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Abstract

Water and sewerage companies are experiencing increased levels of pollution
at surface water outfalls attributable to incorrectly installed wastewater pipe
work from predominantly domestic premises. Foul to surface water plumbing
errors can cause environmental pollution in local rivers and streams, but the
remediation of polluted surface water outfalls is sustainable only if undertaken
in parallel with stakeholder education. Methodologies developed to date to
inform, educate or change customer behaviour regarding misconnections
have done little to reduce the problem. This paper reports on a study con-
ducted to identify gaps in customers’ knowledge with a view to raising aware-
ness of the issues. It is anticipated that the conclusions drawn will be used to
better inform the public about misconnections through effectively targeted
communications.

Introduction

Surface water outfalls (SWOs) draining to watercourses
become polluted (PSWOs) when foul wastewater dis-
charges from domestic sinks, baths, showers, toilets,
washing machines or dishwashers are misconnected into
surface water drainage networks. Water and sewerage
companies (WaSCs) are experiencing increased levels of
pollution at SWOs and tracing and rectification of mis-
connections within the domestic housing stock is a
growing problem for the United Kingdom water industry
in terms of both cost and labour (Dunk & Arikans 2009;
Environment Agency 2009). Since 1997, Thames Water
has undertaken a considerable amount of PSWO reme-
dial work as part of a regionally co-ordinated strategy
agreed with the Environment Agency (EA). However, it
can be demonstrated that outfall remediation is sustain-
able only if undertaken in parallel with stakeholder edu-
cation (Dunk et al. 2008). The water industry has now
recognised that the attitudes, opinions and beliefs of its
customers may be contrary to those expected or assumed
by professionals within its business (Owen 2000). This
paper describes a study of both the preventative and
remedial aspects of PSWOs.

Recent research has shown that an emphasis on stake-
holder involvement and social learning through the use
of a mental modelling technique can promote the estab-
lishment of local community projects with the aim of

raising awareness and behavioural change (Anderson
et al. 2006; Winz & Brierley 2009). Work associated with
fats, oils and greases in sewers has demonstrated that
increasing information and publicity of issues can result
in stakeholder groups becoming more environmentally
aware (Research Foresight Partnership 2006). However,
no previous work has reported on the elicitation of cus-
tomers’ knowledge about misconnections in wastewater
drainage systems. The pioneering study reported here
aims to address this by using conventional qualitative and
quantitative techniques (e.g. focus groups, face-to-face
surveys) to collect baseline data.

Previous campaigns demonstrate how difficult it can be
to engage stakeholders. The ‘Oil Care Campaign’ con-
ducted by the EA was initially only successful with larger
oil producers. However, later revitalised to involve large
and small companies as well as individuals, the cam-
paign is now acclaimed as an example of an alternative
approach to regulation. A number of campaigns have
been undertaken in attempts to reduce sewer abuse by
individuals and groups – most notably ‘Bag It and Bin It’.
Using social science techniques, the aim has been to
change behaviours and attitudes towards the flushing of
products into the wastewater drainage system and for
most campaigns a list of ‘dos and don’ts’ has been devel-
oped (MVA Consultancy 2008).

People experience the world in different ways and as a
result react differently to the same environmental issue
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(Parnell & Benton 1999). Behavioural and attitudinal
changes are not easily accomplished so different commu-
nication techniques may be required. In order to effect
changes in the use of wastewater drainage systems stake-
holders must see the relevance to themselves at a local
level.

Objective

The objective of this study was to determine the level of
customers’ knowledge about the wastewater network, in
particular household drainage systems, their perceptions
of how misconnections can occur in the home and the
environmental consequences. The aim was to under-
stand whether or not plumbing errors could be prevented
or remedied by using conventional techniques to influ-
ence changes in behaviour and raising awareness by
exploring customer:

• Understanding of foul and surface water drainage
from residential streets and the ultimate destination of
the flow from these drainage systems.

• Understanding of the term ‘misconnections’ and how
these may occur.

• Reactions to being informed about misconnections,
the need to correct them and where the responsibility for
remediation lies.

• Reactions to leaflets and posters currently being dis-
tributed by Thames Water together with householders’
views on what other forms of communication might be
effective.

• Willingness to change behaviours.

Methodology

This study involved qualitative (focus groups) and quan-
titative (face-to-face interviews) approaches plus opera-
tional and communication activities. The cognitive
technique of mental modelling is at the basis of this initial
research work into eliciting customers’ knowledge about
wastewater drainage systems. The reasoning behind this
approach is that to change behaviour, one must first
understand the customers’ existing knowledge base.
Although a large body of social science research has been
conducted on attitudes and behaviours using the theory
of planned behaviour (Ajzen & Fishbein 1980; Ajzen
1985, 1991) this theory does not elicit gaps in knowledge
from customers as a starting point for developing future
communications.

Design

Two adjoining geographical catchment areas in North
East London, comprising 3865 properties in total, were

selected for the study. Areas A and B comprised 2068
properties and 1797 properties, respectively. The same
conventional methods of communication were under-
taken in both catchments but pollution tracing activities
were carried out in Area A only. Selection of the two
drainage catchments was in accordance with the follow-
ing criteria:

• Both areas to have separate foul and surface water
drainage systems.

• Each area to contain a sufficient number of properties
to ensure validity of the findings but of a size allowing
significant operational progress in identifying miscon-
nected properties within the defined timescale of the
project.

• Each area to drain to PSWOs identified by the EA as
requiring improvement during AMP (Asset Management
Plan) period 5 (April 2010 to March 2015) and that could
be fast-tracked for investigation during the final year of
AMP4 (2009/2010).

• The areas to drain to PSWOs demonstrating ‘typical’
sources of misconnections (Figs 1–3).

• The areas to include diverse communities.
A programme of approximately 1 year was designed to

ensure sufficient time for both qualitative and quantita-
tive market research work to be conducted and results
obtained. The investigative schedule is shown in the fol-
lowing and in Fig. 4:

• Firstly, focus groups were arranged to gain an under-
standing of stakeholders’ knowledge and perceptions
(November 2008).

• Building upon the results of the focus groups, face-to-
face interviews (wave 1), were conducted in order to
obtain quantitative baseline data (April 2009).

• Following wave 1, conventional communication
activities, e.g. leafleting, were undertaken in both
areas in an attempt to raise awareness (May to August
2009).

• Four weeks later, further face-to-face interviews
(wave 2) were undertaken for comparison with wave 1
and to determine the effects of the activities (September
2009).

• The initial stages of pollution tracing were commenced
in Area A only (May to July 2009) and at property level
(July to November 2009).

Focus groups

Qualitative research of this kind does not deal with large
numbers of participants and the findings must be treated
as suggestive and indicative of what the wider population
may think and feel, rather than a definitive measure of
such views and feelings. Typically, focus groups comprise
of 6–10 participants recruited through a screening ques-
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tionnaire. In this case the questionnaire was designed to
omit professionals, for example, plumbers and builders,
as this would have led to erroneous results. The focus
groups were video and audio recorded and observed by
two of the authors.

A discussion guide was developed by an independent
consultant and representatives from Thames Water and
the Environment Agency for use by a moderator during
the focus groups covering the main issues and allowing
for probing of answers. This also ensured that both focus
groups were led down the same pathway. Principal aims
of the guide were to determine householders:

• Understanding of the separate drainage systems from
residential streets – foul and surface water – and the
ultimate destination of outflows from drains.

• Knowledge of the way in which wastewater from
these drainage systems is (or is not) treated.

• Understanding of the term ‘misconnections’, and how
these may occur in residential properties.

• Potential reactions to being informed about miscon-
nections, the need to correct them and where the respon-
sibility for such corrections might lie.

• Reactions to the leaflet being distributed by Thames
Water, together with their views on what other forms of
communication might be effective in informing them
about misconnections.
Participant recruitment was carried out by an external
fieldwork company and the focus groups were held at a
North East London hotel. The recruitment company was
asked to select 10 participants for each session with the

Fig. 1. Washing cycle discharge from polluted

surface water outfall to river.

Fig. 2. Detail of ‘sewage fungus’ at polluted

surface water outfall.
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condition that Group 1 should comprise participants in
the social groupings ABC1 and Group 2 should comprise
C2DE participants (Wilmhurst & MacKay 1999). Not all
invitees attended the sessions. The sample is shown in
Table 1.

Face to face interviews

To build upon the results of the qualitative focus groups
the next phase in the study was to conduct quantitative
market research both before (wave 1) and after (wave 2)
associated operational and communication activities had

been undertaken. The market research programme con-
sisted of a survey undertaken by face-to-face interviews.
The questionnaire contained 34 questions covering six
areas:

• occupier details;

• disposal of household products;

• knowledge of wastewater drainage systems;

• understanding of misconnections;

• communication material distributed; and

• demographics.
The sample comprised a total of 215 people (wave 1) and
219 people (wave 2) selected from the two catchment
areas in North East London identified for the study. This
represented greater than 10% of the targeted house-
holds. Prior to recruitment of participants the market
research company was provided with sample ‘screening
criteria’. This specified that no resident was to be inter-
viewed more than once, so those participating in either
the focus groups or wave 1 of the survey were excluded
from wave 2. For consistency, the survey was conducted

Fig. 3. Multiple misconnections into a surface

water drain.

Select Study Areas

Focus GroupsNovember 2008

April 2009
Quantitative Survey

(Wave 1)

May 2009

to

August 2009

Conventional 

Communication

Activities

Pollution Tracing

Activities 
September 2009

Quantitative Survey

(Wave 2)

Data Analysis

Areas A and B Area A only

November 2009

Fig. 4. Investigative schedule.

Table 1 Focus group respondents

Number

Women 7

Men 6

ABC1 social grouping 6

C2DE social grouping 7

Age 30–39 1

Age 40–49 6

Age 50–59 1

Age 60–69 5
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by the same external fieldwork company that facilitated
the focus groups, with interviewers making door-to-door
visits in the streets. Interviewing was spread over
daytime, evening and weekends to ensure that working
people were included in the sample.

Raising awareness using conventional
activities in study catchments

Prior to conducting further market research work (wave
2) in the selected North East London catchment areas, a
programme of operational and communication activities
designed to raise awareness about misconnections was
undertaken among residents. The activities for each are
detailed in the following.

Operational activities

Of the two areas selected in North East London only Area
A was chosen for operational pollution tracing activities
to be carried out by specialist contractors. Pollution
tracing was undertaken in accordance with the new
national joint ‘Good Practice Document for the investi-
gation and rectification of misconnections’ (Water
UK/Environment Agency 2009), by a process of strategic
caging and visual inspections at key locations on the
sewer network. Polluting and non-polluting sub-
catchments were identified. Thereafter, individual prop-
erty inspections were carried out within the polluting
sub-catchments in order to identify properties where
wastewater pipes were misconnected to the surface water
drainage system.

A doorstep protocol was developed for use by the
contractors when conducting the pollution tracing work
on behalf of Thames Water in Area A. The aim of using
the protocol was to ensure that householders with sus-
pected or confirmed misconnections would all be given
the same information. Four further communication
activities were selected:

• leafleting;

• poster distribution;

• a press release sent to a local newspaper agency; and

• an article on Thames Water’s website.
It was decided that all 3865 properties in the two
selected catchment areas would receive a copy of the new
national misconnections leaflet entitled ‘Are you pollut-
ing rivers and streams?’ (Water UK and the Environment
Agency 2008). The leaflet was hand delivered to each
property by a professional distribution company based in
Essex.

A poster was specifically designed for prominent
display in local shops, churches, doctor’s surgeries and
libraries in both catchment areas. Thirty of these posters

were distributed by Thames Water staff targeting various
highly visible locations. A press release was issued with a
view to publication in local newspapers. Unfortunately,
the article was not published but it was made available to
customers via the Thames Water website.

Results

Focus groups

Respondents indicated considerable awareness of, and
concern about, environmental pollution. Unprompted,
they were most aware of air pollution but talked at length
about water pollution when prompted. The respondents
seemed willing to avoid causing pollution if they knew
how to do this. Few group members understood the dual
nature of the foul and surface water drainage system.
Some believed that wastewater from toilets flowed to a
wastewater treatment works (WwTW) while the outflow
from sinks went to a different system. When asked the
question ‘how many different drainage systems serve the
typical house?’ some responses were:

• ‘The rainwater’s supposed to be separate isn’t it,
from. . . . urine . . . household waste and sewage’ (male,
C2DE).

• ‘As far as I know, all the waste . . . the kitchen and the
toilet waste all went together, and gets sorted out at the
treatment plants’ (male, C2DE).

• ‘Well, I wouldn’t know that, I didn’t know there was
two sorts of drains anyway’ (female, C2DE).
Group members demonstrated some understanding of
how misconnections might occur but virtually no knowl-
edge of the meaning of the actual term ‘misconnections’.
Some typical responses from participants were:

• ‘Maybe someone modifies something and connects it,
what they think is a drain and its the wrong one’ (male,
C2DE).

• ‘I think a lot of people had extensions done, and that
sort of thing, sink, kitchen, toilets or bathrooms, etc. and
I think it’d come from there . . . it’s really the connec-
tions’ (female, C2DE).

• ‘It should be advertised on the television, somewhere,
‘cos not a lot of people know that’ (female, C2DE).
When misconnections were explained to the participants,
the importance of avoiding them became much clearer.
However, when some respondents became aware that
they could be living in a misconnected property they
became concerned and slightly defensive.

Because they had only limited knowledge about how
misconnections might occur or their environmental
impact, some participants demonstrated a tendency to
want to transfer blame to other parties, for example,
builders, local authorities, previous owners and WaSCs.
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Respondents also thought that correcting misconnec-
tions could be quite a large (and costly) job, which
alarmed some. It was suggested that WaSCs should
provide more and better quality information about rec-
tification of misconnections and should consider provid-
ing lists of approved builders and plumbers.

When asked whose responsibility it would be to rectify
misconnections some participants stated:

• ‘Well they’re probably going to say the householder’
(male ABC1).

• ‘But then again you’d like to think the council would
have spotted it in the surveys and things and identified it’
(male, ABC1).

• ‘. . . having lived in a couple of houses where some
people went a little crazy with the DIY and possibly
re-plumbed it themselves . . . I’d like to think that came
up on a survey before I purchased it, to say actually, this
has been tampered with’ (male, ABC1).

Some participants were more concerned about the
extent of the rectification, for example:

• ‘Does this mean we have to alter all our plumbing
then?’ (female, ABC1)

• ‘We don’t know unless we dig up the side ways to see
exactly . . .’ (male, ABC1)
Both groups felt conventional methods – for example,
leaflets – were a valuable starting point in communicat-
ing misconnections issues, but that television or poster
campaigns would have greater impact. They also thought
WaSCs should consider integrated communication strat-
egies that would include provision of information to
school children, websites and targeting of professionals in
the building and plumbing trades.

Face-to-face interviews

Results indicated that there is a considerable amount of
ignorance about the correct arrangement of domestic
plumbing and the possibility of causing pollution of
watercourses by incorrect installation. Unsurprisingly,
there was confusion about the nature of the waste-
water network, which supported the results from the
focus groups. Although over 90% of people inter-
viewed realised that toilet waste is routed to a WwTW
there was less clarity about ‘grey water’ and rainfall
runoff.

Following operational and conventional communica-
tion activities, there was an increase to 28 and 14% of
respondents in areas A and B, respectively, who recalled
receiving information about drainage matters (Table 2).
This was a significant uplift compared with wave 1.
However, there was no evidence of improvement in spe-
cific understanding of the term ‘misconnections’ between
the two waves of research.

Of the people who recalled receiving information
relating to drainage matters, most thought the source of
that information was either receipt of a letter from the
WaSC or a leaflet through the door.

Overall, 65% of householders’ solely responsible for
paying the water bill confirmed they had had an item of
plumbing installed since living in their current property.
Among those in the sample, washing machines were
reported as the most frequently recently installed domes-
tic item. This is consistent with previous work showing
they are also the most frequently misconnected item
(Dunk & Arikans 2009). Of these, 84% claimed their
washing machine had been installed by a qualified
plumber, while 88% or more believed that most of
the other domestic appliances had been installed
professionally – toilets and separate shower cubicles
being the highest at 91 and 92%, respectively (Table 3).
Consequently 88% of people considered there was no
possibility that their appliances had been installed
incorrectly.

When interviewees were asked what would prompt
them to check their household drainage the most frequent
reasons given were leaks, drain blockages and offensive
odours. Asked who they would contact to rectify a mis-
connection, 54% of those interviewed would go to a
plumber, 19% to the local authority and only 14% would
go to the WaSC to get information related to drainage
connectivity checks. Sixty-three percent of interviewees
realised it would be their responsibility to rectify miscon-
nections and 82% claimed they would correct a miscon-
nection found on their property even though the majority
of people thought they could not be traced or fined. When
asked about cost of rectification of misconnections most
interviewees thought it would be between £51 and £200.

Operational activities

Evidence from the initial monitoring of materials present
at strategic manhole locations on the wastewater
network made it possible to divide the 2068 properties in

Table 2 Receipt of information about drainage matters

Area A Area B

Wave 1 Wave 2 Wave 1 Wave 2

Base: total sample 109 93 106 126

% % % %

Recalled receipt of drainage

information

4 28 8 14

Did not recall receipt of drainage

information

94 71 91 83

Did not know 2 1 1 3
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Area A into discrete sub-catchments. Within these sub-
catchments it was demonstrated that 259 properties were
in ‘heavily polluted’ areas (extensive sewage fungus
growth and toilet waste), 843 properties were in sub-
catchments demonstrating significant levels of pollution
(some sewage fungus growth, evidence of food waste and
‘grey water’ showing evidence of misconnected washing
machines) and 144 properties were in ‘lightly polluted’
areas. A total of 397 properties were affected by upstream
pollution and needed further assessment, as did a further
37 properties that were unable to be surveyed initially.
The remaining 388 properties were located in sub-
catchments showing no pollution.

Pollution tracing at property level revealed a total of
347 misconnected appliances comprising 38 washing
machines, 33 kitchen sinks, 23 dishwashers, 87 toilets,
118 hand basins, 17 showers and 31 baths.

One very unusual feature of this work was that a single
nursing home was responsible for 181 of the miscon-
nected appliances consisting mainly of toilets and hand
basins.

Approximately 80% of the misconnections identified
in this survey were rectified by April 2011 including all of
the plumbing errors at the nursing home, which were
resolved before the end of 2009. It is anticipated that by
Thames Water working in partnership with the EA and
Local Authority, the final number of misconnections rec-
tified will be close to 100%.

Discussion

Evidence from qualitative research conducted in 2008
suggested that once people paid attention to the miscon-
nections leaflet distributed they were interested in its
contents and learnt from it. This finding supports previ-
ous research that acceptance of communications by the
public was dependent upon how the individual receives,
interprets and understands the information in the
context of their local community (Fessenden-Raden
et al. 1987). However, such is the ‘clutter’ of communi-

cation materials received by most households nowadays,
it can be difficult for a single leaflet to be noticed and
read.

Following operational and conventional communica-
tion activities, there was an increase in the percentage of
people recalling that they had received information about
drainage matters. The increase was most noticeable in
Area A, suggesting that the pollution tracing operation
itself may have been partly responsible. However, there
was no evidence that this improved familiarity with, or
understanding of, misconnection issues.

Interviewees believed that between 84 and 92% of
items were plumbed in professionally, which suggests a
misconnections’ prevention campaign should be aimed at
tradesmen as well as enthusiastic amateurs. This supports
work conducted by a market research company on behalf
of the EA (IPSOS MORI 2009). As a first step towards
informing this sector, plumbing organisations were
invited to attend the launch of ‘Connect Right’ at the
House of Commons in 2010. The event was supported
by the All Party Parliamentary Group for Sewers and
Sewerage.

Generally the conventional communication methods
used in this study were only marginally successful.
However, this body of work has highlighted areas where
communication gaps exist that need to be addressed in
order to raise customers’ awareness of misconnection
issues and encourage changes in their future behaviour.

It is likely that achieving a significant change to house-
holders’ behaviour would not only require a higher
profile, more concerted campaign, with repeated delivery
of the message over a longer period of time, but also the
implementation of more novel and innovative commu-
nication strategies. To this end, Thames Water and the EA
have been instrumental in driving the formation of the
National Misconnections Strategy Group (NMSG). The
partnership between Water UK, the EA and other key
stakeholders has developed the ‘Connect Right’ brand
specifically to raise awareness of misconnections issues
nationally.

Table 3 Plumbing installations – total from waves 1 and 2

Total no. 434 Percentage installing Qualified plumber Do it yourself Do not know

% % % %

Any of listed items installed 282 65

Washing machine 246 57 84 15 1

Sink or washbasin 146 34 89 11 –

Toilet 138 32 91 9 –

Bath 121 28 90 8 2

Dishwasher 115 26 88 10 2

Separate shower cubicle 88 20 92 8 –

None of these 148 34

Do not know 4 1
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Stakeholder engagement in local projects is pivotal to
both the prevention and the sustainability of PSWO
remediation. It is important to first understand custom-
ers’ level of knowledge about wastewater drainage
systems and how they work before attempting to change
attitudes and behaviours and reconnecting residents with
their local environment (Winz & Brierley 2009). Previous
work into changing behaviours about drinking water has
also concentrated on knowledge gaps in communities. It
was found that people felt they lacked knowledge and
that information provided by professionals was inappro-
priate to meet their needs (Owen 2000; Dolnicar & Hurli-
mann 2009).

Thames Water is also considering the design of a con-
ceptual map of the wastewater drainage system to use in
future work with key stakeholders in the community.
This tool is capable of capturing, structuring and under-
standing the underlying knowledge held by stakeholders
(Owen et al. 1999a, b; Owen 2000; Eden 2004) and
would assist in developing more effective communica-
tions. As part of future strategy, consideration will be
given to the linking of a conceptual mental model,
current misconnections database information and
ACORN social demographics (CACI 2010).

New approaches need to be adopted to bring about
changes in attitudes and behaviours among stakeholders
in the community (customers, special interest groups,
elected and appointed officials and other key leaders). A
‘Communication Plan’ approach has been suggested
(Means et al. 2009), which incorporates the elements of
strategic planning, communications analysis, behavioural
gap analysis, branding and national communications
efforts.

Thames Water and the EA have championed collabo-
rative research to determine the real environmental
impact of misconnections and how the industry can best
educate its customers in order to inform future commu-
nication strategies.

Conclusions

(1) The remediation of PSWOs is sustainable only if
undertaken in parallel with stakeholder education and it
is believed that this is the first published study of its kind
relating customer behaviour to communications about
drainage misconnections.
(2) There is considerable confusion among the general
public about the wastewater sewer network and the pos-
sibility of causing pollution of watercourses by incorrect
plumbing.
(3) Most people realise that their toilet waste is routed to
a WwTW but there is less clarity about ‘grey water’ and
rainfall runoff.

(4) Because of the ‘clutter’ of information received by
households these days, it is often difficult for a single
leaflet to be noticed and read. However, once attention
was paid to the misconnections leaflet that was distrib-
uted, people were interested in its contents and learned
from it.
(5) It is considered important for WaSCs to understand
that implying blame about misconnections may be a
barrier to changes in behaviour. The misconnections
leaflet has consequently been altered to appear less accu-
sative and more informative.
(6) WaSCs should provide more and better quality infor-
mation about the prevention and rectification of miscon-
nections.
(7) Operational tracing work combined with the
conventional communication activities undertaken
in this study increased the percentage of people
recalling receiving information about drainage but
there was no evidence that this improved house-
holder understanding of the consequences of
misconnections.
(8) It was claimed by householders that between 84 and
92% of household items were plumbed in professionally.
This suggests that future communication strategies
should target tradesmen as well as ‘Do-It-Yourself’
enthusiasts.
(9) It is likely that a sustained and significant change
in customer behaviour would require the implemen-
tation of more novel and innovative communication
tools and strategies by WaSCs, underpinned by further
research.
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