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The Nottingham Energy, Health and Housing Study:
Executive Summary
There is increasing evidence that the health of asthmatics can be improved by improving the
environment in poorly heated and insulated dwellings.
This project aimed to demonstrate the sort of modifications suitable for existing social housing to
improve the health of asthmatics. It involved monitoring the occupant use of their home, their
health, the internal environmental conditions, the cost and energy use in houses before and after
the introduction of improvements. In addition, the selection of the most appropriate modifications
for a particular dwelling have been investigated.
Any improvements aimed at the health of occupants should ideally result in improved occupant
comfort and reduced energy consumption. These benefits normally occur together, e.g. improved
insulation can result in lower relative humidities leading to less favourable conditions for dust
mites; new heating systems should result in higher temperatures and better comfort as well as
improved energy efficiency. However, some energy efficient improvements, such as reduced
ventilation, may result in energy savings but lead to higher humidities and an increased potential
for dust mites and mould growth. This study has therefore focussed on investigating the impact of
different ventilation strategies and their role in reducing humidities within a package of energy
efficiency improvements.
Seven Nottingham City Council houses without full modern central heating and occupied by at
least one asthmatic were selected for improvement in 1998. Prior to any modifications the
following were monitored:
1. Health: via a self-administered SF-36 test, lung flow test and record of medication.
2. Comfort: temperature and relative humidity measured every 30 minutes over a one week
period in the living room and bedroom.
3. Energy: electricity and gas meter readings were undertaken over a week and theoretical
predictions were made as to the energy efficiency of the dwellings using the NHER
calculation.
4. Dust mites: dust samples were taken from bedroom and living rooms carpets. Samples were
analysed for house dust mites which are considered to be one of the main sources of allergic
reaction.
5. Occupant use: The use of heating and moisture generation was recorded by means of an
occupant completed diary.
6. Physical conditions: A site survey determined the current condition of the fabric and '
services including the occurrence of mould growth. Pressurisation tests were carried out to
determine the relative air leakage of each dwelling.
All the above tests were again carried out one year later in 1999 after modifications were
executed. The modifications ranged from the simple extension of an existing heating system plus
the provision of humidity controlled extract fans through to the introduction of a new gas central
heating system, plus mechanical ventilation system with heat recovery (to three quarters of
rooms) plus additional insulation to some roof voids and cavities. Individual heat recovery fans
providing fresh air to some individual bedrooms were also used.
The number of properties modified, the type of modifications and the degree of monitoring were
severely constrained by the available financial resources. The total funds for the project were
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£30,000, of which £24,000 was used for modifications and £6,000 for carrying out a battery of
tests and producing this report. A comprehensive statistically significant study would cost
approximately thirty times this amount. The results of the project should therefore only be seen as
indicative since the sample size is too small to provide statistically significant results. There were
no funds to monitor a control group. However, steps were taken to correct for differences in
external conditions and occupant living patterns in 1998 and 1999. Despite these limitations the
project results appear very encouraging and many important lessons have been learnt for future
improvement works designed to achieve healthy homes as well as future monitoring projects.
Average results from the project indicate the following:
1. Health: the perceived health of the occupants as measured by a SF-36 questionnaire
improved by 12%. The effectiveness of the lungs of four asthmatics tested improved by an
average of 20% as measured by peak-flow readings. Medication or symptoms were reduced
for 3 out of the 4 asthmatics where this was recorded
2. Thermal Comfort: Monitored internal temperatures rose by an average of 2.2 °C in
bedrooms and 0.7 °C in living rooms. However whereas five bedroom temperatures were
below 18 °C before the modifications, three were still below 18 °C after the modifications.
3. Dust mites: In all but one of the dwellings monitored dust mites were reduced to below 10
mites per gram of dust i.e. insignificant levels. In 4 out of 6 houses where results were
obtained they appeared to be eradicated from the bedrooms. All properties which had average
relative humidities below 50% had insignificant numbers of mites. This supported the theory
that 50% relative humidity is the critical factor for dust mite control. In the bedrooms the
relative humidities were reduced on average by only 8.5% and in the living room by 1.7%
during the monitoring period. However, because the external moisture levels and the internal
moisture generation was higher during the second monitoring period (eg after intervention)
the effective reduction in relative humidities was greater, i.e. 15% for bedrooms.
4. Energy: The National Home Energy Ratings for the seven properties rose on average by 2.1
on the 10 point scale. Theoretical NHER calculations predicted a 34% reduction in energy
costs as a result of the modifications for a given level of thermal comfort. However,
monitored energy use for the short survey period using gas and electricity meter readings
indicates a 4 % increase in energy use. Even when the temperature rise after modifications is
taken into account the energy consumption appears excessive and to date there appears not to
be a logical explanation for this energy rise.
5. Installation: Many of the proposed modifications were not correctly or appropriately
installed. This was particularly the case for the more advanced ventilation systems. There is
considerable need to improve the current standards of installation.
6. Occupant re-action. The general reaction of the occupants was positive and they welcomed
higher temperatures , reduced condensation and improved health. Despite care in selecting
quiet fans, the individual bedroom fans were not positively received due to their noise.
The project was devised by NEA Nottingham who were awarded a grant by the Nottingham
Health Authority Health Initiatives budget for ventilation and insulation improvements.
Additional funding and time was provided for research , monitoring and recording by the EAGA
Charitable Trust, the Energy Design Advice Scheme and the Bartlett School of Graduate Studies.
Nottingham City Council provided all new heating installations, three extract fans and new
windows to one home.There is increasing evidence that the health of asthmatics can be improved
by improving the environment in poorly heated and insulated dwellings and reducing house dust
mites.
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Chapter 1. Introduction
1.1 This report describes the work of the Nottingham Energy, Housing and Health Project.
This project aimed to reduce asthmatic symptoms and improve the health of seven
Nottingham City Council households subject to either fuel poverty, heat poverty or both. The
Project was never seen as a fully fledged scientific study since the costs and size of such a
study were beyond the available resources. Instead, the Project was seen as a pilot which
would reveal many of the problems in actually providing better ventilated energy efficient
homes. A wide range of monitoring methods was used and the effectiveness of these and the
results achieved have been recorded to enable readers of this report to draw their own lessons
from this intensive project.
1.2 This report also includes a detailed literature review relating to house dust mites and
relative humidities. The important features of house dust mite behaviour, their life cycle and
how they respond to different temperatures and relative humidities have been explored in
order to understand how we can reduce house dust mite populations.
1.3 Given a limited budget the Project has been successful in providing more energy efficient
homes, improving the health of the occupants and in providing a host of lessons that are
relevant to all providers and occupiers of housing. It does not provide all the answers but
does add valuable information relating to good practice, and signposts the way for future
action and the need for further exploration of the most effective and cost effective ways of
providing healthy homes.
1.4 Overall, the lessons are very encouraging but there are many potential pitfalls on the road
to achieving healthier housing. The lessons from the project have very considerable
significance for a very wide audience which includes anyone interested in improving indoor
air quality, reducing asthma, improving the health of households in fuel poverty, providing
and maintaining healthy homes.
1.5 This report begins by briefly explaining the background to the project. It then examines in
detail the links between temperature, humidity and house dust mites but does not explore the
wider relationship between cold homes and ill health. The critical role of ventilation is
examined as well as its relationship to energy efficiency. The choice of improvements and the
problems relating to their installation are recorded.
1.6 The second half of the report examines the results from the heating, energy efficienc'y
and ventilation measures undertaken. A range of tests is described and the results of these
tests examined in successive chapters. The final chapter provides an overall analysis together
with recommendations for further areas where practical research could inform local practice.
Background

1.7 The Project was originally devised by NEA Nottingham who were successful in securing
£8,500 funding from the Nottingham Health Authority Health Initiatives Budget in 1997.
The aim was to provide a range of different ventilation systems and insulation,
draughtproofing and heating control improvements in seven Nottingham City Council
homes. Nottingham City Council were also partners in the Project since they would be
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providing new or improved heating systems in these homes through their health priority
scheme.
1.8 The original aim included some health monitoring and monitoring of the technical quality
of the work. A chance meeting at a EAGA Charitable Trust national seminar on Health and
Energy Efficiency resulted in agreement that the monitoring and recording of this project
could be usefully expanded. Two new partners became involved: Roger Critchley of the
Health and Housing Group and Tadj Oreszczyn from the Bartlett School of Graduate Studies.
Their roles were to provide additional theoretical and practical advice on the measures to be
adopted. They also assisted in choosing and providing monitoring equipment and methods to
measure health, energy efficiency and environmental parameters before and after the
interventions. A detailed report of the whole Project was also to be provided. Funding for
Roger Critchley's involvement was kindly provided by EAGA Charitable Trust (£5,475) and
advice, equipment and analysis from Tadj Oreszczyn was provided by the Energy Design
Advice Scheme and subsequently by the Bartlett School of Graduate Studies .
Modifying of project aims

1.9 During the process of adding additional research partners the aims became slightly
modified to focus more on reducing asthma and house dust mite populations and reducing
humidity levels rather than to focus on any reduction of strokes or heart disease.
1.10 The timetable of the Project was as follows:
1997/8
Winter 1998
February 1998
March — Aug. 1998
Sept. 1988 — Jan. 1999
February 1999
March —Aug. 1999
Sept. - Dec.1999
Jan. - April 2000

Agreement by Nottingham Health Authority of original
grant
Choice of participants and preparation for monitoring.
First week of monitoring — before improvements
Analysis of results and decisions on improvements
Implementation of improvements
Second week of monitoring — after improvements
Analysis of results
Preparation of final report
Final corrections and comments

1.11 The final aims of the project were:
•
•
•
•
•
•
•
•

To improve the energy efficiency of seven households in fuel poverty
By improving the energy efficiency to enable occupants to obtain warmer homes at the
same or lower costs
By improving the energy efficiency and ventilation to reduce relative humidities
By improving the energy efficiency and ventilation to reduce house dust mite populations
To obtain noticeable improvements in the health of asthmatic occupants
To explore the relative advantages and disadvantages of different ventilation systems in
terms of achieving results, cost benefits, installation and maintenance
To examine practical lessons from the installation of space heating systems and controls.
To record the work of the whole Project, to review the literature on house dust mites
within the home and to disseminate the results to a wider audience
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Context of this study
1.12 The Project should be seen against a national background of debate relating to health
and housing and fuel poverty. With buildings producing some 50% of all CO2 emissions, the
fuel poor unable to afford adequate environmental conditions and a UK housing stock which
is generally poorly insulated and ventilated, the issues raised cut across many boundaries environmental, social, political, medical and economic. It is one piece of work amongst a
growing body of research (e.g. Building Research Establishment's work on air quality in
Southampton, Dr Mackenzie's work using Cornwall and Scilly Isles Health Authority
funding to improve homes)
1.13 The Project was originally designed mainly as a practical project. The numerous
monitoring elements and research function were added at a late stage. Consequently the
research design and process has not been as smooth as would have been expected from a
dedicated research project. Moreover, some parts of the data collection and analysis has not
been as complete as might also have been hoped for. A research project of this kind,
omitting capital costs would have cost in the region of £100,000. In fact the actual research
and implementation grants totalled £6,000, whilst the capital costs were £24,000. The large
gap has been partially bridged by considerable voluntary effort and time financed by core
funding. Whilst the report can be read with this background in mind, it is considered to
provide some very important results and lessons which it is hoped will inform future practice
and research.
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Chapter 2. House dust mites, housing and ill health
2.1 This chapter explores the relationship between house dust mites, ill health and the internal
temperatures and humidities within domestic dwellings. The link between mites and ill health
is becoming widely recognised but is still the subject of considerable debate. Despite
considerable research evidence, there are a number of questions that remain partially or
wholly unanswered.
2.2 The chapter draws on considerable research evidence but is not intended to be a
completely comprehensive review of current literature nor to provide an academic critique of
past research. Instead, it seeks to summarise what we know, and what we do not know
regarding the relationship of mites, ill health and internal housing conditions. It aims to
explore the relevant lessons from medical and academic research that can inform providing
practical solutions to reducing house dust mite infestation.
The internal environment — the importance of air pollution
2.3 Internal air pollution in housing is widespread. Sources of pollution include tobacco
smoke, carbon monoxide, volatile organic compounds (e.g. the vapours produced by
consumer products, building materials etc.), mould spores, oxides of nitrogen, sulphur
dioxide, animal dander, radon, asbestos fibres, as well as house dust mites. (Raw and
Hamilton, 1995). Similar pollution exists in workplaces and is known to cause widespread
illness (Appleby, 1996).
2.4 Developments in building practice and the provision of space heating have changed
radically in the past 50 years. From an era when coal fired heating was dominant and the
majority of houses contained open fire places, we have moved to 81% of dwellings using gas
for space heating in England mainly in the form of central heating systems (DETR, 1998)
and the majority of chimneys blocked off, removed or subject to an open flued gas appliance.
A number of further factors have combined to create a potentially more air-tight home.
These include real increases in fuel prices in the 1970s; an awareness that the whole home
should be capable of being heated to comfort temperatures; social and cultural changes
leading to more lightweight clothing; many low income households being unable to afford to
heat their homes and national priorities to combat global warning and reduce energy use.
2.5 At the same time widespread draught-stripping programmes have been undertaken and
older windows replaced with draught sealed units, often with no compensatory background
ventilation. Other measures have been undertaken by landlords and householders to reduce
"unwanted" draughts or ventilation e.g. removal or blocking of air bricks, sealing round
suspended floors, sealing around pipework .
2.6 Other technological and social changes have resulted in practices which can increase
house dust mites concentrations. For instance, the introduction of the vacuum cleaner for
carpets, the use of fitted carpets rather than rugs and easily removable carpets and the virtual
abandonment of the practice of beating carpets out of doors. The prevalence of washing
machines and the trend towards colder, energy saving washes results in mites and allergens
surviving the household wash.
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2.7 The internal environment within dwellings has changed significantly over the last 50
years. For example, average bedroom temperatures have significantly risen and moisture
levels may have increased, leading to conditions more conducive to the house dust mite.
2.8 The problem of ventilation is discussed in more detail in chapter 4. However, at this point
it is only important to recognise the general trend towards more air-tight new homes and
remedial works to existing homes that reduce ventilation rates. This general trend is likely to
be an important factor in increasing the pollution levels within the home.
2.9 The level of any pollutant is important but so is the time the occupants spend breathing it.
Brenda Boardman's study of indoor activities indicates that many low income households
and pensioners who are dependent on benefits will spend over 80% of their time at home
(Boardman, 1985).

The effect on occupants of indoor air pollution
2.10 The Building Research Establishment summarises the effects of indoor pollutants as
follows:
"The types of effects observed range from mild annoyance, through irritation of the eyes,
respiratory tract or skin, changes in lung function or other physiological parameters, acute
clinically recognised illness, development of chronic illness to sudden death. Individual
susceptibility to pollutants varies widely and there are some sub-groups of the population,
such as young children, people with asthmatic tendencies or the elderly, who are liable to be
more vulnerable than others to adverse effects. Hence, in any one room or building only
certain occupants may react to a given air quality." (Raw and Hamilton, 1995)

2.11 It is difficult to quantify the exact effects of many kinds of air pollution on the health of
any particular individual or household. Often no visible symptoms of that air pollution may
exist and measuring the air pollution can be expensive and difficult. There may be no clear
cause and effect relationship nor any clear dose/response relationship. The symptoms of
carbon monoxide poisoning can be considered easier to diagnose than allergy to house dust
mites. Yet even such poisoning is very frequently misdiagnosed by doctors (First Alert,
1994).

House dust mites - one of the most serious pollutants in homes.
2.12 House dust mites are just one of a number of potential indoor air pollutants but' a
particularly important one. The Building Research Establishment has placed the health
hazards in buildings into four levels of risk (Raw and Hamilton, 1995). A fifth category is
used where there is no clear basis for risk assessment.
2.13 The highest level of risk contains five health hazards:
■
■
■
■
■

Hygrothermal conditions.
Radon.
House dust mites.
Environmental tobacco smoke.
Carbon monoxide.
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2.14 Apart from the fact that house dust mites are classed alongside hazards of well known
toxicity and effect e.g. tobacco smoke and carbon monoxide, it is important to note the
inclusion of hygrothermal conditions. Hygrothermal conditions are the environmental factors
that affect thermal comfort: air temperature, radiant temperate, humidity and air movement.
These are important in their own right (see chapter 8) but they also have critical secondary
effects since temperature and humidity are key determinants of the levels of house dust mites.
2.15 Consequently, house dust mites can be seen as one of the most serious health hazards in
housing. Most importantly, their very existence is inextricably linked to one of the other five
most serious health risks chosen by the Building Research Establishment - the hygrothermal
conditions.

House dust mites — what are they?

2.16 House dust mites live in almost every UK house or flat. This study concentrates on the
UK but they are a problem affecting many countries particularly in temperate climates similar
to that of the UK. Mites are close relatives to ticks, spiders and scorpions. They belong to the
class of Arachnida and the sub-class Acarina includes all of the mites. Mites are a very diverse
group in terms of their size, choice of food and habitat. Many cause economic damage e.g.
the flour mite, the cheese mite and the dried fruit mite. Some are parasitic causing scabies in
humans and can bite humans or feed off poultry. Within our homes the pyroglyphidae family
is the most important and eleven mites from this family are found in UK dust. Many
pyroglyphid mites are found in association with warm blooded nest building birds or small
mammals. House dust mites have the same predilection for human beings, particularly
favouring our nest — the bed.
2.17 Colloff states that the most common species of mite found in house dust in UK homes
are Dermatophagoides pteronyssinus (the house dust mite) and Euroglyphus Maynei.
Dermatophagoides farinae (the storage mite), although common in continental Europe and
North America, is rare. In rural homes and those with dampness, storage mites of the genera
Glycyphagus and Epidoglyphus may be very abundant locally (Colloff et al., 1992). The
Institute of Environment and Health agree that Dermatophagoides pteronyssinus is the most
common but point out that E. Maynei accounts for up to 33% of mites and can predominate in
some houses (IEH, 1996). Mosbech highlights a slightly different list finding the principal
mite species in British homes are Dermatophagoides pteronyssinus, D farinae, D microceras
and Euroglyphus maynei (Mosbech, 1985).
2.18 The different findings demonstrate that populations do vary from country to country and
within different areas and houses. There are, however, many similarities between the different
mites. Most important for this study are the conditions under which they thrive or die.
2.19 Residential buildings are the most important habitat for mites when considering their
health effects. Mite numbers and mite allergen levels have been found to be significantly less
in public buildings when compared to private houses (Green et al., 1992).
2.20 Whilst house dust mites are a major producer of allergenic substance, they are not
necessarily the major indoor polluter in many areas of the world. For instance, in inner city
New York where there was evidence of cockroaches in 61% of homes, cockroach allergen
was found to be significantly more of a problem than house dust mites (Brown and Evans,
1999).
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The life cycle of cosmopolitan house dust mites
2.21There are five stages to the life cycle of the Acari: egg, larva, two nymphal stages
(protonymph and tritonymph) and adult. Mites mate once or twice during their adult life and
the female produces 20-80 eggs. Eggs hatch into larva and then the mites goes through two
nymphal stages namely the protonymph and tritonymph, with a resting period and a moult
between each stage, before emerging as an adult. Exactly how long each stage takes is
dependent on humidity and temperature, which is discussed in more detail below.
2.22 Dust mites are about a third of a millimetre in length. They are sightless, have eight legs
and their bodies are covered by a colourless cuticle.
2.23 Approximately 60% of the development of a house dust mite from an egg to full adult is
spent in a recumbent position where it does not move, does not take nourishment and where
there is only a minimum metabolism and very little giving off of water. This biological cycle
gives the house dust mites a clear survival advantage since it is effectively "dormant" in a
cycle that in some cases can last a year, in other cases a few weeks. Hallas has described their
widespread presence:
"House dust mites are spread throughout dust, clothes and objects and are just as
omnipresent as the micro-organisms they feed on. As opportunists, they arrive in a constant
stream to every locality and settle where they can" (Hallas, 1991).

2.24 Dermatophagoides farinae, Dermatophagoides pteronyssinus and Euroglyphus maynei
thrive in humid environments in dwellings where there is no liquid water to drink. The
primary source of water for house dust mites is water vapour extracted from the air rather than
any water they may drink or take in with their food. Arlian has summed up their ubiquity by
calling them:
"cosmopolitan inhabitants of homes throughout the world." (Arlian, 1992).

2.25 Mites in homes feed on human skin scales and will also consume pollen grains, fungal
spores, bacteria and plant material. About 150mg of skin scales is enough to sustain a
population of over 3,000 mites for 2-3 months. Humans shed some 500-1000mg of skin each
day thus providing limitless food (Koorsgaard, 1979).
2.26 There is some relationship between mites and fungal mould growth. Some
Dermatophagoides pteronyssinus were found to be larger on dried fungal cultures but they
did not survive in the presence of excessive fungal growth (Murton and Madden, 1977).
Some fungi can break down fats in human dander and make it a more attractive food for house
dust mites (Bronswijk and Sinha, 1973). Some mould spores can feed off faecal pellets
(Colloff, 1991). There are a wide range of mould spores present in any home and the exact
relationship between these and different mites and the relationship to temperature and
humidity has not been fully explored.
2.27 Adult mites excrete approximately 20 droppings per day similar in shape and size to
pollen grains about 10-20 micrometres. Whilst particles of this size should not enter the
depths of the lungs the excrement does appear to do so. This is considered to be due to two
processes. Firstly, when the particles dry they break up; secondly, the droppings may by a
process of absorption of water (osmosis) rupture releasing much smaller particles. (Whitrow,
1993). One gram of fine floor dust may contain up to 250,000 faecal pellets (Platts-Mills et
al., 1983).
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Where house dust mites are found in the home
2.28 It is misleading to think of mites being found only in household dust e.g. lying on the
floor or furniture surfaces. Household dust is in fact a mixture of many waste products.
Colloff graphically described it:
"it consists of shed human skin scales, plant and animal fibres, particles of silica and other
minerals, human food debris, pollen grains, fungal spores and hyphae, arthropod faeces and
cuticle. In beds house dust may become mixed, to varying degrees, with human
excretions/secretions such as urine, semen, saliva, faeces, blood and sweat" (Colloff 1991).

2.29 Mites are found in soft toys, curtains, clothing, bedding, mattresses, carpets and
upholstered furniture (Platt Mills, 1987). Mattresses usually harbour the highest mite levels
within the home (Jooma et al., 1995). However, some studies have found that mattresses are
not the most contaminated areas. In one study of 26 Ohio homes, 84% of the highest house
dust mite concentrations were in the living room. Significantly higher mite levels occurred in
the most heavily used fabric-upholstered furniture and carpeted areas of the living rooms and
bedrooms. It was also found that long pile carpets contained significantly more than short pile
carpets (Arlian et al., 1982).
2.30 Attempts to obtain airborne levels of mite allergen, even after vigorous disturbance,
suggest natural exposure is most likely when an individual is close to the face e.g. pillows,
bedding and sofas, rather than due to carpets (De Blay et al., 1991).
2.31 Most importantly there will be large differences between different areas of carpet and
between different habitats. This has been demonstrated by experiments in sampling carpets. In
a study of 20 rooms differences in mite levels between different areas of a room were found;
house dust mite levels varied up to 192 fold (Simpson et al., 1998). The implications of this
study are very important for two reasons. Firstly, it helps underline the presence of
microclimates — small areas where different humidities and temperatures may result in
increased or decreased house dust mite populations. Secondly, in all studies involving mite or
allergen monitoring, where samples are collected from may significantly affect the summary
results.

Temperature and humidity and the life and death of house dust mites
2.32 Since house dust mites are guaranteed a plentiful supply of food, temperature and
humidity are the key variables that affect their viability. The relationship is not as
straightforward as was originally imagined and this section aims to summarise the factors that
need to be taken into account when planning interventions.
2.33 Some animal species such as kangaroo rats and house dust mites live and breed in
habitats where there is no liquid water (Arlian, 1992). The ability of house dust mites to
survive is described by Arlian:
"House dust mites live in a microenvironment in which no liquid water is present. However,
their bodies are 70-80% water by weight, which must be maintained at a critical lower limit in
order for them to survive. Active life stages are able to survive at ambient humidities as low
as 60 per cent relative humidity because they extract sufficient water directly from unsaturated
air by means of a special adaptation to compensate for water losses" (Arlian, 1989).
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2.34 As long ago as 1924 it was found that asthmatic conditions improved at an altitude of
1200m and the effect was maximised 1600m above sea level (Storm van Leeuwen et al.,
1924). However, it was sometime before the biology and prevalence of house dust mites
began to be seriously explored and the link between asthma and house dust mites made.
2.35 In the 1970s it was recognised that house dust mites are more abundant in those areas of
the world where the climate is damp and temperate (Bronswijk and Sinha, 1971). Work by
Spieksma found that for Dermatophagoides pteronyssinus the optimal temperature for
population growth was about 25°C but they could grow and multiply between 17°C and 32°C
and that optimal humidity at 25°C was 80% (Spieksma, 1971).
2.36 Korsgaard summarised the research in humidity in 1983. Firstly, he found that the
numbers of house dust mites depends to a large degree on the amount of water vapour in the
outside air which differs according to climate and between coastal and inland regions.
Secondly, there are wide differences between the levels of house dust mites in the same
topographical region which are related to indoor air humidity. Thirdly, there is a seasonal
variation in house dust mites numbers which appear to be related to seasonal variation in the
internal and external air. His own study published in 1983 confirmed that there was a seasonal
variation in the occurrence of house dust mites associated with a seasonal variation in indoor
humidity. However, it was also found that homes with few or no mites in the winter continue
to have low mite counts in the summer-autumn period despite the rise in humidity (Korsgaard,
1983a).

Altitude, humidity and reduced mite levels

2.37 The relationship between altitude and humidity continued to be explored. For instance,
much higher levels of house dust mites were found in mattresses at lower altitudes than higher
altitudes (Vervloet et al., 1982). In a comparative study of Leiden, Basle and Davos the high
mountain areas of Switzerland were found to have very low levels of house dust mites. Taking
into account of the external humidity air at Davos it was calculated that at indoor
temperatures between 18 — 22 °C internal relative humidity will normally never exceed 50%
relative humidity. In winter the relative humidity of the indoor air in Davos was calculated to
range between 20 —35% and in summer from 35-50%. For houses in Holland the equivalent
calculated values were 40-60% and 60-80%. Whilst higher altitudes often resulted in lOwer
external and internal humidities and greatly improved conditions for asthmatics, this was not
always so. Bogata, Columbia at 2,600 m has a cool high rainfall climate resulting in high
mite populations (Colloff, 1991).
2.38 Korsgaard's study of 25 asthma suffers and 75 random control subjects in Denmark
found a clear dose-response relationship. He found far higher house dust mite levels in
particular homes, with absolute humidity above 7g/kg whilst the control group were 1.3g/kg
less. He suggested problems from older homes with damp from the ground and problems from
newer homes in terms of reduced ventilation rates (Korsgaard, 1983). This study was one of
the key influences leading to the World Health Organisation adopting a benchmark absolute
humidity. The WHO recommended that the humidity should be kept below 7g/kg and this
standard has not been replaced to date (WHO, 1988). It has been used as benchmark in a
number of intervention studies.
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2.39 The World Health Organisation's limit for internal humidity of 7g of moisture per
kilogram of air (7g/kg) is equivalent to:
■ 45% RH at 21 °C
■ 60% RH at 16.5 °C
■ 70% RH at 14 °C
2.40 These humidity levels are put in context by more recent research. Malcolm Cunningham
in 1996 undertook a comprehensive review of research into house dust mites particularly
from a building scientist's point of view. His conclusions of the key factors draw on much
recent research (Cunningham, 1996).

Four important terms

2.41 Cunningham considered four particular terms are important in the relationship between
humidity and house dust mite survival. The first two terms are frequently used in relation to
buildings, the second two are less common. Firstly, relative humidity (percentage of
saturation) which is the ratio between the mount of water vapour of a sample of air at a
particular temperature and the maximum amount of vapour the air sample could contain at
that temperature, expressed as a percentage. Secondly, absolute humidity which is the actual
amount of water held in air usually measured in grams or water per kilogram of air (g/kg)
Thirdly, critical equilibrium humidity (CEH) which is the relative humidity below which
mites are unable to regulate their water balance hence they lose water and die. Fourthly,
saturation deficit. This is the difference between saturation and actual vapour pressure of air
at the temperature under consideration. For instance, the saturated vapour pressure at 23°C is
2808 Pa and at 73% relative humidity it is 2050 Pa. Therefore the saturation deficit is 758 Pa.
This term is important since it is a measure of how quickly water will evaporate from living
plants and animals.
2.42 Cunningham emphasised that due to the presence of microclimates, (i.e. areas within any
houses where the temperature and humidity may differ significantly from other adjacent areas
or mean values within that dwelling), "it is local rather than room or global conditions that
must be controlled". He therefore considered that the understanding of microclimates is
critical to understanding what measures are likely to be effective in controlling mite
populations.
2.43 Cunningham's interest focused on areas of bedding, carpets and furniture which he calls
the microenvironment. Temperatures in microenvironments are influenced by adjacent areas
of cold or heat which he calls heat sources and heat sinks. For instance in a bed, the mattress
microenvironment will be influenced by the heat of the human body — a heat source. On the
other hand looking at a ground floor living room in an older house, a solid floor will be much
colder at its edge due to cold bridging (thermal bridging) — a heat sink. Hence the carpet
microenvironment will be affected by this colder temperature.
2.44 In a similar way there will be microenvironments influenced by increases or decreases in
moisture levels created by moisture sources or moisture sinks. Humans are major moisture
sources creating some 40g of moisture each hour at rest, as are everyday household activities
such as washing, showering and cooking.
2.45 There will be other influences that serve to dampen down fluctuations. For instance,
hygroscopic (moisture absorbing) materials such as bedding, furniture, carpets, curtains and
wallpaper as well as plaster and other building materials will all absorb moisture if they are
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drier than the surrounding air until they come into equilibrium. When the surrounding air
becomes drier the moisture will be released back in order to achieve a new equilibrium.

Favourable microclimates for mite growth
2.46 Cunningham singles out three particular microclimate conditions that favour mite
viability:
a) in hygroscopic materials mites will not be subjected to extremes of relative humidities , due
to the continual release and absorption of moisture which will effectively smooth out humidity
fluctuations, which should be favourable to house dust mite populations provided the mean
humidity is high enough;
b) lower temperatures at cold spots e.g. edges of some floors will result in higher humidities
which, provided the temperatures are not too low, will encourage house dust mites;
c) higher absolute humidity in beds where the occupant is both a source of higher
temperatures and higher humidities;
2.47 Consequently, in any home we have an ever changing environment where the
temperature and humidity will alter during each day and will alter often to different degrees in
different microenvironments. It appears that this changing environment as well as the average
temperatures and humidities is important in understanding the survival, growth or decline of
house dust mites.
2.48 Cunningham assembled the data from a number of studies ,the most important of which
are set out below.

Table 1 Mite population doubling or halving times from various studies
Temperature
°C

Relative
humidity %

Different mite
species
e.g.

Doubling time Halving
(days)
(days)

time

Reference

Dermatophagoides
pteronyssinus(DP)

15
20
20
20
23
25
25
25
25
25
25

75
65
65
75
75
75
40
50
60
75
80

DP
DP
DF
DP
DP
DP
DF
DF
EM
EM
EM

274
18
27
22
13
12
76
25
57

-

K (1)
CA(2)
CA
K
C(3)

K
3.7
4.0

A(4)

A
C
C
C

Sources: (1) Koekkoek and Bronswijk 1972 calculated by Cunningham from graphed data.
(2) Confer and Arlian 1995 extrapolated by Cunningham from weekly growth figures
(3) Colloff 1992 where two results exist Cunningham has taken the geometric mean
(4) Arlian 1975 — time required to kill 50% of population taken as halving time.
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TABLE 2 TABLE Total development time for Dermatophagoides pteronyssinus at
different temperatures and at 75% relative humidity
at
35 °C
Temperature
30 °C
16 °C
23 °C
relative
75%
humidity
Egg to adult
15
122.8
19.3
34.0
development time
+/- 2.0
+/- 14.5
+/- 5.9
+/- 2.5
(days)
Source: (Arlian et al., 1990)

TABLE 3 Critical equilibrium humidity for Dermatophagoides farinae at different
temperatures
Temperature
30 °C
15 °C
25 °C
35 °C
CEH
52%
58%
63%
69%
Source (Arlian and Veselica 1981a 1981b) Unfortunately no figures for the CEH of Dermatophagoides
pteronyssinus and E Maynei are available

2.49 Unfortunately none of these tables help provide a complete picture of all the mites likely
to be found in homes at the types of temperatures that are most relevant e.g. 14-21 °C and at
the humidities that are most critical say 45% -60%. Bronswijk has found that DF is adapted to
slightly drier conditions that DP (Bronswijk 1981).
2.50 However the tables do illustrate important points:
•
•
•
•

there are differing reactions to the same temperatures and humidities between mite
species;
temperatures at the comfort level or higher found in homes are conducive to mite
growth;
lower temperatures e.g. 15 °C even with higher humidities slow down the development of
DP;
humidities have to be relatively low for normal households in order to reduce house dust
mite populations e.g. below 52% for DF.

2.51 As Cunningham pointed out, there will often be microenvironments which are
considerably colder than the air temperature in the centre of a room (see for instance,
Oreszczyn, 1992; DOE, 1996). Cunningham used the example of a 7 °C temperature
differential where the internal temperature was 15 °C and the relative humidity centrally was
52%. In such a case, (very typical of the base of solid external wall or edges of solid
uninsulated ground floors or external corners of cavity brick walls), the central room relative
humidity would have to be reduced to below 33% to ensure the microenvironment in these
areas was below 52%.
2.52 Arlian has highlighted the role of microclimates at ground floor level particularly over
cool basements, underfloor voids and uninsulated solid floors. He monitored five homes and
found the RH in the carpet was 9.6 ± 3.4% higher than the ambient air 1-2 metres above the
floor and the temperature was 3.7 ± 2°C (Arlian, 1992).
2.53 Colloff pointed out that different studies have found different generation times for
Dermatophagoides pteronyssinus (DP) at identical temperatures and humidities. Due to the
cosmopolitan nature of the mites he does not regard this as unexpected and would not expect
any model of house dust mite population growth to be globally applicable (Colloff, 1991).
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The importance of the external climate

2.54 There are three key influences on indoor absolute humidity. Firstly, the external
humidity; secondly the additional moisture produced internally; thirdly, the efficiency and rate
of the ventilation provision.
2.55 A strong correlation between house dust mites allergen and mean external relative
humidity has been found (Peat et al., 1993). Cunningham found ten studies which showed that
mite populations rise and fall with seasonal changes in ambient relative humidity
(Cunningham, 1996).
2.56 A study in Manchester found that there was a two or three fold increase in house dust
mite allergen in October but this was in contrast to the 100 fold variation found between
houses and less than 10 fold change was considered to be of clinical importance (Kalra et al.,
1992). This study found no statistical correlation between house dust mites allergens and
relative humidity, house type, ventilation and double glazing. However, this apparent
negative finding is based on a survey which only tracked humidities and allergens on a
quarterly basis. No detailed exploration of the exact ventilation rates, type of heating, house
type and the role of such factors is discussed in detail. In conclusion, the authors said the
concentrations of allergens were relatively constant throughout the year. They concluded that
the constant indoor environment with temperatures above 15 °C and relative humidity above
50% favoured mite breeding and that "changes in house design may be necessary to make
homes less ideal for this producer of potent allergens."
2.57 This study is a useful illustration of much research into health and house dust mites.
Many studies originate in the medical community and consequently there is often a lack of
adequate information or data relating to the construction of the housing, its heating, its
ventilation, occupant behaviour and temperature and humidity levels. It is therefore often
difficult to judge the effectiveness of certain measures and in some cases it appears that any
conclusions have limited value.

Mite strategies for survival

2.58 The discussion above has focussed on average relative humidities, however, the
fluctuation of humidity and temperature level is also critical. The body temperature of a
house dust mite is the same as the temperature of their surrounding environment (Koorsgaard
and Andersen, 1986). They do not store heat.
2.59 De Boer (1997) carried out some important experiments into fluctuating conditions.
Dermatophagoides Pteronyssinus were subjected to one of four humidity regimes in
laboratory conditions over a period of seven weeks. For either 1.5 hours, 3, 6 or 12 hours in
each 24 hour period they were subjected to approximately 90% relative humidity at 20 °C.
Food was provided. The remaining time they were subject to 10% relative humidity. Seven
further mite populations were subject to 75% constant humidity and three further groups to
33% relative humidity, all at 20°C. 18-42% (the experiment was executed three times) of the
mites survived a seven week period of only 1.5 hours of 90% relative humidity. Whilst 0.3% 1.5% of the populations survived the regimes of constant 33% relative humidity. This is very
interesting result since the average relative humidity of those exposed to 1.5 hours at 90%
was 15% over a twenty four period. This average humidity is considerably lower than the
relative humidities of around 50% discussed earlier by Cunningham, yet the short high period
appears to provide sufficient water for high levels of mites to survive. For 3 hours of 90%
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relative humidity the mite number remained "roughly unchanged" but at 6 hours and 12 hours
some significant increases in numbers were found.
2.60 However, the same researchers found that the 1.5 hour (out of 24 hours) regime of 90%
relative humidity resulted in no females producing eggs in a separate three week period,
whilst those with 3, 6 and 12 hours at 90% relative humidity produced progressively more
eggs. The highest production was at 75% relative humidity for 24 hours.
2.61 The humidity and temperature regimes used in this study are not typical of bedrooms and
living rooms but do provide useful illustrations of the role of fluctuating humidities.
2.62 The most recent research on survival rates at different humidities and temperatures has
been undertaken by Arlian ( Arlian et al., 1999). This research also found that short periods of
high humidity can lead to increase of house dust mite populations. Mites were held
alternately at 75% relative humidity and then at 35% relative humidity in each 24 hour period
at 22 °C. The 75% relative humidity was applied for either 2, 4, 6 and 8 hours to different
colonies starting with 40 mites. Whilst those colonies with only 2 hours at 75% relative
humidity declined, those with longer periods at higher humidities all increased during a ten
week period.
2.63 Interestingly, Arlian found that at a constant 85% relative humidity the population
development was inhibited by mould growth. The study concluded that maintaining a mean
daily relative humidity of 50% or below even when it rises above this level for 2-8 hours,
effectively restricts the population growth of this particular mite at 20-22 °C. However, to
prevent the population growth completely relative humidity must be maintained below 35%
for at least 22 hours per day when the daily relative humidity is 75% or 85% for the remainder
of the day. The study points out that whilst eradication of mites may be very difficult,
delaying the life cycle and depressing the population of mites will have a very beneficial
effect by reducing the production of allergen. The study provides a useful warning of how
populations can increase exponentially at a constant 75% relative humidity.
2.64 The last two studies raise two important issues. Firstly, that it is important to consider
mite fecundity as well as mite survival. Secondly, that short periods of high relative humidity
(e.g. when the central heating is off at night and/or a microclimate with high humidities
exists), can assist in mite survival.
2.65 There are further important factors contributing to mite survival. House dust mites have
few active stages: larvae, protonymphs, tritonymphs and adults. There are quiescent periods
during the first three stages where the house dust mite can survive with little or no water.
Quiescent protonymphs have a significantly reduced metabolic rate compared to active
protonymphs (active ones consume 28.5 more oxygen that passive ones) and are extremely
resistant to desiccation. A quiescent protonymph can "survive for months at 0% RH" (Arlian,
1992). Ellinger has reported that the quiescent protonymphs of DF last 143.8 days at 15.6°C
(Arlian ,1992). Fasting, dehydrated mites can gain water again (Arlian, 1992). At the same
time eggs of Dermatophagoides pteronyssinus can hatch after 7 months at 10°C with 60%
suggesting they can overwinter at these temperatures (Colloff, 1987).
2.66 Awareness or knowledge of the biology of the mites is especially important in
understanding their survival. Live mites have sucker like purilli at the ends of the legs which
provide them with a very good grip on the substrate (Colloff, 1991). Quiescent protonymphs
have been found to be "firmly glued" to the substrate. Such protonymphs cannot be removed
by vacuuming carpets and other surfaces (Arlian, 1992). The fact that both nymphs and adults
can literally hang on defying mechanical attempts to remove them clearly increases their life
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chances significantly. However, barriers around mattresses and methods such as steam
cleaning may be useful in countering this suction. No study to date has shown how effective
these measures are in relation to this particular problem.
2.67 A final note of caution is added by Cunningham (1996) who highlights the fact that we
simply do not know at this time what combinations of temperature and relative humidity
fluctuations have what effect on the various different mites. He adds that most of our
knowledge to date is based on experiments using laboratory populations of mites. Wild
populations can be expected to have adapted to a non laboratory environment and may be
harder to eliminate than those fed on a diet of liver and cosseted with friendly temperatures
and relative humidities!
2.68 Whilst much attention is focused on lower humidities, the effect on allergen production
of higher humidities cannot be forgotten. Very high humidities significantly increase the
feeding rate and water intake with food of DF and DP. Heavy faecal accumulation was found
proportional to the feeding rate at or above 75% relative humidity (Arlian, 1992).

Table 4 Food consumed as percentage of body weight at different humidities
Relative Humidity
Food consumed as:
% of body weight

65%

75%

80%

85%

3.7%

8.4%

28.0%

42.8%

Mites in beds
2.69 Korsgaard argues that whilst when a bed is occupied the internal temperature and
moisture levels will rise, whether or not the relative humidity of the bedding will increase or
decrease depending on the absolute humidity of the indoor air (Korsgaard, 1978)
2.70 Danish research has found that there was a significant correlation between the
concentrations of house dust mites in bedroom mattresses and the room air exchange rate, the
high mite concentration occurring in poorly ventilated rooms. (Harving et al., 1993)
2.71 Bedding materials dry out at different rates. Artificial fibres generally dry out much
quicker than cotton sheets and feather duvets. Bedding can take anything from a few hours to
a several days to reach equilibrium with the room humidity. In tests of 28 winter nights of bed
occupancy absolute humidity was found to be higher, than the room humidity. Overall the
average temperature gain was 4.8 °C and the absolute humidity gain was 2.3g/kg. Yellen
(1995) found that if room relative humidity could be kept to at, or below, 45% at average
bedroom temperatures, then the bed humidity would average less than 45% thus preventing
long term mite survival. However, his definition of average bedroom temperatures was 18°C
which may not be achieved in many homes.
2.72 De Boer (1997) undertook experiments in occupied beds for short periods
(approximately 1.5-2.5 hours) and concluded that whilst bed temperature rises when the
occupant gets in so does relative humidity for a short period until the temperature rises cause
the relative humidity to drop. Consequently the relative humidity, under most ambient
conditions, remained generally below the Critical Equilibrium Humidity and so there is
insufficient moisture for house dust mites at the higher temperatures. The experiments,
however, failed to monitor a full nights sleep over longer periods, ignored the contribution of
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pillows and recognised that different ambient conditions external to the bed can have an effect
on bed humidity.
Health effects of house dust mites
2.73 As early as 1928 Dekker (1928) observed that reducing the amount of dust in the
bedrooms of patients with bronchial asthma had an amazing effect on his patients However,
widespread research did not really start until the 1970s.
2.74 The importance of house dust mites as a health risk is illustrated by the number of
academic papers published on this subject. In 1970 there were two, in 1975 there were 50, by
1980 well over 500 papers had been published (Colloff, 1991).
2.75 On a global scale the prevalence of mite induced allergy is estimated to affect 50-100
million (Colloff, 1991). In the UK 80% of asthmatics are dust mite allergic (Sporik et al.,
1990).
2.76 The cost of asthma triggered by house dust mites to the NHS and national economy has
been estimated at £200 million per annum at 1990 prices (Colloff, 1991). The problem is
similar throughout many parts of the world:
"Between 60% - 85% of children living in warm and temperate climates are sensitised to
house dust mites, and allergy to house dust mites has been associated with a several fold
increased risk of asthma depending on the degree of ambient exposure" (Hill, 1997)

2.77 A review of the subject by the Institute for Environment and Health concluded:
"Within the range of allergen exposures commonly encountered in UK homes (greater than
2,ug/g dust) there is fairly consistent evidence for an increase in risk of mite sensitisation with
increased allergen exposure. However, there is also evidence that allergen exposure may
influence the risk of sensitisation below 2 ,lig/g threshold..... At all detectable levels of mite
allergen exposure a reduction may be expected to reduce the risk of mite sensitisation." (IEH,
1996)
"For both sensitisation and asthma, it is not known whether short and heavy exposures to mite
allergens are more important than long-term, low level exposures, but the predominant age of
sensitisation is believed to be early childhood; it is possible that high level exposure within the
first two years of life may be highly significant for both sensitisation and the risk of
asthma. "(IEH 1996)..

2.78 Moreover there is evidence that the problem is increasing.
"The concentration of mite allergen in Australian homes has increased in the last decade"
(Peat, 1994).

2.79 Cunningham reviewed current knowledge on house dust mites in 1996. (Cunningham,
1996) His literature search found that they were a major aggravating factor with asthma and
other related respiratory allergies as well as atopic dermatitis, perennial rhinitis and
keratoconjunctivitis. It has also been associated with glue ear. (Colloff et al., 1992) and with
prolonged colds (Burr et al., 1989).
2.80 The development of asthma is considered to fall into two stages. Firstly exposure of the
genetically predisposed individual to a critical level of allergen which results in sensitisation.

The Nottingham Energy, Health and Housing study

Chapter 2 page 21

Secondly, further exposure leading to the development of airway inflammation and bronchial
hyperresponsiveness (Sporik, 1992).
2.81 There are a number of house dust mite allergens that both sensitise and provoke asthma
attacks. Cunningham reports that Der p1' is a major allergen but seven further groups have
been recognised by the World Health Authority. However, Der pl is thought to be the marker
of the presence of these other allergens.
2.82 The allergenic material is very potent. In one of the earliest studies that discovered the
link between house dust mites and allergic reaction (Voorhorst et al., 1967), it was found that
dilutions of house dust mites and all its excreted material when diluted to 0.000001 % would
produce a skin reaction in house-dust atopic patients.

Mite numbers, mite allergens and seasonal variations

2.83 Mite numbers are not an accurate indicator of the presence of allergen. For instance a
study in Virginia found that mite numbers increased sharply in June and July but fell in
September along with a decline in relative humidity. However, allergen levels were highest
from August through to December. It was hypothesised that there is a fall in house dust mites
numbers as surfaces dry out but that live mites persist within furnishings producing allergen
that comes to the surface (Platts Mills et al., 1987). The same study found the highest levels
of allergens in sofas, followed by bedding, followed by carpets.
2.84 A seasonal change in house dust mite allergens is accompanied by a seasonal change in
airway responsiveness. In a Dutch study of 43 homes with asthmatics, considerably higher
levels of allergen in the dust in bedrooms was found than in living rooms. The allergen levels
were higher in autumn than spring and also a higher moisture content of air was found in
living rooms (Van de Heide et al., 1997). Other studies have not found higher levels of
allergen in bedrooms rather than living rooms albeit with limited numbers of rooms
investigated (Simpson, 1998).
2.85 An intensive study of a range of different house types in the Avon area of England found
that the geometric mean mite count in the 35 monitored homes was 186 mites/m2 carpet in the
living room and 174 mites/m2 carpet in the bedroom, with the maximum number in each room
being 16,300 and 16,800 mites/m2 carpet, respectively. More than 60% of the counts in the
living rooms and bedrooms were above 100 mites/m2 carpet. When expressed as mites/g dust,
more than two thirds of the counts were greater than 100 mites/g dust. Samples collected
from living room carpets yielded counts comparable to, or higher than, those taken from
bedroom carpets. The authors noted that mite counts were much higher than found in past UK
studies and were uncertain whether this was due to the method of collection or the
geographical location of the houses (Building Research Establishment,1996)
2.88 The seasonal levels of mites, sampled every two months, was very pronounced (see
diagram overleaf). The mite count in the living rooms was increased by a factor of 4.9.

1

There are different types of allergen. Der pl refers to the Group I allergen (a cysteine protease) produced by Dermatophagoides
pteronyssinus. So you can also meet Der fl, Der pll, Der pill, Der plV etc

The Nottingham Energy, Health and Housing study

Chapter 2 page 22

600

Bedroom
U living room

500

Jan Feb Mar Apr May Jun Jul Aug Sep Cot Nov Dec

Month

Figure 8.2 Monthly geometric mean mite counts in
intensively monitored properties
Source: Building Research Establishment (1996)

2.89 Over 98% of samples contained D. pteronyssinus, and this species accounted for more
than 95% of mites recovered in both rooms. Other species contributed less than 1% of total
mites, except for E. maynei and Lepidoglyphus destructor in bedroom samples [Building
Research Establishment, 1996).
A dose-response relationship?
2.90 There are different conclusions drawn in the research literature as to whether there is a
dose response relationship between house dust mite allergen and allergic response. In a major
review of the literature in 1996 the Institute of Environmental Health concluded that:
"there is no convincing evidence of a strong exposure-response relationship at the levels of
exposure encountered in the UK at present. It may be that exposures are at the plateau of a
non-linear exposure response curve and would need to be significantly lower before a strong
relationship is identified" (IEH, 1996).

2.91 However, other literature has reached different conclusions. In a review of the literature
to 1992 Sporik (1992) concluded that the evidence for the role of house dust mites fulfilled
seven out of the eight criteria set by Bradford Hills for causality: namely that the strength of
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the association between house dust mite allergen exposure and the development of asthma in
sensitised subjects is large and consistent; exposure both precedes and leads to a specific
effect; there are both experimental and analogous explanations; and the mechanism is
biologically plausible. The only data they considered missing was a dose-response
relationship between allergen exposure and the severity of asthma. There are a number of
studies that have shown that link.
2.92 In an Australian survey (Peat et al., 1996) found that the risk of house dust mite
sensitised children having current asthma doubled with every doubling of exposure to house
dust mite allergen. The proportion of children whose asthma had an important impact on their
lifestyle, that is, whose wheeze limited their activities most days, whose sleep was disturbed
by cough most nights, or who had missed more than a week from school for asthma in the last
year was also found to increase as exposure to house dust mite allergen increased. The
Australian study suggest that when allergen levels are above 7 lAg/g there is a quadrupling of
risk of children having asthma for every doubling of house dust mites allergen.
2.93 Further studies have shown a dose-response relationship, for instance, between levels of
house dust mites in beds and disease activity (Custovic et al., 1996; Lau et al., 1989), and how
even small changes in exposure can produce changes in airway responsiveness (Van der
Heide et al., 1994). However, other studies have not found clear dose-response relationships
and even where relationships exist they may be "complex and for each individual could be
linear, log linear or sigmoidal" (Platts-Mills et al., 1995). The confounding variables ( e.g. cat
dander, weather, exercise, ozone, passive smoke, cold air, SO2), the individual differences in
local inflammatory response and the present methods we have for measuring reservoirs of
dust rather than the quantity of allergen entering the lungs all pose problems for accurate and
definitive studies.
2.94 Controlled exposure of humans to dust containing different levels of house dust mite
allergen have shown significant reactions in those known to be asthmatic and allergic to house
dust mites. The reaction was significantly worse when the allergen content was increased
(M'Raihi et al., 1990).
2.95 There is a significant association between increased levels of houses dust mite allergen
contained in floor dust and severe airway hyperresponsiveness in autumn (Van der Heide et
al., 1997). Significant dose response relationships have been found between the level of
allergens in the dust of asthma and the bronchial hyperresponsiveness, especially when related
to the levels of allergen found in the bed (Custovic et al., 1996).
2.96 The World Health Organisation concluded that the data available in 1988 showed that
where the levels of allergen exceeded 2 1.1,g/g of dust (equivalent to 100 mites /g) there is a risk
of developing asthma. Above 10 pg/g there was a risk for acute attacks of asthma and most
mite allergic occupants would be expected to experience symptoms above this level. The
WHO suggested where such conditions existed a ten fold decrease in allergen should be
sought or, at least to below 2 p.g/g (WHO, 1988).

Practical action to reduce house dust mites

2.97 The control measures fall into seven categories:
•
•

chemical control,
cleaning and vacuuming
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•
•
•
•
•

use of electric blankets
covering mattresses and pillows
removal of carpets, soft furnishings and soft toys
indoor humidity control
other control measures such as freezing, steam cleaning

* chemical control

2.98 A number of studies have been carried out using acaracides. Some of these point to
significant lowering of house dust mites levels (Chang et al., 1996), whilst others find that
when products are used with continuous house dust mite avoidance levels, they are no more
effective than using those avoidance methods alone ( Bahir et al., 1997). Neither mattress
covers nor benzyl benzoate reduces the level of Der pI alone but washing the covers does.
(Jooma et al., 1995).
* cleaning and vacuuming

2.99 In one study, some homes that are noticeably clean and well managed homes could
contain very few mites, whereas others contained many. The reciprocal was also true.
Noticeably very dirty and apparently poorly managed homes could contain very few mites,
whilst other poorly managed unclean homes contained many mites. No correlation was found
between mite density and the frequency and thoroughness of vacuuming. No, or very few,
house dust mites were found on wood or vinyl covered floors (Murton and Madden, 1977).
2.100 In experiments to find the most effective laundry processes, it was found (McDonald
and Tobey, 1992) that all mites were killed by water temperatures over 55°C. Laundry
products did not assist killing mites at lower temperatures. Colder washing did remove 90% of
allergens but left live mites. Dry cleaning did not reduce the allergen content of the dust,
although most, if not all the mites were killed. Anti mite shampoos have been found to have
no additional benefits (Price el al., 1990). The effectiveness of different vacuum cleaners as a
means of removing allergenic material is recognised but a full review is beyond the scope of
this chapter.
* use of electric blankets

2.101 Use of electric blankets had been found to decrease house dust mite allergies as bed
temperatures were significantly increased and relative humidities lowered. The blankets were
switched on for 12 hours a day throughout a whole year and washed thoroughly every 3
months. Antigen was reduced by 68% in the beds with electric blankets whilst it increased
120% in control beds. However 3 out of the 10 beds with blankets did not have their mite
population reduced (Mosbech et al., 1988).
* covering mattresses and pillows

2.102 The absence of carpets and the covering of mattresses with a semi-permeable cover
have been found to significantly reduce the levels of house dust mites allergen ( Sporik et al.,
1998). A package of measures including vinyl mattress covers, removal of soft furniture, hot
washing bedding every two weeks and wet cleaning the bedroom floor every day has been
found to significantly reduce house dust mites levels and improve the symptoms of patients
suffering from allergic rhinitis (Moon and Choic, 1999).
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2.103 Mattress covers per se may not be effective. The use of cotton mattress covers without a
regular hot washing regime was found to be unsuccessful in controlling house dust mites
numbers (Jooma, 1995).
* removal of carpets
2.104 Uncarpeted rooms were found to have considerably less house dust mites than carpeted
rooms. In one study ( Hill et al., 1997) there were between a forty fold and 100 fold difference
in house dust mite levels. However, a study in Holland does not confirm this finding (Van
Strein et al., 1994). The Hill study recommends removal of carpets and impermeable
mattresses as the two most effective measures rather than lowering humidities.
2.105 At the same time considerable differences are found between carpeted and uncarpeted
floors. In one study of 85 homes the average bedroom samples for carpeted floors was 41
tg/g whilst for uncarpeted floors was 4.1 1..t.g/g. Many uncarpeted floors had insufficient dust
for analysis (Sporik et al., 1998). Semi-impermeable mattress covers were found to
considerably reduce house dust mites allergen levels in this study but not to below the 7 or 10
pig/g threshold in all cases.
2.106 Higher levels of house dust mite allergen were found where there was all wool
carpeting rather than synthetic carpet or hard floors (Price et al., 1990).
* packages of measures
2.107 There have been a number of studies where a whole package of measures has been
undertaken and where authors have laid emphasis on the need for a package of "aggressive
measures."
2.108 One study has argued that multi-faceted interventions may be important in reducing the
incidence of asthma early in life e.g. avoidance of house dust, environmental tobacco smoke
and pets, encouraging breast feeding, avoiding food allergens (Chan Yeung et al., 1999).
2.109 A package of measures was tried with 46 asthmatic patients divided into a study group
and a control group by Korsgaard (1983). The study group followed a programme of
vacuuming all mattresses twice a week; replacement of all quilts and pillows with synthetic
items; replacing and washing bed linen twice a week; airing bedroom for 20 minutes a day
and leaving window half open for 24 hours; airing living room for 20 minutes a day; not
drying clothes in the house; airing the room following any moisture producing activities e.g.
cooking, washing; wherever possible changing bedroom flooring from carpet to lino or timber
floor surface only. All the study group obtained new pillows and quilts and changed the
carpets but not all strictly followed airing regimes. There was no significant difference
between the moisture levels of the control and study groups found in the bedrooms in the
mornings over the 24 week study period. There was little difference in the evenings in the
bedroom after preventative measures had been undertaken (0.6 g/kg). It was noted that the
sponge effect of houses to hold water in walls, furnishing etc at times of high moisture
production may only decrease the moisture levels for a short time. However, the bare floor
and increased cleaning frequencies resulted in a 20 fold decrease in dust and a two third
reduction of house dust mites. It was concluded that simple hygienic measures are not of
much benefit to those with mite-sensitive asthma
2.110 A different package of aggressive intervention measures has been found to be
successful in lowering house dust mites allergen levels and improving asthmatics health. The
package included dust impermeable covers to mattress, bed-base and pillows. A clean blanket
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and 4 sets of clean bedding delivered every month, tannic acid application to bedroom and
living room carpets every two months. Provision of vacuum cleaners where necessary
together with exhortation to vacuum house weekly, avoid clutter and dust regularly. Monthly
check visits were also built into the intervention (Shapiro, 1999)
2.111 "Aggressive measures" are recommended in one important overview of the problem of
house dust mites in 1987. Platts Mills recommends covering of mattresses, regular washing
of bedding and removal of carpets as the housekeeping measures most likely to improve
significant clinical improvement. However, he acknowledges the need to recommend only
"reasonable" and simple measures so that they can become part of an everyday household
routine rather than interventions that are abandoned soon after the advice or assistance has
been received (Platts Mills and Chapman, 1987).
2.112 However, in one review of the results of 23 studies where chemical methods or physical
methods were used to reduce exposure to mites it was concluded there was no significant
difference between the control groups and the experimental groups. The authors concluded
that such methods cannot be recommended as treatment for asthma sufferers but that larger
and more rigorous trails were needed to explore the issues further. The most likely
explanation for their negative findings, they concluded, was that the amount of mite allergen
was not reduced whilst the number of mites may have been. Even in studies where mites were
effectively reduced they state that the results were no more positive than in other studies in
which mites were not reduced. How far the patients adhered to instructions in the studies is
open to question and only one study examined showed how far instructions were followed
(Gotzche et al., 1998)
2.113 The conclusions of Gotsche were challenged in subsequent issues of the British Medical
Journal. Researchers queried the methodology of this overview, whether peak flow tests were
a good measure for such a research, why older less sophisticated studies were included and
why other overviews had reached different conclusions for some of the better designed
research studies. The replies serve to underline the complex nature of providing robust
research results which take into account all relevant factors and yet also use research
methodologies which are themselves open to question.

Reducing house dust mites by lowering relative humidity

2.114 Before examining a few studies where the aim was to reduce relative and absolute
humidity , one variation on this theme needs highlighting. We do know that simply removing
house dust mite sensitive asthmatics to place of high altitude where the climate is much dryer
and/ or where there is almost negligible house dust mites allergen causes very significant
clinical improvement. For instance, in 1979, 42 children with moderate to severe mite asthma
stayed for 9 months at high altitude. A noticeable improvement was found in the first week
and this was maintained without drugs for the 9 month period (Vervloet et al., 1979).
2.115 Since relative humidity is the most important defining factor in the life and death of
mites, the strategy that now commands considerable interest is humidity reduction. Arlian
concluded that lowering RH in homes, even if it is not below the CEH, may have a beneficial
effect in reducing fecundity and mite population size (Arlian, 1992).
2.116 Experiments by Korsgaard (1988) and Harving (Harving et al 1991) showed that
Mechanical Ventilation and Heat Recovery (MVHR) systems could significantly reduce
humidities within rooms and within mattresses.
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2.117 McIntyre studied 11 dwellings in the UK ranging from a 2 bed flat to a 4 bed house, 8
of these dwellings had MVHR systems and 3 houses were without such a system. All were
electrically heated to Medallion 2000 standard i.e. contained storage heaters. However, no
before and after data was available. The houses were divided into three groups, those using
MVHR continuously, those using it intermittently and those who had no MVHR. Table 5
overleaf illustrates the resulting temperatures and humdities.

bedroom House dust mite level in Mean
absolute
TABLE
5
Mean Mean
bedrooms
temperatures
humidity
g/kg
bedroom temperature
(mites per 100 mg of dust)
and moisture content
A (MHVR USED)
9.5
5.9
18.6
B (MHVR not used
144
18.7
6.6
continuously)
C (No MHVR)
12
18.2
6.7
2.118 The study shows significantly lower mite numbers in houses with MHVR used
continuously than where it is used intermittently. One problem with such results is that there
is no clear data regarding the houses, their air change rates or occupancy moisture levels. As
there was no data collected before and after ventilation was installed it is possible that the
particular houses chosen may have had lower humidity levels in the first instance. The study
found that mite levels were low in the three flats without MHVR and this was explained by
the fact that carpets were all less than a year old.

2.119 An individual heat recovery fan has been found to be effective in reducing bedroom
humidities and house dust mite colonies in one experiment. An individual heat recovery
mechanical extract fan was fitted to one of two experimental bedrooms, the other bedroom
was left unventilated. Human occupancy was simulated and new mattresses were artificially
contaminated with 1000 mites. In the unventilated bedroom, during the eight week test period
average relative humidity ranged from 65 — 90%. Whilst in the ventilated room where the fan
was operated at trickle speed, the relative humidities were 40-58% in the 8 week period. In
the ventilated room mite counts were subject to a 100% reduction in week 4 and a 99.9%
reduction in week 8, whilst in the unventilated room there was reduction of 89%. (Htut et al.,
1996)
Methodology in house dust mite investigations
2.120 There is considerable discussion in the research literature regarding the method of
sampling for house dust mites and allergen. Clearly in any experimental study this is a key
variable that needs monitoring. However as Colloff states: "The sampling procedure is still a
matter of debate" and the present methods can only really be considered as estimates
(Colloff, 1991)

2.121 For instance, although vacuuming is a widely accepted method of mite collection, there
are associated problems. Bischoff and Fischer (1990) found other techniques (using heat
sources which drive mites away from heat and on to adhesive plastic) can yield much higher
counts. For instance, 150 times more mites were recovered from an overcoat by the heat
method than by vacuuming (Colloff, 1991). The very act of regular vacuuming to collect
samples for research purposes may in itself present a distorted picture of there the house dust
mite in a particular area.
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2.122 Details of the current debate on sampling methods are not discussed here but it is
important to recognise that where samples are taken and how they are taken can have a major
effect on any study.
Summary and conclusions
2.123 The link between house dust mites and asthma is well established. So is the relationship
between temperature, relative humidity and house dust mite populations. However the exact
effect of different temperature and relative humidities on different species of house dust mites
is complex. Moreover, the exact measures necessary to successfully reduce house dust mite
populations is not completely clear. No single measure has found to be effective but
packages of measures have been found to be more successful in reducing the effect of mites.
2.124 There is considerable research relating to house dust mites and its effect on humans.
From a building scientists point of view it appears that:
•

House dust mites are a major allergenic trigger for asthmatics and some further medical
conditions
• There is a dose—response relationship between house dust mite allergen and asthmatic
symptoms
• The WHO benchmark of 7g/kg absolute humidity is inadequate
• The aim must be to both reduce humidities for its long term effects and also to carry out
the most effective housekeeping measures to reduce allergen levels
• The aim must be to keep internal relative humidities below 50%.
• The role of microclimates must be taken into account, it is not sufficient to consider the
average room relative humidity
• Further research is urgently needed into wild house dust mite populations and their
survival rates at more common bedroom temperatures e.g. 14 —18 °C as well as into the
ways in which mites thrive and survive in beds and furnishings.
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Chapter 3. Research methodology and choice of houses
3.1 The methodology adopted was based on undertaking an intervention demonstration
project. The project set out to improve the energy efficiency and ventilation of a small group
of houses where it had already been decided to improve the space heating system.
Nottingham City Council operate a special medical priority budget which can provide central
heating systems for a limited number of tenants with special medical needs each year. The
houses were to be drawn from this programme.
3.2 However, installing central heating or improving existing systems can lead to other
problems. For instance, the occupants may not be able to afford them or the higher internal
temperatures may actually encourage the proliferation of house dust mites. This project
therefore aimed to intervene with additional energy efficiency and ventilation measures
designed to improve the environmental conditions and hence, it was hoped, also lead to
health improvements.
3.3 The houses available for inclusion in the study were limited and the choice of the heating
system and controls were not within our control. The budget for additional intervention
measures was limited to £8,500.
3.4 The houses chosen were drawn from a list of houses included in the City Council's
scheme which had yet to have their heating installed.
3.5 The study was to focus on those suffering from asthma .Consequently, it was decided to
try and impose more limiting criteria in order to limit confounding variables. The following
criteria were drafted prior to tenants being contacted to see if they were willing to be involved
in the survey. These criteria were divided into two groups: essential and desirable.
1.
2.
3.
4.
5.
6.
7.
8.

A range of different constructions e.g. cavity wall/solid wall/non-traditional/flat
rather than house (Desirable)
Occupants who intend to live for at least two winters in their present home (Essential)
Keen/prepared for a level of interference involved in the survey (Essential)
Low income/fuel poverty e.g. in receipt of income support, means tested disability
allowance or similar (Essential)
One or more children with asthma who are known to be allergic to house dust
mites (Essential)
No smoking in household (Desirable)
No full space heating system present (Essential)
No pets which would produce animal dander (Essential)

3.6 Due to a number of houses suddenly having central heating installed and a small pool of
potential participants it was not possible to achieve all these objectives. Objectives 1-4 were
achieved but 5-8 could not be fully met. We were not able to test the children or adults with
asthma for house dust mite allergy due to time constraints, nor were we able to eliminate all
smokers. In one home there was almost full central heating part from the asthmatic's
bedroom. In three homes there were dogs.
3.7 It was decided to try and carry out the majority of tests in February 1998 and then repeat
them in February 1999.
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3.8 Seven households were chosen to take part who lived in a variety of houses. These will be
called after the estates on which they are located and are as follows:
A. Sneinton . A post-war traditionally built two storey semi-detached house. Cavity brick
walls, single glazed casement windows and pitched tiled roofs.
B. Bilborough A non-traditional Tarran bungalow of prefabricated concrete panels with
pitched roof. Most of the original stock have now been replaced with traditional construction.
C. Broxtowe A post-war traditionally built two storey semi-detached house. Cavity brick
walls, single glazed windows and pitched roofs.
D. Bulwell A two storey semi-detached house with no fines walls built in the 1970s, single
glazed timber windows and pitched roofs.
E. Heathfield . A two storey semi-detached house traditionally built in the late 1970s/early
1980s with cavity walls, single glazed windows and pitched roofs.
F. Sherwood A two storey traditionally built semi-detached house built with solid brick
walls in the early 1920s, single glazed timber windows and pitched roofs.
G. Bells Lane A traditionally built two storey mid terraced house with cavity brick walls,
pitched roofs and single glazed timber windows.
3.9 The necessary involvement was explained to all the tenants and an outline given of what
tests would need to be carried out and their relative intrusiveness. All agreed to take part.
3.10 The first monitoring undertaken was in February 1998 when fan pressurisation tests,
were carried out; energy audits were undertaken (NHER); a physical survey of each property
was made; house dust mites were collected; peak flow monitors to test lung function were
left with recording sheets; temperature and humidity dataloggers were placed for a week in
one bedroom and one living room of each property. The scope of each of these tests is
described below.
Blower door tests
3.11 A critical factor for determining the relative humidity, energy efficiency and comfort of
a dwelling is the ventilation rate. This is normally expressed in air changes per hour.
Although critical to the environmental performance of a dwelling it is notoriously difficult to
monitor. The overall ventilation rate is dependent on the leakyness of the building's external
envelope, the temperature difference between inside and outside, the windspeed and the
occupant control of windows, extract fans and other means of ventilation. It can therefore
vary considerably from day to day.
3.12 Spot measurements can be made using a tracer gas decay method but may be
unrepresentative of average conditions. Continuous measurement using
tracer gas
measurement is very expensive and intrusive. It was therefore decided to simply measure the
leakyness of the fabric by pressurising the dwelling. This is a standard test which is indicative
of the ventilation rate and allows easy comparison between dwellings.
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3.13 A pressurisation fan is placed is fixed within the main entrance doorframe and the
resultant air flow is measured at different pressures. Then the fan flow is reversed and the
same process of measuring air flows at different pressures is repeated. The American term
"blower door test" is a more graphic description of this test. A Retrotec (Europe)Ltd Model
900 series Infiltrometer was used. The second series of blower door tests were carried out in
August 1999. All internal doors were left open, trickle vents and fans were left as found and
all windows were shut.

Energy ratings
3.14 National Home Energy Ratings (NHER) were calculated using the Surveyor III
program. The development of this program was partly funded by the Department of the
Environment and is one of a number of NHER programs widely used by local authorities and
energy consultants. It is based on the Building Research Establishment's BREDEM
programs which have been developed and refined during the 1980's and 1990's. Surveyor III
is based on the annual version of BREDEM.
3.15 The NHER scheme is quality assured to the European Standard BSEN ISO 9000. The
components of quality control include training, examination, registering and monitoring of all
assessors.
3.16 The National Home Energy Rating is a measure of the energy efficiency of dwellings
in terms of energy running costs. The energy used in the dwelling is calculated using a
detailed model which takes into account, inter alia, the location of the dwelling, the design,
the structure and insulation, as well as the space and water heating systems, the appliances
used and the factors that affect the ventilation of the dwelling. A standard occupancy is
assumed in which the number of occupants is estimated from the dwelling floor area, and a
standard heating pattern is also assumed. The heating pattern is based on 21°C in the living
room for 2 hours in the morning and 7 hours during the evening during a week day and a
continuous 16 hours per day during the weekend. The program manual states "Estimates of
the energy used in water heating, cooking and light and appliances are based upon national
average consumption data".
3.17 However, it is possible to model, to some degree, actual occupancy levels and
different heating regimes more appropriate to the household currently occupying any
dwelling. In this case the annual running costs are based on a 16 hour occupancy and the
actual size of each household.
3.18 The NHER is based on the energy costs per square metre of the dwelling. This results in
a rating on a 0-10 scale. 0 represents a very energy inefficient dwelling whilst 10 represents a
very high degree of energy efficiency. The NHER program manuals state: "A 1990 Building
Regs house built with the prescribed element U-values has a NHER of about 6. However,
due to the variety of ways of meeting the regulations of a 1990's dwelling the NHER could
be as low as 5.5."
3.20 The government's Standard Assessment Procedure (SAP) now has an important role
within the Building Regulations. The SAP rating is also based upon the space and water
heating costs per square metre under standard occupancy conditions and the energy use
covers space and water heating systems only. The SAP rating is independent of location and
is more easily calculated than a NHER. Any NHER analysis automatically provides a SAP
rating as well.
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3.21 NHERs, SAPs and running costs have been calculated before and after the interventions.

Physical survey
3.22 Whilst other tests were being undertaken a short inspection was made of each property
to record the basic construction, the heating system, the exact provision for ventilation and
any relevant defects such as ill fitting windows, disrepair to ventilation or heating system,
presence of mould growth. This survey was intended to inform decisions as to improvements
and was not designed as a "before and after" survey.

House dust mites
3.23 House dust mites were collected from the carpeted areas in one bedroom and one living
room from each home. The bedroom chosen was the bedroom used by the asthma sufferer.
3.24 Dust was collected for a two minute period using a Medivac vacuum cleaner. An area of
carpet 1 m2 was vacuumed for one minute in one direction and then for a further minute at
right angles to this direction. The areas of carpet chosen were in the centre of the living room
floor and bedside the bed, but not under the bed
3.25 House dust mite samples were forwarded to the Building Research Establishment for
analysis. Samples of dust were received in sealed petri dishes which were held at 4 °C
until further analysis. The dust was removed into a clean dry beaker using a sterile camel hair
brush. The weight of the petri-dish with and without dust was determined to three decimal
places. Samples larger than 0.3g were normally split ensuring equal distribution of fine dust,
fibres etc were in the portion to be analysed.
3.26 Extraction of the mites from the dust or portion of dust was by the modified flotation
method of Thind and Wallace (1984) using kerosene water mixtures. Mites and a small
amount of detritus were extracted from the kerosene layer by filtration and the filters were
held at —4 °C unless they were analysed that day.
3.27 The entire filter was screened for potential mites, which are picked off into lactic acid to
clean and swell the mites. The filters are checked again one to two minutes later to ensure
complete collection of the mites from the filter. The mites in the lactic acid were held at 55
°C for 46 hours before they were counted and identified.
3.28 The results are expressed as number of mites per gram of dust. All the samples
contained less than one gram of dust. However, by expressing the result as mites per gram of
dust direct comparisons can be made between the "before and after" collections in this
survey as well as with other research studies. The way in which house dust mites are
collected is subject to debate which was briefly discussed in chapter 2.

Peak flow monitors.
3.29 Where the occupants felt able they were given a peak flow monitor which records the
condition of the respiratory system. Each person was asked to exhale at maximum force into
the monitor three times each morning and three times each evening for the seven day
monitoring period. They were also asked to record their daytime and night-time use of their
inhalers and any general comments on their wheezing, coughing and respiratory condition.
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Temperature and humidity monitoring.
3.30 Temperature and humidity monitoring was carried out using Tinytalk or Tinytag
electronic dataloggers manufactured by Gemini Data Loggers (UK) Ltd. The dataloggers
were placed in the bedroom of the asthmatic. They were located away from any external wall,
away from any heat source or source of solar gain and at a height between 0.5m and 1.8m
above floor level.
3.31 The dataloggers recorded seven complete days of temperatures and relative humidities
together with a short period before and after this seven day period. External temperatures and
humidities were recorded within a Stephenson's screen located in the West Bridgford
residential area just outside the city boundary.
3.32 The dataloggers are manufactured to read within +/- 0.2 °C and +1- 3% Relative
Humidity.
3.33 The first survey period consisted of the seven days from 27th February 1998 up to and
including the 5th March. The second survey period from 26th February 1999 up to and
including 4th March. However, since the fans had not been installed at the Bells Lane house
it was decided to re-run this monitoring from 9th April to 15th April 1999.

Diaries
3.34 An essential factor to attempt to quantify in any survey of this kind is the living pattern
of the household and the levels of moisture production and occupant ventilation. A simple
diary sheet was therefore given to each household to be completed during the seven day
monitoring period.
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Chapter 4. Choosing improvements
4.1 Five of the project aims were the key determinants in choosing improvements to the
energy efficiency and ventilation
■ To improve the energy efficiency of seven households in fuel poverty.
■ By improving the energy efficiency to enable occupants to obtain warmer homes at
the same or lower costs
■ By improving the energy efficiency and ventilation to reduce humidities
■ To explore the relative advantages and disadvantages of different ventilation systems
in terms of achieving results, cost benefits, installation and maintenance
■ To examine practical lessons from the installation of space heating systems and
controls.
4.2 This chapter looks at some of the choices open to landlords, building professionals, home
owners and others when choosing practical measures. Given our time constraints we were not
aiming at achieving a process that was as perfect as possible, but one which did consider
some of the variable factors taking into account the time available and our own budgetary
constraints.
4.3 The chapter starts by looking at space heating, followed by ventilation considerations and
then briefly explains the choice of insulation.
Heating considerations
4.4 In this project the space heating system had already been determined by the landlord.
Where applicable a Baxi gas fanned flued boiler was to be installed with a fully pumped
central heating system including a hot water storage cylinder with 35mm foam insulation, a
cylinder thermostat and a room programmer but not necessarily with a full set of thermostatic
radiator valves (TRVs). In some houses there was already a partial gas fired heating system.
4.5 If this heating system had not been determined choices would have to be made. An
indication of the issues and choices is given below. Whilst this Project had no control over
the heating system it was evident from its installation that the considerations listed below had
not been fully taken into account.

•
•

•
•

What is the average income of households expected in this housing? What data is
there available at a local and regional level on income levels relevant to this housing?
What is most cost effective boiler to provide affordable heating for the tenants (a
choice from various definitions of affordable heating/fuel costs would have to be
made)
How can the hot water system be changed and improved at the same time in order to
cut fuel costs?
What are the most cost effective control systems and insulation measures for the
space heating and hot water system in order to reduce running costs for the occupants
and to allow longer periods of continuous heating?
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What instructions are necessary to allow occupants to understand and use the space
heating and hot water system to maximise energy efficiency and reduce humidities..
• How reliable are the systems under consideration? How easy are they to install,
service and repair? What is their expected life? How safe from theft etc?
• Where can independent reliable technical advice be obtained on choosing the best
systems and controls?
• Are there any special considerations for this particular housing e.g. low surface
radiators, higher than normal comfort temperatures etc?
•

4.6 The above questions form the basis for choice are by no means exclusive.

Ventilation considerations
4.7 The need for ventilation as part of the strategy for reducing humidities is discussed in
detail in Chapter 2. The ventilation of housing involves more than just opening a few
windows now and then. Opening windows can, depending on the circumstances, lower
internal temperatures, cause draughts and discomfort, result in heat loss and even lead to ill
health. Consequently, ventilation of housing is a subject which has been the subject of
considerable research . The present requirements of the 1995 Building Regulations offer a
useful starting point to introduce different types of ventilation.
4.8 The 1995 edition of Approved Document Part F- Ventilation which forms part of the
Building Regulations 1991 states:
"In the Secretary of State's view the requirement of F I will be met if ventilation is provided
which under normal conditions is capable (if used) of restricting the accumulation of such
moisture (which could lead to mould growth) and pollutants originating within a building as
would otherwise become a hazard to the health of the people in the building"

4.9 For domestic buildings this Approved Document continues:
"The performance will be achieved if the following provisions are made in accordance with
Table 1:
a. for rapid ventilation , one or more ventilation openings with some part of the ventilation
opening at high level (typically 1.75m above the floor level) e.g. an opening window; and

b. for background ventilation a ventilation opening (or openings) e.g. trickle ventilators, air
bricks with a hit and miss ventilator, or where appropriate, suitably designed opening
windows. The ventilation openings should be reasonably secure, adjustable and located
(typically 1.75m above the floor level) so as to avoid discomfort due to cold draughts and to
prevent rain ingress; and
c. for extract ventilation either by:
i. mechanical extract ventilation operated manually and/or automatically by sensor or
controller; or
ii passive stack ventilation operated manually and/or automatically by sensor or controller
(see note 2 to table 1);or
iii an appropriate open Hued heating appliance (see note 3 to table 1)

4.10 The Building Regulations make no specific mention of house dust mites although it
could be argued that they fall within their definition of pollutants. A key concern within
Building Regulations has for a long time been the prevention of condensation and mould
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growth due to high relative humidities. For instance, the 1976 Building Regulation
requirements for improved U values were introduced for reasons of health and reducing
condensation risk rather than improving warmth, comfort or reducing energy use. More
recently the increased provision of background ventilation (Part F 1995 Building Regs) was
introduced following concerns expressed at the Building Regulations Advisory Committee
regarding condensation and mould problems in new homes.
4.11 This background is important since it illustrates that the present Building Regulations
are particularly directed towards condensation risks and achieving relative humidities below
70%, this being the relative humidity target quoted in much technical literature. However,
depending on local microclimates, cold bridges and other factors mould has been found to
grow in many instances where the average relative humidity in a room is less than 70%. This
is due to the fact that the relative humidity at wall, floor or window surfaces will often be 1015% higher than the average room humidity.
4.12 Strategies to eliminate house dust mites require considerably lower relative humidities
than 70%. Consequently, if ventilation is a key part of the strategy, ventilation provision must
be significantly improved.
4.13 As discussed in Chapter 2 the World Health Organisation set a target of 7g/kg absolute
humidity. There appears to be some confusion over this benchmark Many research projects
have used the WHO benchmark but there is a lack of discussion in many papers as to how
this translates into relative humidities at different temperatures.. Using the psychrometric
chart 7g/kg absolute humidity is equivalent to approximately:
•

45% relative humidity at 21 °C

•

60% relative humidity at 16.5 °C

•

70 % relative humidity at 14 °C

4.14 Following the 7g/kg absolute humidity recommendation could easily result in mould
growth in many homes at 16.5 °C and certainly in many more homes at 14 °C. Similarly
according to the work of Arlian and others discussed in chapter 2 it could also lead to an
increase in the house dust mite populations at these lower temperatures. The original research
of Koorsgaard which appears to have informed the WHO benchmark work stated that there
should be a target relative humidity of 45% at temperatures between 20-22 °C. However
rather than present this as the primary objective, the target of 7g/kg absolute humidity was
chosen as the explicit target and this appears to be the basis of some confusion since
1988.(Koorsgaard 1988) It appears in retrospect that the relative humidity target at all
temperatures is a much more relevant target since it avoids high humidities at lower room
temperatures.
4.15 Our chosen target at the start of the project was 50% relative humidity, a target also
indicated by ASHRAE (American Society of Heating, Refrigerating and Air-conditioning
Engineers) research as an optimum relative humidity for healthy homes (see Figure 1
overleaf). It is a target which is considered very likely to have other beneficial heath effects
as illustrated by Figure 1.
4.16 Since the hygrothermal conditions in any house are subject to many variables, whether
due to the external environment, the building structure, the services within the building or
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occupant behaviour, it is not possible to visually inspect any home and reach a judgement on
the precise internal conditions to be expected. At the same time there are no analytical tools
presently available to precisely plan for and achieve very precise relative humidities.
FIGURE 1
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4.17 Therefore the strategy adopted in this project was to aim to lower the humidities as far as
possible whilst having regard to the capital cost and future costs of all works proposed. The
capital cost of the space heating system was met by Nottingham City Council. The capital
cost for additional ventilation and energy efficiency improvements was only £8,500 approximately £1,200 per property..
4.18 There are five main methods to decrease the humidities:
•
•
•
•
•

Increase the air temperatures — by means of additional space heating and controls
Increase the air temperatures — by means of additional insulation
Increase the air temperatures — by cutting down the heat lost through ventilation
Decreasing the moisture content of the internal air by increased ventilation
Decrease the moisture content by reducing the moisture production into the air which
may be achieved by advising occupants on good practice

4.19 Space heating systems have already been discussed and insulation is briefly mentioned
in 4.41.The choice of ventilation systems is discussed in much more detail below
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Choice of ventilation systems
4.20 Which parts of the home is it necessary to ventilate? Clearly adequate ventilation to the
whole home is the most desirable target but where expenditure is limited or the aim is to
improve the environment of a single asthmatic household member, then it may be considered
desirable to concentrate on more limited areas. In this case the living room and the bedroom
would normally be considered to be the rooms where household members are likely to spend
most of their time. The living room is traditionally the warmest room in most homes and as
such has the lowest relative humidity. However, in the case of the fuel poor this need not
necessarily be the case, sometimes it is not possible to afford to heat the living room,
sometimes the kitchen is used as a main living room or less frequently even a bedroom. We
chose to provide a ventilation system that would benefit the whole house as far as cost
restraints allowed
4.21 It is also necessary to consider the maximum moisture load you may be ventilating for.
Each dwelling has a permitted number and should be capable of safely accommodating the
maximum moisture load. However, in this study we did not calculate the likely maximum
moisture input, for instance, by using the moisture tables contained in BS 5250: 1989 : The
control of condensation in buildings.
4.22 Most importantly, before reaching any detailed decisions, it is necessary to know the
exact ventilation arrangements in any dwelling and ideally the air change rate. The latter is a
relatively expensive test to carry out on one or two houses. However, across whole estates,
the cost will be reduced and it is argued that it would be helpful to establish the background
ventilation and to aid sealing housing to an improved level.
4.23 In this project we set out to meet the following broad principles within the project:
ORIGINAL TARGET

PRACTICAL LIMITATIONS

Achieve 1995 Building Regs targets for all rooms
(e.g. 8,000mm2 to all
habitable rooms and
4,000mm to kitchen, bathroom ,WC Compartments
and utility rooms), sealing off unnecessary air
bricks
Provide effective mechanical extract ventilation to
all bathrooms and kitchens

Not possible to install trickle vents due to
budgetary constraints but some unnecessary air
bricks blocked off where possible

Provide additional fresh air to selected bedrooms

Target met. However, cost prevented the two
MVHR systems including ground floor rooms.
Instead extract ventilation was provided at the top
of two staircases in the two houses with MVHR.
Achieved in four homes

4.24 Apart from the background ventilation provision, the main choices of system open to
us were:
•
•
•
•
•

whole or part house ventilation and heat recovery systems
positive input ventilation systems
standard mechanical extract fans with or without humidistat or heat recovery
passive stack ventilation
individual input/output heat recovery fans to bedrooms

4.25 With only seven houses in this project we decided to only chose three different options.
Positive input ventilation systems were rejected in the knowledge that the Building Research
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Establishment were carrying out detailed research on these units. MVHR systems were
chosen since they had been subject to a number of trials and though they had been reported to
be effective, the authors were aware of some disadvantages to these systems and wished to
explore their use further. Individual ventilation and heat recovery fans were chosen since they
had been advocated by some experts as an excellent solution to control of house dust mites in
the bedroom. Finally, a standard package of two extract fans was also chosen since this is
widespread practice and allows some form of benchmark against which to judge the other
two systems.
4.26 No proper consideration was given to passive stack ventilation and it is argued that it
would have been an ideal candidate for further study.
4.27 Consequently three packages were chosen and fitted to particular houses depending on
what was already available:
•
•
•

Two houses: 3/4 house MVHR systems.
Two houses: Individual MVHR fans in bedrooms. In one house two were installed, in the
other house one was installed.
Three houses: Humidity controlled mechanical extract fans only.

In all houses the background ventilation was to be visually assessed and, if possible,
improved.
4.28 Initially, it was decided to slightly amend the whole house MVHR specification to
include an extract point on the ceiling landing at the top of the stairs. This was intended to
extract some of the moist air that can be expected from the ground floor air rising to first
floor level and likely to disperse into bedrooms. A particular value of this ventilation system
was considered to be the fresh air supply to all the bedrooms and whilst the system would
extract moist air from the bathroom, the cost and disturbance of providing fresh air to the
ground floor rooms was, at first sight, not felt to be a priority. Therefore a separate
mechanical extract fan was planned for the kitchen. However, the cost of extracting moist air
from the kitchen using the MVHR system was considerably below that of providing a single
fan and therefore the kitchen was connected to the system creating a "3/4" house MVHR
system
4.29 In the other bathrooms and kitchens it was considered that a humidity controlled
mechanical extract fan was necessary. No detailed consideration was given to heat recovery
fans. Where necessary it was agreed to replace inoperative or faulty existing mechanical
extract fans. Where it was necessary to locate a fan so that its sensor could be affected by
openings or where it would not respond adequately to moisture from cooking, a separate
humidity sensor was specified.

Decisions when choosing a ventilation system
4.30 There are major choices and associated problems in choosing any ventilation system
which past research has patently failed to address. There are four main choices at the outset:
•
•
•
•

I

type of ventilation system e.g. passive vent, mefs, MVHR etc
exact specification and location of outlets, fans etc
choice of manufacturer and product
choice of installer

The Nottingham Energy, Health and Housing Study

Chapter 4 page 42

I

4.31 There is a complex range of further choices facing any specifier, (who may often be ill
qualified or experienced in making informed choices), which are invariably taken without
adequate information being available , with undue weight given to one or more particular
issues and against time or cost constraints.
4.32 The range of considerations that need to be taken into account is shown in Table 1
Appendix A. Five ventilation "systems" are featured in the Table and completing it requires
both objective and subjective judgements.
4.33 The considerations raised by the table are not exhaustive. However, it raises many
issues that are not easily resolved and yet which are crucial to installing a satisfactory
ventilation system.
4.34 For instance, one of authors of this report is aware, after inspecting many hundreds of
houses, that the humidity control to many mechanical extract fans is either inoperative, out of
true calibration or set incorrectly on installation. This is not surprising since the humidity
sensors are made from a range of materials which are very cheap such as nylon. If a humidity
controlled mechanical extract fan is faulty, due to a malfunctioning sensor or for any other
reason, part of the property's ventilation system will not work satisfactorily.
4.35 When choosing extract fans for this study a detailed look was made at the technical
specifications of over six major fan manufacturers catalogues. This revealed an almost
complete absence of technical details about the humidity sensors integral to, or separate from
their fans. A few phone enquiries elicited no information of any assistance. Only one
company, Airtech Environmental systems, had clearly focused on the problem of unreliable
sensors subject to a build up of dirt and crease. They claimed that their ceramic sensor burnt
off all deposits on a half hourly basis. Their fans, which also contained dataloggers to
monitor humidity levels, were noticeable more expensive than others and not within the
Project's budget. However, their product raised a fundamental problem: how can a choice of
the most appropriate product be made when there is an absence of any independent data on
reliability and life expectancy to balance against costs?
4.36 Taking into account large social landlords experience of extract fans, there is a serious
omission in that there appears to have been no action research effort or other research that
provides sound technical advice for all specifiers. The Building Research Establishment's
recent study of 15 dwellings points to a number of problems associated with humidistat fans
(Building Research Establishment 1999).
4.37 The second example which illustrates another fundamental issue is the choice of
installer. The ideal process for installing a ventilation system is where a very detailed
specification is drawn up and tenders are sought (experience being one key consideration).
The tender is awarded on cost and quality standards. The work is then supervised by
independent person with considerable expertise and a final check made on the standard of the
work.
4.38 Whilst such a procedure is common practice on large contracts, as the size of the
contract diminishes so often does the specification, supervision and final checking. The ideal
process is open to errors, inadequacies, hidden defects and problems and as the specification
and supervision is reduced the likelihood of further problems increases.
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4.39 Finding an installer of MVHR systems was a problem in this project. An experienced
contractor was sought. Manufacturers were asked for recommendations and two names were
put forward. The first was a local electrician who had installed two systems, whilst pleasant
and helpful on the phone he clearly had a limited understanding of the systems but was ready
to "have a go". The second person was currently involved in a local authority project of some
400 homes and clearly had a much fuller understanding of the systems. The second contractor
was asked for a quotation.
4.40 No ready made specification was to hand and therefore a specification which based on
the Building Research Establishment Digest 398 was prepared. The project timetable
prevented searching for further contractors. This example highlights the inherent difficulties
of using a technology where few installers exist, more problems are recorded in chapter 5.

Insulation
4.41 The Project aimed to choose the most cost effective measures applicable to the
dwellings. In most cases this involved increasing the loft insulation to 200mm and/or
installing cavity wall insulation. Internal or external dry lining was precluded due to its cost
and therefore the two houses with solid walls, the Tarran bungalow and the more modern
house already with cavity wall insulation did not have their insulation improved to the same
degree.

Conclusions
4.42 Based on the practical limitations of each property and the existing energy efficient
measures, a package of improvement measures were chosen which were within the budget
and were practically achievable. Information on the actual choice of appropriate ventilation
systems and their potential impact was found wanting. The final improvements for each
dwelling are listed in Table 2 Appendix A.
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Chapter 5. The installation of improvements
5.1 Three separate contractors/organisations were involved in the improvements:
•

Local environmental construction training group — responsible for all insulation
works, majority of extract fans, blocking off a few air bricks and additional radiators

•

Nottingham City Council - installation of space heating and hot water systems and
associated controls. Installation of three fans.

•

Specialist contractors for 3/4 house MVHR systems

5.2 The project had no control over the specification or installation of the space heating
system. Following its installation it was noted that:
•
•
•
•
•

Hot water thermostats were incorrectly set, one being set at 80 °C
Programmers were incorrectly set, one being set to operate the heating system at night
The occupants had no instructions on using the programmer or room thermostat
Some radiators had been installed fixed to internal walls rather than beneath windows
as is recommended in the relevant British Standard for gas space heating systems
The provision of thermostatic radiator valves was very poor, thus missing an excellent
opportunity for energy savings. All homes only had one or two TRVs

5.3 No detailed post installation technical inspection was made by this project , instead a brief
walk round took place of the two properties where all extract and supply terminals and
visible ducting were found to be suitably located and the occupants appeared satisfied with
the systems and how to work them. Despite telephone calls the installer failed to hand over
the design air flow rates for each terminal.
5.4 Far more significantly, despite a clear specification that thorough sealing should take
place of all air infiltration paths, no sealing of leakage paths was undertaken in the two
properties where the MVHR systems were installed, thus potentially undermining much of
the effectiveness of the system. There was insufficient time available to ensure that this work
was carried out before the second years monitoring was executed.
5.5 The installation of fans, despite clear specifications as to their location and the exact
model required was subject to a number of errors.
•

•
•
•
•

The environmental construction training group failed to install four fans on time
without any communication to the project. Three of these were in one house and thus
necessitating the rerun of the temperature and relative humidity monitoring.
One kitchen fan was installed without the remote humidity sensor as specified.
Two fans were installed adjacent to an air brick, thus creating a short circuit and
considerably increased unnecessary operation.
Four fans were installed which were different to those specified.
One additional humidity controlled fan was installed in a bedroom despite no request
for this work
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5.6 Taking into account that this project only involved seven houses, these considerable
deficiencies highlight that it is not possible to assume that even a relatively simple item such
as a mechanical extract fan can be installed correctly.
5.7 The problems described above vividly illustrate the need for rigorous checking not only
of the more complex ventilation installations but even of the most basic ventilation systems.
5.8 The resources for this project had been obtained to fund the capital works, write up and
evaluate the project, consider the best approaches, to carry out a whole range of tests and to
choose and liase with tenants. It is clear, in retrospect, that considerably more time should
have been allocated to overseeing all the works.
5.9 The costs of the interventions are shown below. The detailed breakdown of costs is
included in tables 3-9 in Appendix A.
Coat of Im provem ant (£)

6000

5000

4000

3000

2000

1000

Sherwood

Bilborough

Heathf told

Broxlowe

Bella Lane

Bulwell

Sneinlon

5.10. Two issues need highlighting. Firstly the relative costs of the ventilation systems. The
three quarter house ventilation systems were the most expensive ventilation provision
(£1,848). Secondly, the installation of mechanical extract fans was also comparatively
expensive and with time for more competitive quotations was expected that this could have
been reduced.
5.11 The costs of some of the space heating systems are considerably inflated. In the
Broxtowe property five additional radiators were fitted, a room thermostat, a hot water
thermostat and 2/6 radiators had TRVs. In the Bulwell property five new radiators were
installed and a new programmer. In both cases the Council paid essentially the same as if a
complete new heating system including a boiler had been installed. It is understood that this
is due to a "swings and roundabout" approach. However, it is difficult to envisage, without
further information, exactly what excess work of an equivalent magnitude can be expected to
arise on contracts of this type. It is therefore recommended that this practice is investigated
further since cost savings could extend the number of houses provided with space heating.
5.12 The wasted opportunity for energy saving by not using double glazed PVC-U units
rather than single glazed window units in the Bells Lane house is worthy of note. The
additional cost would have been minimal.
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Chapter 6. Occupants' living patterns
6.1 The number of occupants in any homes, and the use they make of that home, is one of the
four main factors that should be considered in any study of condensation, relative humidity or
energy efficiency.
6.2 During this study, all occupants were asked to keep a daily diary sheet for the seven day
monitoring periods which recorded:
•
•
•
•
•
•
•
•
•

Use of the living room heating
Use of the heating in monitored bedroom
Number of baths or showers taken
Number of hot meals cooked
Number of loads of washing dried inside
The number of hours the living room windows were open
The number of hours other windows were open
The use of extract fans
Any other additional information which might be considered relevant

6.3 The full results are attached in Appendix B.
6.4 Based on the diaries, the type of cooker used and an approximate knowledge of who
stayed in all day and who went out during the day, it is possible to estimate approximate
moisture consumption. The estimates are based on the tables for moisture generation in BS
5250: 1989 : The control of condensation in buildings. The only different calculation was the
substitution of 1 litre of moisture produced for every washing load recorded.1
6.5 The British Standard figures are only indicative and are not based on detailed research of
the actual but represent deductions undertaken using data from studies that monitored
humidity levels in UK homes. The relevant table, for instance, simply records a fixed figure
of 2 litres per day for electric cooking and 3 litres per day for gas cooking irrespective of the
number of meals cooked or method of cooking. Similarly bathing or showering is considered
to release 1/5 litre per person per day but does not take into account whether a shower or bath
is used or how many baths or showers are taken in a week. Table 10 in Appendix A records
the details of living patterns. There is a considerable difference within the seven families
monitored ranging from an average of 0.8 meals a day cooked to 2.7 meals or from 0.6
showers per day in a 5 person household up to 3.7. The latter represents 22 extra showers or
baths each week in the higher use household
6.6 Table 1 below gives an indication of moisture production levels before and after
improvements. Taking into account the basis of the calculations no firm conclusions can be
drawn from this data. However, four points need highlighting. Firstly, the main changes have
been brought about by additional washing dried indoors during the different periods.
Secondly, despite family size these figures indicate a fairly compact band of moisture
production of between 6 —10 litres a day with no evidence of very high or low levels of
moisture production. Thirdly, all the homes had a significant level of moisture production
which was dependent to a significant extent on the size of the family. Fourthly, apart from
Bells Lane, all properties had approximately the same level or increased levels of moisture
production in 1999 which indicates that the successful lowering of vapour pressure,

This figure is based on current research being undertaken by Roger Critchley. The full results will be published in the
summer of 2000. The figure is only tentative at this stage.
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discussed in chapter 8, was not simply due to lower levels of moisture production by the
occupants.
TABLE 1

% change

BEFORE

AFTER

All figures rounded to
nearest whole number

(average litres per day)

(average litres per day)

SNEINTON
BILBOROUGH
BROXTOWE
BULWELL
HEATHFIELD
SHERWOOD
BELLS LANE

6
6
9
9
9

7
7
10
9
9

+11%

10

10

0%

9

8

-11%

+17%
+17%
0%
0%

6.7 The occupant's reactions to the improvements was not recorded However, it was noted
that in one house with the 3/4 MVHR system, the occupant had reduced the air flow to one
bedroom below the design level with a few weeks of the installation. It had to be re-adjusted.

6.8 More importantly, despite some care taken over choosing an input/output heat
recovery fan for bedrooms, where these were installed the occupants both commented
that they were too noisy and had to be switched off at night.

I
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Chapter 7. Energy efficiency and fuel usage
7.1 Earlier chapters have detailed the improvements undertaken. Figure 1 below illustrates
the relative improvements in energy efficiency, whilst Table 1 below shows the National
Home Energy Ratings for the seven homes before and after improvements

4.5

3.5

2.5

1.5

0.5

F

B

E

C

G

D

A

Improvement In NHER

F - Sherwood, B - Bilborough, E — Heathfield, C — Broxtowe, G — Bells Lane, D — Bulwell, A - Sneinton

NHER

TABLE 1

SNEINTON
BILBOROUGH
BROXTOWE
BULWELL
HEATHFIELD
SHERWOOD
BELLS LANE
AVERAGE

BEFORE

AFTER

3.0
1.6
4.3
5.1
4.8
3.8
2.8
3.6

7.5
3.8
6.6
5.4
6.7
3.8
6.3
5.7

TOTAL PREDICTED
RUNNING COSTS TO
ACHIEVE COMFORT
LEVELS (£ per year)
BEFORE
AFTER

£1208
£1214
£1342
£1200
£786
£858
£940
£1078

£519
£621
£880
£987
£644
£854
£507
£716

RUNNING COSTS
AS % OF NET
INCOME
BEFORE

AFTER

17%
29%
16%
15%
10%
9%
10%
15%

7%
15%
10%
13%
9%
9%
6%
10%

NB Running costs based on Powergen fuel costs at December 1999 and include charges for card meters.
NB The incomes are based on the actual family size and assume income support and child benefit is being
received. They may differ from the actual incomes e.g. some households may receive additional benefits or be in
part-time employment.
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7.2 Table 1 shows that whilst for some houses (e.g. Sneinton and Bells Lane) there has been a
substantial rise in the energy efficiency rating, in others (e.g. Bulwell and Sherwood) there is
very little or no change.
7.3 The final running costs vary widely which is not only a function of their energy
efficiency but also the actual size of each home. For instance, Bells Lane is a mid terraced
house of limited floor area with five occupants, whilst Broxtowe is almost twice the volume
with the same number of occupants. Despite a theoretical reduction of over a third in running
costs the fuel costs in Broxtowe were found to be far too high for the tenant to use the heating
more than sparingly. It might be expected that the occupants of Bells Lane with half the
running costs would use the heating system more. However, temperatures were very similar
in these two houses and both show a relatively limited use of the heating system.
7.4 There was an average rise of 2.1 in the NHER which is appreciable but does not represent
a sufficient improvement in energy efficiency to guarantee affordable warmth for all. The
average percentage of income spent on fuel before improvements was 15% whilst after
improvements was 10%, on individual properties the figures were much higher. The graph
below illustrates the rise in temperatures. If all temperatures had stayed the same they would
be plotted on the diagonal line. Improved temperatures are represented above this diagonal
line. The dotted line shows how the average bedroom temperatures have improved
noticeably.
7.5 The Sneinton house shows the sharpest leap in energy efficiency but here too the use of
the heating system was limited. Ironically, two of the houses with the lowest energy
efficiency (Bilborough and Sherwood with solid walls) had some of the highest internal
temperatures of the survey.
Before and after internal temperatures

26
24
23
22
21
20
19

• Bedroom
la Living
- - - Linear (Bedroom)
Linear (Living)

E 18

76

17

• 18
15
14
13
12
11
10 10

11

12

13

14

15

16

17

18

19

20

21

22

23

24 25

temperature before
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7.6 It is a mistake to assume that a high NHER or lower running costs will necessarily lead
to increased use of the heating system. Conversely, not all people with high heating costs or
lower energy efficiencies will restrict their fuel use. Table 2 below illustrates the actual fuel
usage during the two survey periods.
Table 2

SNEINTON
BILBOROUGH

1

BROXTOWE
BULWELL
HEATHFIELD

1998 gas
(ft3)
(1)

1998
elec
kWh

1998
total
kWh

1998
average
kWh per
day (2)

1999
gas
(ft3)

1999 elec
kWh

1999
total
kWh (3)

1999
average
kWh per
day

8
8
17

63
86
81
71
183

314
338
617
418
919

45
48
88
60
131

13
18
13
12
20

55
84
67
93
129

465
651
477
471
760

66
93
68
67
95

112
108

932
455

133
65
81

30
22

133
155

1079
849

154
47
84

11
(1.75 bags
of house
coal)
735(4)

SHERWOOD

26

BELLS LANE

11

Average

( 1) Gas readings converted to kWl by mult plying by 2.83 (to convert to cubic metres) x 1.0226 (volume
conversion factor) x 39.25 (average calorif c value of gas during period) divided by 3.6
(2) fuel readings taken for a seven day period in first phase
(3) fuel readings taken for a seven day period in second phase, apart from the Heathfield property which was
for 8 days and Bells Lane which was for 18 days.
(4) this assumes 420 kWh provided by one 56kg of house coal
Also note that:
a) The figures only represent a short period of the winter and therefore must be viewed with caution.
b) The average external temperature in the first period was 7.2 °C
for all houses apart from the Bells Lane
c) The average external temperature in the second phase was 8.1
property where the monitoring took place a few weeks later and the external temperature was 7 °C

7.7 Table 3 illustrates the temperature differences between the two phases.
Bedroom
temperature
(decrease)
2.0

Liv Room
temperature
(decrease)
0.2

NHER
before

NHER
after

kWh before
per day

kWh after per
day

3.0

7.5

BILBOROUGH

5.4

2.4

1.6

3.8

BROXTOWE

0.0

0.0

4.3

6.6

BULWELL

1.5

0.7

5.1

5.4

HEATHFIELD

2.2

4.8

6.7

66
93
68
67
95

SHERWOOD

1.0

Recording
error
1.4

45
48
88
60
131

3.8

3.8

BELLS LANE

3.1

(0.6)

2.8

6.3

AVERAGE

2.2

0.7

3.5

5.6

133
65
81

154
47
84

TABLE £

SNEINTON

1

7.8 Apart from the Broxtowe property which is known to use the heating system very
sparingly (indeed the energy consumption was reduced after the system was extended), all the
bedrooms have increased living room temperatures ranging from 1 °C to 5.4 °C. However, as
would be expected the living room temperatures have not increased very significantly (apart
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from the Bilborough bungalow) since this room is almost always the one room with the
highest temperatures in any home. This is discussed in more detail in the following chapter.
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Chapter 8. Temperatures and humidities.
8.1 Two of the most important objectives of this study were to increase temperature and
lower relative humidity. This chapter explores how far these aims were achieved.
8.2 In Chapter 3 the choice of our target of 50% relative humidity is explained. The results
from the first monitoring period are shown in Table 1.

TABLE 1 Internal and external temperatures and relative humidities for first
monitoring phase. February 27th 1998 to 5th March 1998 inclusive
Bed °C
Liv °C
Bed rel
Liv rel
humidity
humidity
13.0
15.8
Sneinton
66.5
48.6
14.0
18.1
55.8
53.5
Bilborough
14.4
Broxtowe
17.3
68.0
50.6
17.0
20.2
Bulwell
59.1
37.5
Heathfield
21.5
20.3
49.0
48.4
23.4
Sherwood
19.8
48.2
40.9
18.0
Amesbury G
13.8
74.0
50.8
16.2
AVERAGE (1)
19.0
60.1 (58.8)
47.2
External
Temperature: 7.2
Relative humidity: 81.8
NB The average bedroom humidity omitting Broxtowe is given in brackets. For explanation see 8.8

8.3 Table 1 shows that the average bedroom relative humidities exceed the target of 50%
although two homes contain bedrooms with relative humidities just below 50%. It also shows
how these two houses have noticeably elevated temperatures. This is partly explained by their
heating systems. Heathfield already had a closed coal fired central heating system but the
objective was to change it to a gas system. The coal heater was kept in on a daily basis
throughout the winter period resulting in considerable elevated temperatures. The bedroom
was situated above the living room containing the fire and the flue ran up through the
bedroom party wall.
8.4 Upton also had an almost complete central heating system, it only lacked a radiator in the
bedroom belonging to the child with asthma. Moreover, exotic pets were kept in the living
room within their own heated glass cases which increased the internal temperature in this
room and the rest of the house.
8.5 The results from the second phase of monitoring are contained in Table 2 overleaf.
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TABLE 2 Internal and external temperatures and relative humidities for second
monitoring phase. February 26th 1999 12.00 to 23.59 4th March 1999.(1)
Liv rel
Bed rel
Liv °C
Bed °C
humidity %
humidity
%
54.3
51.2
16.0
15.0
Sneinton
51.6
45.3
20.5
19.4
Bilborough
73.0
49.7
17.3
14.4
Broxtowe
47.1
38.5
20.9
18.5
Bulwell
Not
available
Not
available
38.5
23.8
Heathfield
56.0
36.4
24.8
20.8
Sherwood
44.2
46.5
16.9
17.4
Bells Lane
51.5(48.0)
45.2
AVERAGE (2)
18.4
19.5
88.8
81
External main
survey
59.6
7.0
External
Amesbury
NB ( I ) All data monitored from 12.00 February 26th apart from Sherwood from 14.00 and Sneinton from
17.00 on 26/2/99. Also Amesbury monitored from 9th-15th April 1999 inclusive due to extract fans late
installation. For this monitoring external temperature and relative humidity data was supplied by East Midlands
International Airport. The airport is approximately 10-14 miles from dwelling.
(2) The averages exclude the Heathfield living room data which was not available and also the Broxtowe
bedroom humidity for reasons described below in 8.8.

8.6. The changes in temperature and relative humidity after interventions are illustrated in the
figures below.
Increase In air temperature (C)

Obed
■ living

Sherwood

Bilbo ough

Heathlield

Broxtowe

Belle

Bulwell

Sneinton

8.6 The average bedroom temperature has noticeably increased by an average of 2.2 °C. This
figure could be expected to be higher if some of the homes had not already been subject to
part space heating systems or in the case of Heathfield a whole house heating system and in
Sherwood an almost complete space heating system. The living room temperatures rose
slightly but the rise was not that noticeable, this is not surprising since in both poorly heated
or energy efficient homes the living room is usually the wannest room and often heated to
comfort or near comfort temperatures.
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8.7 The fact that two households (Sneinton and Broxtowe) chose to hardly use the new space
heating system is a cause for concern. When viewed with other ongoing research' , it
underlines the fact that providing a more cost effective heating system and a more energy
efficient home is not necessarily enough to lead to higher temperatures and a healthier indoor
environment. The fuel costs in these two cases had been reduced to 7% and 10% of notional
net income respectively. Our study did not explore the exact reasons for this low use but we
were told in one case it was a matter of fear of new bills.

Reduction in % RH
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8.8 The bedroom humidities show a significant drop from 60.1% down to 51.5%. The case of
Broxtowe stands out where the humidity had actually increased. A number of factors
combined in this case to undermine the value of the interventions. The bathroom fan was
fitted on the last but one day of the monitoring period; the tenants said they hardly used the
bedroom fan fitted to the bedroom as it was too noisy; the installer did not use the hole to the
wall where there was an airbrick and left this background ventilation besides the fan; the
tenants said for fear of cost they hardly used the space heating to the bedrooms; a baby
arrived just at the start of phase 1 and it appears that washing increased in this period. If
Broxtowe is excluded from the average for both before and after monitoring, the average
relative humidity has decreased from 58.8 to 48%. This is despite the fact that in the second
phase the external air was more humid when 6 of the houses were monitored and, on average,
there was higher moisture production within the home.
8.9 Whatever figures are used the bedroom humidities have definitely improved as have the
temperatures. In broad terms the objective has been met. However, the complexities of house
dust mite eradication and particular features of some houses give cause for concern. The
picture becomes clearer when vapour pressures and temperatures at cold bridges are
examined in more detail
8.10 Moisture in the air creates a vapour pressure which is dependent upon the moisture
content of the air. This is irrespective of the relative humidity and temperature but relates to
the absolute quantity of moisture of the air. The WHO suggested limit of 7g of moisture per
I E.g. current longitudinal research into the relationship of health and housing being undertaken by Sheffield
Hallam University where 92 households are subject to temperature monitoring (and other surveys) in the winters
of 1999 and 2000
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kilogram of air is equivalent to approximately 1150 Pascals vapour pressure; one gram of
moisture per kilogram of air is equivalent to approximately 170 Pascals.
8.11 The vapour pressure in any home will rarely be below that of the external air since the
outside air will constantly be infiltrating into the home. This air from outside will then have
its moisture content increased by everyday household activities (breathing, washing, cooking
etc) ,consequently the vapour pressure will be increased. In order to keep humidities low we
are interested in the internal vapour pressure since that is a key factor in determining relative
humidities. However, we are even more interested in the difference between the outside
vapour pressure and the inside vapour pressure. In other words the excess vapour pressure.
8.12 We cannot influence the external vapour pressure which goes up and down on a daily
basis and fluctuates throughout the seasons. However, we can influence the excess vapour
pressure. During the second period of monitoring the external vapour pressures were
considerable higher (for six out of seven houses) than during the first period of monitoring. In
other words the air was damper outside. Therefore, it would normally be expected that the
internal air would also have been damper. The differences in external vapour pressure can be
corrected for by deducting the internal vapour pressure from the external vapour pressure
giving a figure for excess vapour pressure. The changes in vapour pressures (Pa) are
illustrated in the figure below.

Reduction In excess vapour pressure
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8.14 Three small negative figures for excess vapour pressure were found in Sneinton and
Bulwell after interventions are these are thought to be due to the accuracy of the dataloggers
which is +I- 3% relative humidity. However, they also illustrate that in these two houses,
where three quarter house ventilation systems are present ,there is a very low vapour pressure
in the living rooms even although there was no fresh air inlet in these rooms. The detailed
data is shown in table 12 Appendix A.
8.15 Overall the vapour pressures have been reduced but from a relatively low starting point.
There is a marked difference between different houses with three bedrooms staying at much
the same levels, two definitely improving and one being markedly worse.
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8.16 Generally the vapour pressures are lower in the living rooms except in Bilborough It
should be noted that even after blocking off some vents this house had a very high air change
rate and thus the bedroom can be expected to follow external vapour pressure to a large
extent. The living room, however was where the two residents spend the majority of their
time and the design of the bungalow was such that it connected directly to the kitchen. The
extract fan installed had been the incorrect model, it had no humidity sensor let alone a
correctly positioned remote sensor as specified. Thus even with an extract fan, a considerable
proportion of kitchen moisture would have spread directly into this living area.
8.19 Overall, the interventions have been successful in increasing temperatures, decreasing
relative humidities and excess vapour pressures. However, the process has raised a number of
considerations which could lead to improved practice and improved results.
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Chapter 9. Air changes

1

9.1 Blower door tests were carried out before and after interventions. The results were
obtained at 50 Pa and they are shown in Table 1 so that a comparison can be made with
national data. The Building Research Establishment has collected national information which
illustrated in Figure 1.
9.2 The 50 Pascal figures have also been converted to air changes per hour by dividing by 20.
Whilst this process may not produce an exact air change rate, this "rule of thumb" division
does provide an indicative air change per hour. The results are shown in the table 1.
TABLE 1

1998

VOLUME

1999

m3

SNEINTON
BILBOROUGH
BROXTOWE
BULWELL
HEATHFIELD
SHERWOOD
BELLS LANE

1

Ach at 50
Pa
15.8
39.8
15.0
12.6
9.6
13.2
15.6

Air changes
per hour
0.79
1.99
0.75
0.63
0.48
0.66
0.78

13.6

0.68

Average ach

Ach at 50 Pa
11.2
37.0
12.6
17.0
15.6
12.0

Air changes per
hour
0.56
1.85
0.63
0.85
0.78
0.60

206
117
318
229
154
223

Not available
13.6

Not available
0.68

163
172 (*

(excluding
Bilborough)

includes
Bilb/gh)

9.2 The houses generally fall within expected limits apart from the Bilborough Tarran
bungalow. Whilst this had numerous air bricks, some of which were closed off in the
intervention, there were clearly other sources of excess ventilation which existed which were
not clearly visible. The prefabricated nature of the bungalow and a central core area which
would allow air to escape into the roof void appeared to be the main reasons for the above
normal air change rates. This dwelling falls outside of the range illustrated in figure 1 below.
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9.3 However, the remainder of dwellings demonstrated no such leakyness and the mean ach
of 13.6 is very close to the Building Research Establishment mean of 13.1 at 50 Pa found
after testing 471 dwellings illustrated in Figure 1.
9.4 The house at the lowest end of the range was the more modern Heathfield home which
originally had a coal fired central heating system which was changed to a gas fired system.
This change together with the installation of two extract fans served to increase the
background air change rate when the blower door test was executed.
9.5 The installation of 3/4 house MVHR system in Mulberry has resulted in an increased ach
when the blower door test was carried out but suprisingly not in Sneinton.
9.6 The work on air change rates highlights opportunities for "tightening" the dwelling fabric
to achieve lower air change rates whilst providing effective ventilation. However, the
opportunity to seal gaps, cracks and crevices did not form part of this project.
9.7 The data on volume illustrates the wide disparity of volume between these seven houses
with the Broxtowe four bedroom having almost three times the internal volume of the
Bilborough bungalow.

1

The Nottingham Energy, Health and Housing Study

Chapter 9 page 60

I

1

Chapter 10. House dust mites
10.1 House dust mites were collected during February 1998 and May1999.The method used
has already been described in chapter 3. It was intended to collect them in the same month in
1998 and 1999. However, the necessity to re-run temperature and humidity monitoring in one
house led to a delay in house dust mites collection. There is a marked seasonal peak in the
late autumn period in the UK. The collection times avoided this period. There is also some
evidence that mite numbers rise in the UK to a lesser extent in the May period (Building
Research Establishment 1996) . Therefore, it appears that the final results obtained in this
study do not reflect any seasonal drop in numbers.
10.2 Unfortunately it was not possible to access the Sneinton house in the second year nor
Sherwood in the first year. The reductions are illustrated in the figure below and the full
results in table 1.
Reduction in dust mite per gram of dust
400

300

200

1

100

Sherwood

Bilborough

Heathfield

B rox

O

W

B ells Lane

B ulw ell

Sneinton

.100

-200
Gibed

TABLE 1

Room

Sneinton

Living room
Bedroom
Living room
Bedroom
Living room
Bedroom
Living room
Bedroom
Living room
Bedroom
Living room
Bedroom
Living room,
Bedroom

Bilborough
Broxtowe
Bulwell
Heathfield
Sherwood
Bells Lane
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Clliving

Dust mites per gram of
dust BEFORE
91
1333
0
188
11
429
13
80
0
22
Not available
Not available
59
209

Dust mites per gram of
dust AFTER
Not available
Not available
0
9
167
100
8
0
8
0
0
0
0
0

Chapter 10 page 61

10.4 Dermatophagoides Pteronyssinus accounted for 66% of the mites in 1998,
Euroglyphagus made up 12% and Glychagus domesticus comprised 10%. Three other mite
mites were identified (Glychagus sp., Lepidoglyphus destructor and Cheyletus) together with
some mites which were unidentified.
10.5 The 1998 results show a clear divide between living rooms and bedrooms with all
bedrooms having higher levels of mites.
10.6 The 1999 results show that in four out of the six bedrooms the mite counts have been
reduced to zero. The Bilborough bungalow still had a count of 8 mites per gram of dust whilst
the Broxtowe house, where there the installations of fans had been faulty and where the
tenant had hardly used the bedroom fan nor the heating, showed some improvement but still
had the highest level of mites. Interestingly, in this latter home the mite count in the living
room had increased.
10.7 There is no agreed standard which categorises mite numbers into high, low or medium
ranks. However, the World Health Organisation has considered a level below 100 mites per
gram of dust to be low, between 100-500 is intermediate and above 500 is high. Using their
definitions we started with one bedroom in the high category and three in the intermediate.
Unfortunately, one house was not monitored in 1998 and a different one could not be
accessed in 1999. However, with this in mind after interventions only one bedroom
(Broxtowe) remained on the boundary of low/intermediate and the reasons for this are
known (see 8.8).
10.8 The mite monitoring shows a high degree of success in reducing mite populations.
However, this apparent success should be seen within a wider context since there is a debate
around the process of collecting mites and other measures of mite collection may have
revealed different results as discussed in Chapter 2. However, in this study the same methods,
the same vacuum cleaner and same laboratory analysis were used both before and after the
interventions.
10.9 A further note of caution is needed. Whilst the mite counts were measured, no attempt
was made to remove reservoirs of allergen. Consequently, allergenic material may have
remained undisturbed leading to adverse health effects.

1
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Chapter 11. Health monitoring
11.1 Two measures of health were taken during the survey. The first was the SF-36 self
completion health questionnaire. It contains 36 items and takes about five minutes to
complete. It has been widely used as a research tool in the UK and been subject to validation
exercises. It covers the following areas:
Functional status:
■ Physical functioning (extent to which health limits physical activities such as self care,
walking, climbing stairs etc.).
■ Social functioning (extent to which physical health or emotional problems interfere with
normal social activities).
■ Role limitations - physical problems (extent to which physical health interferes with work
or other daily activities including accomplishing less than wanted, limiting type of
activities).
■ Role limitations - emotional problems (extent to which emotional problems interfere with
work or other daily activities, including decreased time spent on activities, accomplishing
less, and not working as carefully as usual).
Wellbeing:
■ Mental health (general mental health, including depression, anxiety, behaviouralemotional control, general positive affect).
■ Vitality (feeling energetic and full of pep versus feeling tired and worn out).
■ Pain (intensity of pain and effect of pain on normal work, both inside and outside the
home).
Overall evaluation of health
■ General health perception (personal evaluation of health, including current health, health
outlook, and resistance to illness).
11.2 The scores range from 100 (very good) to 0 (very poor).
11.3 The questionnaire was easy to explain and easily filled in by participants with almost all
questions completed satisfactorily. The results were scored in accordance with the UK SF-36
scoring manual. It should be noted that SF-36 protocol advises that the questionnaire should
only be completed by those over 14. In our study, six families completed it. In two houses
adults with asthma filled in the form, in one a 15 year old child , whilst in three houses the
parents helped their children fill in the form (Sneinton 4/5 year old, Broxtowe 7/8 year old ,
Bulwell 12/13 year old)
11.4 The figure overleaf shows the results of the SF36 survey. Table 13 in Appendix C gives
the detailed results.
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11.5. Participants were also asked to record peak expiratory flow readings. This is a
measure of the effectiveness of the lungs and is achieved by blowing into a small tube which
records the pressure exerted by the lungs.' The measurements represent litres per minute.
Unfortunately, the readings were only sufficient to record results in three homes. The results
are recorded in Table 2 below. In the Bilborough home both the adults recorded their results.
It is customary to take the best reading out of three and the average of these readings for
each of the two weeks, before and after interventions, are recorded below.

Table 2
Bilborough —
adult male
Bilborough —
adult female
Bulwell — child
Bells Lane—
adult female
Average
%improvement

BEFORE — AM AFTER AM
478
393

BEFORE PM
415

AFTER PM
457

220

266

320

285

297
221

437
250

287
243

451
257

282

358
27%

316

362
15%

N.B. Bells Lane peak flow recorded after all interventions undertaken apart from individual room extract fans.
N.B. Readings will vary between males and females of different ages and different heights .There is no absolute
normal reading. The manufacturers instructions indicate that children between 1.4m to 1.7 m can have a
predicted normal value of between 310 and 572.An adult male of 40 might range from 456-603 when their
height is between 1.5 and 1.9 m. Our main interest here was on relative improvements

11.6 Participants were also asked to record if possible symptoms and drug use. There was a
poor response to this part of the diaries. The results where the record form was completed
satisfactorily are listed in Table 3 overleaf.

I A Vitalograph Peak Flow meter from Boots was used. It is recognised that there is considerable debate as to
the interpretation of flow meters and no attempt is made to summarise that debate here
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Table 3 USE
OF DRUGS
Bilborough —
adult female
Bilborough —
adult male
Bulwell —
child
Heathfield —
child

Before Feb 1988

After Feb 1999

Inhalers used on average 12
times each day
Inhalers used 8 times a day plus
4 tablets a day taken.
Inhalers used twice a week.
Coughing recorded on 6
mornings or evenings
Inhalers used four times

Inhalers used on average 24
times each day.
Inhalers used 8 times a day. No
tablets recorded
Inhalers used twice a week. No
coughing all week
Inhalers not used at all

Conclusions
11.7 Whilst it must be emphasised that the SF-36 questionnaire was used for young children
in a number of cases, the results do indicate that for asthmatics in houses in Sneinton,
Broxtowe, Bulwell, Sherwood and Bells Lane there have been some noticeable health
improvements. Although as we see not all scores have necessarily improved. For instance the
scores for vitality and social functioning have decreased in Bulwell
11.8 In Bilborough both adults were heavily dependent on inhalers. The male tenant had a
range of medical problems. The bungalow was subject to mould growth and also some
limited water penetration or rising dampness and was constructed with concrete panels with
areas of cold bridging. The two tenants with the worst medical conditions were living in the
worst housing conditions. The bungalow is due for replacement in the next few years. If this
was not the case there is a very strong argument for more major interventions in this
home particularly in regard to insulation. The asthma of the female tenant has become
noticeably worse during the study with increased used of inhalers and the peak flow results
shows a small decline in lung function in the evening with a small improvement in the
morning. The adult male started from very low scores on the SF-36 questionnaire and was
considerably limited in his mobility. The SF-36 scores show a decline in terms of pain,
vitality and social functioning. For this household the interventions have not been a success
in health terms, even if they have been successful in improving the ambient conditions,
severely reducing house dust mites, decreasing the cost of heating and the bedroom
temperatures. In their own words they are "a little better".
11.9 The incomplete recording by households for peak flow, drug use and symptoms was
disappointing and no conclusive results can be drawn from such a small study. However, the
SF-36 shows encouraging signs of some health improvements and there are also some further
indications of some health improvement. For instance, in Bulwell the absence of coughing
and appreciably improved lung function clearly show health improvement, although whether
this is due to reasons apart from this survey can not be determined.
11.10 Experience from this survey helps point to improved methods of health monitoring in
any further study. Recent collaboration by 14 different groups engaged in research work on
asthma outcomes has produced 3 straightforward questions that should be included in any
future study (Keeley, 2000). However, the Nottingham study did not rely on the health
indicators alone and as we can see in other chapters, the environmental conditions have
improved which are considered likely to result in health gains in both the medium and long
term.
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Chapter 12. Summary, comments and conclusions
12.1This chapter draws out the main lessons from this action research project. It is divided
into five main parts:
•
•
•
•
•

Deciding on targets
Planning the process
Monitoring and evaluation
The attendant health benefits
Future work needed

12.2 This project set out to demonstrate the practicality of improving the internal
environment in a way which both improved the health and comfort of the occupants. The
limited resources of the project meant that the study could not provide statistically significant
conclusions but would be indicative of the types of problems that a larger study could expect
and the sort of improvements that might be expected.
12.3 The main impact of the project has been, on average, to improve the environment within
seven dwellings: the bedroom temperatures are over 2°C warmer, bedroom relative
humidities some 10% lower, house dust mites are considerable reduced, perceptions of health
improved all with some slight increase in energy use.
1 2.4 In addition to the specific benefits for the occupants the project findings support the
following:
•
•
•
•
•

the need to undertake a critical review of the costs, practicality and use of a range of
different ventilation systems in social housing in order to improve the health of housing
the evidence that substantial improvements to the heating system and energy efficiency in
some cases does not lead to higher internal temperatures for fuel poor occupants
improvements to the relative humidity do not have to be at the expense of higher energy
consumption
the methods and knowledge of contractors installing ventilation systems is in need of
substantial improvement
increasing bedroom temperatures do not have to result in an increased prevalence of dust
mites

In addition the project has:
•
•

helped define a methodology for future research in this area, and
provided practical consideration for all those concerned with healthy homes based on an
overview of over 100 research studies into the house dust mite and its life cycle

Deciding on targets (chapters 2 and 4)
12.5 This project was primarily aimed at reducing humidities and increasingly the
affordability of heating and the internal temperatures within low income homes.
12.6 A target for relative humidity of 50% was set based on our initial discussions but
without any thorough review of research evidence. Chapter 2 now provides that thorough
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review and endorses that target but at the same time highlights difficulties arising from the
present known biology of house dust mites. Ongoing research may modify this target and it is
therefore essential that the results of such research are fed into improved practice. For the
moment though it must be recognised that some low income households will keep their
bedrooms below a comfort standard of 18 °C and it is considered that any consideration of
relative humidity should take into account bedroom temperatures of between 14-18 °C even
where there appears to be affordable space heating.
12.7 The question of temperatures is closely linked with the needs for an affordable heating
target. This project was to a large extent defined by available funds and Nottingham city
Council procedures for installing space heating for special medical cases. As a result there
was no clear target set or definition of affordable heating used. Practical measures were
chosen which were cost effective and would have a significant effect. However, no NHER
target or weekly costs were defined and used to plan improvement measures. It is clear from
the results that some homes continue to have cold bedrooms; it is also clear that cost is a key
determinant for some occupants. Whilst the NHERs have been increased they have not
necessarily resulted in affordable heating.
12.8 This problem was discussed in a little more detail in chapter 4. However, it is considered
essential that an affordable warmth target is debated and defined prior to any works being
planned. It is then possible to judge whether that target has been achieved and, if internal
temperatures are still low to try and determine why that might be.
12.9 Implicit within an affordable warmth target is also comfort temperatures of 21 °C
for the living area and 18 °C for the rest of the home.
12.10 There are thus three main targets that need defining:
•
•
•

comfort temperatures for at least 16 hours a day
achieving those temperatures at an affordable cost
achieving a relative humidity at all times with relatively little deviation from the
average

Process is important (chapters 3-5)

12.11 The main body of this report has included many details of problems that arose in the
choice and installation of both heating and ventilation improvements.
12.12 This experience suggests that once the targets have been set the following are essential
steps:
•
•
•
•
•

surveying every individual property for existing provision for heating and ventilation
including defective extract fans
analysis of the most effective heating and hot water improvements within the budget
available eg using National Home Energy Ratings
consulting with occupants
considering the choice of a heating and ventilation system which will be most likely
to be used and understood by occupants
considering future repair and maintenance problems and what expertise and resources
will be necessary to solve those problems.

The Nottingham Energy, Health and Housing Study

Chapter 12 page 68

•
•
•

preparing detailed specifications especially in relation to where ventilation systems
and their controls are located
supervising installation and checking all work.
ensuring all occupants are aware of how to work the various systems and that there
are no problems that prevent them using the installations.

12.13 These stages in the process are not a pick and mix list. They are all considered
essential. Six of the stages are based directly on the experience of this project. Two arise from
one of the author's experience of similar schemes.
12.14 The most important single lesson is that choosing a heating and ventilation system
or simply setting targets is only one part of a complex process. If we are to achieve
healthy warm housing all eight process goals must be followed. Failure to follow even
just one stage could result in failure to achieve healthy homes.

Monitoring and evaluation (chapters 3, 6-11)

12.15 This action research project has undertaken a "battery of tests". All have had their
value in helping understand the complexities of the problems. However, in other projects
dependent on the objectives, it might be possible to reduce the number of tests used. The
following six steps are considered fundamental to any basic package.
12.16 Firstly, if humidity is a central concern, then humidity and temperature must be
monitored internally and externally. Electronic dataloggers are now relatively cheap and easy
to use.
12.17 Secondly, a simple measure of health is needed for before and after monitoring. The
SF36 questionnaire used in this study was quick and simple to use but is not designed for
younger children. A simpler health questionnaire based on symptoms may be appropriate
and the 3 questions on asthma outcome should certainly be included (see 11.10).
12.18 Thirdly, a record of the construction , heating and ventilation system before and after
works will also be necessary. This can be undertaken at the same time as the fourth step - an
energy audit.
12.19 Fifthly, an occupant's diary for the survey is also considered essential in order to be
able to evaluate the temperature and humidity data. The diary used in this survey needs
expanding slightly.
12.20 Lastly, a simple method of collecting the occupants views on the temperature,
humidity and the heating and ventilation systems would allow invaluable feedback.
12.21 It is argued that the above six measures would form the basis of an excellent
evaluation and monitoring exercise wherever any improvements are being made to heating
and ventilation.
12.22 The addition of peak flow monitoring, analysis of doctors records, skin prick tests,
blower door tests, house dust mite monitoring, recording of fuel usage or other tests may all
be appropriate in other studies dependent on their aims.
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12.23 However, the six methods proposed are all relatively simple to organise and
implement. They can assist in forming the basis of increasing our local and national
knowledge of achieving healthier housing. One benefit from this project itself is in the
experience gained in deciding what information is, and is not, useful for a final analysis.

The attendant health benefits

12.24 The study shows some clear health benefits to some occupants. However, the results
are not equivocal and no attempt was made to remove allergen reservoirs or to test for
statistical significance. A larger scale study with a control group would be necessary to
measure health effects more precisely.

Future work needed

12.25 This project was small in size and originally not designed as a research project. It has
provided a number of useful lessons. However it has also highlighted areas where there is
insufficient knowledge, research or experience.
12.26 Five particular issues were raised by this project:
House dust mites. We do not have a definitive knowledge on the biology of house
dust mites which tells us at what temperature and humidities we can expect
populations (which have not been kept in a laboratory) to die. We do not fully
understand the role of fluctuating temperatures and humidities. All the evidence
suggests lower relative humidities are better together with lower temperatures.
However, for comfort reasons higher temperatures may be more desirable.
Affordable heating systems not used. Whilst highly energy efficient homes and
affordable heating systems are desirable targets there is increasing anecdotal evidence
that many households do not obtain healthful temperatures even when affordable
heating is provided.
Comparative studies of ventilation methods. Whilst there is considerable research
literature some of which compares passive ventilation with extract ventilation etc., we
do not have the experience of large scale trials looking at different ventilation
systems and their effectiveness in reducing humidities and of occupant interaction
with those ventilation systems. Much of the research to date has been focused on
whole house ventilation and heat recovery systems rather than other alternatives.
Ventilation installations. Despite a large market for ventilation products we have
little independent assessment of ventilation equipment suitable for the residential
market , nor its cost in use and life expectancy. Yet we increasingly expect this
equipment to play a key role in maintaining healthier homes
Reducing humidity and removing the allergen. We know that reduction of
humidities is an effective method of long term reduction of house dust mites and we
know that certain housekeeping measures can be of assistance, however we still do
not know what is the most cost effective package to incorporate with humidity
reducing strategies.
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12.27 Investigating each of these problems requires different skills. However, from the
experience of this project we would consider that a much larger study is needed, building on
the experience of this project and other projects, which would investigate a range of
ventilation systems in association with affordable heating. In such a study there would be a
control group , a closer monitoring of the microclimates within houses and an improved
practice which builds on the lessons from this project. There would also be a multidisciplinary team of building scientists, surveyors, medical experts and others together with a
consistent methodology.
12.28 The capital investment in these seven homes has definitely benefited the occupants. A
larger study is not proposed for research purposes alone. It too would benefit all the
households involved but not, of course, any control group. Even more importantly it would
help provide more robust lessons building on this Project's experience for national good
practice.
12.29 At the moment we continue to seal up hundreds of thousands of homes at an alarming
rate. The HEES scheme is committed to spending £300 million in 2000-2002 with an explicit
aim of improving health for the fuel poor; asthma is specifically mentioned as a key health
problem. However, whilst raising temperatures can be expected to improve the health of
many groups, there is no ventilation dimension to HEES. Indeed, some HEES measures can
be expected to raise moisture levels within the home. Consequently, we are left with a
housing stock some of which is undergoing improvements (be it under HEES, by social or
private sector landlords or by home owners) where there is no accepted method of ensuring
that homes are healthily ventilated.
12.30 Finally, we believe that our study indicates that using health authority funding to
improve housing conditions can lead to health improvements in the general population.
Energy efficiency and improved ventilation, provided it is properly planned and
executed, can lead to real health gains especially to many asthma sufferers.
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APPENDIX A

TABLE 1 THE COMPLEX PROCESS OF CHOOSING VENTILATION
Considerations

1

Humidity
controlled
mechanical
extract fans

Whole (or
part) house
MVHR

Individual
MVHR fans

Passive
stack
ventilation

Positive
Input fans

Suitability for
dwelling?
Is there research
evidence on their
effectiveness and
likely problems?
Cost to purchase?
Cost to install?
Life expectancy?
Cost to maintain?
Availability of
experienced
installers?
Reliability of
humidity sensors?
Ease of repair?
Exact location of
fans, inlet and
outlets?
Maintenance
intervals?
Need for remote
humidity sensors?
Does system need to
be safely located in
relation to open flued
gas appliances?
Complexity of
maintenance?

OCCUPANT FACTORS
Can they be easily
understood by
occupants?
Possible noise
problems?
Could they meet
occupant resistance?
Are they costly to run
or likely to be
perceived as costly?
Does the system
require tenant action
to control it?
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TABLE 2

SNEINTON

BILBOROUGH

BROXTOWE

BULWELL

HEATHFIELD

SHERWOOD

NO OF
OCCUPANT
S
ENERGY
RATING:
LOFT
INSULATION
NEW
HEATING
SYSTEM

3

2

5

4+2 at
weekends

5

5

3.0

1.6

4.3

5.1

4.8

3.8

150 mm
extra
Combi gas
+ room stat
and prog

100mm
extra
Gas back
boiler +
rads,hot
water
cylinder,
room stat +
prog
1/6

150 mm
extra
Extend wet
rad gas
heating to
include
room stat,
hot water
stat,prog
2/6

TRVS
LOW
ENERGY
LIGHTS — 2
CAVITY
WALL
INSULATIO
N
DRAUGHT
STRIPPING
TO
WINDOWS
LOFT
HATCH
VENTILATI
ON
MEASURES:
KITCHEN
FAN
BATHROOM
FAN
3/4 HOUSE
MHVR
INDIVIDUA
L HEAT REC
FANS
OTHER

2/7

Extend with
extra rads +
new prog

1

100 mm
extra
Full gas
central
heating,
room stat,
hot water
stat,prog
2/6

BELLS
LANE

2.8
100mm ex t

One extra rad

1

Full gas wet
rad system
room stat,
hot water
cylinder,hot
water stat,
prog
1/7
✓

V
✓

V (HEES
funded)

✓

V enlarge

V draught
stripped

✓

✓

V
Replace
bathroom fan

V1

V (2)

Block off
two air
vents
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✓

Council
installed new
1 x glazed
PVC-u
windows
during 1998
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SNEINTON TABLE 3

(incl VAT)

% house Mechanical Ventilation and Heat recovery System
Cavity wall insulation
Enlarge loft hatch to allow easy access
Install loft insulation to 150mm
Full gas central heating with combination boiler,2/7 TRVs
programmer, room thermostat,
Two low energy light bulbs (2)

£20

TOTAL

£4,819
BILBOROUGH TABLE 4

£1848
£297
£111
£231
£2,312

(incl VAT)

Two humidity controlled mechanical extract fans.
Top up loft insulation by 100mm loft insulation
Full gas central heating gas fire and back boiler, programmer, room
stat, new hot water cylinder and thermostat, and 1/6 TRVs.
Two low energy light bulbs (2)

£20

TOTAL

£3,051
BROXTOWE TABLE 5

£666 (1)
£294
£2,071

(incl VAT)

Draught strip loft hatch
Two humidity controlled mechanical extract fans
Cavity wall insulation
One heat recovery individual fan to bedrooms
150mm loft insulation and draught-strip loft hatch (This work was
completed by NCC as part of their gas central heating installation,
therefore no separate charge)
Full gas central heating, programmer, room thermostat, hot water
thermostat and 2/6 TRVs.
Two low energy light bulbs (2)

£20

TOTAL

£3,393
BULWELL TABLE 6

£23
£666
£297 (1)
£314

£2,073

(incl VAT)

Extend to full central heating with TRV in living room, new
programmer
3/4 house Mechanical Ventilation and Heat recovery System
Two low energy light bulbs (2)

£2,042

TOTAL

£3,910
HEATHFIELD TABLE 7

£1,848
£20

(incl VAT)

Two humidity controlled mechanical extract fans
100mm additional loft insulation (and associated pipe insulation)
Full gas central heating, programmer, room thermostat, hot water
thermostat and 2/6 TRVs. Remove previous coal fire and back boiler
Two low energy light bulbs (2)

£666
£231
£1814

TOTAL

£2,731
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SHERWOOD TABLE 8

(incl VAT)

Fit new radiator and thermostatic radiator valve
Install one mechanical extract fan to kitchen
Replace existing mechanical fan in bathroom with identical model
Two low energy light bulbs (2)

£127
£333 (1)
195
£20

TOTAL

£675
BELLS LANE TABLE 9

(incl VAT)
£2,126
£631
£666
£2,107

Single glazed PVC-U windows with trickle vents
Two Vent Axia HA heat recovery individual fans
Two humidity controlled mechanical extract fans
Full gas central heating Baxi Solo fanned flue boiler, programmer,
room thermostat, hot water cylinder with 35mm foam insulation and
thermostat, and 1/7 TRVs. Remove previous coal fire and back
boiler
100mm loft insulation ,pipe insulation and draught strip loft hatch
Cavity wall insulation

£242
£234

TOTAL

£5,530

(1) Three fans were installed by Nottingham City Council and it was not possible to obtain the exact costs, therefore the
price from the construction project has been used. One house was cavity wall insulated under the HEES scheme and the
construction project cost for a similar house has also been used.
(2) This is considered typical price for a one off bulb but bulk buying or special offers can significantly reduce priced.
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8.9

3.5

2.8

2.7

1.0

HOURS
LIVING
ROOM
WINDOW
OPEN
(DAILY
AVERAGE)
0.05

3.8

1.2

1.7

2.1

1.3

2.2

None

None

I (kitch)
0.25 (bath)
I (Bedroom)

BILBOROUGH
1988

15.9

10.1

0.4

2

None

None

None

0.4 (bath)

None

BILBOROUGH
1999

15.3

15.3

0.8

3

1.6

-

2.1

2.4(bath)
0.25 (open
back door)

2.6 (Kitch)

BULWELL
1988

4.0

None

0.6

1

0.9

None

0.6

None

None
available

BULWELL
1999

4.3

4.3

0.9

1

0.9

None

0.1

0.5(kitch)
2.8(dining
room)

0.1 kitchen

HEATHFIELD
1988
HEATHFIELD
1999

22

22

2.7

0.85

1.1

None

None

0.6 lkitch
window)

14

14

3.7

0.7

1.4

Not
recorded

Not
recorded

Not
recorded

Table 10

BROXTOWE
1988
BROXTOWE
1999

LIVING
ROOM
HEATIN
G (HRS)

BEDROOM
HEATING
(HRS)

SHOWER/
BATHS

EMI IIIIII

MI NMI I= MI MI 111E1

IMO 1 I= NM MI I=

18 aSud g xiptia ddd

OM

AVERAGE
NO PER DAY

HOT MEALS
COOKED
PER DAY
(AVERAGE)

LOADS OF
WASHING
DRIED
INSIDE
(DAILY
AVERAGE)

HOURS
MONITORED
BEDROOM
WINDOW
OPENED
(DAILY
AVERAGE)
None

HOURS
OTHER
WINDOWS
OPENED
(DAILY
AVERAGE)

DAILY
AVERAGE
FANS USED

None

0.7 (kitch)

ADDITIONAL
INFORMATION

'1
M

5.
t:41

available

Bedroom fan only
used for short
periods in middle of
day.
Portable gas heater
used for 2.9hrs daily
average.
Fans used

approximately for 3
periods of one hour
each door each meal

Z8 32Ed g xTua ddV
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HOT MEALS
COOKED
PER DAY
(AVERAGE)

LOADS OF
WASHING
DRIED
INSIDE
(DAILY
AVERAGE)

HOURS
LIVING
ROOM
WINDOW
OPEN
(DAILY
AVERAGE)

HOURS
MONITORED
BEDROOM
WINDOW
OPENED
(DAILY
AVERAGE)

HOURS
OTHER
WINDOWS
OPENED
(DAILY
AVERAGE)

DAILY
AVERAGE
FANS USED
(HRS)

1.4

0.8

0

0.7

None

None

None

1.3

1

1

0.1

None

None

3

/4 MHVR

3

No
heater

3.3

1.1

2.1

0.6

6.6

-

-

-

11.7

11.7

3.3

1.3

1.9

None

3.6

-

No record

-

BELLS LANE
1988

13

No
heater

1

1

0.9

None

2.9

None

None
available

BELLS LANE
1999

3.9

1.4

0.6

1

0.2

None

24 hours
(check))

4.9(Bed 2)
2.5(Kitc)

1.5(Kitch)
0.6 (Bath)
1.2 (Bed)

LIVING
ROOM
HEATIN
G (HRS)

BEDROOM
HEATING
(HRS)

SNEINTON
1988

4.6

SNEINTON
1999
SHERWOOD
1988

2.1

No
heater
2.1

10.6

SHERWOOD
1999

TABLE 11

SHOWER/
BATHS
AVERAGE
NO PER DAY

ADDIONAL
INFORMATI
ON

/4 MHVR

2 individual
bed fans
installed

APPENDIX C

Bedroom
Before

TABLE 12 EXCESS
INTERNAL VAPOUR
PRESSURE
SNEINTON
Bilborough
Broxtowe
Bulwell
Heathfield
Sherwood
Bells Lane
AVERAGE (1)
Six cases only
External vapour pressure

Bedroom
After

Living room
before

Living
room after

147
58
269
297
415
269
323
227

-33
60
237
42
Not available
414
296
158

33
287
153
38
306
336
207
176

-29
283
21
-9
Not available
179
280
80

848

958 (2)

848

958

NB (1) Heathfield omitted from calculations due to missing values
(2) External vapour pressure for Bells Lane only 597 Pa

TABLE 13
SF36
HEALTH
SCORES

Physi
cal

Rolephysical

Pain

Vitality

Social
functioning

Emotional
functioning

Role
emotional

General

100
100

100
100

82
100

Missing
30

62.5
100

100
100

Missing
92

47
70

0
15

0
0

31
0

5
0

50
25

0
0

20
24

10
Missing

82
80

25
100

84
62

80
75

25
62

67
100

64
88

32
72

55
100
75
100
Not completed

74
100

75
50

75
50

100
100

72
56

50
77

Sneinton

Before
After
Bilborough

Before
After
Broxtowe

Before
After
Bulwell

Before
After
Heathfield

Sherwood
Before
After
Bells Lane
Before
After

60
100

100
100

100
94

65
90

87
100

33
100

96
95

Missing
85

50
60

50
100

100
100

50
55

75
100

100
100

60
80

20
27

The Nottingham Energy, Health and Housing Study
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