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Introduction
This manual designed for staff who co-ordinate and plan surveillance programmes at national
and municipal levels. It was developed as an output of an urban surveillance programme in
Uganda and therefore is focused primarily on urban areas. However, it is hoped that the
information included will also be of use in rural surveillance programmes.

Surveillance programmes usually collect a wide range of information on water supplies,
including the quality of the water and associated sanitary risks, the continuity of the supply,
the quantities of water used, the costs of water and the coverage of the population. However,
these different types of information require data collection at different frequencies and using
different methods. Of these, the quality and continuity of supply require most frequent
monitoring and collection of relevant data of these service indicators makes up the bulk of
routine field activities. The principal focus of this manual is on the routine surveillance of
water quality and continuity by analysing water and conducting sanitary inspections and the
associated planning, data management and intervention issues that this data will highlight.
However, brief description of monitoring other key indicators is included here and discussed
in more detail in the reference manual.

The manual is geared towards low-cost programmes that utilise on-site testing kits and is
focused on microbiological testing as this is of the greatest importance to health. However, it
also briefly addresses specific concerns about arsenic, fluoride and nitrate, as these may be
particular concerns in some countries. The manual is also geared towards the implementation
of surveillance programme that target the urban poor and thus cover a wide range of sources
of water as well as water stored within the home.

The purpose of the guide is to help co-ordinators to plan and supervise surveillance
programmes. It therefore does not dwell on field work issues in detail, by focuses more on
planning, support supervision and information management and use. Whilst successful
implementation of surveillance is heavily reliant on the field staff who collect the data, they
also rely on the ability of managers and supervisors to plan, monitor and improve
surveillance programmes.

The other documents are a manual for field staff undertaking surveillance activities and a
reference manual designed to provide more comprehensive information. In addition, there is a
short training pack for a basic 5-day course in surveillance techniques (including teaching
materials) and refresher training for field staff.

The manual briefly covers all the major issues in surveillance relevant to co-ordinators as
these are discussed in more detail in the reference manual. It provides a brief overview of the
impacts of water on health, which then leads into a discussion on the indicators used in
surveillance programmes and how we collect this data is collected. The manual then covers
the essential institutional issues in surveillance and the definition of local and national
surveillance roles as well as collaboration with water suppliers. The development of
surveillance programmes is then covered, with the steps required discussed in some detail.
The reporting mechanisms and information management are both covered in some detail
before in the final section reviewing how surveillance data can be linked to improvement of
water supplies.
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Section 1: Water, health and the indicators used in surveillance
The influence of water on human health is profound and is both direct and indirect. The direct
impacts of water on health are derived from the quality of water used (in particular water that
is consumed) and the quantity of water used for personal, domestic and household hygiene.
These are in turn influenced by a number of other factors such as the cost of water, the
continuity or reliability of the supply and the accessibility of the supply in terms of
distance/time and type of supply. Other factors of importance include the amount of losses
from the water supply (due to leaks or inefficient collection of revenues) which may have an
indirect impact on the ability of the water supplier to meet the demands of the population.

The impact on health caused by poor water supply is felt most by the urban poor as they
typically lack access to services at levels which promote good health, often use water
supplies of lower quality and commonly pay more per unit volume. The low service level
commonly used by low-income communities means that the population, in particular women
and children, must a expend significant amount of energy to collect water. It also means that
water must be stored within the home, thus increasing the risk of recontamination of drinking
water in the home.

As the low-income communities are at greatest risk from water-related diseases, it is
important that surveillance programmes focus on the poor, rather than providing support to
groups who already enjoy much better services and are often exposed to lower risks to their
health. The targeting of surveillance on low-income groups ensures that it meets the needs for
public health protection and becomes more cost-effective.

1.1 Water quality
As water may contain disease-causing micro-organisms (pathogens) or chemicals that are
toxic, water quality is a key factor in promoting good health. The principal concern is
microbiological quality of water and in particular whether pathogens derived from faeces are
found in the water. Such pathogens cause a number of diseases, often affecting very large
numbers of people over a short period of time. Many of these diseases, such as cholera,
typhoid and dysentery may cause severe symptoms in patients and in some cases are fatal.
Small children in particular are often vulnerable to diseases caused by such pathogens as
reflected in high infant mortality and morbidity rates in many developing countries. The
chemical quality of water may also directly affect health when concentrations in water reach
toxic levels, but may also affect the acceptability of drinking-water as colour, odour or taste
is imparted to the water. In the latter case, consumers may reject a supply of good
microbiological quality for one of lower quality, because of such problems.

Given the importance of microbiological quality in health, it should be the priority in
surveillance programmes. Systematic routine monitoring of microbiological quality helps to
identify failures rapidly and initiate actions. However, such monitoring must include sanitary
inspection as a measure of the risk of the supply to contamination, to identify likely causes of
contamination and to monitor operation and maintenance performance. Given the difficulties
in directly testing for pathogens in water, indicator bacteria are used. The indicator of choice
for health-based surveillance remains E.coli or thermotolerant (faecal) coliforms as a
surrogate. These are bacteria that are derived from faecal matter and whose presence provides
strong evidence of faecal contamination of the water. Other indicator bacteria also exist, such
as total coliforms, faecal streptococci, heterotrophic plate count and clostridia perfrigens.
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For more details on available indicators please consult the reference manual or WHO
Guidelines for Drinking-Water Quality, Volumes 1 and 2.

Although the indicators are useful tools in monitoring and assessment, they have some
weaknesses and their absence cannot be taken as being evidence of a complete lack of
pathogens. Therefore, the use of sanitary inspection as a measure of ongoing risk of
contamination is an important component of surveillance.

In addition to E. coli or thermtolerant (faecal) coliforms, other key tests usually included as a
minimum for water quality surveillance programmes are the level of turbidity ( the cloudiness
of the water) as well as free and total chlorine residual and pH in chlorinated supplies. These
are referred to as the ‘critical parameters’ of water supply.

1.1.1 Field and laboratory approaches to water quality monitoring
The approach adopted to analysis depends in part on the resources that are available.
However, decentralisation of surveillance and water quality analysis in particular is often the
most appropriate approach. Microbiological samples may deteriorate rapidly and should be
analysed within 6 hours of collecting the sample. If samples are not analysed immediately,
they must be stored at 4oC or below in a portable fridge or cold box, if these are not available,
analysis should be within 2 hours of sampling. In developing countries, power supplies are
often unreliable thus ensuring that cold storage facilities can be maintained at adequate
temperatures is often difficult. Furthermore, in tropical countries the power required to keep
samples cool may be higher as ambient temperatures are higher. An additional problem with
chlorinated supplies is that sodium thiosulphate must be added to the sample to prevent
residual chlorine from inactivating viable bacteria in the sample. Therefore, it is
recommended that unless laboratories are close to the sampling area, portable on-site
equipment is used. This is equally true for water suppliers where establishing basic capacity
for microbiological analysis at treatment works is desirable.

Microbiological analysis may be carried using either the membrane filtration technique or
multiple tube method. Membrane filtration is generally more rapid (although some rapid
multiple tube methods are available, they are expensive) and provides a direct count often
within 14-18 hours. Multiple tube methods generally take longer and require a statistical
calculation of the results, but is more appropriate in highly turbid waters. A variety of
different media may be used, but most portable equipment uses membrane lauryl sulphate
broth. In this case, the thermotolerant (faecal) coliforms produce yellow colonies. However,
you should always consult the equipment manual regarding media type, colony appearance
and use of the equipment.

Chemical quality is of a far lower priority as the effects are usually long-term (chronic) and
often do not affect as large a population as microbiological contamination. However, there
are exceptions to this and in particular arsenic, nitrate and fluoride cause concern because
health effects may be seen in a relatively short period of time. Nitrate and arsenic may also
affect a large number of people depending how they are released and the principal type of
water supply.

In general, surveillance programmes initially focus on microbiological quality given its
importance in the transmission of infectious diarrhoeal diseases, with chemical testing other
than chlorine residuals, included only once routine microbiological surveillance has been
established. However, in some countries or regions within a country, there may be specific
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chemical contaminants of concern that should be included in the surveillance programme.
Arsenic and nitrate may require frequent testing. Nitrate may show a significant seasonal
variation in shallow groundwater and changing pH and redox conditions in groundwater may
lead to changes in arsenic levels. In addition, pumping regimes may also affect arsenic levels.
If these chemicals are included in surveillance, you need to consider whether changes are
likely to be seen and over what time period. Thus consulting hydrogeologists and researchers
may be important. Fluoride usually requires only occasional testing, although again advice
should be sought from hydrogeologists about potential changes caused by pumping.

In addition to the above parameters, a full chemical analysis should be performed before any
water source is commissioned into supply. This is unlikely to be the direct responsibility of
the surveillance agency, but they should ensure that this has been done and ensure that they
review the results.

Chemical analysis is often less easy to carry out in the field, as the equipment that can be
used is often not reliable. Many probes only provide semi-quantitative results and thus may
only be accurate within an order of magnitude, although there is some equipment, such a
portable spectrophotometers that may be based in an office at a local level. As the stability of
chemicals is often much greater microbiological stability, transport to laboratories is often
more feasible,

1.2 Quantity
The quantity of water used by families and individuals may affect health as it may lead to
poor personal hygiene. This may lead to the transmission of infectious diarrhoeal diseases as
well as other problems such as trachoma, skin infections and infestations by lice and fleas.
However, in some cases, the quantity of water collected may be less important than hygiene
behaviour as the use of water for washing hands (to prevent transmission of pathogens) or
faces (to prevent trachoma) require little water but need good hygiene practice.

Quantities of water collected, however, are likely to affect skin diseases and infestations.
There is not hard empirical data to suggest what the minimum amount of water is required
and this may be difficult to asses as some households may undertake key activities, for
instance clothes washing, away from the home. However, quantity of water collected gives an
indication of equity in access and thus can be a useful measure of water supply status,
although this does not require frequent assessment.

One approach is to assess quantities likely the used is to look at levels of service. Volumes
used when water is supplied into the home through multiple taps is significantly higher than
volumes used when water is supplied through a single tap within the compound, which in
turn is significantly higher than volumes used when water is collected from a communal
source. The difference will vary between different countries, but a very rough guide is that
average volumes used will increase by a factor of 3 between each level of service.

If actual volumes are required, this can be calculated in the following ways. For direct
connections this will only be possible if metered connections are available. Take a sample of
connections and calculate the total volume used, over a month or 12-month period, and divide
this by the number of users. An average consumption can then calculated. For communal
sources you will need data from a water usage study that has collected data on household size
and volumes of water collected. A simple, but rough, method is to take the volume of water
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collected each day from the principal sources (or secondary source if greater volumes are
collected) and divide this by the household size. Again, an average can then be calculated.

1.3 Continuity
The continuity of supply is an important indicator of the supply. When water supplies are
discontinuous (because of breakdowns or an inability to meet peak demands) this may cause
a number of problems. Firstly, where water supply is unreliable, it may force people to use
alternative water sources, possibly more distant and of lower quality, which may increase the
risk to health. It also means that people are more likely to store water within the home and
this may increase the risk of contamination. Secondly, in piped water supplies, discontinuity
may increase the likelihood of contamination as the risk of back-siphonage into the
distribution network is increased when pipes are at lower pressure than the surrounding soil.

Different types of supply will show different forms of discontinuity. In point sources, this
may be a seasonal phenomenon as water levels drop, or may be due to a breakdown that is
not repaired in good time. For point sources, therefore, discontinuity is often best measured
through data collected from inventories and water usage studies or by periodically
undertaking a functional status assessment, in which case the length of ‘down-time’ should
also be estimated.

Continuity in piped water supply may be due to seasonal factors (caused by reduced water
source volumes) but often is more frequent and reflects poor supply management. In the latter
case, it may be caused either through excessive losses from leakage or because the system
lacks sufficient storage to meet peak demands. In piped water supplies, discontinuity is best
measured through sanitary inspection and the data collected by asking community members
whether the water has gone off at any point with a set time period (usually 7-10 days). The
monitoring of continuity is a good measure of operation and maintenance, irrespective of its
actual impact on water quality, as regular discontinuity illustrates weaknesses in the supply
management.

1.4 Cost
The cost of water may reduce the accessibility of water to poorer sections of society or may
lead to reductions in the volume of water collected. However, the impact of cost on
accessibility is rarely simple to assess. In many cases it is specific components of cost that are
most influential on choice of water sources and connections to piped water supply. The
importance of the cost of water in influencing the choice of water source will also be
dependent on perceptions of the value of water and the perceived quality of supply.

In many cases, it is the cost of the connection to a piped water supply that is the principal
barrier to access as this may represent a significant outlay of scarce household capital and
may also limit the ability of communities to set up public taps. Such assessments are best
measured through specific surveys on connection costs through techniques such as contingent
valuation methodology. This would often be done primarily by a water supplier rather than a
surveillance agency. For the latter, obtaining information about the influence of connection
costs may be done through community meetings to explore why people have not gained
access to a connection to the piped water supply. The influence of connection cost may also
affect public taps.



6

When assessing the cost of purchasing water, it is important to recognise that the actual prices
paid at public taps or from individuals who sell water to their neighbours is often very
different to the charge levied on the operator of the tap by the utility. For instance, prices
charged at public taps in Kampala, Uganda were on average 3.5 times higher the charge
levied by the utility on the operators. Where water was purchased from neighbours, the price
was over 5 times the charge levied by the utility on public tap operators. Real prices are
obtained through inventories and water usage studies and the costs can be compared to
income patterns. There is good evidence that most people are willing to commit between 3
and 5% of their income to water services, thus a simple evaluation of costs can compare the
actual costs of water for the household compared to the income likely to be allocated to
purchasing water.

However, whilst this approach gives an indication of whether water is affordable, it does not
indicate whether in fact this is directly influencing source choice. The best way to investigate
this is to undertake a water usage study that includes an analysis of reasons why people select
different sources. A simple assessment can then be made of how many people list cost as a
reason for not using water from a piped system and therefore whether actual prices at taps are
acting as a deterrent to use of piped water. Table 1 below shows reasons indicated by users of
different types of sources in Kampala and shows that whilst cost exerts some influence use of
non-piped water, it is not as important as distance or availability of the source.

Reason Tap as source 1
(N=645)

Protected spring as
source 1 (N=341)

Use of 2nd source when
tap is source 1 (N=356)

Distance 87.4% 65.7% 46.1%
Cost 36.1% 40.5% 35.4%
Quality 54.9% 34.0% 28.1%
Reliability 40.5% 31.7% 41.6%
Available 45% 43.7% 59.8%
Only Source 6.7% 47.2% 28.7%
Only Tap 29.3% - 0.6%
Personal 6.4% 3.8% 3.7%
Other 0.5% 0.3% 0.8%
Table 1: Percent of respondents listing reasons for use of source, Kampala 1999 (Sample
N=1035)

1.5 Coverage
Coverage is a measure of how many people have access to water supplies with at least some
protection or treatment. It is important to be clear, however, about what is being measured in
coverage. Surveillance bodies should not use the simple presence of infrastructure as being
equivalent to access, but rather should measure the number of people that use the services.
For instance, the primary and secondary infrastructure for piped water supply may be
adequate to meet the projected demand of the population, but a relatively low percentage of
the population may actually use this water.

The simplest way to calculate coverage is to look at how many households have access to a
connection at their home, whether as a single or multiple taps and work out what percent of
the total population this is equivalent to. This may require a number of assumptions, such as
all people living in blocks of flats will have a personal connection and people who work and
live in compounds owned by someone else also will have access to a water supply within the
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home environment. The number of people using public taps may be difficult to assess, as
many people may use more than one type of source for domestic use. In this case, a water
usage study should indicate how many people are likely to use different types of sources. The
population can then be worked out by calculating the proportion of people who only use
piped water and then calculating the proportion of people who use piped and another source
type. The people who only use piped water can be added to the number people who have their
own connection. The people who use multiple sources can be included by dividing the
number of multiple sources users by the number of additional sources used (e.g. by half for
use of two sources). This will provide an overall figure of piped water use.

Coverage can also be expressed as the number of people using water at different service
levels and this can be summarised as:
• Proportion of people with an in-house supply
• Proportion of the population with a single tap
• Proportion of the people using only piped water from a communal source
• Proportion of people using piped water and other sources
• Proportion of people using only point or unprotected source

If you wish to calculate the number of people receiving water supply of good quality and
reliability, you will need to take the population using each type of water and then estimate the
number of samples that showed faecal contamination and the percentage of sanitary
inspections indicating discontinuity as shown in the equation below.

P = Ps x CR x D

Where Ps is the percentage of people using the source
CR is the compliance rate (expressed as a percentage of the total samples)
D is the percentage of sanitary inspections showing discontinuity.
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Section 2: Zoning of urban areas
As noted in the introduction, surveillance programmes should target those at greatest risk
from water-related disease. A key mechanism to achieve this is to zone the urban area in
order to define which areas are likely to be at greatest risk. This allows surveillance to
become more cost-effective and to address the real needs for public health protection. Zoning
is a form of stratified random sampling and can be used to develop surveillance programmes
in terms of what types of water will be sampled, how many samples will be taken and where
interventions to improve water supply are most required. The zoning can also be used to
develop a vulnerability map in terms of water-related disease.

The zoning of urban areas takes into account three main issues:
1. Socio-economic status
2. Population density and population totals
3. Water availability and use (the ‘water economy’)

Socio-economic status is used because risks to health are closely related to the socio-
economic status of a household. Studies have show that poorer the family, the greater the
likelihood of suffering from an infectious disease. This is likely to be due many factors
including the use of inadequate volumes of water where this must be collected from a
communal source and use of unsafe water sources as well as poor nutrition, lower education
levels and limited access to other services. Furthermore, the nature of many such settlements
may also make them more prone to unreliability in the piped supply and are more likely to be
disconnected where aggressive non-payment policies are followed. As the focus of the
approach outlined in this manual is to target surveillance activities on the urban poor, it is
essential that a clear definition of the target population is developed.

Population density and totals are important for a number of reasons. Population density is
important, as this is likely to mean that where point sources are used contamination may be
expected to be greater given the larger numbers and concentration of pollutant sources and
pathways within the community. Where direct connections are low, the numbers of people
using a particular source or tap may increase, as proximity is likely to be a driving force in
source selection. Furthermore, higher population densities clearly will increase the possibility
of person-person and other transmission pathogen pathways. Thus if a pathogen is introduced
through the water supply, not only can it be expected that significant numbers of people will
be exposed to the pathogen but also that its subsequent transmission is easier. Total
populations indicate the required numbers of samples to be taken within the Parish.

The water economy is important because it both informs where samples for water quality
analysis should be taken from and how often, and also helps to define the vulnerability of
different areas to disease. The water economy measure is composed of assessments of the
level of direct connection, the availability of different source types and the use of different
sources both in terms of what water is used for and in terms of relative priority for
consumption.

2.1 Defining socio-economic status
It is important to define what we mean by low, middle and high-income. The need to target
low-income groups has been highlighted as a way of addressing poverty and the impacts of
poor water supply on the poor. However, poverty is not necessarily easy to define. In general,
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the income earned by the household is of little use when defining socio-economic status as
this may have little relevance in terms of access to services nor indeed an accurate reflection
of the socio-economic status. For instance, government workers may receive what appear to
be very low wages. However, many are provided with subsidised housing of a far higher
quality than they could afford on the open market. These houses may often include services
for which the occupiers do not pay the full market price. Furthermore, such workers may
access to other subsidies such as transport, food or allowances that make their wages
incidental. Equally, many families may earn relatively large sums of money but because full
market rates are paid for rent, food and transport, they cannot afford to live in well-built
houses or well-planned areas. It should also be noted that as many low-income families
operate at least partly in the informal economy, it is often difficult to obtain a reliable figure
for earnings.

Socio-economic status is therefore best defined by using an index that incorporates a number
of different factors that are linked to relative ‘wealth’. This will include aspects such as
housing type and quality, educational level, how income is earned and in some cases the
ownership of consumer items such as televisions, radios and vehicles. All these factors are
good surrogates for socio-economic status.

There are no hard and fast rules about the selection of factors that should be incorporated
within any particular index as this will vary between countries and may also be determined
by the availability of data. The collection of data may be through review of recent census
data, where this is deemed reliable, or through field assessments, although the latter is
expensive and careful consideration should be given to adopting this approach. If this is used,
then a sampling strategy may be required.

In the rest of this section, the process followed in Uganda is outlined and this represents a
good model for other countries. However, what is more important is the actual process of
definition of socio-economic status rather than actual individual variables that may require
modification.

2.1.1 Socio-economic index from Uganda
In Uganda, the index used a total of 10 factors and was based on data from the 1991 census,
which was deemed to remain a reasonably reliable guide and allowed a quantified approach
to be adopted without the need for additional data collection.

The factors to be included in the index should be selected in discussion with professionals
working in urban areas. Factors or variables were selected that were believed to be sensitive
to the relative wealth of the household. Different variables may be more sensitive to socio-
economic status than others. As a result, we assign a score to each variable regarding its
sensitivity to socio-economic status, with a higher score indicating a higher sensitivity. This
exercise is usually carried out through discussion and is based on the relative merits of each
variable rather than an absolute measure of sensitivity. Table 2 below shows the variables and
their relative weights for the index used in Uganda.
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Variable Weighted score
Roof material 4
Wall material 1
Floor material 4
Housing type 3

Educational attainment 2
Source of livelihood 2

Average household size 1
Persons per room 2.5

Household economic activity 2
Cottage industry 1

           Table 2: Variables and scores used in the Uganda socio-economic index,1999

Within each variable they are a number of categories, e.g. roof material may be iron sheets,
tiles, grass thatch etc. These different categories are what describes the relative socio-
economic status of the household. Thus each category is given a score relative to all the other
categories, usually ranging from negative to positive values. A negative value indicates low
socio-economic status and positive factor higher socio-economic status. Table 3 below
illustrates this for roof material in Uganda.

Category Score
Iron sheets 0

Tiles +5
Asbestos +1
Concrete +5
Papyrus -3
Grass -4

Banana leaves/Fibre -5
Other -5

      Table 3: Categories and scores used for roof material

The score of zero indicates that this category is the type of roof material that a large
proportion of people use.

The data is put into a spreadsheet and the proportions of the population in each area for which
data is available that fall into each category is calculated and a score for each variable is
calculated. The score for each variable is then computed to give a final socio-economic score.
This then can be used to define low, medium and high-income areas. Annex 1 provides
details of how to set up a spreadsheet and the calculation of the final SE score.

You then need to define your categories for low, medium and high income. A good approach
is to classify all areas that have a final score of less than –2 as being low income, those
between –2 and +7 as being medium income and those above +7 as high income.

2.2 Defining population density categories
Including population density in the zoning process can help significantly in targeting
surveillance activities for the reasons noted at the start of this section. However, population
density is of greatest relevance in the lower-income areas, but would less relevant to medium
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and high income areas given likely high rates of connection to higher service levels of piped
water supply.

The actual densities of population can be relatively easily calculated provided that the
physical size and population residing in the area are known. If this is not known, then the
population density can either be categorised qualitatively (i.e. based on perceived density) or
semi-quantatively by assuming all sub-divisions within a town are of equal size. The
population density is calculated by dividing the population by the size of the area to give an
equivalent figure of people per square kilometre. Bear in mind that small areas may give
equivalent population densities in excess of the actual population. This however, is not
significant, as the interest is in how densely populated an area is.

Once these figures have been determined, the next stage is to define what is high, medium or
low density. There may be little point is determining this on an absolute scale, as it is more
important to define these categories on a scale that reflects the variation within the urban
area. The simplest way to define these categories is to rank them in order of decreasing size
on a spreadsheet, for instance Excel or Lotus, and then calculate percentile points (i.e. the
number equivalent to a certain percent of the entire range). You can define the 33 and 66
percentiles as being the cut-off points between low and medium density, and medium and
high density. Areas with a population equal to or below the 33-percentile number are low
density, those between 33 and 66 percentiles are medium density and those above the 66
percentile are high density. If you wish to have more categories, you can define a range of
percentiles (e.g. 20,40,60,80 etc).

This process is simple to do in both spreadsheet packages noted above by using the statistical
function icon to select the percentile function. This is called percentile in both packages and
is found Excel under the statistics functions in the fx icon and in the @ functions in Lotus. In
both packages, highlight the full range of numbers and then define the percentile required as a
fraction of 1. For instance, to get the 33 percentile, type in 0.33, for the 66-percentile type in
0.66. The percentile function is called k in excel and X in lotus. To access this function in
Lotus, press the @ icon, then ‘list all’ and then ‘percentile’. In Excel, press the fx key, and
then select ‘statistical’ and then ‘percentile’.

2.3 Water economy
The final component of the zoning matrix is to define the water economy, a factor based on
availability and refined when water usage patterns are known. The water economy is useful
for two reasons:
1. It informs the surveillance programme about which sources should be tested
2. It helps define vulnerability

Vulnerability is a measure both of the quality and risk of the source used and the level of
service, with public taps, protected point sources and unprotected sources representing
increasing vulnerability in most cases.

The first step is to review the inventory data to assess what types of water sources are
available. This can then allow you to make an initial categorisation. In most cases these will
be no more than four major categories of water availability:
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1. Areas where no non-piped sources are noted, which may be defined as relying on piped
water, although this could be sub-divided into a number of sub-categories as discussed
later

2. Areas where both point and piped sources exist, which may be defined as areas with a
mixed water economy, again sub-division is possible

3. Areas where there are point sources and no piped water sources, this is unlikely to occur
but may be found in peri-urban areas

4. Areas with little or not public sources and low rates of direct connection where water is
primarily purchased from vendors

Where areas (for instance a Parish) has no point sources, but does have piped water sources,
it would usually be defined as relying on piped water. However, if a water usage study
indicates that a significant number of people may move outside the area to collect water, you
may need to refine the zones as described below. However, in Uganda, such studies showed
that distance was overwhelmingly the major determinant in water source selection by the
household and use of other sources was restricted to periods when piped water was
unavailable.

In conjunction with looking at the inventory data, also review the connection data. If over
80% of the population have their own connection and private water selling is found in the
area, it is likely that most people will use piped water rather than use point sources.

The category that may require most careful thought is where there is a mixture of point and
piped water available and the numbers of direct connections is low (for instance below 30%).
In most cases, it is safest to assume that both piped water and point sources will receive
significant use, but these are areas where water usage studies are important in defining which
sources are being used for consumption (i.e. whether a ‘rationality’ factor has come into
play).

2.4 Creating the zones
Looked at in purely conceptual terms, there is a wide range of zones that could be defined.
One approach to this is shown below in Table 4 for Kampala, Uganda, although this could be
further sub-divided on the basis of legality of tenure.

However, although such detailed definition may be useful in defining vulnerability and
describe accurately the water supply situation within an urban area, it may be overly complex
for the use in surveillance planning as it incorporates 33 different zones. Such a complex
method of zoning would be primarily effective when undertaking specific assessments, for
instance in response to outbreaks of disease.

In order to refine monitoring programmes and target actions it is preferable that a more
simplified approach is adopted with a more limited number of zones, thus making
prioritisation of activities easier.

A simplified version of zoning that is useful for development of surveillance operations is
show below in Table 5.
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Category High
income

Middle
income,

Middle
income
status (2)

Low
income
status (1)

Low
income
status (2)

Low
income
status (3)

Piped supply,
continuously
available

Zone 1a Zone 1b Zone 1c Zone 1d Zone 1e Zone 1f

Piped supply
rationed, no
alternatives used

Zone 2a Zone 2b Zone 2c Zone 2d Zone 2e Zone 2f

Multiple sources of
water; piped water
reliable, limited
use of alternatives

Zone 3a Zone 3b Zone 3c Zone 3d Zone 3e Zone 3f

Multiple sources of
water; piped
supply erratic;
significant use of
other sources

Zone 4a Zone 4b Zone 4c Zone 4d Zone 4e Zone 4f

Single point
protected source,
protected < 50m

N/A N/A N/A Zone 5d Zone 5e Zone 5f

Single point
protected source,
protected > 50m

N/A N/A N/A Zone 6d Zone 6e Zone 6f

Multiple point
sources (protected/
Unprotected)
<50m

N/A N/A N/A Zone 7d Zone 7e Zone 7f

Table 4: Potential zones identified in Kampala, Uganda

Zone Description Priority
LHMX Low income, high density, mixed water source use 1
LMMX Low income, medium density, mixed water source use 2
LHPP Low income, high density, principally piped water use 3
LLMX Low income, low density, mixed water use 4
LLPP Low income, low density, principally piped water use 5
L/MMMX Low-medium income, medium density, mixed water use 6
L/MLMX Low- medium income, low density, mixed water use 7
L/MMPP Low-medium income, medium density, principally piped

water use
8

MEDM Medium income, direct connections and use of communal and
limited piped water use

9

HIGH High income, direct connections coverage very high 10
Table 5: Operational zones for surveillance

The value of this second approach is that it allows a much more rapid categorisation of
different parts of the city and reduces the amount of data that needs to be collected. It is
important to note that the socio-economic status is the first layer of stratification. Areas
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defined as high and medium income are not sub-divided as these are relatively low priority.
The low-income areas are where the sub-division on the basis of population density and water
economy are required as these may show different levels of vulnerability. The administrative
unit that zones are defined at should be carefully considered. Whilst, it may be considered
desirable to categorise different communities in detail, it may be difficult or expensive to do
this. If quantitative data is used from a census, they is likely to be limit on the detail that it is
possible to obtain, which may be for relatively large communities. If such data is used, it
would be debatable how reliable data covering very small communities would remain over a
relatively short time, whereas larger segments of the population may be more stable in terms
of population growth and changing socio-economic status. A field study to collect
quantitative data would be expensive thus if census data is unreliable, or zoning is desired on
smaller communities, a qualitative approach will be required. This will involve mapping
different communities and making judgements as to whether they are low, medium or high
income and density and what water availability exists.

2.4.1 Refining the zones based on water use patterns
The socio-economic and population density criteria are easily determined, although the
introduction a further category of low/medium may be used in order to separate those areas
where that are significantly higher than the lowest income categories. The water categories
are initially set on availability. In the case of Uganda, the piped water categories were all
those Parishes that had no protected point sources (e.g. boreholes and protected springs) but
only public taps or individuals that sell piped water. It also included Parishes where there
were unprotected sources as well as the public taps and private piped water sellers as water
usage studies indicated that the unprotected sources were not widely used for consumption.
The mixed water category initially reflected the availability of protected point and piped
water sources in a Parish – effectively if any such sources existed, the Parish was defined as
being in the mixed water category as initial anecdotal evidence suggested that protected point
sources received heavy usage.

However, solely relying on availability may not be appropriate as this does not necessarily
directly relate to usage. In some communities, households may use different sources for
different activities – for instance, piped water for drinking and protected springs for washing.
This is called a ‘rationality’ factor. As the surveillance programme is only interested in water
supplies where the water is used for consumption (drinking and food preparation/cooking), it
is important to know if particular sources are reserved for non-consumption uses. A further
aspect of the rationality factor may be overwhelming use of a particular water source for all
activities by the population even though multiple source types are available.

This obviously affects the category into which the area would be placed, it will affect the
sampling programme (and in particular the number of samples) and the vulnerability of the
area to epidemic disease. Furthermore, if particular sources are not used for consumption, the
number of zone categories can be reduced, thus simplifying the process. To gain information
about possible rationality factors, a water usage study should be carried out. Such studies also
offer important opportunities to collect additional data that will help inform interventions,
such as the major reasons why certain sources are preferred (which allows greater sensitivity
in design of improvements), how many sources households use and how much is paid for
water.

Undertaking a water usage study is described in Section 4. The key element to note is that
such studies are most effective when they are based on a sample from which the findings may
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be projected to other communities of a similar nature and that the objectives for the study
must be clear from the outset.

In terms of the zoning process, the water usage data may be used to re-categorise certain
zones, for instance where it becomes obvious that use of one type of source is either restricted
to non-consumption or not used at all. It is important to look for any relationships between
water use patterns and other factors, for instance the socio-economic status, the numbers of
sources available or connection rates to the piped water network as this may allow us to
predict what water usage patterns similar communities will follow.

When looking at source use, it is important to determine overall use of particular sources.
Many people may use more than one source so you need to take into account people who use
a second source for drinking and food preparation/cooking. Make sure that you do not double
count households, thus when calculating total use of a particular source count all those people
who use the source type as a first source and those people who use the source as a second
choice, but who use a different source type as their first choice source.

It is important to decide at what level of use of a particular source changing the zone a
particular area falls into is justified. In general, once 80% of the population in an area use one
particular type of source, there is little point in classifying this as mixed and you should
categorise the area on the basis of the principal source type used. Where 95% of the
population in the urban area use one particular type of source for consumption, then it is
probably no longer justified to have a ‘mixed’ zone category and the alternative sources
either excluded completely from the surveillance programme or visited very occasionally.
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Section 3: Developing surveillance programmes
At the start of surveillance programme it is important to bear in mind a number of key issues
which will be important to consider. These are:
1. Surveillance is a health-based activity and thus best implemented by health staff
2. Surveillance of water quality needs to cover all the major types of water sources used and

water that is stored in the home
3. The uses of surveillance data are critical to promoting its value – these data may

contribute not only to improvements in water sources and supplies, but also in health
education programmes

4. The urban poor are at greatest risk from diseases related to poor water supply and the
focus of surveillance programmes should be on urban poor and not providing additional
protection to already privileged groups

5. Field-based approaches are often more effective in promoting improvements, particularly
when the majority of the population do not have water piped into their home

6. The value of the results of surveillance depends on the reliability of the data collected,
thus quality assurance is important and field staff require support and training

7. For data to be useful, it must be converted into meaningful information that can be used
in decision making

8. There are many factors that may influence vulnerability to water-related diseases and thus
data collection should extend beyond collection of water quality data and include other
aspects such as continuity in supply, costs of water, volumes of water used and the
number of people with access to some form of improved water supply.

3.1 Institutional issues and human resources
The selection of the appropriate institution for undertaking surveillance activities is critical to
the effective implementation of surveillance programmes. It is therefore important here to
define two key components of the monitoring of the water sector: surveillance and supply
quality control.

Surveillance
Surveillance is the routine independent monitoring and assessment of the water sector from a
public health perspective. This is therefore an important public health function that aims to
address the problems of ill-health that are derived from poor water supply. As a result, the
most appropriate institution at a national level to take responsibility for surveillance is the
Ministry of Health. However, as discussed a little later, actual implementation of field data
collection is usually best implemented at local levels. As discussed briefly in Section 1, the
impact on health from water supply is derived from a number of factors and these can be
converted into quantifiable indicators for monitoring water supply.

Supply quality control
This is the routine monitoring by the water supplier. These programmes are restricted to the
water supply that is operated by the utility and would not include other water sources. Such
programmes will also not include water stored within the home. Most water suppliers in
urban areas will only be responsible for piped water supplies and the limit of responsibility of
the supplier usually ends at the connection to the customer main or the meter.
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3.1.1 Separation of roles and inter-sectoral collaboration
It is usually preferable for the quality control and surveillance functions to be separated, with
a health body taking responsibility for surveillance and the water supplier implementing their
own quality control programme. This allows public health to be protected by ensuring that
there is independent verification of the quality of the water supply and to ensure that actions
can be taken by surveillance bodies to improve the water supply. This separation is usually
possible to achieve at National levels but in some cases may not be possible at local levels. In
these cases, for instance where a local authority is responsible for the supply of water and for
routine surveillance, the functions can be combined until such time as more resources are
available to establish complementary surveillance and quality control functions. It is always
preferable for monitoring to be implemented even where the institutional arrangements are
imperfect, provided the programme is focused on improvement of water supply and includes
all sources and household water.

Although it is important to separate the two roles wherever possible, this does not mean that
there should be an antagonistic relationship between the surveillance and water supply
agencies. It is important to promote collaboration between the two sectors and to work
together to improve water supplies and water hygiene. Thus, sharing of information and an
ongoing dialogue between the supply agency and surveillance body is important at all levels
and should be geared towards identifying problems and developing strategies to overcome
these.

The rest of this document concentrates on surveillance. However, the reference manual
contains further discussion of institutional issues.

3.2 Implementation of surveillance – national and local roles
It is important to define national and local roles in surveillance. Whilst the Ministry of Health
may take responsibility for overall co-ordination of surveillance, this does not mean that staff
from a National level should be directly involved in the collection of data from the field.
Such centralised approaches tend to make surveillance expensive, ineffective and the results
gained often unreliable. Furthermore, such approaches usually fail to respond to the needs for
improved water supply at local levels as there is little interaction with the local communities
and because it becomes difficult to ensure that sufficient time can be spent with local people
to identify and plan how improvements in water supply should be made.

It is usually better to implement the routine collection of surveillance data at a local level.
This allows a much greater amount of data to be collected more frequently as staff have more
time, is more cost-effective as transport costs and allowances will be lower, allows greater
community involvement in surveillance and is better able to implement local level
improvements in water supply and hygiene. In particular, the routine monitoring of the
critical parameters of water quality is best done at a local level as field equipment can be
used.

The use of central laboratories for routine surveillance is not appropriate unless all samples
can be taken to the laboratory within a short period of time (4 hours). However, such
laboratories or regional laboratories may be effective in providing training and quality
assurance and to conduct a wider range of water quality analysis that is difficult to implement
at a local level.
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The roles of the national and local institutions and the mechanisms by which they interact
must therefore be clearly defined.

3.2.1 National roles and responsibilities
The role of the Ministry of Health at a national level should be to provide the policy,
technical and training support to local institutions to be able to undertake routine monitoring.
The policy framework will usually include ensuring that water supply or water quality
surveillance is included in the Health policy or Health Act and by ensuring that there is a
policy framework that provides a legal basis for surveillance to be carried out by local health
bodies. In addition, the Ministry should provide a link to other national stakeholders and
advocate for improvements in water supply at a policy level.

It is important that the responsibility for co-ordinating surveillance at a national level is
located within a Department responsible for environmental health or public health
engineering. Although links will be required to other Departments (for instance disease
surveillance), the environmental health department is best placed to use to the outputs of
surveillance in promoting improved water supply and hygiene.

Technical support would usually take the form of facilitating the procurement of equipment
and providing information about local suppliers and cost of consumables. In addition, support
supervision activities will be important to ensure that surveillance activities continue to be
undertaken by local staff and by providing guidance on the development of monitoring and
intervention programmes. Additional support may come through assistance to develop and
maintain water quality databases at local levels.

The Ministry of Health should make sure that local staff have the appropriate skills for
surveillance, both through training of field staff and by ensuring that basic qualifications for
environmental health staff cover surveillance adequately. This manual provides information
on a basic 5-day course in surveillance for field workers, as well as information about
refresher training. However, in addition, the Ministry should look at other specific training
needs for field staff and design and implement courses as appropriate.

A final role for the Ministry of Health is to consolidate data at a national level and to prepare
national reports on the state of water supply from a public health perspective. Such reports
would commonly address issues such as water quality, reliability of supply, what sources are
being used by the population, the costs of water supply and the barriers to improved access to
water supplies and better water handling.

3.2.2 Local roles and responsibilities
The most appropriate local-level bodies to undertake the routine collection of surveillance
data are Municipal health or environmental health departments. The principal role of the
local-level body is to implement surveillance programmes and develop local intervention
strategies to improve poor water supply and hygiene. This may include aspects such as
rehabilitation of water sources, provision of new water sources, hygiene education
programmes and support to communities to maintain public sources (whether taps or other
sources) effectively.

It is important that one person in the local health department takes responsibility for co-
ordinating surveillance. This may be a Chief or District Health Inspector/Environmental
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Health Officer, the head of the department (for instance a Medical Officer for Health). The
role of the co-ordinator is to ensure that field staff undertake surveillance activities planned,
provide technical and administrative support and represents the surveillance programme
within the local authority, the Ministry of Health and with water suppliers. The co-ordinator
should also take responsibility for ensuring that funds are allocated to support surveillance in
annual budgets.

Surveillance field staff
The staff who are best placed to undertake surveillance activities in the field are staff with an
environmental health background such environmental health officers, health inspectors and
health assistants. These are staff who should have background training in environmental
health and already have many of skills required for surveillance. They would usually have a
good knowledge of the importance of different aspects of the environment on health and
understand the basic transmission routes of infectious diseases. However, it is also important
that such staff spend a considerable time in the field working with communities. This is
important, as a key role in surveillance is to ensure that information can be made accessible
to communities and advice given on ways to improve water supply and hygiene behaviour. If
staff are not field-based, it may be much more difficult to implement community-based
actions and to make surveillance activities relevant to the communities within the urban area.

The staff selected for surveillance activities should be involved in all stages of the
programme, from inventory to routine monitoring and additional studies and training. The
key element in surveillance, therefore, is to build capacity in local staff to undertake
information collection, dissemination and use with communities. In addition, they will be
expected to use the information that they generate to inform policy-makers and planners
about priorities and interventions required.

Co-ordination of surveillance is important. Field staff need support from supervisors in
planning activities and overcoming problems. Co-ordinators will need to provide support
supervision, training and take responsibility for the preparation of reports on activities
undertaken and interventions to improve water and hygiene. Good co-ordination will make
sure that surveillance is implemented effectively and encourage field staff.

3.3 Surveillance programme development
The surveillance process should follow a number of key phases. The progressive
development of surveillance programmes is usually most effective as it allows the tools used
to be developed, pre-tested and refined at early stages, thus preventing large-scale changes to
the programme once it has expanded to cover many more towns. Within each town, the
development of surveillance will follow the process outlined in Figure 1 below.
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Figure 1: Surveillance development within an urban area

Before starting the process of data collection, it is important that the data collection tools
have been developed and tested. Many of these tools will be questionnaire-based and thus it
is important to make sure that these are simple to use and can be effectively used by field
staff who will collect the data. The tools required will be:
• Inventory data collection
• Sanitary inspection forms
• Water quality analysis sheets
• Water usage questionnaires

Reference copies of all these forms are provided in Annexes 2,3, and 7. These are tools
developed and extensively tested in Uganda and it may be possible to use these directly.
However, before deciding to use these forms, make sure you review them carefully to make
sure that the data that will be collected is obtainable in your country, whether it is relevant to
your needs and whether any revisions are required. This process will help you to ensure that
the data you collect at each stage will be reliable and useful.

3.3.1 Inventories
The first stage in the process of surveillance is to ensure that you have a clear picture of water
types of water supply are available and where they are located as otherwise develop
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meaningful surveillance programmes cannot be developed. In order to find out this data we
need to undertake an inventory and this should be supported by a review of connection data
in the town.

The purpose of the inventory is primarily to assess what sources are available to those people
who do not have access to a personal connection to the piped water supply. Therefore, it is a
method of assessing all the communal sources available and not individual water supplies.
This is critical as at this stage we are not trying to assess how many people have their own
connection nor how many people have access to a private water supply (e.g. rainwater
collection or private well). Thus for any source identified, it is important to find out whether
it is available for use by people living outside the household.

An important point to bear in mind in urban areas is that a significant number of sources
available to people without a personal connection will be other individuals who have a
connection and who sell the water to their neighbours. Thus when we carry out an inventory
it is important for field staff to find out if people are selling water to their community or
neighbours.

The inventory form in Annex 2 includes a range of water source types and these are listed
below with explanatory notes.

• Public tapstand/standpipe – these are taps that have been set as a public facility. Usually
they are managed by a community committee and are available to anyone who wishes to
collect water.

• Private tap with water selling – these are households that have a personal/family
connection but who sell water to other people. THESE ARE NOT ALL THE PEOPLE
WITH A PERSONAL CONNECTION, but only those who sell water to their neighbours.
In order to find out whether people sell water to their neighbours, the field staff will have
to ask people within a community where they get water from and whether any people sell
water to their neighbours.

• Communal tenants tap – these are taps which are communal, but designed to serve only a
certain group of people and may be provided by the landlord.

• Protected spring in good condition – these are springs where the construction and
protection works are in god condition

• Protected spring requiring repair – springs where the construction works are beginning to
fail and need rehabilitation

• Borehole with handpump/windlass – these may also be known as tubewell
• Dug wells with a handpump – these are large diameter wells dug by hand with a

handpump fitted
• Dug wells with no handpump – these are large diameter wells dug by hand that do not

have a handpump
• Unprotected spring – a natural spring (i.e. not dug out) that lacks any form of protection
• Unprotected scoop well – a very shallow depression scooped out by communities
• Pond/stream/swamp/lake – surface water sources

Planning and implementing the inventory
Taking an inventory is likely to take some time, as the whole urban area must be covered and
we are trying to capture data on all the sources available. Therefore, consider carefully how
best the inventory can be undertaken. The first step should be to review any existing data
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about water sources. If this is available, this may greatly reduce the time required as much of
the inventory data can be collected by a desk study, with only limited field checking.
However, existing data is likely only to be available for public facilities like public taps or
springs and boreholes, therefore the inventory cannot be limited to solely a desk-study as
information about private water selling will be essential in order to plan subsequent
assessment and monitoring programmes.

Before undertaking the inventory, the co-ordinator should review the questionnaire in detail
with field staff to ensure that they understand the questions. This provides an opportunity for
staff to raise any issues that require clarification. In particular make sure that people
understand the different water source categories and understand the questions regarding
ownership and the restrictions on volume as these may be areas that may lead to confusion.

You should pre-test the inventory forms with field staff, by undertaking a brief field test with
them to make sure they understand how to fill in the form and how to find out the data. Make
sure field staff understand the need to ask several people within a community what sources
are available, as private water selling may be restricted to a small area close to the person’s
house.

Once the data is collected, you will need to put it into a database as described in Section 3.
This data should be kept both at the Municipal level and at a national level. Keeping the data
at national levels will ensure that national staff can provide support to Municipal staff in
designing monitoring and assessment programmes.

3.3.2 Connection reviews
In addition to conducting an inventory, a review should also be made of the number of direct
connections to the piped water supply in the town or city. In order to do this, you will need to
get data from the water supplier within the town. Ideally, you should request data on
connections that relate to administrative areas (for instance a Parish or District). This will
allow you to relate the connection rates to the assessments of socio-economic status and
population density and if possible, differentiated between connections at a yard level and
those where water is provided within the home. Some water suppliers may not have data that
relates directly to administrative areas, but may keep data in the form of block maps. These
are maps which divide up the area covered by the water supplier into units (often of 0.5km2).

Where there is a complete map of the blocks, you can estimate the level of connection in each
area, provided maps of the same scale are available and there are reference points on the
block map. By preparing an overlay of the administrative area on tracing paper, you can
assess which blocks fall into each administrative area and then by looking at the number of
recorded connections in each block you can estimate the numbers of people with a direct
connection.

Unless the water supplier data includes number of residents at a property (which is unlikely)
in order to estimate the number of people served, you will have to make certain assumptions
as discussed in Section 1. Where a block falls into more than one administrative area, if you
have very detailed connection data you could look at the exact location and be able to tell
which area the connection falls into. Otherwise, you can assume that the proportion of
connections from the block falling into each area is the same as the proportion of the area of
the block that falls into the administrative area (e.g. a quarter, a half, three-quarters etc).
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In some cases, a connection review may not be possible because the water supplier does not
have accurate and reliable data on connections. This is not uncommon in many urban areas.
You could consider undertaking an assessment of direct connections, but this would be very
time-consuming and probably not justifiable as areas with high rates of connection will be a
lower priority than areas with low rates of connection. In this case, you can look at your
inventory data – if an area has no or very few publicly available sources, then it is likely that
the majority of houses will have their own supply. In order to refine this approach, you can
also look at the socio-economic status of these areas – if they fall into the high or medium
income, then it likely that have a personal connection. If they are low-income then may imply
that water is purchased from vendors and in this case, a further assessment (in the form of a
water usage study) will be required.

3.3.3 Training in surveillance techniques
Once the inventory has been completed, then the field staff who will undertake assessments
and routine monitoring should be trained in the use of equipment, how to conduct sanitary
inspection and how to use the surveillance data in improving water supplies and water
quality. Such training may be provided by the Ministry of Health or by Municipal staff where
there is sufficient experience.

In some cases, the field staff who will undertake surveillance may already have received
instruction in surveillance techniques during the general training, or may have had experience
of surveillance from other projects or areas. However, even where staff are available who
have got surveillance experience and skills, it is always a good idea to run refresher training,
especially where new equipment is being used or a new programme is being developed.
Materials for providing this training is provided in the training pack for basic surveillance
techniques.

Immediately following the training, the co-ordinators should make sure they spend time in
the field with staff from particular towns or areas as part of follow-up training and support
supervision.

3.4 Initial assessments
Once staff have been trained and the equipment is available, an initial assessment of water
quality should be carried out within the town. This provides baseline data for planning
routine monitoring programmes. The assessment should cover all the protected point sources,
piped water and household water.

In general, there is little point in testing the unprotected sources because they will be
vulnerable to pollution and, possibly more importantly, the conclusion about the action
required can be determined without the need for testing – i.e. these sources should be
protected or an alternative water supply provided. If you have particular concerns about the
unprotected sources (perhaps because they are estimated to receive heavy usage or there
appear to be clusters of disease in areas where unprotected sources are found) then you could
undertake an assessment. However, this should only be done if there is a specific objective or
intervention planned – for instance the use of water quality data to try and encourage use of
safer sources by the community. There is little point in collecting this data just for
background information.
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3.4.1 Point sources
In the assessment, all the point sources identified in the inventory should be tested and a
sanitary inspection carried out. However, testing of point sources is often most appropriate
during times when quality is likely to be worst, thus if the initial assessment is likely to fall
into a dry period, you could delay the assessment for point sources until the next wet season.
However, if you do this, then it is a good idea to select a sample of point sources and
undertake analysis and sanitary inspection in the dry season to allow a comparison with
performance in the wet season.

3.4.2 Piped water
Piped water will be included in the initial assessment. It is important that this assessment is
carried out within as short a time as possible to provide results that are comparable – thus it
may be worthwhile to set aside a week to do an intensive assessment of the piped water
throughout the town. Determining how many samples should be taken is not always easy,
unless you have access to historical data that indicates particular problem areas in the
distribution system where either microbiological contamination has been found, chlorine
residuals are known to be low or discontinuity is a problem. You could try to access data
from a water supplier, but the process followed by water suppliers in their monitoring
programmes may not be satisfactory for designing an assessment, so if you do assess their
records, try to look more at broad areas where problems have been noted, rather than specific
locations where failures have been noted.

As discussed in the introductory section, water quality in piped systems may vary within very
short periods of time and within short distances. Furthermore, contamination may occur
because of major supply faults – for instance a failure in treatment, contamination in the
service reservoir or contamination in a supply main – or because of very localised
contamination that occurs around the sampling point. As the interventions required to deal
with these problems is different, we must make sure that we collect data that allows us to
identify the critical failures in water supply and who will be responsible for rectifying these.
For our assessment, therefore, we need to make sure that we have a good chance of picking
up both these types of problem. This means that we need to take a relatively large number of
samples spread throughout the system and we should try and identify any division within the
piped network – for instance lines being supplied by different service reservoirs or sources –
that may cause changes in water quality.

In terms of the numbers of samples to be taken, in the absence of firm information about
existing problems, the best approach is to base this on the estimated population served. This
can be gained from the number of people with a direct connection estimated from the
connection review and the number of piped and non-piped sources available. In the latter
case, the best approach is to look at the relative proportions of sources available and calculate
the population using these. Alternatively, you could take the entire population and estimate
the number of samples using Table 6 below. In some ways this is a good approach as the
number of people served is likely to be over-estimated, leading to greater number of samples
in the assessment. The table below provides the WHO recommendations on the minimum
number of samples based on population served. In most cases, in the assessment you should
significantly increase the number of samples to be taken as discussed below.
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Population Minimum number of samples
Below 5,000 1 sample
5,000 – 100,000 1 sample per 5,000 population (maximum 20)
Over 100,000 1 sample per 10,000 population plus 10 additional samples (minimum 20)
Table 6: Minimum sample numbers based on population (from WHO Guidelines for
Drinking-water quality, 1993)

As often the way in which towns are sub-divided will mean that there are a number of smaller
units within the town and in order to ensure that we cover the whole town in the assessment,
samples should be taken from each smaller unit (e.g. Parish) based on the population served
within the area. This will also often mean that the number of samples will increase, which is
desirable in an assessment. For instance, if we had three Parishes of the following
populations: 6,500; 5,200; 5,800 the total population would be 17,500. Using the above table
if we took this combined population we would need to take 4 samples (as the population lies
in the 15,000 – 20,000 bracket). By taking each Parish as a separate sampling unit we would
take 2 samples from each Parish (as they all lie in the 5,000 -–10,000 bracket), giving a total
of 6 samples.

It is important to ensure that samples are taken throughout the systems as shown in Figures 2
and 3 below.

Figure 2: Sampling network design in a small piped system
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Figure 3: Sampling network design in large system

In general, the more samples that can be taken in the assessment, the better the information
will be in identifying particular problem areas and for planning routine programmes. The
limit on samples may be the number that can be analysed each day (in the Oxfam-DelAgua
kit this is 16) and the time within which the assessment is to be completed. If, for instance,
we have a town of 50,000 people and wish to complete the assessment within 4 working
days, if we take 16 samples per day, we will have a total of 64 samples, which is considerably
above the minimum (which would be 10), thus this would provide a good overview of the
system. In general, working on a principle that in an assessment the number of samples
should be at least 3 times the minimum number provides a simple way to calculate sample
numbers. Samples should always be taken from the nearest sampling point to the headworks
(or the final water if possible) and from the first sampling points from a service reservoir.

Assessments when there are sub-division within the distribution network
In some cases, the distribution system itself in sub-divided as there is more than one service
reservoir or source. In these cases, we need to take into account these difference and plan our
assessment in order to reflect any possible differences in the quality of water coming from a
particular source or service reservoir. The number of samples can still be calculated on the
estimated population served, but in this case we base it primarily on the people served by
each mains supply. If this approach is used, it is essential that samples are taken throughout
the supply lines and in particular from the furthest reaches. Samples should also be taken that
are representative of the final water and service reservoirs as noted above.

Box 1 below, provides an examples of how an assessment of a piped system can be
undertaken when the system is sub-divided.
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Example 1: Ho, Volta Region, Ghana
Ho is served by the Ho/Kpeve water system that has an intake on Lake Volta at Kpeve.
This supplies a conventional treatment works at Kpeve and from the works water is
pumped to a balancing reservoir at Bame from where water gravitates to the Hilltop and
Kabababa service reservoirs with numerous connections on the gravity main to villages en
route. Hilltop reservoir serves a high pressure zone (HPZ) and Kabababa serves a low
pressure zone (LPZ). There are a total 4 service reservoirs in the Ho system – Hilltop Old
and New, Kabababa and Tanygibe. Capacities are as follows: Hilltop New 900m3, Hilltop
Old 450m3, Kabababa 2270m3, and Tanygibe 900m3.

The sampling programme outlined below is done on the basis of the service reservoirs.

Sampling programme:
1 sample from the inlet to the HPZ service reservoir
1 sample from the inlet to the LPZ service reservoir
1 sample from a direct connection on the gravity main between Bame and the service
reservoirs
7 samples from the LPZ distribution line, with one close to the LPZ reservoir
4 samples from the HPZ distribution line with one close to the HPZ reservoir
27

.4.3 Household water
s well the assessments of piped water and point sources, an assessment should also be

arried out of the quality of water that is stored in peoples houses. In most cases, this should
ocus on households that collect water from a communal source and transport the water
ome. However, in some cases, it may also be important to test water storage in houses where
here is a direct connection, but continuity in supply is poor leading to the need to store water
n a regular basis.

n an assessment of household water quality, the same principles for piped water assessment
ill be followed in that it is not possible to test the water in every house, so a sample must be

aken. It is essential to be clear what the objective of the assessment will be, as this may
etermine how many houses should be visited and in what areas. The assessment could be
esigned to meet any of the following objectives:
. To determine the degree of contamination of household water within the urban area
. To determine the degree of contamination within a specific target group (e.g. in squatter

settlements or users of particular sources)
. To provide baseline and post-intervention data for a programme to improve safe water

handling

n the first case, the purpose is primarily to get an idea of the extent of contamination of
ater stored within the home. It is not specifically designed to provide baseline data for use

n a specific intervention. The use of this data may be to assess whether an intervention to
mprove water handling is required and when a sanitary inspection is carried out, to make an
nitial evaluation of what the major causes of household water contamination may be and thus
hat the focus of an intervention should be. In this case, a broad assessment is required with

amples taken from all areas where there is likely to be significant numbers of people storing
ater. These areas are most easily identified by looking at the connection data, as where

onnections are low, most people will collect water from communal source or purchase it
rom vendors and will have to store the water in their homes. Samples should be taken from
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all such areas. The number of samples to be taken can be based on the numbers provided in
Table 6.

In the second case, a more specific objective forms the basis of the assessment. This type of
assessment may be carried out if there is good reason to believe that one sub-group in the
population has significantly worse water quality or because they have least access to piped
water at higher service levels, If this type of assessment is carried out, it would usually be
done in the context of an intervention that will be targeted on the group identified. The
number of samples will depend on the size of the group that is being targeted and would
usually be based on an approach similar to that described for piped water.

In the final case, the objective is directly linked to a specific intervention – for instance health
education or promotion of low-cost treatment of water within the home. In this case, one of
two approaches can be adopted. Firstly, sampling may be limited solely to the people who are
benefiting from the intervention and thus simple pre and post-intervention data are assessed.
In some cases, two groups of people may be identified – one which receive the intervention
and one which does not (often called a control group). This would be done when we wanted
to be sure that any changes seen in water quality were due to the intervention and not because
of some random effect or because of any changes in source water quality. In these studies,
much smaller groups would usually be selected, but more intensive sampling may be
undertaken.

In all assessments of household water, the source that each household use to collect water
from should be identified and in some cases, this may also be tested. A sanitary inspection
should also be carried out to allow analysis of the major causes of water quality failure to be
identified and interventions to be targeted on the factors noted as being the principal risks.

3.5 Reviewing the assessment data
The assessment data will provide a significant amount of data. It can be used to analyse
which risk factors appear to exert the greatest influence on water quality, to assess the degree
of interaction between different risk factors and to look for operation and maintenance
failures that require attention. This can be carried out for the types of water that are tested.
Evaluating the major risks associated with microbiological contamination can be done by
reviewing the frequency of reporting of different risk factors under different conditions of
water quality, for instance a simple presence/absence of contamination or under different
ranges of contamination. This can be done using the Sanman database as discussed in Section
4.

Further analysis can be carried out by using statistical software to explore the degree of
association of different risk factors with water quality and the degree of interaction between
different factors (in particular pathways and indirect factors). However, care should be taken
regarding such analysis from a single sampling round in a assessment as this may not be fully
representative of the water quality under all conditions. For instance, in point sources there
may be evidence that at the time of the assessment climatic conditions were abnormal and
therefore have distorted the results obtained. Thus whilst initial analysis may yield useful
information, it may be worthwhile to wait for more comprehensive analysis until there is data
reflecting different climatic conditions.
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The assessment data will, however, provide good evidence of current operation and
maintenance problems where interventions are required and that may help inform the
development of the routine monitoring programme by identifying key areas to focus on. In
piped water, the sanitary inspection data should indicate whether any significant supply faults
are noted within the system and where these are most commonly found. This data will then
be used both to work with the water supplier to improve performance and to focus greater
attention in the surveillance programme on those areas where these faults are most commonly
found. The supply faults included in the sanitary inspection for piped water are all factors that
may lead to deterioration in water quality and thus their presence indicates a greater need for
testing. The sanitary inspection will also highlight whether there are significant local risk
factors that may contribute to water quality and in this case the focus will be more on an
intervention to promote better maintenance of facilities by users and in improving
environmental hygiene.

In the case of point sources, a high risk score implies that operation and maintenance is weak
and that, irrespective of the water quality results obtained during the assessment, the source is
at ongoing risk of contamination. This data can then be used to initiate an intervention aimed
at improving community operation and maintenance and where the infrastructure is in poor
condition for repairs and rehabilitation. In addition to high sanitary risk scores, you should
look carefully at key factors that directly relate to ongoing operation and maintenance. These
will things such as absence of fences around the source, deterioration in surface water
diversion ditches (which may be critical in preventing erosion of the source protection works
and preventing direct contamination) and poor drainage close to the source (including
wastewater). These are all factors that are directly related to the routine maintenance tasks
that it is expected the community would undertake. If these factors are noted, interventions to
improve community operation and maintenance should be initiated through training of
operators or strengthening water source committees. Simple operation and maintenance
schedules can be provided to water source committee such as those shown in Annex 4.

For in-house water, the presence of contamination should be used as a basis for developing a
health education programme to promote the safe water chain. This should focus not only on
promoting safe collection and storage practices, but also the use of safe sources (provided
that your data indicates that certain types of water source are significantly better quality than
others).

The use of surveillance data in making improvements in water quality are discussed further in
Section 5.

3.6 Routine surveillance
Once the assessments have been completed, routine surveillance should be implemented.
Conditions in water supplies may vary over time and in particular, if operation and
maintenance becomes weak then water quality may deteriorate as sanitary risks increase.
Thus in order to provide public health protection, regular water quality testing and sanitary
inspection of water supplies is need to ensue that water quality problems are identified in a
timely manner and that interventions implemented. Routine surveillance will include piped
water, protected point sources and in-house water. In each case, the number of samples taken
each month will be lower than for the assessment, but will need to be taken regularly.
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When planning the routine monitoring activities, you should base your approach on the
zoning of the urban area that was discussed in Section 2. The zoning process should be used
to target resources on the areas believed to be at greatest risk from water-related disease and
on the sources that are most commonly used. Table 2 should be used to determine priority
areas for surveillance.

3.6.1 Piped water
Piped water supplies may vary significantly within a short period of time and over a short
distance. This variation is not usually caused by a defined external event – for instance the
season – but due to poor treatment or re-contamination within the distribution network. As
the variation is often less easy to predict than for point sources and as many people are likely
to use taps, regular samples must be taken from the piped network. The numbers of samples
to be taken is usually based on the population that is served by piped water. In the case of
urban piped water supplies, the data from water usage studies should be used to decide how
many people are likely to use piped water.

When planning the routine monitoring of piped water, it is important to review the data
collected in the assessment and evaluate whether any particular trends have appeared. For
instance, the assessment may show that particular areas or mains supplied from particular
service reservoirs has either a greater number of microbiological failures, loss of free chlorine
residual or are prone to greater discontinuity. If this is found to be the case, there should be a
greater emphasis on areas where water quality or continuity problems are more common. The
routine monitoring of piped water should also focus on the lower-income areas where
facilities like public taps may be common. In these areas, controlling the quality at sources
with heavy usage is important as contamination at a single tap may affect a large number of
people and will be more significant than a failure at a number of taps that are only used for a
single household.

If the assessment showed no or little variation between different areas in terms of water
quality the number of samples will usually be based upon the population that is served using
Table 6. However, it is preferable that slightly more than the minimum number of samples
are taken unless there are resource constraints that makes this impossible. One key factor is
that samples do not need to be taken in every administrative sub-unit and it is preferable that
a greater emphasis is placed on the areas that the zoning has indicated are a priority and to
take more samples in these areas and few or no samples in very low priority areas. In this
case, one approach is take to total number of samples that would be required if sampling
occurred in all areas, then allocate the samples that would have been taken in low priority
areas to higher priority areas proportional to the population served in each high priority area.

The selection of sampling locations is critical to ensuring that an effective monitoring
programme is established. There are some points in the piped water supply where we should
always take samples. These are the final water leaving a treatment plant or the nearest point
that is accessible to surveillance staff, and service reservoirs/storage tanks or the nearest tap
where access to the reservoir is difficult. Samples should be taken even if they fall into low
priority areas after zoning. In addition, we need to take samples from the distribution network
itself. When sampling from the distribution network, there are two approaches that can be
adopted in the selection of sampling points. Fixed sample points may be selected, from which
samples are always taken whenever monitoring visits are made to the area. These may
include facilities in key areas such as markets or densely populated settlements.
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However, the problem with using a fixed sample point approach is that many of the problems
in piped water supply may be very localised and thus by sampling the same tap on every visit,
many cases of water quality failure that occur in other parts of the system may be missed. As
a result it is preferable to develop a random sampling approach within the area being
sampled. This provides a better chance of identifying water quality problems when they
occur. With a random approach to sample site location, each time an area is visited, the
sample is taken from a different tap within the area. Thus, the same number of samples that
are taken from each area on each visit Piped water supplies may vary significantly within a
short period of time and over a short distance. This variation is not usually caused by a
defined external event – for instance the season – but due to poor treatment or re-
contamination within the distribution network. As the variation is often less easy to predict
than for point sources and as many people are likely to use taps, we need to take regular
samples from the piped network. The numbers of samples to be taken is usually based on the
population that is served by piped water. In the case of urban piped water supplies, we may
need to use the data from water usage studies to decide how many people are likely to use
piped water, but the actual location of the sample point changes.

Sometimes, it is most effective to mix both fixed sampling points at critical points such as
markets and random samples. However, in a routine surveillance programme, the fixed
sample points should not make up more than one-third of all the samples taken.

Whether to flame sampling points will be another issue in piped water supplies. Flaming is of
greatest use when the actual water in the system is being tested. Flaming is particularly
important when we are using data to regulate the water supplier. However, in many cases the
actual quality of water that is being collected is more important to know in order to focus
health education and operation and maintenance training on maintaining a safe source. It is
not uncommon to find that communities or households attached a length of hosepipe to their
tap. They usually do this because the tap itself causes water to spray and thus there is a lot of
wastage. The operator cannot get money for this water and thus they use local materials to
ensure the water can be directed into container with little wastage of water as possible.
However, these attachments often causes the water quality to deteriorate. If surveillance is to
protect public health, it is important to know the quality of water that people actually collect
and if we find contamination, to identify what was the likely causes of this deterioration.
Thus it is a good idea to take both flamed and unflamed samples for analysis.

3.6 2 Point sources
Routine surveillance of point sources is justified when these are being used by the population.
If there is doubt as to whether these sources are being used for consumption (drinking and/or
food preparation and cooking) then you should undertake a water usage study as described in
a later section.

The routine surveillance of point sources is usually carried out at lower frequencies than for
piped water because the changes in water quality are likely to be influenced to significant
degree by climate and in particular rainfall patterns. As minimum, point sources should be
tested during periods when quality is most likely to deteriorate. Thus in countries where there
are clearly defined wet and dry seasons, greatest attention will be placed on sampling during
wet seasons. However, in some cases, a specific study may be needed to assess whether there
is a strong relationship between season and water quality. This may be important in urban
areas where there is likely to be a significant amount of non-rainfall recharge from household
water (sullage) that is not disposed of properly. This may reduce the influence of season by
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providing continuous supply of contaminated surface water recharging shallow groundwater.
These non-seasonal influences may be strongest in high-density areas. If such a study
indicates that there is limited seasonal influence in water quality of point sources (whether in
total or in specific areas) then more frequent monitoring may be required.

3.6.3 Household water quality
Routine surveillance of the quality of water stored in households is as important as the
monitoring of water sources. Water quality at the source may be good, but risks to health
remain if this is allowed to become contaminated during collection and storage. Routine
surveillance of household water quality should be integrated into health education
programmes and be seen as key tool in promoting improvements in water quality.

In general the routine monitoring of household water quality will not be geared towards
particular groups or be linked to a specific intervention study, as these primarily approaches
to assessment. In routine monitoring, all the population that must store water within the home
will be targeted and samples taken from different areas each month. The numbers of samples
to be taken will largely be driven by the availability of resources and how many samples are
being taken from water sources.

3.7 Support supervision and quality assurance
In order for surveillance data to be of value, it must be reliable. In order to achieve this there
must be support supervision for field workers and systems of quality assurance to ensure that
they continue to produce reliable and accurate data. These are critical roles for both National
and Municipal co-ordinators as these are the staff best placed to provide these functions.

Support supervision requires that the co-ordination staff spend time with field staff both
discussing their fieldwork and resolving any issues that may arise and in the field with staff to
ensure that they are performing the techniques correctly. Taking time to discuss with field
staff their activities and results is a key way to allow problems to be identified and resolved.
The types of areas that may require review will be the sampling strategy and results found
and the feedback of results to communities and other stakeholders. The purpose of support
supervision is to allow co-ordination staff to review progress and gain the views of the field
staff about how the programme could be improved or modified to make it more relevant. This
will also provide a forum in which the use of the data can be discussed and reviewed and
interventions planned.

3.7.1 Quality assurance
Good data should be quality assured. There are two ways in which this can be carried out.
The first method is to carry an aseptic technique evaluation. This is a method for assessing
whether the field staff member always keeps the equipment sterile and does not introduce any
contamination into the process, thus giving a false result. Having an aseptic technique is
essential for reliable results – otherwise we are testing the personal hygiene of the analyst
rather than the quality of the water!

The form shown in Annex 5 is a systematic way of evaluating whether the analyst maintains
a good technique throughout the analysis and thus whether the results they produce are
reliable. It is important in particular to remember that the same process may be repeated
several times – for instance the forceps will be picked up and used twice for each sample
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taken and this must be sterile each time it is used. When you use this form, remember to note
how many times each action was carried out and the number of times it was done correctly,
from this you can then calculate a performance rating. At the end of the exercise, add up all
the rating score for each activity and convert this into a percentage by dividing it by the total
number of actions performed. If an aseptic technique rating falls below 99%, then the analyst
requires additional training and support. Whilst this may seem a very high threshold, it is
essential that proper techniques are always used by each analyst. Given that the other means
of quality assurance have considerable uncertainty, the use of good technique is essential to
ensure that the results obtained from field staff are reliable.

Other approaches to quality control relate to statistical analysis of results and are often
referred to as analytical quality control (AQC). AQC is widely practised in chemical analysis,
and often takes the form of duplicate analyses on the same sample and analysis of blank
samples. The quality of the results obtained are then usually analysed using statistical
techniques to define a range of performance characteristics and the degree of confidence that
can be placed in the results obtained. However, there are certain difficulties in applying the
same techniques to microbiological analysis because of the fundamental differences in the
nature of chemicals and organisms in water. As chemicals are solutes, this means that they
are effectively completely randomly distributed within water – i.e. they are evenly distributed
throughout the water sample. Any deviation from this even distribution (i.e. a non-random
effect) is seen at a molecular level, which is usually below the limit of detection for most
standard analyses in water.

By contrast, microbes are discrete in solution – i.e. they are significantly non-random in their
occurrence as they do not ‘dissolve’ but are merely present within the water sample or body.
Furthermore, it is common to find that micro-organisms are found in ‘clump’ or adsorb onto
suspended particles introducing a further non-random component. Furthermore, the
distribution of microbes within any single sample may be significantly different from that
within the actual body of water. In most water samples, the distribution of microbes follows a
Poisson distribution, whereas the distribution within a body of water is usually multinomial.
Thus, although we can use these techniques to check the validity of the result from a single
sample, we will have less confidence in the accuracy of the result in relation to the real level
of contamination. If you wish to use an analytical approach to analytical quality control,
please consult the documents provided in source documents such as the ISO standard
operating procedures.
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Section 4: Reporting mechanisms
One of the critical components of a surveillance programme is the reporting of data to
stakeholders. Unless information is shared, its is weakened. The Municipal Co-ordinator is a
primary stakeholder and should receive regular monthly reports from field staff on the
monitoring activities undertaken. This will include how many sources have been visited, how
many samples have been taken, what were the results or analysis and sanitary inspection and
also on how the information has been provided to the community using the source and what
actions have been undertaken, planned or are recommended.

In the case of surveillance programmes key stakeholders will include communities, urban
authorities, water suppliers and the Ministry of Health. It is important that not only is
information made available, but that it well co-ordinated and is geared towards the target
audience that will receive the information.

4.1 Community feedback
The field staff will collect data and should be responsible for the feedback of that data to
communities. However, it is important that this is done effectively and careful consideration
must be given by National and Municipal Co-ordinators as to the best way to ensure that the
information generated can be used by communities most effectively. There is little point in
providing information that is not meaningful or that requires detailed explanation. If this
happens, then the result is likely to be that the community will lose interest in the information
and ignore the findings of the surveillance programmes. In some cases, this may eventually
translate into reduced interest in participation in intervention programmes to improve water
supply.

Whilst it is desirable that all the members of the community to have access to the information
about the quality of the water they use for drinking, it is not feasible to notify each household
individually. Therefore, it is important to work through local organisations. This may be a
community water committee, a ‘village’ council or an NGO or Community-based
organisation (CBO). However, it is essential that these organisations have their own
mechanisms for meeting with communities and disseminating information – for instance
through health volunteers. Such organisations can become the focal point for other activities,
such as participatory planning of improvements to the water supply or development of health
education programmes.

Feedback to communities can be through providing simple reports to communities or can be
through regular meetings with communities to review the results and discuss how problems
can be overcome. In general, community meetings are most appropriate when the purpose of
the meeting is directly linked to trying to improve the water supply or household water
quality rather than as a simple feedback mechanism. Therefore, consider carefully what the
objectives are for community meetings that are held and make sure that these are the most
appropriate way of providing information about water quality. It is also important to
recognise that communities may have many issues to discuss within their meetings and
therefore holding very frequent meetings to discuss water quality may not be appropriate. It is
often better to hold meetings on a regular, but not too frequent basis, with the objective to
identify solutions to problems found with the water quality and to use a simple written
reporting mechanism for feedback of water quality results.
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For simple feedback of information, it may be better to use simple reporting sheets such as
those provided in the companion field workers manual and in Annex 6. These reports should
be completed and returned to the community organisation or leaders every month by the field
workers. Alternatively, these reports could be put up at key points within the community,
such as a school, health centre, church or mosque, provided people know that this is where
they can get the results from the testing. If the latter approach is followed, then it is critical
that the community will be able to understand the information provided.

The key point in any form of reporting is that the format must be simple and comprehensible.
Any report that requires extensive explanation will be of little use. Thus, you should not
include all the detailed results in terms of faecal coliforms, but rather whether contamination
was found or the degree of contamination – i.e. none, low, medium, high, very high. You
should also always report on the sanitary risks that you found and make recommendations for
action. These reports can be useful when you later meet with the community to discuss water
quality. In some cases, the degree of contamination can be colour-coded, although make sure
that people will understand the colour-coding scheme.

4.2 Urban Authorities and Ministry of Health
Urban Authorities and Ministry of Health will also require regular updates on the surveillance
programme and have similar information needs. This information should be concise, whilst
still providing reasonably in-depth information and discussion. The data provided should
illustrate the number of samples taken from different sources and from water stored in the
home. The water quality data should include number of samples that failed (i.e. any recorded
contamination), minimum and maximum contamination found and average contamination for
each type of water. Sanitary risk scores should also be provided. In addition, you should
always aim to provide information regarding what recommendations are being made
regarding the water quality and what actions have been carried out in communities to
promote improved water supply.

In the case of the Ministry of Health, reports on the number of sanitary inspections and
samples analysed each year should be provided (this can be done directly from Sanman).
Where the Ministry is maintaining a national water quality database, then monthly water
quality reports and the survey by category reported should be printed from Sanman. Again,
you should highlight the actions have been taken to improve water quality and there should
be discussion about the results, their meaning and likely health burdens that may result.

At a national level, annual reports should be prepared that discuss the progress of the
surveillance programme – how many areas are covered, how many samples and sanitary
inspections are being performed and what support supervision and training activities have
been undertaken from the central level. The report should also summarise and outline the
activities that local staff have undertaken to improve water quality and the impact of these.
Where a national water quality database is maintained, outputs of analysis carried out on
water quality and sanitary inspection data should be presented.

At a national level, it is important for the Ministry of Health to provide regular, preferably
annual, reports on the state of water supply and quality within the country. Such reports may
be relatively detailed and provide in-depth discussion of the major barriers to safe water
supply and the degree of risk to health that is being faced. The purpose of such reports is to
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use surveillance data to influence policy and investment decisions to improve water quality
and supply, thus reducing the public health burden of the population.

4.3 Water Suppliers
Regular sharing of information between surveillance agencies and water suppliers is a key
mechanism for promoting inter-sectoral collaboration. The type of information required by
the water supplier from the surveillance agency will be the number of samples taken, the
number of failures on any of the critical parameters and any major supply faults that have
been noted (e.g. discontinuity, leakage etc). In return, the surveillance agency should receive
summaries of the number of samples analysed and water quality results from the water
suppliers quality control programme. The water supplier should also provide information
rapidly to the local health department in the event of contamination in their water supply.

Reporting between water supplier and surveillance agency is done on a regular basis, for
instance monthly but in some cases quarterly. However, in addition to sharing of water
quality and sanitary inspection data, regular meeting should be held with water suppliers to
develop joint plans of action to improve water supply and quality of water.
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Section 5: Water usage studies
Water usage studies are useful ways of collecting a substantial amount of social data that
helps to refine surveillance programmes. However, such studies require resources and staff
and therefore may increase costs of the surveillance programme. Therefore it is very
important that such studies are well-focused and only undertaken where there is a clear need
for this type of data that cannot be collected through less expensive methods.

The main focus of this section is to review the practical implementation of a water usage
study. The development of a water usage study are discussed in detail in the reference
manual, but is briefly summarised here. It is important when planning a water usage study to
be clear about your objectives for the study. A water usage study may be undertaken for
different reasons and thus the approach used and tools developed may vary. The principal
objectives for a water usage study are as follows:
1. To determine which sources are used to refine a monitoring programmes
2. To understand which sources are used and why people use different sources to refine a

monitoring programme and inform interventions
3. To provide a mechanism to evaluate the effectiveness of an intervention
4. To initiate a specific programme of action in selected communities

In the first three cases, the study is likely to be primarily questionnaire-based, whilst in the
final case, a greater emphasis may be placed on participatory techniques such a focus-group
discussion and key informant interviewing.

5.1 Water use studies to refine surveillance programmes
The first two objectives for a water usage study have many similarities as they attempt to
collect data from a relatively large population group and would usually cover a sample of the
whole population being considered. The critical element is therefore to define the target
population. This would usually be low-income groups with multiple source types available
for use. Once the target population has been identified, a sampling strategy can be developed
as discussed in the reference manual. The first step will be define a particular issue to be
considered, for instance an estimate of the number of people you expect to use a protected
point source for consumption. In order to do this, a small pilot study is advisable to gain a
feel for where people collect water, and this may use a triangulated approach in order to
validate the data from a questionnaire. In the case of Uganda, a pilot study indicated that
about 60% of the low-income population with a choice of source used point sources for
consumption. When a larger study was planned, the Statcalc function in Epi Info was used,
with a worst result of 50% accepted. This programme then calculates the sample size required
for different levels of confidence.

Usually a simple random sampling technique is not used because this may increase costs of
transport and allowances. Thus a stratified random sampling approach is used. This means
sub-dividing the target population on the basis of major administrative units (for instance
districts of the Town). As there are often smaller administrative units within the major
Administrative area (for instance a Parish) we would then select a random sample of the
smallest unit. The actual sampling of households within these selected units is then carried
out randomly, for instance by selecting every 5th house on the right from the starting point.
For more details, please consult the reference manual.
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The questionnaire itself must be designed carefully to ensure that you can collect the data you
need. In Annex 7, two examples are provided. The first would be used when trying to simply
assess which sources are being used for consumption. The second is a longer version of the
questionnaire that allows more information to be collected on reasons for use. These
questionnaires have been used in Uganda and proven to be reliable. However, you should
review these questionnaires in light of the objectives you have set yourself and the nature of
source infrastructure in your country and modify them as appropriate.

A particular issue to bear in mind is that the questionnaires should be easy to understand by
the enumerators (i.e. the people administering the questionnaire) and the respondents. Thus it
is usually a good idea to translate the questionnaire into the local language with either all the
questionnaires filled out in the local language or a reference copy given to each enumerator.
If the questionnaire is developed in one language and then translated into an another
language, you should always get the questionnaire back-translated into the original language
by someone else. You then should look at any changes in meaning that occur and modify the
questionnaire accordingly.  However, bear in mind different languages may express a
particular concept in different degrees of detail. Thus a phrase that appears to have change
meaning during translation may not actually be significant if the meaning in the local
language is broad.

Training of enumerators is essential. They must be able to understand the purpose of the
questionnaire, how they should select respondents and the meaning of the questions being
asked. In particular, they must not be allowed to influence the responses they receive by
explaining what a question means or advising the respondent on the appropriate answer. In
most cases, such training will not be a lengthy exercise unless you plan to use the
enumerators to develop the questionnaire.

It is important to emphasise from the start that there are no right or wrong answers to any
questions and that you are interested in what people think and do, not what the enumerator
think they should. Stress the need for enumerators to obtain verbal consent from each
respondent and to be sensitive to the respondent and not laugh or act inappropriately. It is
essential that enumerators are polite and explain what the purpose of the questionnaire to the
respondent and stress that the findings will be confidential. An introduction is provided in
Annex 7 to show how this may be done.

5.1.1 Selecting the enumerators
It is always preferable to have done a pilot of the questionnaire before trying to conduct a
large survey in order to ensure that the data collected will be reliable. This may be done on a
small scale and using other data collection methods such as focus-group discussion and
observation to validate the data obtained.

Choosing the enumerators requires careful thought. The use of surveillance staff may
possibly influence the response to some questions, but means that the field staff have a much
more thorough understanding of the issues concerned with water in their area. The influence
of surveillance staff may be reduced by moving them to different areas from where they
usually work or by ensuring that they understand they must not influence the responses given.

5.1.2 Training
The training of enumerators should follow a simple process as outlined below.
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1. Read through the questionnaire with the enumerators explaining what is meant by each
question and allowing enumerators to raise any points that require clarification. This is
essential, as they must fully understand what is meant by the question and how they
should note the response given.

2. Do a brief exercise with the enumerators where they interview each other. Check that
people adopt a sensitive attitude and are polite and respectful – in particular make sure
that the introduction is carried out properly.

3. When the enumerators have completed the exercise, go through each questionnaire and
make sure the questions have been answered correctly and discuss any problems. Get the
group together and discuss with them how they felt about the questionnaire, any problems
noted and discuss these.

4. Field-test the questionnaire with the enumerators in an area similar to those included in
the sample, but which will not be included in the study. Again, on completion go through
the questionnaires to identify any problems. This process may mean that some questions
will need to be modified if the field testing shows that it was difficult to obtain a clear
meaning from respondents.

When the enumerators have completed the actual data collection, go through with them to
check the data. If any data appears to be unreliable, then do not use it as it may distort the
analysis. The data is analysed as discussed in the next section and in the reference manual.

5.2 Other water use studies
Water use studies can be effective in evaluating the effectiveness of a health education
intervention if this has emphasised the use of safe water sources and safe water handling. In
this case, the questionnaire in Annex 7 can be used. A water use study is carried out before
the intervention and data collected on the sources being used and water handling practices.
After the intervention, a second study is carried out and the same data collected. This can
then be analysed to see whether any changes in behaviour have occurred. This should be
linked to water quality testing of household water to see if there is any evidence of reduced
contamination.

Where the study is designed as part of an intervention in a specific community, it will be
better to use participatory techniques to collect, analyse and discuss the data obtained with
the community itself. Further information is available in the reference manual on
participatory techniques and details of further reading are provided.
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Section 6: Data storage and information management
During the development of the surveillance programme, a considerable amount of data will
be generated. The proper storage and management of this data is essential if it is to be
converted into information on which decisions can be made. The data that will be generated
and require storage and analysis will be:
• Inventory data
• Water usage data (only relevant where studies have been carried out)
• Water quality and sanitary inspection data

The packages used in Uganda for the first two data is Epi Info (although other database
systems could have used). This has an on-line manual that will help you undertake the
development of a range of databases and for relatively complex analysis of the data. In this
manual, we will focus on the simple application to the data that we wish to store. The water
quality and sanitary inspection data are stored in the ‘Sanman’ programme. Some guidance is
provided in this manual, but again this programme has an on-line manual that can be printed.

One key thing to bear in mind with data management is that careful planning is essential.
This means that you need to consider carefully how the data will be collected, how it is best
stored and what type of analysis you will want to carry out. It is essential that each subject
has a unique identification codes that prevents duplicated entry and to ensure that all data that
relates to a particular subject can be stored and retrieved easily.

It is also essential to consider a number of data that may have links with each other – for
instance they are all within the same town or area, or perhaps they are of the same source
type. It is important that these primary data fields are borne in mind as this may represent a
critical area of analysis – for instance to gain a breakdown of the frequency of different
sources with a town or to compare costs between different source types. In many cases, a
range of data may be collected on a single subject (for instance a particular water source or
respondent in a survey). It is important to also design the database to make sure that all the
data for one subject is held in one record or a set of associated records and that it cannot
become ‘orphaned’ – i.e. data that cannot be related back to the subject or source.

6.1 Inventory and water use data
A further consideration is the type of data that is stored in the database. In some cases, data
may be obtained in a mixture of forms, including numerical, logical (i.e. Yes/No) and free-
text. It may be important in some cases to convert some or all of this data into another form
that will make data input and analysis easier. For instance, when storing data on source type
from inventories and water usage studies, we may wish to use a coding system as this will
reduce the number of typographic errors and their influence on analysis. We could see that if
we simply typed in the term: ‘Protected spring’, this could be input incorrectly as ‘Proteted
sping’ or any other range of mistakes. This will make trying to calculate frequencies from the
software more difficult. Furthermore, for some analysis we will need numerical data and thus
we may need to code free-text data using different numbers to signify different source types.
What is important is to be clear in the approach that you adopt to ensure that all users who
may wish to access the data in the future can do so easily. You may also wish to logical fields
as this often simplifies later analysis and maybe adequate for many different data fields.
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Thus when we consider setting our databases, we must consider the following issues:

• How do we define a unique identification code?
• Can we make sure that all the data for each subject can be stored together or linked in

some way?
• Do we need to code our data to make sure that we analyse it when it has be put into the

database?
• Are their key fields in the data and if so, what are they?
• Can logical fields be used?

6.1.1 Unique identification codes
These are codes that ensure that there cannot be duplicate entry of subject numbers, which
cause problems in analysis. Where the data to be put into a particular database is only for one
town, the identification code could be simply sequential numbers, although these could be
sub-divided at by using a prefix (either in terms of a number of a letter) to define certain
areas. When a large national database is set up, a prefix should be used, either numerical (e.g.
01/) or letter (e.d. KLA). Make sure you are consistent with your codes. It is always a good
idea to code the actual datasheets before you put the data into the database as this may save
significant confusion later.

6.1.2 Keeping all the data for one subject together
The best way to ensure this is to construct the database in such a way that all the data for a
single subject is kept together. Epi Info provides a particularly useful way of doing this
because each a data record is set up for each subject and all the data is put into the database
before recording the data for the next subject. The record is usually in a similar form as the
field questionnaire. Setting up an Epi Info datafile is described later.

6.1.3 Coding data
The data that might require coding will be things such as source type as it will be important
not to have false results from analysis caused by spelling mistakes. Coding can be numerical
(e.g. 1= Protected spring, 2 = borehole etc) or based on letters (e.g. PSGC = protected spring
in good condition; BHHP = borehole with handpump). Both ways are equally effective.
Remember, we are often not simply recording the source type, but also some other defining
characteristics, for instance a protected spring may be in good condition or require repair and
a tap could be public, a private water seller or a tap provided in a compound by a landlord
serving several families. As already discussed these additional criteria may be extremely
important. The coding used in Uganda was as follows:
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Code Source type
PSTP Public standpost/tapstand
PTWS Private tap water selling
PSGC Protected spring in good condition
PSRR Protected spring requiring repair
BHHP Borehole with handpump
DNHW Dug well with no handpump or windlass
DWWL Dug well with windlass
DWHP Dug well with handpump
RRWC Rooftop rainwater collection
UNPS Unprotected spring
UNSW Unprotected scoop well
PSSL Pond/stream/swamp/lake

6.1.4 Key fields
Key fields are data that are common across several different subjects. The purpose of the key
field is to be able to summarise data that have certain key similarities (e.g. town, area, source
type) and to compare different sets have data that have key differences (e.g. comparing
between different towns, area or sources types). Using key fields can be important in analysis
of the data in order to identify major difference between areas.

In the inventory data and water usage data, the key fields will include some or all of the
following:

• Division (or other comparable administrative unit) – this is the principal sub-division of a
town.

• Parish (or other comparable unit) – this is the second-level of sub-division of a town.
• Source type – this is crucial field as major difference may be noted between different

sources types (e.g. borehole, protected spring, public taps etc)

A town can be used as a key field, although it is usually better to keep data form each town
separate, to avoid confusion when analysing. However, in some cases, you may wish to
incorporate several towns into on database (for instance if they all came from a particular
region). If all the data is consolidated into a single national database, then a further key field
will be region or district.

Setting the key field: key fields should only be set for data when it is clear that these relate to
a group of subjects or will be used to stratify any later analysis.

6.1.5 Logical fields
A logical field is used when the data is in a simple Yes/No format. This is logical in that if
the answer is ‘Yes’ it cannot also be ‘No’ – therefore it either meets the condition or it does
not. Such fields are useful for data such as whether pay for water. In this case, the first
question would be ‘Do you pay for your water?’ If the answer is ‘Yes’, then we would
ascertain how much is paid and for what  volume. If the answer is ‘No’, then we do not need
to ask how is being paid. By using an initial logical field, we avoid the problems of data input
when using numerical systems. Clearly, for data entry, filling in zeros for every source where
payment is not required would be repetitive. When establishing a logical  field, you will need
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to set a default value – Epi Info will automatically put this to ‘N’ (or No). The default value
should be set according to which condition is likely to be the norm (usually No).

6.2 Setting up a questionnaire in Epi Info
The datafiles in Epi Info are made up of a series of data records that are stored using a simple
questionnaire format. This greatly simplifies data entry as the person putting in the data will
be able to follow the process easily.

The first step is to establish a questionnaire using the Eped Word Processor. First of all enter
the Eped programmes for the start menu. You can now start to develop the questionnaire.
Annex 8 shows the format of a questionnaire for both an inventory and a water usage study
data file in Epi Info

Type in the heading of the programme, e.g. Urban and Peri-Urban Water Supply Surveillance
Programme, Uganda. You can now start to define the different data fields. The first field you
may want to set up are the unique identification fields. In Uganda, two such fields were
established, firstly the Sanman reference number (drawn from the water quality database) and
the water source number which was a sequential number.

The first step is to type in the field name (e.g. Sanman reference number) and then press
Ctrl+QQ to bring up the list of commands in Eped for defining the type of data you wish to
put in. Table 7 below shows the different commands that will be of use in an inventory or
water usage database and the types of data field they create.

Field type Description
_

___________
____________________

General purpose text fields, used for input of
free text responses. Define how many
characters required.

<A>
<A             >

Upper case text field, useful when coding data
(e.g. PSTP, PSGC etc).

#
##.#

Numeric fields, define how many integers
required before the decimal and how many
decimal point needed. Useful for quantity and
cost data

<Y> Yes/No or logical field. Useful for fields such
as boiling of water etc.

<mm/dd/yy>
<mm/dd>

<dd/mm/yy>
<dd/mm>

Date fields where dd = day (between 01 and
31), mm = month (between 01 and 12) and yy
= year (last 2 digits of year, e.g. 00)

Table 7: Useful Eped commands when setting up Epi Info databases

From the commands, select the type of field you wish to insert. In the case of the unique
identification codes, this is often best done as capital letters, alternatively select a <idnum>
field. To select the field type, after pressing Ctrl+QQ, move the highlight bar until it is over
the type of field you want and then press ‘enter’. In the case of text field, you will be asked to
select the number of characters. This should be least the length of the longest word you
intend to use, and if more than one word will be use in the data, then make sure you have
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sufficient characters to take spaces between words into account. In the case of coded data,
make sure you have pre-defined your data before hand.

Where you will have more than one variable with a very similar name (e.g. water source 1
and water source 2 in a water usage study), it is a good idea to try and define these more
precisely for ease of analysis. One way to do this is to define the variable name for the
analysis programme when designing the questionnaire. This is done by enclosing the name of
the variable within curly brackets. For example, if we have a water usage study where one
person may have a source 1 and source 2, in order to make a clear differentiation between the
two, set the variable names as {Source 1} and {Source 2}.

Once you have completed the design of the questionnaire, save it by pressing ‘F9’ and then
typing in the name of the file that you wish to use  - this must be saved with a .QES extension
(e.g. Inv.QES).

6.2.1 Setting up a new datafile
Once the questionnaire is completed, you can now set up the datafile. To do this, leave the
Eped programme by pressing ‘F10’ and from the main window select ‘Enter’.

The first window will ask you to type in the name of the datafile. If you are setting up the
datafile, simply type in the name of the file you wish to create. This will usually be the name
of the Town. The file must have a .REC extensions (e.g. Kampala.REC). Once the name has
been typed in, press enter and the cursor will move to the next box, which will ask what you
want to do. The options are:

1 Enter or edit data
2 Create a new data file from a .QES file
3 Revise structure of data file using a revised .QES file
4 Re-enter or verify records in an existing data file
5 Rebuild index files(s) specified in a .CHK file

When setting up the data file press 1 and then type in the name of the .QES file that you have
set up and then press enter to set up the data file.

Your are now ready to enter the data. You can make the data entry easier by setting up a
check file (.CHK). This will allow you to miss out certain questions if answering them is
dependent on a previous question. If you want to do this, consult the Epi Info manual, but
take care that you are sure that there are questions where a specific answer (e.g. ‘No’) means
that you will not have to fill in a number of following questions.

6.3 Input of data
In order to prevent the possibility of producing a duplicate record (putting in the same record
twice) or missing records (failing to put the data in), it is important that before you start, all
the questionnaires are number sequentially. Use the small box on the top right hand corner of
the questionnaires to assign a number to each questionnaire. It is best to number all the
questionnaires collected for one town in a single sequence. You are now ready to put in the
data into the datafile for each town.
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6.3.1 Putting in the data
To start the data input process, start Epi Info by clicking on the program icon in windows (on
the first screen) and clicking on the Epi Info icon. Once the program has started, highlight
‘PROGRAMS’ and press enter. This will list the available programs, use the down arrow to
highlight ‘ENTER DATA’ and press enter.

This will bring up a new box. You will be asked to type in the name of the datafile into which
you wish to put in data. This the .REC file that you have just set up.

Once you have typed in the name of the file press enter. You will now move to small box
where you insert the code for the function you wish to use. For data input insert 1 to enter or
edit data. You will automatically go to the final box that has a Y inside it - press enter. You
can now put in the data.

The questionnaire on the screen is basically the same as the paper questionnaires filled in by
the field staff. There is one additional box, labelled Sanmanref. Ignore this for now, as this
will be filled in later once we have set up the water quality datafile for the town in Sanman.

To answer each question simply type in the answer given on the inventory sheet and work
your way through the entire questionnaire. When you have filled in all the questions on the
questionnaire, press ‘End’ and the program will ask whether you want to write the data to
disk. Press Y and the program will save the data and bring up a new blank record form ready
for the next entry.

6.4 Editing records
If during input of data you realise you have made a mistake, it is simple to correct the
mistake. Before you reach the end of the record, you can simply move through the
questionnaire using the arrow keys and make the required changes. If you realise a mistake
has been made once you have reached the end of the record and the programme has asked
you whether you want to write the data to disk, you can edit the record by pressing the ‘Esc’
key. This will return you to the top of the record and you can move through the record using
the arrow keys.

Sometimes the questionnaires filled in by the field staff is incomplete or not clear and a
clarification is required. Rather than not put in the data, you should put in what data is
available and once the clarification has been received, go back and edit the record.

To do this, you press the ‘Ctrl’ and ‘F’ keys simultaneously. Then press the ‘F2’ key. This
means you are requesting the programme to take you to a particular record. Type the number
of the record in and press enter and the programme will bring up the appropriate record for
editing. You can now move through the record using the arrow keys and make the changes
required. Remember once all the changes have been made to press the ‘End’ key and press
‘Y’ when asked if you want to write the data to disk. If you do not do this, your changes will
not be saved.

If you do not know the number of the record you wish to edit, after pressing ‘Ctrl’ and ‘F’,
press ‘F7’ to move back through the datafile record by record, or ‘F8’ to move forward.
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6.5 Analysis of the data using Epi Info
Much of the basic analysis required for inventory or water usage data can be done in Epi Info.
This will provide descriptive statistics as well as some powerful tests of associations and
relationships. For more detailed analysis, more sophisticated statistical software (such as
SPSS) may be used. However, this is only worthwhile when you have statistical expertise
yourself or can gain access to statisticians.

6.5.1 What types of analysis is needed?
In most cases, the analysis required for most purposes is simple as shown in Tables 8 and 9
below.

Type of data Type of analysis Degree of detail
Source types available Total number of publicly

available sources
Frequencies of all categories
available (including different
types of piped water and
point sources)
Summary frequency of
piped, point and unprotected
sources

Overall urban area
By administrative sub-unit

Cost of water Frequency of payment
required
Averages and percentiles of
cost

Overall urban area
By administrative sub-unit
By source type

Ownership of sources Frequency of different forms
of ownership

Overall urban area
By administrative sub-unit
By source type

Responsibility for operation
and maintenance

Frequency of identified
persons or agencies

By source type

Rehabilitation or repair Frequency of occurrence
Types of repair
Who funded work
Who carried out work

By source type
By agency

Frequency of O&M, cleaning
activities

Frequency
Averages

By source type

Restriction on volume Frequency of occurrence
Frequency of reasons

By source type
By administrative sub-unit

Whether source dries up Frequency of occurrence
Averages of times

By source type
By administrative sub-unit

Table 8: Inventory data analysis
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Type of data Type of analysis Degree of detail
Choice of principal source Simple frequencies of

source types
Overall urban area
By administrative sub-units

Numbers of people using
multiple sources

Simple frequencies Overall urban area
By administrative sub-unit
By source type

Choice of subsidiary
sources

Simple frequencies of
source types

Overall urban area
By administrative sub-unit
By source type

Reasons for source 1
selection

Frequency of reporting Overall urban area
By administrative sub-unit
By source type

Reasons for source 2
selection

Frequency of reporting Overall urban area
By administrative sub-unit
By source type

Use of water of source 1 Frequency of nature of
use

Overall urban area
By administrative sub-unit
By source type

Use of water of source 2 Frequency of nature of
use

Overall urban area
By administrative sub-unit
By source type

Use of supplementary
household sources (vendors,
rainwater)

Frequency of use Overall urban area
By administrative sub-unit
By source type

Number of households
paying for water

Frequency of payment Overall urban area
By administrative sub-unit
By source type

Costs of water Average costs, range of
costs, percentiles,
distribution

Overall urban area
By administrative sub-unit
By source type

Number of people treating
water in the  home

Frequency of reported
treatment, frequency of
reported boiling

Overall urban area
By administrative sub-unit
By source type

Quantities of water used Averages, range and
percentiles

Overall urban area
By administrative sub-unit
By source type

Table 9: Water usage data analysis

This is the simple data analysis that is required in the first instance.

6.5.2 Using the Analysis programme
To do simple analysis in Epi Info, you need to enter the ‘Analysis’ programme from the main
Epi Info window. The first screen will be blank with EPI6> at the bottom left-hand corner. To
access the data for analysis, type: read and then the full directory and name of the data file
(e.g. C:\surveillance\inventory\Kampala.rec). Thus to enter this file we would type:

Read C:\surveillance\inventory\kampala.rec



50

The programme will then tell you what type of date has been read. The first step is then type:
list and press enter. This will then list all the data records in the data file. It is always a good
idea to do this. Once the data records have been listed, you access the different commands for
analysis by pressing ‘F2’ and selecting whichever function you wish to use. If you use
commands such as ‘Tables’ you will be able to get measures of association such as chi-
squared tests and student ‘T’ tests. For each function, you must select variable to analyse and
to do this, press ‘F3’ to get a full list of variables that are available. For further advice, please
consult the Epi Info manual.

Further, more sophisticated analysis, including the use of logistic regression models you will
need to use other software and export data from Epi Info.

6.6 Water quality and sanitary inspection data
The water quality and sanitary inspection data will be stored in the ‘Sanman’ programme and
you should consult the manual for this software before and during use. A detailed description
of how to input data into the programme is not given here as the manual for the software
should be consulted. However, two critical uses of the database – backing-up data and using
the report functions are outlined below.

6.6.1 Backing up and extracting data using WinZip
You should always back up the data put into the Sanman database on a floppy disk. To do
this, you should use the WinZip programme that is provided with Sanman. Backing up data is
important as this prevents loss of data should there be a catastrophic malfunction in the
computer.

Back-up of data
Using WinZip to back-up data is fairly easy and the steps outlined below will allow the back-
up data effectively and quickly.

1. Enter the WinZip programme by double-clicking on the WinZip icon and press the ‘I
agree’ button on the first window.

2. If the back-up is being done for the first time, press the icon ‘New’.
3. You will need in type in a name with a full directory path. The name should be name of

the month when the back-up is being done, for instance A:\August
4. Then press the ‘Add’ icon.
5. You will be asked where the data is held that you wish to back-up. Using the ‘Create in’

field, locate the following directory C:\Sanman\Sandata
6. Then using the ‘Field name’ icon, type in *.DBF and then press the ‘Add with wildcards’

icon.
7. Then press the ‘Add’ icon and in the ‘Field name’ filed type *.FPT.

The data has now be back-up and you can leave the programme.

Once the back-up file has been created, you can update this by entering the WinZip
programme and pressing the ‘Open’ icon and typing in the name of the archive that you wish
to update. Then simply press the ‘Add’ icon and follow steps 6 and 7 above to update the file.

If databases for each town are stored at a national level, it is a good idea to use the name of
the town as the file name.
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Extracting the data from WinZip
You may need to reload the data from the WinZip file, either because there has been a
problem with you computer or because at a national level you are working with several
databases. Extracting the data is again easy as outlined below.
1. Enter the WinZip programme by double-clicking on the WinZip icon and press the ‘I

agree’ button on the first window.
2. Press the ‘Open’ icon.
3. Type in the name of the file that will be reloaded.
4. Press the ‘Extract’ icon.
5. In the ‘Extract to’ field, locate the following directory – C:\Sanman\Sandata
6. Press ‘Extract’.
7. If there is existing data that will be overwritten, press the ‘Yes to all’ button.
8. The data will now the loaded into Sanman
9. When you enter Sanman, make sure you initially go into the ‘Utilities’ function and press

the ‘Reindex table’ icon.
10. The programme will ask you whether you wish to ‘Recreate the index tables?’
11. Press the ‘Yes’ button and the programme will automatically update the tables. When this

is done press the ‘OK’ button that will pop up in the window.

IMPORTANT: If you do not recreate the index tables, the data that has just been reloaded
from the WinZip archive will be active.

6.7 Sanman reports
One critical aspect to bear in mind about these databases is where there are held. For instance,
you may wish to have a single national database  and provide reports to local surveillance
bodies and use the data at national levels.  However, this is often time-consuming and it is
useful to have a database set up in each town as this will decentralise the data management
and ensure that information is available for local planners and implementers. In many cases, a
combined approach will be useful to allow flexible use of the data at a local level and a
consolidation of the data at a national level that can be used in providing national overviews
and reports. However, if local level databases are set-up, it will not be possible at present to
merge these into a single database because part of the data integrity protection in the Sanman
programme is to allocate each water quality result and sanitary inspection a unique numerical
code. As databases in different towns will have the same set of numerical codes, merging
would be rejected. If a combined approach is used, by ensuring key reports are provided to
the national co-ordinating body, the data can be put into the national database. Alternatively,
national reports can be based on reports provided from local surveillance bodies.

6.7.1 Using the Sanman reports
The principal purpose in this manual is to highlight the types of reports you may wish to
print. The key routine reports that should be used are:

• Household monthly
• Piped monthly
• Pointsource monthly
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These are summary reports with simple averages included and are the most useful reports for
routine use. To obtain  report for a particular month, you will need to specify a date range
using the query builder.

You can make these reports specific to towns or sub-divisions in the town by building a
query. For instance, if we want data from piped water from Kamukuzi Division in the month
of June 1999, we would first of all select the report ‘Pipedmonthly’. This will show the first
two conditions that have been specified. We would then press the ‘Append’ button and then
fill the boxes as shown below:

Box 1:  Insp_Date Box 2: in the range of Box 3: {01/06/1999},{30/06/1999}

The press ‘OK’. We then need to append a further argument for the Area and to do this we
would press append again and complete the boxes as show below:

Box 1:  Area Box 2: equal to Box 3: “Kamukuzi Division”

We then press ‘OK’ and then ‘OK’ on the next window and ask for the report to be shown on
screen. This will allow us to check the report before printing. After the report has been
prepared, press the print icon to produce a hard copy versions of the report. Where the
database holds data from a number of towns, an additional argument to specify which town is
of interest will be needed. The development of the query will then follow the same procedure
as for ‘Area’.

6.7.2 Other reports and when to use them
There are a number of other reports that are available in the Sanman programme. These are
shown in Table 10 below:



53

Report name Report purpose
Export Risk Data to
Spreadsheet

Export data sanitary risk inspection data to a spreadsheet, (for
statistical analysis or graphing etc)

Export Water quality Export water quality data related to inspections to a spreadsheet
Grid Reference Report Lists grid references for all WSS, groups data by Area then

alphabetically by town
Inspection Summary Summarises how many sanitary risk inspections and samples have

been carried out in each town, (number:, first and last)
Microbiological
Results

Lists microbiological and chlorine residuals grouped by WSS_No
then by inspection date

Questionnaire Prints the questionnaire used to inspect each category, (printed one
per page)

Ranked Sanitary Risk Analyses which source are at greatest risk grouped by area based
on the latest inspection results in any given period

Sanitary Inspection
Report

A complete report for each inspection carried out, (printed one per
page)

Sanitary Risk Graph Displays sanitary risk score data for all inspections of each source
as a bar graph

Supply Scheme Details All Information about each source, e.g. name, owner etc. (printed
one per page)

Survey Report by Area A listing of defects and microbiological results grouped by Area,
WSS_No: and listed in descending date order

Survey Report by
Category

A listing of defects and microbiological results grouped by
sanitary risk category sorted by WSS_No: and in descending date
order. Analyses the frequency of occurrence of each defect

Water Quality Results Complete water quality results for each source and in order of date
inspected

WQ Sampling
Locations

Lists all water quality sampling location for each source grouped
by scheme

Table 10: Sanman reports

All these reports may be useful at different times and serve different functions. Some allow
the data to be put into other software that allows more detailed analysis, other provide simple
analysis which can be a useful tool and others provide summaries or a complete listing of
different types of data. The use of all these reports will depend on water you wish to analyse
and present, but we discuss briefly here the use of each report.

Survey reports by category and areas
The survey by category is a particularly useful report and can be used for a number of
purposes. The primary purpose is to evaluate the frequency of reporting of different sanitary
risk factors in order to assess which are most important. This can help in planning
improvements in water quality. This report should always be prepared as a category-specific
report (i.e. you cannot use it to cover more than one type of source).

It is possible to do this for all sanitary inspections carried out on sources of a particular
category in a town, group of towns or for the whole programme. However, this may provide
only rather limited data and it is therefore often better to look at the changes in reporting of
risk factors under different conditions of microbiological quality (e.g. less than 1, between 1
and 10, between 11 and 50 and so). This can then allow you to build up a picture of which
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risks are contributing most to contamination found. This is useful as this may provide
guidance about what interventions will be most effective.

One thing to bear in mind, however, for point sources is that quality may be significantly
influenced by season and some risk factors only of relevance in wet periods and thus repeat
sampling of the same source under different conditions may cause a certain bias in the data.
In this case, you are likely to need to carry out more sophisticated analysis and would need to
export the data in a spreadsheet. An alternative approach is to include whether rainfall has
been recorded as part of the sanitary inspection form (in which case, it may be easier to see
whether certain risk factors are more important than others) or to record rainfall as a user
parameter. The use of this report in simple analysis is discussed further below.

The survey by area will provide a similar report as that of the survey by category, but without
giving a frequency of reporting. This report is usually area specific and provides an overview
of the sanitary risk factors and water quality in a particular district of the urban area. This
report can cover more than one category and can be used when re-input of data into a national
database is required. The advantages of both reports is that they list all the factors where a
risk was noted and thus can be used to re-input sanitary inspection data without the need for
the raw data.

Exporting risk and water quality data
These two reports will be useful when the data will be analysed in more depth and statistical
analysis will be performed. The export functions allows you to transfer the data into Excel or
Lotus spreadsheets and can also be used to export data as a database file for use in Microsoft
Access and other packages. Once the data is exported into a spreadsheet file, it can be
transferred into packages such as SPSS to allow sophisticated analysis (such as multiple
logistic regression) to be carried out.

The export of risk data will include data on the risk score and the median, mean and
maximum count for faecal coliforms. The export water quality data will include all the water
quality fields, but not the risk data. When exported as a spreadsheet, this is exported as a
.WKS file (this is a lotus extension). Therefore, if you want to read the data in excel, you will
need to list all files to find the exported data.

It is recommended that you use Excel to read exported data as this is immediately converted
into numerical data. If you use Lotus, you will need to convert the data from text into
numerical data.

Water quality reports
These are the Microbiological Results and the Water Quality Results reports. These provide
summaries of the water quality results for each individual supply. For the microbiological
results, you have to specify the water supply number and you will then get a report, listed by
date, of all the faecal coliform results for that particular source. The water quality results
reports can be done for an area, town or particular source category, but again will provide this
on a source by source basis.

Sanitary inspection reports
These are the Questionnaire, Sanitary Inspection Report and Sanitary Risk Graph reports. The
Questionnaire report is the questionnaire that is set up for each source category and could be
used to undertake a sanitary inspection or as a reference document. The sanitary inspection
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report provides the completed sanitary inspection form for each source in date order and
could be used when transferring data from a local to national database. The sanitary risk
graph will provide a visual means of illustrating how the sanitary risks may change over time.
This may be useful in demonstrating the effectiveness of community education or
rehabilitation of sources.

Summary reports: Inspection summary, WQ Sampling Locations, Grid reference,
Supply Scheme Details and Ranked Sanitary Risk reports
These reports all provide summary details for water sources in an area or town. The
Inspection summary report provides a breakdown of how many sanitary inspections have
been performed and samples analysed. This will provide the summary for a whole town and
can be done for particular source categories or types, or covering all the sources and in-house
water in the town. Usually this report would be done on an annual or quarterly basis.

The WQ Sampling Locations report will provide information regarding where samples have
been taken from. This is primarily of use for piped water and household water where the
actual sample point may change. This can be useful in planning sampling programmes and to
check that there is a spread of results.

The Grid Reference report provides the details of the location of each source and can be a
useful reference document to ensure sources can always be located. The Supply Scheme
Details report will provide summary details for each source in the database, with each source
listed on a separate page. This would be useful as a reference documents.

The Ranked Sanitary Risk report is designed to provide a ranking of water sources based on
the sanitary risk. This MUST be accessed from the initial reports menu and not from the pick
from list choice. You must provide a date scope and it is usually best to limit the ranking by
category type.

6.8 Using the reports to maintain local and national databases
If both local and national databases are being established, the programme has no mechanisms
for merging different databases electronically as discussed above. Thus data will have to be
re-input at the national database. Clearly, this could be done by taking the raw data back to
the co-ordination office and putting the data into the national database. However, this may be
time-consuming and undesirable, as the raw data may be required or staff reluctant to release
it in the town concerned.

The report functions can help to overcome these problems as the data can be made available
without taking the field sheets away. The best way to obtain the sanitary inspection data is to
use the survey report by area or category. These reports will show you which risk factors
were noted at each source. An ‘X’ in the column for each question indicates that the risk was
present (i.e. the answer to the question on the sanitary inspection form was ‘Yes’). Thus, each
time you wish to update the national database from particular towns, you would request a
survey by category or area report for the time period required. In the former case you will
have to specify the category, but in the latter you can just specify the date range. Remember
that dates are always put inside curly brackets. You could print off the sanitary inspection
forms for each inspection done using the Sanitary Inspection Report, but this is time
consuming and unnecessary.
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The water quality data can be obtained through several reports. The easiest ways is to use the
monthly reports (piped, point and household) as this will provide most of the data required,
such as FC/100ml, pH, free and total chlorine results, turbidity and appearance. If you are
also collecting data on user defined parameters or which to know the exact sampling point
(which may be important for piped and household water), and then you will need to use the
Water Quality Results report. The final approach is to export the water quality data into an
Excel file.

In general, it is recommended that you use the monthly reports for the water quality data and
either survey by area or category reports for sanitary inspection data.

6.9 Analysing the water quality and sanitary inspection data
Once the data is in the database, then it can be analysed. As already noted, sophisticated
analysis may require other software and in this case the data should be exported in a
spreadsheet. However, the Sanman programme programmes can be used to undertake some
basic analysis of the data. For instance, the monthly report sheets provide basic descriptive
statistics such as mean and median faecal coliform contamination. If you wish to calculate
longer-term averages, you will need to export the data into a spreadsheet to calculate this.

The other area of analysis that may be important is the combined analysis of sanitary
inspection and water quality data. To do this, you should use the survey report by category as
noted above as you this provides details of the frequency of reporting of different risk factors.
The first step is to consider what conditions you which to compare – this would usually be
different levels of contamination. For instance, you may be interested to see which factors
seem most associated with the faecal contamination above 10FC/100ml. The first step is to
open the survey by category report and define the town and/or area and source category you
wish to investigate. The final stage will be append an argument to include all data where
N_FC_Max is less than or equal to 10. As this is a numerical field, type the number in
directly (i.e. do not put in quotation marks). Then press enter. Go to the bottom of the report
and note down the frequency with which each risk factor has been found – these are the
numbers in the final row of the report.

To obtain the comparative data, define the same town/are and category and then append an
argument to include all data where N_FC_Max is greater than 10. Again, after pressing enter
go to the bottom of the report and note the frequencies of each risk factor. You can now
simply look at the frequencies for each risk factor under the different conditions and calculate
the difference. If the difference is positive, it indicates that the factor is likely to influence
whether contamination occurs. If the difference is negative, then it is unlikely that the factor
influences contamination. The size of the difference allows you to identify which factors are
most influential in causing contamination.

This provides a good first indication as to which risk factors are most important in causing
contamination. Two examples are shown below in Tables 11 and 12.
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Risk factor Frequency ≤≤≤≤10
FC/100ml

Frequency
>10FC/100

Difference

Surface water uphill of spring 45 95 +50
Other pollution uphill 43 84 +41
Eroded backfill 35 58 +23
Diversion ditch absent or faulty 76 95 +19
Masonry faulty 12 26 +14
Flooding of collection area 76 89 +13
Fence absent or faulty 82 95 +13
Animal access within 10m 76 84 +8
Latrine uphill within 30m 4 0 -4
Table 11: Combined sanitary inspection and water quality data analysis for protected
springs, Kabale, Uganda

Risk factor Frequency
<1FC/100ml

Frequency >1
FC/100ml

Difference

Latrine <10m 12 41 +29
Latrine uphill 18 45 +27
Other pollution <10m 13 41 +28
Ponding <2m 19 23 +4
Water collects on apron 14 18 +4
Handpump loose at attachment 1 0 -1
Apron <1m 2 0 -2
Fence missing/faulty 93 86 -4
Apron cracked/damaged 19 9 -10
Drainage cracked, blocked, dirty 68 0 -68
Table 12: Combined sanitary inspection and water quality data analysis for boreholes,
Soroti, Uganda

These sorts of simple analysis allows us to rank the changes in frequency of reporting of the
different factors between the two conditions and therefore identify the major causative factors
in contamination and therefore which risks that should be reduced in order to prevent
contamination.

Many factors in a sanitary inspection are inter-related. For instance, eroded backfill areas are
likely to result from easy access by people and animals into the backfilled area, due to a lack
of a fence, or because surface water floods the backfill area because there is no diversion
ditch uphill. We can use the survey report by category to carry out simple analysis on
whether there are relationships between different risk factors. This data can then be analysed
using statistical methods and models developed to identify the critical factors in causing
contamination.
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Section 7: Using the results of surveillance in improving water
supplies
The use of surveillance data to make improvements in water supply and hygiene are critical
to maximising the benefit of the information collected. Unless information is used to initiate
practical steps to improve water quality, then the information is largely useless. The
interventions that may be required include:
1. Liaison with water suppliers to ensure adequate water quality and continuity in supply
2. Identifying communities that lack services and lobbying for extension of supply
3. Support to communities to improve operation and maintenance of existing public water

sources such as taps and point sources
4. Rehabilitation of existing water supplies
5. Health education to promote good water handling practices
6. Promoting treatment of water within the home

More detailed discussion of each of these areas is included within both the reference manual
and in the field workers manual, but the major points for co-ordinators to note are
summarised here.

One major point to bear in mind is that one of the purposes of surveillance is to make sure
that decisions are based on reliable information. Therefore, the quality of the data is
important. Furthermore, for some interventions, such as rehabilitation of water sources, may
require a substantial amount of data in order to develop appropriate interventions. Therefore,
make sure that whenever you decide to initiate actions that you are confident of what the data
that you have is sufficient to base a plan of action upon. Thus looking at your water quality
and sanitary inspection data to identify major sanitary risks is critical. Furthermore,
remember that resources may be limited and usually budgets are set on annual basis.
Therefore there may be a time lag between collection of information and undertaking some
interventions.

7.1 Liaison with suppliers to ensure adequate quality and continuity in supply
This is one critical component of the use of your data. The routine collection of water quality
and sanitary inspection data will allow you to identify areas where there are consistent
problems. This data should be used as the starting point for discussion with the water supplier
about how the quality of water supply can be improved. In some cases, you may be able to
use current legislation or regulations to force the supplier to improve the quality of service,
although legal action may be difficult unless you can prove quality control.

However, it is usually more effective to collaborate with water suppliers to improve water
supply rather than trying to force improvements. In many cases, the water supplier will be
willing to discuss the problems and work closely with the local authority to identify joint
solutions. This may include joint lobbying for funds from national Government or donors for
investment in the water supply or agreeing local improvements that can be made with limited
investment, such as better maintenance of the distribution system and more frequent cleaning
of service reservoirs and flushing of supply mains.

A key component of this collaboration is the sharing of information – for instance water
suppliers may not know they have a leak in a particular area and the rapid and effective
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sharing of this information by the surveillance agency may be important to help the supplier
rectify the problem. Other key uses will be to advise communities on the need to boil water
when contamination is found and by encouraging communities to report faults to water
suppliers.

The data can also be used at a national level to discuss with the water sector ways in which
piped water supply can be improved.  The development of such collaborative partnerships is
often one of the most effective ways to facilitate improvements in water supply. Such
national lobbying may involve advocating for extension into particular towns or communities
or may involve negotiations to maximise the attractiveness of piped water supply connection
through reducing connection fees and removing payments such as VAT on water supply. A
further area where both local and national bodies can lobby for improvement is increased
local control of services, for instance by the supplier selling water in bulk to a community
who then control distribution within their area.

7.2 Identifying communities that lack services and lobbying for extensions of
supply
One of the outputs of the early stages of the surveillance programme will be to identify
communities where there is little access to piped water supply and these communities are
likely to be vulnerable to water-related diseases. Thus lobbying for extension of services in
these areas will be one key intervention and may involve local authority funding and water
supplier action as well national investment.

The greatest health benefits are likely to be found when water supply is supplied directly to
each homestead, at least to a yard level as water consumption is likely to increase and water
quality is often easier to control as handling of water may be reduced. One of the key ways to
lobby for extension of services at household levels is to look at the reasons why people do not
have a direct connection, often this will relate to the costs of connection. By identifying
critical bottlenecks, such the need for a large outlay of household capital before the
connection is provided can help identify solution, such as re-payment over a longer time-
period.

Where areas lack the piped water infrastructure, lobbying should focus on extension of
supply mains into unserved areas. This investment may come from the water supplier, the
local authority or an external body such as national Government or a donor. However, in this
case, it may be essential to work with communities to ensure that there is sufficient demand
to make extension viable.

In many situations, piped water infrastructure may be available, but under-utilised and the
households either unwilling or unable to afford a direct connection to their homes. They may
however desire a public tap as the alternative sources available may be in poor condition and
highly contaminated. In this case, the local authority should work with the community to
discuss the options for improved water supply and in particular discuss the requirements to
sustain the tap in good working order. This will principally focus on the need for payment of
utility bills to prevent disconnection. In most cases, an operator will be appointed and in
urban areas it will be usually be necessary for the operator to receive some payment. This can
be achieved by paying an agreed salary each month, or by agreeing a percentage of the
revenue after payment of the utility bill.
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It is important to discuss with the community how they will collect revenue from users and
what charges will be levied. Payment may be a monthly household contribution, although this
is likely to be appropriate only when flat rates are charged by the utility. Increasingly, utilities
meter all their connections and therefore a charge may be levied for water collected – for
instance on a per Jerrycan basis. It is important that the charge reflects the ability of
community members to pay and in particular to minimise the number of people within the
community who may be marginalised by the costs. Where there remain some households who
will struggle to pay for the water, it is important to discuss with the community as a whole,
how a local subsidy can be implemented (for instance a small volume of drinking water
provided free of charge to particular households). Many communities and local authorities
recognise that substantial amounts of money may be raised by communities from the sale of
water and this can be used to fund other activities, for instance health centres, within the
community. However, whilst such approaches are attractive, it is important that both the
community and local authority recognise that increasing costs of water to fund other activities
may exacerbate health problems as fewer people have access to a good quality supply and
there may be greater numbers of people who are unable to purchase adequate quantities of
water. Therefore, discussions with the community should make sure that the advantages and
disadvantages are fully explored and prices set that are affordable and sustainable.

For each community where public taps are to be provided, it is essential that the overall
management structure within the community is discussed and agreed upon. In some cases, a
committee may be set up for each tap, with the committee responsible for employing an
operator, agreeing payment for the operators services, collection of revenue from users and
payment of the utility bills. However, if several taps are to be established within a particular
area, it may be more effective to have an overall management committee covering all the taps
and liasing directly with the operators. One problem that is often seen with committees for
each tap is that problems emerge with proper financial management. What is critical,
however, is to ensure that the structure that is set up is acceptable to the majority of the
community.

7.3 Support to communities in improving operation and maintenance
One of the major causes of water quality failure is because operation and maintenance of
community water supplies is poor and the applies to point sources as well as taps. Sanitary
inspection provides a good measure of operation and maintenance as supplies with a high
sanitary risk score are those where operation and maintenance is weak. When you look at the
sanitary inspection forms, you will see that many of the factors – such as whether a fence is
absent or faulty, drainage of wastewater is poor or water collects around the tap – refer
directly to the operation and maintenance activities. It is therefore important to support
communities to make sure they continue to practice good operation and maintenance. A key
way to achieve this to discuss with communities or water committees the results of water
quality testing and the sanitary risks identified. By providing communities with this
information and discussing the implications of the sanitary risks found, improvements can be
generated. It is particularly important that communities are aware of what things they can do
themselves to improve water quality and develop action plans to achieve this. The key to
improved operation and maintenance is often to reactivate water committees and for
operators to be identified, who again may require a small payment. Thus even at point
sources it is a good idea to encourage communities to levy a small user fee on households in
the community.
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Developing the capacity of the community to undertake basic monitoring of their source is
also an effective way to encourage better operation and maintenance. This may take the form
of simplified sanitary inspection, but reading results of water quality tests with the
community can also be an effective way to demonstrate that there is a problem with water
quality. In Annex 6, some simple forms for use by communities in monitoring and
maintaining water supplies are provided.

7.4 Rehabilitation of existing supplies
In some cases, the water source in a community requires rehabilitation as it has been allowed
to deteriorate. Such rehabilitation would usually be done on point sources, but may include
public taps through payment of outstanding arrears and a reconnection charge. However,
rehabilitation usually requires a significant investment and it is therefore critical to ensure
that the community truly desire the rehabilitation to be undertaken and that they will maintain
the source effectively for the future. In many cases, it is a good idea to use a cost-sharing
approach where both the community and the local authority or other agency (for instance an
NGO) contribute towards the cost of rehabilitation. Obviously ongoing costs will be borne by
the community itself.

Rehabilitation of public taps may require the re-laying or replacement of supply pipes or
payment of outstanding bills. This will require close liaison with the water supplier. In terms
of point sources, before rehabilitation is embarked upon, it is essential that you consider
carefully whether rehabilitation is justified. This should take into account whether a piped
water supply could be provided, whether the cost of rehabilitating the point source would be
justified in comparison with the costs of providing and sustaining a public tap and whether
the environmental and technical conditions make rehabilitation feasible.

In the latter case, careful evaluation of the sanitary inspection and water quality data should
be undertaken to assess whether contamination is primarily being caused because of poor
maintenance of the source (in which case rehabilitation may be justified) or from particular
hazards such as pit latrines within the environment (in which case rehabilitation may be less
easy to justify). A simple way to evaluate this is to look at the frequency of risk reporting (as
a percentage) when water quality was good (e.g. <1FC/100ml or ≤10 FC/100ml) and when it
was poor (e.g. ≥1FC/100ml or >10FC/100ml). This can be done using the survey by category
report in Sanman as discussed in the previous section.

Where the most important factors are related directly to the source maintenance (e.g. fences,
ditches, and backfill state) or hazards that are likely to cause flooding of the source, then
rehabilitation may be justified. If the most important factors are things such as pit latrine,
proximity, it is less easy to justify rehabilitation. In the case of boreholes, these could be
drilled deeper and then a lining used to screen off the contaminated layer, although this may
be more expensive that providing a public tap. In the case of springs, it is unlikely that
rehabilitation is justified as it may be difficult to prevent contamination through improved
design and construction.

A key element within rehabilitation is also to assess whether the design currently used is
likely to be able to reduce contamination. In the case of springs, the critical element is the
backfill media. In many countries, very large aggregate is used that provide little or not
filtration potential. If the spring is to be rehabilitated, it is important to use a finer aggregate
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and to provide finer overlying layers to protect against the entry contaminated surface water,
as shown in Figure 4 below.
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When rehabilitating any water source, it is essential that you ensure that sustained good
operation and maintenance can be ensured and thus it will be important to provide operators
and committees with basic training in operation and maintenance.

7.5 Health education for promoting good water handling practices
A key use of surveillance data is to inform health education programmes in order to reduce
the risk of contamination as water is collected, transported and stored within the home.
Further discussion of approaches to health education are given in the reference manual and in
documents developed by the PHAST initiative and other health education programmes. In
general terms, however, participatory approaches often yield greater results as communities
become actively involved in problem identification, problem-solving and planning.

Surveillance can be a very effective tool in this, particularly when you use water quality
sampling and analysis as a health education tool. The use of on-site equipment means that the
community can become involved in the collection of the sample and analysis. A particular
useful approach is to read the plates with community members and explain what the yellow
colonies mean. This can be a very good entry point to discussing the problems of poor water
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quality on health and effective in promoting better water handling. This has been successfully
implemented in several countries and has yielded significant improvements.

In order to ensure that health education focuses on a safe water chain, make sure you review
the data on household and source water. There is little point in initiating health education
programmes if the results of samples taken over significant amount of time (for instance 6
months or more) in a particular community have not been contaminated. In addition to
checking whether contamination of household water is found, also check whether this is
restricted to certain communities or use of particular sources. If you find that in a particular
community, sample always show no contamination, it is a good idea to meet with the
community and discuss why and how they keep their water clean. This may yield very useful
information when designing a health education intervention in other communities.

In order to investigate whether certain sources are more associated with contamination, you
will need information about the source of water when samples are taken from households.
This can be gathered by ensuring field staff ask the household members what type of source
they use and marking this on the household water sanitary inspection form. By reviewing the
data for each type of source, you can start to see whether there is any relationship between
source and household water quality.

One key approach to health education is to promote the use of sources that are of much better
microbiological quality and low-risk to health. The results of routine monitoring of different
sources provide a powerful tool in promoting the use of a safe source amongst the
community, particularly if they are involved in reading the results with you.

However, in many cases, water collected at sources of good microbiological quality becomes
contaminated once it reaches the home. This may be because the containers used are not
clean, are open or because people must dip hands, fingers or utensils into the container in
order to get water to drink. It is therefore important to look at the sanitary inspection results
from household water using the survey report by category to see whether there are any
particular factors that are strongly positively associated with increasing levels of
contamination. For instance in one town in Uganda, factors such as the cleanliness of the
outside of the container, households not using soap to clean the inside of the container and
unhygienic storage of the utensil to draw water showed the strongest association. Thus these
are critical factors to focus on.

Caution should be applied, however, when promoting particular types of storage container for
collecting water. In principle, the best containers are those where water from drinking is
drawn through a tap, as this prevents dirty hands and other contamination from entering the
container. In many cases, such containers may actually already be available, but if they are
not, it is worth considering encouraging manufacture of such container.

Where such containers are not used, it is common to find that the use of containers with a
narrow opening is promoted. However, be aware that such containers may be more difficult
to clean than containers with wide mouths. This can be overcome by promoting the use of
diluted bleach to clean the inside of the container. In this case, water would be left in the
container with the dilute bleach for 30 minutes to one hour, in which time most micro-
organisms will have been inactivated. Where wide–mouthed vessels are used, the health
education should focus ensuring that the potential for contamination is minimised. This
should include promoting the hygienic storage of the utensil used to draw the water from the
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vessel (for instance by always keeping it in the vessel itself), that a lid is kept in place at all
times when water is not actually being drawn and that the container and utensil are cleaned
regularly (weekly or daily) using soap.  The use of vessels with smooth surfaces on the inside
(for instance plastic or glazed clay) should also be promoted as rough surfaces may
encourage the growth of biological communities in the vessel.

A critical element of the health education programme will be the promotion of hand-washing,
particularly after defecation. This is an important factor in reducing contamination of
drinking-water being introduced from dirty fingers and hands. Any hygiene education
programme that focuses on improvement of water quality from source to the household,
should be integrated in wider hygiene education programmes dealing with a broader range of
healthy behaviours. It is important that where different departments take responsibility for
different aspects of hygiene education, messages are consistent between different
departments. If you decide to use mass media as a means to disseminate hygiene education
messages, make sure that these are attractive, can reach your target audience and are relevant
to the audience. Thus, any materials developed should be thoroughly pre-tested before they
are used on a large scale.

7.6 Promoting water treatment in households
In many parts of the world, the treatment of water within the home is promoted because water
quality is known to deteriorate during transport and storage. In many cases, such treatment
takes the form of boiling, although in areas with significant guinea-worm problems, filters
may be promoted. There are also other techniques, including the use of candle filters and
chlorination.

Whilst it is often desirable for water to be treated within the home, it must borne in mind that
this is often relatively high-cost, time consuming and may alter the taste and odour of the
water. The need to treat water in the home will also usually affect the poor more than the rich
as household treatment must be paid for from limited household resources. This often makes
household treatment unsustainable in poorer communities, leading to increased health risks.
In many cases, the population may only comply with advice to treat water during times of
perceived elevated risk – for instance during an outbreak of disease – and at other times will
not view this as necessary. One problem, therefore, is when the advice to boil is given
continuously, it not longer becomes relevant to the target audience who abandon the practice.

Therefore, before promoting treatment of water you need to consider what the costs of
treatment are and how these relate to income, whether treatment should be promoted at all
times or only in times of increased risks and whether there are other approaches to safe water
handling that will reduce the need to treat water within households. This may include
promoting the use of good quality sources and maintaining good water handling hygiene,
with boiling of water reserved to specific times when risks increase, because of a failure in
supply or an outbreak is underway.

If the treatment within households is deemed to be essential, because the source water used
by households is of poor quality, then careful consideration must be given to what techniques
are to be recommended. Boiling of water is often promoted. However, boiling water
consumes a lot of fuel, takes a considerable time to boil and then cool to a temperature
preferred for drinking-water and produces a ‘flat’ taste (due to loss of oxygen that many
people dislike. It is not uncommon to find that household try to re-aerate the water after it is
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boiled by pouring it between two containers. This may lead to recontamination. Due to the
cost, time required and the influence on taste, boiling is often a difficult practice to sustain.
Promoting boiling of water is often best used for times when there is an increased risk of
disease (a ‘notice to boil’) as this may be more effective than ongoing advice to boil water.

Other approaches to treatment of water in household include the use of candle filters,
although these are often too expensive for the poor to use. Candle filters often do produce
water of a high quality, however, they rarely disinfect water (silver is not a very effective
disinfectant) and water may still require boiling before consumption. Cleaning of any filters
is important and should be done regularly and following closely the advice of the
manufacturer. In the case of candle filters, problems often arise with the quality of the
ceramic, leading to grooves and pits in the surface that reduce filtration capacity.

There have been recent developments in producing low-cost units for household disinfection,
using chlorine-based compounds (e.g. domestic bleach) which have high free chlorine
content. When combined with containers with a tap and usually a narrow opening at the top,
this can be as effective as boiling in producing water that is free of micro-organisms. Such
techniques have proven to be cheaper than boiling, although some problems may remain with
taste where people have not traditionally drunk chlorinated water. However, projects in Latin
America and Asia have shown that this can be sustained and is an option that should be
considered when promoting household water treatment.
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