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World is taken as the norm, it is unacceptable if this can
only be achieved, at the expense of the worker’s long
term health. 

Those with long memories will remember that back in the
1980s the World Health Organisation issued a wide
reaching policy document entitled “Health for All by the
year 2000”. A central pillar of that policy was tackling
inequalities in health. It was then, and remains so today,
morally unacceptable that people born in the wrong
countries or to parents from lower social class, or indeed
in neglected areas such as English coastal towns, have a
lower life expectancy than those born in more favourable
surroundings. Rather than eliminating health inequalities
as was the aim of the WHO, the gap just gets wider and
wider between the haves and the have nots. Perhaps all
EHPs should have tackling health inequalities as one of
their key objectives and public health authorities, both in
the UK and elsewhere in the world, should allocate
resources based on tackling this iniquity.

In this issue we introduce a new and special category of
paper – the ‘first-author, first-paper’ – which is designed
to help build capacity in environmental health
publications by encouraging and assisting new authors
to publish their work in peer-reviewed journals. When a
manuscript in this category is submitted to JEHR, the
author will receive more active and tolerant support by
the editors in making amendments before submission
for peer review.  Triantafillia Glania, a doctorate student
in the Medical School at the Democritus University of
Thrace, Greece, publishes her first paper in this issue.

Editorial

Editorial

David Statham
Associate editor

As I write this editorial, a mother and child are seriously
ill in a Welsh hospital following an outbreak of E Coli
O157 associated with a fish and chip shop in Wrexham.
I mention this only because one of the papers in this
issue describes a salmonella outbreak in a nursing home
caused by problems associated with eggs. This brings
into sharp focus the fact that although some real
progress has been made in tackling food borne disease,
there is still much to do. All too often, outbreaks can be
traced to ignorance of the risks, which leads to careless or
even foolhardy food handling. Despite the introduction
of food safety management systems based on HACCP
principles, clearly in many cases the message isn’t
getting through. This was further highlighted in the
report produced by professor Pennington into the
outbreak, again of E.Coli in Wales. With environmental
health resources as always being at a premium, it is
essential that food businesses take responsibility for
ensuring the food they serve to their customers is safe
and where they fail to do that, they should expect the full
force of the law to be brought to bear.

If food borne disease remains a major issue in the UK,
then serious epidemic diseases continue to be a threat in
many parts of the world, Dengue fever is one such
disease, which causes serious morbidity in Malaysia. The
ability to trace cases and identify risk factors is key to
successfully targeting resources to tackle any infectious
disease outbreak, so the techniques described in the
paper by Nazri, Rodziah and Hashim could have wider
application.

A well established public health principle is that exposure
to toxins has impacts on those exposed which may
produce acute symptoms or quite commonly chronic ill
health in later life. The problems associated with
exposure to pesticides, particularly among agricultural
workers, have been widely reported, but in a world where
higher and higher crop yields are required and the
demand for ‘perfect’ crops by those of us in the Western
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Abstract

Lay perceptions of health inequalities are becoming
increasingly important in developing local housing
strategies and many coastal areas have attracted recent
attention because of high levels of deprivation. 

This paper draws from the findings of 14 socio-
economically and geographically representative focus
groups as part of the wider French British Interreg IIIA
project examining health inequalities and health
behaviours in South East England and Northern France.
Kent coastal areas were identified as being of particular
and unique interest, leading to a wider literature review of
socio-economic and health inequalities more generally in
coastal towns and the effect of geography on health. 

Participants in the focus groups particularly suggested
that the loss of traditional industries – notably the
holiday trade (tourism), but also other local employment
– had led to new low-income, deprived communities,
including immigrant communities, whose needs often
went unmet. Participants identified the changing nature
of coastal or seaside housing from guest house to
residential living accommodation and the relationship to
the benefit system as being of particular concern,
affecting both physical and mental health and the wider
environment. However, participants also described
successful local community-led regeneration solutions
which could run alongside new local authority
responsibilities to tackle health inequalities. 

The focus group findings suggest that lay perceptions
are in many ways close to recent governmental research
findings which identify the coastal regions as unique
environments, some with similar levels of deprivation to
inner urban and rural areas and lacking sufficient public
investment. The results of this study suggest that the
public have additional concerns around housing
allocation policies creating marginal coastal commun-
ities and how these needs might be addressed. 

New strategies need to involve the communities
affected. Although this can prove challenging, there is a
new range of legislative provisions to tackle complex and
multifaceted housing, social, economic and environ-
mental conditions faced by those suffering some of the
most acute health inequalities.

Key words: Coast, environmental health, health
inequalities, housing, lay understanding, lay perception,
seaside.

Introduction

Coastal towns remain among the least understood of
Britain’s problem areas, such as inner city or rural locations,
and have historically failed to attract attention or resources.
Coastal towns have faced particular challenges since the
1950s with the decline of British tourism (Fothergill in
ODPM, 2006; CLG Select Committee, 2007; Weaver, 2007).
Many resource and funding regimes have proved non
sustainable, as they have not been able to meet the unique
needs and requirements covering social, economic and
environmental issues of coastal environments. 

There are many reasons for multiple deprivation in
coastal areas. The decline of traditional employment has
led to low wage, low skill economies with seasonal
employment based on single industries such as tourism.
Age tends to be skewed to the young and old as younger
adults migrate outwards. Coastal areas suffer from poor
transport and infrastructure and being geographically
peripheral, have a restricted catchment area. This has led
to high levels of transience, low aspiration and
intergenerational poverty and dependence (ODPM,
2006; CLG Select Committee, 2007; Weaver, 2007; Ward,
2007). The Department for Work and Pensions (DWP)
also recognises coastal areas as one of nine types of
disadvantaged areas in England, citing Hastings as an
example.  Hastings is affected by both the decline in the
seaside holiday industry and the loss of land-based
industries, fishing and some manufacturing industries
and recognising the conversion of hotels into care homes,
cheap bedsits and hostels for homeless people, resulting
in a concentration of vulnerable people (DWP, 2004).

Coastal towns account for a disproportionately high
percentage of England’s deprived areas and many of
the South East’s most multiply deprived wards are in
coastal towns and cities. Disadvantage and deprivation
are particularly acute along parts of England’s South
East (Kent) coast. For example, half of Thanet and
Hastings’ population is highly deprived, and there is
growing evidence of entrenched intergenerational
poverty as classified by the Index of Multiple Deprivation
(ODPM, 2006). One major problem is that many Kent
resorts, which are all very different, lack a specific
identity in relation to other coastal areas (such as
Brighton) to attract inward public or private investment,
even though Kent forms the ‘gateway’ from England to
France (ODPM, 2006). This coastal deprivation is
exacerbated by the fact that other Kent locations are
thriving and prosperous, including growth areas such as
the Thames Gateway and Ashford (ODPM, 2006).
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Thanet in northeast Kent (comprising Margate,
Broadstairs and Ramsgate and villages) has been
recognised as particularly deprived, having lost both
tourism and industry and with a concentration of
vulnerable people compounded by its large care
industry attracting those from outside, and many
London Boroughs have relocated people on their
housing and care lists to this seaside location (ODPM,
2006). The Government’s Social Exclusion Strategy
Unit recently reported that: 

"Following the collapse of English seaside tourism,
Sandytown in Beachville, Thanet (Kent) has seen its
redundant hotels turned into hostels for the
homeless, cheap bedsits or care homes. The
concentration of vulnerable and transient residents,
including refugees and asylum seekers, elderly people
and children in care has severely strained public
services and led to tensions between longstanding
residents and the new population." 

The situation has been aggravated by the continual ‘top
up’ of vulnerable people into the area, with interventions
and resources struggling to deal sufficiently with the new
and existing community with its high levels of mental
illness, and looked-after children and troubled juveniles,
combined with a lack of community facilities, causing
social tension (ODPM, 2006). 

For the purposes of this paper, ‘vulnerable’ is used to
describe those with socioeconomic vulnerability,
including poverty, lack of education, the homeless as well
as vulnerability by age, including pregnant adolescents
and older people whose health and wellbeing is at risk.
Edelman and Mandle (2006) question whether these
groups’ needs – including lack of control, disenfranchise-
ment, victimisation and powerlessness – are addressed
or even understood. ODPM (2006) use the term to
identify adults and children who are unable to meet their
own everyday needs because of physical or mental
condition or because of their situation, such as
homelessness, and therefore need to receive service
support. ODPM adds that vulnerable people may move
to the coast voluntarily, or they may be placed there by
another authority and that there are considerable costs
associated with this ‘social dumping’, aggravated by its
sometimes transient nature.

A particular challenge is that of addressing coastal
housing stock, which has received a growing academic
and media interest in recent years. The Communities and
Local Government Select Committee Report (CLG, 2007)
highlighted a range of housing issues in coastal areas,
including lack of affordability (owing to high levels of
second home ownership), empty homes but conversely
homelessness and disproportionate levels of unsuitable
accommodation. The hey-day of the English coastal
resort’s legacy is mainly one of large Victorian and
Georgian houses, which can fail to meet contemporary
housing need. This has facilitated the conversion to
multiple occupancy, which has in turn enabled a
concentration of vulnerable communities in private
rented housing within coastal towns, leading to multiple
deprivation. Added to this is the rapid physical decay of
housing aggravated by years of neglect and erosion from
the coastal environment and weathering (English
Heritage and Urban Practitioners, 2007). 

Essentially, much coastal housing is of poor standard as it
was originally designed for holiday lets rather than
permanent residential accommodation, with higher
numbers of houses in multiple occupation (HMO) than
elsewhere. This private sector accommodation has
proven (relatively) cheap, although frequently unsuitable,
and so has attracted a transient homeless population
that has proven to be both an unstable and
unsustainable community (ODPM, 2006). Evidence cited
in ODPM (2006) reports that particular housing problems
in seaside areas include that in 1991, nearly half of all
stock was non-decent compared to 33% elsewhere; 6%
was unfit compared to 4% elsewhere and 20% fell into
the privately rented category, twice the rate of elsewhere,
with lower levels of social housing and owner occupation.
The Kent Coastal Town Analysis 2002 (cited in ODPM,
2006) demonstrates that most deprivation is at the coast
and housing experiences low property values, high levels
of absentee landlords and high building repair costs.

Research methods

This work reports on selected findings of the French-
British Interreg IIIA1 project examining health
inequalities and health behaviours in South East
England and Northern France. In particular it explores

Dr Jill Stewart and Professor Liz Meerabeau

1  Interreg IIIA was concerned with European interregional research carried out in Kent, Medway and East Sussex and Nord Pas de

Calais, and this particular project sought to support the on-going quantitative research project from the perspective of those affected

by health and healthcare policies and to investigate the scope and potential for participative approaches in delivering health and

health care improvements through a variety of health agencies delivering health and healthcare needs to the local population.
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lay perceptions of health determinants, status and
opportunities for health. Part of the work has explored
lay views on the changing nature of the English coast
and this work has coincided with recent UK government
reports, in particular the First and Second Coastal Town
Reports (ODPM), 2006 and Communities and Local
Government (CLG) Select Committee, 2007).
Combined, this usefully reinforces the growing interest
in the geography of health (‘place’ and health) in the
public health field and a growing literature on the
relationship between health and the social environment
(for example, Curtis, 2004; Gatrell, 2001; Gatrell and
Elliot, 2009) and the relationship to health inequality,
variation in service provision and the effect of migration
on health, culture and identity. This paper reports on
issues arising in respect of the housing, health and
community in coastal areas in Kent, England.

There is a considerable amount of research around
explanations for health inequalities, but rather less on
what people themselves think explains health and illness
(Blaxter, 1997; Popay et al., 2003). Lay perceptions are
increasingly recognised as an important factor in helping
inform acceptable health promotion policies, although
there remain disparities as to how people perceive and
express their experience of inequality in relation to their
own socio-economic background (Davidson et al., 2007).
Research into lay perceptions of health inequalities offers
individual and structural insights into causes of health and
illness, as well as the opportunity to probe some possible
solutions. Such public involvement in decision making is
set to become an increasing part of new community
based public health policies. The Local Government and
Public Involvement Act (2007) places a duty on local
authorities and primary care trusts in England to identify
the health and wellbeing needs of the population.

Focus groups were used in this research as they can help
to reveal lay perceptions of problems and solutions,
helping facilitate policies to meet health and health care
needs. Fourteen focus groups were conducted in South
East England, which aimed to be socio-economically and
geographically representative of residents living in Kent,
Medway and East Sussex, Brighton and Hove. In order to
do this, the Townsend Index was used as this was also
used in the French part of the study. Each electoral ward
was placed into one of 20 groups based on socio
economic status, with group one being the most affluent
and group twenty being the most deprived. The groups
were then aggregated into tiers. The more deprived
wards in South East England discussed in this paper are
generally ‘pockets of deprivation’ as the towns are not

very deprived in relation to England as a whole (Shaw et
al., 1999; Vickers et al., 2003). However, there is always a
risk that pockets of deprivation in relatively affluent
areas may be overlooked. 

Each focus group included 6 – 11 participants, with an
average of 8, balanced as far as possible by age and
gender. Recruitment of participants involved contacting
pre-existing groups, and this may mean that there is
some overestimation of engagement by the general
public, as many recruits were engaged with at least one
community group. However, they also know their
community closely. Group members addresses were also
checked to confirm that they lived in the correct ward.
The age range of participants ranged from 17-80 with a
preponderance of middle aged and older people: 33% of
participants were male and 67% female, so women were
over-represented. Participants were also asked to
complete a questionnaire to assess whether they were
socio-economically representative of the electoral ward in
which they lived and this was the case to a limited extent. 

Each group session lasted approximately 1.5 – 2 hours
at a convenient venue and date and participants’
expenses were refunded. Two pilots were conducted on
the English side and the results here are from the 14
focus groups in the main study. Each member was
advised as to the nature of the focus group, its purpose
and practical arrangements and all signed their consent
to attend and have their comments recorded and cited
anonymously. The proceedings of all focus groups were
tape-recorded and transcribed verbatim. The
distribution of focus groups is shown in Table 1.0.

Each focus group was structured around four
predetermined questions exploring lay perceptions on
deprivation and life expectancy in the region. Of
particular relevance to this paper, one question focused
on the subject of place (or geography) and health. It
used two deprivation and inequalities maps of Kent to
stimulate both a greater understanding of the subject
areas and more in depth analysis of issues surrounding
inequalities in health. 

Participants were asked to look at two maps of Kent and
Medway representing deprivation and life expectancy.
They were asked if they had been aware of the
deprivation and inequalities in health in the region.
Participants were asked for their initial, individual
thoughts on the life expectancy and deprivation ratings,
which they wrote down on post-it notes, before group
discussion around issues arising.

Lay perceptions of health, housing and community on the Kent coast, England
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The qualitative study was conducted on both sides of the
Channel using the same methodology, but this paper
only reports on the English side of this particular study as
the findings are unique to the Kent coastal areas.

Results and discussion

The focus group comments align closely to many
observations and issues identified in recent research and
participants’ understanding of coastal areas was
identified as a discrete area for future further
exploration.

The importance of history in coast and health

Participants’ initial response was one of surprise that low
life expectancy tended to be concentrated around
coastal areas. Participants in eight focus groups explicitly
commented on coastal areas, and all but one expressed
surprise that these areas were generally deprived. The
following comments illustrate what many of the focus
groups were thinking:

I was surprised that the low life expectancy is mainly
in coastal areas – that was my first thought… 
I would have thought that in the coastal
environment where food is supposed to be that
much better, sea breezes and all this should
constitute a better lifestyle and from a health point
of view, but it doesn’t seem to. (Focus Group 2).

In commenting on the importance of place (coast) on
health, some suggested, possibly tongue in cheek, that
moving inland may help raise their own life expectancy
(for example, Focus Groups 2, 3, 4 and 5). In addition,
participants were surprised that coastal areas stood out
so clearly as deprived in relation to other parts of Kent,
which was generally perceived as a healthy place to live
(in particular, Focus Groups 5 and 12).  

When asked to explore why life expectancy might be
lower in coastal areas, some participants considered that
many of these areas had traditionally been seaside
resorts which had more recently lost their major source
of income, giving way to a rapidly changing and new,
deprived community. This was largely seen to stem from
the loss of traditional tourism as people tended to travel
abroad far more for holidays, leaving English seaside
resorts depleted of their traditional tourist activities. 

Overall, participants viewed the change in coastal areas
from one of buoyant tourism to apathy, which had been
developing over a period of time, but particularly since
the 1970s. Some participants recounted their childhood
experiences of holidays at Kent seaside resorts, when the
area was totally different:  

…and my grandparents came on holiday down
here, so every year we came down to Margate,
Ramsgate or down by the Lido or somewhere to
meet, so the whole family, cousins etc all met, and
the area was totally different then... Well, it was
humming, it was buzzing – I mean this is looking at
the early 50s into …maybe until just about the
beginning of the 60s, and then tourism came in and
foreign holidays and a better guarantee of
sunshine. Coaches stopped coming down for day-
trippers so the area… Yes, it has completely
changed the area... (All the old resorts)… have all
lost the holiday trade. (Focus Group 5).

Several of the focus groups suggested that the initial
problems in coastal decline had come not just from loss
of holiday trade, but also from the loss of local industries
such as fishing and from the docks and ferry closures (for
example, Focus Groups 1, 3,  5, 9), leading to high
unemployment and deprivation. Many participants
suggested that the government was responsible for the
decline, and also for not addressing the decline promptly
enough. However, some participants suggested that: 

Dr Jill Stewart and Professor Liz Meerabeau

Table 1.0
Distribution of
Focus Groups

Less deprived Tier 1 Focus groups 10, 12

Tier 2 Focus groups 2, 11, 13

Tier 3 Focus groups 6, 14

Tier 4 Focus groups 1, 3, 9

More deprived Tier 5 Focus groups 4, 5, 7, 8
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“it’s not all about government funding – it’s more
about private sector... actually there was no money
at all in the area in the first place” (Focus Group 5). 

Generally, participants saw decline as multi-factoral, with
lower life expectancies in run-down areas and the decline
in over-used amenities. A major part of this was seen to be
the loss of local industry affecting the breakdown of both
family and community (for example Focus Groups 5, 9).

Some participants argued that government policy – in
trying to secure new forms of local income for business
such as the holiday trade – had in fact been responsible
for part of the change toward a new, benefit-dependent
community. There was an overall understanding across
the focus groups that these coastal areas had shifted
from hotels for holidays, to hotels for homeless
households as bed and breakfast accommodation for an
entirely new clientele. For example:

So of course a lot of them had to take down the
‘Hotel’ sign because they were no longer actually
being what they should be, which is accommodation
for somebody looking for somewhere to stay for bed
and breakfast or an evening meal.  So a lot of the big
houses that are now multiple occupation were
hotels, that then became benefit places which then
finally have crumbled down. (Focus Group 5)

Another group made a similar observation:

It’s not good living within sea air! It’s because of the
bed and breakfast classes, because it’s a migrant
population. Well, in Ramsgate, it always struck me
that a lot of the mothers who came into school were
slightly depressed, they were down …and they are
not going to live so long, are they? (Focus Group 12).

There were suggestions that many households were
being ‘dumped’ in such areas, causing a concentration
of deprived communities leading to high (and frequently
unmet) demands on local services. One focus group
reported that:

No, it’s because it’s areas of deprivation. Somebody
who lives in those areas has a long history of
unemployment and deprivation; also, when you look
at the coast, it’s where you have had people who have
been dumped on the coast, haven’t you?…  Well,
because you get young pregnant girls, you get ones
who have been in trouble and inner cities have
dumped them on the coast to manage by themselves.

They get involved in drug taking with various un-
savoury people.  And also, as far as I understand it, a
lot of people with mental health problems – they are
dumped on the coast to look after themselves.
(Focus Group 9).

The issue of ‘dumping’ vulnerable households –
suggesting a lack of choice and a lack of follow-up
support  – was reiterated in the Second Report on
Coastal Towns (CLG Select Committee, 2007), which
stated that traditional English seaside resorts have
become run-down ‘dumping’ grounds for inner city
problem families, causing rising levels of benefit
claimants. ODPM (2006) suggested that Kent coastal
resorts have suffered from their proximity to London and
effect of London ‘dumping’ since the 1960s and 1970s. 

And also … particularly in the Thanet area I think …
the London area ships down their teenagers and
things like that, who very often are depressed as well
and they probably live rough after a while. It’s got a
lot to do with it… And the unemployment in...
Thanet. (Focus Group 12).

Housing and health 

Many of the views obtained in this research mirror that of
wider research, such as in the case of the interaction
between the type of housing in seaside towns and the
operation of the benefits system, in particular the
availability of a ‘new’ privately rented sector that was
previously holiday accommodation. Beatty and Fothergill
(2003) for example demonstrated that some seaside
towns had attracted the non-employed and unemployed
from elsewhere; that many of the unemployed live in
rented accommodation and that most of them claim
Housing Benefit. (The research also indicated that most
of the joblessness in seaside towns is not driven by in-
migration, but that is not for debate here).

Although not specifically questioned about housing in
this research, housing was raised many times by
participants across a range of the focus groups.
Participants in Focus Group 9 agreed that: “Housing is
one of the biggest contributors, isn’t it, to poor health...”
and Focus Group 3 suggested that, “housing is where
you live – it’s the most important thing...” Issues
identified by focus groups included affordability, the loss
of social housing, allocation policies and the
congregation of communities around lower cost housing
stock of both UK residents and immigrant communities
(for example, Focus Groups 1, 4, 5, 9, 12). 

Lay perceptions of health, housing and community on the Kent coast, England
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Well if you look at Cliftonville, like you were saying,
the amount of foreigners that are there and the way
they treat their properties and everything, and it's
just running everything down, and the council are to
blame for that ... because obviously  if you have got
cheaper housing somewhere, then obviously the
people who haven’t got the money i.e. a lot of
foreign people that have come to this country – they
don’t have a lot of English pounds for the money
that they have, so they are going to move to the
cheaper areas. (Focus Group 5)

Participants across the range of focus groups pointed
to housing as lying at the heart of many perceived
problems. This in part aligns with Beatty and Fothergill
(2003:104) who identify that local unemployment is
primarily caused by high in-migration, but the unique
nature of housing stock adds “another layer to local
joblessness”.

Areas of in-migration were seen to be a direct result of
government policy in some cases, but also of new
communities congregating together. There was much
discussion in focus group 12 in particular around
perceptions of large sums of government funds being
poorly and inappropriately targeted toward immigrant
communities in specific areas, including Dover, Thanet
and Sheppey. However, there was also discussion as to
whether the government policy actually (and actively)
encouraged immigrants to congregate in their own
communities, or whether this would happen anyway.
The following comments from Focus Group 2 illustrate
what many were thinking:

But unfortunately the government tend to… like
Dover, parts of Dover and Folkestone have become
renowned now as immigrant areas, so they tend to
congregate and group close together, so they have
their own community.  

The government don’t necessarily impose areas – I
think immigrants stay together. 

That is what I mean. They start – they put them, and
then they tend to attract everybody, so where there
was a few, there’s a lot now because they tend to
want to be together.

The concentration of deprived communities around
lower cost housing stock was seen to engender a range
of health issues arising from apathy. Housing was seen
to affect physical and mental health (e.g. depression

leading to overweight, stress from overcrowding – Focus
Group 12), but also behaviours leading to a decline in
health. For example:

... but if people are going to have lack of pride of their
own environment, where they live, then maybe they
are going to have a lack of respect for their bodies
too, and not bother to eat and drink the right things
and that’s going to affect their health; maybe they
haven’t got much money either because they are
maybe unemployed or on benefits. (Focus Group 5)

The issue of very basic democracy and voting rights was
also raised. Focus Group 5 concentrated on their
perceptions of the nature of the mobile and very fluid
bed and breakfast community and questioned whether
many residents were actually on the electoral roll, or
entirely disenfranchised.

A new immigrant community?

Participants saw the rapidly changing community as part
of a dual process of benefit-dependent residents arriving
from other areas, including London, but also because of
immigrants. This caused some participants to doubt the
validity of some of the data provided overall on the
maps, suggesting that it might be skewed owing to
continued migration and immigration, but nevertheless
reporting that areas of economic depression had poor
health (Focus Group 12). Participants did not generally
or decisively distinguish between immigrants as
economic migrants, asylum seekers or refugees in this
study, but the issue of immigration (and perceived
health relationships) was raised in many of the focus
groups (in particular Focus Groups 1, 8, 12):

Well, I am looking down at the Folkestone area and
I used to live down in Dover so I know down there
pretty well and I wouldn’t have thought that that
was a particularly deprived area, although I must
admit since we lived there, there have been a lot
more asylum seekers and people like that, that affect
the health of the area maybe. (Focus Group 1)

… it should be remembered that there are a lot of
people in areas like Margate and Dover who are on
state benefit, who are immigrants… (Focus Group 12).

Some participants viewed – and blamed the council for
allowing – a new population as comprising immigrants
as well as ‘English people’, jointly seen as ‘running things
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down’ in already ‘cheaper areas’ (for example, Focus
Group 5). This was seen to create general apathy, and
participants reported a ‘clash of cultures’. There were
many comments across a range of focus groups
suggesting that the high number of immigrants was in
part responsible for a negative effect on health and
lower life expectancy. Some groups had strong negative
perceptions about the effect of immigration and
overcrowding on introducing and enabling disease (and
‘germs’) into their area (in particular, Focus Groups 1, 3,
8, 12), in part suggesting differentials in health care
services. For example:

Well, obviously because they have come from
possibly a country where their health service hasn’t
been as good as ours and they have brought… TB
has come back into the country again because …
And so obviously, like these areas, there’s going to be
more of a health problem because of this – they’ve
have had lack of healthcare in their own country, so
their fitness and their standard of health is going to
be low, so it will make the area more deprived, and
their resources for the health centres and
everything… there will be more of a demand with
the costs and everything for the health areas – it will
be more for those areas. (Focus Group 12).

A dichotomous view emerged as to how marginal
communities were seen and the resources available to
them to turn around their fortunes. Some saw
deprivation as being so entrenched that it was difficult
to see a way forward:

Because people say “Oh you have got more time on
your hands if you don't work, so you have got more
time to prepare fresh vegetables, you have got more
time to make your own pies, to do this, to do that,”
but it's actually the motivation that goes with that,
and if everything else is wrong in your life, then are
you going to have the motivation to actually spend
two hours a day cooking? (Focus Group 4)

While others took more of a ‘victim blaming’ approach:

Obviously, the areas which are high in unemploy-
ment, so that causes social problems… within the
home if people are long-term unemployed or long-
term sick; they become stuck in a rut and it's hard to
get out so they – some of them more often than not
spiral down rather than rise up above things, and it
causes ongoing problems… I just know a little bit
about Margate and Dover and there are places down

there where people have the attitude that education
is a waste of time and they don’t bother to… take
advantage of the education that is available to them.
They don’t get the parental support – all of which
leads to a lower standard of living, and the lower
standard of living gives them a lower expectation of
life.  If you bring in people from another country, as
they have done in many of these areas, immigrants,
they want perhaps more help to push them to look
after themselves better. But there are many people
who – you can work as hard as you like – but you
won’t shift them. That’s the way they like it and
that’s the way they will do it. (Focus Group 12)

Opportunities for community led regeneration

While it would be easy to assume that the socio-
economic problems of seaside towns are so entrenched
that it would be difficult to find ways forward, research
has suggested that there is in fact a more positive
picture. For example, many people move to seaside
towns because they choose to do so and many would like
to be in paid employment. Indeed, many seaside areas
are attractive places to live, providing a reason for in-
migration, and their economies are unique and evolving
(Beatty and Fothergill, 2003). 

While coastal areas are attracting those of later working
age and the retired, this is also a community that is seen
to have positive resources and benefits in economic
activity and spending, but also time and energy to invest
in community activities. This can help bring oppor-
tunities to coastal areas, not least the possibility of an
increased demand for improved infrastructure. There is a
need for policy makers to take a broader approach to
acknowledge the diversity of older people and the need
for them to remain active as citizens in voluntary roles
(Atterton, 2006).

Recently policy has been increasingly geared toward
identifying local need and finding sustainable solutions,
with an emphasis on communities increasingly taking a
lead in this process to develop capacity. The participants
in this study offered commentary on what they
perceived as problems of coastal communities, but also
drew from their experiences in offering some insights
into possible solutions. 

Many participants regretted the demise of community
(for example, Focus Groups 2, 3, 5, 8, 9) and the
following quote is representative of what other groups
were thinking: 
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Social and community networks – they are very import-
ant for health and communication. If you haven't got
these networks, what happens to people is that they
are in their house, they are ill, which all those people
who are ill at the moment have found you can be
sitting in your house, alone, and feel totally isolated.

And dejected.

And also that will impact on your health because you
will get depressed and loneliness. So social and
community networks are of the utmost importance
(Focus Group 2)

Although some of the following quotes are not
specifically on the issue of coastal communities, they
provide useful insight into participants’ views on helpful
capacity-building initiatives in their own communities,
which had provided a major boost to confidence, morale
and feelings of inclusion. Comments are particularly
drawn from the more ‘deprived’ focus groups.

Generally, respondents favoured local initiatives that
could help facilitate change. Such local centres were
especially favoured by focus groups carried out in the
more deprived areas, particularly when facilities offered
were very informal and local to the community with a
snowballing effect in involving people:

It’s great, absolutely great – fantastic work they do
– absolutely fantastic.

I think it’s good because I think it's better than the
councillors sitting on a bench or anything – a Council
officials sitting on their backsides and twiddling their
thumbs and waiting for something to come along.
Whereas there are people like ourselves who see the
problems – we’re basically like police officers, if you
want to say that, on the front line.  You know, we are
not nosy neighbours and things like that, but we look
out for the community because some of us have
been there ‘x’ number of years. (Focus Group 7)

Participants particularly commented on the support
offered by such community facilities, seen to have a
positive effect on mental health (Focus Group 7).

The role of local authorities – and the nature of some of
the people employed there – was raised several times
(for example Focus Group 1), and some suggested a
sense of complacency within councils, failing to invest in
declining areas, 

...and it’s not until they fall into decay that
something gets done really. (Focus Group 5). 

Others suggested that regeneration budgets themselves
were at fault in failing to pay for health more wholly, and
not as inappropriate separate budgets that seemed
endlessly delayed (for example Focus Group 4).
Participants suggested that their views were not taken
into account by their local authority. For example, 

I don’t see why they ask; it depresses you because
they ask, and then ignore. (Focus Group 4)

Taking a proactive view: local authorities and the
private rented housing sector

Focus Groups reported both poor physical housing
conditions as well as the behaviour of some residents
which they saw as being detrimental to some areas. For
example, Focus Group 5 in particular referred to: 

... but there’s a lot of apathy in the area and there are
a lot of landlords who buy up the houses and basically
don't care about the property as such; as long as they
have got a tenant in there giving them rent, or the
council is paying rent via benefits, they don’t keep the
properties up to scratch. And the people who are living
in those properties – I mean I have got friends who
rent property – they do up their property, they
decorate it, they look after it, but also I have got
neighbours – excuse my language, that don’t care a
**** … as long as they have got a roof over their head,
they are more nuisance to the rest of us. 
(Focus Group 5)

Housing regeneration has now been recognised as a key
policy response in starting to address some of the unique
issues surrounding coastal areas. New powers in the
Housing Act, 2004 now provide for mandatory licencing of
some houses in multiple occupation (which includes bed
and breakfast accommodation). These powers seek to
improve physical conditions and management standards
for occupants and the wider environment to help create
more sustainable communities and better quality of life.
Alongside discretionary selective licencing of private
sector landlords, the government seeks to address anti
social behaviour and poor quality environments through
better management (ODPM, 2006). These powers run
alongside other national requirements to meet the needs
of asylum seekers and for local strategies to tackle
homelessness as well as more emphasis on local
strategies and decision making generally.
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Local policy makers need to be able to balance statutory
requirements in addressing regeneration and housing (in
property management and health) and also to support
community development, particularly within the most
marginal communities. However, it can be particularly
challenging for local services and agencies to engender
community involvement in local regeneration with such a
transient, marginal and vulnerable community
disproportionately reside in poor quality HMOs and care
homes (ODPM, 2006). While there are now more powers
under housing legislation, there may be a need for further
provisions to manage problems associated with
especially large numbers of coastal HMOs (ODPM, 2006).

At the time of this research, several documents were
being published around coastal issues and this may have
had some impact on interest shown by the focus groups
on coastal areas. Most notably, the (then) ODPM (2006)
published Housing, Planning, Local Government and the
Regions Committee: Coastal Towns Session 2005-06,
Written Evidence, and the Communities and Local
Government Select Committee (2007) published
Communities and Local Government Committee Coastal
Towns: Second report of Session 2006/7. More recently,
English Heritage (2007) published its report An Asset
and a Challenge: Heritage and Regeneration in Coastal
Towns in England, which presented some Kent-based
case studies on successful regeneration initiatives in the
region, although the remit of this report was about
identifying local heritage assets and seeking public
private funding initiatives to regenerate towns, rather
than health per se.

Policy makers are faced with addressing a variety of
complex issues in regenerating coastal areas, but housing
emerges as a key issue both in terms of need (allocation)
and regeneration (including heritage management).
There are difficult public sector decisions around
balancing historic preservation and contemporary need.
There have been some Kent Coast examples of successful
regeneration initiatives reported by English Heritage and
Urban Practitioners (2007). For example, Whitsable’s
regeneration had focused around its historical fishing
industry; Margate’s socio-economic strategies include
grants to address historical fabric and conservation,
housing and property rehabilitation, entertainment and
transport links;  Folkestone has suffered from its proximity
to the Channel Tunnel, but has brought vacant
properties back into use and diversified attractions for
visitors; and Hastings had sought to maximise its historic
architecture and residential neighbourhoods and
diversified the local economy.

Many local authorities have been active in trying to find
solutions to their local housing markets, including
responding to the high numbers of empty properties
(Allan, 2007) and low value housing in east Kent. Kent was
reported as having 9,000 empty homes, most in Thanet,
Dover, Shepway and Swale (Spear, 2008). Kent launched
its ‘No Use Empty’ campaign in 2005 as a joint working
initiative between planning, housing, building control and
environmental health departments, supported by
partnership funding. The campaign aims to bring some
7,000 properties back in to use, assisted by joint working
initiatives such as Local Area Agreements and Public
Services Agreements (ODPM, 2006). As also identified
across many of the focus groups, the campaign found
that landlords are not compliant with legislation and joint
working has been found to be the best way forward in
regeneration (Spear, 2008).

However, the local authority roles in planning, building
control and housing enforcement standards can
sometimes be contradictory. With any regeneration
strategy, gentrification can further alienate already
marginalised lower income households. However,
communities themselves are able to offer insight into
what they have themselves found helpful in their areas.

Conclusions

The English coast was traditionally viewed as health
giving, but has struggled to find a new role with the
decline of tourism and loss of other local economies. Loss
of local economies has led to a downward spiral in some
areas, creating a new socially and economically excluded
vulnerable and transient community residing in poor
private sector housing accommodation, living alongside
the original community, presenting major new
challenges for policy makers. The government has also
acknowledged that Kent has local and specific needs
arising from the fact that the ex-resorts tend to lack the
focus of other coastal areas, which benefit from their
other resources. Many of the focus group comments
align closely with many of the observations and issues
identified in recent government research.  However, not
all Kent coastal areas are equally affected, and Victorian
resorts are less affected. 

These findings add to the literature of lay understanding
of inequalities in health, as well as to the relatively
limited literature around housing, health and
communities on the Kent coast. This work helps to
demonstrate the importance of meaningful dialogue
between statutory and non-statutory services and the
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relationship to the public. It is important to build on local
initiatives where possible and to develop sensitive local
services. Also, there is a need for these observations to be
set in the context of recent thinking on the need to
develop new strategies for involving communities to help
encourage sustainable change.

Strategies need to involve communities affected,
although it is recognised that it can be extremely
challenging to involve such a transient vulnerable
community in new ways of tacking socio-economic
disadvantage and poor housing conditions. However,
government requirements and local partnerships have
provided an impetus to seek to involve those affected
and there are many new legislative provisions to tackle
the many complex and multifaceted housing, social,
economic and environmental conditions faced by those
suffering some of the most acute health inequalities in
an otherwise relatively affluent area.
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Abstract

This study was undertaken to assess oxidative stress and
antioxidant status of sprayers of grape gardens of
Western Maharashtra (India). Sixty sprayers of grape
gardens (study group) and 30 pesticides-unexposed
normal healthy subjects (control group) were taken (age
20 to 45 years) from the Western Maharashtra (India).
Demographic, occupational, dietary and clinical data
were collected by questionnaire, interview and
observation and venous blood samples were collected
from both groups. 

The serum lipid peroxide level of sprayers of grape
gardens (N = 60) was found to be in the range of 2.27 to
6.17 nmol/ml of Mean ± SD, 3.30 ± 0.58 nmol/ml of
MDA, whereas that of the pesticides unexposed control
group (N = 30) was in the range of 1.68 to 4.50 nmol/ml
of Malondialdehyde [MDA] (Mean ± SD, 2.39 ± 0.57
nmol/ml of MDA). This means that the serum lipid
peroxide levels of sprayers of grape gardens were
significantly increased by 38.07% (P<0.001) as
compared to control group. The antioxidant status
parameters such as erythrocyte superoxide dismutase,
catalase, and plasma ceruloplasmin were significantly
decreased by 24.02% (P<0.001), 39.72% (P<0.001),
10.98% (P<0.05) respectively in sprayers of grape
gardens as compared to control group. Glutathione S-
transferase activity was significantly increased by
80.55% (P<0.01) in sprayers of grape gardens as
compared to control group. Serum zinc and copper levels
were significantly decreased by 9.06% (P<0.05), 5.37%
(P<0.01) respectively in sprayers of grape gardens as
compared to control group. 

Therefore, this study suggests that exposure to the
various pesticides causes an imbalance of
prooxidant/antioxidant status in sprayers of grape
gardens from Western Maharashtra (India).

Key words: Catalase (CAT); ceruloplasmin (CP); Cu;
environmental health; GST; lipid peroxide (LP);
occupational health; pesticides, sprayers of grape
gardens; superoxide dismutase (SOD); Zn. 

Introduction

The land used for cash crop like grapes is on the rise
particularly in Maharashtra state (India). More pesticides
are being used for controlling the various pests in grape
gardens and to increase the yield. The environmental
pollution and poisoning owing to the widespread use of

pesticides during grape cultivation may be disturbing the
socio economical status of uneducated farm workers in
rural areas (Dave, 1998). Pesticides or their residues are
ubiquitous contaminants of our environment and found
in air, soil, water, and in human and animal tissue samples
from all over the world. 

Mainly organochlorines, organophosphorous, carbamates,
pyrethroids compounds, and various inorganic
compounds are used for controlling the various pests. The
common organophosphorous and carbamates pesticides
used in grape gardens are Basathrin 25 EC (Cypermethrin
25% EC), Nuvan (Dichlorovas 76% EC), Nuvacron
(Monocrotophos 36% EC), Dimethoate 30% EC (CHAMP
30 EC), Phosphamidon 85% SL (Dimecron), Kilex
Endosulfan 35% EC, Carbaryl, Cypermethrin 25% EC
(JAWAA), Monocrotophos 36% SL, Methomyl 

Pesticides uptake occurs through the skin, eyes, by
inhalation, or by ingestion. The fat-soluble pesticides, and
to some extent, the water-soluble pesticides are absorbed
through intact skin. Sores and abrasions may facilitate
uptake through the skin. The vapours of pesticides or
aerosol droplets smaller than 5μm in diameters are
absorbed effectively through the lungs. Larger inhaled
particles or droplets may be swallowed after being
cleared from the airways. Ingestion can occur from the
consumption of contaminated food or from using
contaminated utensils. Contaminated hands may also
lead to an intake of pesticides, for example, while pan
chewing, tobacco eating, bidi smoking and while
spraying, mixing, or handling the pesticides (WHO / UNEP
(1990). The dermal exposure is the most important route
of uptake of pesticides for exposed workers. 

Pesticides are metabolised by oxidation and hydrolysis by
esterases and reaction with glutathione, demethylation
and glucuronidation may occur. The glutathione
transferase reactions produce products that are, in most
cases, of low toxicity. Pesticides are mostly eliminated in
the urine with lesser amounts in the faeces and expired air. 

Headache, fatigue, dizziness, loss of appetite with
nausea, abdominal cramps and diarrhoea, blurred vision
with watering of eyes, excessive sweating and salivation,
bradicardia and twitching of muscles are some of the
common signs and symptoms of mild exposures to
organophosphate and carbamate insecticides. 

Pesticides inhibit a number of enzymes in humans. They
affect several  physiological systems and processes in the
body – the central nervous system (CNS), reproductive,
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immune, endocrine, cardiovascular and respiratory
systems. Not only that, they have an effect on various
metabolisms, fluid and electrolyte balance and have
carcinogenic potential, particularly in the liver (WHO
1992, 1993).

The adverse effects from exposure to pesticides depends
on the dose, the route of exposure, how easily the
pesticide is absorbed, and the types of the pesticides,
their metabolites, their accumulation and persistence in
the body. The toxic effect also depends on the health
status of the individual – malnutrition and dehydration
are likely to increase sensitivity to pesticides.

The increased formation of reactive oxygen and
nitrogen species result in an increase in lipid peroxidation
in several tissues mainly the brain, skeletal muscle and
red blood cells (RBC) and depleted antioxidant status
were reported in several studies of various pesticide-
exposed populations (Dave 1998, WHO/UNEP 1990).
The pesticides may irritate lung macrophages,
encouraging them to generate the superoxide radicals
and deplete antioxidants status. Therefore, in this study
we have planned to see the oxidative stress and anti-
oxidant status of sprayers of grape gardens. To achieve
our aim, we have measured serum lipid peroxide,
erythrocytes superoxide dismutase, catalase, plasma
ceruloplasmin, serum glutathione S-transferase. We also
measured serum zinc, and copper levels. 

Methods

This study comprises 60 subjects with occupational
pesticides exposure i.e. sprayers of grape gardens
(study group) and 30 normal healthy subjects, who
were not exposed to pesticides (control group). All the
study group subjects were in the age range of 20 to 45
years and were taken from Tasgaon Taluka, District
Sangli (Western Maharashtra) India. The age-matched
normal healthy control subjects working in fields but
not performing spraying activities and did not have any
kind of pesticide exposure were taken from the same
area. Prior to data and biological specimen collection,
sprayers of grape gardens were informed on the study
objectives and health hazards of pesticides exposure,
precautions to reduce pesticides exposure and written
consent was obtained from all sprayers and control
subjects. Demographic, occupational and clinical data
were collected using questionnaires and interviews. All
the subjects of the study and control groups belong
agricultural families with similar socio-economic status.
None of the subjects had a past history of major illness.

Dietary intake and food habits of all subjects were
normal, which was confirmed periodically by checking
their tiffins during their lunch. It was also verified that
they had their routine breakfast and dinner. Out of the
60 study group subjects 40% had completed their
primary school, 50% had passed high school and 10%
attended higher education institutions. Control
subjects were selected to provide a similar educational
distribution. Subjects who were found to be on drugs
for minor illnesses were excluded. Non-smokers, non-
alcoholic healthy males, who were occupationally
exposed to various pesticides ie sprayers of grape
gardens for more than five to 15 years duration of
exposure were selected. The study group subjects were
engaged continuously four to five hours daily for
spraying pesticides in the months of October to
January. Blood samples of these subjects were
collected in the month of January, because sprayers of
grape gardens are most exposed to pesticides at this
time of year. The entire experimental protocol was
approved by the institutional ethical committee, and
utmost care was taken during the experimental
procedure according to the Helsinki declaration of
1964. Blood samples were collected by puncturing the
anticubital vein into evacuated tubes containing
heparin solution as anti-coagulant. 

Lipid peroxidation was measured spectrophotometrically
by method of Satoh (1978). Serum proteins were
precipitated by trichloroacetic acid (TCA) and the mixture
was heated for 30 min with thiobarbituric acid in 2M
sodium sulfate, in a boiling water bath. The resulting
chromogen was extracted with n-butyl alcohol and the
absorbance of the organic phase was determined at a
wavelength of 530nm. The values were expressed in
terms of malondialdehyde (MDA) nmol mL–1 using 1, 1, 3,
3, tetraethoxy propane as the standard. 

The activity of erythrocyte superoxide dismutase (SOD)
was measured by the method Marklund and Marklund
(1988). Superoxide anion is involved in the auto-
oxidation of pyrogallol at alkaline pH 8.5. The superoxide
dismutase inhibits the autoxidation of pyrogallol, which
can be determined as an increase in absorbance per two
minutes at 420 nm. The SOD activity was measured as
units mL–1 hemolysate. One unit of superoxide dismutase
is defined as the amount of enzyme required to cause
50% inhibition of pyrogllol auto-oxidation. 

Erythrocyte catalase was measured by the method of
Aebi (1983). Heparinized blood was centrifuged and
plasma was removed, and the erythrocytes were washed
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2-3 times with 0.9% NaCl and then lysed in 10 volumes
of cold deionized water. The whole mixture was
centrifuged for 10 min at 3,000 x g. The cell debris was
removed and the clear hemolysate was diluted 500 times
with phosphate buffer (60 mM) pH 7.4. Catalase
decomposes H2O2 to form water and molecular oxygen.
In the UV range, H2O2 show a continual increase in the
absorption with decreasing wavelength. At 240 nm, H2O2

absorbs maximum light. When H2O2 is decomposed by
catalase, then the absorbance decreases. The decreased
absorbance was measured at 240nm for every 15
seconds interval up to 1 min and the difference in
absorbance (�A at 240 nm) per unit time is a measure of
the catalase activity. The unit of catalase activity was
expressed as mM of H2O2 decomposed /mg Hb min–1. 

Plasma ceruloplasmin was measured by the method of
Herbert and Ravin (1961). Ceruloplasmin oxidises P-
phenylenediamine in the presence of oxygen to form a
purple-colored oxidised product. The ceruloplasmin

concentration was determined from the rate of oxidation
of P-phenylenediamine at 37°C at pH 6.0, which has an
absorption peak at 530 nm. 

Serum Glutathione S-Transferase (GST) was measured by
using the Habig et al. (1974) method. The GST activity
was determined by measuring the conjugation of 1-
chloro-2, 4-dinitrobenzene (CDNB) with reduced
glutathione. The conjugation was accompanied by an
increase in absorbance at 340nm. The rate of increase is
directly proportional to the GST activity in the sample.
The serum zinc and copper were measured using a
Perkins Elmer model 303 graphite furnace atomic
absorption spectrophotometer, which was connected to
an Hitachi 165 recorder; values were shown in μg dL–1

(Mert and Henkin, 1971).

Results

See Table 1.0 and Figure 1.0 below.

Oxidative stress and antioxidants status of occupational pesticides exposed sprayers of grape

gardens of Western Maharashtra (India)

Sr. No. Parameters Control Group
N = 30

Study Group
N = 60

A
Lipid peroxide (LP) 

[nmol/ml of MDA]

2.39 ± 0.57

(1.68 – 4.50)

3.30 ± 0.58***

(2.27 – 6.17) 

B Antioxidants Status

1
RBC- Superoxide dismutase (SOD)

[Unit/ml of hemolysate]

13.11 ± 2.18

(7.89 - 16.93)

9.96 ± 1.58***

(5.79 – 16.23)

2
RBC – Catalase (CAT)

(mM H2O2 decom/mg Hb/min) 

14.02 ± 2.96

(8.25 – 20.23) 

8.45 ± 3.81***

(4.23 – 21.13)

3
Plasma Ceruloplasmin (CP) [mg/dl] 77.57 ± 13.82

(28.36 – 98.60) 

69.05 ± 16.81*

(27.91 – 93.54)

4
Glutathione S-transferase (GST) a 0.054 ± 0.032

(0.019 – 0.158)

0.099 ± 0.058**

(0.020 – 0.271)

C Trace elements

1
Serum Zinc (Zn) [μg/dl] 89.80 ±  9.01

(74 – 117) 

81.66 ± 13.73*

(54 – 115)

2
Serum Copper (Cu) [μg/dl] 87.46 ± 10.81

(60 – 110)

82.76 ± 16.51**

(51 – 130)

Table 1.0
Mean values of
lipid peroxide,
antioxidants,
enzymes and trace
elements in
sprayers of grape
gardens and control
groups.

a μmol of conjugate formed/min/mg of protein. 
Figures indicate Mean ± SD values and those in parenthesis are range of values.
* P < 0.05,   ** P < 0.01,   *** P < 0.001.
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Discussion

In this study, we have estimated serum lipid peroxide
from 60 sprayers of grape gardens and found
statistically significantly increased P < 0.001 (38.07%)
as compared to the control group. Increased lipid
peroxide level in this study might be caused by various
pesticides used in grape gardens. The commonly used
pesticides are basathrin, nuvan, nuvacron, dimethoat,
phosphamidon, endosulfan, carbaryl, cypermethrin,
monocrotophos, and methomyl in Western Maharashtra
(India). Most of the sprayers of grape gardens had major
complaints of lacrimation, nausea, salivation, snuffling,
headache, breathlessness, itching and vomiting.

The role of oxygen free radicals (OFR) has been well
established in many chronic disorders, the significance of
the implication of OFR in an acute condition like organo-
phosphate (OP) poisoning in sprayers of grape gardens
has not been investigated so far. Reactive oxygen
species (ROS) are implicated as important pathological
mediators in many disorders. Lipid peroxidation
constitutes a complex chain reaction of free radicals,
which leads to a degradation of polyunsaturated fatty
acid in cell membrane (Halliwell and Gutteridge 1986).
Present study reveals that the various pesticides increase

lipid peroxidation by increasing MDA concentration in
plasma of sprayers of grape gardens. Increased plasma
MDA concentration in this study definitely accompanied
by increased ROS formation. Consequently, enhanced lipid
peroxidation, and alteration of antioxidant defence system
occurred. Increased lipid peroxide level owing to exposure
of OP and carbamate pesticides were reported in several
studies (Daves 1998; WHO, 1992, 1993; Patil et al., 2003;
Pawar et al., 1978; Prakasam et al., 2001). Moreover, OP,
carbamate and endrin increased lipid peroxidation in both
liver and kidneys in experimental animals (Pawar et al.,
1978). Endosulfan administration also results in a
change in membrane permeability of erythrocytes and
blood glutathione level (Khanna, et al., 1982). 

Pesticides have been shown to initiate peroxidation of
lipids in biological membranes (Koryagin et al., 2002;
John et al., 2001). In erythrocytes, organophosphate has
shown to produce morphological changes that are
associated with increased lipid peroxidation (John et al.,
2001; Thapar et al., 2002; Altuntas et al., 2002). The
effect of lipid peroxidation on membrane lipids,
membrane receptors and membrane-bound enzymes
can alter the function, structure and fluidity of
membranes and may result in altered ion flux (Halliwell
et al., 1993). Generation of oxidative stress and
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Figure 1.0
Percentage change
of mean values of
lipid peroxide,
antioxidants
enzymes and trace
elements of
sprayers of grape
gardens with
respect to control
group.

Lipid Peroxide (LP), RBC – Superoxide dismutase (SOD), RBC – Catalase (CAT), Plasma Ceruloplasmin (CP), 
Glutathione S-transferase (GST), Serum Zinc (Zn), Serum Copper (Cu).
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consequent lipid peroxidation by pesticides reported in
rat and human brain (Verma, and Srivastava et al., 2001;
Ranjbar et al., 2002). Increased lipid peroxide levels in
sprayers of grape gardens are supported by earlier
pesticides exposure studies.

Erythrocytes SOD activity was significantly decreased P <
0.001, (24%) in the study group as compared to the
control group. Earlier studies in animals have also shown
that pesticides such as paraquat, 2,4-D, and endosulfan
can inhibit the activity of erythrocyte-SOD and induce
oxidative stress in hepatocytes as well as in the central
nervous system (Bebe et al., 2003; Yamano et al., 1992;
Julka et al., 1992). Moreover, current research indicates
that many widely used agricultural chemicals induce
oxidative damage in various systems of the body such as
in dopaminergic cells of the brain by modulating the
antioxidant defence system (Barlow et al., 2005). 

The pesticides may irritate lung macrophages,
encouraging them to generate the superoxide radical.
Pesticides may be more active to an oxygen free radical
that re-oxidises to make superoxide, the pesticide may
itself be a free radical, or they may deplete antioxidant
defences. The overall effect is the production of more
free radicals. The superoxide dismutase, glutathione
peroxides and glutathione reductase decreased, owing
to consumption of enzymes to neutralise free radicals
generated by pesticides (Amer et al., 2002).

In the present study, RBC-SOD activity was slightly,
though significantly, inhibited in the sprayers of grape
gardens. However, it is unclear whether the pesticides or
their reactive metabolites suppressed SOD activity.
Decreased SOD activity might be caused by the
decreased serum zinc and copper levels, since SOD is a Zn-
Cu containing enzyme. In this study, we found
significantly decreased serum zinc P<0.05, (9%) and
copper P<0.01, (5%) in sprayers of grape gardens as
compared to the control group. Since SOD is known to be
an enzyme induced by its superoxide radical substrate,
decreased activities indicates more generation of
superoxide radicals in sprayers of grape gardens. Initially,
SOD activity may be increased, but owing to prolonged
exposure to pesticides, decreased SOD activity was
observed in this study. 

Erythrocytes catalase activity was significantly
decreased P<0.001 (39.72%) in sprayers of grape
gardens as compared to control group. Catalase activity
in erythrocytes may be explained by their influence on
hydrogen peroxide as substrate, which is formed in the

process of dismutation of superoxide anion radicals
(Shaikh et al., 1999). As catalase is a heme containing
enzyme and the fact that pesticides inhibit �-ALAD
activities (Panemangalore and Byers, 1995), which is
involved in heme synthesis, it is obvious that pesticides
are responsible for the decrease in catalase activity in
RBC. Therefore, decreased erythrocytes catalase might
be caused by more generation of H2O2 or decreased
heme synthesis by the pesticides in this study.  

Plasma ceruloplasmin levels were slightly decreased P <
0.05, (10.98%) in sprayers of grape gardens as
compared to the controls. Ceruloplasmin is a multi-
functional enzyme which performs many physiological
functions. Ceruloplasmin plays an important regulatory
role in iron metabolism whereby it assists the release of
iron from cells prior to its uptake by transferrin (Osaki et
al., 1971). Ceruloplasmin converts Fe2+ � Fe3+ + e- and
removes Fe2+ from the blood that may otherwise become
involved in the generation of harmful reactive oxygen
species. Further, the reduction of Fe3+ to Fe2+ by O2

•-

would provide a mechanism for the scavenging of O2
•-.

The physiological significance of such a mechanism
would, of course, be determined by the availability of iron
and the relative activities of SOD and ceruloplasmin. SOD
is involved first for scavenging the O2

•-, and then
ceruloplasmin might be involved. Therefore, decreased
plasma ceruloplasmin in sprayers of grape gardens might
be caused by more generation O2

•- by various pesticides.

Serum glutathione-S-transferase activity was
significantly increased P< 0.01 (80.5%) in sprayers of
grape gardens as compared to the control group.
Glutathione-S-transferases are a major family of
detoxifying enzymes that catalyze the conjugation of
GSH with electophilic centres of lipophilic substrates,
thereby increasing its solubility and aiding their excretion
from the body (Vontas et al., 2001). Increased GST in
this study indicates that the OP and carbamate
pesticides are mainly metabolised in the liver and
excreted as a conjugate of GSH by the reaction
catalysed by GST. A pronounced increase (131%) in the
activity of GST was observed in animals chronically
exposed to carbofuran (Kaur et al., 2006). Glutathione is
a ubiquitous tripeptide that plays a significant role in
oxidation-reduction reactions, amino acid transport,
detoxification of electrophiles and metals, metabolites
of xenobiotics and many carcinogens. Glutathione (GSH)
is an endogenous thiol antioxidant that has a
multifaceted role in xenobiotic metabolism and is a first
line of defence against oxidant-mediated cell injury
(Sies, 1999). Studies in animal models suggest that

Oxidative stress and antioxidants status of occupational pesticides exposed sprayers of grape

gardens of Western Maharashtra (India)



86 Journal of Environmental Health Research | Volume 9 Issue 2

Amer M, Metwalli M and El-Magd Y (2002). Skin
disease and enzymatic antioxidants activity among
workers exposed to pesticides. Eastern Mediterranean
Health Journal. 8, 2 & 3.

Barlow B K, Lee D W, Cory-Slechta D A and
Opanshuk L (2005). Modulation of antioxidant
defence system by the environmental pesticide maneb
in dopaminergic cells. Neurotoxicol. 26, 63-75.

Bebe F N and Panemangalore M (2003). Exposure
to low doses of endosulfan and chlorpyriphos modifies
endogenous antioxidants in tissues of rats. J.Env. Sci.
Health. 38, 349-363. 

Cereser C, Boget S, Parvaz P and Revol A (2001).
Thiram induced cytotoxicity is accompanied by a rapid
and drastic oxidation of reduced glutathione with
consecutive lipid peroxidation and cell death.
Toxicology. 163, 62-153.

Dave S K (1998). Occupational health services for
agriculture workers. Indian J. Occup. Environ. Med. 2,
96-111.

Habig W, Pabst M and Jakoby W (1974).
Glutathione S-Transferase. The first enzymatic steps in
mercapturic acid formation. J. Biol. Chem. 249, 7130-
7139. 

Halliwell B and Chirico S (1993). Lipid peroxidation:
its mechanism, measurement and significance. Am. J.
Clin. Nutr. 57, 715-725.

Halliwell B and Gutteridge J M C (1986). Oxygen
free radicals and iron in relation to biology and
medicine: some problem and concepts. Arch. Biochem.
Biophys. 246, 501-514. 

Helsinki Declaration (1964). Amended by World
Medical Assembly, Venice, Italy, 1983. Br Med J 1996;
313 (70):1448-1449.

Herbert A, Ravin J (1961). An improved colorimetric
Enzymatic Assay of Ceruloplasmin. Lab. and Clin.
Med. 161.

John S, Kale M, Rathore N and Bhatnagar D
(2001). Protective effect of vitamin E in dimethoate
and malathion induced oxidative stress in rat
erythrocytes. J. Nutr. Biochem. 12, 500-504.

many synthetic organophosphates and organochlorines
such as endosulfan and chloryriphos modify the
concentrations of GSH (Bebe et al., 2003). The levels of
GSH showed a drastic reduction (76%) after acute
carbofuran exposure (Cereser et al., 2001). Reduced
glutathione is one of the most potent biological
molecules that affects the scavenging function in the
system. Glutathione together with glutathione
dependent systems, glutathione peroxidase (GSH-Px),
glutathione-S-transferase, catalase, and superoxide
dismutase efficiently scavenge toxic free radicals
(Reddy et al., 1984). 

Conclusion 

This study suggests that pesticides such as basathrin,
nuvan, nuvacron, dimethoat, phosphamidon, endosulfan,
carbaryl, cypermethrin, monocrotophos, and methomyl
cause an imbalance of pro-oxidant/antioxidant status in
sprayers of grape gardens from Western Maharashtra
(India). This is associated with increased lipid peroxidation
with decreased erythrocyte SOD, catalase, plasma
ceruloplasmin, zinc, copper and increased glutathione s-
transferase activities. 

The potential risk of pesticides toxicity will persist unless
safety measures are taken by the grape gardens owners.
The sprayers of grape gardens should use proper
protective devices while spraying the pesticides on grape
gardens to reduce the pesticides exposure, and regular
monitoring is essential to avoid further ill effects through
pesticides exposure.
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Figure 1.0
Dengue cases
reported in
Malaysia for year
2000-2005.

Abstract

Dengue fever over the last 40 years has become one of the
most serious epidemic diseases in Malaysia. In 2005, the
number of dengue cases increased dramatically and it
became the worst epidemic in the nation’s history.
Recently, remote sensing and Geographic Information
System (GIS) technologies have provided an alternative
potential tool for infectious disease surveillance and the
control of many types of vector borne diseases. In this
study, these technologies were used for the surveillance of
infectious diseases particularly on a possible dengue
outbreak that had been initiated in 2003. The selected
study area was Subang Jaya, an area of rapid urbanisation
located about 20 km from Kuala Lumpur. The aim was to
identify high risk areas for a dengue outbreak using remote
sensing and related datasets in a GIS database. The
weighted overlays function was used in the analysis and
the modeling process to identify the dengue risk areas. 

The environmental factors derived from remote sensing
data include land cover/use, topography, Land Surface
Temperature (LST) and Normalised Difference
Vegetation Index (NDVI), temperature, population
density and clinical data of dengue cases collected from
various agencies. The results showed that the high risk
areas for dengue outbreak were associated with areas of
high population density, topographically low land areas
and high land surface temperatures (LST). Most of the
victims were in residential and commercial areas near
construction sites and epidemics usually emerged after
days of heavy rainfall followed by high temperature. The
environmental factors identified from remote sensing
data provide sound indicators of areas that are
susceptible to dengue outbreaks and provide the dengue
distribution pattern in the study area.

Key words: Dengue outbreak; environmental health;
environmental factors; Graphical Information Systems;
GIS; remote sensing.

Introduction

Dengue fever has been epidemic in Malaysia since the
early 1970s and the number of cases has continued to
rise, especially in the late 20th century. Outbreaks usually
happen during the rainy season especially when
temperatures are high. Barbazan et al., (2002) found two
main patterns, which might describe the fluctuations of
Dengue Haemorrhagic Fever (DHF) incidences. In a cyclic
pattern, incidences of dengue are high during the annually
hot and rainy season and this corresponds to seasonal
variations of transmission. A non-cyclic pattern shows
increases of DHF cases for a variable duration separated
by periods of fewer cases lasting two to five years.

It is a challenge for the public health system in Malaysia
to make sure an epidemic of this scale does not reoccur.
The Malaysian Ministry of Health has reported that the
high incidence of dengue in this country was probably
owing to an increase in potential mosquito breeding
places such as construction sites, clogged drains and
accumulated rubbish heaps. The number of construction
areas may influence the increase of dengue cases in
urban areas. The incidence of dengue is greatest in
developed states with a high population density, rapid
development and many construction sites.

According to the World Health Organization (WHO,
1997) the interactions between temperature and rainfall
are important as determinants in a dengue transmission,
as cooler temperatures affect the survival of adult

Distribution pattern of a dengue fever outbreak using GIS
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mosquitoes, thus influencing transmission rates.
Furthermore, rainfall and temperature may affect
patterns of mosquitoes feeding and reproduction, and
hence the population density of vector mosquitoes. 

Previous studies have identified a number of key factors
that contribute to a dengue outbreak. WHO (1997)
mentioned that in areas of high human population
density, many people might be exposed, even if the
mosquito house index shows a low-density value (low
mosquito numbers). Distances between houses may
thus be of an epidemiological significance, especially in
densely packed housing areas. The intensity of dengue
transmission varies with the population density of the
vectors present, the numbers of non-immunised people
and the number of individuals ill with the disease. 

The aims of this study are (i) to identify the
environmental factors that contribute to the dengue
outbreak using remote sensing data; (ii) to correlate the
identified environmental factors with dengue occurrence
pattern; and (iii) to predict potential high risk areas for a
dengue outbreak.

Remote sensing and GIS

Recent advances in remote sensing technology have
provided crucial information on Dengue transmission.
Remote sensing provides up to date information on soil
moisture, vegetation type, land cover/use, urban
planning, crop monitoring, forestry, water and air quality
that influence the vector borne disease occurrences.
Maynard (2002) found that many of the environmental
factors connected to the public health issues are
observable through remote sensing, such as air and
water quality, thermal extremes, ultraviolet radiation,
oceanic harmful algal blooms, as well as
pollutant/pathogen transport and deposition via the
atmosphere, oceans, ice and rivers. The application of
remote sensing together with GIS in health studies has
increased especially in the monitoring, surveillance or risk
mapping of vector-borne diseases. Most of these studies
used remote sensing data to explore the environmental
factors that might be associated with disease-vector
habitats and human transmission risk.

A Geographic Information System (GIS) is a computer-
aided database management and mapping technology
that acquires, organises stores and integrates large
amounts of multi-purpose information from different
sources, programmes and sectors. GIS adds the dimension
of geographic analysis to information technology by

providing an interface between the data and a map.  Tasks
such as temporal modelling of climate changes,
environmental degradation, disease transmission and
other factors relevant to an outbreak can then be easily
analysed. This provides rapid information to key decision-
makers quickly, efficiently and effectively.

Methodology

The methodology used in this study comprised five
major parts; data acquisition, pre-processing, processing,
creating a GIS database and spatial analysis and
modeling. Satellite data of IKONOS, SPOT, Radarsat and
Landsat-TM were processed and analysed to produce
information on landcover/landuse changes, Land
Surface Temperature (LST), Normalised Difference
Vegetation Index (NDVI), and Digital Elevation Model
(DEM).  Environmental factors such as rainfall,
temperature, population density and clinical data of
dengue cases were integrated into the GIS database.
This data was then correlated  using the GIS spatial
analysis, Weighted Overlay function and modeling
techniques in order to identify potential high risk areas
for a dengue outbreak.  The Weighted Overlay function
is a technique for applying a common measurement
scale of values to diverse and dissimilar inputs in order to
create an integrated analysis.

Study area

Subang Jaya is a district in the state of Selangor with an
area size of 181 km2. It is located from from 3° 05’ 48.74”
N  101° 33’ 02.39” E to 2° 58’ 22.93” N  101° 44’ 39.69” E.
The Subang Jaya Municipality was selected as the study
area because of the high occurrence of dengue disease in
that area. It is surrounded by areas of rapid development
and has a high population density ratio of 437,121 per km2

(Population and Housing Census of Malaysia 2000).

Environmental parameters

The first major phase of the data collection was to
identify the environmental factors, which had
significantly influenced the dengue distribution pattern
(e.g. land use, slope, vegetated or non vegetated areas
and housing types). All of the environmental data was
generated from remote sensing data. This technique has
been tested successfully by Connor et al., (1996)

Four environmental parameters were identified (land
use, NDVI of vegetated and nonvegetated areas, LST
and population density).
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Land use map
The land use map was derived from IKONOS (1 meter
spatial resolution) imagery using supervised
classification. It was classified into nine classes, which
includes cleared land, construction, and industrial,
commercial, recreational, residential, green area,
oxidation pond and water body.

Normalised Difference Vegetation Index (NDVI)
The NDVI map was derived from the Landsat-TM image
by using the visible and near infra-red bands. NDVI
information was used to differentiate vegetated areas
from non-vegetated areas. Topographical information
was used to indicate low land areas, which were prone to
forming stagnant water pools. These stagnant water
pools could provide suitable mosquito breeding sites. To
detect such topographical high or low land areas,
satellite radar data was used to generate a Digital
Elevation Model (DEM) of the study area. 

Land Surface Temperature (LST)
Land Surface Temperature (LST) information was
derived from the Landsat-TM dataset using the thermal
band (band 6) that has the radiance value of the land
surface. Band 6 is converted into radiance with the
following formulae (NASA, 2003):

L� = “ gain” * QCAL + “offset”

This is also expressed as:

L� = (LMAX� – LMIN * (QCAL–QCALMIN) + LMIN�
(QCALMAX – QCALMIN)

The spectral radiance was converted into satellite
temperature brightness using the following relationship. 

T = K2 / 1n (K1 / L� + 1)

Where: 
T = Effective at satellite temperature in Kelvin
K2 = 1282.71 Kelvin
K1 = 666.09 watts/ (metre squared * ster *  μm)
L = Spectral radiance in watts 

/ ( metre squared * ster * μm)

Epidemiological data: 
The second phase involves data collection on dengue
incidence cases of the year 2006 from MPSJ and the
Malaysian Ministry of Health. Sample cases with detailed
information such as name, gender, address, serology
status, date admitted in hospital and so on were included

in the analysis. This data included information about all the
suspected and confirmed DF/DHF cases reported during
the year 2006 in the MPSJ district. Data on population
density was obtained from the Statistical Department.

Data Analysis: 
Each of the four variables was tested using the weighted
overlay function technique in the ArcGIS software. This
technique is usually used for applying a common
measurement scale of values to diverse and dissimilar
inputs in order to create an integrated analysis. The priority
value was ranked as low, medium and high (1 to 3) for each
variable. A low value means the sub variable had a low
intensity influence; a medium value equated to a greater
risk influence to the outbreak and a high value equated to a
very significant influence on the dengue outbreak pattern.
The detailed weighting values for all four environmental
variables that were identified as an indicator factor of
dengue outbreak are presented in Table 1.0.

For the information obtained, the following algorithm
was used to develop the dengue risk zone from each
environmental indicator as shown below.

Dengue Risk Zone

(Land use (A)) + (Population Density (B)) + (NDVI
(C)) + (LST (D))

Results and discussion

This study found that areas at a high risk of having a
dengue outbreak could be identified through the
integration of environmental factors derived from
remote sensing with other data from GIS analysis and
modeling. The weighted overlay function was chosen to
create the risk area map. The following sections provide
a detailed analysis of the impact of each variable: 

The correlation of environmental factors to
dengue distribution 

Land cover and land use classification
Figure 2.0 shows the land cover and land use information
obtained from the IKONOS (1m resolution) images. From
the classification result, it was found that most cases
occurred in urban areas, followed by mixed horticulture
areas and   some in construction areas. Just a few cases
were reported in the industrial and forested areas.
The reason why dengue cases occur mostly in urban
areas can be explained by a number of factors.  For an
urban area, proper infrastructure such as a good
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drainage system is very important.  A poor drainage
system will create pools of stagnant water, which are
suitable breeding grounds for mosquitoes. The same
problem occurs in construction areas and squatter areas.
In areas with a high population density (such as flats,
apartments and condominiums), the population density
per square metre is high.  As a result dengue transmission
can and will occur rapidly.  

Dengue fever had also been reported in low-density
areas (such as high class residential areas and small
housing estates).  This has been attributed to the fact
that as most people like to create mini landscapes or
gardens with ponds in their compounds, the ponds can
become suitable breeding grounds for mosquito
whenever proper preventive methods are not taken.
Other areas that also have reported cases of dengue

outbreak are areas that are not cleanly maintained,
areas that have been left idle, areas with rapid
development and areas having temporary structures. 

Land surface temperature (LST)
The temperature profile of the land surface over the
study area is shown on the LST map in Figure 3.0 which
was derived from the Landsat TM thermal band
(channel 6). The areas with high levels of LST (in red)
can be correlated to urban areas, while the white area
equate to either a vegetated area or a water body. The
LST map shows that the temperature ranges from
21.0ºC to 30.0ºC. Most of the reported dengue cases
occurred in the areas with a temperature range from
between 25.0ºC to 30.0ºC. This temperature range is
very conducive to the mosquito breeding cycle as an
increase in the number of times that the mosquito

No. Environmental Risk Indicator Risk Score
(Score of 1 equates to low risk 

and score of 3 to high risk)

1 Land use Cleared land (A1) 1

Construction (A2) 3

Industrial (A3) 2

Commercial (A4) 2

Residential (A5) 3

Recreational (A6) 2

Green area (A7) 1

Oxidation pond (A8) 1

Water body (A9) 1

2 Population density Very low (B1) 1

Low (B2) 1

Medium (B3) 2

High (B4) 3

Very high (B5) 3

3 NDVI (C) Vegetation area (C1) 1

Non vegetation area (C2) 2

4 LST (D) Low (D1) 1

Medium (D2) 2

High (D3) 3

Table 1.0
The Weighting
value for
Environmental Risk
Indicator
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breeds will also increase the likelihood of the emergence
of the dengue outbreak.

Normalised Difference Vegetation Index (NDVI):
NDVI is usually used to derive the vegetation index
from satellite images.  For this study, it was used to
identify the green areas over the study area. Figure
4.0 shows that the range of NDVI values in the study
area are between 21 and 218. Built-up areas are
shown in white, while the green areas refers to the
vegetation density of an area. This study found that
the vegetation density (‘greenness’) of an area was
not a major factor in influencing the number of
dengue incidences.

The relationship between other ancillary data
with the dengue incidence

Analysis of dengue incidence with population density
Population density in any urban area is another factor that
has to be taken into account in preventing an outbreak of
dengue fever. Therefore in this study we used IKONOS
images to determine areas with a dense population in the
district of Subang Jaya. These areas have their own unique
characteristics that are easily identifiable and can be
located visually. Population data was also used to verify
the result. A densely populated area stands a higher
chance of experiencing a dengue outbreak even if the
mosquito house index in that area is low.  This is because

Figure 2.0
Land cover vs.
dengue cases of
Subang Jaya

Figure 3.0
The distribution of
Land Surface
Temperature from
Landsat TM.



94 Journal of Environmental Health Research | Volume 9 Issue 2

the Aedes aegypti mosquito does not have to travel far to
search for its victims. Therefore an outbreak of dengue
fever can and will be able to spread rapidly in such an area. 

Identification of Dengue High Risk Areas in 
Subang Jaya
Identification of areas with a high risk of having a
dengue outbreak requires the input of the above stated
parameters for this analysis.  The analysis results of the
parameters were then given a specific priority value
based on the requirements of this study.  The priority
values were ranked as ‘low’, ‘medium”, ‘high’ and ‘very
high’. The contribution of the these values in every
spatial layer were given a value between 1 (low) to 4
(very high), where a value of 1 means a very low

contribution while a value of 4 means a very high
contribution to the dengue outbreak.  Areas with the
highest score can then be identified as being areas with
a very high risk of having a dengue outbreak.

The potentially high risk areas for the occurrence of
dengue incidences over the study area are shown in
Figure 6.0. Reported dengue cases data obtained from
MPSJ was used to verify the above result. The identified
‘very high risk’ areas are Seri Serdang, Seri Kembangan
and USJ.  The result shows a strong correlation between
locations of reported dengue cases with the potential
high risk area map, which was created based on
environmental factors used to identify dengue
outbreak risk areas.

Figure 4.0
Normalised
Difference
Vegetation Index
(NDVI) map

Figure 5.0
Population density
map of Subang
Jaya

C D Nazri, I Rodziah and A Hashim
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Conclusions

� Remote sensing satellite data such as Landsat TM,
SPOT, Radarsat and IKONOS are capable of providing
information on the environmental factors: land
cover/use, land surface temperature (LST), NDVI and
topography, which are influential to a dengue
outbreak. The high risk areas for a dengue outbreak
are significantly correlated with environmental
factors obtained from remote sensing data which
were then integrated with rainfall, temperature,
humidity and population density data. 

� The study found that most of the victims were staying
in the densely populated commercial areas near the
construction sites, which were located at
topographically low land areas with surrounding high
values of land surface temperature (LST). The epidemic
normally occurred in these types of areas after days of
heavy rainfall followed by high temperature. 

� Remote sensing and GIS technologies were found to
be an important tool for the effective surveillance
and prediction of the dengue outbreak in order to
reduce the number of dengue cases. GIS analysis has
the ability to model a risk map of dengue distribution
through the use of the weighted overlay function,
which enabled the users to easily identify high risk
areas in a short time period.  This initial finding
points the way to the wider application of this
technology by the relevant authorities to improve
monitoring of potential future dengue outbreaks.
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Abstract

Glazed ceramic tiles are known to be slippery when wet
and many surface treatments are offered on the market
to improve their slip resistance. Surprisingly, there are
very few systematic investigations of the impact of these
surface treatments on the slip resistance and surface
properties of these tiles. Among the most common
treatments are those based on hydrofluoric acid and
those based on ammonium bifluoride. In this
investigation, these two treatments were applied to
glazed ceramic tiles and the impact on the mass loss,
resistance to abrasive wear, average roughness, gloss,
ease of maintenance, dry and wet friction and
aquaplaning threshold was evaluated. 

Scanning electron microscopy of the treated glaze
suggests that the hydrofluoric acid treatment dissolves part
of the glaze and leaves holes at the surface while the
ammonium bifluoride treatment leaves a layer of
submicron particles on top of the glaze. The glaze treated
with hydrofluoric acid is more fragile and sensitive to
abrasive and maintenance wear than the untreated tiles.
The layer of submicron particles does not adhere strongly
to the glaze and it wears out quite easily. The microscopic
changes at the surface of glazed tiles have little impact on
the average roughness but they slightly increase the slip
resistance of the treated tiles. However, the treatments also
reduce the gloss and make the tiles more difficult to clean.

Key words: Bifluoride; chemical etch; environmental
health; fluorhydric acid; friction; glazed ceramic tiles; slips
and falls; slippery floors.

Introduction

Smooth glazed ceramic tiles are known to be slippery
when wet. For instance, Cholet et al., (2000) investigated
the friction of different flooring using various apparatus
and the friction of the smooth and glazed ceramic tiles
was always among the lowest. Even so, glazed ceramic
tiles are still found in bathrooms, kitchens and halls
where they are likely to become wet and slippery. When
slips and falls occur, the owners usually prefer to apply a
treatment on their slippery floor because it is less
expensive than replacing it by non slippery tiles. Many
options, including chemical treatments based on either
hydrofluoric acid, HF, or ammonium bifluoride, ABF, are
offered on the market.

It was suggested by Chang et al., (2001) that friction
depends not only on the macroscopic texture of a

surface but also on its microscopic texture. In the UK,
HSL (Lemon and Worth, 2008) has developed a ‘slip
assessment tool’ based on the measurement of surface
micro-roughness. Interestingly, most manufacturers of
the chemical treatments claim that their product
generates roughness at the micro-level. Surprisingly,
there are very few investigations of the impact of these
chemical treatments on the slip resistance and
roughness of glazed ceramic tiles.

Grönqvist et al., (1992, 2003) reported a significant
increase of the wet friction of a glazed ceramic tile after
a treatment with a solution of ammonium bifluoride at
5% in water. The increase in wet friction was
accompanied by an increase of the micro-roughness.

Bowman et al., (2002) report friction measurements
with various methods on a polished porcelain tile treated
with a “proprietary floor surface etching treatment” but
the chemical nature of the treatment and the
application procedure are not described. They observed
a significant loss of gloss and that “the SATRA STM 103,
Pendulum and wet barefoot ramp tests were all able to
determine an improvement in the slip resistance of the
etched polished porcelain tile. The VIT and oil-wet ramp
tests were unable to detect an improvement”. They also
mention that these conclusions are contrary to those of
Di Pilla (2000) who used the same VIT to emphasise the
improvement of the wet friction of glazed ceramic tiles
treated with various products.

In Di Pilla’s study (2000), the surface treatment was
applied by the vendors and the nature and the
application procedure of these treatments are not given.
Nevertheless, they find that some treatments drastically
improve the wet friction of glazed ceramic tiles while
others have little or no effects. However, they also
mention that “there appeared to be low correlation
between product claims and the efficacy of the product”.
Di Pilla (2000) finally concludes that “more work needs
to be done in evaluating the efficacy of these products”.

These results, sometimes contradictory, raise some
questions on the efficacy of chemical treatments to
improve the slip resistance of glazed ceramic tiles.
Moreover, they do not answer the questions related to
the impact of these treatments on the resistance to
wear, the roughness, the gloss and the ease of
maintenance of the treated tiles. In this investigation,
we present a systematic investigation of the impact of
hydrofluoric acid and ammonium bifluoride treatments
on the surface properties of glazed ceramic tiles.

The impact of chemical treatments on the wear, gloss, roughness,
maintenance, and slipperiness of glazed ceramic tiles
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Chemical treatments and tiles tested

All the experiments described in this article were
performed in our laboratory using glazed ceramic tiles
and chemical treatments available commercially. Two
types of chemical treatment were tested. The first one
contains hydrofluoric acid in an aqueous surfactant
solution and the second contains ammonium bifluoride
in a surfactant solution. For comparison purposes, some
tiles were treated with either water or a neutralised
solution of the hydrofluoric acid treatment.

Hydrofluoric acid treatment, HF
Titration with sodium hydroxide confirms the presence
of 17.2 % (w/w) of HF in the commercial product. As
indicated on the label, the treatment was performed
with a solution consisting of one part of the product and
one part of tap water, resulting in a solution containing
8.6% HF. That solution was applied on the surface of the
glazed ceramic tiles (~ 400 ml/m2) and scrubbed gently
with a piece of red floor pad to maintain the surface wet
for the duration of the treatment (20 minutes). After the
treatment, the tiles were rinsed thoroughly under
running water, without any neutralisation, and dried at
room temperature. The tiles treated in that manner are
referred to as HF tiles.

Ammonium bifluoride, ABF
The glazed ceramic tiles were treated with two
commercial products containing ammonium bifluoride.
The results were very similar and they are combined
without distinction in this investigation. Assuming that 2
moles of sodium hydroxide (NaOH) are required to
neutralise ABF (NH4HF2), titration of both products led to
a concentration of 1.25 % (w/w) of ABF. As
recommended by the manufacturers, approximately 400
ml/m2 of the product was applied directly on the glazed
ceramic tiles. The samples were scrubbed gently with a
piece of red floor pad to maintain the surface wet for the
duration of the treatment (40 minutes). The samples were
then rinsed thoroughly under running water, without any
neutralisation, and dried at room temperature. The tiles
treated in this manner are referred to as ABF tiles.

Blank treatment, BLANK
The blank treatment is essentially a treatment that is
performed in the same manner as the HF or ABF
treatments but with water or a neutralised solution of
the HF treatment. The blank solution was applied on the
glazed ceramic tiles at a surface concentration of ~400
ml/m2 and scrubbed gently with a piece of red floor pad
to maintain the surface wet for the duration of the

treatment (20 minutes). The samples were then rinsed
thoroughly under running water and dried at room
temperature. These tiles are refered to as BLANK tiles.

Glazed ceramic tiles
All the results presented in this investigation were
obtained with glazed ceramic tiles (Cecrisa, White Basic
Matte, PEI = 4, 20 cm x 20 cm or Portobello, ARQ NEVE,
PEI = 3, 7.2 cm x 7.2 cm). The Cecrisa tiles were cut to the
required size while the Portobello tiles were used as
received. Six surface conditions were tested. The first
three correspond to the tiles treated with the BLANK, HF
or ABF treatment. The other three correspond to the tiles
treated and worn mechanically.

Methodology

The methods used to evaluate the impact of the
chemical treatments on the surface properties and
slipperiness of glazed ceramic tiles are described below. 

Wear

In this investigation, wear corresponds to the mass loss
caused by an action performed on the surface of the
glazed ceramic tiles and it is expressed in g/m2.

Abrasive wear
Abrasive wear simulates the wear caused by traffic.
Experimentally, the sample tiles were sanded twice for
20 seconds each time with an orbital sander (Al2O3, grit
220) with the pressure from the weight of the sander
(1.2 kg). The abrasive wear is determined as the mass
difference before and after sanding. The test is rather
soft but it allows us to identify very fragile surfaces.

Chemical wear
Chemical wear corresponds to the mass loss, g/m2, caused
by treating the surface of the tiles with either the chemical
or the blank treatments (see section above for details). The
mass is measured before the treatments and after the tiles
were treated and dried at 24 ± 1°C for at least 18 hours.

Maintenance wear
Maintenance wear corresponds to the mass loss
through daily floor cleaning of the initially clean tiles.
The maintenance wear was determined for damp
mopping of the treated tiles with either water or a
neutral floor cleaner (0.15% nonylphenol ethoxylate in
tap water, pH ~10, T ~23°C) and machine scrubbing at
175 RPM with the neutral floor cleaner and a red floor
pad (diameter of 43 cm). The maintenance wear is

Dr François Quirion, André Massicotte, Sophie Boudrias and Patrice Poirier
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expressed as the mass loss, g/m2, following the
equivalent of six months of daily floor cleaning.

Gloss

Gloss is a measure of the reflectivity of light on a surface.
Experimentally, a red light beam (630 nm) was projected
at an angle of 45° on the surface of the sample tiles and
the intensity of the light reflected at 45° was measured
using a photo resistive cell. In this investigation, the
reflectivity of a given tile is expressed as the percentage
of the reflectivity of the BLANK tiles. If the reflectivity of
a tile, R, is lower than 100%, then its gloss is lower than
the gloss of the BLANK tiles. The reflectivity is always the
average of five measurements at five different locations
on a tile and the standard deviation from tile to tile was
typically ± 1 %, except for the tiles treated with HF where
it is around ± 2 %.

Ease of maintenance of the tiles (EM)

To determine the ease of maintenance, a given amount
of vegetable oil was spread homogeneously on the
Portobello tiles, which were then cleaned using a
procedure developed in our laboratory to simulate damp
mopping (Quirion, 2004). The cleaned tiles were then
dried at room temperature and weighed to determine
the residual amount of oil left after cleaning. The ease of
maintenance, EM, of a given tile is defined as the ratio of
the residual amount of oil on that tile to the residual

amount of oil on the BLANK tiles. EM increases from 0 to
1 with 1 being the ease of maintenance of the BLANK
tiles. If EM <1, then the tiles are more difficult to clean
than the BLANK tiles. For these experiments, the floor
cleaner was an anionic degreaser containing sodium
dodecylbenzene sulfonate and 2-butoxyethanol diluted
at 0.4% in tap water with a pH ~ 11.

The Falling Plate Method: Aquaplaning threshold,
t*, and wet friction, μwet

The Falling Plate Method is detailed in an earlier paper
(Quirion and Poirier, 2007). In summary, a flat and thin
Neolite plate standing perpendicular to a wet tile is tilted
until it falls freely on the tile. After the plate hits the
surface, it slides over a given distance, d. The Neolite plate
is 64 mm high, 41 mm wide and it weighs 76 g. The
average roughness of the Neolite surface was kept around
Ra = 0.6 ± 0.2 μm over the period of the investigation.

The sliding distance was measured on the dry tiles and
as a function of the amount of water on the surface of
the tiles. The amount of water is expressed as a liquid
thickness, t, (1 ml/m2 = 10-6 m3/m2 = 10-6 m = 1 μm). It
is well known (Rabinowicz, 1995) that the sliding
distance is correlated with the reciprocal of the friction
coefficient, μ. Thus, the ratio of the dry, ddry, and wet,
dwet, sliding distances should be correlated with the ratio,
μ

R
, of the wet, μ

wet
, and dry, μ

dry
friction coefficients

(equation 1).

The impact of chemical treatments on the wear, gloss, roughness, maintenance and 

slipperiness of glazed ceramic tiles

Figure 1.0
Example of the
analysis of data
generated by the
Falling Plate
Method. 

The left side presents the sliding distance of a Neolite plate on an HF tile as a function of the apparent water thickness.
The right side shows the friction ratio, μR (calculated with the sliding distances and equation 1) and the best fit obtained
with equation 2 (Fitting parameters are μR,� = 0.12, a = 1.5 and t* = 24 μm). 
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μR = μwet =  ddry [1]

μdry dwet

μR = μR,�� + (1 – μR,��) • exp – (t/t*)
a [2]

Figure 1.0 shows a typical d vs. t data set obtained on a
HF tile. As t increases, water fills the valleys and the
sliding distance increases. Eventually, the surface of the
tile becomes saturated with water and the sliding
distance reaches a plateau. Figure 1.0 shows that the
relative friction (μ

R
) remains constant and low at high

water thickness, in accordance with the concept of
aquaplaning. The thickness of liquid required to reach
that plateau is thus called the aquaplaning threshold, t*,
and it was obtained by fitting each independent μ

R
vs. t

data set to equation 2 (μ
R
,� is the friction ratio at t = �

and a is an exponent that accounts for the rate of
friction drop). Note that t* can also be obtained by fitting
equation 2 to μwet vs. t data sets, provided that one
knows the value of μdry to get μwet from equation 1.

Typically, one μ
R

vs t data set consisted of 10 to 15
sliding distances obtained in the range t = 8 to 100 μm
of water. The values of t* reported in this paper are the
average of two to six independent data sets.

Dry friction and wet friction

The dry friction was determined by pulling the Neolite slider
on the dry tiles at a velocity around 22 mm/sec. The dynamic
coefficient of friction corresponds to the ratio of the pulling
force to the weight of the slider. The friction coefficient of
one tile corresponds to the average of five determinations
and the values of μdry reported in this investigation are the
average of at least two tiles. The wet friction, μwet, was
evaluated from the Falling Plate Method results using the dry
friction of the Neolite slider and equation 1.

The dry and wet frictions were also obtained at a higher
load using the Brungraber Mark II apparatus equipped

with the Neolite slider used for the Falling Plate Method.
Initially, the foot of the Mark II was tilted so that its rear
end was in contact with tile. As the weight was released,
the slider fell on the tile in a manner very similar to the
Falling Plate Method, but this time with a much higher
load. That procedure was used to determine the friction
under dry and wet conditions.

Average roughness (Ra)

The average roughness, Ra, was determined with a
DekTak 3030 equipped with a diamond stylus having a
tip radius of 12.5 μm. The measurement proceeded at
low speed over a length of 5 mm with a 0.05 mN (5 mg)
force applied on the stylus. The value of Ra was
determined on five locations of a tile and the values
reported are the average of 2 to 6 sample tiles.

Results

This section compares the wear, gloss, roughness,
slipperiness and ease of maintenance of glazed ceramic
tiles treated with a solution of hydrofluoric acid or
ammonium bifluoride or with a blank solution (no active
ingredients). 

Wear of glazed ceramic tiles

The wear is associated with the mass loss caused by the
chemical treatments, the abrasion from traffic and the
maintenance of glazed ceramic tiles.

Chemical wear 
The chemical wear for BLANK, HF and ABF tiles was
determined for Cecrisa and Portobello tiles and the
results are compared in Table 1.0. The Portobello tiles
were treated by two different operators using the same
procedure and the results are fairly reproducible from
one operator to the other.

The first observation is that the chemical wear caused by
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Cecrisa Portobello 1 Portobello 2

BLANK 0.1 ± 0.1 0.4 ± 0.1 0.45 ± 0.06

HF 3.5 ± 1.3 10.5 ± 1.8 12.4 ± 1.5

ABF -0.61 ± 0.4 -0.2 ± 0.2 -0.5 ± 0.6

Table 1.0
Chemical wear
(g/m2) of Cecrisa
and Portobello
ceramic tiles
following different
treatments. The
Portobello tiles were
treated by two
different operators
using the same
procedure.

1 Negative values correspond to an increase in the mass of the test sample



Volume 9 Issue 2 | Journal of Environmental Health Research 101

the HF solution is much more important than the chemical
wear caused by the BLANK treatment. This is true for the
Cecrisa and the Portobello tiles, suggesting that the effect
is not limited to one brand of tile. The relatively high mass
loss strongly suggests that hydrofluoric acid solubilises
part of the glaze which is then washed away during the
rinsing step. This was observed by Fang et al., (1997) for
ceramics containing SiO2 and Al2O3 and by Lee et al.,
(2001) during the treatment of alumino-silicate fibres
with HF. On the contrary, the treatment with ABF results in
a slight increase of the mass, suggesting that a small
amount of material is deposited on the tiles.

To better understand the difference between the action
of HF and ABF, the surface of the treated tiles was
analysed with scanning electron microscopy, SEM. As
seen in Figure 2.0, the surface of the BLANK tile is rather
smooth with some isolated peaks. After the HF
treatment, the glaze presents a lot of holes, differing in
size and depth, in accordance with the dissolution of part
of the glaze by HF. The ABF treatment results in a thin
layer of submicron particles deposited on the smooth
glaze. In order to get some information on the chemical

composition of the treated surfaces, the Auger emissions
were analysed and the scans are shown in Figure 3.0.

The peaks correspond to the atoms bombarded by the
electron beam during the SEM experiments. For the SEM
experiments, the surface of the samples is made electrically
conductive with a very thin carbon film, which explains the
origin of the carbon peak for all the samples investigated.

The peaks of the BLANK tile confirm that the surface of
the glaze is mainly composed of silicon and oxygen
(SiO2) and also sodium (Na), magnesium (Mg) and
aluminum (Al) which are common atoms in glazes.

After the HF treatment, the glaze still has the same overall
composition. This suggests that the glaze exposed by the
formation of the holes has the same composition as the
original glaze. This indicates that the HF treatment
performed in our laboratory does not remove completely
the glaze from the surface of the tiles.

As seen in Figure 2.0, the ABF treatment leads to
submicron particles deposited on a smooth glaze. The
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BLANK HF

ABF Smooth glaze ABF

Submicron
particles

Figure 2.0
Scanning electron
microscope (SEM)
images of the
treated Cecrisa
tiles. The black
horizontal bar
corresponds to 10
μm except for the
bottom right image
(1 μm) that
corresponds to the
dashed rectangle of
the bottom left
image.
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composition of the smooth glaze is almost the same as
that of the BLANK tile. However, the composition of the
submicron particles is quite different. They are mainly
composed of F, Na, Mg, Al with very little SiO2. Since
there is almost no fluorine atom on the original glaze,
these results strongly suggest that the submicron
particles originate from ammonium bifluoride which
contains fluorine (NH4HF2). This explains the mass
increase following the ABF treatment. 

Abrasive wear
The resistance to wear caused by traffic was simulated
by sanding the glazed tiles for a brief period of time and
the results are expressed in terms of abrasive wear in
Table 2.0 for Cecrisa and Portobello tiles.

The abrasive wear is significantly higher for the HF tiles
compared to the BLANK tiles suggesting that the HF
treatment makes the glaze more fragile. These results are
in agreement with Fang et al., (1997) who also observed a
faster erosion rate for ceramics containing SiO2 and Al2O3

after they were treated with a solution containing HF.

The mass loss caused by the abrasion of the ABF tiles
corresponds fairly well with the mass gained during the
ABF treatment, suggesting that the layer of submicron
particles is removed from the surface of the glaze during
the abrasion test. The abrasion test is rather gentle
indicating that the layer of submicron particles does not
adhere strongly to the glaze.

Maintenance wear
Table 3.0 compares the impact of six month of daily
floor cleaning by damp mopping with water or a neutral
floor cleaner or by machine scrubbing with a neutral
floor cleaner on BLANK and HF Portobello tiles. 

Damp mopping with either a neutral floor cleaner or
water resulted in a mass loss 19 and 30 times more
important for the HF tiles relative to the BLANK tiles.
Machine scrubbing with a neutral floor cleaner also
removed 19 times more glaze on the HF tiles relative to
the BLANK tiles. Once again, this suggests that the
surface of the HF tiles is more fragile and sensitive to the
action of floor cleaning than the BLANK tiles. 

The chemicals present in the floor cleaner do not seem
to be responsible for the mass loss because the
maintenance with water also results in a significant mass
loss. Not too surprisingly, the more aggressive machine
scrubbing results in a higher maintenance wear for both
the BLANK and the HF treated tiles.
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Figure 3.0
Auger emissions of
the treated Cecrisa
tiles during the SEM
experiments
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Gloss and roughness of glazed ceramic tiles

Glazed ceramic tiles are often chosen because of their
high gloss which is associated with smooth and glazed
surfaces. This section looks at the impact of the chemical
treatments on the gloss and roughness of the glaze.

Gloss
The gloss is expressed as the percentage of the
reflectivity, R (%), of the BLANK tiles. Hence, in Table 4.0
the BLANK tiles have a reflectivity of 100 % and a loss of
gloss corresponds to a value lower than 100 %.

As expected, the surface changes caused by the HF and
ABF treatments reduce the gloss to about 65% of the
Cecrisa tiles and 74% of the Portobello tiles. Surprisingly,
the magnitude of the effect seems to be similar for the
holes (HF tiles) and the submicron particles (ABF tiles).
The effect seems to be greater for the smoother Cecrisa

tiles (Ra = 1.4 μm for Cecrisa and 4.4 μm for Portobello).
The loss of gloss was also observed by Bowman et al.,
(2002) after etching glazed porcelain tiles. However, the
comparison with our results is difficult since they did not
give the nature of the chemical treatment.

Table 4.0 also indicates that abrasive wear has little
impact on the gloss of BLANK tiles while it increases the
gloss of the HF and ABF tiles. The increase is rather small
for the worn HF tiles (+ 4% and + 2%) suggesting that
the holes generated by the treatment are deeper than
the action of the soft abrasion. The situation is different
for the worn ABF tiles for which the gloss increases
significantly (+ 20% and + 8%) following the soft
abrasion. This corroborates that the layer of submicron
particles does not adhere strongly and is easily removed
from the smooth glaze. This also suggests that the ABF
treatment has a reversible impact on the gloss while the
HF treatment would decrease the gloss irreversibly.
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Cecrisa Portobello

BLANK 0.4 ± 0.2 0.2 ± 0.1

HF 1.1 ± 0.2 1.1 ± 0.1

ABF 0.4 ± 0.1 0.4 ± 0.1

Table 2.0
Abrasive wear
(g/m2) of treated
Cecrisa and
Portobello tiles

Damp mopping with NN Scrubbing with NN Damp mopping with water

BLANK 0.22 ± 0.04 0.4 0.20 ± 0.04

HF 4.1 ± 0.8 7.7 5.9 ± 0.6

Table 3.0
Maintenance wear
(g/m2) of the treat-
ed Portobello tiles

Maintenance wear (g/m2) of the treated Portobello tiles caused by the equivalent of six months of daily
floor cleaning by damp mopping with a neutral floor cleaner (NN) or water and machine scrubbing at
175 RPM with a red floor pad (43 cm) and a neutral floor cleaner. 

R (%) Cecrisa R (%) Portobello Ra (μm) Cecrisa Ra (μm) Portobello

Treated Treated 

and worn

Treated Treated 

and worn

Treated Treated 

and worn

Treated Treated 

and worn

BLANK 100 101 100 101 1.4 ± 0.1 1.4 ± 0.2 4.4 ± 0.4 3.7 ± 0.4

HF 65 69 72 74 1.6 ± 0.2 1.3 ± 0.2 4.1 ± 0.4 3.3 ± 0.7

ABF 66 86 76 84 1.8 ± 0.2 1.6 ± 0.1 3.7 ± 0.4 3.5 ± 0.5

Table 4.0
Reflectivity, R (%),
and average
roughness, Ra (μm),
of the Cecrisa and
Portobello tiles
after different
treatments

Values of R (%) are ± 1 % except ± 2 % for the HF tiles.
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Average roughness
There are many parameters used to express the
roughness of a surface (Chang et al., 2004) and most of
them depend on the experimental conditions (scan
length, tip force, tip radius, horizontal speed, cut-off
length, etc.). In this investigation, we used a DekTak
profilometer that generates only the average roughness,
Ra, and the values are reported in Table 4.0. Some may
argue that the average roughness is not the best
parameter to correlate the roughness of a surface with
its wet friction. However, it seems that in certain
conditions, Ra may be correlated with wet friction. For
instance, Loo-Morrey (2007) has reported values of Ra
and Rz for different floor types. We analysed these
values and we found a very good correlation between Ra
and Rz. The author mentions that “the value of water-
wet PTV (Pendulum Test Value) measurements
increases as the Rz surface roughness of the natural or
man-made stones increases”. Since Ra is directly
correlated with Rz, then one could also say that the
water-wet PTV increases with Ra. In another report, Loo-
Morrey (2006) compared the wet PTV with the wet
friction coefficient obtained using the ramp test and it is
reported that “the ramp CoF (coefficient of friction)
increases as the pendulum CoF increases”. Hence,
considering that Ra is correlated with the wet PTV and
that the wet PTV is correlated with the wet ramp
coefficient of friction, then one can assume that Ra is
also correlated with the wet ramp coefficient of friction,
at least for the flooring materials and the experimental
conditions described by Loo-Morrey (2006, 2007).

The treatment of Cecrisa tiles with either HF or ABF
increases only slightly the value of Ra. The results for the
Portobello tiles even suggest a slight decrease of Ra
upon treating the tiles with either HF or ABF. However,
the uncertainty on Ra for these tiles is quite high so that
the effect remains rather insignificant.

Grönqvist et al., (1992) reported an increase of Ra from

0.5 to 1.0 μm after the application of an undefined
antislip treatment on a glazed ceramic tile. This
variation is similar to what we observed (+ 0.2 and + 0.4
μm) for the HF and ABF treatments of the Cecrisa tiles
but in disagreement with the decrease (-0.3 and -0.7
μm) observed for the rougher Portobello tiles. In a later
study, they reported (Grönqvist et al., 2003) a
significant increase of Rz from 2.6 ± 0.6 to 5.9 ± 0.9 μm
following the treatment of a glazed ceramic tile with a
solution of ammonium bifluoride (5 % w/w). Maybe the
application of a more concentrated solution of ABF (5
% vs. 1.2 % in our case) leads to a higher increase of
the roughness. Or maybe Rz is more sensitive to
roughness changes than Ra.

Using atomic force microscopy Luo et al., (2001)
obtained the average roughness, Ra, of a dental ceramic
rich in SiO2 following the treatment with hydrofluoric
acid (9.6%). For a 20 μm x 20 μm area, the value of Ra
increased from 6 nm to about 278 nm, suggesting that
Ra increases by 0.3 μm following the HF treatment. That
value is similar to what was observed for the Cecrisa tiles
(+ 0.2 μm). But once again, the experimental conditions
are too different for any quantitative comparison.

Finally, abrasive wear (treated and worn tiles) appears to
reduce the average roughness of the tiles. The effect
remains small but it is observed for all the tiles tested,
suggesting a definite trend. This decrease of the surface
roughness following abrasive wear is in agreement with
the increase of the gloss noted in the previous section.

Slipperiness of glazed ceramic tiles

The friction coefficient of a smooth Neolite sample with
the glazed ceramic tiles was measured under dry
(horizontal pull and Brungraber Mark II) and wet
(Brungraber Mark II) conditions. The Falling Plate
Method (Quirion and Poirier, 2007) was also used to
evaluate the aquaplaning threshold and the wet friction.

Horizontal Pull Mark II

Treated Treated 

and worn

Treated Treated 

and worn

BLANK 0.54 ± 0.12 0.47 ± 0.17 0.68 0.72

HF 0.61 ± 0.04 0.49 ± 0.14 0.78 ± 0.07 0.66 ± 0.03

ABF 0.44 ± 0.05 0.40 ± 0.08 0.70 ± 0.05 0.64 ± 0.02

Table 5.0
Dry friction, μdry, of
Neolite on Cecrisa
tiles after different
treatments. Results
were obtained with
the Horizontal Pull
method and the
Brungraber Mark II 
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Dry friction
Table 5.0 summarises the dry friction coefficient
obtained with the horizontal pull method and the
Brungraber Mark II. The absolute values of the friction
coefficient obtained with the horizontal pull method are
lower than those obtained with the Mark II apparatus.

However, both methods suggest a slight increase of the
dry friction caused by the HF treatment and little impact
for the ABF treatment. These results are in agreement
with the observations of Di Pilla (2000) who noted only
a slight increase of the dry friction of glazed ceramic tiles
following different surface treatments.

Figure 4.0
Apparent friction,
μwet, obtained using
the Falling Plate
Method with a
Neolite slider as a
function of the
apparent water
thickness, t, on the
tiles. Tile numbers
only distinguish
independent data
sets. Results
obtained on the
treated tiles (Left)
are compared with
those obtained on
worn tiles (Right)
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Once the HF and ABF tiles become worn, their dry friction
drops to the same level and sometimes lower than that
of the BLANK tiles.

Aquaplaning threshold

Table 6.0 reports the average values of the aquaplaning
threshold, t*, obtained from the analysis of the μwet vs. t
data sets presented in Figure 4.0. In a previous
investigation (Quirion and Poirier, 2005) we reported
preliminary results of the aquaplaning threshold and wet
friction on BLANK and HF Cecrisa tiles. At that time, only
one data set for each tile was obtained with water and
with a detergent solution (sodium lauryl sulphate at
0.15% in water). It was concluded that treating the
Cecrisa tiles with HF had little impact on the average
roughness and the aquaplaning threshold of the glazed
ceramic tiles.

In the present study, the aquaplaning threshold was
determined with a slightly different Neolite slider and
the results presented in Table 6.0 are the average of four
and six independent data sets (see Figure 4.0) obtained
with BLANK and HF tiles covered with water. This time
however, the aquaplaning threshold of the HF tiles
increases from 16 ± 4 μm to 26 ± 4 μm. Although this
improvement is significant, the values of t* remain small.
For instance, 1 μm = 1 ml/m2 so that 26 μm of water is
smaller than half a teaspoon of water spread on a 30 cm
x 30 cm tile. Note also that in a previous investigation
(Quirion and Poirier, 2006), values of t* = 58 μm were
obtained for new and sealed quarry tiles (Ra = 5.5 ± 0.2

μm) which are not considered as slip resistant tiles. The
ABF treatment also increases the value of t* (from 16 to
20 μm) but the improvement is not significant within the
experimental uncertainty. 

The abrasive wear decreases the aquaplaning threshold
of the ABF tiles to a value very close to the worn BLANK
tiles, suggesting once again that the submicron particles
at the surface of the ABF tiles are easily worn out leaving
behind a surface similar to that of the worn BLANK tiles.
Abrasive wear also decreases the aquaplaning threshold
of the HF tiles. However, the worn HF tiles still have a
higher aquaplaning threshold than that of the worn
BLANK tiles. These results suggest that the HF treatment
acts deeper into the glaze and is more resistant to
abrasive wear than the ABF treatment. This observation
is in accordance with the gloss results (see Table 4.0).

Wet friction
The wet friction coefficient of the Cecrisa tiles was
determined using the μwet vs. t data sets generated with
the Falling Plate Method (Figure 4.0) and with the
Brungraber Mark II (Figure 5.0). The main difference
between the two methods is the much higher load at
impact for the Mark II (5 kg) compared to the Falling
Plate Method (0.076kg).

For both methods, the wet friction decreases as the
apparent water thickness increases until it reaches a
plateau at low friction where the risk of aquaplaning is
high. A quick comparison of Figures 4.0 and 5.0 indicates
that the μwet vs. t data sets obtained with the Mark II

Figure 5.0
Mark II friction
coefficient of
Neolite on treated
Cecrisa tiles as a
function of the
apparent water
thickness on the
tiles

Tile numbers only distinguish independent data sets. Results obtained on the treated tiles (left) are compared with
those obtained on the worn tiles (right). Results for the HF and HF-W were obtained with a solution of sodium lauryl
sulphate (SLS) at 0.15% in water.
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apparatus are shifted to lower apparent water thickness,
suggesting that the aquaplaning threshold depends on
the load at impact and that it occurs at lower water
thickness for higher loads.

These observations indicate that, when comparing wet
frictions, it is important to specify the apparent water
thickness (amount of water per area of tile) at which the
frictions are obtained. Table 6.0 compares the wet
friction results at t = 50 μm (50 ml of water per m2). At
that water thickness, all the tiles tested in this
investigation are past the aquaplaning threshold and
their wet friction is fairly constant. 

The wet frictions at 50 μm obtained with the Falling
Plate Method and the Mark II are in fair agreement.
Considering that the two experimental methods are
completely independent, the overall agreement between
the two methods suggests that the Falling Plate Method
can provide a fair estimate of the wet friction. 

The wet friction obtained with the MARK II for the HF and
the ABF treated tiles is essentially the same and slightly
higher than that of the BLANK tiles. The Falling Plate
Method generates similar results except that the wet

friction of the BLANK tiles is similar to that of the HF and
ABF treated tiles. Thus, the Mark II results suggest an
improvement of the slip resistance while the Falling Plate
Method indicates no changes. But in both cases, the wet
friction of the treated tiles remains quite low (μwet,50 <
0.10) so that the improvement remains marginal.

These results do not agree with those of Di Pilla (2000)
and Grönqvist et al., (2003) who both observed a drastic
increase of the wet friction following chemical
treatments. For example, Grönqvist reports an increase
of the wet friction from 0.08 to 0.65 after treating a
glazed ceramic tile with an ABF solution. The value for
the untreated tile is in fair agreement with our results,
but the wet friction for the treated tile is much higher
than what we observed using the Falling Plate Method
and the Mark II. This discrepancy corroborates the
difficulty to compare friction results originating from
different test methods. 

Table 6.0 also indicates that abrasive wear has little
impact on the wet friction of the BLANK and the ABF
tiles. According to the Falling Plate results, the abrasive
wear of the HF tiles has little effect on the wet friction
while the Mark II suggests a significant decrease.

EM Vegetable Oil initial (g/m2) 1 Residual oil on treated tiles
(relative to Blank)

Residual oil on treated and
worn tiles (relative to Blank)

BLANK 5 and 3 1.00 0.44

HF 6 0.12 0.34

ABF 3 0.14 nd

Table 7.0
Ease of
maintenance, EM,
of Portobello tiles
by damp mopping
with an anionic
degreaser. 

1 The initial amount of vegetable oil on the blank tiles was 5 g/m2 for comparison with the HF tiles and 3 g/m2 for
comparison with the ABF tiles.

t*(μm) FPM μwet,50 FPM μwet,50 Mark II

Treated Treated 

and worn

Treated Treated 

and worn

Treated Treated 

and worn

BLANK 16 ± 4 15 ± 1 0.07 ± 0.01 0.06 ± 0.03 0.03 0.04

HF 26 ± 4 23 ± 3 0.10 ± 0.03 0.07 ± 0.01 (0.07 ± 0.01)1 (0.02 ± 0.01)1

ABF 20 ± 2 16 ± 1 0.07 ± 0.02 0.06 ± 0.02 0.06 ± 0.03 0.06 ± 0.01

Table 6.0
Aquaplaning
threshold, t*, and
wet friction at 50
μm of water, μwet,50,
of Neolite on Cecrisa
tiles after different
treatments

Results were obtained with the Falling Plate Method (FPM) and the Brungraber Mark II.
1 These friction values were obtained with a solution of sodium lauryl sulphate (SLS) at 0.15% in water.
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Maintenance of glazed ceramic tiles

Floor cleaning experiments on BLANK, HF and ABF tiles
were performed in order to determine how the HF and
ABF treatments affect the ease of maintenance of
glazed ceramic tiles. The cleaning tests were conducted
on Portobello tiles covered with vegetable oil and
cleaned using damp mopping with an anionic degreaser.
The results are reported in Table 7.0.

In this investigation, the ease of maintenance, EM,
increases from 0 to 1 with one being the ease of
maintenance of a BLANK tile. The first observation is
that all values of EM are smaller than one, suggesting
that the unworn BLANK tiles, used as the reference tiles,
were the easiest to clean. 

The HF and ABF treatments drastically reduce the value
of EM to 0.12 and 0.14, respectively. In other words, the
same cleaning procedure leaves around eight times
more oil on the treated tiles relative to the unworn
BLANK tiles. As the HF treatment wears out, the ease of
maintenance re-increases but only to a value similar to
the worn BLANK tiles. In other words, abrasive wear
makes the glazed ceramic tiles more difficult to clean but
that effect is less pronounced than the decrease of EM
following the HF and ABF treatments.

Hupa et al., (2005) also noted that once a smooth glaze
is corroded, it becomes more difficult to clean. In the
case of HF and ABF tiles, the decrease of EM is probably
due to the entrapment of oil into the holes left by the HF
treatment or within the layer of submicron particles left
by the ABF treatment at the surface of the glaze. So, in
order to properly remove the trapped oil, the treated
floors have to be cleaned with a more aggressive
procedure. Because of the fragility of the HF treated
glaze and the small adherence of the submicron particle
layer left by the ABF treatment, making floor cleaning
more aggressive should also result in a faster
deterioration of the glaze treated with HF and a faster
disappearance of the submicron particles deposited
through the ABF treatment.

Discussion

This investigation deals with the impact of chemical
treatments based on aqueous solutions of hydrofluoric
acid, HF, or ammonium bifluoride, ABF, on various
properties of glazed ceramic tiles. The impact of these
surface changes on the properties of the glazed ceramic
tiles is discussed for each treatment separately.

Chemical treatments based on hydrofluoric acid

The HF treatment solubilises part of the glaze and leaves
micrometer holes at the surface of the glaze. The
chemical composition of the treated glaze does not
change but the presence of the holes makes it more
fragile and more difficult to clean. Hence, daily traffic
and routine floor maintenance should degrade the glaze
of HF tiles at a faster rate than the untreated tiles. The
holes are fairly deep so that the glaze does not
completely recover its gloss as the treatment wears out.

The HF treatment increases only slightly the average
roughness and dry friction of the glazed tiles. The treated
tiles have a higher resistance to aquaplaning than the
untreated tiles but the magnitude of the effect remains
relatively small. When the amount of water on the tile is
over the aquaplaning threshold, the wet friction of the HF
tiles is a little higher than that of the untreated tiles but still
quite low (μwet ~ 0.1). Finally, the slight increase of the
average roughness, dry and wet frictions and aquaplaning
threshold disappears as the treated tiles wear out.

Chemical treatments based on ammonium
bifluoride

The submicron particles deposited on the glazed tiles
during the ABF treatment are rich in fluorine and they do
not adhere very strongly to the glaze. The treated tiles
are more difficult to clean, probably because oils and
fats can be trapped into the layer of submicron particles.
To counteract that effect, more aggressive floor cleaning
methods and detergents are needed, thus accelerating
the maintenance wear of the ABF tiles.

The ABF treatment does not increase significantly the
average roughness and the dry friction and it slightly
increases the resistance to aquaplaning. However, the
wet friction remains quite low. 

The elimination of the layer of submicron particles
exposes a glazed surface very similar to that of the BLANK
tiles. Thus, one can expect that the tiles will recover their
surface properties as the ABF treatment wears out.

General discussion

Most manufacturers of chemical treatments require that
the floor is properly cleaned with a degreaser before the
application of the treatment. Interestingly, it was
demonstrated (Quirion et al., 2007) that improving the
floor cleaning procedure often results in the
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improvement of the slip resistance. Thus, trying to
improve the floor cleaning procedure should always be
the first step. And if that does not improve the slip
resistance of the floor, then one could think of applying
a chemical treatment. 

The ABF treatment is less aggressive because it does not
alter significantly the glaze. However, its impact on the
slip resistance is marginal and it wears out rapidly. That
observation is in accordance with the frequent usage
recommended by the manufacturers. In that sense, the
ABF solutions resemble more to cleaning solutions than
to chemical treatments.

That is not the case for the HF treatments. First, the
products contain HF, which is a hazardous chemical that
should be used with caution. The improvement of the
slip resistance is better than that observed with ABF but
it remains fairly small and it disappears as the treated
tiles wear out.

Because of its negative impact on the resistance to wear
and ease of maintenance and its rather small impact on
the slip resistance, treating glazed ceramic tiles with HF
solutions should be considered as a short term option
for old and worn ceramic floorings that have to be
replaced anyway. 

It is important to stress that the above observations are
based on the results obtained using the experimental
procedures and the glazed tiles described in this article. It
is possible that changes in the application procedure of
the chemical treatments or the use of different glazed
tiles would lead to different results.

Conclusions

This investigation deals with the impact of one chemical
treatment based on an aqueous solution of hydrofluoric
acid, HF, or ammonium bifluoride, ABF, on various
properties of glazed ceramic tiles. 

The HF treatment:
� solubilises part of the glaze resulting in micrometric

holes at the surface but has little impact on the
average roughness of the tiles,

� does not affect significantly the chemical
composition of glaze,

� reduces significantly the gloss of the glaze,
� makes the glaze more fragile so that it becomes

more sensitive to abrasive and maintenance wear,
� makes the tiles more difficult to clean,

� increases slightly the aquaplaning threshold and the
wet friction.

The ABF treatment:
� leaves a layer of submicron particles rich in fluorine

that is easily removed from the surface of the glaze
by abrasive wear,

� reduces significantly the gloss of the glaze but the
gloss increases again as the layer of submicron
particles wears out,

� has little impact on the average roughness of the tiles,
� does not seem to make the remaining glaze more

fragile,
� makes the tiles more difficult to clean,
� has little impact on the aquaplaning threshold and

the wet friction.

Overall, the slight increase in slip resistance observed
after one treatment with an HF solution is not worth the
deterioration of the glaze that makes it more fragile and
more difficult to clean. These treatments should be
applied only as a temporary solution on old glazed tiles.
The ABF treatments seem to have little impact on the
slip resistance and the sensitivity to wear of the glaze
ceramic tiles. 

The results obtained are for a given application
procedure of the treatments on given glazed ceramic
tiles. Different results leading to different conclusions
could probably be observed with different application
procedures and different tiles.
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Abstract

This research aimed to study children’s accidents and
compare sexes’ accidents in a northern part of Greece,
Thrace. Specifically, it examined whether there was a
correlation between each risk factor that was used in the
research, and the dependent variables: 1. minor
accidents, 2. serious accidents that required Emergency
Room attendance (ER accidents), 3. serious accidents
that lead to hospital admission (admission accidents).
1,516 high school children completed an anonymous
questionnaire regarding the cause, the activity before
the accident, the place, and result of their accident. 

The results indicated that sex, grade, mother’s studies,
father’s studies and nationality were important risk
factors for minor injuries. It appears that young boys
(7th grade), immigrants and the children whose parents
received higher education were at greater risk of having
minor injuries. Sex (girls had OR: .5; CI .4-.63) and
nationality (immigrants had OR: 2.75; CI 1.82-4.16)
continued to be important risk factors for E.R. accidents.
Only sex was an important risk factor in admission
accidents. Girls had OR .436 (CI .245-.774, p=.004). Sex
and nationality were found important for ER accidents
but only sex was important for admission accidents. 

Although many surveys examine risk factors and
accidents, this has gone a little further examining risk
factors that account for serious injuries which lead to an
E.R. or a hospital admission. As major accidents may
result in serious health problems or even disability,
attention should be paid to the risk factors found.

Key words: Accident; children; environmental health;
emergency room; hospital admission; injury; safety.

Introduction

Annually, more than 790,000 people die of
unintentional injuries in Europe (Petridou, et al., 2005),
which represents 15% of all deaths from injuries
worldwide. Studies show that the mortality rate in
Europe is about 90 deaths per 100,000 residents, while
in the U.S.A. the corresponding number is 53 per
100,000 (Roberts, 2005). Non fatal injuries account for a
big public health problem; it is estimated that more than
15 million injuries in Europe need medical care in a
hospital, while about 6 million years of life are lost
because of post-traumatic disability (Centre for Research
and Prevention of Injuries, 2005). Although the EU is
described as one of the safest regions in the world, much

space for improvement concerning accidents still exists.
Since May 2004, when the EU consisted of 15 members,
the Standard Death Rate (SDR) from injuries was roughly
39 deaths per 100,000, while after the integration of 10
new countries, it went up considerably to 45 deaths per
100,000 (Ministry of Health and Social Solidarity, 2008).
More specifically, statistics about children show that
Sweden, the United Kingdom, Italy and the Netherlands
are at the top of a table with the least children's deaths
from injuries. Sweden has a low annual number of
deaths from injuries (intentional and unintentional):
5.2/100,000 children, for ages of 1-14 years and during
the period 1991-1995 (Ekman, et al., 2005). Most
children's fatal injuries were recorded in Portugal, which
had a double rate compared to the pre-mentioned
countries (Unicef, 2001). 

Injuries are the main cause of death in children (0-14 yrs-
old), adolescents and young persons (15 until 24 years)
(Centre for Research and Prevention of Injuries, 2005;
EU Council,  2007; European Union Council, 2006;
Ministry of Health and Social Solidarity, 2008).
Fortunately, fatal injuries in the EU-25 present a
downturn. From 1994 till 2003, the SDR for all kinds of
injuries were reduced from 53 to 43 deaths per 100,000
residents (European Association for Injury Prevention
and Safety Promotion, 2006). 

The main causes of lethal accidents for the 29 countries
– members of the Organisation for Economic Co-
operation and Development (OECD), for ages of 1-14
years old during 1991-1995, were: 41% accidents on the
street (pedestrian, cyclist, passenger), 15% drownings,
14% intentionally caused, 7% fire accidents, 4% falls,
2% poisonings, 1% gun accidents, and 16% other
accidents (Unicef, 2001 ). 

Accidents are connected to various types of activity and
take place at different settings, as in the house, at school
and in the street (NHS, Quality Improvement Scotland,
2004). The place where children had accidents most often
was their school (inside or in the yard), where almost 1/3
of all children had suffered an accident. It is remarkable
that more than 1/3 of young men (15-24 years old) were
injured in an athletic centre (or gymnasium), while the
respective injuries of young women were far lower
(Hellenic Ministry of Health and Welfare, 2003). In
Canada, 38% of 5-9 year-old children had domestic
accidents while older children (10-14 years old) had a
lower percentage for domestic accidents (23%). The
latter had injuries during their playing outside (15%) and
on the street (15%) (Health Canada, 1999). 

FIRST-TIME, FIRST AUTHOR PAPER
Risk factors in children’s accidents leading 
to emergency treatment in hospital
Triantafillia T Glania1, Theodoros Lialiaris2, Grigorios Tripsianis3 and Theodoros C Constandinidis4

1 Physical Education Teacher, MSc Physical Education and Sports Science, PhD student in Medical School, Democritus University of
Thrace, Alexandroupolis, Greece 

2 Medical School, Democritus University of Thrace, Alexandroupolis, Greece.
3 Laboratory of Statistics, Medical School, Democritus University of Thrace, Alexandroupolis, Greece.
4 Laboratory of Hygiene and Environmental Protection, Medical School, Democritus University of Thrace, Alexandroupolis, Greece.

Correspondence: Glania Triantafillia, Irakleitou 7, Alexandroupolis, 68100, Greece.
Telephone: 00306974072979.  E-mail: filgla@yahoo.com



112 Journal of Environmental Health Research | Volume 9 Issue 2

Triantafillia T Glania, Theodoros Lialiaris, Grigorios Tripsianis 

and Theodoros C Constandinidis

Injury intensifiers

It was calculated that one third of accidents can be
anticipated under the existing standards of prevention
(Chang, et al., 2004; Dessypris, et al., 2002). Risky
behaviour was found to predict in an important degree
consequent injuries (Bijttebier, et al., 2003). The difficult
work appears to be the adoption of these preventive
measures diminishing risky behaviour. Boys are often
involved in risky behaviours (Health Canada, 1999). In a
research study in Finland, boys had a slightly higher
percentage of injuries compared to girls (odds ratio, OR:
1,33; 95% CI) (Mattila, et al., 2004). 

Most researchers agree that male sex, early adolescence,
minority groups and low social economic status are the
predominant risk factors for children’s accidents (Haynes,
et al., 2003; Otters, et al., 2005; Unicef, 2001). Boys
generally face more and more severe accidents (NHS,
Quality Improvement Scotland, 2004; North Carolina
Institute of Medicine, 2000). Nationality and family
income were recognized as important risk factors (Chen, et
al., 2005; Karr, et al., 2005). In a review of 57 different
studies that examined the relation of socio-economic level
(Social Economic Status-SES) and accidents, it was found
that accidents are related to SES (MacKay, et al., 1999). 

Injuries affect disproportionately the most vulnerable
children and adolescents (Unicef, 2001). Moreover, the
continuous loss of children and adolescents because of
injuries is a critical demographic and economic issue
(European Child Safety Alliance, 2009). Family reasons
are intensifiers (e.g. low income, overcrowding, low level
of parents’ education, young mother, a family with
many children) (Reading, et al., 1999). Although some
agree that a risk factor is the low level of education the
parents have, it was found that parental levels of
education had no effect in falls for boys but increased
the risk of falls for girls (Faelker, et al., 2000).
Environmental reasons can escalate the number of
deaths from injuries, (e.g. traffic/ too many vehicles,
unfavourable living conditions, direct access of houses in
busy streets of dense circulation, inadequate supervision
of children) (Reimers & Laflamme, 2005). 

Minority children that live in poor neighborhoods have to
face a more dangerous environment around them.
Children from many-membered families or working
children are at greater risk of accidents than their age-
mates (Bartlett, 2002). This can be explained since these
children live in stifling neighborhoods, with no safe playing
areas or safe places of recreation (MacKay, et al., 1999).

Nationality (not western children OR=.67, 95%CI) and
low socio-economic level (OR=1.39; 95% CI) were also
related to accidents in 12-17 year-olds in Denmark (Otters,
et al., 2005). In the same research, it appeared there was
an increased danger of injuries for younger children (0-4
years) with many siblings (> or = 3 siblings, OR=1,57; CI
=95%). Minorities usually have bigger rates of mortality
because of the increased levels of poverty and low levels
of education, low employment and income (Ministry of
Health and Social Solidarity, 2008). While poverty was
more generally a risk factor for unintentional accidents in
a research study in Vietnam, it appeared to act
protectively for accidents in school and it did not increase
the odds ratio for street accidents (Thanh, et al., 2005).
Similarly, in a study in Stockholm, the low socio-economic
status of families had a protective effect for 10-19 year-
old boys in traffic and athletic accidents (Faelker, et al.,
2000) but was a risk factor for falls. Additionally, the levels
of education and the economic resources of each family
did not have an effect on falls for boys but increased the
danger of falls for girls. In Sweden, the research of
Engstrom, et al., (2002) showed that accidents were not
related with the socio-economic differences for 0-4 yr olds.

Children of small provincial areas faced a bigger risk of
accidents or deaths (National SAFE KIDS Campaign -
NSKC, 2004; Washington State Department of Health
Maternal and Child Health Assessment, 2006). On the
contrary, some other researchers reached contradicting
results. People living in cities faced a higher risk than people
living in rural areas in Tanzania (Moshiro, 2005). Similarly,
living in urban areas was found to be a powerful risk factor
for accidents in all ages (0-17) (Otters, et al., 2005). Other
risk factors were the family background of illnesses or
insufficient supervision during the children’s playing, which
at least doubled the danger (Wazana, 1997). 

Indeed, accidents are the main cause of children’s death
all over the world, even if an important percentage of
these deaths can both be foreseen and predicted
(Department of Hygiene and Epidemiology, 2004). In a
study by the Greek Ministry of Health about the Greek
population, more than 19% of the accidents were
related to children from 10 to 19, 14% to 5-9 year-old
children and 16% were the accidents for younger
children (0-4 y.). A great percentage of accidents were
related to children in their teens, which is worryingly high
for the total population (Hellenic Ministry of Health and
Welfare, 2003). In Greece, the distribution of deaths per
type of accident, age-related group and sex were as
follows: the main cause of accidents for 5-9 year olds
were traffic-related accidents; similar were the results for
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10-14 yr-olds. Boys had more accidents (60%) in both
age groups (Ministry of Health and Social Solidarity,
2008). Generally most injuries and most serious ones are
traffic related for children in their teens.

Purpose

The purpose of this research was to study children’s
accidents and find out their causes in the region of
Thrace, Greece. Specifically, whether there was a
correlation between each risk factor that was used in the
research, and the dependent variables: 1. minor
accidents, 2. serious accidents that required emergency
room attendance (ER accidents), 3. serious accidents
that lead to hospital admission (admission accidents).
Moreover, another purpose was to compare the
accidents of sexes in the area.

Method

1,516 high school children (52% boys, 48% girls) from
11 schools in Thrace completed an anonymous
questionnaire. Before it was handed out to children, the
Greek Ministry of Education gave the permit for the
researchers to get into schools and carry on with it.
Moreover, each parent gave their written consent that
they allowed their child to participate in the study. The
children’s rights were fully protected at each step of the
research. The questionnaire was created by the research
team. Some of the questions had to do with the
children’s demographic information (e.g. “Do you live in
a city?” or “Do you live with both your parents?”) and
they had to circle the answer that was correct for them.
Some other questions asked them to answer directly (e.g.
“How many times have you been to the ER during the
last six months?”). Then, children who had an accident
during the specific period of time were asked to describe
the most serious one, which led them to the ER or to
admission. After all the necessary instructions, they were
advised to give information about the cause of the
accident, the exact activity the children participated just
before the accident occurred, the place it happened and
finally the result of their accident. All children were
advised to answer truthfully and they were given all the
clarifications needed. The process took about 45 min. for
each class and then children handed the questionnaires
back. All the information was coded for data entry and
analysed using SPSS (version 10). Descriptive statistics of
the sexes were obtained, chi-square statistics and odds
ratio (OR) were calculated between independent
variables (age, sex, etc.) and the dependent ones (minor
accidents, ER admission).

Results

Descriptives of boys

Some descriptive statistics concerning the cause of the
accident, the activity they engaged in at the time of the
accident, the place of the accident and  the result of it, are
presented in Table 1.0. The major causes of accidents for
boys was accidents on a bike /motorbike, falls as they were
walking or running, and various sport-related accidents.
Just before the accident occurred, most boys stated that
they were freely playing with no adult’s supervision
(parent or teacher) while one out of four young men was
riding a motorbike or bicycle at the time of the accident. A
relatively large percentage of boys were injured in an
organised athletic activity, either at school (physical
education class, school matches etc.), or at organised sport
clubs under the supervision of their coach/physical
education teacher. Most boys’ accidents happened on the
street, while a great percentage of them took place in an
athletic centre (gymnasium) or at their school. After the
accident, the majority of boys were looked after by a
teacher or a relative, while four out of 10 were brought to
a hospital ER either for treatment or countercheck. The
percentage of boys that needed admission in a hospital
was twice the girls’ percentage.

Descriptives for girls

Girls had high numbers of accidents for falls, sport-
related accidents, cuts/piercing with sharp objects and
burns/scalds. Worrying was the high percentage of girls
(more than one out of three) that stated they did
nothing in particular at the time the accident occurred
(slicing bread or going down the stairs etc.), as about one
out of five was injured during their unsupervised
playtime. Besides that, about one girl out of seven was
injured, under the supervision of their coach/physical
education teacher, during an organised athletic activity
at school or at an organised sport clubs. Girls were mostly
injured at home, although a relatively large percentage
of them were injured on the street or at school. The great
majority of girls received first aid for their injuries from a
teacher or a relative, while many fewer girls than boys
needed to be taken to a hospital for treatment, or to
have been admitted.

Injuries in general, minor ones

It appeared that the relative danger of injury generally
for non-native children is increased. Thus, the odds ratio
(OR) for non-native children (immigrants) is more than
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three times compared to the natives in Thrace. Children,
whose parents had received higher education, also
appeared to have higher odds. Grade appeared to be
connected with the existence of accidents and more
specifically, children in 7th grade had more odds to be
injured compared to the next two grades. 

Sex, as expected, had a high correlation to accidents.
Thus, girls had about half odds compared to boys. No
other variable (living in a city or village, living with one or
both parents, being an only child or not) was found to be
statistically important for minor children injuries (p<.05).
All the necessary information is shown in Table 2.0.

Serious injuries-transport to ER or hospital
admission

Fewer variables were connected and seemed important
when talking about serious accidents that resulted in a
hospital ER or in admission. The probability of a child being
brought into the ER of a hospital in combination with all
the variables was examined and is presented in Table 3.0.
Immigrants continued to have higher probability (OR=2.7)
to be taken to a hospital ER compared to natives. So,
nationality seems to be important. Another important
variable was sex. It seemed that girls presented half the
probability of being transferred to a hospital E.R. It should

Boys % Girls %

Cause 

1. Bike/motorbike 23.6 9.1

2. Falls 19.3 23.8

3. Sport-related 18.4 17.9

4. Cuts/piercing 12.1 12.2

5. Burns/scalds 3.4 11.8

Activity before the accident

1. Unsupervised playing 32.3 19.8

2. Riding (motorbike/bicycle) 24.9 11.2

3. Organised/Supervised athletic activity 17.5 14.7

4. Nothing in particular 13.6 38.3

Place

1. Street 28.9 17.1

2. Athletic centres 20.7 10.3

3. School 12.6 15.4

4. Home 9.3 30.7

Accident result

1. Teacher/relative 31.6 44.8

2. ER treatment 22.3 18.7

3. ER and countercheck 18.2 12.2

4. Hospital admission 6.9 3.6

Table 1.0
Descriptive
statistics of the
accidents for both
sexes
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also be mentioned that a tendency appeared for children
with siblings. They appeared to have less possibility (.7) of
being brought to an ER, even though ‘p’ was not
statistically important but close enough (p=.067).

Finally, the probability of a child being admitted to a
hospital in combination to all the variables was
examined but only sex appeared to be connected. No
other variable appeared to be statistically important.
Boys continued being in greater danger of being
admitted in a hospital, and more specifically their
relative danger was twice the danger girls had, as girls
had odds ratio .436 (C.I. =.245-.774, p=.004).

Discussion

Sex

As it was expected from literature, there were certain
variables that could worsen the fact that children might
have an accident. It is already well documented that sex is
an intensifier (NHS, Quality Improvement Scotland, 2004;
North Carolina Institute of Medicine, 2000; Unicef, 2001).
The present research also confirms that boys are in greater
danger of accidents than girls. Moreover sex was the only
variable that was connected to all three dependent
variables we examined. It was an intensifier for accidents in
general, ER accidents and accidents resulting in admission.
Girls had half the odds for an accident (serious or minor)

compared to boys, having all the other variables the same
(Haynes, et al., 2003; Otters, et al., 2005). So it is of great
importance to talk to boys and try to protect them by
showing all the dangers around them. They were mostly
injured on motorcycles/bicycles, mainly because they
didn’t wear helmets. It would be interesting to mention
first, that legislation in Greece obliges motorcyclists to wear
a helmet but most of the times they don’t, and next, that
there is no law to oblige pedal cyclists to wear one. This is
worrying if we consider that the majority of accidents boys
had, could have been prevented if all children realised the
danger and wore helmets. Recently, a preventive approach
towards accidents was developed. It includes the “3 Es”
from the words Education/behaviour, Engineering/
technology, Enforcement/legislation. It has been
documented that the technology approach is more
effective than legislation and that education is the least
effective. Modifying the environment where people work,
live or play – through technology or public policy – appears
to be the most effective way for injury reduction. Education
– a well informed public – plays an important role in this
objective, specifically when it is accompanied by
technology and legislation (Alaska Adolescent Health
Advisory Committee, 1997). In interventionist research at
schools, communities and municipalities, it was found that
education was effective in the use of bicycle helmets or
seat belts but didn’t help in the reduction of adolescents’
risky behaviour, or driving and alcoholism (Klassen, et al.,
2000). In any case, programmes for the reduction of

Variable % OR 95%CI P

Natives 70.4 1.000 (ref.)

Immigrants 88.8 3.328 1.760-6.296 .000

Highly educated mother 76.3 2.516 1.960-3.230 .000

Mother’s basic/ 

intermediate education

56.1 1.000 (ref.)

Highly educated father 74.7 2.148 1.640-2.813 .000

Father’s basic/ 

intermediate education

57.9 1.000 (ref.)

Boys 77.4 1.000 (ref.)

Girls 65.2 .548 .437-.687 .000

8th & 9th grade 69.4 1.000 (ref.)

7th grade 76.2 1.412 1.103-1.806 .006

Table 2.0
Minor accidents
and the relative
danger (OR) in
relation to the
following variables.
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injuries should include changes in the behaviour of the
particular crowd of the region it is aimed at, so that they
cover the existing needs and resolve the particular
problems of residents in that area.

Immigrants

Another risk factor was nationality. Non-natives were in
greater danger both for minor and ER accidents. It was
shown that immigrants had OR about three times
compared to natives. It may be the many hours their
parents were working to improve their life and/or the
riskier kind of life those children were leading (as most of
the time their parents weren’t home), that brought
about so many accidents. Minorities are really in greater
danger of suffering from an accident as most literature

suggests (Bartlett, 2002; MacKay, et al., 1999) although
in another research there were some opposite results
since it was shown that minorities were less prone than
western children (Otters et al., 2005). 

Living in a family with many children/
living with one parent

Living with one parent or in a many membered family
were not intensifiers. It was not established that many
children in a family may be a risk factor as literature
showed (Otters, et al., 2005; Wazana, 1997), although
there seemed to be a tendency for children with siblings to
have fewer ER accidents. This could be explained by the
fact that older children in Greece are used to taking care of
or babysitting their younger siblings, and most of the time

Variable % OR 95%CI P

Living in a village 31.2 1.000 (ref.)

Living in a city 28.6 0.882 .708-1.099 .264

Living with one parent 32.9 1.000 (ref.)

Living with both parents 29.4 0.849 .604-1.193 .344

Natives 28.3 1.000 (ref.)

Immigrants 52 2.752 1.821-4.158 .000

Highly educated mother 30 1.041 0.801-1.352 .765

Mother’s basic/

intermediate education

29.2 1.000 (ref.)

Highly educated father 30.4 1.174 .878-1.568 .279

Father’s basic/

intermediate education

27.1 1.000 (ref.)

Boys 36.5 1.000 (ref.)

Girls 22.5 .505 .403-.633 .000

An only child 35.3 1.000 (ref.)

Had siblings 29 .747 .546-1.021 .067

8th & 9th grade 29.2 1.000 (ref.)

7th grade 31.2 1.099 .87-1.388 .428

Table 3.0
ER accidents and
the relative danger
(OR) in relation to
the following
variables
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are great at it. Consequently, efficient supervision of their
young siblings may result in fewer accidents. Moreover,
someone would assume that when one parent lives with
the child, they are forced to work more and thus pay less
attention to their child. This assumption was not
established, though. It seems that, before the parent
leaves home, they have already made arrangements for
the good care of their children (supervised by nannies,
grandparents or siblings) to make sure they will be safe.
Grade was also connected to minor accidents but not
serious ones (ER accidents or admissions). 

Parents’ educational level

Although the literature showed that parents with low
levels of education had children with more accidents
(Faelker, et al., 2000), it was the opposite that this study
found. It seems that when both parents have higher
levels of education, their children are in greater danger
of having a minor accident. That could be because the
majority of people in Greece study one thing, but work in
another. Highly educated and thus well paid jobs are
few. As a result, the job they usually find is inferior to
their studies and as a consequence they have to work
more hours in environments that are lower than they
deserve according to the studies. Sometimes they have
to work straight from one job to another to make their
living. That results in many hours of absence from home,
leaving children alone. 

Place where children live

There was no correlation between the place children lived
and their having accidents. Although some researchers
found that children in urban areas suffer most from
accidents (Moshiro, 2005; Otters, et al., 2005), some others
claimed the opposite (National SAFE KIDS Campaign –
NSKC, 2004).This study, though, found no link between the
place children lived and the injuries they had. 

Conclusions

It appears that:

� Young boys (7th grade), immigrants and the children
whose parents received higher education were at
greater risk of having minor injuries

� Boys are in greater danger of both minor and major
accidents (ER accidents or admissions)

� Minorities – immigrants – suffered more injuries,
both minor and major

� Apart from the above, no other variable was

statistically important for major accidents, so no
other risk factor was found for ER accidents or
accidents resulting in hospital admissions. 

Although many surveys examine risk factors and
accidents, this has gone a little further in examining risk
factors that account for serious injuries which lead to an
E.R. or a hospital admission. As major accidents may
result in serious health problems or even disability,
attention should be paid to the risk factors connected to
those serious accidents.
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Introduction

Non-typhoidal salmonella infection is usually a self-
limiting gastroenteritis, marked by symptoms of
diarrhoea, nausea and vomiting, abdominal pains, fever
and headache. It can lead to hospitalisation in
dehydrated patients and occasionally result in death.
Although in Salmonella enteritidis, the most common
foodborne infection in the UK, the case fatality rate is low
(0.4-0.6%), it can be considerably greater in susceptible
groups such as infants, the immuno-compromised and the
elderly. Nursing homes and hospitals, in particular, have
high mortality rates, with rates 70 times higher than the
wider population (Gil et al., 2009; Mishu et al., 1994).

Salmonella enteritidis is commonly acquired by
ingesting uncooked or raw eggs either directly or by
contaminated fomites. Person-to-person transmission
can also occur when symptomatic individuals have poor
hygiene (Health Protection Agency, 2009b), especially if
involved in food preparation or if they have learning or
cognitive difficulties.

In the 1980s and early 1990s, salmonellosis was a
leading cause of infectious intestinal disease in
residential homes, leading to more hospital admissions
and deaths compared with other outbreaks of intestinal
infections (Levine et al., 1991; Strausbaugh et al., 2003). 
Residents of nursing homes are a particularly vulnerable
to infection because of their generally poor physical
health, age-related achlorhydria and their dependence
on shared facilities like bathrooms and services such as
laundry and catering (Strausbaugh et al., 2003).

Over the past decade, a number of preventative measures
have been introduced to reduce the level of community
infections in the UK. In the mid-1990s, vaccination
programmes against S. enteritidis phage-type 4 (PT4),
then the predominant cause of human salmonella
infection in the UK, were established in broiler breeder and
commercial laying poultry flocks. In 2002, UK guidance on
food-handling and catering standards, particularly relating
to eggs, was produced (Food Standards Agency, 2002).
Subsequently, the incidence of S. enteritidis cases in
England and Wales fell by 66%, primarily through a
reduction in PT4 cases. However, this has been
accompanied by a doubling of the incidence of lower
prevalence non-PT4 infections (Gillespie, 2004).
Nevertheless, egg-borne outbreaks continue (Calvert et al.,
2007), suggesting that, despite the inherently lower risk of
infection from eggs, other control measures to reduce
transmission are not being adhered to.

Abstract

Background
Salmonella enteritidis infection can cause severe
diarrhoea and dehydration, and, in vulnerable people,
may result in death. Although fatality rates are generally
low, in nursing and residential homes they can be
considerably higher. Eggs and poultry are the main source
of infection. Preventative measures have reduced the risk
posed by eggs over the past decade, although outbreaks
continue, often via imported eggs. The susceptibility of
residents relates to their generally poorer health, intimate
domestic environment and dependence on shared
services, all of which can facilitate transmission. This paper
reports on an outbreak of Salmonella enteritidis (phage-
type 6) at a nursing home in South West England, and
identifies the source and mode of transmission. 

Methods
Following laboratory notification of salmonellosis at a
nursing home, environmental health and Health
Protection Agency staff undertook a joint site visit.
Environmental and microbiological investigations were
conducted and preventative measures put in place. A
cohort study was conducted with staff and residents to
identify the possible route of transmission, with resident
exposure assessed by staff in all but two cases.  

Results
Microbiological investigations confirmed PT6 in uncooked
eggs in the fridge, and on a dishcloth and tea towel in the
kitchen. Nine people (five residents and four staff) had
positive stool samples for Salmonella enteritidis (PT6); two
were hospitalised. The epidemic curve suggested either an
ongoing source or a point source of infection with person
to person transmission. All 32 staff and residents
participated in a cohort study. Relative risks for the point
source did not support a strong association with any
individual food item, supporting the hypothesis that more
than one route was involved. 

Conclusion
Although measures to control and prevent the
contamination of eggs with salmonella have reduced the
risk of infection, this study highlights the ongoing need
for promoting best practice in food handling and
ensuring catering standards, especially in institutions
caring for vulnerable populations, if serious outbreaks are
to be prevented. 

Key words: Cohort study; environmental health; nursing
home; Salmonella enteritidis PT6
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Plymouth Hospitals NHS Trust using HPA Standard
Operating Procedure 214 – isolation of salmonella
from foodstuffs.

Cohort study

An adapted HPA food poisoning questionnaire was
administered by laptop to staff and residents present
during the outbreak period – defined by the period three
days before the first confirmed case (to allow for the
incubation period (Hawker et al., 2005)) to the day of
symptom onset reported in the last two cases (in total
one week). Questionnaires included items on food
consumption (using the daily menus during the outbreak
period), contact with people with gastroenteritis, recent
travel, and any symptoms of salmonellosis. Residents’
questionnaires were completed by senior care workers as
cognitive limitations meant all but two were unable to
remember their food consumption two weeks after the
outbreak period. Where available, answers were
corroborated using entries in residents’ files or with other
members of staff. Two clients were excluded from the
study as they were fed special processed food, not
prepared on site, via gastrostomy tubes. All staff handled
food with no responsibility for serving specific residents.
Records of interaction between staff and residents and
residents themselves were not kept.

For the analysis, probable cases were defined as
residents or staff working during the outbreak period and
reporting diarrhoea (three or more loose stools in 24
hours). Other symptoms of salmonellosis (fever, nausea,
vomiting, bloody stool, abdominal pain) were not used
as these were not commonly shared. Confirmed cases
were defined as individuals with a positive stool sample
for salmonella. Cases were included only if symptoms
occurred within the defined outbreak period.

Relative risks and attack rates with 95% confidence
intervals (95% CI) were calculated using EpiData v3.1
(Lauritsen, 2000-2008). Cases (confirmed or confirmed
and probable) and non-cases (staff, residents or both)
included in the analysis depended on the item under
investigation and the time period for likely exposure. The
null hypothesis – no increase in relative risk – was rejected
when p<0.05 using the Fisher’s exact test (two-sided). 

Results

The findings from the environmental and
microbiological investigation informed the analysis of
the cohort study.

This paper describes an egg-borne outbreak of
Salmonella enteritidis phage-type 6 (PT6) in a nursing
home in the South West region of England. The
investigation raises a number of issues relating to
infection control in eggs, particularly in vulnerable
populations.

Methods

Following the notification of two confirmed cases of
salmonella infection at a nursing home, environmental
and microbiological investigations were promptly
instigated by local environmental health and Health
Protection Agency (HPA) staff in order to identify the
possible source of infection and to implement measures
to prevent further cases. A cohort study was
subsequently conducted to establish the infection’s
source and mode of transmission.

Environmental investigation

Communal areas, particularly the kitchen, were
thoroughly inspected, and cleaning and storage facilities
such as the refrigerator were checked. Cleaning and
cooking rotas were obtained and reviewed. Kitchen
surfaces were swabbed and general purpose cloths and
three batches of eggs in the refrigerator, some without
printed codes on their shell, were taken for
microbiological analysis. The eggs were purchased from
a local shop

Microbiological 

Stool samples were requested and obtained from all
staff (who worked during the outbreak period) and
symptomatic residents, and their GPs notified. All
samples were tested for enteric pathogens using
standard laboratory methods. These include direct
inoculation of a one in 10 suspension of the faeces onto
Xylose Lysine Deoxycholate (XLD Oxoid number
POO164A) and enrichment using Selenite F Broth
(Oxoid number EBO354E), which was then inoculated
onto XLD after 24 hours’ incubation (BSOP 30, BSOPID
24 [FSA, 2008]). Suspected salmonellas were identified
biochemically and serologically using ‘O’ and ‘H’
antisera, before being submitted on solid nutrient agar
to the Laboratory for Enteric Pathogens, HPA Centre for
Infections, for confirmation and phage typing (Ward et
al., 1987).

Swabs, eggs and cloths were examined for salmonella
at the Food, Water and Environmental Laboratory at
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shell, one of which was from a large, reputable company
with a vaccinated flock. The code on the other batch did
not match any UK producer. This batch was infected
with Salmonella enteritidis PT6. Checks with the Health
Protection Agency did not identify other outbreaks of 
S. enteritidis PT6 around the period of enquiry. 

Cohort study 

A total of 32 questionnaires was completed (17 by
clients and 15 by staff), giving a response rate of 74%
(32/43). The mean age was 63.3 years (range 17.2-96.8
years), and 85% were female. 

1) The epidemic curve (Figure 1.0) suggested that a
point source was unlikely to be responsible for all
cases as the time-lapse between the first and latter
cases exceeded the typical incubation period of 12-
72 hours (Health Protection Agency 2009a). Given
environmental and microbiological findings showing
the same phage-type of salmonella in eggs and on
contaminated cloths, and that the staff and residents
reported no recent travel-associated diarrhoea or
contact with people with gastroenteritis, Figure 1.0
suggested four possible routes of transmission:

2) Two point sources; one affecting staff between
13th-15th September and one affecting mainly
residents between 17th-20th September. 

3) A member of staff became a case from handling
eggs before the 15th September, followed by a point

Environmental investigation

The kitchen inspection identified a number of problems.
The sink for hand washing was difficult to reach and dry
when examined. Surfaces and cloths were dirty and the
deep-cleaning rota had not been completed for three
months. The temperature of the fridge was documented
as 6 ºC but when measured was 11 ºC. A number of eggs
found in the fridge were visibly contaminated with
faeces and feathers. The manager reported that on the
eve of the first case, residents’ food was prepared by a
non-catering worker due to staff shortages, although the
worker was previously employed as a cook at the home. 

Microbiological investigation 

Laboratory investigation and subsequent typing
confirmed that stool samples from nine individuals at
the home were positive for Salmonella enteritidis
(phage-type 6). Five residents and one member of staff
were symptomatic (100% diarrhoea, 57% abdominal
pain, 43% vomiting, 29% nausea and 29% fever). The
remaining three cases, who did not report symptoms,
were identified through microbiological screening of
staff. Salmonella enteritidis phage-type 6 (PT6) was also
identified on a tea towel, dish cloth and in stored eggs. 

Environmental health investigations revealed that the
eggs were supplied by a registered wholesaler. Two of
the three batches had a UK origin code printed on the

Figure 1.0
Epidemiological
curve of
Salmonella
Enteritidis outbreak
at a nursing home 

Note: three confirmed cases were not included in the curve as they did not report symptoms so their date of onset
was not known.



124 Journal of Environmental Health Research | Volume 9 Issue 2

Analysis tested the first three hypotheses in turn.
Hypothesis 4 could not be tested directly as person-to-
person contact data was not available.

Investigation of hypothesis 1 and 2

No analysis was conducted for the period 13-15th

source outbreak on the 17th-20th September.
4) On-going source: cases may have become ill after

eating egg-containing foods on one or more
occasions.

5) Cases may have been caused by person-to-
person transmission and/or cross-contamination
of food items.

Dr Julian Elston, Mike J Wade, Dr Anders Wallensten, Katherine O’Connor

Table 1.0
Relative risk of
infection for
confirmed cases
presenting in
residents
between18th-20th
September

Date Menu item Exposed Not exposed

N Total (n) Cases Total (n) Cases Relative

risk

(95% CI) P-value

17th

September

Breakfast

Cereal 17 9 4 8 1 3.56 (0.49-25.59) 0.2941

Toast 17 6 0 11 5 0 (inf-inf) 0.1023

Egg (poached) 17 1 0 16 5 0 (inf-inf) 1

Other breakfast 17 2 0 15 5 0 (inf-inf) 1

Supper

Bubble and squeak 17 10 2 7 3 0.47 (0.10-2.10) 0.5928

Fruit crumble and custard 17 12 3 5 2 0.63 (0.15-2.67) 0.6

Other supper 17 7 3 10 2 2.14 (0.48-9.66) 0.5928

18th

September

Breakfast

Cereal 17 9 4 8 1 3.56 (0.49-25.59) 0.2941

Toast 17 6 0 11 5 0 (inf-inf) 0.1023

Other breakfast 17 2 0 15 5 0 (inf-inf) 1

Dinner

Beef stew and dumplings 17 15 4 2 1 0.53 (0.11-2.70) 0.5147

Stewed fruit and ice cream 17 16 5 1 0 � (inf-inf) 1

Supper

Cauliflower cheese 17 10 2 7 3 0.47 (0.10-2.10) 0.5928

Semolina 17 15 5 2 0 � (inf-inf) 1

Other supper 17 7 3 10 2 2.14 (0.48-9.66) 0.5928

Key: inf – infinity:  � – infinity
Note: As all residents had the same main dishes on 17th September this meant an analysis could not be undertaken.
No analysis for performed for items consumed on the 19th September because of insufficient cases (two) for a robust
statistical analysis.
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One explanation for seeing an elevated risk on two
consecutive days could be the habitual nature of
residents’ diets, ensuring that any breakfast item
showing an elevated risk on one day is likely to show a
similar increased risk the following day. However, none of
our results were statistically significant, possibly due to a
lack of power as there were only a small number of cases.

Investigation of hypothesis 3

Table 2.0 shows the relative risk associated with
consuming different egg-containing meals. Individuals
were defined as being exposed if they had consumed
any one or more of the following items during the
outbreak period: fried, poached or boiled eggs, mousse,
quiche, omelette and bread and butter pudding.
Associated risks were analysed for the whole cohort and
for residents only, as there were insufficient cases in staff
cases to analyse this group separately.

All seven cases were among the 25 residents and staff
who ate egg-containing foods. As there were no cases in
the six who did not eat egg-containing foods, this
suggested that these may be the route of transmission.
However, when egg-containing puddings were excluded

September, as there were insufficient confirmed cases for
a statistically robust analysis. Table 1.0 shows the relative
risk of infection for confirmed cases in residents only,
presenting between18th-20th September. The member
of staff and food handler (17th September) was excluded
from the analysis so as to ensure transmission could be
attributed to food consumption rather than direct
environmental contamination in the kitchen. 

Table 1.0 shows that six food items had a relative risk
greater than one, suggesting their consumption was
associated with an increase in risk of infection, but none
of these associations reached statistical significance.

Stewed fruit and ice cream and semolina had an infinite
relative risk, indicating that only residents who ate these
items became infected. Other supper (e.g. soup – the
only additional item to be consumed by all cases) and
breakfast cereal on both 17th and 18th September were
associated with relative risks of infection of 2-3, albeit
with wide confidence intervals which included unity.
None of these foods contained eggs, the likely source of
PT6 in this outbreak. If these relative risks are real, it is
possible that these foods may have been cross-
contaminated during preparation or when being served.

N Exposed Not exposed Relative
risk

(95% CI) P-value

Total (n) Case Total (n) Case

All egg-containing foods

Residents & staff 31 25 7 6 0 � (inf-inf) 0.2928

Residents only 17 16 5 1 0 � (inf-inf) 1.000

Excluding mousse and bread & butter pudding 

Residents & staff* 31 18 3 13 4 0.54 (0.15-2.02) 0.4130

Residents only* 17 11 2 6 3 0.36 (0.08-1.61) 0.2801

Mousse only

Residents & staff 31 19 6 12 1 3.79 (0.52-27.72) 0.2015

Residents only 17 15 4 2 1 0.53 (0.11-2.70) 0.5147

Table 2.0
The relative risk
associated with
consumption of
any egg-containing
meal (including and
excluding mousse
and bread and
butter pudding and
for mousse alone) 

Key: inf – infinity:  � – infinity
Note: Seven confirmed cases were used in the analysis of residents and staff, as we included the asymptomatic
confirmed case in a staff member.
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Strengths and weaknesses

The main limitation of our investigation related to the
cohort study.  The elapsed time between consumption of
food items and completion of study questionnaires may
have introduced bias.  In the case of residents, the need
to rely heavily on staff to complete their questionnaires
may have compromised their validity. However, residents
were reported by staff to be consistent in their menu
choices, and in a few cases residents’ notes were also
used, which would have improved the accuracy of
responses.  Nevertheless, it was possible that recall of
food consumption in cases (compared to non-cases)
may have been better, biasing the results. 

Although the response rate was good, one confirmed case
could not be interviewed as he was on annual leave. This
limited the analysis relating to staff alone. Generally, the
small number of cases limited the power of the study to
detect effects. Finally, difficulties in establishing the time
(not just the date) of onset of symptoms limited the ability
to more accurately define those at risk of infection in the
analysis, weakening ability to find associations between
infection and specific food items.

Policy implications

The incident is a pertinent reminder that despite the
number of egg-related infections falling significantly
over the past decade, salmonella can still be found in
eggs purchased in the UK. A recent survey of raw shell
eggs used in UK catering premises revealed that one in
335 batches (0.3%) were infected with salmonella, 88%
with S. enteritidis, 37% of which were PT6 (Elson and
Little, 2004). Although salmonella infection rates are at
lower levels following widespread poultry vaccination
against PT4, the relative proportion of infections from
non-PT4 subspecies has doubled since 1990 (possibly
through increased colonisation of breeding, laying and
broiler flocks). However, a recent HPA report has
implicated imported eggs in continuing outbreaks,
particularly from Spain, the largest supplier of eggs to
the UK (Pugh 2009). Evidence suggests that between
4.4% and 6.7% of imported Spanish eggs are
contaminated – PT6 is one of the more common isolates
(Elson and Little, 2004; Little et al., 2007).

The source of the contaminated batch of eggs was
investigated by the local authority and the local DEFRA
(Department for the Environment, Food and Rural
Affairs) egg inspector. There remains some doubt about
the provenance of the batch infected with salmonella.

from the analysis, consumption of egg-containing
breakfasts and main courses appeared to protect
against infection, suggesting puddings alone might be
the mode of transmission. As the mousse was made
commercially, it was investigated as a single food item.
This revealed an increase in relative risk for staff and
residents but not residents alone. These inconclusive
results suggested bread and butter pudding might have
been the route of transmission, but as this dish was
served on the evening of 19th September, it could only
have caused the last two cases. However, none of the
results were statistically significant, despite a larger
cohort being used in some analyses.

Discussion

The environmental investigation found a disorganised
kitchen with faulty and un-used equipment and
irregular cleaning and staffing practices. Micro-
biological investigations subsequently revealed that
the outbreak strain of Salmonella enteritidis PT6,
isolated from affected residents and staff, was
indistinguishable from isolates found in a batch of eggs
(kept in a malfunctioning refrigerator) and on kitchen
cloths. This strongly suggested that eggs were the
source of the outbreak.

The epidemic curve suggested four possible
transmission modes including point or on-going source,
cross-contamination and person-to-person spread.
However, despite an apparent increase in risk from
consuming four non-egg containing meals on more
than one day, no results were statistically significant.
Similarly, the consumption of one or more cooked meals
containing egg during the outbreak period appeared to
be associated with an increased risk, but these results
were not statistically significant. Furthermore, the risk of
infection reduced when egg-containing puddings were
not included. Although this suggested these puddings
might be associated with an increased risk, the mousse
did not contain eggs brought into the home and the
bread and butter pudding could only have accounted
for two cases of infection. In addition, none of these
results were statistically significant. The isolation of
salmonella on the tea towel and dishcloth a week after
the outbreak started and evidence of poor cleaning
practice and maintenance of kitchen facilities, together
with the results of the cohort study, suggested cross-
contamination was the most likely mode of trans-
mission. Person-to-person transmission was also
possible but could not be explored in the analysis
because of lack of data. 

Dr Julian Elston, Mike J Wade, Dr Anders Wallensten, Katherine O’Connor
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flocks should be a material consideration in the food
safety management systems of a food business. All
food handlers should be aware of the persistent risk
of salmonella infection.

� Encouraging the thorough cooking of food dishes
containing egg. Institutions housing vulnerable
people should have a policy of using pasteurised
eggs if recipes require raw or uncooked eggs.

� Emphasising the importance of maintenance and
monitoring of refrigeration equipment and the types
of food that should be subject to cool or cold storage.

Mode of transmission
Ensuring that managers are aware of importance of;
� Regular, planned deep cleans of the kitchens and

that all staff handling food have been on, at least,
the basic level food hygiene course, in order to
reduce the risk of infection foods entering into the
wider kitchen environment.

� Daily laundering of tea and dish cloths on a hot wash
to prevent any bacterium persisting or spreading
within the kitchen environment, or the use of
disposable cloths.

Conclusion

Although national policy focus is required to support the
long-term control of salmonella-infected imports, this
must not detract at the local level from the continued
efforts to reduce transmission using basic infection
control measures. This outbreak provides evidence to
support the need for sustained food handling education
and awareness-raising, particularly in institutions caring
for vulnerable individuals. 
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Essentials of Toxicology for
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David Baker, Robin Fielder, Lakshman
Karalliedde, Virginia Murray, Norman Parkinson
(Editors). Published by the Health Protection
Agency, UK.

ISBN 978 0 901144 72 0. 2008. £19.99.

Toxicology is an expansive, multidisciplinary field encomp-
assing biology, medicine, chemistry, environmental
science, public health and other basic and applied disci-
plines. The breadth of the field lends to its appeal for those
of us who make it our profession.  Yet, it also proves
daunting for the student of toxicology as well as authors
attempting to create text that is a concise, practical over-
view of the field. The great challenge for authors is to pare
down an overwhelming amount of interrelated informa-
tion without sacrificing accuracy and understanding.

In light of this challenge, the multiple editors and authors
of “Essentials of Toxicology for Health Protection” have
succeeded in producing an accurate, highly useable text
that lives up to the term ‘essentials’. The target audience,
as noted in the subtitle, is field professionals, such as
emergency responders, public health workers and local
authorities in health protection.  The aim of the text is to
provide a working knowledge of toxicology, emphasising
fundamental principles of how exogenous chemicals
interact with the human body, practical applications of
toxicology practice and a survey of toxic agents, with a
focus on chemical incidents and chronic exposures.

The text is divided into four chaptered sections:
Fundamentals, Applications, Environmental Toxicology,

and a Review of Toxic Agents. This structure loosely
mirrors that of seminal texts in toxicology (e.g., Casarett
& Doull’s Toxicology: The Basic Science of Poisons), and
has proven to be a practical approach.  The first section
on fundamentals deals with basic concepts regarding
the study of adverse effects of chemicals on the body,
such as exposure, dose, dose – response relationships,
and toxicity to target organs. In keeping with the
practical aspects of the text, also included is a chapter on
human biomonitoring of chemical exposure.  

The second section on Applications of Toxicology is
devoted to sources of toxicological information, medical
management of chemical incidents, and concepts of
susceptibility and exposure assessment.  The chapter on
information sources will be highly useful to readers,
pointing them to reliable, government and university
sponsored internet sources (and, commendably, warning
readers of the plethora of unreliable toxicological
information on the internet). The third section on
Environmental Toxicology presents the reader with
chapters on occupational toxicology, air pollution,
contaminated land and other topics that health
protection professionals are likely to encounter. The
fourth section, Review of Some Toxic Agents, similarly
surveys typical chemicals and situations that users of the
text will likely encounter in their work, such as carbon
monoxide, heavy metals, and pesticides.  It also presents
areas of recent concern, such as chemical weapons and
traditional medicines.

As a “handbook for field professionals”, the text is a success
as a useable source of toxicology information and
common language for diverse health protection profess-
ionals.  The writing could have used more careful editing in
places, and I sometimes questioned the emphasis. For
example, the chapter on experimental methods may not
be of practical importance for the intended audience, and
there is a tension in some chapters between simply giving
information and being a ‘how to’ guide. In a broad field
such as toxicology, the need to divide & categorise
concepts is a necessary evil, and as an instructor of
toxicology I didn’t always agree with the choices made
here.  However, health protection professionals will use,
rather than simply read, this handbook, as it provides a
wealth of basic, practical information about a fascinating,
and highly pertinent, field of practice.

Daniel M Tessier, Ph.D., DABT.
Principal Investigator, Environmental Safety Assessment,
DuPont Crop Protection, EI DuPont de Nemours and
Co, Wilmington, Delaware, USA.
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I cannot remember the last time when I sat down and
read a complete textbook. This one didn’t tell me
anything new, but it brought the argument, problems
and potential solutions between two covers.  Substantial
elements of the material can be found elsewhere, for
example Boyle et al., and Twidell and Weir.  While at first
I felt cheated, I came to realise that the author was
aiming at a book useful to all those who need to know
the effect energy use has on the climate, and the other
issues relating to energy use, namely that it is a finite
and hence diminishing resource.  

The book is split into four sections.  The first gives an
excellent introduction to energy, sustainability and
climate change and also introduces the economics.  So
this book, from the start, while it does address issues that
for some are still worth debating, does demand that we
base our alternatives on a sound financial footing.  

Part II outlines the traditional energy generating
technologies, the remaining resources and resultant
pollution.  There is a chapter on transport, an
inescapable problem considering that it is the single
largest contributor to carbon dioxide emissions in the UK.
Part III looks at the impact of continued energy use from
traditional sources and the various international
agreements such as Kyoto. Part IV considers some of the
various alternative technologies, giving an introduction
to the topic including energy efficiency, renewable
energy systems – solar, wind, wave, tidal, small-scale
hydro, biomass and geothermal. It also discusses fast

breeder and fusion nuclear reactors, hydrogen and
carbon sequestration.  

The author is honest in his assessment of technologies.
He uses problems throughout to prompt readers to
undertake their own learning on a subject, which can be
far more rewarding and pedagogically more useful as a
learning exercise.  He includes well-thought-out student
exercises to extend the learning further. The problem
with publishing such a book is that it can become out of
date very quickly. This is overcome in the area of reserves
to production ratio statistics through the use of a linked
website for the book.  

There are some downsides. While there is a good
bibliography and reference list, a list of journals, that
students should peruse to obtain up-to-date knowledge
would have been of benefit in a field that sees constant
development and innovation. A growing trend in book
publishing is the use of sub-standard scanned images
where once this would have been unacceptable, and at
times there are mistakes, one relating to a missing
heading without which you read and re-read the section
until you realise that there are two different subjects.
These issues I would suggest point to sloppy editing,
which is a pity. That said, they do not take away from the
worthiness of this book.

The reviewer is a course director of an engineering
programme with substantial energy content, who will be
placing this text on the 1st year reading list, thereby
moving a number of other texts to later years of study.
For students and professionals who are in need of
knowledge about what are our traditional energy
sources, issues of energy and climate change, and
renewable energy and their effect on us and the climate,
then it is an excellent reference.  For the environmental
health professional, having an understanding of energy
generation and its pollutants, the effect of energy use on
the climate, security of supply and alternative sources of
energy, will greatly enhance professional judgement.
This book can aid in that process.

Dr Philip Griffiths
Reader in Energy Storage Technology Integration,
University of Ulster, Northern Ireland.
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JEHR operates the double-blind peer review process.
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known to the author and the identity(ies) of the
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