American Public Health Association (I8),
in International standards for drinking-water, 3rd ed., 1971 (10) and more
completely in the 2nd edition of this work published in 1963 (/9), and
elsewhere (20-25). These tests provide a valuable record of system per-
formance, and properly selected sampling points can provide many in-
dications of problem areas.

Chlorine residuals

As a method for continuous quality control of drinking-water bacter-
iological testing suffers from the drawback of requiring much time to
produce results. The multiple-tube fermentation test for coliform bacter-
ia requires 48-96 hours from sample collection to results, the mem-
brane-filter test requires 18-22 hours. The most rapid test, on which re-
search is still continuing, requires 8 hours. Furthermore, bacteriological
testing requires certain laboratory skills and equipment that are often not
available, especially outside major cities. The tests are also not inexpen-
sive.

Where chlorine is added to the water the chlorine residual test is,
under certain conditions, a useful method for operational quality con-
trol. The test is quickly performed, easily carried out, readily learned
and inexpensive, and provides an immediate warning of abnormal or un-
satisfactory water quality. The presence of a chlorine residual of ade-
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Table 8. Minimum chlorine residual concentrations required
for effective disinfection of water?

oH of wter Fre rosdal horne (Dol | Combined esdul ctlorn, g/l
6.0-7.0 0.2 1.0
7.0-8.0 0.2 1.5
8.0-9.0 04 ' 1.8
9.0-10.0 0.8 not recommended
over 10.0 0.8 {with longer contact period) not recommended

a After Butterfield (26} and Cox (77).

quate concentration for a sufficient length of time provides reasonable
assurance that the water is free from pathogenic bacteria. Table 8
shows the residual chlorine concentrations necessary for effective dis-
infection, and two analytical tests for chlorine residuals are described in
Annex 8.

Substitution of chlorine residual testing for bacteriological testing is
permissible provided agreement is reached between the surveillance
agency and the water supply management regarding the following
points:

(1) for samples in which chlorine residual determination is to be sub-
stituted for bacteriological examination, the number of samples needed,
the frequency of sampling, and the location of sampling points;

(2) the minimum concentration and type of chlorine residual to be
maintained;

(3) the analytical method to be used.

When chlorine residual testing is in use and a residual concentration
of less than the allowable minimum is measured at a sampling point
another sample should be taken immediately and the chlorine residual
concentration measured. Should this sample also prove unsatisfactory
for residual chlorine the dosage of chlorine added to the water supply
should be increased, the line flushed, and sampling continued until a
satisfactory chlorine residual concentration is attained. If increasing the
chlorine dosage is ineffective, or if excessive chlorination is required, a
sanitary survey for potential contamination of the supply should be
made at once by water supply personnel. If necessary, pipelines and
storage reservoirs adjacent to the sampling point should be flushed,
cleaned, and disinfected. In addition, waterworks having the laboratory
capability should obtain a water sample for bacteriological examina-
tion. Should these measures prove inadequate, the surveillance agency
should be asked for assistance and potentially affected consumers noti-
fied to boil all drinking-water until the water supply is known to be safe.
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The drinking-water regulations of the USA are currently (1975) in the
process of revision. When revised, the standards will allow the substi-
tution of residual chlorine testing for bacteriological testing under pre-
scribed circumstances (50). Even in countries with large resources, like
the USA, the provision of bacteriological control for small water supplies
is often difficult.

The membrane filter

The problems of bacteriological surveillance described above have led
to considerable interest being shown in the developing countries in
analytical tests using membrane filters. The membrane filters used in
water bacteriology are flat, porous, flexible plastic discs about 0.15 mm
in thickness and usually 47-50 mm in diameter. Pore size is rigidly
controlled; for water bacteriology the pore diameter is typically 0.5 mi-
crometre.

A water sample is filtered through the membrane filter, the filter is
then placed on agar bacteriological culture medium or on a paper pad
impregnated with moist culture medium, and the preparation is incuba-
ted for a specified time under prescribed conditions of temperature and
humidity. The resulting bacterial culture is then examined and inter-
preted. This method of testing is approved and accepted by the World
Health Organization and by many national surveillance agencies. The
filters and filter-holders are available from manufacturers in a number of
countries. In India the National Environmental Engineering Research
Institute, Nagpur, manufactures filters.

Two principal advantages have been claimed for the use of mem-
brane filters in developing countries.

(1) Rapidity; results are available in 24 hours in contrast to the
48-96 hours required for the standard fermentation-tube method.

(2) Portability; membrane-filter equipment for bacteriological exami-
nation of water is available in field kits from at least two manufactur-
ers. One kit contains an all-metal syringe with a fitting for direct con-
nexion to the culture container for producing a vacuum to draw water
through the filter; bacteriological broth is supplied ready for use in glass
ampoules and there is an associated equipment carrying kit and portable
electrically heated incubator operating at 6, 12, 110, or 220 volts and ac-
commodating 25 cultures. Components in this kit need not be steril-
ized in the field because filters, culture containers, and plastic filtration
tubes are supplied in a sterile condition, and water samples do not
come into contact with the syringe until thev have passed through the
filter. In another commercially available kit the funnel unit is sterilized
through the incomplete combustion of methyl alcohol.
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Other advantages are sometimes claimed, but these claims may or
may not be justified.

(1) Cost: cost comparisons between membrane-filter and multiple-
fermentation-tube methods of bacteriological examination. include many
debatable considerations. Surveillance agencies using both these methods
in developing countries have given varied and conflicting responses to
inquiries. Personnel at the United States Environmental Protection
Agency’s water supply research centre in Cincinnati, OH, consider that
the costs are approximately equal for the two methods.

(2) Technical skill required: although sometimes said to be simpler,
membrane-filter methods require laboratory skills and informed judge-
ment of at least the same order as those required for multiple-tube
tests. A skilled laboratory worker should receive a week’s training and
have an opportunity for further individual practice before he undertakes
membrane-filter analyses.

The membrane-filter technique has certain limitations, especially with
regard to its effectiveness in testing water that is highly turbid owing
to the presence of algae or other materials, and it may not be possible
to obtain significant results with samples of raw water. The presence
of large numbers of non-coliform bacteria or of toxic substances may
lead to low estimates of coliform bacteria. These limitations should be
taken into consideration in applying the technique and interpreting re-
sults. Correct interpretation requires experience and a knowledge of the
system under survey.

Detailed descriptions of the procedures are available in Standard
methods for the examination of water and wastewater (18) and International
standards for drinking-water (10). ‘

There has been some objection to the high initial cost of commer-
cially manufactured field testing units. Field units can be improvised by
installing standard laboratory equipment in fibreboard carrying cases. A
vacuum pump can be made by modifying a bicycle pump—reversing the
leathers and fitting a bypass valve. Media are available as dehydrated
preparations for reconstitution and sterilization in the field or as sterile
liquid preparations in sealed ampoules; the latter have a shelf life of ap-
proximately 1year when stored in the dark at moderate tempera-
tures. Funnel units, graduated cylinders, media, etc., are sterilized by
immersion in boiling water. In the absence of a portable incubator the
filter can be placed in a Petri dish, which is then wrapped in polyethyl-
ene foil and placed close to the body for incubation.

Chemical surveillance

Chemical surveillance of drinking-water assumes greater importance
as more raw water sources are exposed to municipal, industrial, and agri-
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cultural waste discharges. Water supply personnel should routinely per-
form chemical and physical tests for proper operational control (residual
chlorine levels, pH determinations, turbidity measurements, etc.). How-
ever, many waterworks laboratories do not have either the personnel or
facilities for making some of the important chemical analyses requir-
ed. In such cases the surveillance agency should assume responsibility
for sampling and analysis to ensure that water of satisfactory quality is
delivered to consumers.

Complete chemical analysis would also include analyses for toxic met-
als, pesticides, persistent organic chemicals, and radioactivity. In a well
equipped laboratory with skilled personne!l analysis of a single surface
water sample could require 4 or more man-days in contrast to less than
1 man-day for bacteriological and physical analysis only.

Where water supplies are obtained from sources with limited expo-
sure to industrial and agricultural wastes, full analysis should be limited
mainly to selection of sources for large systems and occasional sam-
pling.

Once a laboratory analysis has been performed and evaluated many
systems may thereafter rely on portable comparators and test kits for de-
terminations of aluminium, residual chlorine, fluoride, iron, manganese,
phosphate and polyphosphate, alkalinity, calcium, hardness, pH, turbid-
ity, and colour. In this way manpower requirements per sample analys-
ed are reduced and the numbers of samples that can be analysed, or
systems surveyed, increased.

Waterworks laboratories

Laboratory requirements and analytical methods are described in de-
tail in International standards for drinking-water (10). Suggestions for lab-
oratory testing in small outlying water systems are offered in this section.

The best laboratory instrument is an observant operator. Some
analytical results—coliform bacteria counts. for example—are not availa-
ble for several days. Yet, an operator who has observed a sudden
change in raw water quality is not totally unprepared to act without
waiting for results.

The hepatitis outbreak in Delhi has already been mentioned
(p. 36). Although about 30 000 cases of hepatitis occurred there were no
increases in typhoid or dysentery (/4) because waterworks operators not-
iced a sudden dramatic increase in chloride concentration, an indicator
of sewage pollution, and increased the alum and chlorine dosage. Un-
fortunately, though the residual chlorine concentration was bactericidal
it was not sufficiently so in this instance to destroy hepatitis virus.
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Every water production plant has its particular problems; moreover,
every plant is faced with a different set of variables. It is essential,
therefore, that a good operator should be able to recognize immediately
when something is wrong with the water treatment plant, assess the
dangerous or undesirable conditions that may exist, and, after taking ap-
propriate action, determine how effective the action has been. To ac-
complish this the operator must be familiar with the results obtained in
the water plant laboratory.

Facilities for laboratory tests needed to control the treatment pro-
cesses should be provided at all filter plants. The minimum require-
ments at very small plants subject to technical supervision by an outside
agency are facilities for making the following tests, where appropriate:

(1) turbidity measurements;

(2) colour determinations;.

(3) flocculation characteristics (jar test);

(4) chlorine demand;

(5) residual chlorine levels.

Tests for pH, alkalinity, and ammonia should generally be included
among the basic tests in order that the effectiveness of coagulation, se-
dimentation, filtration, chlorination, and corrosion prevention may be de-
termined. Rapid changes in these parameters and others such as chlor-
ides, nitrates, or conductivity indicate possible pollution in the water-
shed, and a sanitary survey should be made and appropriate remedial
action taken.

Tests for iron and manganese are necessary when these substances
are present in the raw water in sufficient concentrations to influence the
treatment processes. Testing for fluorides is necessary when fluorida-
tion is practised.

Equipment for physical and chemical testing of water is costly, and
personnel using such equipment require technical training. Fortunately,
however, the control tests listed above can be made to the accuracy
needed for controlling the operation of smaller filtration plants by using
special kits and chemical reagents, provided the directions are carefully
followed. Colorimetric comparators particularly suitable for this purpose
are produced by a number of manufacturers. Simplified methods for re-
sidual chlorine determinations and membrane-filter analysis are given in
Annex 8.

Each filtration plant should have the following facilities so that the
simple equipment provided may be properly used and stored:

(1) a small desk and chair;

(2) a work-bench 2m long, 1 m wide, and 0.9m high with a
wooden top painted with black, acid-resistant paint and fitted with en-
closed storage cabinets underneath;

(3) a bookcase or cabinet for chemicals;
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(4) a sink with a water tap;

(5) 1 double-outlet water fixture to which rubber tubing may be con-
nected;

(6) 1 ordinary water tap;

(7) 1 water tap with a screw fitting (male);

(8) 3 electrical outlets;

(9) 2 gas outlets when a gas supply is available.

These facilities may be located at the end of the operating gallery of
small plants but should be in a separate room at larger plants.

Reference laboratory

Every surveillance agency should strive to have its own laboratory
(or section of, say, a central laboratory maintained by the health min-
istry). In addition to analysis of drinking-water samples, activities
might include the following:

(1) training of water treatment plant chemists;

(2) provision of reference standards;

(3) certification of water treatment plant laboratories;

(4) resale of culture media and other imported supplies to water-
works; .

(5) evaluation of the safety of waterworks materials and chemicals,
e.g., coagulant aids.



